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Background. Patients with familial adenomatous polyposis (FAP) develop early colorectal adenomas and if left
untreated, progression to cancer is an inevitable event. Prophylactic surgery does not prevent further development
of cancer in the rectal remnant, rectal cuff in patients with ileal pouch anal anastomosis (IPAA) and even on the ileal
mucosa of the pouch body. The aim of this review is to assess long-term rates of cancer and adenoma development
in patients with FAP after prophylactic surgery and to summarise current recommendations for endoscopic manage-
ment and surveillance of these patients.

Materials and methods. A systematic literature search of studies from January 1946 through to June 2023 was
conducted using the PRISMA checklist. The electronic database PubMed was searched.

Results. Fifty-four papers involving 5010 patients were reviewed. Cancer rate in the rectal remnant was 8.8-16.7% in
the western population and 37% in the eastern population. The cumulative risk of cancer 30 years after surgery was
24%. Mortality due to cancer in the rectal remnant is 1.1-11.1% with a 5-year survival rate of 55%. The adenoma rate
after primary IPAA was 9.4-85% with a cumulative risk of 85% 20 years after surgery and a cumulative risk of 12% for
advanced adenomas 10 years after surgery. Cumulative risk for adenomas after ileorectal anastomosis (IRA) was 85%
after 5 and 100% after 10 years. Adenomas developed more frequently after stapled (33.9-57%) compared to hand-
sewn (0-33%) anastomosis. We identified reports of 45 cancers in patients after IPAA of which 30 were in the pouch
body and 15 in the rectal cuff or at the anastomosis.

Conclusions. There was a significant incidence of cancer and adenomas in the rectal remnant and ileal pouch of
FAP patients during the long-term follow-up. Regular endoscopic surveillance is recommended, not only in IRA pa-
tients, but also in pouch patients after proctocolectomy.

Key words: familial adenomatous polyposis; ileocrectal anastomosis; ileal pouch-anal anastomosis
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Introduction

Familial adenomatous polyposis (FAP) is an au-
tosomal dominant inherited disease caused by
pathogenic variants in the adenomatous polyposis
coli (APC) gene! with reported incidence of one in
8,000 to 12,000 live births.2 The main hallmark of
the disease is the presence of multiple colorectal
adenomas, leading to a 100% lifetime risk of de-
veloping cancer if the colon remains in situ.®* To
prevent the development of cancer, prophylactic
colectomy or proctocolectomy is performed when
the adenoma burden cannot be managed endo-
scopically or at the age of 18-25 years old. The fol-
lowing types of surgery are available*: total colec-
tomy with ileorectal anastomosis (IRA) or ileosig-
moid anastomosis (ISA); proctocolectomy with/
without mucosectomy and stapled ileal pouch-
anal anastomosis (IPAA) or hand-sewn IPAA;
and total proctocolectomy with end ileostomy.
Until restorative proctocolectomy with IPAA and
pouch reconstruction was described in the 1970s,
colectomy with IRA or end ileostomy was the only
surgical prophylactic procedure available and was
associated to a considerable high CRC incidence
and mortality.> After this, proctocolectomy with
pouch reconstruction (IPAA) was the technique
of choice in patients with a high adenoma bur-
den and was sought to eliminate the risk of CRC
in FAP patients. However, since the first report of
pouch cancer in 1994, there has been a substantial
increase in published literature reporting rates of
adenoma and cancer development after primary
IPAA. The development of adenomas along life in
remnant rectal mucosa is a natural phenomenon

TABLE 1. Summary of recommendations from the international guidelines

in this population. Long live periodical surveil-
lance with rectoscopies is widely recommended
in international guidelines as shown in Table 1.4710
As there are no randomised trials comparing en-
doscopic surveillance and management strategies
for FAP patients with IRA and IPAA, we aimed to
systematically evaluate adenoma and cancer de-
velopment after prophylactic surgery, define po-
tential risk factors and to summarise endoscopic
practices from published series.

Materials and methods

Our review is reported according to the PRISMA
guidelines.!!

Search strategy

We searched PUBMED from inception to June
2023 to identify studies evaluating long-term ad-
enoma and cancer development in patients with
FAP after prophylactic surgery. Deduplication was
performed using Zotero software.!? Reference lists
of included studies were hand-searched for ad-
ditional relevant studies. The search was limited
to studies, published in English. We used the fol-
lowing keywords: “FAP”, “IRA”, “IPAA”, “familial
adenomatous polyposis” and “proctocolectomy”.

Inclusion criteria

We included single-or multicentre retrospective
cohort studies, prospective cohort studies and ret-
rospective analyses of polyposis registries. Due to

First author and publication date (ref.)

Endoscopic surveillance -
patients with IRA

Indications for
secondary proctectomy
patients with IRA

Endoscopic surveillance - patients with
IPAA

Vasen et al., 20087

Balmana et al., 2013, ESMO?8

Stoffel et al., 2015, ASCO?

Sygnal et al., 2015,

Herzig et al., 2017, ASCRS4
Van Leerdam ME et al., 2019, ESGE>

Yang J et al., 2020,

Multiple large adenomas

Every 3 to 6 months

Every 12 months

Every 6 to 12 months

ACG° Every 12 months

Every 12 months

Every 12 to 24 months

6 months after surgery
with 6 to 12 months further
surveillance interval

ASGE>*

(> 5 mm) Adenomas with
dysplasia

No recommendations

No recommendations

No recommendations
No recommendations

No recommendations

Every 6 to 12 months

Every 12 months

Every 6 months to 5 years (Intervals
should be determined on a case-by-
case basis and may be even shorter than
1 year for some individuals)

Every 12 months
Every 12 months

Every 12 to 24 months

12 months after surgery with 12 to 24
months further surveillance interval. 6
months if advance adenoma

ACG = American College of Gastroenterology; ASCO = American Society of Clinical Oncology; ASCRS = American Society of Colon and Rectal Surgeons; ASGE =
American Society for Gastrointestinal Endoscopy; ESGE = European Society of Gastrointestinal Endoscopy; ESMO = European Society for Medical Oncology; IPAA = ileal
pouch anal anastomosis; IRA = ileorectal anastomosis

Radiol Oncol 2024; 58(2): 153-169.
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Database search:

- PubMed

Total records identified

(n = 1343)

Duplicates removed

Y

(n = 493)

Titles and abstract screened

(n = 862)

Records excluded

(n = 766)

A 4

Additional records identified through hand
searches of reference lists of included
studies <«

(n=8)

Full-text articles assessed for

1S5S

inclusion Ineligible study type
d Older case series
(n=97) Case report
Not English

Full-text articles excluded (n = 44)

22
18

3
1

Studies included

(n =54)

FIGURE 1. Flowchart of the systematic review according to the Preferred Reporting Ifems for Systematic Reviews (PRISMA) schema.

the rarity of the events, we only considered case re-
ports for inclusion when summarising reports on
cancers after primary IPAA. Only the most recent
series from the same institution or polyposis regis-
try were included in the analysis, as some research
groups regularly publish retrospective analyses
of their cohorts or polyposis registries. Full-text
screening and data extraction were performed by
a single researcher (AG). Manuscripts of three case
reports could not be obtained, data were summa-
rised from the two review articles.’>*

Results
Studies identified

Of 97 full-text articles screened for eligibility
(Figure 1), 46 met our inclusion criteria. A further
8 articles were identified by hand searching the
reference lists of the included studies (6 case re-
ports, 1 retrospective cohort, 1 polyposis registry
analysis). We included 22 retrospective analyses, 14
case reports (carcinoma development after primary
IPAA), 15 retrospective analyses of prospectively

Radiol Oncol 2024; 58(2): 153-169.
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maintained polyposis registries and 3 prospective
cohort studies. Only 5 studies were multicentre
and 1 was bi-centre. The studies were published
between 1994 and 2023. The studies included be-
tween 1 and 925 patients. A total of 5010 patients
were included in the review. Summary character-
istics of the included studies are shown in Table 2.

Total colectomy with ileorectal
anastomosis

Adenomas

Five studies described the rate of adenoma devel-
opment in the residual rectum (Supplementary
Table 1). In 8 studies that analysed the frequency
of secondary proctectomy due to endoscopically
unmanageable polyposis, the rate of proctectomy
ranged from 3.7% to 35%.° Five studies described
adenoma evaluated in the neoterminal ileum
(Table 3), with a high variance in reported rates
from 0% to 47.6% in patients followed-up for me-
dian of > 20 years? in one study including a paedi-
atric cohort’®, 2 patients required resection of the
terminal ileum and construction of a new IRA, one
due to low grade dysplasia (LGD) and one due to
high grade dysplasia (HGD) adenoma.

Rectal cancer

The reported rate of cancer in the rectal remnant
(Table 4) after primary IRA is 8.8%!® to 16.7%" with
a median follow-up from surgery' of 91.1 months
(3-557 months). However, studies from Japan re-
port higher rates of up to 37%?%, but this is due to
the inclusion of in situ carcinoma in the cancer defi-
nition. The same study had the longest median
follow-up of 21.1 years (3-35). On the other hand,
a small cohort of 21 patients from France reported
zero cases of cancer during a median follow-up of
8.4 years. Jenner et al.”! only included patients with
a confirmed mutation. Five studies reported a cu-
mulative incidence of rectal cancer ranging from
3%?2 to 17.2%" at 5 years, 7.7%% to 24.1%" at 10 years,
11%2 to 23%? at 20 years, and 24%?2 at 30 years af-
ter the primary IRA. In one of the largest studies®,
which analysed data from 4 national registries and
776 patients, the 10-year cumulative risk of residual
rectal cancer was 4.4% (95% CI, 2.6-6.2) for patients
who underwent surgery before 1990 and only 2.5%
(0-5.5) after the 1990. Only one study reported the
time from surgery to cancer diagnosis (median
102 months [1-26 years])?; other studies reported
follow-up time from surgery, but did not clearly de-
fine when follow-up started nor the surveillance re-
gime. Five studies reported mortality ranging from

Radiol Oncol 2024; 58(2): 153-169.

1.6%% to 11.1%* in which 3 out of 27 patients died
from cancer in the rectal remnant. Only one of two
studies that examined long-term survival after di-
agnosis of residual rectal cancer reported a 5-year
survival rate of 55%.2? In a study from Japan, 5-year
survival was 94%%, but the excellent survival was
explained by the inclusion of carcinoma in situ de-
spite the exact proportion of these was not given.

Risk factors for progressive phenotype of rectal
remnant

Eleven studies reported nine risk factors predic-
tive of the progressive rectal residual phenotype
(Supplementary Table 2). Four studies analysed the
genotype-phenotype relationship; The presence of
a pathogenic variant between codons 1250-1464
was an independent risk factor for subsequent
cancer development (HR 4.4 [1.3-15.0]® and for the
secondary proctectomy?** (HR 391 [1.45-10.51], P
=0.007). In a small study of 25 patients, all patients
(n = 3) with carpeting rectal remnant polyposis
had a pathogenic variant in codon 1309, but this
was only descriptive data.?® An aggressive colonic
phenotype with at least 500 polyps at time for sur-
gery was identified as a risk factor in three stud-
ies (Supplementary Table 2). Two studies'>? have
identified > 20 rectal remnant polyps at the time
of surgery or during the endoscopic surveillance?
as an independent risk factor for secondary proc-
tectomy (HR 30.99 [9.57-100.32] P < 0.001), while in
one study a cut-off of > 10 rectal adenomas® was
associated with a more aggressive phenotype, as
these patients developed a mean of 9.29 rectal re-
sidual adenomas per patient per year compared
with 0.67 adenomas per patient per year if they
had < 5 rectal polyps at the time of surgery. Other
potential risk factors included patient age at diag-
nosis of rectal residual cancer, time since surgery,
presence of congenital hypertrophy of the retinal
pigment epithelium, and presence of colon cancer
at the time of primary surgery. APC site mutation,
preoperative colon phenotype, presence of duo-
denal adenomas and rectal remnant phenotype
on surveillance were not identified as risk factors
for progressive rectal remnant disease phenotype
only in one study.?

Proctocolectomy with ileal-pouch anal
anastomosis

Adenomas

Seventeen studies (Table 5) reported on the devel-
opment of adenomas after IPAA, of which eight
studies differentiated between the pouch body
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TABLE 2. Characteristics of included studies

157

Surgery

First author and 0 q q Study
publication date (ref.) No. of patients Country Setting Study design perfo[med population
(period)
144 (111 IPAA, 33 : Cohort/ .
55
Aelvoet et al., 2023 ileostomy) The Netherlands Single Retrospective / IPAA, ileostomy
65 (22 IRA, 20 ; Cohort/
Tatsuta et al., 2023% IPAA) Japan Single Retrospective 1976-2022 IRA, IPAA
. . . Cohort/
Anele et al., 20225 199 (199 IRA) United Kingdom Single Retrospective 1990-2017 IRA
Retrospective
Colletti et al., 2022% 715 (715 IRA) Italy Multicentre analysis of the 1977-2021 IRA
Registry
Retrospective
Pasquer et al., 2021%° 289 (};?Z\L\R)A 92 France Multicentre analysis of the 1965-2015 IRA, IPAA
Registry
Retrospective
Ardoino et al., 2020¢° P lae [ Italy Multicenter analysis of the 1947-2015 IRA, IPAA
340 IPAA) ’
Registry
47 (14 IRA, 25
" . Cohort/ IRA, IPAA and
Tajika et al., 2019'¢ ) IPAA, Japan Single Retrospective 1965-2017 ileostomy
8 ileostomy)
Cohort/
Prospective and Endoscopy
Ganschow et al., " retrospective data collected
2018¢ e Cetimeiny Shge analysis of during 2010- Iy
Polyposis 2013
Registry
. . Cohort/
62 —
Kariv et al., 2017 45 Israel Single Refrospective 1986-2013 IPAA
21 (6IRA, 5 Endoscopies
N Indianapolis, . Cohort/ performed IRA, IPAA and
2
Frelic] @ et 20160 [z, TD ieies USA gl Retrospective between 2004- intact colon
colon)
2016
Walsh et al., 2016¢3 1 Ireland Single Case report 1987 IPAA - cancer
Maehata et al., 2015% . Cohort/
27 Japan Single Retrospective 1990-2004 IRA
100; 50 hand-
Ganschow et al., sewn and Germany single Cohort/ 2 vans?(;;el;g
2015% 50 stapled Prospective anastomosis
anastomoses
. . Cohort/
63 —
Goldstein et al., 2015 59 Israel Single Retrospective 1986-2013 IPAA
. . . Cohort/
64 -
Zahid et al., 2015 27 Australia Single Retrospective 1984-2011 IPAA
9§<;5§vsnh§nn§— Hochesien Cohort/
65 ini i .
Kennedy et al., 2014 1 stapled Moyﬁsillnlc, Single Retrospective 1987-2011 IPAA
anastomosis
Koskenvuo et al., 201322 140 Finland Single Cohort/ 1963-2012 IRA
Retrospective
. Cohort/
Pommaret et al., 201335 118 France Single Retrospective / IPAA and IRA
Rochester, Cohort/
Boostrom et al., 2013¢¢ 17 MOYSS,CA“mC' Single Retrospective 1972-2007 IPAA
2652\/% g(r]]gd Analysis of Hand-sewn
Ozdemir et al., 2013% 175 stapled Cleveland, USA Single polyposis 1983-2010 vs. stapled
PR Sy S, registry anastomosis
61; 39 hand-
sewn with
mucosectomy
and 22 Analysis of (mucg:sg/;om
Wasmuth et al., 2013¢ without of Norway Multicenter polyposis 1986-2008 vs. No- Y
which 15 were registry mucoéec’rom )
stapled and Y
7 hand-sewn
anastomoses
42 (33 IPAA; 6 " . Cohort/
Yan et al., 2012¢8 IRA 2) China Single Retrospective 1988-2008 IPAA and IRA
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. Surgery
First author and n q q Study
publication date (ref.) No. of patients Country Setting Study design perfotmed population
(period)
Makni et al., 2012¢ 1 Tunisia Single Case report 1996 IPAA - cancer
Cohort/
Tonelli et al., 2012% 69 Italy Single Prospective 1984-2008 IPAA
data collection
. B Retrospective
Msoéviﬁ Zﬂgd analysis of St. Hand-sewn
von Roon et al., 20117° 76 stapled UK Single Mark's Hospital 1978-2007 vs. stapled
anastomoses PRoelgi);T)rsyls anastomosis
1985-2009
. operated,
Banasiewicz et al., . B|cenfer( Clinical data
201132 165 Poland Bicenter Retrospective from endoscopy IPAA
el FUP between
2004-2009
Booij et al., 20108 43 (34 IRA) The Netherlands Single Cohort/ 1977-2005 IRA and IPAA
v Retrospective
Retrospective
analysis of St.
Sinha et al., 20102 427 UK Single Mark's Hospital 1990-2008 IRA
Polyposis
Registry
Ault et al., 20097 2 Los /Er;gAeIes, Single Case series 1990, 1993 IPAA - cancer
Nieuwenhuis et al., 475 DF?r:}?r?cgl,(, Mulieamer /?Jr;cl::/;;)s(i)ssgf / RA
2009% Sweden, registry
Netherlands
;88;?59%“' efal, 59 Japan Single Reffoigoe’give 1962-2007 IRA
212; 71 hand- Analysis of
SR Wil National
Friederich et al., 20083 mucosectomy The Netherlands Single g 1985-2005 IPAA
and 115 stapled ] e
anastomoses giiry
Campos et al., 2008" 36 Brasil single Cohort/ 1977-2006 IRA and IPAA
Retrospective
776; 576
operated in Denmark, Analysis of
pre-pouch Finland, . ; »
Bullow et al., 2008 period and 200 SwEcEn, Multicenter przlyir.zﬁgs 1950-2006 IRA
in pouch period Netherlands gistry
starting in 1990
1964-2003
Rochester, Cohort/ (Analysis of
Gleeson et al., 2008%° 16 Mayo Clinic, Single Retfrospective endoscopies IPAA and IRA
USA analysis between 1992-
2006)
Lee et al., 200872 1 Korea Single Case report 1998 IPAA - cancer
Linehan et al., 200772 1 Ireland Single Case report 1997 IPAA - cancer
yoponzano et al. 25 ltaly Single o rgs%r];c’:i/v . 1986-2004 IRA
. Cohort/
17
Moussata et al., 2007 21 France Single Retrospective / IPAA and IRA
Ulas et al., 200674 1 Turkey Single Case report 1993 IPAA - cancer
Campos et al., 2005 1 Brazil Single Case report / IPAA - cancer
Retrospective
analysis of St.
Groves et al., 200534 60 UK Single Mark’s Hospital / IPAA
Polyposis
Registry
;lé%tﬁroefs efal, 2 The Netherlands Single Case report 1990, 1991 IPAA — cancer
Ooi et al., 20033 2 Cleveland, USA Single Case report / IPAA — cancer
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Surgery

First author and 9 " . Study
publication date (ref.) No. of patients Country Setting Study design perfo.rmed population
(period)
197; 62
operated in Analysis of
Church et al., 2003% pe’?ifép;fg?% Cleveland, USA Single polyposis 1950-1999 IRA
in pouch period registry
starting in 1983
Cherki et al., 20037 1 France Single Case report / IPAA - cancer
Thompson-Fawcett et . Cohort/
al., 200177 33 Canada Single Prospective / IPAA
Analysis of
Church et al., 2001 213 (165 IRA) Cleveland, USA Single polyposis / IRA and IPAA
registry
Brown et al., 200178 1 Singapore Single Case report / IPAA - cancer
Retrospective
. . analysis of
Bertario et al., 20002 371 Italy Multicenter Hereditary 1955-1997 IRA
fumor registry
\2’8('3”067;’”"” etal. 1 UK Single Case report 1990 IPAA - cancer
Analysis of
Jenner et al., 1998% 55) Australia Single polyposis 2-1994 IRA
registry
Bassuini et al., 19968 1 UK Single Case report 1991 IPAA - cancer
Hoehner et al., 1994¢ 1 lowa, USA Single Case report / IPAA - cancer

FUP = follow up; IPAA = ileal pouch anal anastomosis; IRA = ileorectal anastomosis

and the anastomosis, one study only reported the
anastomotic adenoma rate, while in the remaining
seven studies the authors did not precisely define
the anatomical location of the adenomas. The me-
dian age of patients at the time of surgery ranged
from 15.4 to 34.6 years, with a median follow-up
from surgery of 5.4 years to a median of 21.6 years.
The reported rate of adenoma in the pouch body
ranged from 9.4%% to 76.9%.° The proportion of
HGD histology among adenomas at the polyp lev-
el ranged from 5.9% 17 to 53.2%.%! In one study, the
proportion of advanced adenomas on a per-patient
basis was 11.2%.%! The cumulative risk of adenoma
development after primary IPAA was 12% and
58% at 5 and 20 years after the surgery respective-
ly!e According to the analysis from Poland®, 50%
of all patients would develop LGD 15 years after
the surgery, while HGD is estimated to be present
in half of the patients 17.5 years after the surgery.
Six studies analysed the rate of adenoma develop-
ment in the neo terminal ileum, the proportion of
patients with histologically confirmed adenoma
varied from 4.2%% to 23.1%* with at a median fol-
low-up from surgery of 6.5% to 23.1 years.!® The cu-
mulative risk of developing an adenoma in the neo
terminal ileum was 4.4% at 20 years and increased
to 36% at 30 years after the surgery as reported in
the same study. The presence of pouch body ad-

enomas was the only independent risk factor for
the neo terminal ileum adenomas (OR, 2.16, P =
0.007).%

Cancer

Since the first case report of cancer arising in the
ileal pouch of a FAP patient in 1994¢, we have iden-
tified 45 (Table 6) cancers that have developed in
FAP patients after primary IPAA. Of these, 30 were
located in the pouch body and 15 in the anasto-
mosis/rectal cuff. The time from surgery to cancer
diagnosis was reported for 22 patients and ranged
from 2.3% to 33 years.”” The information about the
interval since last follow-up was reported for only
15 patients. The shortest interval between normal
endoscopic surveillance and cancer diagnosis was
9 months.’® Of the studies that reported the final
outcome, 13 (28.9%) patients were alive at the last
follow-up (range 8 months to 6 years) after surgical
therapy and 9 patients died of disseminated cancer
(1 month to 4 years after diagnosis), most despite
an initial RO resection.

Hand-sewn vs. stapled IPAA

Six studies (Supplementary Table 3) compared the
rates of adenoma development at the anastomosis
between hand-sewn and stapled techniques. The
incidence of adenoma was lower for hand-sewn
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TABLE 3. Rate of adenoma development in the neoterminal ileum in patients after ileorectal anastomosis (IRA) and ileal pouch anal anastomosis

(IPAA)
thpéd::;r::::iinnul Curr;'sillzl;:;rive Risk factor for cdeR::)?ans in
First author and T o Gl development Years since adenomas in the neoterminal Years since
publication date (ref.) primary IPAA: &0 nreeerte] surgery neo“f:lrJrrr:nal qﬂ;lre;?m-qry surgery
n (%) adenomas IRA; n (%)
4.4% at 20 years
. and 36% at
Tajika et al., 201916 4/24 (16.7) 30 years after 231+58 0/14 (0.0)
primary surgery
4/33 polyps
66
Boostrom et al., 2013 (12.0)
Presence
Pommaretet et al., of pouch
20133 9/118 (6.5) adenomas (OR,
2.16, P =0.007)
5/34 (14.7)
2 patients had
resection of
& B neo-terminal
Booij et al., 2010 e
tfo LGD and
other due to
HGD adenoma.
3/13 (23.1) Median 6.5 Median 12
30
Gleeson et al., 2008 (0-15) 4/16 (25.0) (1-29)
Mean 17.6
+-7.8(6-35) 10/21 (47.6) of
Mean from which 2 were
Moussata et al., 20077 colectomy T
to diagnosis: adenomas.
16.4+-8.5 (5-30)
Groves ef al., 2005% 2/20 (10.0) 6 (1-14) 1/47 (2.0%) 12 (0-39)
Tieinfpsen-re e 1/24 (4.2) Median 7 (1-19)

et al., 200177

HGD = high grade dysplasia; LGD = low grade dysplasia

anastomosis, ranging from 0 to 33%, and for sta-
pled anastomosis, ranging from 33.9 to 57%. The
10-year cumulative risk of adenoma development
is 20-22.6% for hand-sewn anastomosis and 51.1-
64% for stapled anastomosis.

Risk factors for adenoma development after
primary IPAA

Nine studies analysed risk factors for adenoma
development (Supplementary Table 4). None of the
seven studies found a genotype-phenotype asso-
ciation. There was no association between colon
adenoma burden at the time of surgery and sub-
sequent development of pouch adenomas in three
out of four studies. In the only positive study, none
of the patients with < 200 colon polyps developed
pouch adenomas, whereas almost half of the pa-
tients with > 1000 colon polyps later developed lat-
er pouch adenomas. Three studies have identified
age of the pouch as a risk factor, while three others
found no association between time since surgery
and the rate of pouch adenomas. An association

Radiol Oncol 2024; 58(2): 153-169.

between the Spigelman score and the develop-
ment of pouch adenomas was not confirmed. One
study identified the presence of gastric adenomas
as an independent risk factor for the development
of pouch adenomas.

Discussion

Using a systematic approach, we identified a wide
range of reported adenoma and cancer rates in the
rectal remnant, pouch body, at IPAA and in the
neoterminal ileum. The wide range in adenoma
rates is probably partly due to the wide range of
included studies in terms of year of publication.
The equipment and quality of optical diagnosis
has improved considerably in recent years, allow-
ing better detection of adenomas and more precise
examination of the pouch and rectal remnants. In
addition, the risk stratification of patients at the
time of surgery has also improved, allowing pa-
tients with a more aggressive phenotype to un-
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TABLE 4. Patient characteristics and rate of rectal remnant cancer rate in patients after ileorectal anastomosis (IRA)

WelTle L) Follow-up (years/ Years since Rectal remnant
Firs guthpr and Proportion of Underwsnt '?/ months) since surgery fo cancer Age at surgery Agg el et cancer rate; UL A Rectal cancer mortality
publication date man; n /(%) (%) F:;zg:i«e in; surgery dlagnosis diagnosis " (%) rectal cancer
) Median of 13 14/47 (29.8%) ot median
Colletti et al,, 2022% 574% 93.6% / / vears / / 47175(8.57) / folowup of 13 yecrs
12/ (6.1); 1 was
metastafic, 2
Pasquer et al., 20219 95(48.2) / / / / / were resected / /
endoscopically,
10surgically
Maehata et al., 21(778) ' 10/27 (37.0); 6/10 8% ot 10 years; 19%
N1 16 (503 21 3-3) / Med'%”_zz]ye““ / concerswere ot 20years STt 327 (1)
14(66.7) TisNOMO 30 years
10/140 (7%); 5-year
Cumulafive risk 2% survival 55%.
3% at 5 years; 4% o
) at 40 years age; . Cumulative risk for
[onenwoctal 5 (12)) / Med‘%”_l%ye““ / Me‘]t?eﬁ%e“ e T T T ‘2(?2";7”; @ deahdelorect
years age and 16 ye(m 6f1e:\R A cancer after IRA: 2% ot
% af 70 years age. y Syears, 3% at 10 years
and 9% af 30 years.
Booi ef o, 2010° 19(442) / / / Me(;"gg‘] k / 334 88) / 234 58)
. / Median 15 years Median 21 years
26
Sinha et al., 2010 232 (54.3) 311427 28] 725 / (1167 / A8/427 (11.2%) / /
Yamaguchiet al., , Median 30 years S-year survival 94%;
2085 HE f Median89 years ! (1345 ! V7% (0% / 10year survival 4%,
. . 3.7% for group 1; 9.3%
oyeiserol / / / / / / / for group 2 &.3% or /
group 3%
17.2% at § years;
Campos et al,, 2008” / / 91.1 (3-557) / Mean 45.8 years Mean 50.6 years 6/36 (16.7) 241% at 10 years; /
43.1% affer 15 years
FUP inifiated
Gleeson et al., 2008% / / median 12 1-29) / / 40.and 59 years. 2016 (12.5) / /
years after surgery
10-year cumulative
Median 7 years risk 4.4% 9% Cl
0-13). Medion 27 60/776 (7.7%) 26-6.2)inpre-
Bullow et al.,, 2008 401 (517) / Patients were 775 / (56/576;10% and pouch era; 10-year /
operated between 4/200; 2%) cumulafive risk 2.5%
1950-2006 [95% CI 0-5.5] in
pouch ero;
Mousscta et al.,
20077 They only 21121 (100.0)
walched lea 0(474) s / I / 021 00) / /
muocas above 14121 (66.7) y
the IRA
Pre-pouch era: 212 Median age 23 .
months (IQR 148 years (IQR 18.5 8!;_2‘93!2 22
Churchet al., 2003 92/ (46.7) / months); Pouch / years pre-pouch / pre-pe / /
) and 0in pouch
era: 60 months and 17 years e
(IQR 80 months| pouch) ’
297/371 (80.1) Median 102 10years-7.7%
Berfarioef al, 20002 206/371 (55.9) Median 81 months months Mean 32 years / 27137 (7.3) 15 years-13.1 % 6/371 (1.6)
200/297 (67.3) (1-26 years) 20 years -23.0%
‘ Median 10 Mean age 30 ,
Jenneret al, 19987 25/55 (48.0) 55/{100.0 (1-3) / (13-6) Median 41 7/55(12.7) / /

Colonic phenotype divided in 3 groups: (Group 1 - <100 polyps and mutation in codons 1-157, 312-412 and 1596-2843; Group 2 Hundred of polyps and mutation in codons
158-311, 413-1249 and 1465-1595; Group 3 Thousand of polyps and mutation in codon 125

APC = adenomatous polyposis coli; FUP = follow up

dergo primary restorative proctocolectomy while
primary IRA can still be offered to patients with
an attenuated phenotype or low rectal disease bur-
den. Indeed, in the largest study of four European
national polyposis registries, the cumulative risk

of cancer in the rectal remnant (CRR) was 10% in
patients operated in the ‘pre-pouch’ period and
only 2% in those who were operated in the ‘pouch
period.?* Similar findings have been reported
from the USA%® where 8 patients operated before
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TABLE 5. Patient characteristics and rate of adenomas in patients after primary ileal pouch anal anastomosis (IPAA)

Distinguish
o S s R o L o S i e S Wi L
P n (%) Positive in; n (%) and rectal Y (years) (years) < 1Polyp mm n (%)
cuff
Tubular Prepouch
. adenomas ileum 4(2-13),
et ASeldl, g o 101 91 " Medoni ot gg?&% Medion 24 Medion 5 3 8%, Pouch body
2023% 96 (86) 77-240) 2y0 odls ° (18-32) (3-15) Tubulovillous 26 20(5-50),
yeds. (23%), Vilous tectal cuff 6
5(5%) (3-10)
32 (?5'? Ofd § advnced 1-300
' pafients showe ) advance -
Tajika et al, 2019% ( 4176” / Yes Mfsd';jg g} 5 progression of Meﬁ ‘7?223)4‘6 24[34(70.6) 2-40 mm adenomas
' o pouch adenomas (25.0)
during FUP
90192 (469) ata
median of 8.5 years Tubular
Median 12.8 (9-17) (0.9-25.1) affer IPAA. adenomasin 46192 (51.1)
133(693) for patients with o?iirﬁsi?oﬁje d 5 years after IPAA 543%2, (25‘3]9 ngS 69192 (78.7); had < 4;
Ganschow et al., 100 ’ No pouch adenomas P m— 27.5 years 84.9% patients free of % 7’) 510 tubulovillous 14192 (15.¢)
201881 (52.) 213 and (2.5-12.2) for opu d? o —— 10.2-58.9) adenoma; 15 years e 319 adenomas in 5-10; 30/192
’ patients without P during FUP after 40.4% and 20 (14 4]l> 10mm 16/192(17.8); (33.3)>10
pouch adenomas; 9 years after 21.9% o villous in 5/192 adenomas
patients were free of (5.4)
adenomas.
) 35/59 (59.0);
Goldstein ef al. % Mean 11.6 years Aﬁreeg‘inm:?;zm? Meon 308 _-42{(zgigigge%inocuuég
2058 ! o) Yes ey 6'y eyo s since surgery; Cuff years +108 body P / AILGD /
’ ' 10.8 years years .
Pouch 16.9 years -1 Egg;h ond
Median; 72 months ’
. Median
! 14 (18-249) Only T polyp
19
Tahid et al., 2015 6lg) No Mean 9.2 years 3(: ;/_eéaﬁrls 12/27 (44.0) / HGD (<99%) /
Watched
Kennedy et al., 43 Mean 15.4
onl Mean 7.6 (0-24 9/95 (9.4
4 0| anosto;/nosis o (- e
110/139
EEGTES 9?”2'1‘}36(3?&” / Medion 15 years Y89 57118 483 sommiy  TRLODi6R .
2013% ileostomy and IPAA i (9-61 years) ’ ' HGD 3 20,‘ 7
patients but did not '
distinguish between|.
Boostrom et al., 52 Yes 125 months (25- 124 years (15-405 26 years (4- 07 (254 5.9 mm (2mm 221GD, 8 /
2013 (44.5) 423 months) months) 60 years) ' t0 20 mm) tubulovillous
Cumulafive rate
of adenomas at
28 years 17% for Anasfomoss:
Yes (body mucosectomy 4139 (10.0) vs. 14/22
%ﬁ;’]?“"‘ GIEs {53547) / and gowpand7s%h  20(10-49] (640} [P <0.000)
’ anasfomosis) at15yearsina Pouch body:
group without 8/39vs. 6/22 P 0.57)
mucosectomy (P <
0.0001)
Median 133 33 years Adenomas,
Tonelietal, 0129 45 (65% No monhs (12286 MEONTVEAs(5 g 2(360) Meandmm o esionot  Mean8 (4]
months) years years) (1-40) specified
30 Median 7.2 At the anastomosis
8 -
Yanet al., 2012¢ s / Yes 02-0) 29 (16-65) 633 (182 / / /
Mean 14 months
to LGD; Mean 16
Endoscopies moEn ;?%g:fn LGD-21/32
Banasiewicz ef al., 7 performed 2-19 (65.6];
/ / . frequency LGD 211165 (12.7) "
o el Yesﬁ;s ;lrnce 15 years later 50% HG([; 4 l1]/32
gery: and for HGD 175 :
years later 50%.
13/13 (100):
FUP began 10/13 pouch body;
Seeionetal. / / Yes I median 65 (0-19 / 213 ancsforods <Smm / 530
after surgery 3/13ileum above
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Distinguish
) Sex APC mutation between Time from surgery Ageat Size of Histology of
Flrstllgulpor %n(: (man); Underwent; n (%); pouch body Fo':'? W-up tofirst adenomas surgery Rule>o 2 udTnomas adenomas, adenomas; I\szber o
publicaion date n(%) Positive in; n (%) and rectal fiig ) (vears) (vears) (21polyp) mm n(%) enomas
cuff
Cumulafive risk of
16% at S-years ond
42.4% ot 10 years
for adenoma Mean
Friederich et al., 19 / / Mean79(0.4-20.3 development. 30.0years 471212 (35%) / /
2008 56.0) years| Cumulafive risk of (10-62.6
12.8% at 10 years years)
for advanced
adenoma
development.
5510@905 efal, / / No 508 (5-228) 3126 (11.5]
Yes (only
2123 (1000) polypsinthe Mean size 5.2
Mousscta et al., 12 ‘ leal mucosa Mean 5.4+-2.6 Mean 4.7+-3.3 3 (0] mm+-34mm;  LGD16/17 (94.); /
20075 (57.) of the pouch (1-1) years (1-14) ' 3 polyps were HGD 117 (8.9)
213 (%51) body are >10mm.
described)
Between .
34160 (57%) of which .
Groves et al., 35 el 305 years Swere>10mm/ itk Medion
2005* (58.3) / ;nntit% tr)w?gseis i el / gj&é? 11 were advance £ mr:]nn[]l)—AO number 4
i adenomas
Median 10
Thompson- 20/33 (60.6) (1-100)
Fawcettet al, / O”'gg’é’”d“ / / | ?d/iﬁ é‘;g(?s’ 1-3mm Also lymphoid
20007 18/20 (90.0) / hyperplasia
included

APC = adenomatous polyposis coli; FUP = follow up; HGD = high grade dysplasia; IRA = ileorectal anastomosis; LGD = low grade dysplasia

1983 (12.9%) were diagnosed with CRR compared
to none of those operated after 1983 when pouch
surgery was introduced at the Cleveland Clinic.
Recently published data from two Japanese stud-
ies reporting an overall CRR rate of 30%% — 37%?
must be interpreted with caution as carcinoma in
situ was also included in the definition of cancer
in their cohorts. The risk of metachronous cancer
after IRA has been recognised early and these pa-
tients have been advised to undergo regular sur-
veillance of the rectal remnant. Traditionally, sur-
veillance was recommended every 3 to 12 months.
This recommendation has been maintained ever
since and can be also found in the recently pub-
lished international guidelines (Table 1). The
French national guidelines published in 2005* are
the only ones to include the genotype informa-
tion, as they recommend more frequent surveil-
lance if the pathogenic variant is located between
codons 1250-1500. However, they were published
in 2005.

The main obstacle to refining recommendations
for endoscopic surveillance is the lack of high-
quality, prospective data. Unfortunately, we have
not found a single randomised trial that has com-
pared different surveillance strategies or aimed
to identify factors that would allow risk stratifi-

cation. Members of the International Society for
Gastrointestinal Hereditary Tumors (InSiGHT)*
proposed a staging system* and stage-specific
interventions for patients with intact colon and
those with IRA, but unfortunately no effort has
been made to validate this staging system. Data on
endoscopic treatment modalities are even more de-
scriptive. In fact, in five international recommen-
dations (Table 1), only Vasen et al.” recommended
endoscopic removal of all polyps with dysplasia or
those larger than 5 mm. Endoscopic management
of these patients has therefore been influenced by
expert groups. Unfortunately, preferred methods
of endoscopic management were rarely described
in the reviewed studies. Maehata et 4.’ recom-
mend removal of all polyps larger than 8 mm. A
descriptive study with a small sample size (n = 6)*?
showed that large-scale cold snare polypectomy
can effectively reduce the polyp burden in the
rectal remnant even in cases of very high polyp
numbers. The mean number of polyps removed
was 78.5 (30-155). During the follow-up (mean 10.7
months), none of the patients developed rectal can-
cer and there were no complications related to pol-
ypectomy. This is in contrast to another study from
the USA%®, which advocates the use of ablative
therapy with argon plasma coagulation. A similar
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TABLE 6. Cancer rate after primary ileal pouch anal anastomosis (IPAA)
Age af .
ALl el No of cancer Time fo cancer (years) sur\llr;'itlelzl‘lrlut.!:g:::s’ipy Endoscoplc findings Location Staging of cancer and status
publication date (ref)  patients diagnosis and findings at diagnosis
(years)
Aeloetetal, 2003 O / / / / / Pouch excision
(2.7%)
Pasquer ef al., 2021% 1792 (1.1) 30 / 1 month Pouch body Endoscopic resection
Ganschow et al., Resection and reconstruction of a
2018¢! 1 / v / . é Pouch body new pouch - alive
lew endoscopy . )
Walsh et al., 2016¢ 1 54 / Rigruvlgir“grn]giol due to anemia and Anastomosis TSNZMéiiLZSZE:‘i?]n %2?;'5; 5
rectal blood l00s 9 '
Wasmuth ef al., 2013¢ 1 / 1 / / Rectal cuff Resection and ileostomy - alive
Boostrom ef al., 2013¢ 1 / 23.7 / / Pouch body Transanal resection - alive
Mucosectomy group; ?
. 5 median 11.3 years (8.3-22) Regular annual 3 underwent APR - alive
Ozdemir et al. 2013 4 / Without mucosecomy; surveillance / AlLATL 1 fransanal resection - died 4 years
8 years . hIcfe‘r ,dissergjngt%%n "
) ouch excision - died 12 months
Makni et al., 2012¢ 1 26 10 8 months Polyps, LGD? Pouch body? " later disseminafion
Excision with ileostomy, TSNOMO,
) 29 12 months, normal ? Pouch body died 6 months later dissemination/
51
Tonellef ol. 2012 2 58 10 6 months, normal lla +llc polyp Pouch body Excision with ileostomy, T2NOMO,
. - - glivefoﬁer 56 Hﬁogthg%P
voon Roon et al., xcision of a pouch - died 2 years
o ‘ / 1§ / / FOLET e of disseminated disease
ggag}swewmz etal, 5 / / / / Pouch body /
Pain and blood per . )
p 61 1l 6, normal rectum, 3 cm mass/ Pouch body / AR o) i A e
Aultetal., 2009" 2 h freatment /
50 10 / Sacral pain, Pouch body Mefastatic di hemoth
b&%eding ulcer efastatic disease, chemotherapy
Taika ef . 2009% 9 22 8.6 9 months, normal 323‘ gl?:gfgg?x/ Pouch body/ TAN2MO - died 1 year later
I g 2 No FUP /P Kock's pouch body T3N2M? - died (MDS)
25 mm polyp TANTMO, APR ileostomy. Developed
. , APR ileostomy. Develope
Lee etal,, 2008 1 / 7 " / ‘ Ulcerating fumor Pouch body metastases 2 years later.
4 years, norma
. % s 2.1 years, normal Dukes ¢
Friederich et al., 4 37 10.2 N Dukes B
) o confrol {symptoms) / All pouch body
2008° 32 16.4 : Dukes B
0.6 years, Tubullovilous
36 6.2 HGD Dukes B
Pouch body
- (patient had - 7
Linehan et al, 200772 I 40 10 / i ileostomy but BB A e
E pouch was left '
insiu Dukes B, APR, metach
Ulos et al., 2006 1 / 9 / / Anasfomosis UKES B, AT, METachronous
Presented with TZNO%]n(i\eFEF?ﬁe{j Hyeoir
© resented wi X, APR and ileostomy,
Camposet al, 2005 1 / L oI rectal bleeding Pouch body patient well af 6 years FUP.
Presented after ]
5 years normal, year with rectal
then 2 onq ! years bleeding / ! T2NOMO, APR, alive 1 year later /
Vrouercets et al., 48 9 (both mulfiple LGD f Anastomosis
2 Normal. Routine .
20047 36 10 adenomas refused bionsies af Anastomosis MO ve 8 s ol
surgery) / Regular FUP iopsies a TANOMO, APR, alive 8 months later
every 2 vears subsequent FUP
yey revealed adenoca. TNIMI tion with fleas
i % , resection with ileostomy,
Cherkiet al., 2003 1 35 3.5 1.5 years / Pouch body TaNOMgI?dP’]z H?Oﬂfp Me[d' s
36 2 years 3 months / Symg‘t:g:jsir? f/0 " Anastomosis yeOrS’loter’éig‘;rzmﬁo‘ﬁ/ |
Qoi et al.,, 200%6 2 | Y 8 vears / g Anastomosis T2NOMO, transanal excision with
i / leostomy (refused APR), died 4
Under FUP § years lafer, dissemination
Brown et al., 20078 1 44 7 years 4 months n e:mmﬁ;/ery / Anastomosis /
Vuilleumier et al., . Resection with ileostomy - died 12
20007 1 38 7 No FUP / Anasfomosis months later dissemination
Palkar et al., 199715 ] 39 4.7 3 months ? Pouch body TANOM? - alive
Kimet al., 19975 1 / / / / Pouch body? /
Bassuini et al., 199648 1 3 3 No FUP / Pouch body /
Ionerboyefl. | 3 8 Anastomos' TINOMO
Hoehner et al., 19947 1 34 20 / / Anasfomosis /

*The data from these cases has been drawn from reviews by Tajika'* and Smith'® as full-text of the papers were not accessible.

FUP = follow up; HGD = high grade dysplasia; LGD = low grade dysplasia
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FIGURE 2. Surveillance endoscopy in a 48-year old patient with FAP after colectomy with IRA revealed 18 m LST-G (A). After

submucosal injection with gelofusine, indigo carmine and adrenaline, piecemeal endoscopic mucosal resection (PEMR) (B)

was performed.

practice was supported by a study published in
France in 2007”7 National French guidelines pub-
lished in 2005 recommend ablation with APC for
small polyps (a few millimetres) and mucosectomy
for larger polyps.®

Improvements in endoscopic resection tech-
niques have also been applied to the treatment of
large lesions in the rectal remnant. Recently two
reports, both from Japan***4, have been published
of successful endoscopic submucosal dissection
(ESD) of 75 mm Is + Ila adenoma and residual ad-
enoma at the IRA. In our endoscopy unit (Hospital
Clinic, Barcelona) we also perform advanced en-
doscopic resection techniques. Figure2 (A and
B) shows a recent endoscopic mucosal resection
(EMR) of an 18mm laterally spreading tumour
granular type (LST-G) in the rectal remnant of a
patient with FAP.

There is little data on the use of advanced im-
aging techniques. The study from St. Mark’s hos-
pital in London** showed no benefit of dye-based
chromoendoscopy to detect additional adenomas
in the rectal remnant. The European Society of
Gastrointestinal Endoscopy (ESGE) guidelines?
published in 2014 did not recommend the use of
advanced endoscopic imaging in patients with
FAP, but did not specifically differentiate between
the patients with intact colon and those after sur-
gery. On the other hand, the French Society of
Endoscopy® recommended the use of dye-based
chromoendoscopy with indigo carmine. We be-
lieve that use of dye-based chromoendoscopy in
these patients does not increase the detection of
clinically relevant lesions and it is not routinely
performed in our unit. Considering the data on a

cumulative risk of 57% for CRR 30 years after sur-
gery? and the fact that adenoma development in
the rectal remnant is an inevitable event'®, regular
endoscopic surveillance is mandatory. Our recom-
mendations are in line with other guidelines and
our patients are recommended annual endoscopic
surveillance, despite alarming data from an early
study published in 2001° from four European regis-
tries in which 75% of patients with CRR had a neg-
ative rectoscopy within 12 months and 35% within
6 months prior to diagnosis of CRR. There was no
information on the endoscopy equipment used for
surveillance. We believe that the high rates of neg-
ative rectoscopies prior to cancer diagnosis may
— to some extent - be influenced by the quality of
endoscopy, which has been limited by the techni-
cal aspects of the equipment used in the past. This
problem needs to be addressed again in the light of
developments in endoscopic equipment.

When restorative proctocolectomy with IPAA
was first described in 1978, it was believed that
this operation would eliminate the risk of colorec-
tal cancer in patients with FAP. However, a few
years later, as the first pouches began to age, case
reports of cancers arising in the pouch began to
appear in the literature.® Since then, reports have
become more frequent and we have identified 45
cases of cancer after primary IPAA, of which 26
arose in the ileal mucosa of the pouch body and
15 at the anastomosis. Furthermore, we now know
that cancer can develop even after mucosectomy
down to the dentate line*, because even after re-
moval of all visible rectal mucosa, some micro-
scopic rectal columnar epithelium remains at the
ATZ* In the study from the Heidelberg Polyposis

Radiol Oncol 2024; 58(2): 153-169.
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FIGURE 3. Surveillance endoscopy in a 4%9-year old patient with FAP after proctocolectomy with IPAA revealed 25 mm LST-G

mixed type lesion in the rectal cuff. Lesion was spreading from the anastomosis to the dentate line. Patient had undergone
surgery five years earlier and did not show up for endoscopy follow-up since then (A). Lesion was removed with pEMR (B).

Registry with 100 patients®, rectal residual mucosa
(defined as visible mucosa or detected by histology
from blinded biopsies) was found in 42 (84%) cases
after stapled and in 21 (42%) cases after hand-sewn
anastomosis.

Researchers from Japan' found a 70% incidence
of adenomas in the pouch body with one of the
longest follow-up periods reported to date (> 20
years). Similarly, in a study from France, 74% of
patients had at least one adenoma in the pouch,
but with a mean follow-up of only 5.4 years. In
contrast, one study found that isolated rectal
cuff adenomas were more common than isolated
pouch adenomas (49.1% vs. 6.8%), while 18.7% of
patients had both pouch and rectal cuff adenomas.
Cumulative 5-year, 10-year and 20-year risks for
pouch adenomas were 32%, 52% and 68% in the
Japanese study', a slightly lower 5-year cumula-
tive risk but a similarly high 10-year risk was ob-
served in a Dutch study®; 16% and 42%, but the
authors of this paper did not specifically define the
exact location of the adenomas. The authors also
reported a 10-year cumulative risk of developing
precancerous adenomas of 12.8%.

On the other hand, the adenoma rates — at least
in the stapled group - seem to be higher in the
studies that only looked at the anastomosis and
compared hand-sewn with stapled: 0-33% wvs.
33.9-57%. In view of these figures, it is essential
that patients with primary IPAA also undergo
regular endoscopic surveillance. Particular atten-
tion should be paid to the rectal cuff and anasto-
mosis, and the pouch should be examined in both
forward and retroflexed position.

Radiol Oncol 2024; 58(2): 153-169.

International guidelines most commonly rec-
ommend annual endoscopy examination, whereas
ASCO guidelines’ advocate ‘case-by-case’ interval
allocation. In 11 of only 12 studies that described a
surveillance protocol, an interval of 12 months was
recommended except in Brazil where endoscopy
of the pouch was recommended every 2 years.

Interestingly, in the Netherlands pouch endos-
copy was recommended every 1 to 3 years in the
late 1990s but in 2001 the protocol was changed to
annual endoscopic surveillance regardless of the
anastomotic technique (hand-sewn or stapled).

One of the main concerns is the short interval
(<1 year) between the last normal endoscopy and
the cancer diagnosis and the aggressive course
of the disease despite an initial RO resection
(Supplementary Table 4). It is not entirely clear
whether the adenoma-carcinoma sequence is fast-
er in the ileal mucosa compared with the colon and
rectum, or whether “negative” endoscopies prior
to cancer diagnosis could be explained by the poor
quality of pouch endoscopy. Chromoendoscopy
improves the detection of diminutive adenomas®
and lymphoid hyperplastic nodules®, but its use
is discouraged®?® for the same reasons as in the
examination of rectal remnants — increased of de-
tection of clinically irrelevant polyps. Endoscopy
should be performed with a gastroscope or pae-
diatric colonoscope, as stricture can occur at the
anastomosis, especially after hand suturing.

There are no official recommendations for en-
doscopic management of FAP patients after IPAA.
We have found considerable heterogeneity in local
practice. Italian authors recommend resection of
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all adenomas > 3 mm.** On the contrary, ablation
with argon plasma coagulation is the preferred
resection technique in a French study.”” Ablative
techniques were also supported by the study from
the Mayo Clinic.’ In a small descriptive cohort
of only 5 patients*, large-scale cold snare pol-
ypectomy with a mean of 110.6 (30-342) resected
polyps demonstrated the efficacy of cold snare in
controlling large polyp burden (> 30 polyps) with
no reported polypectomy related complication. In
our unit we do not use nor encourage use of argon
plasma coagulation. We recommend resection of
all polyps >3 mm. Advanced resection techniques,
when performed in the tertiary centres, may be
a viable alternative prior to surgical resection. A
case report of successful en bloc ESD of a 15 mm
‘non-lifting” HGD adenoma in the ileal pouch has
recently been published.* Figure 3 (A and B) shows
an EMR of 25 mm LST in a patient with FAP after
IPAA. The polyp was located in the rectal cuff and
extended from the anastomosis to the dentate line.
The procedure was performed at our Endoscopy
Unit. It should be emphasised that the wall of the
ileum is very thin and special care must be taken
when resecting larger lesions.

Although there is no randomised trial compar-
ing different endoscopic surveillance intervals, it
is unlikely that prospective data will be available
in the future. The main reason is ethical issue, as
these patients are at increased risk of colorectal
cancer. However, with the introduction of high
quality colonoscopy and improvements in endos-
copy technique, a ‘negative’ endoscopy before can-
cer diagnosis should become highly unlikely if not
impossible.
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Background. Various types of immunotherapy (i.e. immune checkpoint inhibitors [ICIs], chimeric antigen receptor
[CAR] T-cells and bispecific T-cell engagers [BiTEs]) and antibody drug conjugates (ADCs) have been used increas-
ingly fo freat solid cancers, lymphomas and leukaemias. Patients with serious complications of these therapies can
be presented to physicians of different specialties. In this narrative review we discuss potentially fatal complications of
new systemic anficancer therapies and some practical considerations for their diagnosis and inifial freatment.
Results. Clinical presentation of toxicities of new anticancer therapies may be unpredictable and nonspecific. They
can mimic other more common medical conditions such as infection or stroke. If not recognized and properly freated
these tfoxicities can progress rapidly into life-threatening conditions. ICls can cause immune-related inflammatory
disorders of various organ systems (e.g. pneumonitis or colitis), and a cytokine release syndrome (CRS) and immune
effector cell-associated neurotoxicity syndrome (ICANS) may develop after freatment with CAR T-cells or BiTEs. The
cornerstones of management of these hyper-inflammatory disorders are supportive care and systemic immunosup-
pressive therapy. The latter should start as soon as symptoms are mild-moderate. Similarly, some severe toxicities of
ADC:s also require immunosuppressive therapy. A mulfidisciplinary feam including an oncologist/haematologist and
a corresponding organ-site specialist (e.g. gastroenterologist in the case of colitis) should be involved in the diagnosis
and freatment of these foxicities.

Conclusions. Health professionals should be aware of potential serious complications of new systemic anticancer
therapies. Early diagnosis and freatment with adequate supportive care and immunosuppressive therapy are crucial
for the optimal outcome of patients with these complications.

Key words: potentially fatal toxicity; immune checkpoint inhibitor; chimeric antigen receptor T-cells; Bispecific T-cell
engager; antibody dug conjugate; immunosuppressive therapy

Introduction

treatment who develop acute illnesses often seek
medical attention with general practitioners (GPs)

The outcome of patients with cancer has improved
substantially over the last few decades. Most mod-
ern cancer care is delivered in the outpatient set-
ting. Patients with cancer can develop various
oncologic emergencies which can be cancer or
treatment related. Patients undergoing anticancer

Radiol Oncol 2024; 58(2): 170-178.

and in emergency departments.'? Prompt identifi-
cation of oncologic emergencies, timely interven-
tion and coordinated follow-up with oncology care
teams are crucial for optimal outcome.> However,
there may be a lack of knowledge about manage-
ment of toxic complications of new anticancer

doi: 10.2478/raon-2024-0027
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TABLE 1. Approved immune checkpoint inhibitors in the European Union
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Immune checkpoint

Approved indications

Ao Target
inhibitor Early cancer Advanced cancer
Atezolizumab . .
(Tecentriq) PD-L1 NSCLC Urothelial carcinoma, NSCLC, SCLC, TNBC, HCC
Avelumab . . .
(Bavencio) PD-LI1 _ Urothelial carcinoma, RCC, Merkel cell carcinoma
Cemiplimab PD-1 Cutaneous SCC, Basal cell carcinoma, NSCLC, Cervical
(Libtayo) - carcinoma
Durvalumab o
(Imfinzi) PD-LI1 _ NSCLC, SCLC, HCC, Biliary tract cancer
Ipilimumab CTLA-4 Melanoma, RCC, NSCLC, MPM, CRC, Oesophageal
(Yervoy) - carcinoma
Nivelumets Urothelial carcinoma, melanoma, Melanoma, NSCLC, RCC, cHL, Head and neck SCC, MPM,
(Opdivo) PD-1 NSCLC, oesophageal and GEJ Urothelial carcinoma, CRC, Oesophageal SCC, Gastric, GEJ
P cancer or Oesophageal adenocarcinoma

RCC, Melanoma, NSCLC, HL, Urothelial carcinoma, Head

Pembrolizumab PD-1 RCC, melanoma, NSCLC, TNBC and neck SCC, Cancers with MSI-H or MMRd, Oesophageal

(Keytruda)

carcinoma, Endometrial carcinoma, Cervical carcinoma,
Gastric and GEJ adenocarcinoma

CRC = colorectal cancer; cHL = classical Hodgkin lymphoma; CTLA-4 = cytotoxic T-lymphocyte antigen; GEJ = gastro-oesophageal junction; HCC = hepatocellular
carcinoma; HL = Hodgkin lymphoma; MMRd = mismatch repair deficiency; MPM = malignant pleural mesothelioma; NSCLC = non-small cell lung cancer; MSI-H:
microsatellite instability — high; OSCC = oesophageal squamous cell carcinoma; PD-1 = program death 1; PD-L1 = program death ligand; RCC =renal cell carcinoma, SCC
= squamous cell carcinoma; SCLS = small cell lung cancer; TNBC = triple-negative breast cancer

therapies such as immunotherapy among non-
oncologist health providers, including emergency
physicians (EPs).*

The most common and well-known classic on-
cologic emergencies are: (i) metabolic (e.g. tumour
lysis syndrome [TLS], hypercalcemia, syndrome
of inappropriate antidiuretic hormone), (ii) hema-
tologic (e.g. febrile neutropenia, hyperviscosity
syndrome), (iii) structural (e.g. superior vena cava
syndrome, malignant epidural spinal cord com-
pression, malignant pericardial effusion, or (iv)
treatment related (e.g. chemotherapy-induced oral
mucositis, radiation pneumonitis).’ New systemic
anticancer therapies can cause life-threatening
complications which may be generally less-known
than classical oncologic emergencies.

In this narrative review we discuss potentially
fatal complications of new systemic anticancer
therapies that differ from classic oncologic emer-
gencies and provide some practical considera-
tions for their diagnosis and initial management.
For this purpose, a comprehensive search of the
literature was performed through PubMed using
the following key words: “immune checkpoint in-
hibitor”, “CAR T-cells”, “bispecific T-cell engager”,
“antibody drug conjugate”, “toxicity” and “adverse
event”. Articles describing diagnosis and manage-
ment of treatment-related toxicities, including rec-
ommendations of oncologic societies and working
groups were included.

Immune checkpoint inhibitors

The immune checkpoint inhibitors (ICIs) are pre-
scribed as monotherapy or in combination with
chemotherapy and/or targeted anticancer agents
in patients with both early and advanced solid
cancers and Hodgkin’s lymphoma (Table 1). These
agents are monoclonal antibodies which enhance
the immune response to cancer cells. They block
negative regulators of T-cell activation, such as
cytotoxic T lymphocyte associated antigen 4
(CTLA-4), programmed cell death 1 (PD-1) and
programmed cell death 1 ligand (PD-1L), and rein-
vigorate pre-existing T-cells (Figure 1). They target
neoantigens presented by the major histocompat-
ibility complex (MHC) molecules on the surface
of cancer cells. Efficacy of ICIs may be restricted
due to the lack of neoantigens presented on cancer
cells, defects in expression of the MHC or in other
components of the antigen-presenting machinery
in cancer cells, development of resistant tumour
subclones and lack of T-cells in the immunosup-
pressive microenvironment of the tumour.® ICIs
are usually administered repeatedly every few
weeks in the outpatient setting.

The ICIs have a unique toxicity profile distinct
from that of chemotherapy and other targeted
agents. As these agents enhance immune response
they can cause immune-related adverse events
(irAEs) (i.e. immune-related inflammatory disor-
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FIGURE 1. Mechanisms of acfion of new anficancer therapies. (A) Immune
checkpoint inhibitor; (B) CAR T-cell; (C) Bispecific T-cell engager and (D) Antibody

drug conjugate.

ders), which can be life-threatening. In contrast
to chemotherapy and some other targeted drugs
development of irAEs is more unpredictable. They
can affect any organ system and can occur at any
time during a patient’s treatment or sometimes
long after therapy with an ICI has been discon-
tinued.” A majority of irAEs occur during the first
four months of treatment with an ICI and they
most commonly affect the skin, endocrine, gas-
trointestinal and pulmonary systems. Some other
irAEs such as ICI-related myocarditis, hypophysi-
tis, encephalitis and myositis are very rare but im-
portant cause of morbidity and mortality.?® Early
identification and treatment of irAEs is crucial to
limiting their severity and duration. However, the
presentation of irAEs is often non-specific and can
mimic other common medical conditions such as
infections, stroke, intracranial bleeding and myo-
cardical infarction. Before treatment with an irAE

Radiol Oncol 2024; 58(2): 170-178.

is started it is very important to rule out these con-
ditions. Importantly, mild irAEs can rapidly pro-
gress to be life-threatening conditions. Therefore,
when an irAE is suspected the patient’s symp-
toms and vital signs should be closely monitored.
Detailed recommendations outlining the diagno-
sis, treatment and follow-up of patients with irAEs
have been published by oncologic societies.’’ In
general, in patients with mild or moderate sympto-
matic irAEs (i.e. grade < 2) symptomatic treatment
in the outpatient setting is recommended and ear-
ly follow-up with a treating oncologist should be
arranged. Exceptions are patients with symptoms
suggestive of immune-related myocarditis, neuro-
logical irAEs involving the central nervous system
(i.e. hypophysitis, meningitis, encephalitis and my-
elitis), dyspnoea or myasthenic syndromes, who
should be hospitalised immediately and treated
by a multidisciplinary team involving the oncolo-
gist and the corresponding organ-site specialist
(Figure 2). In patients with moderate symptoms
(i.e. grade 2) systemic corticosteroids (e.g. methyl-
prednisolone 0.5-1 mg/kg/day) are recommended.
All patients with severe and life-threatening irAEs
(i.e. grade > 3) should be immediately hospital-
ized and presented to the multidisciplinary team
(Figure 2).° The cornerstones of management of
severe irAEs are supportive care and immunosup-
pressive therapy with systemic corticosteroids (e.g.
methylprednisolone 1-2 mg/kg/day), including
initial high-dose pulse corticosteroids (e.g. meth-
ylprednisolone 500-1000 mg/day for three days) in
some conditions. In some severe cases refractory to
corticosteroids blocking of tumour necrosis factor
(TNF)-a with infliximab, blocking of the interleu-
kin-6 receptor (IL-6R) with tocilizumab, intrave-
nous immunoglobulins (IVIGs) and mycopheno-
late mofetil may be beneficial > When symptoms
of the irAR are severe initiation of corticosteroids
cannot be postponed and empirical antimicrobial
therapy can be started concurrently with corticos-
teroids and discontinued when infection is exclud-
ed.l’

Chimeric antigen receptor
T-cells and bispecific T-cell
engagers

CAR T-cells and BiTEs are both T-cell engag-
ing therapies and have a similar toxicity profile.
Chimeric antigen receptor (CAR) T-cells are a
cell-based therapy in which patient’s T-cells are
extracted by leukapheresis and then genetically
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TABLE 2. Approved CART cell therapies and bispecific T cell engagers in the European Union
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Agent Type of therapy Target Indications
. B-cell acute lymphoblastic leukaemia,
I:(sarﬁﬁglhe)cleucel CART CD19 Diffuse large B-cell lymphoma,
Y Follicular lymphoma
. . Primary mediastinal large B-cell ymphoma,
/(‘\Ygg:gck}):f%?ene ciloleucel CART cDI19 Diffuse large B-cell lymphoma,
High grade B-cell ymphoma,
Follicular lymphoma
Brexucabtagene autoleucel CART cD19 Mantle-cell ymphoma,
(Tecartus) B-cell acute lymphoblastic leukaemia
. Follicular lymphoma grade 3B,
?g%cgkg;%gene TEEBUEE| CART CD19 Primary mediastinal large B-cell ymphoma,
Y Diffuse large B-cell ymphoma
Idecabtagene vicleucel BCMA .
(Abecma) CART Multiple myeloma
Ciltacabtagene autoleucel BCMA .
(Carvykti) CART Multiple myeloma
Talquetamab . .
(Talvey) BiTE GPRCS5D/CD3 Multiple myeloma
Teclistamab . .
(Tecvayli) BiTE BCMA/CD3 Multiple myeloma
Glofitamab BITE CD20/CD3 Diffuse large B-cell ymphoma
(Columvi)
Mosunef_uzumob BiTE chrens Follicular lymphoma
(Lunsumio)
Tebentafusp .
(Kimmirak) BiTE Gp100/CD3 Uveal melanoma
Teclistamab . .
(Tecvayli) BIiTE BCMA/CD3 Multiple myeloma

BCMA = B-cell maturation antigen; BiTE = bispecific T cell engager; CAR T = chimeric antigen receptor T-cells; CD3 = cluster of differentiation 3; CD19 = cluster of
differentiation 19; CD20 = cluster of differentiation 20; GP100 = G protein 100; GPRC5D = G protein-coupled receptor, class C, group 5, member D

modified through the insertion of DNA encoding
recombinant protein CAR on their surface, ex-
panded and then administered back to the patient.
Whereas the extracellular domain of the CAR rec-
ognizes a cancer-specific antigen, its intracellular
domain activates the T-cell immunogenic antineo-
plastic response (Figure 1).112 For example, tisa-
genlecleucel binds to the Cluster of Differentiation
(CD)19 on B-cell leukaemia and lymphoma cells
and activates the immune system to destroy ma-
lignant cells. CAR T-cells are now an established
treatment for patients with relapsed and/or refrac-
tory B-cell lymphomas, B-cell acute lymphoblastic
leukaemia and multiple myeloma (MM) (Table 2).
CAR T-cells can engraft long-term and provide
long-term ongoing responses against cancer cells.
For most patients, CAR T-cell therapy is a one-time
treatment. Before infusion of CAR T-cells patients
receive lymphodepleting chemotherapy. Research
into CAR T-cells is also extending to other diseas-
es, including solid tumors, infections and autoim-
mune disorders. On average, patients are hospital-
ized for 12 days after infusion of the CAR T-cells.’®
While natural antibodies have two targeting arms
that bind to the same target antigen, bispecific an-

tibodies are engineered hybrid molecules with two
distinct binding domains that target two distinct
antigens. Bispecific T-cell engagers (BiTEs) bind si-
multaneously to a selected antigen on cancer cells
and to the invariant component of the T-cell recep-
tor complex, a CD3 chain with signalling capacity
(Figure 1).* For example, one arm of glofitamab
binds to the CD3 on T-cells and another arm to the
CD20 on B-cell lymphoma cells (Table 2). BiTEs are
approved for use in patients with relapsed and/or
refractory B-cell lymphomas, MM and uveal mela-
noma (Table 2). Similar to CAR T-cells, targeting
of cancer cells with BiTEs is independent of the
MHC. T-cell engagement is dependent on repeated
administration of the BiTEs. Premedication with
systemic corticosteroids and step-up dosing reduc-
es the risk of severe immune-related toxicities with
BiTEs that are described below. It is recommended
that within a step-up phase of treatment patients
are hospitalized or at least remain within the prox-
imity of a healthcare facility for a short time after
the administration of a BiTE.1#!°

The cytokine release syndrome (CRS) or cy-
tokine storm is a result of activated T-cells, other
immune cells and vascular endothelial cells,

Radiol Oncol 2024; 58(2): 170-178.



174

which results in the overproduction of inflamma-
tory cytokines. It typically manifests in the first
week after therapy, rarely later.!® While some pa-
tients experience mild, flu-like symptoms others
may experience more severe and potentially life-
threating complications similar to septic shock and
multi-organ failure. CRS usually presents with a
fever which may not respond to antipyretics, and
hypotension, headache, hypoxia, rash and organ
dysfunction.”” In contrast to CRS, immune cell-
associated neurologic syndrome (ICANS) is less
frequent than CRS. It usually manifests around
seven days after administration of therapy, rarely
several weeks later, and it is often associated with
preceding CRS. Patients with ICANS may present
with an altered level of consciousness, aphasia, im-
pairment of cognitive skills, motor weakness, sei-
zures, and cerebral oedema.!”® The pathophysiol-
ogy of ICANS is associated with the accumulation
of pro-inflammatory cytokines and CAR T-cells in
the central nervous system, together with the ac-
tivation of resident glial cells.!” The T-cell engag-

Patient is undergoing
treatment with an ICI,
CAR T-cells or BiTE,
or has finished
treatment with an ICI

-‘ Exclude other common
medical conditions such
as infection, stroke,
bleeding, myocardial
infarction/acute
coronary syndrome

Presenting clinical

picture suggestive for »

immune-related
toxicity

Any severe (grade 2 3) irAE or
symptoms suggestive of immune-related
myocarditis, pneumonitis encephalitis,
hypophysitis, myelitis, myositis or
myastenia gravis syndrome?

‘ NO ‘ lves

Supportive treatment Supportive treatment

Suspicion of CRS, ICANS and/or
HLH?

S rtive treat t <
it Consultation and early

Consultation with oncologist/
haematologist

Hospitalization

Immunosuppressive therapy
with IL-6 antagonist and/or
corticosteroids

follow-up with oncologist

Qutpatient care or
hospitalization

Systemic corticosteroids
(e.g. methylprednisolone
0.5-1mg/kg/day) may be
started when symptoms
are moderate (grade 2)

Consultation with
oncologist and the
corresponding organ
specialist

Hospitalization
Systemic corticosteroids

(e.g. methylprednisolone
1-2 mg/kg/day)

FIGURE 2. Management of toxicities of immunotherapy.

BiTE = bispecific T-cell engager; CAR = chimeric antigen receptor; CRS = cytokine release
syndrome; HLH = haemophagocytic lymphohistiocytosis; ICANS = immune effector-cell
associated neurotoxicity syndrome; ICI = immune checkpoint inhibitor; irAE = immune-related
adverse events
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ing therapies are not only associated with CRS and
ICANS, but can also cause various hematologic
toxicities, including haemophagocytic lymphohis-
tiocytosis (HLH), prolonged myelosuppression,
coagulopathies and tumor lysis syndrome (TLS).?
Presentation of HLH may be similar to CRS and
is characterized by a fever, cytopenia, spleno-
megaly, jaundice, and the pathologic finding of
haemophagocytosis in bone marrow and other tis-
sues. CRS usually precedes HLH by a few days but
in rare cases HLH can develop weeks after resolu-
tion of the CRS.2 When toxicity of T-cell engagers
is suspected a treating haematologist/oncologist
should be consulted and the patient should be
admitted to the hospital, preferably to the cancer
centre. Mild CRS and ICANS are often self-limited
with proper supportive care but can rapidly pro-
gress into life-threatening conditions, which may
require management in the intensive care unit
(ICU). Patients with these complications require
close vigilance and prompt pharmacological treat-
ment when there is no adequate response to sup-
portive care and/or in the case of moderate or se-
vere symptoms (grade > 2) (Table 4).182! Supportive
care includes antipyretics, intravenous hydration
and symptomatic management of organ toxicities
and constitutional symptoms in patients with CRS
and intravenous hydration and aspiration precau-
tions in patients with ICANS. When there is a com-
bination of fever and hypotension, which does not
require vasopressors (i.e. grade 2) CRS should be
managed with the IL-6R antagonist tocilizumab
(Figure 2). Although there is limited experience
with additional therapies, alternate IL-6R antago-
nists such siltuximab and clazakizumab or the
IL-1 receptor antagonist anakinra may be used for
CRS refractory to tocilizumab.?*? Systemic corti-
costeroids should be added only in refractory, pro-
longed, or higher-grade CRS. Patients with moder-
ate symptoms of ICANS and/or mild somnolence
awakening to voice (i.e. grade 2) should be treated
with systemic corticosteroids (e.g. dexametha-
sone 10 mg bid). In severe cases initial high-dose
pulse corticosteroids (e.g. methylprednisolone/day
500-1000 mg of for three days) are recommended.
When ICANS and CRS occur concurrently tocili-
zumab should be used with caution as it can lead
to deterioration of ICANS (Figure 2).2 The corner-
stones of treatment of HLH are corticosteroids and
an IL-6R antagonist. Both of these are contraindi-
cated in patients with severe infection and under-
line the importance of arriving at a clear diagnosis
prior to the initiation of treatment. In severe cases
of HLH additional therapy with etoposide should
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TABLE 3. Grades 2 and 3 of the selected immune-related adverse events (irAEs)

irAE Grade 2

Grade 3

Papules and/or pustules covering 10-30% BSA, which

may or may not be associated with symptoms of
pruritus or tenderness; associated with psychosocial
impact; limiting instrumental ADL; papules and/
or pustules covering > 30% BSA with or without mild
symptoms

Maculo-papular rash

Diarrhoea/enterocolitis

Symptomatic (presence of new or worsening
symptoms: dyspnoea, cough), medical intervention
indicated, limiting instrumental ADL

Moderate pain, stiffness and/or weakness limiting
instrumental ADL

Moderate pain associated with weakness, limiting
instrumental ADL

ALT or AST 3-5 x ULN

ILD/Pneumonitis

Rheumatologic toxicity

Neuro-muscular toxicity

Hepatotoxicity

Serum creatinine >1.5-3 x above the baseline or the
UNL, KDIGO stage 2: increase in serum creafinine 2-2.9
x above the baseline

Renal toxicity

Increase of 4-6 stools/day over baseline

Papules and/or pustules covering > 30% BSA with
moderate or severe symptoms; limiting self-care
ADL; associated with local superinfection with oral
antibiofics indicated

Increase of 2 7 stools/day over baseline

Severe symptoms, oxygen indicated, limiting self-care
ADL

Severe pain, stiffness and/or weakness limiting self-
care ADL

Pain associated with severe weakness, limiting self-
care ADL
ALT > 5 x or AST < 20 x ULN

Serum creatinine > 3 x above the baseline or > 3-6 x
ULN,
KDIGO stage 3: increase in serum creatinine > 3 x or to
> 4.0 mg/dl or initiation of dialysis

ALT = alanine transaminase; ADL = activities of daily living; AST = aspartate aminotransferase; BSA = body surface area; ILD = interstitial lung disease; KDIGO = kidney

disease improving global outcomes; ULN = upper limit normal

be considered.? Prolonged cytopenias can be treat-
ed with growth factor support and corticosteroids,
and infections due to prolonged B-cell aplasia with
infusion of IVIGs. Management of disseminated
intravascular coagulation (DIC) is supportive, in
the case of severe DIC corticosteroids and an IL-6R
antagonist can be used.??

Antibody-drug conjugates

Antibody-drug conjugates (ADCs) have been de-
scribed as ‘magic bullets’ of cancer treatment. The
rationale behind the design of ADCs is to achieve
targeted delivery of cytotoxic molecules by link-
ing them to antibodies targeting tumour-specific
antigens with the expectation of less toxicity than
conventional chemotherapy (Figure 1). For exam-
ple, enfortumab vedotin is a nectin-4-directed
antibody and microtubule inhibitor monomethyl
auristatin E conjugate. The use of antibody-drug
conjugates (ADCs) is expanding rapidly, with
development moving progressively from lym-
phomas and leukaemias to various solid cancers,
and from monotherapy to combination strategies
(Table 5).22¢

Despite their very promising design most of the
currently-approved ADCs can cause severe and
potentially life-threatening toxicities. Each com-
ponent of the ADC, including the antibody, linker,
and cytotoxic payload, may affect the extent of

the ADC-induced toxicities (Table 5).” Apart from
myelosuppression, infections and TLS other im-
portant toxicities of these agents are interstitial
lung disease (ILD)/ pneumonitis, liver failure and
skin toxicity (Table 5). Clinical symptoms of ILD/
pneumonitis are generally nonspecific, including
dyspnoea, cough and fever and can mimic infec-
tious pneumonia. As pneumonitis can rapidly
progress to a life-threatening condition, early con-
sultation with the oncologist and the pulmonolo-
gist is recommended. The aim of management of
ADC-related pneumonitis is to suppress inflam-
mation and prevent the build-up of irreversible
lung fibrosis. Therefore, the cornerstone of treat-
ment of symptomatic (i.e. grade > 2) ILD/pneumo-
nitis is treatment with systemic corticosteroids
(e.g. methylprednisolone 1-2 mg/kg/day) (Table 3).
In very severe cases initial high-dose pulse corti-
costeroids (e.g. methylprednisolone 500-1000 mg/
day for three days) is recommended. To prevent
deterioration of ILD/ pneumonitis systemic corti-
costeroids may be considered even in patients with
asymptomatic (i.e. grade 1) ILD/pneumonitis who
have only radiologic changes in their lung. Other
immunosuppressive agents are recommended in
refractory cases.?® The Steven-Johnson syndrome
and toxic epidermal necrolysis are two forms of
the same life-threatening skin disorder which
cause rash, skin peeling, and sores of the mucous
membranes. Treatment includes fluid replacement
and nutrition, wound care, eye care, pain medi-
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TABLE 4. Grades of the cytokine release syndrome (CRS) and the immune cell-associated neurologic syndrome ICANS

Toxicity Grade 1 Grade 2 Grade 3 Grade 4
Fever: 2 38°C AND
X N Fever: 2 38°C AND Fever: 2 38°C AND Hypotension requiring
Fever: 2 38°C Hypotension: L - ey - ’
CRS none Hypoxia: none Hypotension: not requiring Hypotension: requiring multiple vasopressors AND/

vasopressor AND/OR Hypoxia

vasopressor AND/OR Hypoxia ~ OR Hypoxia requiring positive

pressure

ICE score: 0-2 AND/ ICE sore: 0 AND/OR Stupor

OR Depressed level of or coma AND/OR Life-

consciousness awakening threatening prolonged

IC ICE score: 7-9 No depressed ICE score: 3-6 AND/OR Mild only to t_ocﬂle _sﬁmulus AND/ seizure AND/OR Diffuse

ANS level of EereciousTess somnolence awaking fo OR clinical seizure focal or cerebral oedema on

voice generalized that resolve neuroimaging, decerebrate
with intervention AND/OR or decorticate posturing or
Focal or local oedema on papilledema, cranial nerve
neuroimaging VI palsy, or Cushing’s friad

Immune effector cell-associated encephalopathy (ICE) assessment tool: (A) Orientation: orientation to year, month, city, and hospital: 4 points. (B) Naming: ability to

name three objects: 3 points. (C) Following commands: ability to follow simple commands: 1 point. (D) Writing: ability fo write a standard sentence: 1 point. (E) Attention:
ability to count backward from 100 by 10: 1 point

cation, medication to reduce inflammation of the

eyes and mucous membranes, antibiotics to con-

trol infection systemic high-dose corticosteroids
and IVIGs. Patients with these disorders usually

require admission to the ICU.%

Conclusions

The armamentarium of new systemic anticancer
therapies is expanding rapidly. Clinical presenta-

tion of potentially fatal complications of these new

TABLE 5. Approved antibody drug conjugates in the European union and their potentially fatal toxicities

Antibody drug conjugate

Target/ cytotoxic agent

Indication

Potentially fatal complications

Belantamab mafodotin (Blenrep)

Brentuximab vedotin (Adcetris)

Gemtuzumab ozogamicin (Mylotarg)

Inotuzumab ozogamicin (Besponsal)

Loncastuximab tesirine (Zynlonta)

Polatuzumab vedotin (Polivy)

Enfortumab vedotin (Padcev)

Trastuzumab deruxtecan (Enhertu)

Trastuzumab emtansine (Kadcyla)

Sacituzumab govitecan (Trodelvy)

BCMA/ mcMMAF

CD30/ MMAE

CD33/ ozogamicin

CD22/ ozogamicin

CD19/ PBD

CD79b/ MMAE

Nectin-4/ MMAE

HER-2/ Dxd

HER-2/ Emtansine

Trop-2/ SN-38

Multiple myeloma

Hodgkin and non-
Hodgkin lymphoma

AML

B-cell ALL

DLCBCL

DLCBCL

Advanced
urothelial
carcinoma

Advanced breast,
non-small cell lung
and gastric cancer

Early and
advanced breast
cancer

Advanced breast
cancer

Pneumonitis Thrombocytopenic bleeding

Progressive multifocal encephalopathy
(reactivation of JCV) Pancreatitis ILD/Pneumonitis/
ARDS Serious infections/Opportunistic infections
Severe skin reactions (SJS, TEN) Liver failure Tumor
lysis syndrome

Liver failure (VOD/SOS) Myelosuppression Tumour
lysis syndrome

Liver failure (VOD/SOS) Myelosuppression Tumor
lysis syndrome

Opportunistic infections Oedema and effusions

Neutropenic infection Opportunistic infection
Progressive multifocal encephalopathy Tumor lysis
syndrome

Severe skin reactions (SJS, TEN) ILD/Pneumonitis
Hyperglycaemia/Diabetic ketoacidosis

Pneumonitis/ILD Neutropenic infection

Liver failure Haemorrhagic events ILD/Pneumonitis

Neutropenic infection Severe diarrhoea

ALL = acute lymphoblastic leukaemia; AML = acute myeloid leukaemia; ARDS = adult respiratory distress syndrome; BCMA = B-cell maturation antigen; CD = cluster of
differentiation; DLCBCL = diffuse large cell B-cell ymphoma; Dxd = an exatecan derivative and a fopoisomerase | inhibitor; HER-2 = human epidermal growth factor
receptor 2; ILD = interstitial lung disease; JCV = John Cunningham virus; mcMMAF = maleimidocaproyl monomethyl auristatin F; MMAE = monomethyl auristatin E; PBD
= pyrrolobenzodiazepine; SN-38 = 7-ethyl-10 hydroxycamptothecin; SJS = Steven-Johnson syndrome; TEN = toxic epidermal necrolysis; Trop-2 = trophoblast cell surface
antigen 2; VOD/SOS = hepatic veno-occlusive disease/sinusoidal obstruction syndrome
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therapies may be unpredictable and nonspecific
and can mimic common medical conditions such
as infections. Moreover, if not recognized and
properly treated they can progress rapidly to life-
threatening conditions. Patents with cancer who
during their treatment develop acute illnesses may
also present to GPs and EPs for initial workup.
Therefore, it is very important that they are edu-
cated about side effects of new systemic anticancer
therapies. Beside supportive care the mainstay of
treatment of potentially severe toxicities of ICIs,
CAR T-cells, BiTEs and sometimes of ADCs is sys-
temic glucocorticoids and other immunosuppres-
sive agents. In general, immunosuppressive ther-
apy should start as soon as symptoms are mild-
moderate. In patients with severe symptoms who
require prompt immunosuppressive treatment
concurrent empirical antimicrobial therapy may
be started and continued until infectious cause of
the acute illness is excluded. A multidisciplinary
team involving a treating oncologist/haematolo-
gist and the corresponding organ-site specialist
should be involved in the diagnosis and treatment
of these treatment-related toxicities. In the chang-
ing landscape of oncology an establishment of
cancer-specific urgent care centres might have an
important role in the management of acutely ill pa-
tients with cancer.®
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Treatment with immune checkpoint inhibitors is effective in various cancers, but may be associated with immune-
mediated side effects in other organs. Among the more common ones is gastrointestinal fract involvement, especially
colitis. In most patients, colitis is mild or responds fo corticosteroid treatment. A smaller proportion of patients, more
often those treated with cytotoxic T lymphocyte antigen-4 inhibitors, may have a more severe course of colitis, even
life-threatening complications. In these patients, prompt action, timely diagnosis with endoscopic evaluation and
early treatment with high-dose corticosteroids and, if ineffective, rescue therapy with biologic agents such as inflixi-
mab and vedolizumab are needed. We present three cases from our clinical practice, data on incidence and clini-
cal presentation, current recommendations regarding diagnostic approach and freatment of immune checkpoint
inhibitors induced colitis.

Key words: immune checkpoint inhibitors; immune checkpoint inhibitors induced colitis; immune-mediated micro-

scopic colitis; corticosteroid therapy; infliximalb; vedolizumab

Introduction

Inhibition of immune checkpoints strengthens the
body’s own defences against cancer, which can be
exploited to great advantage in the treatment of ma-
lignant diseases. Such drugs are antibodies against
inhibitory immune regulators such as cytotoxic T
lymphocyte antigen-4 (CTLA-4), programmed cell
death protein-1 (PD-1) and programmed death
protein-1 ligand (PD-L1). Due to their involvement
in the immune response, immune checkpoint in-
hibitors (ICPI) can trigger other immune-mediated
diseases as a side effect, affecting many other or-
gans and tissues, e.g. skin, lung, liver and gastro-
intestinal tract. The most common side effect of
immunotherapy for cancer of the gastrointestinal
tractis immune-mediated or ICPI-induced colitis.!?

Radiol Oncol 2024; 58(2): 179-185.

Incidence

The incidence of ICPIl-induced colitis depends
on three factors: the type of immunotherapy, the
characteristics of the patient and the characteristics
of the cancer. Colitis occurs more frequently with
CTLA-4 inhibitors than with PD-1 and PD-L1 in-
hibitors, with combination therapy with two ICPIs,
and with higher doses, although a clear dose-de-
pendence of the occurrence and severity of colitis
has not been confirmed.? The incidence of colitis is
3.4-22% with CTLA-4 inhibitor therapy, 0.7-12.8%
with combined CTLA-4 and PD-1 inhibitor thera-
py, and 0.7-2.6% with PD-1/PD-L1 inhibitor mono-
therapy.? Another important factor is cancer itself.
According to data known so far, the incidence of
colitis is higher in patients with melanoma than

doi: 10.2478/raon-2024-0022
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in patients with other cancers. For example, ipili-
mumab treatment causes diarrhoea in 41% of mela-
noma patients compared with up to 27% of lung
cancer patients.® The stage of cancer may also in-
fluence the incidence of side-effects, although the
underlying mechanism is unknown. Thus, the in-
cidence of diarrhoea and colitis is lower in stage
IV (35.3%) than in stage III (72%) of the same can-
cer.! Third factor is the patient himself. The risk of
ICPI-induced colitis is higher in Caucasians and in
patients with known inflammatory bowel disease
(IBD), but the influence of sex, age, gut microbiota
and possibly genetic predisposition (e.g. human
leukocyte antigen (HLA) status) remains unclear.!?

Clinical presentation

Symptoms and signs of ICPI-induced colitis most
commonly include diarrhoea, abdominal pain,
bloating, haemochesia, mucus discharge, fever
and vomiting.'® Diarrhoea occurs in most cases
4-8 weeks after the start of ICPI, but in some pa-
tients it may be as early as 1 week, and in others it
may occur months or up to 2 years after the end of
treatment.! The severity of colitis may range from
mild, self-limiting diarrhoea to life-threatening co-
litis with the risk of rapid onset of complications
such as ileus, toxic megacolon and intestinal per-
foration.!? The severity of diarrhoea and colitis
is defined by the Common Terminology Criteria
for Adverse Events (CTCAE) in 5 grades shown
in Table 1.2 A more severe course of colitis can
be expected in patients receiving CTLA-4 inhibi-
tors (e.g. ipilimumab) and in patients with known
IBD.2?

Diagnosis

ICPI-induced colitis should be considered in all
cancer patients receiving ICPI. Because of non-
specific symptoms, diagnosis is based on exclu-
sion of other conditions with a similar clinical
presentation. In the differential diagnosis, we must
consider infectious causes (e.g. clostridial diar-
rhoea, cytomegalovirus reactivation, efc.), drug-
induced colitis (e.g. non-steroidal antirheumatic
drugs, chemotherapeutic drugs, mycophenolate
mofetil...), microscopic colitis, IBD flare, diverticu-
litis, ischaemic colitis, graft-versus-host disease,
ICPI-induced pancreatitis, exocrine pancreatic in-
sufficiency, ICPI-induced coeliac disease, thyroid
dysfunction!#%”. The recommended set of diagnos-
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tic tests and procedures is shown in Table 2.1-38 In
case of severe abdominal pain or suspected com-
plications, imaging is required, most commonly
with computed tomography (CT) and/or magnetic
resonance imaging (MRI). Both CT and MRI are in-
sufficiently sensitive and specific for the diagnosis
of ICPI-induced colitis.?*

Endoscopic and
histopathological features

Endoscopic findings are non-specific. Up to 37%
of patients with ICPI-induced colitis have normal
endoscopic findings, but up to 90% of patients
with grade 1 colitis have microscopic changes, so
even macroscopically normal mucosa needs to be
biopsied for histological analysis. Endoscopically,
mucosal oedema, erythema, erosions, loss of vas-
cular permeation, superficial or deep ulcers may be
found.? Lesions may be present diffusely, segmen-
tally or irregularly along the bowel. Single atypical
cases of colonic pseudolipomatosis and collagen-
ous colitis after atezolizumab treatment have also
been described.”® The Mayo endoscopic scoring
system, which is routinely used to describe ul-
cerative colitis, can be used to describe endoscopic
changes (Table 3).41!

Clinical studies have shown the importance
of endoscopic diagnosis in patients with CTCAE
grade > 1 in predicting the need for biologic thera-
py, as patients with a more severe endoscopic pic-
ture according to Mayo endoscopic score of grade
3 were statistically significantly more likely to re-
quire treatment with infliximab.1213

Histo-pathological features vary from acute co-
litis with intraepithelial neutrophilic infiltration,
cryptitis and crypt abscesses, to chronic colitis
with basal lymphocytic infiltration, Paneth cell
metaplasia and disrupted crypt architecture, or
both.>® Histo-pathological assessment of the se-
verity of inflammation using the Nancy score has
also been shown to be a good predictor of the need
for biologic therapy, with 50% of patients with
Nancy grade 3 and 4 requiring salvage therapy
with infliximab compared with 20% of patients
with Nancy grade 1 and 2.1

Immune-mediated microscopic
colitis

Immune-mediated microscopic colitis, recognised
as a separate disease, presents with chronic wa-
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TABLE 1. CTCAE gastrointestinal toxicity levels of ICP[24

Grade Diarrhoea

Colitis

mild increase in ejection via stoma

2 Increase in frequency of bowel movements 4-6x above baseline;

moderate increase in ejection via stoma

Increase in frequency of bowel movements > 7x above baseline,
3 incontinence, need for hospitalisation, impaired daily self-care;

marked increase in ejection via sftoma

4 Life-threatening consequences; need for urgent action

5 Death

Increase in frequency of bowel movements < 4x above baseline;

action required

Abdominal pain; mucus or blood in stool

intervention required

Death

Severe or persistent abdominal pain; change in bowel
movements; fever, ileus, peritoneal irritation; medical

Life-threatening consequences; need for urgent action

Asymptomatic; clinical or diagnostic observation only; no

CTCAE = Common Terminology Criteria for Adverse Events; ICPI = immune checkpoint inhibitors

tery diarrhoea. It usually occurs after treatment
with anti-PD-1 or anti-CTLA-4. On colonoscopy,
the intestinal mucosa is normal or mildly altered
with oedema and/or erythema. Histopathological
examination is the key to the diagnosis, and there-
fore random biopsies of apparently normal mu-
cosa should always be performed. There are two
forms of microscopic colitis. Lymphocytic colitis is
characterised by intraepithelial lymphocytosis and
infiltration of the lamina propria. In collagenous
colitis, however, thickening of the collagenous sub-
epithelial layer is visible on histopathology.®

Treatment

Treatment depends on the stage of CTCAE. In
grade 1, treatment is supportive and symptomatic.
Oral hydration, a soft, non-irritating diet with-
out lactose and caffeine, and antidiarrhoic drugs
(e.g. loperamide) are advised after exclusion of
infection.’>® Treatment with mesalazine may be
attempted.*"” Discontinuation of ICPI is not nec-
essary. If symptoms do not resolve within 7-10
days or the clinical picture worsens to grade > 2, a
consultation with a gastroenterologist and an en-
doscopic examination is recommended as a start-
ing point for further treatment.>*® In the absence
of blood in the stool and/or normal endoscopic
findings (Mayo grade 0), especially in confirmed
microscopic colitis treatment with the topically act-
ing corticosteroid, budesonide (extended-release
tablets) at a dose of 9 mg daily may be attempt-
ed.*%1 Duration of treatment depends on whether
ICPI is discontinued or not. If ICPI is discontin-
ued, budesonide treatment lasts for 8 weeks, but
if ICPI is continued, budesonide treatment can be
maintained continuously. In the event of a discon-
tinuation of budesonide, a gradual dose reduction

from 9 mg to 6 mg for 14 days and then 3 mg for 14
days is advised, with careful monitoring of symp-
toms and, if necessary, extending time intervals.*1¢
Mayo grade 1-2 colitis is treated primarily with a
systemic corticosteroid. Patients without systemic
signs of food-borne inflammation are prescribed

TABLE 2. Set of diagnostic tests'-?

Stool tests

Stool culture for pathogenic bacteria (e.g. Yersinia) and viruses

Clostridium difficile toxin

Parasites and parasite eggs

Pancreatic elastase

Inflammatory markers (calprotectin, lactoferrin)
PCR for CMV

Blood tests

Complete blood count

Biochemical tests (liver tests, renal function tests, amylase, lipase, albumin,...)

TSH

Inflammatory markers (CRP, ESR)
Serology for celiac disease (total IgA, tTG)
HIV serology

Imaging

CT scan of the abdomen (for severe abdominal pain)

Endoscopy of the lower Gl tract (in all or at least patients with CTCAE grade

>9)

Investigations before immunosuppressive/biological treatment

Serology for HAV, HBV and HCV, HIV
Quantiferon test
Chest X-ray

CMV = cytomegalovirus; CRP = C-reactive protfein; CT = computed tomography; CTCAE =
Common Terminology Criteria for Adverse Events; ESR = erythrocyte sedimentation rate; Gl =
gastrointestinal; HAV = hepatitis A virus; HBV = hepatitis B virus; HCV = hepatitis C virus; HIV =
human immunodeficiency virus; IgA = immunoglobulin A; PCR = polymerase chain reaction;

TSH = thyroid-stimulating hormone; tTG = tissue transglutaminase

Radiol Oncol 2024; 58(2): 179-185.
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TABLE 3. Mayo endoscopic score'

Mayo score 0 Mayo score 1

Mayo score 2 Mayo score 3

Disease activity

Inactive disease Mild activity
erythema,

decreased vascular

Medium activity High activity
marked erythema,

absent vascular pattern, spontaneous bleeding,

Features normal mucosa L .
pattern, friability, ulceration
mild friability erosions
the equivalent of prednisone 0.5-1 mg/kg/day, the Prognosis

dose of which is tapered (by 10 mg every 5-7 days)
until discontinuation after symptoms subside. In
case of systemic involvement, hospitalisation is
usually necessary and intravenous methylpredni-
solone 0,5-1 mg/kg/day is recommended in a di-
vided dose every 12 hours. With long-term corti-
costeroid treatment, prophylaxis of pneumocystis
infection, vitamin D and calcium replacement and
blood sugar control are recommended.*!¢ The most
severe endoscopic Mayo grade 3 requires treat-
ment with higher doses of methylprednisolone 1-2
mg/kg/day intravenously and early consideration
of salvage biologic therapy. In approximately 2/3
of patients, corticosteroid therapy is sufficient and
is gradually weaned over 4-8 weeks.31® However,
if the colitis does not resolve with corticosteroid
treatment within 2-5 days, treatment with one of
the biologic agents, TNF-a inhibitor infliximab or
integrin a4b7 inhibitor vedolizumab, is indicated.>®
The recommended dose of infliximab is 5-10 mg/
kg infused at weeks 0, 2 and 6, and vedolizumab
dose is 300 mg infused following the same re-
gime.'3* Treatment can be continued with a main-
tenance dose every 8 weeks if needed, depending
on endoscopic reassessment after 8-10 weeks and
decision to continue treatment with ICPL.2 In all pa-
tients with colitis grade > 2, at least temporary dis-
continuation of ICPI and consideration of perma-
nent discontinuation of CTLA-4 inhibitor or sub-
stitution with PD-1/PD-L1 inhibitor is necessary.?
In rare cases, all treatments described so far are
ineffective and refractory colitis is present. In such
cases, infectious causes should be excluded again,
and alternative treatments such as other immu-
nosuppressive drugs (e.g. mycophenolate mofetil,
tacrolimus, cyclosporine), faecal transplantation or
extracorporeal photopheresis are possible.*# Cases
of treatment of refractory colitis with ustekinumab,
tofacitinib and abatacept have also been described,
but caution is advised due to the involvement of
these drugs in anti-tumour response.>
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Overall mortality from ICPI-induced colitis is 5%.
A more severe disease course should be considered
in patients treated with a CTLA-4 inhibitor or with
dual ICPI therapy, as the disease can be progres-
sive and rapidly leads to life-threatening complica-
tions within 14 days.!

In most cases, recurrence of ICPI-induced coli-
tis after treatment with corticosteroids or biologics
does not occur if ICPI treatment is discontinued.
The decision to restart ICPI treatment depends on
the nature of cancer, severity and likelihood of re-
currence of colitis, and availability of alternative
treatments. After mild grade 1 colitis has subsid-
ed, continuation with the same ICPI is advised.
Likelihood of recurrence of colitis is higher with
CTLA-4 inhibitor therapy or dual (CTLA-4 inhibi-
tor + PD-1/PD-L1 inhibitor) therapy, and therefore
CTLA-4 inhibitor therapy is advised against after
severe colitis has subsided. In this case, a switch to
a PD-1/PD-L1 inhibitor in monotherapy is possible,
and concomitant maintenance therapy with a bio-
logic may also be considered. At present, evidence
for long-term safety of such combination therapy
is limited.>*

Clinical cases
Case 1

A 71-year-old man with metastatic non-small cell
K-ras positive lung cancer was treated with the
PD-1 inhibitor pembrolizumab as a second-line on-
cologic therapy. After the 3¢ dose of immunother-
apy, diarrhoea occurred, grade 2. CRP was 5 mg/L
or less, faecal calprotectin was not determined.
After excluding an infectious cause, he was treated
with loperamide, followed by oral mesalazine and
methylprednisolone at a dose of 0.5 mg/kg/day
orally. Colonoscopy showed mild hyperaemia and
oedema of the sigmoid mucosa, endoscopic Mayo
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score 1 (Figure 1), with normal mucosa in the rest
of the colon.

Random biopsies of endoscopically normal mu-
cosa and biopsies of sigmoid mucosa were histo-
pathologically defined as moderate-to-intense
aetiologically undefined chronic colitis with pre-
dominant plasma-cell mixed-cell inflammatory
infiltrate. Following the decision of the multidis-
ciplinary team, the patient received infliximab
5 mg/kg at standard time intervals on weeks 0
and 2, which resulted in normalisation of bowel
movements. Due to concomitant progression of
malignant disease, treatment was not continued.
The patient was considered for third line systemic
oncological therapy, but his general health dete-
riorated and he died 6 months later due to septic
pneumonia.

Case 2

A 75-year-old man with primary metastatic lung
adenocarcinoma received the PD-1 inhibitor pem-
brolizumab as first-line systemic oncologic treat-
ment. After 2 applications of pembrolizumab, he
developed frequent discharges of small amounts
of mucus. Immunotherapy was stopped, stool cul-
tures were performed and were negative. Despite
supportive symptomatic treatment and lopera-
mide, the condition worsened and due to diarrhoea
grade 3, systemic corticosteroid methylpredniso-
lone was started at a dose of 1 mg/kg/day orally.
After normalisation of bowel movements, the dose
of methylprednisolone was tapered and discon-
tinued after 6 weeks. 5 days after discontinuation,
mucous discharge recurred up to 5 times daily and
abdominal pain appeared, with a CRP of 157 mg/L,
mild leucocytosis (10.27x10°), and normal procalci-
tonin levels (0.11 mg/L). Emergency imaging (plain
abdominal X-ray, chest X-ray, and abdominal CT)
excluded life-threatening complications, and signs
of pancolitis were described. The patient was ad-
mitted to hospital where, after serological investi-
gations (viral hepatitis, HIV and Quantiferon test),
he received methylprednisolone at a dose of 2 mg/
kg/day intravenously. Endoscopic examination
showed diffuse mucosal inflammation with ulcera-
tions, endoscopic Mayo score 3 (Figure 2).
Histology confirmed marked active colitis with
ulceration, architectural changes of the crypts,
with extensive areas of acute cryptitis and crypt
abscesses. Decision of multidisciplinary team was
to treat the patient with infliximab at a dose of 5
mg/kg at standard time intervals (weeks 0, 2 and
6). After only one dose of infliximab, CRP dropped

FIGURE 1. Endoscopic image of sigmoid colon in case 1.

to 16 mg/L and after the 2! dose to normal levels,
the bowel movements normalised. After the 3+
dose of infliximab, the treatment was stopped and
the patient is being further managed by the treat-
ing oncologist.

FIGURE 2. Endoscopic finding in case 2.

Radiol Oncol 2024; 58(2): 179-185.
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FIGURE 3. Endoscopic finding in case 3.

Case 3

A 72-year-old man received the PD-1 inhibitor
nivolumab at 14-day intervals as second-line sys-
temic oncologic treatment for metastatic renal
cell carcinoma. After the first month of treatment,
diarrhoea, initially grade 2, started. Due to the
escalation of diarrhoea to grade 3 despite immu-
notherapy withdrawal and supportive treatment
(dietary measures, oral rehydration, loperamide),
methylprednisolone was introduced at a dose of
1 mg/kg/day, to which he responded well. The
dose of methylprednisolone was gradually tapered
and discontinued. 10 days after discontinuation,
diarrhoea recurred and he was restarted on cor-
ticosteroid therapy and referred for colonoscopy.
Endoscopy showed erythema of the sigmoid mu-
cosa and hyperaemia of the rectal mucosa, endo-
scopic Mayo score 1 (Figure 3).

Histology showed infiltrates of plasma cells in
the lamina propria, few lymphocytes, eosinophil-
ic and neutrophilic granulocytes with minimal
signs of cryptitis, without crypt micro-abscesses.
Although histological picture was non-specific,
the pathologist considered it to be consistent with
ICPI-induced colitis. Following the decision of the
multidisciplinary team, the patient was treated
with vedolizumab at a standard dose of 300 mg
intravenously at time intervals week 0, 2, 6 and 14.

Radiol Oncol 2024; 58(2): 179-185.

CT of the chest and abdomen showed stagnation
of malignant disease and no signs of colitis com-
plications. The patient continues follow-up by the
treating oncologist.

Conclusions

Immunotherapy represents a breakthrough in
treatment of various cancers, but can trigger im-
mune-mediated side effects, of which ICPI-induced
colitis is most common. In most cases, the course
of colitis is mild or may be effectively treated with
corticosteroid therapy. Small proportion of pa-
tients require treatment with biologic agents, and
rarely, more severe form of colitis may trigger life-
threatening complications. In these cases, coopera-
tion between oncologist and gastroenterologist is
vital to establish a rapid diagnosis with endoscopic
evaluation and timely escalation of treatment.
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Background. Non-cardia gastric cancer remains a major cause of cancer-related mortality worldwide, despite
declining incidence ratfes in many industrialized countries. The development of intestinal-type gastric cancer occurs
through a multistep process in which normal mucosa is sequentially fransformed into hyperproliferative epithelium, fol-
lowed by metaplastic processes leading to carcinogenesis. Chronic infection with Helicobacter pylori is the primary
efiological agent that causes chronic inflammation of the gastric mucosa, induces atrophic gastritis, and can lead to
intesfinal metaplasia and dysplasia. Both intestinal metaplasia and dysplasia are precancerous lesions, in which gas-
fric cancer is more likely to occur. Afrophic gastritis often improves after eradication of Helicobacter pylori; however,
the occurrence of infestinal metaplasia has been traditionally regarded as “the point of no return” in the carcinogen-
esis sequence. Helicobacter pylori eradication heals non-afrophic chronic gastritis, may lead to regression of atrophic
gastritis, and reduces the risk of gastric cancer in patients with these conditions. In this article, we discuss the patho-
genesis, epigenomics, and reversibility of intestinal metaplasia and briefly fouch upon potential freatment strategy.
Conclusions. Gastric intestinal metaplasia no longer appears to be an irreversible precancerous lesion. However,
there are still many controversies regarding the improvement of intestinal metaplasia after Helicobacter pylori eradi-
cation.

Key words: Helicobacter pylori; intestinal metaplasia; gastric cancer

Introduction

The global burden of gastric cancer remains high,
ranking fifth for incidence and third for cancer-
related mortality worldwide. Early recognition of
the disease can lead to potentially successful treat-
ment; however, most patients are diagnosed at a
late stage.!(1) H. pylori is the main risk factor for
non-cardia gastric cancer development. Although
most H. pylori-positive individuals remain asymp-
tomatic, the infection predisposes them to the
development of chronic gastritis?, which can be
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followed by the inflammation-atrophy-metapla-
sia—dysplasia— carcinoma sequence, known as the
Correa cascade.®* Both chronic atrophic gastritis
and intestinal metaplasia are considered precan-
cerous conditions, as they independently confer
risk for the development of dysplasia and gastric
cancer.*

H. pylori infection is associated with a 3-fold
increase in the lifetime risk for developing non-
cardia gastric cancer, and H. pylori infection is be-
lieved to cause at least 75% of all gastric cancer.®
The eradication reduces the risk of gastric cancer

doi: 10.2478/raon-2024-0028
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in patients with non-atrophic and atrophic gastri-
tis and effectively heals non-atrophic chronic gas-
tritis. It may also lead to the regression of atrophic
gastritis.® On the other hand, short-term cancer
risk in patients with established intestinal meta-
plasia does not seem to change significantly with
H. pylori eradication”, and intestinal metaplasia
has thus been considered irreversible. This con-
cept has been challenged in recent years by stud-
ies with longer follow up, in which regression of
intestinal metaplasia has been observed after H.
pylori eradication.”® This short review summariz-
es the role of H. pylori in intestinal metaplasia and
non-cardia gastric cancer, reviews gastric intesti-
nal metaplasia pathogenesis, and briefly discusses
evidence regarding its reversibility.

The following keywords and MeSH terms were
used for online searches: [(gastric) AND (metapla-
sia) OR (intestinal) AND ((regression) OR (revers-
ibility) OR (reversible))]. Reference lists of suitable
studies and related previous review articles were
reviewed manually to increase search yield and
identify other related studies. All searches were
restricted to original studies published in the
English language.

Helicobacter pylori infection and
intestinal metaplasia

H. pylori, a microaerophilic, spiral-shaped, Gram-
negative bacterium, colonizes the gastric epithe-
lium in over half of the adult population world-
wide. Its prevalence varies widely, ranging from
30% in industrialized regions to 90% in develop-
ing countries and Eastern Asia.!''? H. pylori stands
as the most potent single risk factor for non-cardia
gastric cancers, including adenocarcinoma and
lymphoma'® and was classified as a class I carcino-
gen by the International Agency for Research on
Cancer (IARC) and the World Health Organization
(WHO) in 1994. Gastric adenocarcinoma is gener-
ally divided into two main histological subtypes:
diffuse and intestinal, and H. pylori contributes to
the risk of both.

Diffuse-type gastric adenocarcinomas, charac-
terized by poorly differentiated infiltrating neo-
plastic cells without a clear glandular structure,
predominantly occur in younger patients. Their
development does not require long-standing
chronic inflammation, and H. pylori’s exact role in
this subtype remains unclear. Diffuse-type cancer
is associated with interference in cell adhesion,
polarity, and proliferation, all caused by H. pylori
infection, leading to the cleavage of E-cadherin,

abnormal intracellular accumulation of (3-catenin,
TP53 mutations, and reduced p27 protein expres-
sion.’® On the other hand, intestinal-type gastric
adenocarcinoma emerges later in life and consists
of irregular glandular structures formed by well-
differentiated cancer cells. This type represents
the terminal phase of the chronic inflammation-at-
rophy-metaplasia-dysplasia-carcinoma sequence,
initiated by H. pylori-induced gastritis.!® Atrophic
gastritis and gastric intestinal metaplasia, which
evolve over decades of chronic infection, are thus
established pre-neoplastic lesions for intestinal-
type gastric adenocarcinoma.” This sequence al-
lows for the possibility of primary prevention
strategies involving either population-based or
targeted screening to identify patients with pre-
cancerous lesions who may need subsequent sur-
veillance.!®

H. pylori utilizes urease activity to neutralize
the acidic conditions in the host stomach at the in-
fection’s onset. The bacterium’s flagella-mediated
motility enables movement toward host gastric
epithelium cells. This movement, followed by in-
teractions between bacterial adhesins and host cell
receptors, facilitates successful colonization and
persistent infection. Some strains of H. pylori re-
lease effector proteins and toxins, such as cytotox-
in-associated gene A (CagA) and vacuolating cy-
totoxin A (VacA), which can damage host tissue.”
A direct correlation exists between the number
of virulence factors in an H. pylori strain and the
frequency of associated advanced gastric mucosa
pathology.”® However, the characterization of H.
pylori virulence genes’ individual roles is complex
due to the interaction of methodological?, bacte-
rial, and host factors', often leading to conflicting
results and interpretations.

Intrabacterial urease activity is required for H.
pylori acid resistance, and this activity is regulated
by the proton-gated urea channel Urel, which per-
mits urea entry only under acidic conditions and
thus prevents lethal alkalization during times of
relative neutrality. The urease gene cluster is com-
posed of seven genes, including catalytic subunits
(ureA/B), an acid-gated urea channel (urel), and ac-
cessory assembly proteins (ureE-H).?2 Urease can
also protect against host innate immune response
by modulation of phagosome pH following phago-
cytosis and promotion of H. pylori survival inside
megasomes.?

Flagella-mediated motility is essential for colo-
nization of the gastric mucosa by H. pylori. Loss
of any component of the motility and chemo-
taxis systems abolishes the ability of H. pylori to
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infect the stomach and establish colonization.?*2
Infection with H. pylori that exhibits higher motil-
ity may show enhanced bacterial density, trigger-
ing a more pronounced inflammatory response
in the upper stomach, and can thus be associated
with severe pathological outcomes.?” The flagellar
filament consists of two flagellins (FlaA and FlaB)
encoded by flaA and flaB.?® FlaA elicits host anti-
body response and can be used as a marker of H.
pylori infection; host anti-FlaA titer correlates with
H. pylori colonization density? and the presence of
gastric intestinal metaplasia.®

The interaction of bacterial adhesins with host
cellular receptors protects H. pylori from displace-
ment by the forces generated by peristalsis. This
bacterial adherence plays an important role in both
the initial colonization and long-term persistence
of H. pylori in the human gastric mucosa’® and is

FIGURE 1. Gastric intestinal metaplasia, endoscopic (A, B) and histological
(C, D) appearance. Gastric intestinal metaplasia is endoscopically characterized
by the presence of grey-white velvety or slightly nodular elevated patches,
which are clearly demarcated against the surrounding pink gastric mucosa, as
illustrated in image A of antral gastric mucosa under white light. Narrow band
imaging (NBI, depicted in image B) further enhances the visualization of mucosal
and vascular patterns by employing optical filters to narrow the bandwidth of
light. This technique offers superior contrast compared to white light endoscopy,
thereby improving the detection of metaplastic transformation. Histologically,
gastric infestinal metaplasia can be classified into either complete (as seen in
image C) or incomplete types (as shown in image D). Image C demonstrates
preserved oxyntic mucosa (on the left) adjacent to intestinal metaplasia of the
complete type, which features enterocytes with a well-defined brush border,
alongside well-formed goblet cells and Paneth cells. In confrast, image D
illustrates the intestinal metaplasia of the gastric mucosa of the incomplete type,
characterized by goblet cells of variable size and intervening mucin-secreting
columnar cells that lack a brush border (both images are hematoxylin and eosin-
stained, original magnification 10x).
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necessary for the tight adherence of the bacteria
to gastric epithelial cells, which facilitates subse-
quent delivery of bacterial toxins.> The H. pylori
genome encodes a variety of outer membrane pro-
teins (OMPs); several OMPs have been described in
detail to date, with most studies focusing on babA2,
oipA, homB, and sabA genes.’” BabA is one of the
most studied H. pylori adhesins. BabA is capable
of binding to Lewis b and related ABO antigens on
gastric epithelial cells®, which may play a crucial
role in the development of H. pylori related gastric
pathology such as severe gastritis, peptic ulcers,
and gastric adenocarcinoma.?* BabA positive
strains appear to be associated with worse clini-
cal outcomes in several studies®-¥, while another
study found no correlation between the presence
of babA2 positive strains and atrophy or intestinal
metaplasia.? HomB may be strongly associated
with gastric cancer in certain populations® and
display little measurable virulence in others.®

Attachment of cagA-positive H. pylori to host
gastric epithelial cells initiates and facilitates the
formation of the bacterial type IV secretion sys-
tem, involved in the delivery of CagA into host epi-
thelial cells.®2 The translocated CagA protein local-
izes to the inner surface of the plasma membrane
via interactions with phosphatidylserine and sub-
sequently undergoes tyrosine phosphorylation by
the Src family protein tyrosine kinase. However,
once injected into the cytoplasm, CagA can alter
host cell signaling in both a phosphorylation-de-
pendent and phosphorylation-independent man-
ner. The phosphorylated CagA binds to the phos-
phatase SHP-2, forming CagA-SPH-2 complex, and
affects the adhesion, spreading, and migration of
the cell#04! CagA can also affect the host cell in a
phosphorylation-independent manner by stimu-
lating the gastric epithelium cells to secrete IL-8,
which strongly affects the level of mucosal inflam-
mation.#>43

The CagA-SHP-2 complex is predominantly lo-
cated in atrophic gastric mucosa and is associated
with the transition to atrophic gastritis and pos-
sibly intestinal metaplasia.! Deregulation of the
SHP-2 role by CagA is functionally similar to the
effect of the gain-of-function mutation of the SHP-
2 gene observed in other human malignancies.*
CagA interference with intracellular signaling may
thus lead to deregulation of cellular growth, apop-
tosis, and elevated cell motility. This can result in
increased cell turnover, which in turn leads to the
accumulation of further genetic changes favoring
neoplastic cell transformation.> Unsurprisingly,
infection with cagA-positive strains markedly in-
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TABLE 1. Patients’ related predictive risk factors for gastric intestinal metaplasia

Risk Factor Odds ratio (OD)  Key findings References
Race
White 1 Hispanic and Asian patients have an increased Tan MC et al. (2022)%
Asian 2.83-3 risk for GIM Akpoigbe K et al. (2022)%
Hispanic 2.10-5.6
B Risk increases with age, possibly due to Aumpan N et al. (2021)%
Agei(=>0yedrs) 1255203 accumulated exposure to risk factors. Tan MC et al. (2020)7
B Probably due to genetics and exposure to other Aumpan N et al. (2020)%
Male gender 1:55-2.09 risk factors Leung WK e al. (2005)%
. . _ . L Yoo YE et al. (2013)%°
Chronic gastritis 3.68-5.76 Chronic inflammation is leads to IM. Tatsuta M et al. (1993)1
. . . Strong correlation with IM, especially with CagA Aumpan N et al. (2021)%
H. pyloriinfection 2:47-3.65 positive strains. Nguyen T et al. (2021)02
Patients with a first-degree relative with gastric . -
Family history of gastric cancer 1.5-3.8 cancer have an increased risk of neoplastic E“eedudweKn'\?Lg?(jAégéS{gu(Qom)
progression y b
. . . . Holmes HM et al. (2021)1%%
Alcohol consumption 1.07-1.54 Alcohol quke was mdep_endently associated with Kim K et al.
increased risk of developing AG and IM (2020)10¢
. N S . . Morais S et al. (2014)1%7
Tobacco smoking 1.54-2.75 Tobacco smoking is a risk factor for gastric IM. Thrift AP et al. (2022108
. . . . . Mao Y et al. (2019)%?
Blood group A 1.39-1.42 Blood group A is associated with higher risk of GIM Rizatto C ef al. (2013)'10
. Bile acids not only interefere with gastric mucosa Wang M et al. (2023)'
Bile reflux Uil but also regulate multiple carcinogenic pathways Yu Jetal (2019)"2
. . Salt intake may increase progression to advanced Dias-Neto M et al. (2010)"3
Salt consumption 0.37-1.53 gastric precancerous lesions Song JH et al. (2017)"4
Dietary exposure to N-nitroso—containing . -
Industrially processed food unknown compounds has been shown to increase the Uilketen b (22001

Jencks DS et al. (2018)"¢

promotion of gastric carcinogenesis

creases the risk of gastric cancer.* CagA-positive
strains are responsible for 60% of H. pylori infec-
tions in individuals worldwide.*# Strains isolated
in East Asian countries such as Japan, China, and
Korea are almost all CagA-positive.®* Furthermore,
CagA protein can be divided into the Western-type
CagA and East Asian-type CagA. The affinity of
the East Asian-type CagA to SHP-2 is significantly
higher than that of the Western-type CagA and is
more likely to be associated with gastric cancer.%°!

VacA, another key toxin involved in H. pylori
pathogenesis, binds to host epithelial cells after
secretion from the bacteria. It is then internalized
and causes the accumulation of large intracellular
vesicles (vacuolation), interferes with mitochon-
dria, and causes apoptosis of host cells.? VacA also
appears to disrupt the balance of cell proliferation
and death by affecting genes that regulate the cell
cycle.®® H. pylori strains producing VacA differ in
the potency of cytotoxin, in both its activity (al-
lele s1 is more active than s1) and binding (allele
m1l is more effective than m2).>* A meta-analysis
of 33 studies (1,446 cases and 2,697 controls in to-
tal) confirmed the correlation between the vacA s1
genotype and the risk of atrophic gastritis, intes-
tinal metaplasia, and gastric cancer. The vacA m1

genotype was associated with intestinal metapla-
sia and gastric cancer but did not significantly cor-
relate with atrophic gastritis.®

Pathogenesis of gastric
intestinal metaplasia

Gastric intestinal metaplasia is defined as the re-
placement of normal gastric epithelium in the
antral or oxyntic mucosa with intestinal epithe-
lium, consisting of intestinal cell types including
Paneth, goblet, and absorptive cells.* These meta-
plastic glands are characterized by modification
of the surrounding stroma and by reorganization
of the crypts, with displacement of the prolifera-
tive zone from the neck region to the base of the
crypts.” Intestinal metaplasia can be classified as
either limited (when confined to one anatomical
region) or extensive, if two gastric regions are in-
volved (Figure 1).

Complete intestinal metaplasia is characterized
by small intestinal-type mucosa with mature ab-
sorptive cells, and a brush border, with a notable
loss of gastric mucin markers (MUC1, MUC5AC,
MUCS6) and an acquisition of the intestinal mucin
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FIGURE 2. Pathogenesis of intestinal metaplasia and gastric adenocarcinoma-the
Corea cascade. This stepwise process starts with chronic gastritis tfriggered by H.
pyloriinfection. The likelihood of developing gastric canceris higher in individuals
infected with virulent strains of H. pylori, unhealthy diets (rich in salt and smoked
foods), low iron levels, and harmful lifestyle choices, including smoking. Persistent
inflammation results in the damage and eventual loss of acid-producing parietal
cells, causing reduced stomach acidity (hypochlorhydria) and eventually no
stomach acid production (achlorhydria). This reduction in acidity allows for
the colonization of the stomach by detrimental, pro-inflammmatory microbiota.
These bacteria can produce genotoxic and pro-inflammatory metabolites and
carcinogens, directly confributing to the fransformation of stomach epithelial
cells into malignant cells.

MUC2. On the other hand, incomplete intestinal
metaplasia is characterized by columnar “inter-
mediate” cells at various differentiation stages,
irregular mucin droplets, and a lack of a brush
border, while still maintaining gastric mucin
markers alongside the presence of intestinal mucin
MUC2.5%% Earlier gastric metaplasia classifications
relied on traditional mucin staining methods (such
as periodic acid-Schiff, Alcian blue, and high iron
diamine) and cell morphology. This methodology
defined three intestinal metaplasia grades: Type I,
which encompasses absorptive cells, Paneth cells,
and goblet cells that secrete sialomucins; Type II,
consisting of goblet and columnar cells secreting
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sialomucins; and Type III, involving goblet and
columnar cells secreting sulfomucins. Presently,
Type I aligns with the complete type, while Types
IT and III correspond to the incomplete type in the
contemporary classification.*

The Correa cascade is a widely accepted model
of the pathogenesis of gastric cancer (Figure 2).3
This cascade commences with the emergence of
chronic mucosal inflammation, mediated by poly-
morphonuclear and mononuclear cells. It evolves
through a multifactorial process, steered by vari-
ous factors including H. pylori, host genetics, envi-
ronmental elements, and diet, propelling further
alterations in the gastric mucosa towards atrophy,
metaplasia, and ultimately, cancer.*0-¢2

Annually, an estimated 0.1%, 0.25%, 0.6%, and
6% of Western patients with atrophic gastritis,
intestinal metaplasia, and mild-to-moderate or
severe dysplasia, respectively, progress to gastric
cancer.®? In contrast, East Asian populations dem-
onstrate a higher risk, with about 1.8%, 10%, and
73% of patients with atrophic gastritis, intestinal
metaplasia, and dysplasia, respectively, progress-
ing to gastric cancer each year.%® Patients with in-
complete intestinal metaplasia encounter a 3.3-fold
higher relative risk of developing gastric cancer
compared to those with complete intestinal meta-
plasia. Furthermore, extensive intestinal metapla-
sia is linked with a 2.1-fold higher relative risk of
progression compared to limited gastric metapla-
Sia.64'65

Host factors that are associated with higher risk
for non-cardia gastric cancer are similar to risk
factors for development of intestinal metaplasia
(Table 1) and include advanced age, male sex, fam-
ily history, and smoking. More than two thirds of
all gastric cancers are diagnosed after the age of 55,
and roughly two thirds of non-cardia cancers are
found in male patients.®® The reason for the latter
observation is most likely multifactorial. The dif-
ference can be partly attributed to smoking (which
is more prevalent in men) and partly to the protec-
tive role of estrogen, since increased fertility and
late menopause both reduce the risk of gastric can-
cer in women.” Individuals with blood type A have
a 20% higher chance of developing gastric cancer
when compared to other blood types, according to
a prospective blood donor cohort study.®

Ethnicity also plays an important role in gastric
cancer risk. The incidence of non-cardia gastric
cancer in individuals of African-American, East
Asian, or Pacific Islander descent is almost twice
that observed in Caucasians.®” A similar pattern
was seen in the analysis of intestinal metaplasia
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prevalence. A study that reviewed 800,000 gastric
biopsies taken in the United States showed 20%
prevalence of gastric metaplasia in people of East
Asian descent, 12% prevalence in Hispanics, and
8% in all other ethnic backgrounds.®

Tobacco smoking is the second most important
environmental factor in gastric cancer pathogen-
esis, accounting for 11% of all cases.” Tobacco use
increases the risk of intestinal metaplasia and dou-
bles the risk of its progression to dysplasia, accord-
ing to a large Chinese population-based study.”

Bile acid reflux into the gastric lumen produces
repetitive gastric mucosal injury, which predis-
poses patients to intestinal metaplasia and gastric
cancer in H. pylori-positive patients.”? Bile acids
increase the expression of CDX2, an intestinal-
specific transcription factor that directs and main-
tains intestinal differentiation in gastric mucosa’,
and indirectly damage cellular DNA by induction
of oxidative stress and production of reactive oxy-
gen species™, which promote intestinal metaplasia
and the further accumulation of mutations, lead-
ing to increased cancer risk.

The role of diet (being an obvious potential
factor in gastric disorders) has been extensively
studied in gastric cancer pathogenesis. High salt
consumption is associated with increased risk of
H. pylori infection and upregulation of cagA ex-
pression.”” Dietary use of processed or preserved
meat using smoke or salt is positively and dose-de-
pendently associated with non-cardia gastric can-
cer.”” Nitrite and nitrate additives form N-nitroso
carcinogenic compounds when they combine with
amino acids.

Similar carcinogens are formed by ingestion
of haem (and meat) in the human gastrointesti-
nal tract.”® Vegetables and fruits in the diet have
a protective role”, and folic acid supplementation
has been shown to reduce H. pylori related gastric
inflammation and dysplasia in murine models.®

Reversibility of intestinal
metaplasia

Large prospective trials of H. pylori eradication
for non-cardia gastric cancer prevention failed to
show a reduction in gastric cancer incidence after
eradication in a subpopulation of patients with
pre-existing gastric intestinal metaplasia or exten-
sive atrophic gastritis.”®! Intestinal metaplasia has
thus been considered irreversible, and its occur-
rence is considered to be the histological point of
no return in the carcinogenic cascade.

These assumptions appeared to be confirmed
by prospective studies designed to evaluate the
effect of H. pylori eradication on intestinal meta-
plasia and atrophic gastritis in eradicated sub-
jects. A marked regression of histologic changes
associated with acute and chronic gastritis was
observed after eradication in one of these studies;
however, the level of mucosal atrophy and intesti-
nal metaplasia remained unchanged one year af-
ter H. pylori eradication.®? Similar results with no
regression in intestinal metaplasia were reported
in a more recent detailed histological analysis of
88 antral biopsies taken in patients with intestinal
metaplasia prior to and several months after H. py-
lori eradication.®? Several other smaller studies, all
with short intervals of observation, reported simi-
lar results.?*#° On the other hand, a number of pro-
spective studies with longer observation intervals
report the partial regression of intestinal metapla-
sia.l0%¢87 Hwang et al. postulated that the reason for
this apparent discrepancy might stem simply from
the slow pace of the process under observation.!’
The partial reversibility of intestinal metaplasia
after H. pylori eradication is also indirectly sup-
ported by a meta-analysis that confirmed reduced
gastric cancer incidence in all levels of baseline
risk, including patients with gastric metaplasia.®®
Another recent meta-analysis directly addressed
the natural course of intestinal metaplasia. Its re-
gression was observed in 32%, and its persistence
in 43%, of 20 relevant studies.®

A recent study of genomic and epigenomic
profiling of intestinal metaplasia by Huang et al.°
also addressed the regression of intestinal meta-
plasia. Eighty-two eradicated patients with intesti-
nal metaplasia were included in an assessment of
correlates between molecular features and clini-
cal outcome. At the end of surveillance period, 6
patients had developed dysplasia or cancer, 61
showed no change, and regression of intestinal
metaplasia was observed in 15 patients. The level
of DNA methylation changes correlated with the
tendency to progress and was highest among pro-
gressors, intermediate in the stable group, and low
in patients with intestinal metaplasia regression.
Furthermore, H. pylori burden correlated with
DNA methylation levels only in the intermedi-
ate group, but not in the methylation-high group,
which could explain the failure of H. pylori eradi-
cation to stabilize or reverse intestinal metaplasia
in these patients. Levels of aberrant DNA meth-
ylation could thus indicate the point of no return
within the scope of intestinal metaplasia.
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Folate is water soluble vitamin that acts a as
a methyl group donor in DNA methylation and
plays an important role in epigenetic regulation.”
Folic acid (FA) supplementation has been shown
to reduce the risk of gastric cancer in 7-year pro-
spective randomized trial of 216 patients with
chronic atrophic gastritis.”?> All 5 observed gastric
cancer cases occurred outside the group of FA-
treated patients. Furthermore, the use of FA for
12 months was associated with more frequent re-
versal of both, atrophy and intestinal metaplasia
in comparison to patients receiving placebo. These
observations were confirmed by recent meta-anal-
ysis of the role of FA supplementation in reversal
of gastric precancerous conditions.”® Daily doses
of 20-30 mg of FA in the duration of 3-6 months
were associated with significant reversal of both,
atrophic gastritis and intestinal metaplasia (RR:
1.77,95% CI: 1.32-2.37).%

Conclusions

The long-held belief that intestinal metaplasia of
the gastric mucosa represents an irreversible pre-
cursor to cancer has increasingly been questioned
in recent years. The concept of a “point of no re-
turn’ in the progression toward gastric cancer is
now understood to be more complex than histo-
morphological changes alone. Consequently, the
histological subtypes of gastric intestinal meta-
plasia must be considered during the planning of
patient surveillance due to their varying potential
for neoplastic transformation. Additionally, epig-
enomic alterations and molecular profiling could
prove valuable in identifying the pro-carcinogenic
transformation of intestinal metaplasia in patients
without established risk factors. The eradication of
H. pylori remains a critical step towards the poten-
tial reversibility of intestinal metaplasia; however,
identifying patients at high risk of progression to
cancer continues to be essential. The question of
intestinal metaplasia progression despite H. py-
lori eradication could be addressed by examining
changes in DNA methylation levels. Furthermore,
non-H. pylori related host risk factors in the patho-
genesis of gastric cancer are under thorough in-
vestigation. Significant challenges remain, such as
accurately quantifying these factors and determin-
ing their exposure duration to assess their actual
impact on intestinal metaplasia progression accu-
rately. Recent studies highlighting the role of bile
acids, N-nitroso—containing compounds, and defi-
ciencies in vitamin C and folate have shown prom-

Radiol Oncol 2024; 58(2): 186-195.

ise, yet their clinical relevance remains to be fully
elucidated. An enduring unresolved issue is the
long-term monitoring of these individuals, where
the patchy nature of intestinal metaplasia could
lead to sampling errors and potentially incorrect
assessments of intestinal metaplasia reversibility.
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Background. This study explores the predictive and monitoring capabilities of clinical and multiparametric MR pa-
rameters in assessing capecitabine and temozolomide (CAPTEM) therapy response in patients with neuroendocrine
tumors (NET).

Patients and methods. This refrospective study (n = 44) assessed CAPTEM therapy response in neuroendocrine liver
metastases (NELM) patients. Among 33 monitored patients, as a subgroup of the overall study cohort, pretherapeutic
and follow-up MRI data (size, apparent diffusion coefficient [ADC] values, and signal intensities), along with clinical
parameters (chromogranin A [CgA] and Ki-67%), were analyzed. Progression-free survival (PFS) served as the refer-
ence. Responders were defined as those with PFS > 6 months.

Results. Most patients were male (75%) and had G2 tumors (76%) with a pancreatic origin (84%). Median PFS was 5.7
months; Overall Survival (OS) was 25 months. Non-responders (NR) had higher Ki-67 in primary tumors (16.5 vs. 10%, p =
0.01) and increased hepatic burden (20% vs. 5%, p = 0.007). NR showed elevated CgA post-treatment, while respond-
ers (R) exhibited a mild decrease. ADC changes differed significantly between groups, with NR having decreased
ADCmin (-23%) and liver-adjusted ADCmean/ADCmean liver (-16%), compared to R's increases of ADCmin (50%) and
ADCmean/ADCmean liver (30%). Receiver operating characteristic (ROC) analysis identified the highest area under
the curve (AUC) (0.76) for a single parameter for A ADC mean/ liver ADCmean, with a cut-off of < 6.9 (76% sensitivity,
75% specificity). Combining A Size NELM and A ADCmin achieved the best balance (88% sensitivity, 60% specificity)
outperforming A Size NELM alone (69% senisitivity, 65% specificity). Kaplan-Meier analysis indicated significantly longer
PFS for A ADCmean/ADCmean liver < 6.9 (p = 0.024) and A Size NELM > 0% + A ADCmin <-2.9% (p = 0.021).
Conclusions. Survival analysis emphasizes the need for adapted response criteria, involving combined evaluation of
CgA, ADC values, and tumor size for monitoring CAPTEM response in hepatic metastasized NETs.

Key words: neuroendocrine tumors; liver metastases; CAPTEM therapy; clinical parameters; MR imaging; freatment
response
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Introduction

Neuroendocrine tumors (NETs) encompass a di-
verse group of neoplasms originating from neu-
roendocrine cells, with a predilection for the gas-
trointestinal (GI) tract, pancreas, and pulmonary
system.! Their indolent progression often leads to
delayed diagnosis, rendering curative surgical re-
section unfeasible.

Among the therapeutic options for metastatic or
progressive cases, Capecitabine and Temozolomide
(CAPTEM) chemotherapy has emerged as an effec-
tive and safe systemic regimen, particularly ben-
efiting patients with well-differentiated pancreatic
NETs.2? Response rates range widely from 17% to
70%, and progression-free survival (PFS) spans
4 to 38.5 months.'*¢ Previous investigations into
clinical biomarkers like O6-methylguanine DNA
methyltransferase (MGMT) expression, alternative
lengthening of telomeres (ALT) activation, and Ki-
67 index have yielded conflicting results.!” Thus,
the imperative arises for predictive biomarkers to
mitigate treatment failures and needless exposure
to toxicity.! As such, there is a growing interest in
evaluating imaging parameters for prognostic and
monitoring purposes in oncologic therapies.

In addition to morphological changes like tumor
size, MRI has the capability to display structural
and functional data such as diffusion-weighted
imaging (DWI). Incorporating both morphological
and functional data, multiparametric MRI could
offer a more comprehensive insight into subtle
shifts in tumor behavior, especially in small grow-
ing tumors such as NET. Parameters such as signal
intensity (SI) on T1-weighted or T2-weighted imag-
es, tumor vascularization, and apparent diffusion
coefficient (ADC) derived from DWI are increas-
ingly scrutinized for their predictive and monitor-
ing potential across various therapy regimens.5!
Notably, no prior study has assessed the utility
of these MRI parameters for monitoring therapy
or predicting CAPTEM response in patients with
hepatic metastasized NETs. Therefore, this study
aims to evaluate clinical, morphological, and func-
tional imaging factors for their ability to predict
and monitor therapy response in metastatic NET
patients undergoing CAPTEM treatment.

Patients and methods
Patients

This retrospective study received approval from
the local research ethics committee with decision

Number 23-0183 and the requirement for written
informed patient consent was waived. We consec-
utively enrolled patients with histologically con-
firmed, resected or advanced NETs with liver me-
tastases, all of whom received CAPTEM therapy
and underwent pretherapeutic MRI at our depart-
ment. Furthermore, in the sub-analysis focused on
therapy monitoring, we incorporated all individu-
als from this cohort who underwent subsequent
MRI examinations (Figure 1). The timeframe for
therapy initiation ranged from April 2013 to June
2022. The decision to commence CAPTEM therapy
was reached through consensus in an interdiscipli-
nary tumor conference certified for NETs (ENETS
Center of Excellence) for each patient.

MR imaging

All patients were positioned supine in a 1.5 T MR
system (Siemens Healthcare, Erlangen, Germany).
For signal reception a phased-array coil was uti-
lized. Images were acquired in accordance with
our standard liver imaging protocol. The follow-
ing sequences were employed for evaluation:
1. A single shot T2-weighted sequence (HASTE).
2. Tl-weighted 3D GRE sequences with fat sup-
pression (VIBE) prior to and at 20, 50, and 120
seconds (dependent on circulation time) post
intravenous contrast injection (EOB- Bayer
Pharma, Germany; 25 umol/kg body weight).
3. Diffusion-weighted sequences with b-values of
50 and 800 s/mm?.

Patients with advanced or resected pNET
Treatment with CAP/TEM
n=140

197

N=96 exluded

*  no MRI (n=69)

+ 3T MRI (n=9)

* noDWI (n=12)

« Severe artifacts (n=6)

Patients included in this study for prediction of therapy
response with advanced or resected pNET
Treatment with CAP/TEM and
Pretherapeutical MRI
n=44

N=11 exluded for subgroup analysis

)« no follow-up MRI (n=10)

« Severe artifacts (n=1)

Patients included in this study for
monitoring therapy response with
advanced or resected pNET
Treatment with CAP/TEM
Pretherapeutical and follow-up MRI
n=33

FIGURE 1. Flow-chart of including process of patients.

CAP/TEM = capecitabine and temozolomide; DWI = diffusion-weighted imaging
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TABLE 1. Patients characteristics

Baseline N = 44

Follow-Up N = 33

Age (years)
Males
Time initial diagnosis — therapy start
Clinical parameter
Hepatic tumor burden (%)
CgA (ng/ml)
Bilirubin (mg/dl)
Grading
1
2
3
NEC = 4
Ki-67 primary tumor (%)
Localization primary tumor
Pancreas
Lung
MRI parameter
NELM
Size (mm)
T1 non-contrast/T1 liver
T2/72 liver
ADCmin
ADCmean
ADCmin/ADCmin liver
ADCmean/ADCmean liver
% arterial vascularization
PNET
Size (mm)
T1 non-contrast /T1 pancreas
T2/T2 pancreas
ADCmin
ADCmean
ADCmin/ADCmin pancreas
ADCmean/ADCmean pancreas

% arterial vascularization

60.4 (50.5; 70.2)
33 (75.0%)
685 (199; 1230)

10 (5 ;40)
610 (119; 2093)
0.6 (0.4; 0.8)

1 (2.4%)

32 (76.2%)
6 (14.3%)
3 (7.1%)
15 (8:20)

37 (84.1%)
7 (15.9%)

28 (19;36)
0.62 (0.53;0.68)
1.63 (1.16;2.07)

448.5 (242.5,628.5)

903 (708.5;1069.5)
0.80 (0.60;0.93)
0.82 (0.74:0.96)

42.5 (15;80)

43 (32;70)
0.63 (0.59;0.76)
1.38 (0.85:1.67)
604.5 (237;648)
985 (810:1150)
0.69 (0.41;1.11)
1.01 (0.78:1.19)
15 (10;80)

647 (261; 2357)
0.7 (0.6 0.9)

24.5 (18;38.5)
0.68 (0.56:0.75)
1.66 (1.21:2.17)
549 (341;848)
969 (764;1250)
0.85 (0.51;1.32)
0.99 (0.65;1.32)
22.5 (5:74.5)**

43 (29.5:52)
0.68 (0.61:0.84)
1.08 (0.83:1.34)
628 (499.5:758.5)
1042.5 (939;1167)
0.73 (0.58:0.85)
0.89 (0.72:0.97)

7 (5:45)

Data are given as median (25th and 75th percentile) or number (percentage); *p < 0.05; **p < 0.01; ***p < 0.001 from Wilcoxon signed-rank test;
ADC = apparent diffusion coefficient; CgA = chromogranin A; d = days; NEC = neuroendocrine cancer; NELM = neuroendocrine liver metastasis;

PNET = pancreatic neuroendocrine tumor

4. After a 15-minute delay, a fat-suppressed T1-
weighted VIBE 3D GRE sequence identical to

the earlier one.

Radiol Oncol 2024; 58(2): 196-205.

All sequences utilized parallel imaging with an
acceleration factor of 2. ADC maps were computed
from the acquired DWI-MR images, incorporating
all b-values.
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FIGURE 2. A 72-year-old man with liver metastasis of pancreatic NET classified as responder with a PFS of 38 months. The
baseline axial contrast-enhanced T1- weighted image (hepatobiliary phase) (A) shows hypointense lesions (arrows) in segment
8 and exophytic in segment 1. The metastases show (B) restricted diffusion (arrows) with high signal on axial DW-MR image b =
800 s/mm?2 and dark signal (arrows) on ADC map (C). After initiation of CAPTEM, the metastases (arrows) exhibited a decrease
in size (D) On the axial DW-MR image b = 800 s/mm?, the metastasis (arrow) (E) demonstrated less hyperintense signal to liver
and predominantly hyperintense signal (circle) on the ADC map (F) indicating less restricted diffusion compared to the pre-
interventional image.

ADC = apparent diffusion coefficient; CAPTEM = capecitabine and temozolomide; DW-MR = diffusion-weighted magnetic resonance; NET =
neuroendocrine tumor; PFS = progression-free survival; PR =partial remission; TARE = fransarterial radioembolization

Image analysis

Two board-certified radiologists, blinded to the
patients’ clinical and follow-up data, reviewed all
MRI data in consensus. They randomly identified,
on the pretherapeutic MRI, two hepatic metasta-
ses per patient that were larger than 1 cm in size,
along with the primary tumor if it hadn’t been
previously resected. Inclusion criteria for metas-
tases encompassed a homogeneous appearance
and absence of artifacts within the lesion across
all sequences. The image review took place in
two separate sessions, both achieving consensus:
1) pretherapeutic MRI, and for the sub-analysis 2)
post-therapeutic MRI, with a three-week interval
between each session.

For quantitative analysis, the size of liver metas-
tases and NETs were measured on the hepatobil-
iary and arterial phases, respectively. ADCmean
and ADCmin values of the tumorous lesions were
calculated by manually placing circular regions-
of-interest (ROIs) on the slice with the largest tu-
mor extent on DWI, excluding structures near the
rim to avoid partial volume effects. Signal inten-
sity (SI) values on non-contrast T1-weighted and
T2-weighted images were recorded by outlining

ROIs of the lesions as large as possible. Percentage
of arterial enhancement was visually assessed by
the two radiologists in consensus. Additionally,
ADC mean and ADC min values, as well as T2-
weighted and T1-weighted SI values of the nor-
mal liver, pancreas, and spleen, were measured by
placing circular ROIs in tumor-free tissue areas.
Additionally, SI of the normal liver was measured
on the hepatobiliary phase. Tumor-to-organ ratios,
including tumor-to-spleen (T/S) ratio and tumor-
to-liver (T/L) ratio of SI and ADC, were calculated.

Standard of reference and response to
treatment

Clinical and surgical records were compiled by a
third radiologist. Histopathological confirmed di-
agnoses of NET, along with their respective Ki-67
indices, were obtained for each patient. Tumor grad-
ing adhered to the 2017 WHO Tumor Classification
Guideline (G1: Ki-67 Index < 3%, G2: Ki-67 Index
3-20%, and G3 neuroendocrine tumor/neuroendo-
crine cancer [NET/NEC]: Ki-67 Index > 20%). Given
that the primary tumor was resected in 31 out of
44 patients, rendering RECIST 1.1. assessment of
treatment response heterogeneous, evaluation of

Radiol Oncol 2024; 58(2): 196-205.
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TABLE 2. Differences in baseline clinical and imaging tumor parameters between responder and non-responder

Non-responder

Responder

(< 6 months PFS) N = 23 (2 6 months PFS) N = 21 P
Age 57.8 (44.1;71.1) 61.7 (55.8:68.8) 0.953
Males 16 (69.6%) 17 (81.0%) 0.494
Time ID — Therapy start (d) 851 (426;1552) 396 (153;1004) 0.115
Clinical parameter
Hepatic tumor burden (%) 5 (5;20) 20 (10;40) 0.007
CgA 592 (116;2031) 616 (156.5;2745) 0.706
Bilirubin 0.6 (0.4;0.8) 0.6 (0.3:0.9) 0.859
Grading 0.234
1 0 (0%) 1(5%)
2 15 (68.2%) 17 (85%)
3 4 (18.2%) 2 (10%)
NEC = 4 3 (13.6%) 0 (0%)
Ki-67 primary tumor (%) 16.5 (10:30) 10.0 (5:15) 0.013
Localization primary tumor 0.232
Pancreas 21 (91.3%) 16 (76.2%)
Lung 2 (8.7%) 5 (23.8%)
MRI parameter
NELM
Size (mm) 25.5 (17:33.5) 29.8 (21.8;37.5) 0.348
T1 non-contrast/T1 liver 0.60 (0.53;0.68) 0.64 (0.54;0.74) 0.263
T2/72 liver 1.62 (1.2;2.07) 1.69 (1.12;2.06) 0.903
ADCmin 506 (228:639) 424 (243;606) 0.827
ADCmean 852.5 (674;1059) 911 (790.5:1082.5) 0.495
ADCmin/ADCmin liver 0.80 (0.63:0.93) 0.74 (0.51;1.03) 0.846
ADCmean/ADCmean liver 0.82 (0.68;0.93) 0.86 (0.78;1.02) 0.342
% arterial vascularization 45 (15;85) 36.3 (15;72.5) 0.494
PNET
Size (mm) 38 (30:44) 75.5 (65;85.5) 0.024
T1 non-contrast /T1 pancreas 0.60 (0.58;0.71) 0.71 (0.63;0.8) 0.258
T2/72 pancreas 1.38 (0.84;1.67) 1.38 (1.11;1.5) 0.777
ADCmin 604.5 (237;648) 527 (316.5;698) 1.000
ADCmean 893 (789:1055) 1084 (996.5;1256) 0.157
ADCmin/ADCmin pancreas 0.79 (0.41;1.18) 0.63 (0.44;0.8) 0.480
ADCmean/ADCmean pancreas 1.09 (0.66;1.31) 0.97 (0.96;1.1) 0.888
% arterial vascularization 10 (5;70) 65 (30:85) 0.130

Data are given as median (25th and 75th percentile); p-values are from Wilcoxon rank-sum (Mann-Whitney) test or Fisher's exact test; ADC =
apparent diffusion coefficient; CgA = chromogranin A; NELM = neuroendocrine liver metastasis; PFS = progression-free survival; PNET = pancreatic
neuroendocrine tumor

treatment response was conducted through PFS.  the local interdisciplinary tumor board’s compre-
This was measured in months from the initiation = hensive assessment of all performed imaging stud-
of CAPTEM until progression, as determined by ies (CT, PET/CT, MRI). Responders were defined by

Radiol Oncol 2024; 58(2): 196-205.
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FIGURE 3. A 56-year-old man with liver metastasis of pancreatic NET classified as nonresponder with a PFS of 3 months. The
baseline axial contrast-enhanced T1- weighted image (hepatobiliary phase) (A) shows a hypointense lesion (arrow) in segment
4A. The metastasis shows a strong artrerial enhancement (B) and restricted diffusion (arrow) with high signal on axial DW-MR
image b = 800 s/mm? (C) and dark signal (arrow) on ADC map (D). After 3 months under CAPTEM, the metastasis (arrow) (E)
exhibited an increase in size; however, it shows less arterial enhancement (F). On the axial DW-MR image b = 800 s/mm?, the
metastasis (arrow) demonstrated hyperintense signal to liver and increasing hypointense signal on the ADC map indicating
increasing restricted diffusion compared to the baseline image ADC, apparent diffusion coefficient.

ADC = apparent diffusion coefficient; CAPTEM = capecitabine and temozolomide; DW-MR = diffusion-weighted magnetic resonance; NET =

neuroendocrine tumor; PFS = progression-free survival

PES > 6 months, while non-responders (NR) were
defined by PFS < 6 months, respectively.

Statistical analysis

Continuous data were summarized by median
with interquartile range (IQR) and categorical
data by numbers and percentages. Differences
between baseline and follow-up parameters were
assessed by Wilcoxon signed-rank test for paired
samples. Differences of baseline characteristics
and parameter changes until follow-up between
non-responder and responder were investigated
by Wilcoxon rank-sum test for unpaired samples
or Fisher’s exact test. The area under the receiver
operating characteristic (ROC) curve (AUC) was
estimated according to logistic regression mod-
els predicting non-responder by selected imaging
and clinical parameters. Two AUC values were
compared by chi?-test. Sensitivity, specificity, and
the Youden-Index were calculated for median-di-
chotomized parameters. Overall survival (OS) and
PES curves with median survival times were cal-
culated by Kaplan-Meier analysis and compared
by log rank-test between individuals separated by
the median for selected parameters. Individuals
were censored in case of death, progression or end

of study. A p-value < 0.05 was considered to indi-
cate statistical significance. All analyses were con-
ducted with Stata 16.1 (Stata Corporation, College
Station, TX, U.S.A.).

Results
Patients’ characteristics

A total of 44 patients, comprising 86 neuroendo-
crine liver metastases (NELM) and 14 primary pan-
creatic NETs were included for the evaluation of
prognostic factors for PFS. A subset of 33 patients,
with corresponding 66 NELM and 12 pNETs, was
identified for the sub-analysis of therapy monitor-
ing. Baseline MRI scans were obtained 19d (IQR 1;
61) prior to CAPTEM initiation, and the time inter-
val between baseline MRI and follow-up MRI was
130 days (IQR 113; 161). Most patients were male
(75%), had G2 tumors (76%), and the primary tu-
mor originated in the pancreas (84%). Detailed pa-
tient characteristics are presented in Table 1.

In the baseline cohort, the overall median PFS
was 5.7 months (IQR 3.6; 15.0), and median OS was
25.0 months (interquartile range [IQR] 16.3; 45.3).
Responder in the baseline group tended to have a
slightly longer median OS 35.0 m (IQR 19.4; 53.4)

Radiol Oncol 2024; 58(2): 196-205.
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TABLE 3. Differences in change of clinical and imaging tumor parameters between responder and non-responder

Non-responder Responder

Change between baseline and follow-up (%) (< 6 months PFS) N = 17 (2 6 months PFS) N = 16 p-value
Clinical parameter
CgA 61.2 (-8.3;251.9) -1.5 (-69.3:19) 0.036
Bilirubin 0 (-20;40) 8.3 (-15.3;133.3) 0.312

MRI parameter

NELM
Size (mm) 20 (-4.7:50) -8.0 (-20.1;2.2) 0.038
T1 non-contrast/T1 liver 5.4 (-3.8;32.4) -6.8 (-13.6;11.2) 0.078
T2/72 liver 1.6 (-9.2;24.1) -5.7 (-26.2;32.8) 0.589
ADCmin -22.8 (-41.1;40.2) 49.7 (-6.7;146.4) 0.037
ADCmean -3.5 (-18.4;14.1) 11.7 (-3.4;75.4) 0.056
ADCmin/ADCmin liver -32.3 (-46.2;70.8) 47.5 (12.7;251.7) 0.113
ADCmean/ADCmean liver -16.3 (-30.6;6.9) 30.0 (6.9:90.4) 0.011
% arterial vascularization -16.7 (-75;-5.9) -16.7 (-50.0;11.8) 0.298

PNET
Size (mm) 2.3 (-5.4;20) -55 (-60;-17.8) 0.013
T1 non-contrast /T1 pancreas 7.4 (-3.8;36.7) -5 (-19.7:1.9) 0.116
T2/T2 pancreads -16.6 (-22;1.2) -36.1 (-40.3;-10.1) 0.229
ADCmin 14.4 (-13.7;260.8) 18.7 (-33.2;48.9) 0.782
ADCmean 8.3 (-4.5;29.3) 4.0 (-26.3;4.6) 0.405
ADCmin/ADCmin pancreas -3.6 (-29;76.6) 53 (-18.4;80.9) 0.518
ADCmean/ADCmean pancreas -23.2 (-35.5;4.5) -5.7 (-14.3;0.2) 0.518
% arterial vascularization -50 (-80;0) -50 (-80;0) 0.851

Data are given as median (25th and 75th percentile); p-values are from Wilcoxon rank-sum (Mann-Whitney) test; ADC = apparent diffusion
coefficient; CgA = chromogranin A; NELM = neuroendocrine liver metastasis; PFS = progression-free survival; PNET = pancreatic neuroendocrine

tumor

compared to non-responders, with a median OS
21.4 month (IQR 15.0; 38.3). According to RECIST
1.1,21 patients were rated as stable disease (SD), 3
patients were rated as partial response, and 9 pa-
tients were graded as progressive disease.

When comparing baseline and follow-up pa-
rameters, no differences were observed, except for
arterial vascularization of NELM, which was sig-
nificantly lower at follow-up time.

Differences between non-responders
(NR) and responders (R) at baseline

The comparison of baseline clinical and imaging
parameters between the two response groups re-
vealed that NR had a significantly higher Ki-67
of the primary tumor (16.5% wvs. 10.0%, p = 0.01)
with three patients graded as neuroendocrine can-
cer (NEC) in the NR group (none in the R group).
Responders showed a significantly higher hepatic
tumor burden (20% vs. 5%, p =0.007). There were no
differences in imaging parameters of the NELM,
while for the pNETs size varied significantly be-
tween response groups with greater diameters of
the baseline pNET in R compared to NR (76 mm
vs. 38 mm, p = 0.02). However, the statistical evalu-

Radiol Oncol 2024; 58(2): 196-205.

ation of pNET was limited by the small number of
patients with non-resected pNET in our cohort (14
and 12 respectively).

Differences of parameter change
between non-responders (NR) and
responders (R)

After treatment initiation there was a significant
difference in the change of chromogranin A (CgA)
between response groups, with an increase in NR
compared to a mild decrease in R (61% vs. 2%, p
<0.04). Regarding imaging parameters, there were
significant differences in the changes of the size
of both NELM (20% vs. -8%, p = 0.038) and pNET
(2% wvs. -55% p < 0.013) between the two response
groups.

Additionally, changes of ADC in NELM dif-
fered significantly between response groups, with
a decrease in both ADCmin (-23%) and the liver ad-
justed ADCmean / ADCmean liver ratio (-16%) in
NR, compared to an increase in R of both ADCmin
(50%) and ADCmean / ADCmean liver (30%).
Notably there were no differences in changes in
arterial vascularization and signal intensity (SI) on
Tlw and T2w images between response groups.
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FIGURE 4. (A) Survival analysis for A size of NELM with a cut-off of < 0% for responder. This cut-off revealed a slightly longer
median PFS time of 12.2 vs. 3.6 month (p = 0.062). (B) The median cut-off for A ADCmean/ADCmean liver showed a significantly
longer median PFS time of 15.3 compared to 4.1 month (p = 0.024). Both the combination of A size of NELM > 0% and A ADCmin
<-2.9% and the combination of A size of NELM > 0% and A CgA > 12.6% could differentiate patients with a longer median PFS
tfime. Median PFS of the group with A size of NELM > 0% and A ADCmin <-2.9% was 3.6 m compared to 12 months (p = 0.021) in
the group not fulfilling these criteria or a maximum of one criterion. Median PFS of the group with A size of NELM > 0% and A CgA
> 12.6% was 3.6 m compared to 11.3 months (p = 0.072) in the group not fulfilling these criteria or a maximum of one criterium.

ADC = apparent diffusion coefficient; CgA = chromogranin A; NELM = neuroendocrine liver metastasis; PFS = progression-free survival

ROC and survival analysis of selected
clinical and imaging parameters

ROC analysis of the previously selected imaging
and clinical parameters revealed AUC values dif-
fering from 0.71 (A Size NELM and A ADCmin) to
0.76 (A ADC mean/ Liver ADCmean) for classifying
non-responders vs. responders. The highest AUC
for a single parameter was found for A ADC mean/
Liver ADCmean, with a median cut-off of < 6.9
which yielded a sensitivity of 76% and a specificity
of 75%. The combination of A Size NELM and A
CgA or A ADC mean/ Liver ADCmean could each
slightly, though not significantly, improve AUC
(0.79 and 0.77 respectively), while the combination
of A Size NELM and A ADCmin yielded the best
balance for sensitivity and specificity with 88%
and 60% compared to 69% and 65% respectively
for A Size NELM alone. Subsequent Kaplan-Meier

survival analysis, utilizing the respective median
cut-off values (Table 4 and Figure 4) for the param-
eters, revealed significantly longer PFS times for A
ADCmean/ADCmean liver < 6.9 (p = 0.024) and the
combination of A Size NELM > 0% + A ADCmin <
-2.9% (p = 0.021).

Discussion

In this study, we explored the utility of clinical,
morphological, and functional imaging param-
eters in assessing the response and predicting out-
comes in metastatic NETs treated with CAPTEM.
Our results underscore the significance of mul-
tiparametric MRI, in conjunction with established
clinical factors, for evaluating therapy response.
The median PFS in our baseline cohort was 5.7
months, which is on the lower end of the range of
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TABLE 4. ROC analysis of the previously selected imaging and clinical parameters

AUC Cui-pff Sensitivity Specificity Youden-

(Median) (%) (%) Index
Ki-67% 0.72 >15 69 59 0.28
Hepatic tumor burden 0.73 <10 84 72 0.56
A CgA 0.73 >12.6 67 64 0.31
ASize NELM 0.71 >0 69 65 0.34
A Size PNET >-2.7 100 50 0.50
A ADCmin 0.71 <-29 65 63 0.28
A ADCmean/ADCmean liver 0.76 <6.9 76 75 0.51
A Size NELM+ A CgA 0.79 >0/>12.6 78 60 0.38
A Size NELM+ A ADCmin 0.70 >0/<-2.9 88 60 0.48
A Size NELM+ A ADCmean/ ADCmean liver 0.77 >0/<6.9 78 58 0.36

All p > 0.05; ADC = apparent diffusion coefficient; AUC = area under the curve; CgA = chromogranin A; NELM = neuroendocrine liver metastasis;

PNET = pancreatic neuroendocrine tumor

the review by Arrivi et al., which reported a me-
dian PFS between 4 to 38.5 months.® Discrepancies
may be attributed to the predominance of GEP-
NENs (GEP-NENS) in their study. Our median OS
aligned well with Arrivi et al. report, at 25 months,
compared to their range of 8 to 108 months. Disease
control rate in our cohort was consistent with the
literature, at 73% versus 77%.°

Comparison of baseline parameters between
non-responders (NR) and responders (R) revealed
higher Ki-67 levels (> 15%) in NR, contrasting with
some studies suggesting improved response to
CAPTEM in tumors with higher Ki-67.512 The ap-
plicability of Ki-67 as a predictive/prognostic bio-
marker for CAPTEM therapy in NETs remains con-
troversial. Other authors suggested that there was
no correlation between tumor grade, mitotic rate,
or Ki-67 and tumor response to CAPTEM as the
cytotoxic activity of temozolomide is not limited
to mitosis but encompasses the entire cell cycle.”3

Responders in our cohort exhibited a higher
hepatic tumor burden at baseline, potentially in-
dicating a better response in advanced disease
stages. Follow-up analysis revealed marked CgA
increases in non-responders versus mild decreases
in responders. CgA is considered the most sensi-
tive general marker for the diagnosis of NET*, and
has been shown to be associated with survival and
treatment response!>® in follow-up, however opti-
mal cut-offs remain controversial.’’

Changes in size of metastases and primary
tumors differed significantly between response
groups, and ROC analysis showed an AUC for
Asize NELM of 0.71 with an optimal cut-off of >
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0% to define non-response. Generally, we found
that cut-offs for tumor progression (220%) or re-
sponse (230%) according to RECIST 1.1 were barely
reached in our cohort (median Asize NELM for
NR =20%, and for R = -8%). Therefore, it is critical
to adapt treatment response criteria to the rather
slow evolution of most NETs to ameliorate man-
agement of NET patients and design of clinical tri-
als with better study end points.”

An effort to enhance therapy response assess-
ment included the development of mRECIST cri-
teria, initially proposed for hepatocellular carci-
noma?® and now also proposed an alternative to
RECIST for GEP-NETs.?! Despite well-developed
capillary networks in NETs, and previous indica-
tions of DCE-CT perfusion parameters predict-
ing outcomes in NETs undergoing targeted thera-
pies®?, our study revealed a significant decrease in
arterial vascularization in both NELM and pNETs
after initiating CAPTEM treatment. However, no-
tably, there was no discernible difference between
responder and non-responder groups, challenging
the utility of mRECIST in this context.

Notably, our investigation revealed significant
differences in ADCmin changes and the ratio of
ADCmean divided by ADCmean of the liver be-
tween response groups. ROC analysis demon-
strated the highest AUC for AADCmean/Liver
ADCmean, with corresponding cut-offs effectively
stratifying patients with longer PFS. Combining
changes in tumor size (Asize NELM) with CgA
or ADCmin showed slight improvements in sen-
sitivities compared to size-based evaluation alone.
Although no study has specifically analyzed the
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value of ADC for NETs undergoing CAPTEM
treatment, existing reports underscore the poten-
tial prognostic value of ADC for other treatment
strategies. >

Acknowledging study limitations, including its
retrospective design and small sample size, future
prospective studies with larger cohorts are war-
ranted for validation.

Conclusions

Our study, among the first to assess multiparamet-
ric MRI for monitoring CAPTEM response in he-
patic metastasized NETs, suggests the importance
of combined evaluation of CgA, ADC values, and
tumor size. Our study underscores the complexity
of monitoring CAPTEM response in hepatic metas-
tasized NETs, calling for adapted response criteria
for slow-growing tumors like NETs, where con-
ventional size-based criteria may not be reached.
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Background. This retrospective study investigated the efficacy of endovascular freatment with multilayer flow modu-
lators (MFMs) for treating aortic aneurysms in high-risk patients unsuitable for conventional freatments.

Patients and methods. Conducted from 2011 to 2019 at a single center, this retrospective observational study in-
cluded 17 patients who underwent endovascular treatment with MFMs. These patients were selected based on their
unsuitability for fraditional surgical or endovascular procedures. The study involved meticulous pre-procedural plan-
ning, precise implantation of MFMs, and follow-up using CT angiography. The primary focus was on volumetric and
flow volume changes in aneurysms, along with fraditional diameter measurements. Moreover, the technical success
and post-procedural complications were also registered.

Results. The technical success rate was 100%, and 30-day procedural complication rate was 17.6%. Post-treatment
assessments revealed that 11 out of 17 patients showed a decrease in flow volume within the aneurysm sac, indicative
of a favorable hemodynamic response. The median decrease in flow volume was 12 ml, with a median relative de-
crease of 8%. However, there was no consistent reduction in aneurysm size; most aneurysms demonstrated a median
increase in volume for 46 ml and median increase in diameter for 18 mm.

Conclusions. While MFMs offer a potential alternative for high-risk aortic aneurysm patients, their effectiveness in pre-
venting aneurysm expansion is limited. The results suggest that MFMs can provide a stable hemodynamic environment
but do not reliably reduce aneurysm size. This underscores the need for ongoing vigilance and long-tferm monitoring
in patients freated with this technology.

Key words: multilayer flow modulator; aortic aneurism; long-term follow up; volumetric measurements

Introduction tempts to overcome this problem, including using

fenestrated and branched stent grafts, as well as
Endovascular management of aortic aneurysms snorkel and chimney techniques.!? However, all
with stent grafts has been possible for over 30 these technical solutions are relatively complex
years. One of the challenges of the procedureisthe and require appropriate anatomical conditions
preservation of flow in the aortic branches and the  and highly skilled operators since the learning
prevention of ischaemia. There have been many at-  curves for the implantation of these devices are
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very prolonged.®> As an alternative, multilayer
flow modulators (MFMs) have been developed.
These are 3-layer stents designed to laminate the
flow through the aneurysm so that it gradually
becomes thrombotic without affecting the flow in
the branches, simultaneously decreasing the peak
stress on the aneurysm wall.* This feature is par-
ticularly important in the aortic arch and thoraco-
abdominal region.

Most studies on MFM in the aorta have relied
on measurements of aneurysm diameters, which
is the most practical and time-efficient method.
However, this approach does not provide com-
prehensive information on gradual thrombosis
of the aneurysm and morphological changes in
the aneurysm itself.>® Volumetric measurements
and measurements of the flow volume through
the aneurysm could provide additional informa-
tion about the behaviour of aneurysms over time
and, thus, about the efficiency of MFM stents.
Accordingly, our study aimed to evaluate the safe-
ty and efficacy of MFMs implanted between 2011
and 2019 in a single centre cohort, using volumet-
ric and flow volume assessments along with diam-
eter measurements.

Patients and methods

This retrospective observational study was ap-
proved by the Republic of Slovenia National
Medical Ethics Committee (Permit No. 55/05/14)
and was conducted in accordance with the World
Medical Association Code of Ethics (Declaration
of Helsinki). We analyzed a cohort of consecu-
tive patients who underwent endovascular treat-
ment for aortic aneurysms using MFMs (Cardiatis,
Isnes, Belgium) at the University Clinical Center,
Ljubljana, between March 2011 and October 2019.
Our institution started using MFMs in 2011, and
since then, we have implanted MFMs in 17 pa-
tients with aortic aneurysms.

Only patients unsuitable for open surgical treat-
ment or other endovascular procedures were con-
sidered for endovascular treatment with MFM by
a multidisciplinary board held for each patient.
The exclusion criteria were rupture of aortic aneu-
rysm, stenosis of branch arteries (arteries of head
and neck, visceral and iliac arteries), occlusion of
the aortoiliac segment, prior endovascular or sur-
gical treatment of the same aneurysm, mycotic
aneurysm, myeloproliferative blood disorders,
known coagulopathies, and expected survival less
than six months.’ For each patient, a consultation

was held with Cardiatis (Isnes, Belgium) before
the procedure to obtain their consent for MFM im-
plantation.

Planning of the procedure was primarily per-
formed by experienced interventional radiologists
using computed tomographic (CT) angiography.
Critical parameters assessed and measured prior
to MFM implantation included the status of outgo-
ing arteries (especially eventual stenoses), the larg-
est diameter of the aneurysm, the diameter of the
healthy vessel above and below the aneurysm, and
the length of the aneurysm. Diagnostic images were
shared with the MFM manufacturer and operator,
who subsequently performed size of device deter-
mination, applying an oversizing of 10-15%. The
total volume and flow volume of the aneurysms
were estimated using the OsirX (Pixmeo, Geneve,
Switzerland). These two parameters were also as-
sessed in the last follow-up CT angiographies.

All procedures were performed under general
anesthesia. Prophylactic antibiotics were admin-
istered prior to the procedure, and 5000 IU of
Heparin was administered during it. Bilateral ac-
cess in the groin was achieved, and a large-bore
sheath (22-24 Fr) was implanted at the site with
larger iliac arteries through the common femoral
artery to accommodate the MFM delivery system.
The contralateral side was utilized to provide a
diagnostic catheter, essential for precise MFM
implantation. The MFM was carefully implanted
using a slow release and push-pull technique to
ensure adequate sealing of the affected aortic seg-
ment. In all patients, complete percutaneous hemo-
stasis was successfully achieved using the ProStar
XL/ProGlide systems (Abbott Laboratories, IL,
USA). Following the procedure, all patients were
prescribed lifelong treatment with acetylsalicylic
acid and a three-month course of clopidogrel.
Figure 1 shows volume rendering of aorta with im-
planted MFM and fluoroscopy image of implanted
MFM in thoracoabdominal aorta.

The follow-up period in this study extended
from the date of MFM implantation to the most
recent CT angiography available in the hospital
information system. Patient survival status, as of
May 2023, was determined based on the cause of
death listed in the National Registry.

For each patient, the technical success of the
intervention, procedure-related complications, ad-
herence to usage instructions, and mortality were
documented. Technical success was defined as the
accurate deployment of MFM at the targeted sites
with the absence of any leaks at the attachment sites
or the junctions of different device components.®

Radiol Oncol 2024; 58(2): 206-213.
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FIGURE 1. Volume rendering of implanted multilayer flow modulators (MFMs) (A)
and fluoroscopic image of implanted MFM (B) in thoracoabdominal aorta.

Serious adverse events such as cerebral stroke,
renal ischemia, paraplegia, and aneurysm rupture
were recorded. Complications attributed directly
to the procedure were monitored at one month and
twelve months after intervention. Furthermore,
any potential reinterventions were noted, includ-
ing the timing and cause for these additional pro-
cedures.

Additionally, the aneurysm diameters and vol-
umetric data were calculated. Volumetric assess-
ments of the aneurysms (total volume of the aneu-
rysm sac and volume of aneurysm with retained
flow) were performed prior to the implantation of
the MFM and repeated in the last available CT an-
giography for each patient. The volumetric meas-
urements were performed by Cardiatis (Isnes,
Belgium). Incidences of branch occlusions, if any,
were also reported.

Statistical analysis

Statistical analysis was performed using GraphPad
Prism 10 (GraphPad Software Inc., San Diego, CA,
USA). Data are presented as median, interquartile
range (IQR), range, frequency, and proportion. The

Radiol Oncol 2024; 58(2): 206-213.

comparison of numerical variables was performed
using the Mann-Whitney test. Spearman’s corre-
lations were used to test variable correlations. A
p-value of 0.05 was considered statistically signifi-
cant.

Results

Demographic data and clinical
characteristics

During the study period, 17 patients were treat-
ed with MFM for aortic aneurysms, including 16
males and one female. The median age was 68
years (IQR: 6678, range: 48-81 years). Four MFMs
were implanted in aortic arch, six in thoracic aorta,
one in thoracoabdominal aorta and two in abdom-
inal aorta. The age of the patients at MFM implan-
tation, the year of the first endovascular treatment,
and the location of the placed MFM are shown in
Table 1. All procedures were performed electively.
The median duration of follow-up was 25 months,
with an IQR of 13-58 months and an overall range
of 7-76 months.

Procedure and procedural complications

The procedure was performed according to the
manufacturer’s instructions in 70.6% of patients.
In other patients aneurysm was larger then 6.5
cm, which is not according to the manufacturer’s
instruction of use.® However, all procedures were
performed with the consent of manufacturer. The
technical success rate was 100%, and a total of 23
stents were implanted to treat all 17 patients.

The 30-day procedural complication rate was
17.6% (3/17). One patient required an additional
stent graft after a few days to achieve an optimal
proximal seal, as no additional MFM was available
during the procedure. One patient was diagnosed
with a type A dissection at CTA follow-up, which
was attributed to the procedure itself, while one
other was diagnosed with a dissection of the ce-
liac trunk. Note, that the aforementioned type A
dissection was stable on following CTAs, and car-
diovascular surgeouns did not decide for surgi-
cal treatment. Additionally, one patient suffered a
cerebral infarction due to a pre-existing stenosis of
the left carotid artery and brachiocephalic trunk
(however, poor adherence to antiplatelet medica-
tion was noted in this patient). None of the patients
required open surgery due to these complications,
and none developed paraplegia, end-organ failure,
or aneurysm rupture.
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Mortality

The intraoperative and 30-day mortality rates
were both 0%. After 12 months, the aneurysm-
related mortality rate was 5.9% (1 in 17 patients).
As of May 2023, 5 of the 17 (29.4%) patients were
still alive, while 12 (71.6%) had died. Three of these
deaths were due to aneurysm ruptures that oc-
curred 9 months, 40 months, and 51 months after
MFM implantation. The remaining deaths were at-
tributed to other causes, including head and neck
cancer, pneumonia, myocardial infarction, and
suicide.

Aortic branch occlusions

Aortic branch occlusions following the MFM im-
plantation occurred in 5 patients (29.4%) — one pa-
tient developed chronic renal failure due to steno-
sis of the left renal artery (which did not require
haemodialysis). Vascular occlusion in the other pa-
tients included stenosis of the superior mesenteric
artery, left subclavian artery, superior mesenteric
artery and the celiac trunk (with robust collaterals
from the inferior mesenteric artery), and the left
carotid artery and the brachiocephalic trunk.

Reinterventions

Reintervention was required in 7 patients (41.2%)
as shown in Table 2. Most reinterventions were
performed in the early years of our practice due to
type 1 leaks.

Changes in aneurysm size after MFM
implantation

The median aneurysm volume before MFM im-
plantation was 309 ml (IQR: 223-452 ml, range
32-856 ml) with a median diameter of 58 mm (IQR:
51-68 mm, range 26-96 mm). At the last follow—up,
the median aneurysm volume was 355 ml (IQR:
237-608 ml, range: 62-881 ml), while the median
diameter was 76 mm (IQR: 57-92 mm, range 27-103
mm).

Based on volume measurements, five patients
(294%) experienced shrinkage of the aneurysm
at the last follow-up, two (11.8%) experienced no
volume change over time, and ten (58.5%) experi-
enced an enlargement of the aneurysm during the
observation period. In latter patients, the median
enlargement of the sac was 96 ml (IQR: -15-117 m],
range -84-718 ml) in volume and 15 mm (IQR: 3-27
mm, range: -7-49 mm) in diameter. Nine of these

TABLE 1. Age of patients at procedure, year of procedure, and location of

multilayer flow modulator (MFM)

Patient Age

Procedure year

Location of MFM

209

1. 48 2012 Thoracic aorta

2. 79 2012 Thoracic aorta

3. 80 2012 Thoracic aorta

4. 73 2013 Aortic arch

5. 65 2013 Thoracic aorta

6. 67 2016 Aortic arch

7. 68 2016 Thoracic aorta

8. 63 2016 Abdominal aorta

9. 71 2016 Thoracic aorta

10. 80 2017 Abdominal aorta

11. 67 2017 Aortic arch

12. 65 2017 Aortic arch

13. 76 2018 Thoracoabdominal aorta
14. 75 2018 Thoracoabdominal aorta
15. 81 2018 Abdominal aorta

16. 66 2018 Abdominal aorta

17. 66 2019 Thoracoabdominal aorta

patients had an enlargement of the aneurysm for
more than 10% of the initial volume.

Per the measurements of the maximum diame-
ter, fifteen patients (88.2%) experienced an increase
in the diameter of the aneurysm, one patient expe-
rienced shrinkage, and in one patient, the diam-
eter remained stable during the follow-up period.
Patient-specific measurements are presented in
Table 3.

There were no significant correlations between
the aneurysm volume before MFM implantation
and absolute or relative change in the aneurysm
volume after MFM implantation (p = 0.9167 and p
= 0.4473, respectively). We only noted a significant
positive correlation between the aneurysm vol-
ume before MFM implantation and the aneurysm
volume at the last follow-up after MFM implanta-
tion (o0 = 0.71, p = 0.0013) and between aneurysm
volume and maximal diameter ( ¢ = 0.86, R?=0.74,
p =0.0001).

There was a significant positive correlation be-
tween follow-up duration and both absolute and
relative changes in aneurysm volume and diam-
eter (absolute volume: o = 0.62, p = 0.0084, relative
volume: ¢ = 0.70, p = 0.0017, absolute diameter: o
= 0.65, p = 0.0046, relative diameter: ¢ = 0.66, p =

Radiol Oncol 2024; 58(2): 206-213.
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TABLE 2. Time and cause of reinterventions after multilayer flow modulator (MFM) implantation

sl B Cause of reintervention; reintervention undertaken
number implantation (months) ’
1. 25 Endoleak type | and enlargement of the aneurysm; implantation of another MFM
” 3 Insufficient proximal seal and collateral flow, resulting in enlargement of the
’ aneurysm; implantation of another MFM
3. 1 Insufficient proximal seal; implantation of another MFM
4 8 Enlargement of aneurysm and partial stenosis of subclavian artery; implantation of
another MFM into previous MFM
6 13 Stenosis of brachiocephalic truncus; implantation of a stent, which resulted in a
stroke
9 9 Migration of the MFM; implantation of another MFM
10 74 Displacement of MFM and stent graft; implantation of another stent graft

0.0040). Therefore, we normalized absolute and
relative changes in aneurysm size to follow-up
duration; however, again, there were no signifi-
cant correlations between initial aneurysm size
and normalized absolute and relative changes in
aneurysm size after MFM implantation. Moreover,
there were no significant correlations between ini-
tial aneurysm size or change in aneurysm size and
patient age.

Three patients (17.6%) had complete occlusion
of the aneurysm sac with a thrombus around the
implanted MFM, twelve patients (70.6%) still had
partial flow in the aneurysm sac (four of them,
however, with only minimal presence of contrast
medium on CT angiography), and two patients
(11.8%) had a completely non-occluded aneurysm
sac with flow still present in the aneurysm sac.

Changes in aneurysm flow volume after
MFM implantation

Six patients had an increase in flow volume
(35.3%), and 11 patients had a decrease in flow
volume (64.7%) at the last follow-up, which is con-
sidered a favourable haemodynamic outcome. The
median volume before MFM implantation was 183
ml (IQR: 159262 ml, range: 18-468 ml), and the
median flow volume at the last follow-up was 168
ml (IQR: 125-268 ml, range: 6-555 ml). The median
change in flow volume was -12 ml (IQR: -36-31
ml, range: -94-124 ml), and the median relative
decrease in flow volume was 8% (IQR: -19%-15%,
range: -64%—49%). We found no significant correla-
tion between the patient’s age, duration of follow-
up, or initial size of the aneurysm and the change
in absolute or relative flow volume. There was also
no significant correlation between absolute or rela-
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tive change in aneurysm volume or diameter and
absolute or relative flow volume.

Discussion

We studied consecutive patients treated with
MEFM stents for aortic aneurysms between 2011
and 2019 in our centre. We found that flow vol-
ume decreased in 11 out of 17 patients after MFM
implantation, which is considered a favourable
hemodynamic response; however, this did not cor-
relate with a decrease in aneurysm sac size. In 15
out of 17 patients, the aneurysm sac increased in
diameter, which was also accompanied by an in-
crease in volume in 10 out of 17 patients.

Our institution was one of the first centers to
perform treatment with MFM stents for aortic
aneurysms. This study, therefore, has one of the
longest follow-up periods currently published in
the literature. The literature review by Pinto ef al.
concluded that the implantation of MFMs is safe
with few complications, although no randomized
studies were available.” Most of the studies pub-
lished to date included a few patients, usually less
than 30, with a relatively short follow-up period
of no more than 12 months.>310-1> A larger study
with 103 patients was published by Sultan et al. in
2014 but with a short median follow-up of only six
months.'® There are two studies that report a medi-
an follow-up time of 22 months: one from Ireland
with 14 patients included! and the other from Italy
with only 8 patients included.®

The literature mostly reports measurements of
the aneurysm maximal diameters.>%1%1> To our
knowledge, our study is the first to evaluate volu-
metric measurements before MFM implantation
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TABLE 3. Aneurysm size before and after multilayer flow modulator (MFM) implantation

Aneurysm volume (ml)

Aneurysm diameter (mm)

Difference between the last
follow-up and before the

Patient MFM implantation Duration of
number At last At last ] follow-up
Before MFM follow- Before MFM follow- Volume (ml Diameter (months)
implantation up implantation up [76]) (mm [%])
1. 345 854 65 107 509 [147] 42 [64] 76
2. 888 920 122 130 32 [4] 8 [7] 9
3. 309 943 70 110 634 [205] 40 [57] 50
4. 255 355 57 93 100 [39] 36 [63] 69
5, 75 62 26 27 A3 [17] 1141 14
6. 197 330 44 76 133 [68] 32 [73] 49
7. 343 549 65 85 206 [60] 20 [31] 28
8. 311 266 48 68 -45 [-14] 20 [42] 3
9. 575 667 76 81 92 [16] 517] 14
10. 539 530 97 920 -9 [-2] -7 [-7] 40
1. 32 62 34 50 30 [94] 16 [47] 48
12. M1 41 54 55 01[0] 1121 33
13. 493 409 53 57 84 [17] 418) 24
14. 262 332 60 75 70 [27] 15 [25] 23
15. 307 223 59 81 -84 [-27] 22 [37] 18
16. 130 113 58 58 -17 [-13] 0 [0] 19
17. 250 250 54 60 0[0] 6 [11] 7

and at the follow-up over a longer period. Two
studies by Sultan et al, which included patients
with first-generation MFMs, performed volu-
metric evaluation of aneurysm sacs over several
months.*!> The first from 2013 reported an over-
all mean increase in sac volume of 3.3% in 55 pa-
tients¥, while the second study with 103 patients
in 2014 reported an overall mean increase in sac
volume of 5.1% and a mean volume change of 63
ml 12 months after implantation.’® In our series,
the mean volume increase was 33.4% and 91 ml,
which is significantly more than noted by Sultan et
al. This could be due to the longer observation pe-
riod in our study, which is also supported by a sig-
nificant positive correlation between the follow-up
period and the change in volume and diameter of
the aneurysm sac.

The proportion of aneurysm sac expansion in
our study is consistent with the findings of Lowe
et all!, who conducted a prospective study on pa-
tients treated with MFMs, characterized by a mean
patient age of 74 years and a follow-up period of 22
months. Their findings revealed that none of the
aneurysms demonstrated shrinkage. They report-

ed a one-year all-cause survival rate of 79%, which
dropped to 50% at two years. Remarkably, only two
patients exhibited stable aneurysm sac diameters,
with all others experiencing aneurysm sac volume
expansion. While their conclusion does not sup-
port the continued use of MFM, it is important to
note that their study, conducted from 2011 to 2014,
included only patients fitted with the first genera-
tion of the device. On the contrary, Vaislic et al. re-
ported a very high proportion of stable aneurysm
sac size (90%); however, the observational period
was only 12 months.!®

We found a strong correlation between aneu-
rysm sac enlargement and follow-up period, which
suggests that MFM implantation is probably not
a lifelong stable solution as often advertised by
the industry. Most of the aneurysm sacs became
completely or partially obliterated by thrombus,
which is consistent with the manufacturer’s cau-
tion. However, despite that, in almost two-thirds
of patients, the flow volume decreased, and the
aneurysm sac size increased both in volume and
diameter. We also noticed a strong positive cor-
relation between aneurysm volume and diameter

Radiol Oncol 2024; 58(2): 206-213.
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change, suggesting that diameter measurements
are probably sufficient for assessing aneurysm
size at follow-up CT angiographies.

We observed that 41% of patients required re-
intervention, a rate lower than the approximately
77% reported by Ibrahim ef al. in 2018.8 This dis-
crepancy may stem from the urgency of treatments
in the latter study, where most patients underwent
emergency procedures. The selection of devices
and implantation techniques in emergency sce-
narios differs markedly from those in elective
procedures. Additionally, a notable proportion
of reinterventions in our series was attributed to
technical challenges associated with the first-gen-
eration MFMs, suggesting that device technology
advancements may influence the need for subse-
quent interventions.

Existing literature suggests that aneurysm-re-
lated survival rates 18 months post-implantation
of MFMs can be as low as 25.6% when these de-
vices are used with deviations from the prescribed
instructions.’®” However, our data indicates more
favourable long-term survival outcomes, despite
29.4% of the procedures in our study deviating
from the recommended usage guidelines. A sig-
nificant factor contributing to these improved out-
comes is likely the elective setting in which our
procedures were conducted, suggesting that the
context of the procedure may play an important
role in patient survival post-implantation.

In our study, we observed three deaths attribut-
ed to aneurysm rupture: one occurring 9 months,
another after 40 months, and the third nearly 6
years post-MFM implantation. Although the an-
eurysm-related mortality was relatively low, the
overall mortality rate was notably high. This may
be partly attributed to the inclusion of patients un-
suitable for surgical intervention, often due to their
suboptimal general health conditions. Notably,
the instance of an aneurysm rupture 6 years after
MEFM implantation underscores the importance of
prolonged follow-up in these patients, highlight-
ing the need for ongoing monitoring even years
after the initial treatment.

The primary limitation of our study, as with
many others focusing on MFMs, is the relatively
small patient sample size. However, our research
holds distinct value due to its nature as a consecu-
tive series conducted by a consistently trained
team in a single centre. Furthermore, the extensive
duration of our follow-up and the employment of
volumetric measurements offer a significant con-
tribution to the existing body of knowledge in the
field of intravascular treatments.
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Conclusions

MFMs present a viable treatment alternative for
high-risk patients who are unsuitable for surgery
and stent grafts. However, long-term real-life data
show that while MFMs may not be as effective
in preventing aneurysm expansion as originally
thought, they can still provide a relatively stable
haemodynamic solution over a prolonged period.
Our study found a correlation between the dura-
tion of follow-up and the increase in aneurysm sac
size. Although there are often no alternative treat-
ment options for these patients and MFM insertion
generally carries a low risk of periprocedural and
long-term complications, careful, lifelong follow-
up is essential to recognize early signs of deterio-
ration and intervene appropriately.
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Background. Transarterial chemoembolisation with irinotecan-loaded drug-eluting beads (DEBIRI TACE) can be
considered in patients with unresectable colorectal cancer liver metastases (CRLM) who progress after all approved
standard therapies or in patients unsuitable for systemic therapy.

Patients and methods. Between September 2010 and March 2020, thirty patients (22 men and 8 women; mean
age 66.8 £ 13.2) were included in this retrospective study. DEBIRI TACE was conducted in 43% of patients unsuitable
for systemic therapy as a first-line freatment and 57% as salvage therapy after the progression of systemic therapy. All
the patients had liver-limited disease. In the case of unilobar disease, two treatments were performed at four-week
intervals, and in the case of bilobar disease, four freatments were performed at two-week intervals. All patients were
premedicated and monitored after the procedure. Adverse events were graded according to the Cardiovascular
and Interventional Radiological Society of Europe (CIRSE) classification system for complications.

Results. The median overall survival (OS) from the beginning of DEBIRI TACE in the salvage group was 17.4 months;
in the group without prior systemic therapy, it was 21.6 months. The median overall survival of all patients was 17.4
months (95% confidence interval [Cl]: 10.0-24.7 months), and progression-free survival (PFS) was 4.2 months (95% CI:
0.9-7.4 months). The one-year survival rate after the procedure was 61%, and the two-year rate was 25%. Univariate
analysis showed better survival of patients with four or fewer liver metastases (p = 0.002). There were no treatment-
related deaths or grade 4 and 5 adverse events. Nonserious adverse events (Grades 1 and 2) were present in 53% of
patients, and Grade 3 adverse events were present in 6% of the patients.

Conclusions. DEBIRI TACE is a well-tolerated treatment option for patients with liver metastases of colorectal cancer.
Patients with four or fewer liver metastases correlated with better survival.

Key words: colorectal cancer; liver metastases; irinotecan; drug-eluting beads; transarterial chemoembolization;
survival
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Introduction

Colorectal cancer (CRC) is Europe’s second most
frequently diagnosed malignancy and the second
most common cause of death due to cancer (ex-
cluding skin carcinomas).? At the time of diagno-
sis, 25% of patients have already developed CRC
metastases, and 25-35% of patients will develop
metastases in the later stages of their disease.> The
liver is the most common site of CRC metastases
(CRLM). The disease progression in the liver is a
significant source of complications and death.*®
The only curative treatment option for CRLM is
surgical resection.*® Unfortunately, most (approx.
70-80%) metastases are unresectable.”® The ther-
apy of choice for non-resectable CRLM is multia-
gent systemic chemotherapy, such as FOLFOX or
FOLFIRI, and targeted agents, including epider-
mal growth factor receptor (EGFR) and vascular
endothelial growth factor (VEGF) inhibitor.”® The
median overall survival of first-line chemotherapy
ranges from 12 to 23 months, which is further in-
creased by another two months with the addition
of anti-VEGF agent bevacizumab. Median overall
survival (OS) reaches around 30 months with a
multi-line treatment plan.”8

Conventional transarterial chemoembolisation
(TACE) is a selective intraarterial administration
of chemotherapeutic agents in combination with
Lipiodol. The newer method uses drug-eluting
beads (DEB) that cause embolisation and release
chemotherapeutic agents into the targeted tissue.
The most used chemotherapeutic agent in TACE
for CRLM is irinotecan (transarterial chemoembo-
lisation with irinotecan-loaded drug-eluting beads,
DEBIRI TACE).? Based on current European Society
for Medical Oncology (ESMO) guidelines, TACE
should be considered a possible treatment option
when patients with metastatic liver-limited disease
do not respond to systemic chemotherapy.”® Studies
have shown that DEBIRI TACE is an effective and
safe procedure, with serious high-grade adverse
reaching up to 11%.”* On the other hand, getting as
much data as possible on how DEBIRI TACE works
in real life and finding a group of patients who
would benefit the most from this type of treatment
is essential. Studies examining prognostic factors
for determining survival and treatment efficacy in
patients with CRLM treated with DEBIRI TACE are
rare.l'1213 Research is ongoing, and most authors
suggest that further research is needed. Therefore,
additional clinical and radiological prognostic fac-
tors are required to choose the appropriate patient
profile for treatment with DEBIRI TACE.

This retrospective study investigated the safety
and prognostic factors in predicting overall sur-
vival in patients with CRLM treated with DEBIRI
TACE.

Patients and methods
Study design and patient selection

This single-centre retrospective study was ap-
proved by the Republic of Slovenia National
Medical Ethics Committee (0120-115/2020/9). The
study complied with the protocol and principles
in the Declaration of Helsinki. Between September
2010 and March 2020, 30 patients with unresect-
able liver metastases of colorectal cancer who did
not respond to systemic therapy, had contraindi-
cation to systemic therapy or non-tolerance to sys-
temic chemotherapy underwent treatment with
DEBIRI TACE after a tumour board review. All the
patients had liver-limited disease. The presence of
metastases that exceeded 70% of the liver volume
and the occurrence of metastases outside the liver
were considered exclusion criteria. All patients
had a life expectancy longer than three months
and an Eastern Cooperative Oncology Group
(ECOG) score equal to 2 or lower before the first
DEBIRI TACE treatment.

Data analysis

All data were obtained by reviewing patient files.
The following variables were collected — baseline
demographic and clinical data (age, sex, ECOG
performance status, tumour location), peripro-
cedural complications, duration of hospital stay,
previous cycles of systemic therapy, number of
metastases, type of liver impairment (unilobar or
bilobar), values of tumour markers carcinoembry-
onic antigen (CEA) and cancer antigen 19-9 (CA 19-
9) before and after treatment, radiological tumour
progression, and survival. Limit values for tumour
markers were used based on estimated upper nor-
mal plasma levels (for CEA <5 ug/L, CA19-9 < 37
KkU/L). Variables assessed as possible prognostic
factors were age, ECOG status, tumour location,
previous systemic therapy, number of metastases,
uni- or bilobar disease, CEA and CA 19-9 before
the first treatment, and rise or fall of tumour mark-
ers after the first treatment.

All adverse events were graded according to the
Cardiovascular and Interventional Radiological
Society of Europe (CIRSE) classification system for
complications.”® Tumour response was assessed

Radiol Oncol 2024; 58(2): 214-220.
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TABLE 1. Patient demographics and clinicopathological
features

Age in years

Median (range) 68 (34-85)
Sex n (%)

Male 22 (73)

Female 8 (27)
Primary tumour

Colon 16 (53)

Rectum 14 (47)
ECOG performance status

0 18 (60)

1 9 (30)

2 3 (10)
Liver metastases

Unilobar 17 (57)

Bilobar 13 (43)

< 4 lesions 19 (63)

> 4 lesions 11 (37)
Previous chemotherapy

Yes 17 (57)

No 13 (43)

using the Response Evaluation Criteria in Solid
Tumours (RECIST) and modified RECIST (mRE-
CIST) criteria.

Survival was calculated as the time from the
first DEBIRI to death or to the end of follow-up
(July 20, 2020). Survival analysis was performed by
using the Kaplan-Meier method. Progression-free
survival (PFS) was calculated from the date of the
first DEBIRI to disease progression or death from
any cause. Survival endpoints for each factor were
estimated according to Kaplan-Meier analysis and
compared with the log-rank test. The p-values are
two-sided and considered statistically significant
at < 0.05. Data were analysed using the statistical
software SPSS 25 for Windows (IBM Corp., NY,
USA).

Treatment

Premedication included intravenous hydration,
opioid analgesic, corticosteroid, antiemetic, and
antibiotic prophylaxis. Intraprocedural pain was
managed by a continuous intravenous infusion
containing morphine (20 mg) combined with the
nonsteroidal anti-inflammatory agent ketorolac

Radiol Oncol 2024; 58(2): 214-220.

(20 mg), starting two hours before the procedure
for 24 hours. The procedure was performed in an
angiography suite in local anaesthesia through
the femoral approach. First, preliminary diagnos-
tic angiography was performed to evaluate hepat-
ic arterial supply. Then, a microcatheter (Progreat,
Terumo Europe NV, Belgium) was introduced in-
to the left or right hepatic artery, followed by 2-4
mL intraarterial application of 1% lidocaine and 2
ml solution of microparticles loaded with 100 mg
of irinotecan, respectively. Over time, the size of
microparticles has changed noticeably. Initially,
DC beads (Boston Scientificc Marlborough,
Massachusetts) ranging between 100 and 300
micrometres in size were used. Later, there was
a move towards using smaller particles, such as
DC beads M1 ranging from 75 to 100 microme-
tres, and Tandem 100 micrometre beads (Tandem,
Boston Scientific, Marlborough, Massachusetts) in
the following years. The procedure was consid-
ered successful if at least 50% of the planned dose
(50 mg of irinotecan-loaded beads) was delivered.
In the case of unilobar disease, two treatments
were performed at four-week intervals, and in the
case of bilobar disease, four treatments were per-
formed at two-week intervals. The patient’s vital
signs and femoral access site were monitored after
the procedure.

Results

Between September 2010 and March 2020, 30 pa-
tients with histologically confirmed colorectal
adenocarcinoma with liver-only metastases (22
men and 8 women; mean age 66,8 + 13,2) were in-
cluded in the study. DEBIRI TACE was conducted
as a first-line treatment in 43% of patients unsuit-
able for systemic therapy and as salvage therapy
after systemic therapy in 57%. In the second group,
100% (17 patients) were treated with the first line,
71% (12 patients) additionally with the second
line and 47% (8 patients) with third-line systemic
therapy. Eighty two percent of patients on sys-
temic chemotherapy were treated in combination
with targeted therapies. Patient characteristics are
shown in Table 1.

Treatment compliance and safety

113 DEBIRI procedures were performed with a me-
dian of 4 treatments per patient (ranging from 2
to 8). All procedures were technically successful.
After the procedure, patients were hospitalised
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for a median of 4 days (ranging from 2 to 10 days).
There were no treatment-related deaths or grade 4
and 5 adverse events. Non-serious adverse events
were present in 53% of patients. Most of them
were minor (grades 1 and 2). They contributed to
post-embolic syndrome (PES) with significant ab-
dominal pain in 43% of patients, vomiting in 6% of
patients, nausea in 16%, diarrhoea in 3%, acute hy-
pertension in 10%, and fever in 6% of patients. The
PES symptoms were managed conservatively with
hydration and non-steroidal anti-inflammatory
drugs. The majority resolved in 48 hours. Seven
(6%) high-grade adverse events (grade 3) occurred,
including longer stay for pain management (n = 2),
prolongation of hospitalisation due to the manage-
ment of PES (n = 4) and PES requiring readmission
n=1).

Survival and prognostic factors

During the follow-up time, 26 of the patients died,
and 4 remained alive. The median OS from the
first DEBIRI TACE procedure was 174 months
(95% confidence interval [CI]: 10,0-24,7 months)
(Figure 1). The 1-year survival rate from the first
DEBIRI TACE procedure was 61%, and 2-year
survival rate was 25%. The median PFS from the
first DEBIRI TACE was 4.2 months (95% CI: 0,9-7.4
months) (Figure 2). The most common site of pro-
gression was the liver (20 patients), with the lungs
being the second (6 patients). Other progression
sites included adrenal glands, lymph nodes, the
primary tumour site and the vertebrae.

In 17 patients treated with systemic therapy and
DEBIRI TACE, median OS and PFS from the be-
ginning of systemic therapy were 44.6 months and
37.0 months, respectively (Figures 3 and 4).

The median OS from the beginning of DEBIRI
TACE in the 17 patients where DEBIRI TACE was
used as salvage therapy was 17.4 months (95% CI:
11.0-23.7 months), and in the group without prior
systemic therapy, the median OS was 21.6 months
(95% CI: 3.8-39.4 months) (Table 2).

Results from the univariate analysis between
10 clinical and radiological characteristics and
OS are reported in Table 2. There were no data
on levels of CEA and CA 19-9 for three patients
before DEBIRI TACE treatment. Further, four pa-
tients had no data on CEA and CA 19-9 levels after
the treatment. Univariate analysis showed better
survival of patients with four or fewer liver me-
tastases (p = 0.002). Age (p = 0.284), ECOG status
(p = 0.805), tumour location (p = 0.145), previous
systemic chemotherapy (p = 0.472), uni- or bilobar
disease (p = 0.106), CEA and CA 19-9 before (p =
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FIGURE 1. Overall survival (OS) from the beginning of irinotecan-loaded drug-
eluting beads (DEBIRI) treatment.

0.591;0.393) and after (p = 0.037;0.583) the treatment
did not prove to be statistically significant predic-
tors of survival.

Discussion

The first-line treatment for patients with unresect-
able CRLM is chemotherapy with consideration of
additional targeted therapies, usually anti-VEGF or
anti-EGFR antibodies — a regimen usually well tol-
erated, even in elderly patients.®* When the liver is
the sole or predominant site of metastases, and the
response to systemic therapy is insufficient or sys-
temic therapy is contraindicated or unsuitable, lo-
coregional treatment options such as TACE should
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FIGURE 2. Progression-free survival (PFS) from the beginning of irinotecan-loaded
drug-eluting beads (DEBIRI) treatment.
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TABLE 2. Univariate analysis — influence of probable prognostic factors on overall survival

Characteristics n (%) os 95 % CI p-value
Age < 65 years 11 (37) 15.2 8.5-21.8

0.284
Age > 65 years 19 (63) 21.6 4.7-38.4.
Colon 16 (53) 23.7 16.8-30.5

0.145
Rectum 14 (47) 14.1 6.8-21.4
ECOGO 18 (60) 19.8 11.3-28.4

0.805
ECOG 1 or2 12 (40) 17.4 10.0-29.7
Previous chemotherapy 17 (57) 17.4 11.0-23.7

0.472
No previous chemotherapy 13 (43) 21.6 3.8-39.4
Unilobar disease 17 (57) 23.5 7.4-39.6

0.106
Bilobar disease 13 (43) 15.2 1.9-28.4
< 4 liver lesions 19 (63) 23.5 15.5-31.5

0.002
> 4 liver lesions 11 (37) 10.8 0.3-21.3
CEA <5 ug/L before the first DEBIRI TACE 5(27) 17.4 5.9-28.9

0.591
CEA > 5 pug/L before the first DEBIRI TACE 22 (73) 15.2 9.2-21.1
Increase of serum CEA after first DEBIRI TACE 10 (33) 14.1 7.3-20.9
Decrease of serum CEA after first DEBIRI TACE 12 (40) 24.7 7.0-42.4 0.037
CEA stayed the same 1(3) 25.5
CA 19-9 <37 kU/L before first DEBIRI TACE 16 (53) 15.2 10.1-20.2

0.393
CA 19-9 > 37 kU/L before first DEBIRI TACE 11 (47) 17.4 0.5-34.2
Increase of serum CA 19-9 after first DEBIRI TACE 11 (48) 15.2 11.7-18.7
Decrease of serum CA 19-9 after first DEBIRI TACE 10 (43) 19.8 0.0-44.9 0.583
CA 19-9 stayed the same 2 (9) 7.4

CA 19-9 = cancer antigen 19-9; CEA = carcinoembryonic antigen; DEBIRI TACE = irinotecan-loaded drug-eluting beads transarterial

chemoembolization; ECOG = Eastern Cooperative Oncology Group preformance status; OS = overall survival

be considered.”® The introduction of DEBIRI TACE
improved the ability to administer higher con-
centrations of irinotecan to liver metastases while
reducing the systemic peaks of irinotecan, thus
minimising side - effects. DEBIRI TACE has been
proven safe and effective in treating CRLM and is
more frequently used than in the past.!1213

In our study, DEBIRI TACE was conducted in
43% of patients as a first-line treatment and 57%
as salvage therapy for patients who had received
previous lines of systemic therapy (patients who
did not tolerate more cycles of chemotherapy). Our
study’s median OS from the beginning of DEBIRI
TACE was 17.4 months, with progression-free sur-
vival of 4.2 months. This aligns with the previ-
ously reported trials with median OS and PFS for
DEBIRI TACE of 18 months (ranging from 7.3 to 25)
and 6.7 months (ranging from 4 to 11), respective-
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ly>! In the salvage therapy group, the median OS
was 44,6 months from the beginning of treatment
with systemic therapy, confirming the usefulness
of DEBIRI TACE as salvage therapy.

In our study, not all patients received sys-
temic therapy before DEBIRI TACE treatment.
Interestingly, the group without previous systemic
therapy had longer OS from the start of DEBIRI
TACE treatment than the previously treated
group. Although the difference in survival is not
statistically significant, it does raise a question as
to whether TACE should be implemented sooner.
One such study was done by Martin et al., com-
paring OS, PFS and tumour response between
patients who underwent concurrent systemic
therapy (FOLFOX and bevacizumab) and DEBIRI
TACE and patients who were treated with sys-
temic therapy alone. The group simultaneously
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treated with TACE had better tumour response in
the first six months and longer PFS (15.3 months in
the TACE arm versus 7.6 months in the arm with
chemotherapy alone).* These results require fur-
ther exploration into the viability of DEBIRI TACE
treatment not only as salvage therapy but also as
consolidation treatment in combination with sys-
temic therapy for unresectable CRLM. One of the
potential reasons for better survival in patients
without previous systemic therapy may be irinote-
can resistance. Some authors report that DEBIRI
TACE shows less efficacy if applied after previous
systemic therapy due to irinotecan resistance.!!
The reason for irinotecan resistance could be in-
creased expression of EGFR receptors or active
efflux, reducing the drug’s intracellular accumu-
lation after the previously used chemotherapeutic
agent irinotecan.!0117

Clinical and radiological factors that affect sur-
vival have yet to be determined. Our study is one
of the first to ascertain prognostic factors affecting
the survival of patients with CRLM treated with
DEBIRI TACE. We found that patients with four or
fewer liver metastases survived better than those
with more. However, the size of lesions varies con-
siderably; therefore, the number of lesions usu-
ally doesn’t give an accurate assessment of liver
impairment. Thus, the metastatic volume would
probably be a better predictive factor in further
studies. One study where they used DEBIRI and
capecitabine in heavily pre-treated patients found
a statistically significant correlation between the
decrease in CEA after the first DEBIRI treatment
and survival.!%¥ Another study found that patients
with an ECOG of 0 had better survival than those
with an ECOG of 1 or 2.2 While no such correlation
was found in our research, more extensive studies
should be performed to confirm these findings.

Safety of the procedure is also a primary con-
cern, and we have shown that the number of sig-
nificant adverse events (grade 3) is low, with only
6%. This is similar to recently published evidence
on the CIREL registry, with 10% of grade 3 and
4% of grade 4 adverse events.?! The most com-
mon mild AE (grades 1 and 2) after the procedure
is post-embolic syndrome (PES). The incidence of
PES after DEBIRI TACE varies between studies,
with a median incidence of 57%.° Our study shows
that 53% of patients had nonserious mild adverse
events that contributed to PES, which is compa-
rable to other studies.”” We assume that the low
percentage of serious adverse effects is due to good
premedication with antibiotics, antiemetic and in-
travenous hydration before and during the proce-
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dure and peri-procedural pain management with
morphine and intra-arterial lidocaine.

DEBIRI TACE is a relatively new procedure in
interventional oncology, performed primarily in
larger centres on a specific group of patients; there-
fore, data from the literature are usually based on
small populations. Such studies have difficulty
recognising any essential prognostic factors that
could affect survival, yet the lack of such clinical
and radiological markers makes patient selection
difficult.

The limitations of this study were retrospective
design, the small number of patients evaluated,
data on biomarkers and molecular targets not be-
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ing collected, and the heterogeneity of the patient
population.

In conclusion, DEBIRI TACE is a safe and effec-
tive treatment option for patients with CRLM re-
fractory to systemic therapy. Our research found
that four or fewer liver metastases correlated with
better survival. Further studies are required to
determine the role of DEBIRI TACE in treatment
strategies for CRLM, as well as to recognise prog-
nostic factors that would make patient selection
easier.
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Background. The aim of the study was to explore the therapeutic effect of ultrasound targeted destruction of
schisandrin A contrast microbubbles on liver cancer and its related mechanism.

Materials and methods. The Span-PEG microbubbles loaded with schisandrin A were prepared using Spané0,
NaCl, PEG-1500, and schisandrin A. The loading rate of schisandrin A in Span-PEG composite microbubbles was de-
fermined by uliraviolet spectrophotometry method. The Walker-256 cell survival rate of schisandrin A was determined
by 3-(4.5)-dimethylthiahiazo (-z-y1)-3.5-di- phenytetrazoliumromide (MTT) assay. The content of schisandrin A in the
cells was determined by high performance liquid chromatography. Ultrasound imaging was used to evaluate the
therapeutic effect in situ. Enzyme linked immunosorbent assay (ELISA) was used to measure the content of inflamma-
tory factors in serum. Hematoxylin-eosin (HE) staining was used to observe the pathological changes of experimental
animals in each group. Immunohistochemistry was used to detect the expression of hypoxia inducible factor-1a (HIF-
1a), vascular endothlial growth factor (VEGF) and vascular endothelial growth factor receptor 2 (VEGFR-2) in tumor fis-
sues, and western blof was used to detect the protein expression of phosphoinositide 3-kinase (PI3K)/AKT/mammalian
target of rapamycin (MTOR) signaling pathway in fumor tissues.

Results. The composite microbubbles were uniform in size, and the particle size distribution was unimodal and stable,
which met the requirements of ulfrasound confrast agents. The loading rate of schisandrin A in Span-PEG microbub-
bles was 8.84 + 0.14%, the encapsulation efficiency was 82.24+1.21%. The IC50 value of schisandrin A was 2.87 ug/mlL.
The drug + microbubbles + ultirasound (D+M+U) group had the most obvious inhibitory effect on Walker-256 cancer
cells, the highest intracellular drug concentration, the largest reduction in fumor volume, the most obvious reduction
in serum inflammatory factors, and the most obvious improvement in pathological results. The results of immunohisto-
chemistry showed that HIF-1a, VEGF and VEGFR-2 protein decreased most significantly in D+M+U group (P <0.01). WB
results showed that D+M+U group inhibited the PI3K/AKT/mTOR signaling pathway most significantly (P < 0.01).
Conclusions. Schisandrin A had an anti-tumor effect, and its mechanism might be related to the inhibition of the
PI3K/AKT/mTOR signaling pathway. The schisandrin A microbubbles could promote the intake of schisandrin A in fumor
cells after being desfroyed at the site of tumor under ultrasound irradiation, thus playing the best anfi-tumor effect.

Key words: ultrasonic targeted destruction; schisandrin A contrast microbubbles; liver cancer; mechanism of action
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Introduction

Ultrasound contrast agent microbubbles were mi-
croparticles used to enhance the contrast of ultra-
sound images.! The latest generation of ultrasound
contrast agents had started to use microbubbles to
carry drugs or genes, which could improve the ef-
fect of ultrasound imaging and achieve the pur-
pose of treating diseases.?

Liver cancer is a common malignant tumor of
the digestive system and the second most com-
mon human malignant tumor after lung cancer.
At present, although the research on liver cancer
had made a great breakthrough, it was still an im-
portant risk factor that seriously affected the life
and quality of life of patients. At present, the treat-
ment of liver cancer was mainly based on the stage
and the age of the patient. The commonly used
treatment methods include surgery, radiotherapy,
chemotherapy, vaccines, and so on.* In the chemo-
therapy of liver cancer, cisplatin-based combina-
tion chemotherapy was commonly used in clini-
cal practice.® Liver tumors were highly sensitive
to platinum drugs and had good curative effect.
However, the side effects and drug resistance of
platinum drugs were also important factors affect-
ing the application of platinum drugs.® Despite the
continuous improvement of surgery, radiotherapy
and technology, and the emergence of chemothera-
py drugs, the survival time and quality of patients
had not been fundamentally improved.

Ultrasound-targeted microbubble destruction
(UTMD) was a technology that improved the ef-
ficacy of targeted drugs by increasing the absorp-
tion of targeted drugs into cells.” This technology
mainly used microbubbles to localize “explosive”
ultrasound irradiation and released the drugs they
carried.® At the same time, the shock caused by ul-
trasound and microbubble rupture increased the
local cell permeability, generates reversible sonop-
ores, and promotes drug entry into the nucleus,
which could improve the efficiency of drug inter-
vention in tumor cells.® Secondly, the protection of
microbubbles could prevent the drug from being
metabolized and degraded by the body, thereby
reducing the bioavailability of the drug, so that
it could reach the target organ or tissue directly
through the blood circulation.!® Many preclinical
studies and few clinical studies reported the use of
microbubble-assisted ultrasound for the delivery
of wide range of therapeutics into primary liver
tumors or liver mets.!! Schisandrin A is a bioactive
lignan isolated from the traditional Chinese medi-
cine Fructus schisandrae chinensis. Studies showed
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that schisandrin A had many pharmacological ef-
fects, such as anticancer, hepatoprotection, antiin-
flammation, which was worthy of further research
and development in the future.!> Our previous
study found that Schisandrisin A significantly re-
duced the inflammation level of HepG2 cells; im-
proved the oxidative stress state; downregulated
transforming growth factor beta 1 (TGF-f1), vas-
cular endothlial growth factor (VEGF), phospho-
inositide 3-kinase (PI3K), and Akt mRNA levels;
inhibited the expression of the PI3K-Akt signaling
pathway, and had a significant anti-tumor effect on
tumor cells with high activity and small molecular
weight, which was an ideal candidate for the pro-
duction of contrast-enhanced ultrasound micro-
bubbles.!* Therefore, in this study, Schisandin A
was loaded into Span-PEG microbubbles to make
ultrasound contrast agent and to play an anti-tu-
mor effect on the lesions of liver cancer, which was
rarely reported. This study would provide a new
reference for the treatment of liver cancer.

Materials and methods
Instrumentation

Ultrasonic cell crushing instrument (Ningbo
Xinzhi Biological Technology Co., LTD.), Doppler
ultrasound diagnostic instrument (Kunshan
Ultrasonic Instrument Co., LTD.), Zeta poten-
tial/particle size instrument (British Malvern
Instrument Co., LTD., SW-CJ-1D single side
vertical air supply purification table (Suzhou
Zhijing Purification Equipment Co., LTD.,, Jiangsu
Province), HZQA Constant temperature incubator
(Jintan Shenglan Instrument Manufacturing Co.,
LTD.), LX-C50L vertical automatic electric heating
pressure steam sterilizer (Beijing Sibo Shengda
Technology Co., LTD.), scanning electron micro-
scope (Japan Electronics Co. LTD.), Ultrasound
imaging instrument (mindray M9cv, Superficial
probe), Bio-Rad 680 iMark Microplate reader(
American Bio-Rad Co., LTD.)

Reagents

Span60 (Tianjin BASF Chemical Co., LTD.),
PEG1500 (Tianjin Guangfu Fine Chemical
Research Institute), NaCl (Tianjin Beilian Fine
Chemical Development Co., LTD.), schisandrin A
(Chengdu Manst Biotechnology Co., LTD. HPLC
© 98%), phenol and sulfuric acid (Tianjin Kemio
Chemical Reagent Co., LTD.), Walker-256 (number:
399-88-2) was obtained from Shanghai Hongshun
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Biotechnology Co., LTD. MEM (containing NEAA)
basal medium (Procell PM150410) and fetal bo-
vine serum (Procell 164210) was obtained from
Pricella Biotechnology Co., LTD. Fixative solution
(4% Paraformaldehyde, P1110) was obtained from
Shanghai solarbio Bioscience & TechnologyCo.,
LTD. Enzyme linked immunosorbent assay
(ELISA) kit tumor necrosis factor-a (TNF-a)
(ab236712), interleukin-1p (IL-1B) (ab255730) and
interleukin-6 (IL-6) (ab234570) was obtained
from abcam Bioscience & TechnologyCo.LTD.
Hematoxylin-eosin (HE) Stain Kit (G1120)
was obtained from Solarbio Bioscience &
TechnologyCo.LTD. Immunohistochemistry kit
hypoxia inducible factor-1a (HIF-1cr) (IHC0103715),
VEGF(IHC0100011) and vascular endothelial
growth factor receptor 2 (VEGFR-2) (IHC0102817)
was obtained from Shanghai CaiYOU indus-
trial Co., LTD. WB kit: Primary antibody p-PI3K
(bs-6417R), PI3K(20584-1-AP), p-Akt (bs-0876R)
was obtained from Bioss Co. LTD, AKT (60203-
2-Ig), p- mammalian target of rapamycin (mTOR)
(67778-1-1g), mTOR (66888-1-Ig), was obtained
from Proteintech Group, GAPDH was obtained
from Hangzhou Hua ‘an Biotechnology Co. LTD,
Secondary antibody (SA00001-1) was obtained
from Bioss Co., LTD.

Experimental cells

Walker-256 cell (Free of mycoplasma infection,
cells were derived from ascites of liver cancer in
rats) were cultured in RPMI 1640 medium contain-
ing 10% fetal bovine serum and incubated at 37°C
in 5%CO0O, incubator. The cells were routinely di-
gested and subcultured with 2.5 g/L trypsin, and
the logarithmic growth phase cells were used for
experiments.

Experimental animals

36 SD (Sprague Dawley, male, 6 weeks, 180-200
g, wide type rats) rats were obtained from Henan
Laboratory Animal Center. Animal experiment
ethics was approved by the Ethics Committee
of the First Affiliated Hospital of Zhengzhou
University (No. KY2023-006).

Preparation and analytical
characterization of Span-PEG
microbubbles loaded with schisandrin A

450 mg Span60, 900 mg NaCl, 450 mg PEG-1500
and 300 mg schisandrin A were weighed, placed

in a mortar and thoroughly ground, dissolved in
40 mL PBS phosphate buffer solution, and heated
to 80°C in a magnetic heating mixer, and stirred
and dispersed evenly. Then, the solution was con-
tinuously sonicated at 570 W power for 6 min us-
ing an ultrasonic cell disruptor by acoustic cavi-
tation method, while nitrogen gas was continu-
ously injected into the above solution. A uniform
milky yellow liquid mixture was prepared and
centrifuged in an ultracentrifier at 2 000 g for 8
min. After centrifugation, a stratified solution
was obtained. The upper and middle layers were
removed and placed in a 250 mL separating fun-
nel, washed with an equal volume of PBS phos-
phate buffer, and left to stand. The middle layer
microbubbles were collected and freeze-dried to
obtain Span-PEG ultrasound contrast agent mi-
crobubbles loaded with schisandrin A The size
and shape of the microbubbles were observed by
scanning electron microscopy (SEM). Detailed op-
eration details were as follows: A small amount
of microbubble powder was coated to one side of
the double-sided glue and the other side was fixed
on the stage of the scanning electron microscope.
The surface morphology of the drug microbubbles
was observed and photographed by scanning elec-
tron microscopy under a high voltage of 15 kV at a
magnification of 5000. The particle size distribu-
tion and Zeta potential of the microbubbles were
determined by ZS90 laser particle size analyzer.
Detailed operation steps were as follows: Added
pure water into the sample tank as the dispersing
agent, turned on the ultrasonic disperser and set
the intensity to 7, turned on pump switch after 2
minutes, adjusted the pump speed to 2680 r/min,
specified water as the dispersing agent in the TAB,
and other parameters were determined, clicked
“Start”, measured the sample, and saved the re-
sults. Then changed the measurement conditions
and re-measured until the next measurement re-
sults were basically in line with the last measure-
ment results, then the last measurement results are
the particle size measurement results of the sam-
ple. This experiment was independently repeated
three times with consistent results.

Determination of loading rate of
schisandrin A in Span-PEG composite
microbubbles

The loading rate of schisandrin A in Span-PEG
microbubbles was determined by ultraviolet
spectrophotometric method. The standard of
schisandrin A was prepared at concentrations of
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2.5 pgmL?, 5 pgmL?, 10 pgmL?, 20 ugmL, 30
pugmL?, 40 ugmL?! and 50 ugmL?, respectively.
The absorbance value was measured at 254 nm,
the standard curve was drawn, and the regression
equation was calculated. Span-PEG microbubbles
loaded with schisandrin A were weighed 10 mg,
dispersed in distilled water for ultrasonic release
for 2 h, filtered, and constant volume to a 10 mL
volumetric flask. The absorption wavelength of
schisandrin A in Span-PEG composite microbub-
bles at 254 nm was determined by the same meth-
od. The schisandrin A loading rate was calculated
according to the standard curve. This experiment
was independently repeated three times with con-
sistent results.

Determination of the cell survival

rate of schisandandin A by
3-(4,5)-dimethylthiahiazo (-z-y1)-3,5-di-
phenytetrazoliumromide (MTT) assay

The standard Schisandandin A was diluted in
double dilutions in cell culture medium, so that
the final concentrations in cell culture medium
were 64 pg/mL, 32 pg/mL, 16 ug/mL, 8 pg/mL, 4
ug/mL, 2 ug/mL, 1 pug/mL and 0 pg/mL, respec-
tively. Walker-256 cells with logarithmic growth
were seeded in 96-well plates and divided into
eight groups. And culture medium containing the
corresponding concentration of drug was added to
each well (1x10%/mL), the cells and the drug were
incubated in an incubator for 72 h. Then, 10 uL of
freshly prepared 5 mg/mL MTT solution was add-
ed to each well and continue to culture for 4 hours.
The supernatant was discarded and dissolved by
adding 200 pL dimethylsulfoxide (DMSO), and
the absorbance value was measured at 490 nm by
microplate reader. The drug concentration in the
control group was zero. In the blank group, only
culture medium, MTT and DMSO were added.
The cell survival rate = (Experimental group OD -
blank group OD)/(Control group OD - blank group
OD). The 50% inhibitory concentration (IC50) was
calculated by IC50 software to define the concen-
tration range of schisandrin A in this experiment.1®
Fitting and calculation of cell survival curves were
calculated with GraphPad Prism 9.0.

The above MTT assay was also used to detect
following cell survival rate in control (C), micro-
bubbles (M), ultrasound (U), drug (D), drug + ul-
trasound group (D+U), drug + microbubbles + ul-
trasound group (D+M+U) group. This experiment
was independently repeated three times with con-
sistent results.
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Anti-tumor cell experiment assessment
in different groups

The cells in logarithmic growth phase were used
for the experiment and randomly divided into
6 groups: simple microbubbles group (M): the
cells were resuspended in cell culture medium
containing 5% microbubbles; simple ultrasound
group (U): the cells were exposed to 300 kHz, 0.25
W ultrasound for 10 s; simple drug group (D): the
cells were resuspended in cell culture medium
containing 2.5 pg/mL schisandrin A; Drug + ul-
trasound group (D+U): The cells were incubated
with 2.5 pg/mL schisandin A and then exposed to
300 kHz, 0.25 W ultrasound for 10 s; Drug + micro-
bubbles + ultrasound group (D+M+U): After rou-
tine digestion and centrifugation, the cells were
added with cell culture medium containing 2.5
pg/mL Schisandandin A and 5% microbubbles,
and then ultrasound irradiation was performed
under the same conditions as the previous group.
Control group (C): The digested and centrifuged
cells were resuspended and cultured in conven-
tional culture medium.” Cell survival rate was
measured by MTT assay. This experiment was in-
dependently repeated three times with consistent
results.

The intracellular content of schisandrin
A for quantitative determination

Sample collection: The treated cells of each group
were cultured in 24-well plates with 6 multiple
wells in each group. After 24 hours of culture, the
cells of each group were routinely digested, centri-
fuged and collected, rinsed 3 times with PBS, and
the last time was fixed in 1 mL double distilled
water. Cells were destroyed using an ultrasonic
cell morcellator to obtain a double distilled aque-
ous solution of intracellular fluid in each group.
The chromatographic conditions were as follows:
Kro-masil C18(250 mmx4.6 mm, 5 um) column;
The mobile phase was methanol-0.1% glacial acetic
acid aqueous solution (82:18). Flow rate :ImL/min;
Detection wavelength: 254 nm; The column tem-
perature was 30°C. The chromatogram of schisan-
drin A samples and intracellular liquid standard
was drawn under the selected chromatographic
conditions.!”® This experiment was independently
repeated three times with consistent results.
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Establishment and grouping of rat liver
cancer model

After 7 days of adaptive feeding, all groups of ani-
mals were inoculated with Walker-256 cells in the
liver under ultrasound guidance to establish an
orthotopic liver cancer model. When the tumor
gradually grew to 35mm?, the drug treatment was
started. The rats were divided into 6 groups with
6 rats in each group: control group (injected with
equal volume of normal saline), microbubble group
(injected with microbubbles via the tail vein with-
out ultrasound), ultrasound group (injected with
equal volume of normal saline with ultrasound),
ultrasound + schisandrin A group (injected with
schisandrin A via the tail vein), ultrasound + mi-
crobubble group (injected with microbubbles via
the tail vein), and ultrasound + schisandrin A
microbubble group (injected with schisandrin A
microbubble via the tail vein). The liver parts of
all animals were subjected to low-frequency ultra-
sound treatment at 300 kHz, 2.0 W/cm?, PRF(Pulse
Repetition Frequency) 1 kHz, DC(Duty Cycle) 20%,
PNP(Peak Negative Pressure) 0.5 MPa, with 10 s ir-
radiation, 10 s interval, and a total of 20 min. The
injection dose of schisandrin A was 20 mg/kg, and
the microbubble injection dose was 0.3 mL/kg. The
treatment was given every 3 days for a total of 16
days. Tumor observation: Ultrasound was used to
observe the tumor growth at the inoculation site 7
days and 16 days after treatment. This experiment
was independently repeated three times with con-
sistent results.

The treatment evaluation effect in situ
by ultrasound imaging

In this study, mindray M9cv Doppler ultrasound
was used to collect the in situ tumor images of
animals in each group before and after treatment.
The acquisition method was as follows: under the
guidance of ultrasound, the tumor site was deter-
mined, and the longest and shortest diameters of
the tumor were measured at the same time. This
experiment was independently repeated three
times with consistent results.

Serum inflammatory factors detection

Twenty-four hours after the last treatment, blood
samples were collected from the abdominal aorta
of rats and stored in a test tube without anticoagu-
lant. The samples were placed at 37°C for coagu-
lation, and after blood coagulation, the samples

were equilibrated and centrifuged (4°C, 2000 g,
centrifugal radius was 7.5 cm), and the final ob-
tained supernatant was the serum. The contents of
TNF-a, IL-13 and IL-6 in serum were determined
by enzyme-linked immunosorbent assay. The spe-
cific operation steps are as follows: 10 uL stand-
ards and 10 uL samples were added into the wells
of the corresponding reaction plates. 40 uL TNF-a/
IL-1B/IL-6 Biotin and 40 uL TNF-a/IL-13/IL-6 POD
were added to each well. The plates were mixed
gently for 30 seconds, the wells were sealed, and
the plates were incubated at room temperature for
45 minutes. Washed the plate: dump all the liquid
in the plate, washed the reaction plate with wash-
ing solution (add 350 pL of washing solution to
each well), and removed water droplets (pat dry
on thick absorbent paper): washed 5 times repeat-
edly. 100 pL of chromogenic solution was added to
each well, gently mixed for 10 seconds, and incu-
bated at room temperature for 20 minutes. Added
100 pL stop solution to each well. Gentle mixing
for 30 s: OD values were read at 50 nm within 30
min. This experiment was independently repeated
three times with consistent results.

Histopathological examination

Fresh liver tumor tissues were taken and fixed
with fixative solution for more than 24 hours.
The tissues were removed from fixative solution
and trimmed in a fhood with a scalpel. Then, the
tissues were dehydrated and immersed in wax,
embedded, sectioned, hematoxylin staining, eo-
sin staining, dehydrated and sealed. Finally, mi-
croscopic examination and image acquisition and
analysis were performed. Pathological evaluation
was made by pathologists under a microscope.
Sample preparation was performed as follows:
sampling, fixation, dehydration, transparency,
wax immersion, embedding, and sectioning. The
procedure for HE staining was as follows: The sec-
tions were successively washed in xylene I 10 min,
xylene II 10 min, absolute ethanol I 5 min, abso-
lute ethanol II 5 min, 95% alcohol 5min, 90% alco-
hol 5 min, 80% alcohol 5 min, 70% alcohol 5 min,
distilled water. The sections were stained with
Harris hematoxylin for 3-8 min, washed with
tap water, differentiated in 1% hydrochloric acid
alcohol for 7 seconds, rinsed with tap water, re-
turned to blue in 0.6% ammonia water, and rinsed
with running water. Sections were stained in eo-
sin staining solution for 1-3min. The slices were
successively placed in 95% alcohol I 5, min, 95%
alcohol II 5 min, absolute ethanol I 5 min, absolute
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ethanol II 5 min, xylene I 5 min, xylene II 5 min
for dehydration and transparency. The slices were
taken out of xylene to dry slightly and sealed with
neutral gum. This experiment was independently
repeated three times with consistent results.

The expression of HIF-1a, VEGF and
VEGFR-2 by immunohistochemistry

The paraffin sections of liver tumor tissue were
deparaffinized to water, and then underwent an-
tigen repair, endogenous peroxidase blocking,
serum blocking, primary antibody, secondary
antibody, DAB staining, nucleus counterstain, de-
hydration and sealing. Finally, the sections were
taken out of xylene to dry slightly, and sealed with
sealing glue for microscopic examination. Specific
IHC procedures are as follows: Paraffin sections
were routinely deparaffinized to water. 3% hydro-
gen peroxide was used for 10 min at room tem-
perature to inactivate endogenous enzymes, and
the cells were washed twice with distilled water.
The sections were immersed in 0.01 mol/L citrate
buffer solution (pH 6.0), heated to boiling in mi-
crowave oven, and then turned off. After an in-
terval of 5 min, the sections were cooled repeat-
edly and washed twice x 3 min with PBS buffer
(pH 7.2-7.6). The blocking solution was added
droppers at room temperature for 20min. Toss off
any excess liquid without washing. Appropriate
primary antibodies (Rat Anti-VEGF 1:300; Rat
Anti-VEGFR2 1:200; Rat Anti-HIF-1a 1:200), in-
cubated at 37°C for 2 h. Washed 3 min x 3 times
with PBS buffer (pH 7.2-7.6). The working solution
of biotinylated secondary antibody was added at
20~37°C for 20min. Washed 3 min x 3 times with
PBS buffer (pH 7.2-7.6). Working solution of horse-
radish enzyme-labeled streptavidin was dropped
and washed 3 min x 3 times with 20~37°C, 20 min,
PBS buffer (pH 7.2-76). The reaction time was con-
trolled under the DAB chromoscope at room tem-
perature, generally between 5 and 30 min. Light
counterstained with hematoxylin, dehydrated,
sealed with transparent neutral gum, and ob-
served under microscopy. This experiment was
independently repeated three times with consist-
ent results.

Protein expression levels detection of
PI3K-AKT-mTOR signaling pathway

The tumor tissue was taken and detected by
Western blottting. About 200 mg of fresh tumor
tissue was weighed, then liquid nitrogen was add-
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ed while grinding in a mortar, the ground tissue
was weighed in a peeled and precooled centrifuge
tube. Then, the tumor tissue was fully lysed with
RIPA (Radio Immuno Precipitation Assay) lysate
containing 50 mM Tris (pH 7.4), 150 mM NaCl, 1%
Triton X-100, 1% sodium deoxycholate, 0.1% SDS,
and inhibitors containing sodium orthovanadate,
sodium fluoride, EDTA, leupeptin. The total pro-
tein was extracted and the protein content was
determined by BCA method. The protein samples
(50 pg) were denatured, subjected to 12% poly-
acrylamide gel electrophoresis, transferred to pol-
yvinylidene fluoride (PVDF) films, and blocked
with 5% skim milk for 2 h at 4°C. Then, antibodies
against PI3K, p-AKT, AKT, p-AKT, mTOR and p-
mTOR proteins were added (diluted 1:1 000) and
incubated at 4°C overnight. The membranes were
washed with TBST buffer, the secondary antibody
(dilution 1:10 000) was added, and the membranes
were incubated for 2 hours at room temperature.
The membranes were washed with TBST (Tris
Buffered Saline Tween20) buffer, and after adding
ECL (Electro Chemi Luminescence) solution, the
membranes were exposed and developed in an au-
tomatic chemiluminescence gel imaging analysis
system. This experiment was independently re-
peated three times with consistent results.

Statistical analysis

SPSS 22.0 statistical software was used for all sta-
tistical analyses of this study. The measurement
data were expressed as mean + standard deviation.
Comparison between groups was performed us-
ing analysis of variance. P < 0.05 for the difference
was considered statistically significant.

Results

Span-PEG microbubbles loaded with
schisandrin A exhibited a stable physical
and chemical properties

Figure 1A shows the structure SEM of Span-PEG
composite microbubbles loaded with schisandrin
A. The prepared microbubbles have smooth sur-
face and uniform particle size. Figure 1B and 1C
show the particle size distribution and Zeta po-
tential of Span-PEG composite microbubbles, re-
spectively. From the measurement results and dis-
tribution curves, it can be seen that the composite
microbubbles have uniform size and single peak
particle size distribution. The average particle size
is 595.3 nm, less than 700 nm, and the Zeta poten-
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TABLE 1. Loading rate of schisandrin A in Span and
polyethylene glycol (Span-PEG) composite microbubbles

oamberol,  AUOINES gote orloa
1 0.524 8.68
2 0.536 8.88
3 0.541 8.96
Mean 0.534 8.84
SD 0.009 0.14

tial is -18.8 mV, which is relatively stable. It meets
the requirements as an ultrasound contrast agent.

Span-PEG composite microbubbles
showed a satisfactory loading rate of
schisandrin A

According to the experimental method, the stand-
ard curve of schisandrin A was drawn. The stand-
ard curve equation of schisandrin A was: Y =
0.0121X-0.0012, R?=0.9992.

The absorbance value of schisandrin A in Span-
PEG composite microbubbles was measured and
substituted into the standard curve to calculate
the loading rate of schisandrin A. The results are
shown in Table 1. The loading rate of schisandrin
A in Span-PEG composite microbubbles was 8.84
+ 0.14%, the encapsulation efficiency was 82.24 +
1.21%.

Schisandrin A could reduce cell survival
rate

The results of MTT assay showed that the cell sur-
vival was inhibited to varying degrees after treat-
ment with different concentrations of schisandrin
A for 24h. The cell survival rates of 0 pg/mL, 1
ug/mkL, 2 ug/mL, 4 ug/mL, 8 ug/mL, 16 ug/mL, 32
pug/mL, 64 pg/mL schisandrin A on Walker-256
cells after 24 hours were 100.00%, 72.36%, 64.52%,
45.90%, 33.39%, 24.78%, 21.97%, 17.44%, respective-
ly. The IC50 value was 2.87 pug/mL. The concentra-
tion of schisandrin A selected for this experiment
was 2.5ug/mL, as shown in Figure 2.

U+M+D treatment could effectively
inhibit cell survival

Compared with the control group, the cell sur-
vival rate of each experimental group decreased
significantly: group C (100%) > group U (98.31%) >
group M (95.68%) > group D (53.14%) > group U+D
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FIGURE 1. Analytical characterization of Span and polyethylene glycol (Span-
PEG) microbubbles loaded with schisandrin A (A) The structure SEM of schisandrin
A microbubbles; (B) The particle size distribution; (C) Zeta potential of schisandrin
A microbubbles, (n = 6).
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FIGURE 2. The Walker-256 cell survival rate of schisandrin A (n = é; compared with
control group [0 pug/mL], **P < 0.01).
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(42.53%) > group U+M+D (32.17%). There were sig-
nificant differences among the groups (F = 626.5, P
<0.0001), group D wvs. group D+U (MD =-0.32587, P
<0.001), group D vs. group D+M+U (MD = -0.52608,
P < 0.001), group D+U vs. group D+M+U (MD =
-0.32673, P < 0.001), as shown in Figure 3.

U+M+D treatment could significantly
increase the intracellular content of
schisandrin A

Under the selected chromatographic conditions,
the chromatographic profiles of schisandrin A
standard, blank intracellular liquid, blank in-
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FIGURE 4. The confent of schisandrin A in the cells of each group (A.
Chromatogram of standard schisandrin A; B. Chromatogram of blank intracellular
fluid; C. Chromatogram of blank intracellular solution + standard schisandrin
A; D. Chromatogram of the tested intracellular liquid; E. Comparison of drug
concentrations between different groups, n = é; *Compared with C group P <
0.001; ##Compared with D group P < 0.001)

Pre-treatment

Post-treatment

tracellular liquid + schisandrin A standard and
the tested intracellular liquid were obtained
(Figure 4A-D). The standard curve of schisandrin
A was drawn to obtain the linear regression equa-
tion Y = 0.0544X+0.0128 (R2= 0.9997), and the linear
range was 0-6.4 pg/mL. The average concentra-
tion of schisandrin A in each group was calculat-
ed by taking the peak area of schisandrin A into
the equation: group M (0 pug/mL); group U (0 ug/
mL); Group D 0.33 pug/mL; Group D+U 0.46 ug/mL;
Group D+M+U 0.76 pg/mL. There were significant
differences in intracellular drug concentrations
among the groups (F = 587.5, P < 0.0001), Group D
vs. Group D+U (MD = -0.13667, P < 0.001), Group D
vs. Group D+M+U (MD =-0.43500, P <0.001), Group
D+U vs. Group D+M+U (MD = -0.29833, P < 0.001),
shown in Figure 4E.

Microbubble group

Ultrasound Group

Ultrasound+ SA

U+M+D treatment showed the best anti-
tumor effect

The experimental results showed that the tumor
in the control group (without treatment drugs), M
(microbubbles) group and U (ultrasound) group
had progressed and enlarged, and the other dif-
ferent treatment groups had significant effects
before and after drug treatment (P < 0.05). Among
them, the tumors in the ultrasound + schisandrin
A group and the ultrasound + microbubble group
showed a certain degree of atrophy (P < 0.05). The
most significant effect was in the ultrasound +
schisandrin + A microbubble group (P < 0.01). The
results suggest that schisandrin A has a certain
anti-tumor effect, and the microbubbles loaded
schisandrin A can promote the intake of schisan-
drin A in tumor cells after blasting at the tumor
site under ultrasound irradiation, thus playing the
best anti-tumor effect, as shown in Figure 5.

Serum inflammatory factors (TNF-a, IL-
6, IL-1B) decreased obviously in U+M+D
group

The experimental results showed that the levels of
inflammatory factors in the control group (without
therapeutic drugs) were higher, and there was no
significant improvement for the levels of inflam-
matory factors in M group and U group. However,
there were significant differences among the
groups for TNF-a, (F = 73.698, P < 0.001), Group
C vs. Group D+U (MD = 0.745, P < 0.01), Group C
vs. Group M+U (MD = 1.228, P < 0.01), Group C vs.
Group D+M+U (MD =2.060, P <0.01), Group D+U vs.
Group M+U (MD = 0.483, P < 0.01), Group D+U vs.
Group D+M+U (MD = 1.315, P < 0.01), Group M+U

Ultrasound +microbubble Ultrasound+microbubble+SA

FIGURE 5. The changes in fumor size before and after drug freatment detected by Ultrasound images (n = é; *Compared with Pre-tfreatment
group, P <0.05; *Compared with Pre-treatment group, P < 0.01).
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vs. Group D+M+U (MD =0.831, P <0.01). There were
significant differences among the groups for IL-6,
(F=828.16, P <0.001), Group C vs. Group D+U (MD
= 47280, P < 0.01), Group C vs. Group M+U (MD =
68.040, P < 0.01), Group C vs. Group D+M+U (MD =
74.818, P < 0.01), Group D+U vs. Group M+U (MD
= 20.760, P < 0.01), Group D+U vs. Group D+M+U
(MD = 27539, P < 0.01), Group M+U vs. Group
D+M+U (MD = 6.78, P < 0.01). There were signifi-
cant differences among the groups for IL-13, (F =
230.955, P < 0.001), Group C vs. Group D+U (MD =
9.99, P <0.01), Group C vs. Group M+U (MD =17.54,
P <0.01), Group C vs. Group D+M+U (MD =2714, P
< 0.01), Group D+U vs. Group M+U (MD =756, P <
0.01), Group D+U vs. Group D+M+U (MD = 1715, P
< 0.01), Group M+U vs. Group D+M+U (MD = 9.60,
P < 0.01). Compared with the control group, the
levels of inflammatory factors in the ultrasound
+ schisandrin A (U+D) group and the ultrasound
+ microbubble group (U+M) showed a downward
trend. The level of decrease was most pronounced
in the ultrasound + schisandrin A + microbubble
(U+M+D) group, as shown in Figure 6.

The pathological improvement was most
obvious in U+M+D group

In the control group, the tumor cells were closely
arranged and the intercellular space was small,
the nuclear showed atypia, the nuclei were large,
the nuclear to cytoplasmic ratio was high, and
mitotic figures were visible (red arrows), necrosis
of tumor cells was occasionally observed (yellow
arrow), the nuclei were pyknotic and hyperchro-
matic, there was a small amount of thin collagen
fiber proliferation between the tumor cells (green
arrow). There was no improvement in pathology
for microbubble and ultrasound group. Compared
with control group, in the ultrasound + schisan-
drin A group, the mitosis of tumor cell nuclei de-
creased (red arrows), there was a decrease in col-
lagen fibers between tumor cells (green arrow),
balloon-like swelling of tumor cells was observed
(blue arrow). Compared with control group, in the
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FIGURE 6. Detection of serum inflammatory factors (tumor necrosis factor-a
[TNF-a], interleukin-6é [IL-¢], interleukin-1B [IL-1R]) in different group (n = 6,
*Compared with C group, P < 0.01; #Compared with D+U group, P < 0.01;

&Compared with M+U group, P < 0.01).

ultrasound + microbubble group, tumor necrosis
was increased (yellow arrow), the mitosis of tu-
mor cell nuclei was decreased (red arrows), there
was a decrease in collagen fibers between tumor
cells (green arrow). Compared with control group,
in the ultrasound + schisandrin A + microbubble
group, tumor cell necrosis was significantly in-
creased (yellow arrow), the mitosis of tumor cell
nuclei was significantly decreased (red arrows),
balloon-like swelling of tumor cells was signifi-
cantly observed (blue arrow), there was a decrease
in collagen fibers between tumor cells (green ar-
row), as shown in Figure 7.

The immunohistochemical improvement
was most obvious in U+M+D group

The results of immunohistochemistry showed that
the control group (without treatment drugs) had a
large staining area and strong staining intensity.
There was no improvement in immunohistochem-
ical result for microbubble and ultrasound group.
Compared with the control group, the staining
area of ultrasound + schisandrin A group was
smaller and the staining intensity was weakened.
Compared with the ultrasound + schisandrin A
group, the staining area of the ultrasound + mi-
crobubble group and the ultrasound + schisandrin
A microbubble group gradually became smaller,

e

Ultrasound+SA Ultrasound + microbubble

Ultrasound + microbubbles+SA

P

FIGURE 7. Histopathological changes in different groups (division of the tumor cell nucleus [red arrows], hyperplasia of collagen fibers [green
arrows], necrosis of tumor cells [yellow arrows], and balloon-like swelling of tumor cells [blue arrows]).
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FIGURE 8. Immunohistochemical changes in different groups.

as shown in Figure 8. The above results showed
that the expression of HIF-1a, VEGF and VEGFR-2
proteins in the tumor tissues of the ultrasound +
schisandrin A group, the ultrasound + microbub-
ble group and the ultrasound + schisandrin A mi-
crobubble group showed a weakening trend (P <
0.01), as shown in Figure 9.

PI3K/AKT/mTOR signaling pathway was
most inhibited in U+M+D group

Compared with the control group, the relative
protein expression levels of p-PI3K, PI3K, p-Akt,
AKT, p-mTOR, mTOR proteins in the ultrasound +
schisandrin A group and the ultrasound + schisan-
drin A microbubble group were significantly de-
creased (P < 0.05), and the ultrasound + schisan-
drin A microbubble group had the most obvious
effect. It was suggested that schisandrin A can
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HIF-1a VEGF = U
VEGFR-2
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FIGURE 9. The expression of hypoxia inducible factor-la (HIF-1a), vascular
endothlial growth factor (VEGF) and vascular endothelial growth factor receptor
2 (VEGFR-2) proteins in the tumor tissues (n = 6, *Compared with C group, P < 0.01;
#Compared with D+U group, P <0.01; &Compared with M+U group, P < 0.01)
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HIF-1a

VEGF

Ultrasound + mierobubble Ultrasound + microbubbles+SA

inhibit the PI3K/AKT/mTOR signaling pathway in
tumor tissues. After ultrasonograph-assisted mi-
crobubble destruction, the uptake of schisandrin
A by tumor cells was further promoted, so the tu-
mor inhibition effect was more obvious, as shown
in Figure 10.

Discussion

Microbubbles (MBs) combined with ultrasound
appeared to be an alternative therapeutic strategy
for many diseases, and showed good clinical re-
sults.” The combination of microbubbles and ul-
trasound had emerged as a promising method for
local drug delivery. Microbubbles could be locally
activated by a targeted ultrasound beam, which
could result in several bio-effects, this was essen-
tial for targeted tumor therapy.?? In addition to the
development of new types of ultrasound contrast
agents, various imaging methods dedicated to
contrast agents had been introduced, and some of
them were now commercially available.?!

This study found that the ultrasound irradia-
tion microbubble contrast agent could increase the
concentration of schisandrin A in Walker-256 cells,
and the cytotoxic of schisandrin A on Walker-256
cells could be enhanced by the ultrasound irradia-
tion microbubble contrast agent. The combination
of ultrasonic microbubble contrast agent with low
dose of cytotoxic drugs could achieve the killing
effect of high dose of drugs on tumor cells when
the drug was used alone, and it could reduce the
toxic side effects on normal cells and tissues. It
could not only improve the efficacy of chemother-
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number of necrotic cells appeared in the tissues.

Although different degrees of cell necrosis and MTOR e e s 259kDa

hemorrhage were observed in all groups except the
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more significant (P < 0.05). Studies had shown that T

HIF-1a, a transcription factor of VEGF, could regu-

late the expression of its downstream target gene Ultrasound

VEGEF through a variety of pathways.??2* VEGFR-2
was the main receptor of VEGF for angiogenesis.?
The combination of VEGF and VEGFR-2 could
promote the proliferation and extension of vascu-
lar endothelial cells and induce the formation of
new blood vessels, which was conducive to the
proliferation, invasion and metastasis of tumors.
Therefore, HIF-1a/VEGF/VEGFR pathway was a
key signal pathway to regulate tumor angiogen-
esis.” In this study, immunohistochemical results
showed that the expressions of HIF-1a, VEGF and
VEGFR-2 in the D+M+U group were significantly
decreased (P < 0.01), indicating that ultrasound
combined with schisandrine A microbubbles
could effectively inhibit the HIF-1a/VEGF/VEGFR
pathway, thereby acting as an anti-tumor agent.

Inflammatory cytokines refer to the various
cytokines involved in the inflammatory response.
Among the many inflammatory cytokines, TNF-a,
IL-1B, IL-6 and so on played a major role. In gen-
eral, the content of cytokines in body was very low,
and it participated in anti-inflammatory and anti-
tumor effects with a variety of factors. Cytokines
was highly expressed in liver cancer. After treat-
ment, the drug and microbubble destroyed the
microenvironment involved in tumor occurrence,
inhibited the enzymes that promote tumor growth
and proliferation, blocked the continued growth
and metastasis of tumors, and then reduced the
production of tumor necrosis factor in the body’s
immune response, so that the serum level of tumor
body after schisandrine A microbubbles treatment
became low (P < 0.01).

PI3BK/AKT/mTOR signaling pathway played an
important role in the proliferation, metastasis, en-
ergy metabolism, autophagy and drug resistance
of liver cancer.?® In recent years, the relationship

FIGURE 10. Protein expression results of phosphoinositide 3-kinase (PI3K)/AKT/
mammalian target of rapamycin (MTOR) signaling pathway in tumor tissues (n = 6,
*Compared with Control, P < 0.05; **Compared with Control, P < 0.01).

between autophagy and tumors had attracted
more and more attention from scholars. Studies
had found that autophagy could inhibit tumor for-
mation by reducing the accumulation of useless or
damaged organelles and proteins, inhibiting oxi-
dative stress and other processes. That was, pro-
moting the autophagic activity of tumor cells and
even inducing autophagic death could play an anti-
tumor role. PI3K belonged to the lipid kinase fam-
ily and could be activated by many cytokine recep-
tors.?” The activation of PI3K led to the phospho-
rylation of Akt and further activates downstream
signaling molecules such as mTOR, thereby in-
hibiting autophagy. mTOR was usually highly ex-
pressed in tumor cells.?® Inhibition of mTOR func-
tion and inactivation of PI3K/Akt/mTOR signaling
pathway could induce autophagy.? The results of
western blot analysis in the present study showed
that the p-PI3K, PI3K, p-Akt, Akt, p-mTOR, mTOR
were significantly decreased in liver cancer tis-
sues treated with schisandrin A combined with
ultrasound (P < 0.01). These results suggested that
schisandrin A combined with ultrasound might
have an inhibitory effect on PI3K/Akt /mTOR sign-
aling pathway in liver cancer.

In this study, we conducted a preliminary ex-
periment on the selection of ultrasound param-
eters. For the intensity of ultrasound, when the in-
tensity was lower than 1.5 W/cm?, the therapeutic

Radiol Oncol 2024; 58(2): 221-233.
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effect was not good, and the microbubbles could
not be fully burst to exert the anti-tumor effect.
When the intensity was higher than 2.5 W/cm?, it
would cause damage to the body’s own tissues,
and the side effects would increase significantly.
After repeated attempts, we found that 2.0 W/cm?
could reduce the toxic and side effects of drugs on
normal tissues and organs, reduce the deposition
of drugs in non-targeted sites, improve the tumor
selectivity of drugs, and improve the tumor effi-
cacy. Therefore, we had selected 2.0 W/cm? as the
optimal ultrasonic intensity parameters.

In addition, there were other ultrasound pa-
rameters that played a crucial role in the effect of
treatment. PRF (Pulse Repetition Frequency) was a
key parameter affecting blood flow effect. Higher
PRF could significantly enhance the blood supply
of the tumor area, produce stronger blood perfu-
sion effect and obtain higher tissue drug concen-
tration. The PNP (Peak Negative Pressure) of ultra-
sound was one of the parameters most related to
the cavitation effect. The higher the peak negative
pressure, the stronger the cavitation effect and the
more serious the pathological changed. Therefore,
it was necessary to choose moderate parameters to
prevent damage to normal tissues. The ultrasonic
cavitation effect occurred during the ultrasonic
signal transmission. Therefore, increasing the du-
ty cycle (DC) could prolong the actual ultrasonic
signal transmission time, thereby enhancing the
cavitation effect, accelerating the release of drugs
and enhancing the therapeutic effect. We had sys-
tematically investigated the above parameters to
ensure that the efficacy could be improved while
the side effects could be reduced.

Conclusions

In this study, the imaging microbubbles loaded
with schisandrin A were prepared and their
significant inhibitory effect on tumor cells was
verified. The results showed that ultrasound
combined with drug-loaded microbubbles could
significantly increase the drug uptake in tumor
cells, which was an effective way to improve the
anti-tumor effect of drugs. The results in the or-
thotopic animal model of liver cancer showed that
ultrasound combined with Schisandin A contrast
microbubbles could significantly reduce the tumor
volume, reduce the level of inflammatory factors
in the animal body, and effectively inhibit the HIF-
1a/VEGF/VEGFR pathway and PI3K-AKT-mTOR
signaling pathway, which was a potential impor-

Radiol Oncol 2024; 58(2): 221-233.

tant therapeutic mechanism. This study would lay
a scientific foundation for the improvement of the
diagnosis and treatment of liver cancer.
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Background. The high mortality rate of pancreatic ductal adenocarcinoma (PDAC) is primarily attributed to me-
tastasis. Laminin subunit alpha 3 (LAMA3) is known to modulate tumor progression. However, the influence of LAMA3
on liver metastasis in PDAC remains unclear. This study aimed to elucidate whether LAMAS expression is increased in
PDAC with liver metastasis.

Patients and methods. We exiracted information related to LAMA3 expression levels and associated clinicopatho-
logical parameters from The Cancer Genome Atlas (TCGA) and four Gene Expression Omnibus (GEO) datasets.
Clinicopathological analysis was performed; the Kaplan-Meier Plotter was used to evaluate LAMAS3's prognostic ef-
fectin PDAC. We retfrospectively collected clinicopathological data and tissue specimens from 117 surgically treated
patients with PDAC at the Affiliated Hospital of Qingdao University. We assessed LAMA3 expression and investigated
its correlation with the clinicopathological traits, clinical outcomes, and hepatic metastasis.

Results. Amplified expression of LAMA3 was observed in PDAC tissue compared with normal tissue in the TCGA and
GEO databases. High LAMAS expression was associated with poor overall survival (OS) and relapse-free survival (RFS)
in patients with PDAC. LAMAS3 expression was significantly enhanced in PDAC fissues than in adjacent fissues. Tumor
tissues from patients with PDAC exhibiting liver metastasis showed higher LAMAS3 expression than those without liver
metastasis. High LAMAS expression correlated with large tumor size and TNM stage. LAMA3 expression and liver me-
tastasis were independent predictive factors for OS; the former was independently associated with liver metastasis.
Conclusions. LAMA3 expression is elevated in patients with PDAC with liver metastasis and is a predictor of prognosis.

Key words: pancreatic ductal adenocarcinoma; laminin subunit alpha 3; liver metastasis; prognosis

Introduction incidence and mortality.! The 5-year survival rate

of patients with PDAC is < 10%, with an extremely
Pancreatic ductal adenocarcinoma (PDAC), a dis-  poor prognosis. If this trend is sustained, the im-
ease that is prevalently observed within the diges- pending decade may witness pancreatic cancer
tive system, is distinguished by its severe malig- ascending to the rank as the second most lethal
nancy and exhibits a disconcerting confluence of  cancer.2 Most patients with PDAC remain asymp-

Radiol Oncol 2024; 58(2): 234-242. doi: 10.2478/raon-2024-0020
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tomatic until the disease reaches advanced stages.
Ninety percent of patients with PDAC diagnosed
only after metastasis have a poor prognosis, with
50% developing systemic metastasis.>* The poten-
tial for enduring survival among patients with
PDAC considerably depends on tumor size and
disease stage. Therefore, early detection of po-
tentially curable cancers is crucial for reducing
mortality rates among patients with PDAC. The
elucidation of key molecular mechanisms and pro-
spective intervention targets associated with pan-
creatic cancer metastasis will aid in deciphering
the genetic and molecular underpinnings of this
disease, provide biomarkers for preliminary warn-
ing and metastasis surveillance, and pave the way
for enhancing the survival prospects of patients
with pancreatic cancer.

Laminin, a heterotrimeric molecule consisting
of a, B, and y subunits, is the primary constituent
of the extracellular matrix while collagen and fi-
bronectin form the basement membrane. Among
the three subunits of laminin, the a subunit is in-
volved in tissue-specific distribution and biologi-
cal activity.> Laminin subunit alpha 3 (LAMAS3),
which encodes for the laminin a subunit, enables
its globular carboxyl-terminal domain to engage
with integrins at the plasma membrane, thereby
participating in intracellular signal transduction.®
Currently, LAMA3 contributes to cell prolifera-
tion and apoptosis in diverse malignant tumors
and modulates tumor progression through signal
transduction pathways, such as focal adhesion
plaques.” The aberrant expression of LAMAS3 in
various tumors is inextricably associated with the
clinical stage, tumor size, and pathological mani-
festations of patients.® However, the influence of
LAMAS3 on liver metastasis in PDAC remains un-
clear. This study aimed to clarify LAMA3 expres-
sion in PDAC and investigate the relationship be-
tween LAMAS3 expression and liver metastasis in
patients with unresectable PDAC.

Patients and methods

Procurement of bioinformatics analysis
data

RNA sequencing expression traits, along with their
associated clinical data pertaining to LAMA3,
were procured from the The Cancer Genome Atlas
(TCGA) dataset (https://portal.gdc.com). The cur-
rent-release GTEx datasets were accessed from the
GTEx data portal website (https://www.gtexportal.
org/home/datasets). The data comprised 179 tumor

samples and 4 normal samples sourced from the
TCGA, in addition to 328 normal mRNA expres-
sion data points from GTEx. Corresponding plat-
form annotation files were obtained from the Gene
Expression Omnibus (GEO) database (http:/www.
ncbinlm.nih.gov/geo/) to validate the expression
levels of LAMAS in PDAC. Finally, we identified
four datasets: GSE28735 (n = 90), GSE62452 (n =
130), GSE101448 (n = 43), and GSE62165 (n = 131). To
perform a clinicopathological analysis of LAMAS3,
we used University of ALabama at Birmingham
CANcer (UALCAN) (http://ualcan.path.uab.edu).
Survival curves were generated using the Kaplan-
Meier Plotter database (http://kmplot.com/analy-
sis/).1

Acquisition of human pancreatic ductal
adenocarcinoma (PDAC) specimens and
clinicopathological data

Our study included 117 patients with PDAC who
underwent pancreatic surgery at the Affiliated
Hospital of Qingdao University. These patients
had not received any anticancer treatment before
surgery, and the diagnosis of pancreatic carci-
noma was confirmed by postoperative pathol-
ogy. Paraffin-embedded tumor tissues were ob-
tained from each patient, and the corresponding
para-carcinomatous tissues were obtained from
60 patients. All patients provided informed con-
sent, and the investigation was conducted in ac-
cordance with the Declaration of Helsinki with
the endorsement of the Medical Ethics Committee
of the Affiliated Hospital of Qingdao University
(QYFYWZLL27485 and QYFYWZLL27608).

Clinicopathological data were obtained from
retrospective medical records, which consisted
of age, sex, tumor size, tumor location, histo-
logical grade, perineural invasion, lymph node
metastasis, vascular invasion, liver metastasis,
tumor-node-metastasis (TNM) stage, preopera-
tive serum carcinoembryonic antigen (CEA), and
carbohydrate antigen 19-9 (CA19-9) concentra-
tions. Overall survival (OS) was calculated as the
interval between surgery and either death or last
follow-up appointment. The dates of death were
ascertained from hospital records or follow-up tel-
ephone interviews.

Immunohistochemistry

Paraffin-embedded PDAC and para-cancerous tis-
sues underwent sequential sectioning at a thick-
ness of 4 pm. After baking, deparaffinizing, and

Radiol Oncol 2024; 58(2): 234-242.
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FIGURE 1. Expression of laminin subunit alpha 3 (LAMAS3) in pancreatic ductal
adenocarcinoma (PDAC) and normal fissues from the Cancer Genome Aflas
(TCGA) database (A) and the Gene Expression Omnibus (GEO) database (B-E).
Expression of LAMA3in 179 PDAC and 332 normal tissues from TCGA (A); Expression
of LAMAS in 45 PDAC and 45 normal tissues from GSE28735 cohort (B); Expression
of LAMAS in 69 PDAC and 61 normal tissues from GSE62452 cohort (C); Expression
of LAMA3 in 24 PDAC and 19 normal tissues from GSE101448 cohort (D); Expression
of LAMA3in 118 PDAC and 13 normal tissues from GSE62165 cohort (E).

****p<0.001.

hydrating, the paraffin sections were ensconced
in a pressure cooker for 10 min for antigen repair.
Subsequently, the antigen repair box was relocated
to an ice box for a 25-min interval, permitting cool-
ing to room temperature. To curb endogenous per-
oxidase activity, the tissue sections were immersed
in a concoction of 3% hydrogen peroxide and
methanol for 15 min. Each section received a block-
ade of 10% sheep serum and incubated at 37°C for
half an hour. This was followed by an overnight

Radiol Oncol 2024; 58(2): 234-242.

incubation at 4°C with primary antibodies (1:100 L,
no. ab242197; Abcam Inc.), followed by incubation
with secondary antibodies (no. ab242197; Abcam
Inc.) at 37°C for 30 min. The tissue sections were
then stained with 3, 3-diaminobenzidine (Roche)
for 5-10 min at room temperature. Hematoxylin
(Roche) was used for counterstaining for 25 s be-
fore proceeding with dehydration, clarification,
and sealing. Microscopic visualization was per-
formed to record the images. An independent duo
of pathologists evaluated all samples.

The cytoplasmic staining score (CF) was de-
fined as follows: 0 (0-20%), 1 (21-50%), 2 (51-75%),
and 3 (>75%). Moreover, the cytoplasmic staining
intensity (CI) was categorized as 0 (negative), 1-2
(weak), and 3 (strong). The cytoplasmic composite
score was calculated as CFxCL

Statistical analyses

For all the TCGA and GEO databases, we used
the Wilcox test to perform differential expres-
sion analysis between tumor and normal tissues.
Categorical variables are expressed as frequencies
and percentages, and significance was determined
using the X2 or Fisher’s exact test. Quantitative
variables are expressed as meanststandard de-
viations, and significance was determined using
Student’s t-test. Non-normally distributed vari-
ables are expressed as medians and interquartile
ranges, and significance was determined using
the Mann-Whitney U test. Multivariate logistic
regression analyses were performed to identify
the independent risk factors for PDAC. We used
the cutoff points of the test variables produced on
receiver operating characteristic curves. Survival
analysis was performed using Kaplan-Meier
analysis and assessed using the log-rank test. Cox
regression analysis was performed to analyze the
effect of OS on the survival of patients with PDAC.
All analyses were performed using SPSS version
24.0, GraphPad Prism version 8.0.1, and R software
version 4.0.3. P < 0.05 was considered statistically
significant.

Results

Elevation of laminin subunit alpha 3 in
PDAC and its correlation with prognosis
using bioinformatics analysis

Using the TCGA database, we identified a promi-
nent divergence in LAMA3 expression between
PDAC tissues (n = 179) and normal tissues (n = 332)
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(P < 0.001) (Figure 1A). Four datasets (GSE28735,
GSE62452, GSE101448, and GSE62165) were ob-
tained from the GEO database and used as vali-
dation sets. The results showed that LAMA3 was
significantly upregulated in PDAC tissues (all P <
0.001) (Figure 1B-E).

To further elucidate the role of LAMAS3 in PDAC,
we investigated its expression using various clin-
icopathological parameters. LAMA3 expression
displayed no remarkable correlation with age
(Supplementary Figure 1A), sex (Supplementary
Figure 1B), and drinking habits (Supplementary
Figure 1C) in patients with PDAC. Grade 1 indicat-
ed a well-differentiated (low-grade) tumor, grade
2 denoted a moderately differentiated (intermedi-
ate-grade) tumor, grade 3 indicated a poorly differ-
entiated (high-grade) tumor, and grade 4 indicated
an undifferentiated (high-grade) tumor. The grade
of patients with PDAC influenced LAMA3 expres-
sion, and heightened expression was observed
in grades 2 and 3 (Supplementary Figure 1D).
However, there was no significant difference in
LAMAS3 expression with respect to nodal me-
tastasis (Supplementary Figure 1E) or diabetes
(Supplementary Figure 1F).

Survival curves were generated using the
Kaplan-Meier Plotter database. Elevated LAMA3
expression was positively associated with poorer
OS (Figure 2A, hazard ratio [HR] = 3.86, P < 0.001)
and relapse-free survival (RFS) (Figure 2B, HR =
406726946.65, P < 0.001). These results demonstrate
that high LAMAS3 expression is associated with an
unfavorable prognosis in patients with PDAC.

Clinical characteristics of patients with
PDAC

After meticulous filtering according to the inclu-
sion and exclusion criteria, 117 patients with PDAC
were included in this study. The baseline charac-
teristics of the patients are summarized in Table 1.
The mean age of all patients was 62.43 + 9.33 years,
with males accounting for 73 (62.3%) of the total
population. Pancreaticoduodenectomy and dis-
tal pancreatectomy were performed in 69 and 48
patients, respectively. In our cohort, 61 postsur-
gical patients received chemotherapy, 3 patients
received radiotherapy, 6 patients received immu-
notherapy, and 4 patients received interventional
therapy. Based on the immunohistochemical re-
sults of LAMA3 expression levels, the patients
were categorized into groups with high or low
expression. Notably, 62 patients showed elevated
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FIGURE 2. The expression of laminin subunit alpha 3 (LAMAS3) for prediction of
overall survival (OS) and relapse free survival (RFS) in patients with pancreatic
ductal adenocarcinoma (PDAC). OS (A), RFS (B).

LAMAS3 expression. The univariate analyses of the
two cohorts are presented in Table 1.

Increased LAMAS3 expression correlated with
large tumor size (P = 0.007), and the degree of
LAMAS3 expression was associated with different
TNM stages (P = 0.002). In addition, LAMA3 ex-
pression was higher in tumor tissue from patients
with PDAC and liver metastases than those with-
out liver metastases (P = 0.005). In the two groups,
the surgical modalities used were significantly
different (P = 0.036), but there were no significant
differences in age, gender, tumor location, histo-
logical grade, perineural invasion, vascular inva-
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FIGURE 3. Representative immunohistochemical staining of laminin subunit alpha
3 (LAMAZ3) in pancreatic ductal adenocarcinoma (PDAC) and adjacent normal
tissue. High expression of LAMA3 in PDAC tissue (A) compared with adjacent tissue
(B). Low expression of LAMA3 in PDAC tissue (C) compared with adjacent tissue
(D). Magnification, x400

Radiol Oncol 2024; 58(2): 234-242.



238 Xing Y et al./ Laminin subunit alpha 3 in pancreatic ductal adenocarcinoma

TABLE 1. Characteristics of all patients sion, lymph node metastasis, CEA and CA19-9 lev-
els, and adjuvant systemic therapy (P > 0.05).

LAMAS3 expression

Characteristics All Hig:z Lg\;_vs pvawve Heightened expression of LAMA3 in
N ) PDAC tissues relative to adjacent tissues

Age(year), meantSD 62.43+9.33 62.19+9.38 62.69+9.36 0.775
Sex, n (%) 0.615 Immunohistochemistry was performed to meas-
Male 73 (62.4) 40 33 ure LAMA3 expression in PDAC and adjacent
Female 64 (37.4) = = 1 tissues. LAMAS3 staining was almost un-
Tumor location, n (%) 0.054 norma . . & .. .
Head 70 (59.8) - 38 detectable in normal tissues, and protein 1pten51ty
Body and tail 47 (40.2) 30 1 was negative (Suppleme.nt.ary Table 1, Flgl-lre 3).
Tumor size, 1 (%) 0.007 Conversely, moderate staining and a robust inten-
<2¢cm 5 (4.3) 2 3 sity of LAMAS3 protein expression were observed
>2cmand<4cm 81 (69.2) 37 44 in PDAC tissues. The results demonstrated that
>4cm 31 (26.5) 23 8 LAMAS3 expression was significantly higher in
Histological grade, n (%) 0.810 carcinoma specimens than in the adjacent tissues
Gl 31 (26.5) 17 14 (P < 0.001).
CA=9 86 (73.5) 45 41
TNM stage, n (%) 0.002
I 92 (78.6) 42 50 Superior expression of LAMA3 in PDAC
H-1v 25 (21.4) 20 5 tumor tissues exhibiting liver metastasis
Perineural invasion, n (%) 0.921 . . . .
Yes 91 (77.8) 48 43 All patients with PDAC were categorized into two
No 26 (22.2) 14 12 groups based on the emergence or absence of liver
Vascular invasion, n (%) 0.340 metastasis postoperatively (Table 2). Univariate
Yes 37 (31.6) 22 15 analysis showed that histological grade (P = 0.001),
No 80 (68.4) 40 40 TNM stage (P = 0.013), and vascular invasion (P
Lymph node metastasis, n (%) 0.255 = 0.018) were significantly associated with liver
ves 49 (41.9) 29 20 metastasis. Immunohistochemistry was used to
Mo . 68 (58.2) 3 % assess LAMAS3 expression in patients with PDAC
Lver metastass. - (Z) 0.005 with or without liver metastasis. LAMA3 expres-
Yes 45 30 15 . . . . .
No 79 29 43 sion in tumor tlssuc.es from p.atuntn.ts with P.DAC
CEA (ng/mi) 0.392 and liver metastasis was significantly higher
<12 108 (92.3) 56 52 than in those without liver metastasis (P = 0005)
>12 9(7.7) 6 3 Representative immunohistochemical images are
CAI19-9 (U/ml) 0.395 shown in Figure 4. Age, sex, tumor location, tu-
<282 74 (63.2) 37 37 mor size, lymph node metastasis, perineural in-
> 282 43 (36.8) 25 18 vasion, and serum CEA and CA19-9 levels were
Suigieel moeielines, [ (¢4 0.036 ot associated with the development of liver me-
Pancreaticoduodenectomy 69 (59) 3! 38 tastasis. Significant factors from the univariate
Distal pancreatectomy 48 (41) 31 17 . . .

- analysis, as shown in Table 2, were incorporated
Postoperative 0.77 . . . .. . .
chemotherapy, n (%) into the multivariate logistic regression analysis

Yes 60 40 20 (Supplementary Table 2). The results showed that

No 57 41 16 histological grade and LAMA3 expression were
Postoperative radiotherapy, 0.063 independently associated with liver metastasis.
n (%)

Yes 3 2 1

No 114 79 35 High LAMA3 expression correlates with
Immunotherapy, n (%) 0.068 poor PDAC prognosis

Yes 6 4 2

No m 77 34 The median survival times of patients with low
Interventional therapy, n (%) 0.374 and high LAMA3 expressions were 29 and 14

Yes 4 4 months, respectively. The 1-, 2-, and 3-year surviv-

No 114 77 36 al rates of the high-expression group (n = 62) were

(o) 0, 0, 3
CEA = carcinoembryonic antigen; CA19-9 = carbohydrate antigen 19-9; LAMA3 = laminin 58.1%, .14'5 Jo, and 4.8%, 1;espect1ve1y. Conversely,
subunit alpha 3 those in the low-expression group (n = 55) were
90.9%, 472%, and 16.4%, respectively. Using
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Kaplan-Meier curves, high LAMAS3 expression in
PDAC was associated with poor OS, suggesting an
unfavorable prognosis (P < 0.001) (Figure 5).
Univariate analysis suggested that tumor size,
TNM stage, liver metastasis, and LAMA3 expres-
sion had a significant prognostic influence on OS
(Table 3). Multivariate survival analysis revealed
that LAMAS3 expression (HR, 2.016; 95% confi-
dence interval [CI], 1.257-3.234; P = 0.004) and liv-
er metastasis (HR, 2.284; 95% CI, 1.426-3.657; P =
0.001) were independent predictive factors of OS.

Discussion

Pancreatic cancer is a highly aggressive neoplasm
of the digestive system and is characterized by a
mortality rate equal to its incidence rate. Its strong
invasiveness and early metastasis render approxi-
mately 80% of patient ineligible for surgical inter-
vention at the time of diagnosis. This results in
a 5-year survival rate < 10%. Current treatment
approaches for PDAC include surgical resection
combined with chemotherapy, radiation therapy,
interventional therapy, and immunotherapy. Even
in patients with resectable localized tumors, the
postoperative 5-year survival rate remains ap-
proximately 20%.!2 The major contributor to the
high mortality rate of PDAC is its propensity for
early metastasis, which poses a significant chal-
lenge in clinical management. Consequently, there
is an urgent need to identify additional predictive
biomarkers to enhance the risk stratification of pa-
tients with PDAC.

LAMAS3, a member of the laminin family, plays
a pivotal role in cellular processes by interacting
with integrins on the cell membrane and par-
ticipating in the intracellular signal transduction
pathways. Recent studies have implicated elevated
LAMAS3 expression in various types of tumors,
where it appears to promote cell proliferation,
apoptosis, and tumor progression by modulating
signal transduction pathways.”® Zboralski ef al.
demonstrated the simultaneous functional inac-
tivation of the tumor suppressor mothers against
decapentaplegic homolog 4 (SMAD4) and invasive
growth of tumors in rectal and pancreatic cancers.
Laminin 332 (LM-332) is the target of SMAD4, a
positive transcriptional regulator that promotes
the transcription of LAMA3, LAMB3, and LAMC2
genes encoding LM-332. SMAD4 mediates tran-
scriptional activity through distinct molecular
mechanisms associated with the LAMA3, LAMB3,
and LAMC2 promoters.!® Additionally, Huang et
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FIGURE 4. Representative immunohistochemical staining of laminin subunit alpha
3 (LAMAB3) in pancreatic ductal adenocarcinoma (PDAC) with and without liver
metastasis. Low expression of LAMA3 in PDAC fissues (A) without liver metastatic.
High expression of LAMAS in PDAC ftissues (B) with liver metastasis. Magnification,
x400.

al. highlighted the increased expression of LAMA3
protein in PDAC tumor cells relative to that in nor-
mal pancreatic cells. They further showed that
high LAMAS3 expression promoted the prolifera-
tion, migration, and invasion of PDAC tumor cells.®
However, the effect of LAMAS3 on liver metastasis
in PDAC has not been fully elucidated. This study
aimed to clarify the expression profile of LAMA3
in PDAC and investigate its potential association
with liver metastasis in patients diagnosed with
unresectable PDAC.

In this study, we integrated data from the TCGA
database with four independent datasets from the
GEO database as validation cohorts and found that
LAMAS3 expression was upregulated in PDAC,
validating previous study findings.* Furthermore,
through the analysis of clinical samples, we ob-
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FIGURE 5. The expression of laminin subunit alpha 3 (LAMAS3) for prediction of
overall survival (OS) in patients with Pancreatic ductal adenocarcinoma (PDAC).
Survival analysis was carried out with Kaplan-Meier and checked by log-rank test.
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TABLE 2. Univariate analysis of clinicopathological characteristics in patients with
pancreatic ductal adenocarcinoma with and without liver metastasis

Liver metastasis Without liver

Characteristics (n = 45) metastasis (n = 72) P-value

Age (year), M (IQR) 63 (58-69) 63 (56-68) 0.814

Sex, n 0.717
Male 29 44
Female 16 28

Tumor location, n 0.456
Head 25 45
Body and tail 20 27

Tumor size, n 0.240
<2cm 2 3
>2cmand<4cm 28 53
>4cm 15 16

Histological grade, n 0.001
Gl 20 11
G2-3 25 61

TNM stage, n 0.013
1=l 30 62
- 15 10

Perineural invasion, n 0.170
Yes 38 53
No 7 19

Vascular invasion, n 0.018
Yes 20 17
No 25 55

Lymph node metastasis, n 0.110
Yes 23 26
No 22 46

CEA (ng/ml) 0.701
<12 41 67
>12 4 5

CA19-9 (U/ml) 0.832
<282 29 45
> 282 16 27

LAMA3 expression, n 0.005
High 30 29
Low 15 43

CEA = carcinoembryonic antigen; CA19-9 = carbohydrate antigen 19-9; LAMA3 = laminin

subunit alpha 3

served that LAMA3 was overexpressed in pan-
creatic carcinoma tissues compared with adjacent
noncancerous tissues. When we analyzed clinico-
pathological data from the UALCAN database, we

Radiol Oncol 2024; 58(2): 234-242.

found that LAMA3 expression levels correlated
with the histological grade of tumors in patients
with PDAC. However, our analysis of clinical data
revealed that high LAMA3 expression was associ-
ated with larger tumor size, advanced TNM stage,
and liver metastasis. This discrepancy may be due
to the inherent bias from our relatively small sam-
ple size. Jun et al. demonstrated that overexpres-
sion of the a3, $3, and y2 chains of LM-332 might
play a crucial role in the progression and progno-
sis of PDAC.”®> Based on these findings, we evalu-
ated the prognostic value of LAMA3 expression
in patients with PDAC. Using the Kaplan-Meier
Plotter dataset, which incorporates data from the
GEQO, European Genome-phenome Archive, and
TCGA databases, we found that high LAMA3
expression was strongly associated with worse
OS and RFS in patients with PDAC. Additionally,
we followed up 117 patients with PDAC and ob-
served that high LAMA3 expression in PDAC was
correlated with poor OS, indicating an overall
poor prognosis. Univariate and multivariate Cox
regression analyses further demonstrated that
LAMAS3 was an independent predictive factor for
mortality in patients with PDAC. In conclusion,
these results strongly support that the expression
of LAMAS3 can serve as a robust prognostic bio-
marker of PDAC.

Metastasis, the primary cause of cancer-related
mortality, continues to be an area of limited un-
derstanding regarding its cellular and molecular
mechanisms.!® Various studies have implicated
LAMAS3 in different mechanisms of metastasis.
Shu et al. demonstrated that the overexpression of
LINCO00936 hindered ovarian cancer progression
by competitively binding to miR-221-3p and mod-
ulating LAMAS3 expression.” Moreover, Xu et al. re-
ported that LINC00628 could obstruct cell prolif-
eration, invasion, migration, and apoptosis while
reducing drug resistance in lung adenocarcinoma
cells by downregulating the methylation of the
LAMAS3 promoter®. Kinoshita et al. demonstrated
that miRNA-218 modulated the focal adhesion
pathway, thereby impeding tumor cell invasion
and metastasis.” The liver, which serves as the pri-
mary blood-borne drainage site for related organs,
such as the portal vein system, colon, and pan-
creas, is crucial for distant metastasis in patients
with PDAC."” To gain a deeper understanding of
the correlation between LAMAS3 and liver metas-
tasis in PDAC, we examined independent risk fac-
tors associated with liver metastasis. Univariate
analysis revealed that histological grade, TNM
stage, vascular invasion, and high LAMA3 expres-
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Univariate analysis

Multivariate analysis

Variables
HR (95% CI) P-value HR 95% ClI) P-value

Age 1.009 (0.985-1.035) 0.459 1.009 (0.983-1.035) 0.512
Sex 1.346 (0.850-2.131) 0.205 0.696 (0.435-1.112) 0.696
Tumor location (head vs. body and tail) 0.895 (0.573-1.399) 0.628 0.780 (0.474-1.283) 0.327
Tumor size

<2cmvs.>4cm 0.543 (0.186-1.583) 0.263 0.626 (0.191-2.054) 0.440

>2cmand<4cmyvs.>4cm 0.607 (0.373-0.987) 0.044 0.637 (0.337-1.204) 0.165
Histological grade (G1 vs. G2-3) 1.263 (0.778-2.049) 0.345 1.378 (0.797-2.383) 0.251
TNM stage (I-11 vs. llI-IV) 0.374 (0.227-0.615) <0.001 1.505 (0.855-2.647) 0.157
Perineural invasion (yes vs. no) 0.803 (0.464-1.389) 0.432 1.158 (0.611-2.196) 0.652
Vascular invasion (yes vs. no) 0.693 (0.442-1.085) 0.109 0.912 (0.529-1.572) 0.741
Lymph node metastasis (yes vs. no) 0.796 (0.513-1.235) 0.308 0.883 (0.548-1.423) 0.609
Liver metastasis (yes vs. no) 0.364 (0.231-0.574) <0.001 2.284 (1.426-3.657) 0.001
CEA (212 vs. >12) 0.512 (0.256-1.026) 0.059 1.622 (0.788-3.340) 0.189
CA19-9(<282 vs. >282) 0.969 (0.613-1.533) 0.894 0.963 (0.560-1.655) 0.891
LAMAS3 (low vs. high) 0.407 (0.259-0.641) <0.001 2.016 (1.257-3.234) 0.004

CAI19-9 = carbohydrate antigen 19-9; CEA = carcinoembryonic antigen; Cl = confidence interval; HR = hazard ratio; LAMA3 = laminin subunit

alpha 3

sion were significantly associated with liver me-
tastasis. Multivariate logistic regression analyses
demonstrated that LAMAS3 and histological grade
were independent predictive factors for liver me-
tastasis in patients with PDAC. These findings in-
dicate that poor differentiation and high LAMA3
expression are correlated with an increased risk of
metastasis.

This study has both strengths and limitations,
necessitating further investigations to confirm
and expand our findings. One of the strengths of
this study is the use of data from public databases
combined with bioinformatics analysis. This ap-
proach allows the utilization of large amounts of
data, thus increasing the reliability and statistical
power of our findings. We complemented this da-
tabase analysis with clinical data to verify our re-
sults by adding another validation layer. However,
this study has some limitations. This study was
entirely based on data from public databases; al-
though we used clinical data to confirm our find-
ings, future studies with larger sample sizes and
varied population groups are required to further
validate our results. We evaluated LAMAS3 expres-
sion in PDAC tissues using immunohistochemis-
try, which, although a common and reliable tech-

nique, only provides a snapshot of LAMA3 expres-
sion and does not provide functional information.
Therefore, additional functional experiments are
required to better understand the role of LAMA3
in PDAC. Finally, our study did not fully explore
the mechanism by which LAMA3 promotes liver
metastasis in PDAC. Understanding these mecha-
nisms requires a series of in-depth molecular and
cellular biology studies involving in vitro and in
vivo models. By identifying and understanding
the precise mechanisms involved, new potential
therapeutic targets for PDAC can be identified.

This retrospective analysis suggests that
LAMAS3 may serve as a potential biomarker for
predicting the prognosis of patients with PDAC.
The increase in LAMAS3 expression in PDAC tis-
sues and its association with liver metastasis fur-
ther underscore its potential role in disease pro-
gression. While these findings provide important
insights, they also highlight the need for further
studies. Understanding the specific mechanisms
by which LAMAS3 contributes to PDAC progres-
sion and liver metastasis may help uncover new
therapeutic targets, potentially leading to more
personalized treatment strategies.

Radiol Oncol 2024; 58(2): 234-242.
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Increased LAMAS3 expression is associated with
poor prognosis and liver metastasis in patients
with PDAC. Our results indicate that LAMA3 can
be a novel predictor of poor prognosis in patients
with PDAC and liver metastasis, and LAMA3 may
be a promising candidate for targeted therapy for
PDAC liver metastasis.
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Background. Fatigue after breast cancer freatment is @ common burden that is challenging to treat. The aim of this
study was to explore if such infegrated rehabilitation program reduces the prevalence of chronic fatigue compared
to simple, non-integrated rehabilitation.

Patients and methods. The subjects of our prospective study were 600 female breast cancer patients (29-65 [mean
52 years] of age), who participated in the pilot study on the individualized integrated rehabilitation of breast cancer
patients in 2019-2021 and were monitored for one year. The control group included 301 patients and the intervention
group numbered 299 patients. The patients completed three questionnaires (EORTC QLQ-C30, -BR23 and NCCN):
before cancer freatment, and then six and twelve months affer the beginning of cancer freatment. The control
group obtained the standard rehabilitation program, while the intervention group was part of the early, individualized
multidisciplinary and integrated approach of rehabilitation. The rehabilitation coordinator referred patients for addi-
fional interventions (e.g., psychologist, gynecologist, pain management team, physiotherapy, clinical nutrition feam,
kinesiologist-guided online training, vocational rehabilitation, general practitioner). Data on the patients’ demograph-
ics, disease extent, cancer tfreatment and complaints reported in questionnaires were collected and analyzed.
Results. There were no differences between the control and the intervention group of patients in terms of age,
education, disease extent, surgical procedures, systemic cancer freatment, or radiotherapy, and also no differences
in the fatigue before the beginning of tfreatment. However, patients from the control group had a greater level of
constant fatigue than patients from the intervention group half a year (p = 0.018) and a year (p = 0.001) after the
beginning of freatment. Furthermore, a greater proportion of patients from the control group experienced significant
interference with their usual activities from fatigue than from the intervention group, half a year (p = 0.042) and a
year (p = 0.001) after the beginning of freatment. A multivariate logistic regression showed that one year after the
beginning of freatment, the only independent factor correlated to fatigue was inclusion info the intervention group
(p = 0.044). Inclusion in the intervention group was beneficial—patients from the control group were 1.5 fimes more
likely to be fatigued.

Conclusions. Early individualized integrated rehabilitation is associated with a lower prevalence of chronic fatigue
or fatigue interfering with usual activities in breast cancer patients in comparison to the control group of patients.

Key words: early integrated rehabilitation; fatigue; breast cancer; EORTC questionnaire
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Introduction

Breast cancer is the most common malignancy in
women worldwide.! New diagnostic options and
treatments result in a survival rate as high as 85—
90% after five years in developed countries which
sets a new challenge for health care systems — how
to successfully improve the quality of life of breast
cancer patients during and after the treatment.>®
The most important tool in achieving a good qual-
ity of life is early, optimized, individualized and
integrated rehabilitation adapted to the needs of
each patient.?

Fatigue is one of a number of burdens for breast
cancer patients, which is caused by the cancer it-
self or its treatment. Fatigue is characterized by
persistent physical, emotional, and cognitive tired-
ness related to cancer and/or cancer treatment that
is not proportional to recent physical activity, in-
terferes with usual functioning and is not relieved
by rest or sleep.®” It can also be a barrier to cancer
survivors’ return to work.® A meta-analysis, which
included 12,327 breast cancer survivors, reported
that approximately one in four breast cancer sur-
vivors suffer from severe fatigue.” Fatigue usually
improves after the treatment, but it can also have

long-term effects and can progress to chronic fa-
tigue.®

Rehabilitation can help persons with chronic
disease or impairment to achieve and maintain the
highest possible physical, social, psychological,
and occupational functioning.® Rehabilitation is
a dynamic process that starts with the diagnosis
and continues to the end of life. Implementation of
guidelines for fatigue evaluation and management
is best accomplished by an interdisciplinary team
who are able to tailor interventions to the needs
of the individual patient.!" Patients are therefore
referred to an appropriate health care provider -
survivorship, palliative care, integrative oncology,
psychology, psychiatry, physical therapy, voca-
tional therapy, and/or physical medicine. The re-
sults are best if rehabilitation starts early, ideally
before the beginning of the treatment.!

Breast cancer patients in this study were offered
an improved rehabilitation program, that started
soon after diagnosis and was tailored to individual
needs. The aim of this study was to explore if such
integrated rehabilitation program reduces the
prevalence of chronic fatigue compared to simple,
non-integrated rehabilitation.

w Assessed of eligibility (N=621)

Excluded (N=21)

® Declined to participate (N=6)

® |nadequate knowledge of Slovenian language (N=5)
® Other (N=4)

® Unknown (N=6)

[ 1

Allocated to intervention group (N=299):
received integrated rehabilitation

Lost to follow-up (N=0)
Discontinued intervention (N=16)

|

Analysed (N=299)
Excluded form analysis (N=0)

FIGURE 1. A flowchart of patients’ inclusion in our study.

Radiol Oncol 2024; 58(2): 243-257.

—
—

Allocated to control group (N=301):
received standard rehabilitation

|

Lost to follow-up (N=0)
Discontinued intervention (N=13)

Analysed (N=301)
Excluded form analysis (N=0)
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Patients and methods
Patients

A prospective pilot study included patients that
were diagnosed and treated at the Institute of
Oncology Ljubljana (IOL), Slovenia, from 2019 to
2022. Consecutively, 600 patients with all stages of
invasive breast cancer and aged less than 65 years
at the time of diagnosis were included. The exclu-
sion criterion was if the patient refused to partici-
pate in the study or was unable to fill in the ques-
tionnaires. A flowchart of patients” inclusion in
our study is presented in Figure 1. The study was
reviewed and approved by the Protocol Review
Board (ERID-KSOPKR-0086/2019) and the Ethics
Committee of the Institute of Oncology Ljubljana
(ERIDEK-0102/2019). The study was performed in
accordance with the ethical standards laid down
in the appropriate version of the 1964 Declaration
of Helsinki and conducted with the understanding
and consent of all the subjects involved.

All 600 planned patients were included in the
study by December 2021. The control group con-
sisted of 301 patients that were included in the
study from December 2019 to the end of March
2021 and had already received existing routine
non-integrated rehabilitation, i.e, without a sys-
tematic patient needs evaluation and preemptive
measures. Implementation of non-integrated reha-
bilitation began only if the individual patient spe-
cifically highlighted her problem in the outpatient
clinic and/or when the attending physician noticed
the need of the individual patient and directed her
to appropriate treatment.

The inclusion of 299 patients in the interven-
tion group started in September 2020 and ended in
December 2021. In the intervention group, we in-
cluded only those patients who live near the OIL,
as we wanted them to be able to come twice a week
to exercise in Ljubljana. The patients in the inter-
vention group received integrated and individual-
ized rehabilitation accordingly to the IOL’s clinical
guidelines and pathway of integrated rehabilita-
tion developed specially for this study. Due to the
COVID-19 pandemic, the study was prolonged
with respect to the initial timeframe to reach the
targeted number of participants.

Study protocol

During scheduled check-ups with the oncolo-
gist, each patient answered three standardized
questionnaires (the European Organization for

Research and Treatment of Cancer [EORTC]
QLQ-C30, -BR23 and the National Comprehensive
Cancer Network [NCCN]) before the treatment,
half a year, and one year after the beginning of
the treatment. The EORTC quality of life ques-
tionnaires (QLQ) and NCCN questionnaire are an
integrated system for assessing the health-related
quality of life of cancer patients.!''* The EORTC
QLQ-C30 consists of a global health quality of
life scale, five functional scales (physical, role,
emotional, cognitive, and social function), and
symptom scales (fatigue, nausea and vomiting,
pain, dyspnea, insomnia, appetite loss, constipa-
tion, diarrhea, and financial difficulties).> The
EORTC QLQ-BR23 consists of symptom scales of
systemic therapy side effects (upset by hair loss,
arm symptoms, breast symptoms) and functional
scales (body image, future perspective, sexual
functioning, and sexual enjoyment).* The NCCN
questionnaire included questions about cardiac
health, anxiety, depression, distress, cognitive
function, fatigue, lymphedema, pain, hormone-re-
lated symptoms, sexual function, sleep disorder,
healthy lifestyle (regular physical activity or ex-
ercise, diet, weight, use of vitamins or other sup-
plements, smoking and consumption of alcohol),
employment, and return to work.!

After completing all three standardized ques-
tionnaires, each patient also had an interview with
a specialized registered nurse—a rehabilitation co-
ordinator. The coordinator recorded the patient’s
most important needs and specific circumstances.
The documentation of each patient from the inter-
vention group was discussed at the multidiscipli-
nary meeting for integrated rehabilitation before,
half a year, and one year after the beginning of
treatment. The multidisciplinary team consisted
of an integrative rehabilitation coordinator, surgi-
cal oncologist, radiation oncologist, medical on-
cologist, psychologist, psychiatrist, general prac-
titioner, physiotherapist, psychiatrist, specialist in
medical rehabilitation and physical medicine, spe-
cialist in vocational medicine, and gynecologist.!
The aim was to identify the patient’s problems
early, predict the late treatment consequences, im-
plement measures to prevent or diminish the pa-
tient’s problems and start rehabilitation as soon as
needed. The mainstay of the patient’s integrative
rehabilitation was educating and empowering the
patient to self-care and to be able to manage her
symptoms and prevent undesired side effects of
treatment, as already described in our recent pub-
lication."

Radiol Oncol 2024; 58(2): 243-257.
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Management of a patient with fatigue

All patients were screened for fatigue with ques-
tionnaires as recommended in the NCCN clinical
practice guidelines for survivorship, IOL’s guide-
lines and clinical pathway of integrated rehabili-
tation.!'!>1¢ The fatigue was graded in four grades
(1 - without, 2 - mild, 3 - moderate, or 4 - severe)
according to the EORTC QLQ-C30 questionnaire.!?
According to the NCCN questionnaire!’'51¢ the
level of fatigue was assessed with a quantitative
or semi-quantitative assessment on a 0 to 10 nu-
meric rating scale (zero = no fatigue and 10 = worst
fatigue imaginable). Mild fatigue had a score of 1
to 3, moderate fatigue 4 to 6, and severe fatigue 7
to 10.

According to the IOL guidelines and clinical
pathway, the individualized integrated rehabili-
tation was carried out on three levels.’>'® The first
level was the treatment of all diseases and condi-
tions that contribute to fatigue or may cause an in-
creased baseline level of fatigue. The patients with
moderate to severe fatigue (numeric scale from 4
to 10) were evaluated by the oncologist and/or gen-
eral practitioner with regard to current disease
status, history and physical examination, review
of current medications, review of organ systems,
and evaluation of other concurrent symptoms and
contributing factors. The most important diseases
that affect baseline fatigue such as heart failure or
chronic kidney disease, thyroid malfunction, and/
or anemia were ruled out clinically and by labora-
tory tests.

Secondly, all our patients from the control and
intervention group were educated about a healthy
lifestyle and were offered various techniques and
training to help them cope with fatigue. All pa-
tients received written information about these
topics and had information available on the web-
site of the IOL dedicated to integrative rehabilita-
tion. Prevention of fatigue is especially important
before starting chemotherapy. Education and
counseling are believed to be central to the effec-
tive management of fatigue!! and the rehabilitation
coordinator devoted a lot of time to patient edu-
cation during each patient’s visit. Cancer patients
were encouraged to engage in regular moderate
physical activity for at least 150 minutes per week
and were educated about appropriate exercise to
reduce fatigue. Patients were advised to be physi-
cally active each day by walking, cycling, doing
resistance exercise, or a combination of aerobic
and resistance exercise. All our patients from the
intervention group who were treated with chemo-

Radiol Oncol 2024; 58(2): 243-257.

therapy or reported fatigue had been asked to join
a physical activity guided by a kinesiologist twice
a week conducted online by a videoconference. On
average more than 30 patients attended each vide-
oconference. Advice on maintaining a healthy diet
was given during a visit to the Clinical Nutrition
and Dietotherapy outpatient clinic at our Institute
as well as during online workshops guided by ex-
perienced clinical nutritionists. Since November
2021, the patients with fatigue from the interven-
tion group were recommended to join the vide-
oconferences with a yoga teacher once a week.

Thirdly, patients from the intervention group
with moderate or severe fatigue were referred for
consultations and treatment of fatigue to the oncol-
ogist, general practitioner, clinical psychologist or
psychiatrist, pain relief clinic acupuncture, and/or
yoga. All the interventions were covered by health
insurance. Psychosocial interventions were recom-
mended to all our patients with moderate to severe
fatigue. These were available sooner for the first
half of the intervention group than for the con-
trol group of patients as the COVID-19 pandemic
prevented group therapies from taking place and
enabled individual therapies from March 2020 on-
wards. However, because of a shortage of clinical
psychologists in our country it was more difficult
to obtain psychosocial intervention for the second
part of the intervention group of patients. IOL's
psycho-oncology department provided psycho-
logical counseling, crisis interventions, and cogni-
tive behavioral psychotherapy. Evaluation at the
psycho-oncology department was done during the
first year after the beginning of oncological therapy
in the intervention and control group of patients in
127 and 42 patients, respectively. Altogether 36 pa-
tients from the intervention group attended from
one to eight (median 5.6) online group meetings
with a clinical psychologist.

Depending on the patient’s needs, the patient
was referred also to other healthcare providers
within the framework of the Slovenian health
system. Anesthesiologists from the Institute of
Oncology Ljubljana offered acupuncture as well
as pharmacological therapy. General practitioners
had the possibility to refer the patient to a num-
ber of workshops held at the Center for Health
Promotion, which operates within the community
health centers.

Statistical analysis

Data on the patients’ demographics, disease extent,
cancer treatment, fatigue, and other complaints re-
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FIGURE 2. Data and statistical analysis from EORTC C30 questionnaires about the global health quality of life scale,
physical, role, emotional, cognitive, and social function scale, symptom scales about fatigue, pain and insomnia in the
intervention and control group of patients before treatment, half a year, and a year after the beginning of treatment.
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TABLE 1. Demographic and clinical characteristics of patients, pathological characteristics of fumors and treatment. P-value refers to difference
between confrol and intervention group; it is calculated by t-test in case of comparing means and by chi-squared test in case of counts

All patients

Control group Intervention

Factor Subgrou rou P-value
gareup (N = 600) (N = 301) (N=259)
Mean age of patients 50.78 50.59 50.97 0.601
(years)
Urban 287 125 162
Living areas Suburban 105 53 52 0.003
Rural 208 123 85
Education Primary school 66 39 27
(N = 599) Secondary school 242 17 125 0.290
Higher 291 144 147
Low 71 36 85
Socioeconomic status Middle 432 217 215 0.940
Higher 95 46 49
Alone 58 24 34
) ) With partner only 145 71 74
mt: :;h;)’m they live Partner and children 289 147 142 0.600
With children only 42 22 20
Other 63 35 28
e Unemployed 54 35 19
(N = 581) Employed 433 209 224 0.067
Retired 94 45 49
Mean primary tumor size (mm) 26.3 25.5 27.2 0.285
In situ 10 5 5
| 260 133 127
Tumor stage Il 214 97 17 0.152
I 81 50 31
v 85 16 19
. . No 301 154 147
Concomitant diseases Yes 299 147 152 0.624
Neoadjuvant chemotherapy No 465 227 237 0.241
and/or anti-HER-2 therapy Yes 135 74 61
Mastectomy 252 135 17
Breast surgery Tumorectomy 326 156 170 0.357
No surgery 22 10 12
Lymphadenectomy 151 83 86
Lymph node surgery Sentinel node biopsy 417 204 213 0.337
No surgery 32 14 18
No 431 214 217
Breast reconstruction Tissue expander 127 69 58 0.402
Free-flap 42 18 24
Breast external beam No 149 83 66 0.13]
radiotherapy Yes 451 218 233
No 280 137 143
Chemotherapy Yos 320 164 156 0.623
. No 522 264 258
Anti-HER2 therapy Yes 78 37 41 0.629
No 132 69 63
Hormone therapy Yes 468 232 236 0.623

ported in questionnaires were collected and man-
aged in REDCap (Research Electronic Data Capture)
Version 12.4.22. Additional data processing was
performed in Excel (Microsoft Office Professional
Plus 2016). The average score of all answers to ques-
tions from EORTC questionnaires about different
function scales and symptoms was standardized
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with a linear transformation on a scale from 0 to
100. Differences between scores between the inter-
vention and control groups at the same time point
were assessed with the Wilcoxon signed-ranks
test. Differences measured at two time points (in
the same persons) used the Wilcoxon signed-rank
paired difference test. Distribution between cat-
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TABLE 2. Mean values of psychological factors and pain reported by patients before, half a year and one year after the

beginning of tfreatment

Factor Time of assessment Group Mean value ZZ:VTSSL?I p-value

N B

Depression level After half year Imgrc\)/r:r:c:ilon 22 ?; <0.001
. I I - Q™

Before treatment Intgrov:rrw?ilon ;; gz 0.041

Anxiety level After half year Int(;rovr::\?on 2‘21 ?g <0.001
. I S

Before treatment Int(e:rc\)/ltrr\cf)ilon :;]2 if’) 0.96

ity R
oo S22 o

Before treatment Intgr?/r;trr]?ilon :;]2 i; 0.59

Constant fatigue After half year Int(e::i/r;t;(:ilon gz ij 0.018

doonevesr L 48 o

Before treatment Int(;sgrr\?ilon ig ;2 0.50

Disturbing fatigue After half year Infg;?gr:?on ;; ;g 0.003
oo S22 o

trol 4.2 .

Before treatment Inf(e::;rr\?ion 39 22 0.22

Insomnia After half year Infgr?/r:rr:t)ilon jg :23(7) 0.002
N I O |

trol 2. 2.4

Before tfreatment Infgr?:er:?ion 2.2 20 0.005

Pain After half year Intg:z/rtj;?ilon 23 ;? 0.006
oo S o

egories was analyzed using the chi-square test.
ANOVA was used to test for differences in the
means of three or more groups. Differences be-
tween the answers from the intervention and
control groups to questions from NCCN question-
naires at the same time point were assessed with
the ANOVA test. All statistical analyses were done
in Version 27 of the SPSS Statistical Software and
Software R version 4.2.2. P-values under 0.05 were
considered statistically significant.

Results

Data about patients, disease characteristics, and
treatment are presented in Table 1. There were no
differences between the control and the interven-
tion group of patients in terms of age, education,
disease extent, surgical procedures, systemic can-
cer treatment, or radiotherapy. As expected, both
groups of patients differed in living areas. The
majority of patients from the intervention group

Radiol Oncol 2024; 58(2): 243-257.
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FIGURE 3. Data and statistical analysis from EORTC BR23 questionnaires.
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lived in urban areas, while patients from the con-
trol group were more distributed between rural
and suburban areas. Namely, it was planned that
the patients from the intervention group would
exercise under the supervision of a kinesiologist
in the gym close to our Institute, so only the pa-
tients from central Slovenia were included in the
intervention group. However, due to the COVID-19
pandemic, we could not do physical exercise in the
gym, so it was done online instead.

Control
One year

after therapy |ntervention

Control

Half a year
after therapy Intervention

Before Control

therapy

Intervention

0 10 20 30 40 50 60 70 80 90 100%
EORTC questionnaires = Sum3-6

E Sum 7-9 M Sum 10-12

FIGURE 4. The sum of responses to EORTC questions 10, 12 and 18 in the intervention
and control groups before, half a year, and a year after freatment.

Data and statistical analysis from EORTC C30

questionnaires about the global health quality of
life scale, physical, role, emotional, cognitive, and
social function scale, symptom scales about fa-
tigue, pain, and insomnia in the intervention and
control group of patients before treatment, half a
year, and a year after the beginning of treatment
are presented in Figure 2. Before the treatment,
the patients from the intervention group reported
significantly fewer problems in emotional and
cognitive function scale and pain in comparison to
the control group. Half a year after the beginning
of treatment, the patients from the intervention
group reported significantly fewer problems on
the physical, role, emotional, cognitive, and social
function scale, and pain in comparison to the con-
trol group. A year after the beginning of treatment,
the patients from the intervention group reported
significantly fewer problems on the global health
quality of life scale, physical, emotional, cognitive,
and social function scale, fatigue, and pain in com-
parison to the control group.

Data and statistical analysis from EORTC BR23
questionnaires are presented in Figure 3. Before the
treatment, the patients from the intervention group
reported significantly fewer problems with systemic
therapy side effects but were more concerned about
body image and future perspectives in comparison
to the control group. Half a year after the begin-
ning of treatment, the patients from the interven-
tion group reported significantly fewer problems
with systemic therapy side effects, arm symptoms,
and breast symptoms, but were still more concerned
about body image and future perspectives in com-
parison to the control group. A year after the begin-
ning of treatment, the patients from the intervention
group reported significantly fewer problems with
systemic therapy side effects but were still more
concerned about body image and future perspec-
tives in comparison to the control group.

NCCN questionnaires

Table 2 shows mean values of psychological factors
and pain reported by patients and assessed on a 0
to 10 numeric rating scale (zero = no pain and 10 =
worst imaginable) before, half a year, and one year
after the beginning of treatment. Before the treat-
ment, the patients from the intervention group
reported a significantly lower level of depression,
anxiety, and pain in comparison to the control
group. Half a year and one year after the begin-
ning of treatment, the patients from the interven-
tion group reported a significantly lower level of
depression, anxiety, difficulty concentrating, dis-
turbing fatigue, insomnia, and pain in comparison
to the control group.

Regarding the proportion of patients with phys-
ical activity of at least 150 minutes per week, there
was no difference between the groups before treat-
ment (p = 0.73), but after one year the difference
was statistically significant (p = 0.034). Before the
cancer treatment, smoking was present in the in-
tervention and control group in 22% and 27% (p
= 0.27), respectively. However, one year after the
beginning of cancer treatment, smoking was less
common in the intervention group in comparison
to the control group of patients (p = 0.001).

Fatigue

Regarding question 18 from the EORTC C30 ques-
tionnaire, 50% of the patients answered that they
were not tired when asked before the beginning of
the treatment. After half a year and one year after
the beginning of treatment the answer was no in
only 32% and 34%, respectively.

Radiol Oncol 2024; 58(2): 243-257.
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TABLE 3. The influence of each individual variable on fatigue (univariate models) by individual logistic regressions before treatment, half a year
and one year after the beginning of freatment. OR — odds ratio; Cl — confidence interval

Before treatment

Control group

Half a year after the beginning of treatment

Control group

Age group 45-54 years

Age group 55-64 years

Chemotherapy - yes

Hormonal therapy - yes

Radiotherapy - yes

Neoadjuvant chemotherapy and/or anti-HER2 therapy

Surgery — not done

Surgery — Tumorectomy - yes

Axillary lymphadenectomy - yes

Breast reconstruction — yes

Presence of distant metastases

A year after the beginning of treatment

Control group

Age group 45-54 years

Age group 55-64 years

Chemotherapy - yes

Hormonal therapy - yes

Radiotherapy - yes

Neoadjuvant chemotherapy and/or anti-HER2 therapy

Surgery — not done

Surgery — Tumorectomy - yes

Axillary lymphadenectomy - yes

Breast reconstruction — yes

Presence of distant metastases

OR 95% CI p-value
1.3 0.8-2.2 0.245
OR 95% CI p-value
1.3 0.9-1.9 0.114
1.0 0.7-1.6 0.855
0.9 0.6-1.5 0.803
1.3 0.9-1.9 0.135
0.9 0.6-1.4 0.689
0.8 0.5-1.3 0.364
1.3 0.9-1.9 0.227
1.7 0.6-4.4 0.308
1.3 0.9-1.8 0.208
0.7 0.5-1.1 0.162
0.8 0.5-1.2 0.256
1.4 0.7-2.8 0.403
OR 95% CI p-value
1.5 1.0-2.2 0.046
1.2 0.8-2.0 0.387
0.6 0.4-1.0 0.064
1.4 0.8-1.7 0.493
1.3 0.8-2.2 0.246
0.7 0.5-1.2 0.191
1.2 0.8-1.9 0.347
1.7 0.5-5.2 0.371
1.1 0.7-1.6 0.961
0.7 0.5-1.1 0.161
0.9 0.6-1.3 0.454
1.8 0.8-4.0 0.130

The symptom of fatigue was assessed with the
sum of EORTC questions number 10, 12, and 18 on
the Likert scale (1-without, 2-mild, 3-moderate,
4—severe). The sum of all three answers to EORTC
questions before, after half a year, and after a year
after treatment can be a minimum of 3 and a maxi-
mum of 12. Figure 4 shows the sum of responses to
EORTC questions 10, 12, and 18 in the intervention
and control groups before, half a year, and a year
after treatment. We considered that the patient has
moderate or severe fatigue when the sum of all
three responses was equal to seven or more or at
least one of the patient’s responses was “4—severe”.
Fatigue was present in all our patients before treat-
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ment, half a year, and a year after treatment in
12.7%, 47.7%, and 24.2%, respectively.

The univariate association of each individual
variable on fatigue by individual logistic regres-
sions and multivariate models’ logistic regression
about the association of all included variables si-
multaneously and fatigue are presented in Table 3
and Table 4, respectively.

A multivariate logistic regression analysis
showed that half a year after the beginning of
treatment, fatigue was only associated with treat-
ment with chemotherapy. Patients who received
chemotherapy were 1.6 times more likely to be
fatigued in comparison to those without chem-
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TABLE 4. The influence of all included variables simultaneously on fatigue half a year and a year after the beginning of treatment
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Half a year after treatment

One year after treatment

OR 95% ClI p-value OR 95% ClI p-value
Control group 1.4 0.9-2.0 0.100 1.5 1.0-2.2 0.044
Age group 45-54 years 1.1 0.7-1.7 0.822 1.1 0.7-1.9 0.617
Age group 55-64 years 1.0 0.6-1.6 0.931 0.6 0.3-1.0 0.052
Chemotherapy - yes 1.6 1.1-2.5 0.025 1.3 0.9-2.1 0.206
Hormonal therapy - yes 1.1 0.7-1.8 0.616 1.6 0.9-2.6 0.088
Radiotherapy - yes 0.7 0.4-1.2 0.196 0.7 0.4-1.3 0.277
Surgery — not done 1.2 0.3-4.4 0.745 0.9 0.2-3.9 0.879
Surgery — Tumorectomy - yes 1.6 0.9-2.6 0.080 1.4 0.8-2.4 0.256
Axillary lymphadenectomy - yes 0.7 0.4-1.2 0.232 0.7 0.4-1.2 0.148
Presence of distant metastases 1.4 0.5-3.7 0.491 2.1 0.8-5.9 0.145

OR = odds ratio; Cl = confidence interval

otherapy. But, one year after the beginning of
treatment, treatment with chemotherapy was no
longer associated with fatigue. The only inde-
pendent factor correlated to fatigue was inclusion
into the intervention group. Inclusion into the
intervention group was beneficial; patients from
the control group were 1.5 times more likely to be
fatigued.

Answers to the NCCN questionnaires show
that there were no differences between the groups
regarding constant fatigue before treatment (p =
0.59). However, patients from the control group
had a greater level of fatigue than patients from
the intervention group half a year (p = 0.018) and
a year (p = 0.001) after the beginning of treatment.
Furthermore, there were no differences in mean
value between both groups regarding fatigue
interfering with usual activities before therapy
(0.50). Patients from the control group had more
fatigue interfering with usual activities than from
the intervention group half a year (p = 0.003) and
a year (p <0.001) after the beginning of treatment.

Discussion

Most published reports on oncological rehabilita-
tion include patients who started rehabilitation
after oncological treatment and a minority of re-
ports focus on rehabilitation during oncological
treatment. The purpose of our study was to im-
prove the rehabilitation of our patients with breast
cancer and to start implementing integrated re-

habilitation. Breast cancer patients in this study
were offered an improved rehabilitation program
that started early after diagnosis and was tailored
to individual needs. The aim of this study was to
explore if such integrated rehabilitation program
reduces the prevalence of chronic fatigue com-
pared to simple, non-integrated rehabilitation. We
expected that earlier rehabilitation would reduce
the patients’ difficulties and side effects of treat-
ment, so our patients from the intervention group
started with integrative oncological rehabilitation
already at the beginning and it was carried on also
during oncological treatment. Our results show
that patients who received integrated rehabilita-
tion reported significantly less fatigue and better
quality of life compared to controls.

Before treatment, our two groups of patients did
not differ in terms of fatigue, as the two groups did
not differ in terms of risk factors for fatigue (age,
education level, stage of disease, and extent of treat-
ment). This is understandable, since we allocated
the vast majority of patients to the two groups al-
most randomly according to the time of treatment;
in one group there were patients who started treat-
ment before the other group of patients. The es-
sential reason for lower fatigue in the intervention
group is that these patients received a number of
measures that have been proven to reduce fatigue.
The mainstay of our integrative rehabilitation was
patient education about what they themselves can
do to manage their symptoms, and to mitigate or
even prevent the adverse effects of treatment. In
contrast to the control group, the patients from the
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intervention group had 3 interviews with the inte-
grated rehabilitation coordinator, who during each
interview educated patients about the prevention
and treatment of fatigue. All patients were referred
to a general practitioner for counseling on leading
a healthy lifestyle. Additionally, patients from the
intervention group were advised to be physically
active and were provided with physical exercise
guided by a kinesiologist twice per week, which
was carried out online. They also had the possi-
bility to practice yoga. Furthermore, some patients
with fatigue had psychotherapy interventions and
acupuncture.

Fatigue in breast cancer patients is a common
symptom and varies between different phases of
breast cancer treatment.”'”® Reinertsen et al.'” in-
vestigated levels of fatigue in women before, dur-
ing chemotherapy and at a two-year follow-up.
Chronic fatigue was reported before treatment,
during chemotherapy and two years after the
therapy in 8%, 12%, and 36% of patients, respec-
tively. In our patients, fatigue was present before
treatment, half a year, and a year after treatment
in 13%, 48%, and 24%, respectively. The degree of
difference between our and Norwegian patients
regarding fatigue is probably related to the differ-
ent tests that were used in our and the Norwegian
study. Namely, we used EORTC questionnaires,
while they also used a specific fatigue question-
naire. A meta-analysis showed that after comple-
tion of cancer treatment severe fatigue was present
in 22% to 42% of 12,327 breast cancer survivors
and that risk factors for chronic fatigue were de-
mographic, the stage of disease, and the extent of
oncological therapy.” The relatively low proportion
of fatigue reported by our patients one year after
the start of treatment (24%), compared to the data
from the above-mentioned meta-analysis, could
be attributed to the successful measures received
by the intervention group of patients, which also
reduced the proportion of fatigue in both groups
together.

Many studies reviewed by Ruiz-Casado et al.*
reported that younger and less educated women
had greater fatigue. However, a higher level of
education was significantly associated with mod-
erate to severe fatigue in patients treated with aro-
matase inhibitors.?’ Patients with a partner were
less susceptible to severe fatigue than those with-
out a partner’ On the other hand, many patients
have problems with fatigue even before starting
treatment, and this problem may persist or even
worsen during treatment.”® Preexisting comorbid
conditions or medications used to treat them may
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contribute to increased fatigue early during cancer
treatment.’®® Such conditions include heart dis-
ease, hypertension, diabetes, anemia, obesity, ar-
thritis, or psychiatric conditions.’! Patients who
experience psychosocial distress at baseline and
patients who have a history of depression are prone
to suffer from chronic fatigue.’® Our patients from
the intervention and control groups did not differ
in terms of age, educational structure, or accom-
panying diseases, so the rate of fatigue between
both groups of patients was not different before
the beginning of treatment. However, these factors
might have contributed to the difference in fatigue
rate half a year and one year after the beginning
of treatment. At the time of diagnosis, it is impos-
sible to influence any of the studied independent
risk factors for chronic fatigue. However, our re-
sults clearly show that integrated rehabilitation,
although not able to influence individual risk fac-
tors, reduces the likelihood of developing chronic
or severe fatigue compared to standard care.

Risk of fatigue is significantly higher in pa-
tients treated with chemotherapy.®® Our univari-
ate analysis showed that the patients treated with
chemotherapy had increased risk for fatigue half a
year and one year after the beginning of treatment.
Furthermore, multivariate logistic regression
showed that after half a year, fatigue was the only
factor associated with treatment with chemothera-
py. Patients who received chemotherapy were 1.6
times more likely to be fatigued than those without
chemotherapy. This is much more common than
the 1.12 times more reported in the meta-analysis
by Abrahams et al.° However, one year after the be-
ginning of therapy, treatment with chemotherapy
was not an independent factor associated with fa-
tigue and inclusion in the intervention or control
group of patients was the only independent factor
associated with fatigue. We assume that integrated
oncological rehabilitation decreased fatigue in pa-
tients from the intervention group, while patients
from the control group still experienced fatigue.

Conditions that are a consequence of cancer
treatment such as insomnia or pain can also con-
tribute to fatigue.!® Integrated rehabilitation effec-
tively decreased insomnia and pain in our inter-
vention group of patients. Before treatment, there
were no differences in the frequency of insomnia
between both groups of patients. However, after
half a year and a year, insomnia was more com-
mon in the control group of patients than in the
intervention group. Furthermore, severe pain in
patients from the control group one year after the
beginning of treatment was significantly more
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common than before the treatment. On the other
hand, the proportion of patients with severe pain
in the intervention group did not significantly
change over time.

Several interventions could have positive effects
on a specific symptom or a patient’s problems, and
timing of the intervention is important.2 Proven in-
terventions for prevention or treatment of fatigue
are aerobic exercises, resistance training, yoga,
psychological interventions (cognitive-behavioral
therapy, psychoeducation, mindfulness), healthy
lifestyle interventions, acupuncture, and phar-
macotherapy.’® Our intervention group of patients
were advised and received many of these interven-
tions, while the control group of patients did not
receive these interventions to the same degree.

Aerobic exercise and resistance training is asso-
ciated with an important reduction of fatigue in the
majority of systematic reviews.? Longer duration,
length, and frequency of physical activity has a
stronger effect on reducing fatigue.? Furthermore,
physical activity reduces fatigue if performed dur-
ing or after chemotherapy and/or radiotherapy
treatments.?! Based on these findings, our patients
from the intervention group who had chemother-
apy or fatigue had been recommended to join a
physical activity guided by a kinesiologist twice a
week. One year after the beginning of treatment, a
significantly larger proportion of patients from the
intervention group became more physically active
compared to those from the control group. Juvet
et al.? in a meta-analysis of patients treated with
chemotherapy found that fatigue was significantly
lower in patients who received physical activity in-
tervention in comparison to controls. In the group
with physical activity intervention in comparison
to controls during and after oncological treatment
they reported a lower standard mean difference of
fatigue of 0.19 and 0.52, respectively. Similarly, half
a year and a year after the beginning of treatment,
the rate of fatigue in our integrated rehabilitation
group in comparison to the control group was 1.3
and 1.5 lower, respectively. Furthermore, early in-
tegrated rehabilitation helped smoking cessation
in a significantly larger proportion of patients
from the intervention group compared with the
control group", adding to the healthier lifestyle of
the patients.

Psychological interventions are the second most
effective way to reduce fatigue after physical ac-
tivity.22 Moreover, the combination of physical
activity and psychological interventions is even
more effective than physical activity or psycho-
logical interventions per se.?? During oncological

treatment, fatigue may be effectively reduced with
relaxation exercise, massage, cognitive-behavio-
ral therapy, yoga, and different combinations of
these. Lack of clinical psychologists and psycho-
therapists in Slovenia makes it difficult to access
psychotherapy. Although we had planned that all
patients from the intervention group who needed
it could receive psychological treatment or psy-
chotherapy, we did not manage to reach this goal.
During and after the COVID-19 pandemic access
to psychological treatment or psychotherapy treat-
ment became even more difficult than before the
pandemic. The COVID-19 pandemic led to a sharp
increase in demand for psychological treatment or
psychotherapy in the general population. Despite
these limitations in access to psychological treat-
ment or psychotherapy, the intervention group
had significantly fewer problems compared to
the control group in the global health quality of
life, physical, role, emotional, cognitive, and social
function scale, fatigue, and pain one year after the
beginning of treatment.

Another important factor which reduces fatigue
is psychoeducation?*? helping participants cope
with problems related to breast cancer, teaching
stress management strategies, and teaching adap-
tive strategies improve patients’ quality of life.
A Cochrane review by Bennett et al.? provided
preliminary findings for the beneficial effect of
educational interventions for reducing general
cancer-related fatigue, fatigue intensity, fatigue
distress, and fatigue interference compared with
usual care. Yoga is associated with a significant
improvement in quality of life and reduction of fa-
tigue?'; furthermore, acupuncture is effective for
the management of fatigue particularly during an-
ti-cancer treatment.?® Based on these facts, we tried
to include these interventions as much as possible
in the rehabilitation of our patients and to provide
psychoeducation for our patients. Group and indi-
vidual behavioral psychotherapy and an individu-
al interview with a psychologist and acupuncture
were carried out. Furthermore, the patients from
the intervention group attended nutrition work-
shops and yoga classes online. In addition, all pa-
tients had access to online publications about can-
cer diagnosis, treatment, and rehabilitation, avail-
able on our website. Patients also received written
brochures. A rehabilitation coordinator provided
patients with all the necessary information and
was available to them throughout the entire time.

Our study has several limitations. One is that
it was not randomized. We had planned to con-
duct an ‘almost random’ approach. Originally,
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we intended that the first half of patients would
be included in the control group, and the oth-
er half in the intervention group. But due to the
COVID-19 pandemic, for some time we had to
include patients simultaneously in the control or
intervention groups based on their place of resi-
dence. Another limitation is a different place of
residence, which may be associated with certain
psychosocial characteristics which correlate to
fatigue. Furthermore, the difference in distance
from the hospital could influence the significant
difference in fatigue between the two groups of
patients (e.g., a more tiring drive to the hospital),
so this must be considered when interpreting our
results. Another limitation of the study is that tar-
geted precision tests for the assessment of fatigue
were not used, as we were also interested in oth-
er problems bothering patients. In addition, the
number of included patients is still too small to
enable a more detailed analysis of the connection
between fatigue and other psychological factors.
In addition, some patients decided to withdraw
from the study and some patients did not respond
to all parts of the questionnaires, therefore there
are some missing data. Furthermore, different in-
terventions were simultaneously implemented in
order to achieve as much benefit for the patients
as possible. Therefore, it was not possible to test
the effect of a single intervention and to describe
the contribution each intervention played in the
treatment of fatigue. Due to waiting times for cer-
tain treatments in Slovenia, such as acupuncture
or cognitive-behavioral therapy, some patients did
not receive treatment immediately, or when they
needed it most. But our study enables a realistic
presentation of rehabilitation in our country and
what possibilities exist for improving integrated
rehabilitation. Finally, the number of patients in-
cluded in the research is relatively small, but it rep-
resents 40% of all breast cancer patients detected
annually in Slovenia, so we believe that the sample
size is suitable for evaluating the effectiveness of
non-integrated rehabilitation and integrative reha-
bilitation on fatigue in our country.

Conclusions

Early individualized integrated rehabilitation is
associated with a lower prevalence of chronic fa-
tigue or fatigue interfering with usual activities in
breast cancer patients in comparison to the control
group of patients. A year after the beginning of
treatment, patients from the intervention group
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reported significantly fewer problems also in the
global health quality of life scale, pain, physical,
emotional, cognitive, and social function scale in
comparison with the control group.
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Background. Recent evidence brought by novel antfi-human epidermal growth factor receptor 2 (HER2) antibody-
drug conjugates is leading to significant changes in HER2-negative breast cancer (BC) best practices. A new targeta-
ble category termed ‘HER2-low’ has been identified in ftumors previously classified as ‘HER2-negative’. Daily practice
in pathology and medical oncology is expected to align to current recommendations, but patient access to novel
anticancer drugs across geographies might be impeded due to local challenges.

Materials and methods. An expert meeting involving ten regional pathology and oncology opinion leaders expe-
rienced in BC management in four Central and Eastern Europe (CEE) countries (Bulgaria, Croatia, Serbia, Slovenia)
was held. Herein we summarized the current situation of HER2-low metastatic BC (mBC), local challenges, and action
plans to prevent delays in patient access to testing and treatment based on expert opinion.
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Results. Gaps and differences at multiple levels were identified across the four countries. These included variability in
the local HER2-low epidemiology data, certification of pathology laboratories and quality control, and reimbursement
conditions of testing and anticancer drugs for HER2-negative mBC. While clinical decisions were aligned to interno-
tional guidelines in use, optimal access to testing and innovative freatment was restricted due to significant delays in

reimbursement or limitative reimbursement conditions.

Conclusions. Preventing delays in HER2-low mBC patient access to diagnosis and novel treatments is crucial to op-
timize outcomes. Multidisciplinary joint efforts and pro-active discussions between clinicians and decision makers are
needed to improve care of HER2-low mBC patients in CEE countries.

Key words: HER2-low; metastatic breast cancer; Balkans; testing; innovative freatment; access

Introduction

In the era of precision medicine, the diagnostic
and treatment landscape in oncology has progres-
sively become more biomarker driven.'? In solid
tumors, an early example of biomarkers with pre-
dictive value was the human epidermal growth
factor receptor 2 (HER2), with positive results
predicting response to targeted treatment with
anti-HER2 monoclonal antibodies but no benefit
for HER2-negative tumors.! In breast cancer (BC),
HER2 overexpression/gene amplification deter-
mined by immunohistochemistry (IHC) and/or in
situ hybridization (ISH) is found in 15-20% of all
tumors.>® Anti-HER2-directed therapies have sig-
nificantly improved the survival of patients with
both early and metastatic HER2-positive BC and
consequently changed the treatment paradigm,
being accepted as the standard of care through-
out the world.>® The current pathology guidelines
define HER2-positive tumors when the IHC score
is 3+ or 2+ with the HER2 encoding gene (erb-b2
receptor tyrosine kinase 2 [ERRB2]) amplification
by ISH (ISH-positive), whereas HER2-negative tu-
mors have IHC scores of 0+, 1+, or 2+/ISH-negative.”

In light of recent evidence brought by novel an-
ti-HER?2 antibody-drug conjugates (ADCs)>%2, the
current knowledge of HER2 expression range and
its clinical applicability is changing since a signifi-
cant proportion of HER2-negative tumors are in
fact characterized by a spectrum of HER2 expres-
sion levels.3* A new targetable category has been
identified in patients whose tumors are scored
IHC 1+ or 2+/ISH-negative®, and this low level of
HER2 expression has been termed ‘HER2-low’!
HER2-low status is detected in 45-55% of all BC tu-
mors: around two-thirds (65%) in hormone recep-
tor-positive (HR+) BC and one-third (36%) in HR-
negative (HR-) cancers.*! Treatment paradigms for
both HR+ and HR- BC with HER2-low expression

are evolving at a fast pace, leading to a new ‘revo-
lution’”” The clinical trial DESTINY-Breast04 (DB-
04), evaluating trastuzumab deruxtecan (T-DXd) in
patients with HER2-low advanced BC previously
treated with chemotherapy, showed significant
and clinically meaningful progression-free surviv-
al (PFS) and overall survival (OS) improvements
and a manageable safety profile as compared with
conventional chemotherapy (PFS 10.1 months for
T-DXd vs 5.4 months in the physician’s choice of
chemotherapy, hazard ratio=0.64, P=0.003, and OS
23.9 months for T-DXd vs 16.8 months in the physi-
cian’s choice of chemotherapy, hazard ratio=0.64,
P=0.001, respectively).!? These results, together
with the other ADC data, demonstrate the clinical
relevance of HER2-low expression and are trans-
forming the current understanding, and therefore
management, of HER2-negative BC.>81217:20
Despite guideline recommendations for HER2-
low diagnosis and European Society for Medical
Oncology (ESMO) consensus reached for its treat-
ment®’, implementing guidelines in a real-life set-
ting is a lengthy and difficult process, partly due to
the diverse accessibility of novel anticancer medi-
cines. In countries in Central and Eastern Europe
(CEE), significant delays in patient access to inno-
vative oncology treatments have been previously
described.??* In an attempt to avoid such delays
with ADCs in HER2-low BC, an expert meeting
was held to identify the challenges and local un-
met needs, and to find solutions to optimize access
to diagnostics and adequate treatment of HER2-
low metastatic BC (mBC) for patients from CEE.
In this paper, we discuss the current situation per-
taining to the overall diagnosis and management
of HER2-low mBC and propose potential solutions
to address the unmet needs in four CEE countries;
we also consider similar situations, and solutions
that may apply to many other former or current
transitional countries throughout the world.
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TABLE 1. Overview of cancer epidemiology across four CEE countries in 2020 (data extracted from GLOBOCAN 2020%° and the European Cancer

Information System3¢)

Characteristics Bulgaria Croatia Serbia Slovenia
Total population 6 948 445 4105 268 8737 370 2078 932
Number of new cancer cases (all cancer sites) 36 451 26 092 49 043 14 180
Incidence age-standardized rate per 100 000 100 120.3 145.3 121.2
Number of new BC cases in 2020, both sexes, all ages 4061 2894 67249 1410
BC new cases —rank across all types of cancers 3 2 2 3
5-year prevalence, all ages (per 100 000) 425.45 523.4 549.32 560.03
Mortality age-standardized rate per 100 000 36.3 32.8 50.9 32.3
Number of BC deaths 1533 832 2342 405
BC deaths — rank across all types of cancers 3 3 2 5
Mortality-to-incidence ratiob 0.36 0.27 0.35 0.27

Methods

A panel of ten opinion leaders was organized as
part of a virtual meeting logistically supported
by AstraZeneca and held on June 12, 2023. Eight
medical oncologists and two pathologists from
academic centers and/or national institutes of on-
cology in Bulgaria, Croatia, Serbia, and Slovenia
with experience in the diagnosis, management,
and follow-up of mBC patients from the CEE re-
gion were individually approached and further
agreed to participate in the panel discussion. A
pre-meeting survey was developed specifically for
this project and reviewed by experts. The experts
responded in anonymized manner to the prelimi-
nary survey, which included 31 questions grouped
in the following four topics: epidemiology, biol-
ogy, pathologic diagnosis, and treatment of HR
(+/-) HER2-low mBC. The average time to fill the
survey was around 15 minutes. Data from the sur-
vey were retrieved in an excel sheet; all experts re-
sponded to the survey, with the difference that the
specific treatment questions did not apply to the
pathology experts. No formal statistical analysis
was used. The responses grouped under the main
topics were further discussed in detail during the
meeting, while experts agreed that the structure
of the manuscript will follow these topics. For each
of these, the thought leaders discussed the institu-
tional or national data versus literature, described
the unmet needs across countries, and shared their
independent views and experience. Relevant data
discussed in the medical community with regard
to the spectrum of the HER2-low in breast cancer
were considered to firstly describe the general con-
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text and then, to a greater extent, elaborate on the
local circumstances (no formal literature review).
Experts identified local and/or regional challenges
and constraints of clinical oncology and pathology
daily practice and proposed action plans aimed
at improving testing and access to treatment and,
consequently, outcomes of HER2-low mBC for pa-
tients at the country and CEE level.

Results and discussion

Epidemiology of HER2-low breast cancer
Current status and challenges

The four CEE countries represented in this pa-
per differ in terms of total population; however,
in all four of these countries, BC ranks second or
third in prevalence among all types of cancers and
is one of the leading causes of death in women
(Table 1).» BC incidence rates remain high in the
region and are predicted to increase in the future
due to the global trend of an increasingly aging
population.?>?” Early detection (eg screening pro-
grams) of BC is problematic in countries that have
undergone economic transitions like those in CEE;
many still lack clear policies and sustained invest-
ments in their medical healthcare systems.?® Even
so, the mortality-to-incidence ratio (MIR), which is
an indicator of healthcare quality, with low values
indicating better care (prevention, treatment, and
overall management), varies slightly and is similar
to the average European value (0.27) in Slovenia
and Croatia.”? As compared with data from 2012,
we observe decreases in the MIR in all four coun-
tries, which might show that advances in cancer
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care have been made to some extent in the last two
decades. Despite these encouraging signs, recent
data show trends of increase in BC mortality in
Bulgaria and Croatia in women over 45 years.* In
most Eastern European countries, patients with BC
have a shorter OS following diagnosis compared
with the rest of Europe®; however, in Slovenia,
survival has been shown to be increasing over
time.®> Multiple challenges and gaps in receiving
optimal cancer care by individuals with mBC have
been described, especially in underserved patient
populations from the CEE region where socio-
economic inequalities and educational or cultural
status have a considerable impact on the quality of
healthcare.®

Compared with reported rates for HER2-low
cases, which range between 45% and 65% in HR+
tumors and 23% to 40% in HR- tumors®'%3, local
reports indicate a similar or slightly lower per-
centage of HER2-low cases. In a sample of 11 234
cases from the Oncology Institute of Ljubljana
(Slovenia), collected from 2011 to 2021, HER2-low
(1+/2+ non-amplified) was identified in 52.8% of
cases. The rate of HER2 IHC 0 decreased in the last
2 years of follow-up (2020, 2021), whereas the rate
of HER2-low increased.®** In Croatia, according to
the National Pathohistological Breast Registry of
newly diagnosed BC patients, in a sample of 8488
patients (early-stage, locally advanced, or meta-
static BC), the HER2-low rate in the past 3 years
was 42% (44% HER2-low in luminal A cancers,
54% in luminal B, and 36% in triple-negative BC)
(unpublished data). In Serbia, in a sample of 500
patients from the Novi Sad registry, HER2-low sta-
tus was identified in 50% of cases, irrespective of
stage, whereas in mBC patients with testing per-
formed only in primary tumors, the rate of HER2-
low was 30% (unpublished data). For Bulgaria, no
official data are available.

Unmet needs

Robust, more standardized data on incidence,
prevalence, and mortality rates by type and stage
of BC, and outcomes in specific groups that are
usually underserved (i.e, men, patients with co-
morbidities, patients of cultural/racial/religious di-
versity) are scarce in the region and, consequently,
very much needed. The difference between data
from Western countries and those in the CEE re-
gion may be partly explained by lack of properly
founded national cancer registries and clinical da-
tabases collecting systemized oncology data and,
of course, variations of the healthcare systems in
CEE. Progress has been made recently (for exam-

ple, in January 2023 Slovenia opened the Clinical
Breast Cancer Registry), and more changes are ex-
pected in the future.

Action plan

We outlined the following top priorities:

(1) to extract retrospective data from healthcare re-
cords in a centralized way in each country and
use them as a benchmark for future studies;

(2) to expand existing registries/protocols to in-
clude all HER2-low BC patients.

These actions would more sufficiently explore
the variability across countries and adequately
inform diagnosis and management strategies for
improving patient care in CEE countries based
on recent and reliable real-world evidence. Most
importantly, this would aid communication with
health authorities to expedite access to effec-
tive anticancer drugs for patients in this region.
Continuous monitoring and reporting of manage-
ment of patients with BC on a national and po-
tentially regional or, even better, European level,
is necessary to inform healthcare policies and re-
forms. Exposing the weaknesses of general health-
care and/or oncology systems will help to improve
outcomes by addressing similar issues.

Biology of HER2-low breast cancer
Current status and challenges

Whether HER2-low is a distinct biological entity or
not is one of the key questions in the field of HER2-
low biology.’*® While the spectrum of HER2 posi-
tivity expands, no robust evidence exists to con-
sider HER2-low a clinically distinctive entity or a
definite subtype!**4, which has led some groups
to conclude that such categorization remains to be
clarified in the future.”2041 At a local level, a re-
cent report from Serbia including patients with
early BC has shown a higher proportion of patho-
logic complete response after neoadjuvant chemo-
therapy in patients with HER2 IHC 0 as compared
with HER2-low, indicating that new and improved
treatment modalities are required for HER2-low
patients.*?

Tumor heterogeneity and tumor plasticity that
traditionally characterize breast carcinomas also
apply to HER2-expressing tumors.>*3 HER2 intra-
tumoral (spatial) heterogeneity is a well-known
phenomenon reported in up to 40% of BC.#%
HER2-low expression was shown to be highly un-
stable during disease evolution, with a higher pro-
portion of HER2-low rates in recurrent BC samples
(temporal heterogeneity).34647
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Other matters of debate in the literature dis-
cussed were whether the efficacy of HER2-targeted
treatments is higher in tumors with higher HER2
expression levels*4, and how HER2-low could be
an escape mechanism displayed by tumors in case
of HR+-directed treatments, leading researchers to
believe that most cases of mBC will become HER2-
low under the pressure of endocrine therapies.>-%2

Unmet needs

Re-biopsy availability is related to our understand-
ing of HER2-low biology. Yet, there is no specific
strategy for re-biopsy at recurrence at the country
or regional level, and computed tomography (CT)-
guided biopsies are difficult to access and gener-
ally rarely performed. While financing for re-bi-
opsies may not be an issue, Serbia, for example, is
hindered by a scarcity of experts who can perform
biopsies, such as interventional radiologists or pul-
monologists.

Action plan

To optimize the management and subsequently

the outcomes of HER2-low BC patients in future

and to address spatial and temporal tumor hetero-
geneity, we proposed to:

(1) Foster HER2-low early diagnosis by developing
and implementing local pathways for mBC pa-
tients, with mandatory checks of previous pa-
thology reports;

(2) perform multiple rounds of re-biopsy at each
relapse of locoregional or distant metastases;

(3) keep clinicians informed of new treatment op-
tions available in their countries, based on a
possible different result of the re-biopsy com-
pared with the primary tumor biopsy.

Pathologic diagnosis of HER2-low breast
cancer

Current status and challenges

Historically, HER2 expression was classified in a
binary way: positive or negative.*#* New evidence
indicates that patients with low HER2 expression
(IHC 1+ or 2+ and ISH-negative) represent a new
targetable category of BC.? In light of these chang-
es, HER?2 testing and reporting has become more
complex.>

The 2023 updated guidelines issued by the
American Society of Clinical Oncology (ASCO)/
College of American Pathologists (CAP) for HER2
testing include no changes in prior (2018) terminol-
ogy or traditional terminology of positive/equivo-
cal/negative for HER2 THC results but calls to in-
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creased awareness for IHC 1+ or 2+ non-amplified
cases that deem patients eligible for treatment with
T-DXd.”*® While pathology groups state that HER2-
low is a qualitative term®, medical oncologists use
conflicting terminology for interpreting ASCO/
CAP guidelines (i.e., HER2-0 with potential future
categories HER2-null and HER2-ultralow, HER2-
low, HER2-positive).> Pathology experts agreed
that HER2-low is rather an operational term, with
ASCO/CAP guidelines being currently followed in
pathology clinical practice. No HER2-low term is
currently included in reports; however, the term
HER2-negative is recommended to be changed in
“HER2-negative for protein overexpression/gene
amplification” since non-overexpressed levels of
the HER2 protein may be present in these cases.

Another challenge is related to the compan-
ion diagnostic tests for evaluating 1+ and 2+/ISH-
negative disease.’ Assays used are either those ap-
proved and currently available on the market (with
Ventana HER2/neu 4B5 [F. Hoffmann-La Roche
Ltd] being more frequently used in the CEE area)
or ones developed in-house. Besides temporal and
spatial tumor heterogeneity, many other factors
are known to impact the IHC scoring — from pre-
and post-analytical factors to test sensitivity, type
of specimen, and laboratory and/or reader experi-
ence.3,6/56-58

Among the specific pathology challenges men-
tioned at local level, the following were under-
lined: in Bulgaria, lack of reimbursement for ISH
(ISH tests are paid for by patients), lack of continu-
ous medical education for pathologists to train
on the changing paradigm of HER2 assessment,
reporting and its relevance to treatment, lack of
certification process of either pathology labora-
tories or clinical centers, and no quality control
processes in place. In Serbia, previous discord-
ance in IHC detection of HER2 between national
pathology laboratories was reported (the overall
agreement ranged between 79% and 89%), with
discrepancies on chromogenic ISH indicating a
misdiagnosis rate of almost 16%.% In Croatia, in a
sample of 126 patients, discordance in HER2 scor-
ing between central and local laboratories was 12%
— results that are in line with the literature.®*¢! The
sources of error in the local study were partly pre-
analytical and partly analytical, thus emphasizing
the need for rigorous application of standardized
staining and scoring procedures for precise deter-
mination of HER2 protein level, which is particu-
larly important in the HER2-low group. The ex-
perts from Bulgaria added that a high variability
of HER? testing results between pathology centers
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TABLE 2. Status of reimbursement for anticancer drugs used for treatment of HER2-negative mBC in Bulgaria, Croatia, Serbia, and Slovenia,
including the year of reimbursement of at least one representative of the class

Treatment Bulgaria® Croatia Serbiac Slovenia“
CDK4/6 inhibitors 2018 2018 2022 2018
Alpelisib 2023 2021 2023 2021
PARP inhibitors 2023 2022 2021 2021
Sacituzumab govitecan 2023 2022
Trastuzumab deruxtecan 2022 2023
Atezolizumab nab-paclitaxel 2021 2020
Pembrolizumab 2023° 2022 2023
Everolimus By >10 years 2021 2010
Fulvestrant By >10 years By >10 years 2019 2004
Aromatase inhibitors By >10 years By >10 years 2008 By >20 years

Green =reimbursed; orange = not reimbursed, but available through early access programs or out-of-pocket expenses; red = not reimbursed; CDK4/6 = cyclin-dependent
kinase 4 and 6; HER2 = human epidermal growth factor receptor 2; mBC = metastatic breast cancer; PARP = poly(adenosine diphosphate ribose) polymerase;

°In Bulgaria, PARP inhibitors are available in early breast cancer and BRCA-positive tumors after lack of complete response in the neoadjuvant setting. In the metastatic
setting, PARP inhibitors have been reimbursed since 2019, everolimus is reimbursed in metastatic estrogen receptor-positive (ER+) BC, and aromatase inhibitors are
reimbursed in ER+ BC; ©In Bulgaria, pembrolizumab is reimbursed only in triple-negative BC within HER2-negative BC; < In Serbia, medications in orange are registered
and could be used in special circumstances but are not reimbursed/covered by public health insurance for HER2-negative mBC; ¢In Slovenia, sacituzumab govitecan is
reimbursed for triple-negative BC only, and trastuzumab deruxtecan for HER2-positive BC only.

also applies in their country, leading to high num-
ber of retesting and second opinions.

Unmet needs

In terms of pathology diagnosis, the unmet needs
identified in the four countries from the CEE re-
gion are broad and at multiple levels: specific med-
ical education for pathologists, reimbursement of
ISH testing in all countries, improved robustness
of HER?2 testing with current available techniques,
standardization of and quality-controlled HER2
testing between centers, precise and accurate re-
porting systems, more homogenous inter-institu-
tional procedures, and more certified laboratories.

Action plan

The action plan discussed included the following

proposals:

(1) to improve pre-analytical and analytical phases
of HER?2 testing and to reduce false-negative/
false-positive reports, a rigorous internal and
external quality control is required at every in-
stitutional level;

(2) to increase awareness of HER2-low testing and
scoring and to improve reporting, virtual meet-
ings, and live workshops for pathology special-
ists, as well as multidisciplinary meetings of
all specialists involved in the management of
HER2-low BC patients, should be formally or-
ganized in each country;

(3) to improve HER2-low score accuracy and re-
duce inter-laboratory variability, participation
in ring studies is highly encouraged;

(4) to increase comparability across various geog-
raphies and build best practices, center-, coun-
try-, and regional-level monitoring and report-
ing of pathology results is recommended.

Treatment of HER2-low breast cancer
Current status and challenges

CEE countries are characterized by a variable re-
imbursement status of anticancer drugs for HER2-
negative mBC (Table 2). In Slovenia the majority of
treatments are reimbursed, irrespective of line of
treatment; however, T-DXd is not yet reimbursed
for HER2-low BC. In Croatia, despite innovative
treatments being reimbursed, their use in later line
(third line [3L]+) depends on budgetary decisions
at the institutional level, potentially introducing
disparity in the treatment of mBC patients in need.
By contrast, in Bulgaria, reimbursement is granted
in general in any line for all drugs approved at the
European level for HER2-positive mBC, which fa-
cilitates treatment sequencing; however, this does
not apply for HER2-low mBC. Serbia faces the big-
gest challenges in the region, with innovative drugs
being available for first-line (IL) and second-line
(2L)/3L HER2-positive mBC, while treatment op-
tions for metastatic triple-negative and HR+ BC are
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FIGURE 1. Algorithms for HER2-low mBC in light of evolving treatment paradigms,
according to the HR status and other actionable targets: (A) HR+ and (B) HR-. The ideal
scenario considers availability of all treatments in all lines and unrestricted treatment
access. 1L/2L/3L/4L = first/second/third/fourth line; BRCAm = BReast CAncer gene
mutations; BRCAwt = BReast CAncer gene wild type; CDK4/6i = cyclin-dependent
kinase 4/6 inhibitor; CTx = chemotherapy; ET = endocrine therapy; HER2 = human
epidermal growth factor receptor 2; HR = hormone receptor; IO = immunotherapy;
mBC = metastatic breast cancer; mTORi = mammalian target of rapamycin
inhibitor; PARPi = poly(adenosine diphosphate ribose) polymerase inhibitor; PD-L1
= programmed death-ligand 1; PI3Km = phosphatidylinositol 3-kinases mutations;
PIK3wt = phosphatidylinositol 3-kinases wild type; SG = sacituzumab govitecan;
T-DXd = trastuzumab deruxtecan. Treatment in 2L, 3L, 4L, and further lines is based
on: previous therapy received; duration of response to previous treatment; patient’s
preferences, condition, and comorbidities; toxicities of previous therapies; presumed
benefit of further lines of therapy; and treatment availability. Per current approved
label, trastuzumalb deruxtecan as monotherapy is indicated for the treatment of
adult patients with unresectable or metastatic HER2-low breast cancer who have
received prior chemotherapy in the metastatic setting or developed disease
recurrence during or within 6 months of completing adjuvant chemotherapy. Per
current approved label, sacituzumab govitecan as monotherapy is indicated for the
tfreatment of adult patients with unresectable or metastatic triple-negative BC who
have received two or more prior systemic therapies, including at least one of them
for advanced disease.
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being limited. For example, only cyclin-dependant
kinase 4 and 6 (CDK4/6) inhibitors as innovative
medicines are being reimbursed in 1L and 2L for
HR+ mBC. By contrast, alpelisib, poly(adenosine
diphosphate ribose) polymerase (PARP) inhibitors,
and the ADCs sacituzumab govitecan and T-DXd
can be approved in some specific circumstances,
but only in later lines when other therapy options
are exhausted. In consequence, the meaningful
clinical applicability of the drug is significantly
decreased, because rates of treatment success in
later lines are rather small.

In all four CEE countries, the ESMO guidelines
and, in some countries, local guidelines with ap-
plicable updates are followed.®>** Whereas treat-
ment decisions in 1L are aligned across countries,
experts agreed that decisions in 2L/3L are individ-
ualized based on patient and tumor characteristics
and treatment outcomes, although these decisions
are highly dependent on reimbursement condi-
tions. While innovative treatments are usually ap-
proved in Europe through a centralized procedure
via the European Medicines Agency®, the high
costs of new anticancer drugs restrict their use
until reimbursement. Previous reports from CEE
have shown significant delays from marketing
authorization to reimbursement of novel oncol-
ogy medicines and reduced numbers of available
drugs in this region, which undoubtedly leads to
worsening patient outcomes.?'?%% For example,
perhaps due to diverse reimbursement models and
policies and lack of sustained investment in the
oncology field, trastuzumab, one of the essential
medicines for treatment of HER2-positive BC, did
not receive full reimbursement in Eastern Europe
and, with the exception of Slovenia and Croatia,
was insufficiently procured to allow treatment ac-
cess to all patients in need for several years.?>232

We have identified the following challenges
applicable, to various extents, in all participating
countries: significant delays in reimbursement de-
cisions; limitative, restrictive reimbursement con-
ditions that impact sequencing and/or treatment
rechallenges; limited access to clinical trials with
novel cancer medicines; and early access/bridg-
ing programs until treatment reimbursement. In
addition, optimal sequencing remains to be deter-
mined, as levels of evidence are variable for differ-
ent treatments.

Unmet needs

Unmet needs of equal importance for adequate
access to treatment of HER2-low mBC were avail-
ability and/or full reimbursement of treatments
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in all lines, extension of reimbursement criteria
to all lines of treatment for medicines with mar-
keting authorization granted, and reduced times
from product marketing authorization to reim-
bursement for novel, innovative anticancer drugs.
Avoiding repeating the situation of trastuzumab
reimbursement and ensuring active involvement
of all stakeholders in cancer care are prerequisites
for preventing disparities in treatment of HER2-
low BC patients between CEE countries.

Action plan

Key actions for optimizing access to HER2-low BC

treatments are summarized below:

(1) While changing the reimbursement models at
country level is beyond the scope of this initia-
tive, the experts propose a treatment algorithm
for HER2-low mBC aligned to the current evi-
dence, guidelines, and clinical practice, accord-
ing to HR status and other actionable targets,
provided there is no limited access to treat-
ments, including availability in all lines, and
patients are not in visceral crisis (Figure 1).

(2) To prevent delays or lack of any patient access to
treatments proven to prolong survival, a clear
process mapping of the HER2-low mBC patient
journey is strongly advised. Permanent commu-
nication with local decision authorities at every
level and on multiple channels should be initi-
ated by the medical community and supported
by up-to-date and sound evidence of treatment
benefits. For example, lobbying for alignment
to ESMO-Magnitude of Clinical Benefit Scale
(MCBS) for fast approval and reimbursement in
the CEE area for drugs with scores of 4 and 5
would provide authorities with additional doc-
umentation and a reproducible methodology to
assess the magnitude of the benefits ensured by
novel anticancer drugs.” In addition, involving
patient organizations to advocate change poli-
cies to improve access to medicines and cancer
outcomes is needed. Although the actual role
played by patient representatives across each
country is less known and expected to vary,
their inclusion into the open dialogue with the
authorities should be encouraged and support-
ed by clinicians.

Conclusions

This paper presents the opinions of oncology and
pathology experts from four CEE countries on the
optimal management of HER2-low mBC. Existing

barriers to rapid diagnosis were identified, and
treatment choices were proposed for real-world
settings. Gaps and differences in the local epide-
miology data on HER-2 low BC, certification of
pathology laboratories and quality control, and
availability of anticancer drugs for HER2-negative
mBC across the CEE countries were identified.
Preventing delays in HER2-low mBC patient ac-
cess to diagnosis and timely and as-per guidelines
therapies is crucial to improve outcomes.

Pathology reports should no longer report bi-
nary results as HER2-positive or -negative but in-
clude (ideally) the category of HER2-low and detail
the positive score through the number of “+” be-
cause this is now becoming critical for treatment
decisions. Clinicians should have pro-active dis-
cussions with policymakers and stakeholders, in-
cluding patients and their representatives, in order
to enable advances in HER2-low mBC diagnosis
and treatment to truly optimize patient outcomes
in the CEE region.

Acknowledgments

This initiative received no external funding, but
medical writing support and the article processing
charge were funded by AstraZeneca.

The authors would like to thank Ivana Magdi¢
Blazevi¢ and Tina Jeri¢ from AstraZeneca for pro-
ject management and providing support in organ-
izing the Expert Meeting. Medical writing support
in drafting the manuscript and revising to ad-
dress author feedback was provided by Ana Maria
Iordan, MD, MSc of MedInteractiv (Bucharest,
Romania) and was funded by AstraZeneca in ac-
cordance with Good Publication Practice (GPP)
guidelines (https:/www.ismpp.org/gpp-2022).

References

1. Schwartzberg L, Kim ES, Liu D, Schrag D. Precision Oncology: who, how,
what, when, and when not? Am Soc Clin Oncol Educ Book 2017; 37: 160-9.
doi: 10.1200/EDBK_174176

2. Schettini F, Prat A. Dissecting the biological heterogeneity of HER2-positive
breast cancer. Breast 2021; 59: 339-50. doi: 10.1016/j.breast.2021.07.019

3. YangC,Brezden-Masley C,Joy AA, SehdevS, ModiS, Simmon C, etal. Targeting
HER2-low in metastatic breast cancer: an evolving treatment paradigm.
Ther Adv Med Oncol 2023; 15: 1-19. doi: 10.1177/17588359231175440

4. DeSantis CE, Ma J, Gaudet MM, Newman LA, Miller KD, Saurer AG, et
al. Breast cancer statistics, 2019. CA Cancer J Clin 2019; 69: 438-51. doi:
10.3322/caac.21583

5. Tarantino P, Viale G, Press MF, Hu X, Penault-Llorca F, Bardiat A, et al.
ESMO expert consensus statements (ECS) on the definition, diagnosis, and
management of HER2-low breast cancer Ann Oncol 2023; 34: 645-59. doi:
10.1016/j.annonc.2023.05.008

Radiol Oncol 2024; 58(2): 258-267.-



Borstnar S et al. / HER2-low breast cancer: enhancing diagnosis and treatment strategies

10.

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

Tarantino P, Hamilton E, Tolaney SM, Cortes J, Morganti S, Ferraro E, et al.
HER2-Low breast cancer: pathological and clinical landscape. J Clin Oncol
2020; 38: 1951-62. doi: 10.1200/JC0.19.02488

Wolff AC, Somerfield MR, Dowsett M, Hammond MEH, Hayes DF, McShane
LM, et al. Human epidermal growth factor receptor 2 testing in breast can-
cer: ASCO—College of American Pathologists Guideline Update. J Clin Oncol
2023; 41: 3867-72. doi: 10.1200/jco.22.02864

Banerji U, van Herpen CML, Saura C, Thistlethwaite F, Lord S, Moreno V,
et al. Trastuzumab duocarmazine in locally advanced and metastatic solid
tumours and HER2-expressing breast cancer: a phase 1 dose-escalation and
dose-expansion study. Lancet Oncol 2019; 20: 1124-35. doi: 10.1016/51470-
2045(19)30328-6

Wang J, Liu Y, Zhang Q, Feng J, Chen X, Han Y, et al. RC48-ADC, a HER2-
targeting antibody-drug conjugate, in patients with HER2-positive and
HER2-low expressing advanced or metastatic breast cancer: a pooled
analysis of two studies. [abstract]. J Clin Oncol 2021; 39(15 Suppl): 1022.
doi: 10.1200/JC0.2021.39.15_suppl.1022

Xu B, WangJ, FangJ, Chen X, Han Y, Li Q, et al. Abstract PD4-06: early clinical
development of RC48-ADC in patients with HER2 positive metastatic breast
cancer. [abstract]. San Antonio Breast Cancer Symposium; December 10-14,
2019; San Antonio, Texas, 2019 Dec 10-14. Cancer Res 2020; 80(4 Suppl):
PD4-06. doi: 10.1158/1538-7445.SABCS19-PD4-06

Corti C, Giugliano F, Nicolo E, Ascione L, Curigliano G. Antibody-drug con-
jugates for the treatment of breast cancer. Cancers 2021; 13: 1-23. doi:
10.3390/cancers13122898

Modi$, Jacot W, Yamashita T, Sohn J, Vidal M, Tokunaga E, et al. Trastuzumab
deruxtecan in previously treated HER2-Low advanced breast cancer. N EnglJ
Med 2022; 387: 9-20. doi: 10.1056/nejmoa2203690

Holthuis El, Vondeling GT, Kuiper JG, Dezentje V, Rosenlund M, Overbeek
JA, et al. Real-world data of HER2-low metastatic breast cancer: a pop-
ulation based cohort study. Breast 2022; 66: 278-84. doi: 10.1016/j.
breast.2022.11.003

Venetis K, Crimini E, Sajjadi E, Corti C, Guerino-Rocco E, Viale G, et al. HER2
Low, ultra-low, and novel complementary biomarkers: expanding the spec-
trum of HER2 positivity in breast cancer. Front Mol Biosci 2022; 9: 1-12. doi:
10.3389/fmolb.2022.834651

Schlam 1, Tolaney SM, Tarantino P. How | treat HER2-low advanced breast
cancer. Breast 2023; 67: 116-23. doi: 10.1016/j.breast.2023.01.005

Schettini F, Chic N, Brasé-Maristany F, Pare L, Pascual T, Conte B, et al.
Clinical, pathological, and PAM50 gene expression features of HER2-low
breast cancer. NP/ Breast Cancer 2021; 7: 1. doi: 10.1038/s41523-020-
00208-2

Nicolo E, Boscolo Bielo L, Curigliano G, Tarantino P. The HER2-low revolution
in breast oncology: steps forward and emerging challenges. Ther Adv Med
Oncol 2023; 15: 1-16. doi: 10.1177/17588359231152842

Rassy E, Rached L, Pistilli B. Antibody drug conjugates targeting HER2: clini-
cal development in metastatic breast cancer. Breast 2022; 66: 217-26. doi:
10.1016/j.breast.2022.10.016

Ferraro E, Drago JZ, Modi S. Implementing antibody-drug conjugates (ADCs)
in HER2-positive breast cancer: state of the art and future directions. Breast
Cancer Res 2021; 23: 84. doi: 10.1186/s13058-021-01459-y

Popovi¢ M, Silovski T, Krizi¢ M, Dedi¢ Plaveti¢ N. HER2 Low breast cancer: a
new subtype or a trojan for cytotoxic drug delivery? Int J Mol Sci 2023; 24:
8206. doi: 10.3390/ijms24098206

Newton M, Scott K, Troein P. EFPIA Patients W.A.L.T. indicator 2021 survey.
[internet]. IQVIA; 2022. [cited 2023 Dec 15]. Available at: https://www.ef-
pia.eu/media/676539/efpia-patient-wait-indicator_update-july-2022_final.
pdf

Ades F, Senterre C, Zardavas D, De Azambuja E, Popescu R, Piccart M. Are
life-saving anticancer drugs reaching all patients? Patterns and discrepan-
cies of trastuzumab use in the European Union and the USA. PLoS One
2017; 12: 1-11. doi: 10.1371/journal.pone.0172351

Trapani D, Curigliano G, Eniu A. Breast cancer: reimbursement policies and
adoption of new therapeutic agents by national health systems. Breast Care
2019; 14: 373-81. doi: 10.1159/000502637

Hofmarcher T, Szilagyiova P, Gustafsson A, Dolezal T, Rutkowski P, Baxter
C, et al. Access to novel cancer medicines in four countries in Central and
Eastern Europe in relation to clinical benefit. ESMO Open 2023; 8: 101593.
doi: 10.1016/j.esmoop.2023.101593

Radiol Oncol 2024; 58(2): 258-267.-

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

International Agency for Research on Cancer, World Health Organization.
Breast cancer. Population Fact Sheets. [internet]. 2021. [cited 2023 Dec 16]
Available at: https://gco.iarc.fr/today/fact-sheets-populations

Arnold M, Morgan E, Rumgay H, Mafra A, Singh D, Laversanne M, et al.
Current and future burden of breast cancer: Global statistics for 2020 and
2040. Breast 2022; 66: 15-23. doi: 10.1016/j.breast.2022.08.010

Vrdoljak E, Bodoky G, Jassem J, Popescu RA, Mardiak J, Pirker P, et al.
Cancer control in central and eastern europe: current situation and recom-
mendations for improvement. Oncologist 2016; 21: 1183-90. doi: 10.1634/
theoncologist.2016-0137

Vrdoljak E, Bodoky G, Jassem J, Popescu R, Pirker R, Cufer T, et al.
Expenditures on oncology drugs and cancer mortality-to-incidence ratio
in central and Eastern Europe. Oncologist 2019; 24: e30-7. doi: 10.1634/
theoncologist.2018-0093

Azadnajafabad S, Saeedi Moghaddam S, Mohammadi E, Delazar S, Rashedi
S, Baradaran HR, et al. Patterns of better breast cancer care in countries with
higher human development index and healthcare expenditure: insights
from GLOBOCAN 2020. Front Public Heal 2023; 11: 1137286. doi: 10.3389/
fpubh.2023.1137286

Koczkodaj P, Sulkowska U, Gotlib J, Mariczuk M. Breast cancer mortality
trends in Europe among women in perimenopausal and postmenopausal
age (45+). Arch Med Sci 2020; 16: 146-56. doi: 10.5114/aoms.2019.85198

Allemani C, Matsuda T, Di Carlo V, Harewood R, Matz M, Niksi¢, et al. Global
surveillance of trends in cancer survival 2000-14 (CONCORD-3): analysis of
individual records for 37 513 025 patients diagnosed with one of 18 cancers
from 322 population-based registries in 71 countries. Lancet 2018; 391:
1023-75. doi: 10.1016/50140-6736(17)33326-3

Zadnik V, Zagar T, Lokar K, Tomsic S, Konjevic AD, Zakotnik B. Trends in
population-based cancer survival in Slovenia. Radiol Oncol 2021; 55: 42-9.
doi: 10.2478/raon-2021-0003

Vrdoljak E, Gligorov J, Wierinck L, Conte PF, Dr Greve J, Meunier F, et al.
Addressing disparities and challenges in underserved patient populations
with metastatic breast cancer in Europe. Breast 2021; 55: 79-90. doi:
10.1016/j.breast.2020.12.005

ECIS - European cancer information system. Cancer Factsheets in EU-27
countries - 2020. Estimates of cancer incidence and mortality in 2020. Joint
research centre. 2020. Available at: https://ecis.jrc.ec.europa.eu/

Gampenrieder SP, Rinnerthaler G, Tinchon C, Petzer A, Balic M, Heibl S, et
al. Landscape of HER2-low metastatic breast cancer (MBC): results from
the Austrian AGMT_MBC-Registry. Breast Cancer Res 2021; 23: 1-9. doi:
10.1186/s13058-021-01492-x

Drev P, Blatnik O, Blazina J, Contreras J, Gasljevi¢ G, et al. [Determinations on
15,184 consecutive samples from the Oncology Institute in the period 2006
to0 2021]. [Slovenian]. [internet]. 2021. p. 169-70. Available at: https://dirros.
openscience.si/Dokument.php?id=21665&lang=slv

Auprih M, Gazic B, Drev P, Borstnar S. The frequency of HER2-low breast
cancer among patients diagnosed at the Institute of Oncology Ljubljana
from 2011 to 2021. Fourth Regional Congress of Medical Oncology -
REKONIO 2023. Ljubljana, 2023 Sep 7-9. In: Regional Congress of Medical
Oncology REKONIO; 2023. p. 63-4. Ljubljana: Slovenian Medical Association-
Section for Medical Oncology, Oncology Institute of Ljubljana, REKOG.
Available at: https://rekogconference.com

Bergeron A, Bertaut A, Beltjens F, Charon-Barra C, Amet A, Jankowski C, et
al. Anticipating changes in the HER2 status of breast tumours with disease
progression - towards better treatment decisions in the new era of HER2-
low breast cancers. Br J Cancer 2023; 129: 1-13. doi: 10.1038/541416-023-
02287-x

Dieci MV, Miglietta F. HER2: a never ending story. Lancet Oncol 2021; 22:
1051-52. doi: 10.1016/51470-2045(21)00349-1

Polidorio N, Veeravalli SS, Montagna G, Le T, Morrow M. Do HER2 low
tumors have a distinct clinicopathologic phenotype? [abstract]. J Clin Oncol
2023; 41(16 Suppl): 570. doi: 10.1200/jc0.2023.41.16_suppl.570

Rugo HS, Wolf DM, Yau C, Petricoin E, Pohlmann PR, Pusztai L, et al.
Correlation of HER2 low status in I-SPY2 with molecular subtype, response,
and survival. [abstract]. J Clin Oncol 2023; 41(16 Suppl): 514. doi: 10.1200/
jco.2023.41.16_suppl.514



42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Borstnar S et al. / HER2-low breast cancer:

Djurmez O, Calamac M, Stanic N, Dimitrijevic M, Vukosavljevic J, Serovic K,
et al,.Pathological complete response after neoadjuvantchemotherapy in
patients with HER2 low and HER2 0 early breast cancer (eBC) experience
from Insititute for Oncology and Radiology of Serbia (IORS). [abstract].
18" St.Gallen International Breast Cancer Conference. 2023 Mar 15-18,
Vienna, Austria. Breast 2023; 68(Suppl 1): S64. Available at: https://breast-
ibcc-2023.elsevierdigitaledition.com/63/#zoom=true

Liond F, Tiede S, Christofori G. Breast cancer as an example of tumour
heterogeneity and tumour cell plasticity during malignant progression. Br J
Cancer 2021; 125: 164-75. doi: 10.1038/s41416-021-01328-7

Marchio C, Annaratone L, Marques A, Casorzo L, Berrino E, Sapino A.
Evolving concepts in HER2 evaluation in breast cancer: heterogeneity,
HER2-low carcinomas and beyond. Semin Cancer Biol 2021; 72: 123-35. doi:
10.1016/j.semcancer.2020.02.016

Hou Y, Nitta H, Li Z. HER2 intratumoral heterogeneity in breast cancer, an
evolving concept. Cancers 2023; 15: 1-12. doi: 10.3390/cancers15102664

Bar Y, Dedeoglu AS, Fell GG, Moffett NJ, Bovraz B, Ly A, et al. Dynamic HER2-
low status among patients with triple negative breast cancer (TNBC): the
impact of repeat biopsies. [abstract]. J Clin Oncol 2023; 41(16 Suppl): 1005.
doi: 10.1200/JC0.2023.41.16_suppl.1005

Miglietta F, Griguolo G, Bottosso M, Giarratano T, Mele ML, Fassan M, et al.
Evolution of HER2-low expression from primary to recurrent breast cancer.
NPJ Breast Cancer 2021; 7: 137. doi: 10.1038/s41523-021-00343-4

Mosele MF, Lusque A, Dieras V, Ducoulombier A, Pistilli B, Bachelot T, et
al. LBA1 Unraveling the mechanism of action and resistance to trastu-
zumab deruxtecan (T-DXd): biomarker analyses from patients from DAISY
trial. [abstract]. Ann Oncol 2022; 33(Suppl 3): S123. doi: 10.1016/j.an-
nonc.2022.03.277

Diéras V, Deluche E, Lusque A, Pistilli B, Bachelot T, Pierga JY, et al.
Trastuzumab deruxtecan (T-DXd) for advanced breast cancer patients (ABC),
regardless HER2 status: a phase Il study with biomarkers analysis (DAISY).
[abstract]. SABCS 2021 San Antonio Breast Cancer Symposium, 2022 Feb 15.
Cancer Res 2022; 82(4 Suppl): PD8-02. doi: 10.1158/1538-7445.SABCS21-
PD8-02

Mazumder A, Shiao S, Haricharan S. HER2 activation and endocrine treat-
ment resistance in HER2-negative breast cancer. Endocrinol 2021; 162: 1-18.
doi: 10.1210/endocr/bgab153

Pegram M, Jackisch C, Johnston SRD. Estrogen/HER2 receptor crosstalk in
breast cancer: combination therapies to improve outcomes for patients
with hormone receptor-positive/HER2-positive breast cancer. NP/ Breast
Cancer 2023; 9: 45. doi: 10.1038/s41523-023-00533-2

Swain SM, Shastry M, Hamilton E. Targeting HER2-positive breast cancer:
advances and future directions. Nat Rev Drug Discov 2023; 22: 101-26. doi:
10.1038/s41573-022-00579-0

Wolff AC, Elizabeth Hale Hammond M, Allison KH, Harvey BE, Mangu PB,
Bartlett JM, et al. Human epidermal growth factor receptor 2 testing in
breast cancer: American Society of Clinical Oncology / College of American
Pathologists Clinical Practice Guideline focused update. J Clin Oncol 2018;
36: 2105-22. doi: 10.1200/JC0.2018.77.8738

Sajjadi E, Guerini-Rocco E, De Camilli E, Pala O, Mazzarol G, Venetis K, et
al. Pathological identification of HER2-low breast cancer: tips, tricks, and
troubleshooting for the optimal test. Front Mol Biosci 2023; 10: 1-6. doi:
10.3389/fmolb.2023.1176309

Schnitt SJ, Tarantino P, Collins LC. The American Society of Clinical Oncology
— College of American Pathologists Guideline update for human epidermal
growth factor receptor 2 testing in breast cancer: how low can HER2 go?
Arch Pathol Lab Med 2023; 147: 991-2. doi: 10.5858/arpa.2023-0187-ed

Ahn S, Woo JW, Lee K, Park SY. HER2 status in breast cancer: changes in
guidelines and complicating factors for interpretation. J Pathol Trans| Med
2020; 54: 34-44. doi: 10.4132/jptm.2019.11.03

Fernandez Al, Liu M, Bellizzi A, Brock J, Fadale O, Hanley K, et al. Examination
of low ERBB2 protein expression in breast cancer tissue. JAMA Oncol 2022;
8: 1-4. doi: 10.1001/jamaoncol.2021.7239

Zaakouk M, Quinn C, Provenzano E, Boyd C, Callagy G, Elsheikh S, et al.
Concordance of HER2-low scoring in breast carcinoma among expert pa-
thologists in the United Kingdom and the republic of Ireland — on behalf of
the UK National Coordinating Committee for Breast Pathology. Breast 2023;
70: 82-91. doi: 10.1016/j.breast.2023.06.005

59.

60.

61.

62.

63.

64.

65.

66.

67.

enhancing diagnosis and treatment strategies

Ivkovic-Kapic T, Knezevic-Usaj S, Moldvaji E, Jovanic |, Milovanovic Z,
Milantijevic M, et al. Interlaboratory concordance in HER2 testing: results of
a Serbian ring-study. J BUON 2019; 24: 1045-53. PMID: 31424659

Jonji¢ N, Musta¢ E, Tomic¢ S, Jaki¢ Razzumovic J, Sarcevic¢ B, Blazicevi¢, et al.
Interlaboratory concordance in HER-2 positive breast cancer. Acta Clin Croat
2015; 54: 479-84. PMID: 27017723

Roche PC, Suman VJ, Jenkins RB, Davidson NE, Martino S, Kaufman PA,
et al. Concordance between local and central laboratory HER2 testing in
the breast intergroup trial N9831. J Nat/ Cancer Inst 2002; 94: 855-7. doi:
10.1093/jnci/94.11.855

Gennari A, André F, Barrios CH, Cortes J, de Azambuja E, DeMichele A, et al.
ESMO Clinical Practice Guideline for the diagnosis, staging and treatment of
patients with metastatic breast cancer Ann Oncol 2021; 32: 1475-95. doi:
10.1016/j.annonc.2021.09.019

Curigliano G, Castelo-Branco, L Gennari A, Harbeck N, Criscitiello C, Trapani
D on behalf of the CPG author group. ESMO Metastatic Breast Cancer Living
Guideline, v1.1 May 2023. [internet]. [cited 2023 Dec 17]. Available at:
https://www.esmo.org/living-guidelines/esmo-metastatic-breast-cancer-
living-guideline

Lovasié IB, Koreti¢ MB, Podolski P, Dedi¢ Plaveti¢ N, Silovski T, Plestina S, et al.
[Clinical guidelines for diagnosis, treatment and monitoring of patients with
invasive breast cancer — Croatian Oncology Society (BC-3 COS)]. [Croatian].
Lije¢ Vjesn 2022; 144: 295-305. doi: 10.26800/LV-144-9-10-2

European Medicines Agency. From laboratory to patient - the journey of a
medicine assessed by EMA. [internet]. Eur Med Agency 2019. [cited 2023
Dec 18]. Available at: https://www.ema.europa.eu/en/documents/other/
laboratory-patient-journey-centrally-authorised-medicine_en.pdf

Cufer T, Ciuleanu TE, Berzinec P, Galffy G, Jakopovic M, Jassem J, et al. Access
to novel drugs for non-small cell lung cancer in Central and Southeastern
Europe: a Central European Cooperative Oncology Group analysis.
Oncologist 2020; 25: €598-601. doi: 10.1634/theoncologist.2019-0523

ESMO. ESMO-MCBS Scorecards. Scorecards for solid tumors. [internet].
[cited 2023 Dec 19]. Available at: https://www.esmo.org/guidelines/esmo-
mcbs/esmo-mchbs-for-solid-tumours/esmo-mcbs-scorecards

Radiol Oncol 2024; 58(2): 258-267.-

267



research article

Unravelling the lung cancer diagnostic pathway:
identifying gaps and opportunities for
improvement

Mateja Marc Malovrh'2, Katja Adamic'

"University Clinic for Respiratory and Allergic Diseases Golnik, Golnik, Slovenia
2 Faculty of Medicine, University of Ljubljana, Ljubljana, Slovenia

Radiol Oncol 2024; 58(2): 268-278.
Received 18 December 2023

Accepted 20 January 2024

Correspondence to: Assist. Prof. Mateja Marc Malovrh, M.D., Ph.D., University Clinic of Respiratory and Allergic diseases Golnik, Slovenia.
E-mail: mateja.marc@klinika-golnik.si

Disclosure: No potential conflicts of interest were disclosed.

This is an open access article distributed under the terms of the CC-BY license (https://creativecommons.org/licenses/by/4.0/).

Background. A fast and well-organized complex diagnostic process is important for better success in the freatment
of lung cancer patients. The aim of our study was to reveal the gaps and inefficiencies in the diagnostic process and
fo suggest improvement strategies in a single fertiary centre in Slovenia.

Patients and methods. We employed a comprehensive approach to carefully dissect all the steps in the diagnos-
fic journey for individuals suspected of having lung cancer. We gathered and analysed information from employees
and patients involved in the process by dedicated questionnaires. Further, we analysed the patients’ data and cal-
culated the diagnostic intervals for patients in two different periods.

Results. The major concerns among employees were stress and excessive administrative work. The important result
of the visual journey and staff reports was the design of electronic diagnostic clinical pathway (eDCP), which could
substantially increase safety and efficacy by diminishing the administrative burden of the employees. The patients
were generally highly satisfied with diagnostic journey, but reported too long waiting times. By analysing two time pe-
riods, we revealed that diagnostic infervals exceeded the recommended timelines and got importantly shorter after
two interventions - strengthening the diagnostic feam and specially by purchase of additional PET-CT machine (the
average fime from general practitioner (GP) referral to the multidisciplinary freatment board (MDTB) decision was 50.8
[+ 3.0] prior and 37.1 [+ 2.3] days after the interventions).

Conclusions. The study illuminated opportunities for refining the diagnostic journey for lung cancer patients, under-
scoring the importance of both administrative and capacity-related enhancements.

Key words: lung cancer; diagnostic pathway; improvement

Introduction

Lung cancer remains a leading cause of cancer-
related morbidity and mortality worldwide. Many
patients are diagnosed at advanced stages of the
disease.'? Despite advances in treatment modali-
ties, early detection, and our understanding of the
molecular aspects of oncology, we still face chal-
lenges in improving patient care and outcomes.>*
Specifically, issues within the diagnostic process

Radiol Oncol 2024; 58(2): 268-278.

can lead to delayed diagnosis, treatment, and ulti-
mately worse outcomes for lung cancer patients.>®
Previous studies have shown that the complexities
of healthcare systems and disjointed care impact
lung cancer patients.” Factors such as limited ac-
cess to specialized services, especially for those
in rural or remote areas, along with the need for
coordinated care among various healthcare pro-
viders, result in delays and inefficiencies dur-
ing diagnosis.® Although the implementation of
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standardized care pathways has been proven to
improve patient outcomes and satisfaction, their
application varies across cancer types, settings,
and populations.®® Our study aimed to address
these issues and enhance lung cancer care. We
planned to analyse gaps in the diagnostic process
for individuals suspected of having lung cancer
at University Clinic of Respiratory and Allergic
Diseases Golnik. Research from different regions
and healthcare settings gave us the starting idea
for the research.!'2 Our work aims to comprehend
the obstacles to timely and effective lung cancer
diagnosis and suggest improvement strategies. By
thoroughly assessing the diagnostic journey, our
study delved into the vital aspects of lung cancer
care paths. We identified factors that aid or hinder
their implementation and assessed their impact
on patient outcomes. Ultimately, our findings will
be able to guide the creation of customized lung
cancer care pathways that cater to our popula-
tion’s and healthcare system’s specific needs. The
objective was to elevate the quality and efficiency
of care for individuals with suspected lung cancer.

Patients and methods

To conduct this study, we employed a comprehen-
sive approach to analyse the diagnostic journey for
individuals suspected of having lung cancer. We
undertook the following steps to ensure a thor-
ough understanding of the process:

Visual representation of the patient
journey

We created a visual representation of the patient
journey with input from an interdisciplinary
team. The team included interventional pulmo-
nology specialists (involved in triage, outpatient
exams, (day)hospital work, and invasive proce-
dures such as bronchoscopies and pleural punc-
tures), radiologists for CT consultations and tran-
sthoracic biopsy guidance, pathologists, nurses in
outpatient and inpatient settings, and an admin-
istrator and coordinator responsible for admin-
istrative tasks like issuing discharge letters and
forwarding delayed reports from imaging or pa-
thology investigations (especially PET CT or MRI
performed in other institutions) to physicians.
The patient journey illustration showed the stages
and steps in the diagnostic process and interac-
tions among healthcare providers. The key organ-
izational characteristics of a clinic that diagnoses

one-third of Slovenian patients with lung cancer

are listed below:

a. Patients with suspected lung cancer were man-
aged in a specialized multidisciplinary tertiary
center offering a range of necessary examina-
tions, excluding PET-CT and MRI.

b. Many examinations were conducted on an out-
patient basis, making it ideal for identifying
and preparing patients for invasive diagnostics,
which were performed in hospitalized patients.

c. A proficient triage system was established, in-
volving a coordinator, interventional pulmo-
nologist, and radiologist. The coordinator man-
aged referrals, provided patient information,
and organized outpatient exams or hospital
admissions. The interventional pulmonologist
and radiologist determined the need for further
invasive diagnostics.

d. Ideally, patients had outpatient exams before
invasive diagnostics. Patients with prior out-
patient exams were scheduled for invasive pro-
cedures (e.g., bronchoscopy, CT or US-guided
transthoracic biopsy, US-guided lymph node
aspiration, thoracentesis) on admission day, of-
ten as day-hospital cases.

e. Directly admitted patients underwent invasive
diagnostics the following day.

f. The diagnostic process concluded by presenting
patient data to the multidisciplinary treatment
board (MDTB) for decision-making, commu-
nicating treatment choices to the patient, and
scheduling Iung cancer specialist follow-up.

Patient data collection and analysis

After obtaining their written consent, we analysed
data from patients referred to the clinic with sus-
pected lung cancer from January 1, 2023, to March
31, 2023. Information was gathered from the hos-
pital’s triage list, recording key events (date of re-
ferral, date of first / second appointment), triage
decision, and methods of management (first visit
at outpatient department, direct hospital admis-
sion, redirection to other facilities). Additional
data on patients referred in January 2023 were ex-
tracted from the hospital information data system,
including age, sex, final diagnosis, hospitaliza-
tion duration, invasive procedures performed and
MDTB treatment decision. Diagnostic intervals for
hospitalized individuals with suspected lung can-
cer referred in January and June 2023 were com-
puted from an excel spreadsheet and the Hospital
Information system. All individual data were
anonymized and in accordance with the General
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FIGURE 1. Triage for patients with lung infiltrates from January 1 to the end of
March 2023 and in June 2023 (total number of referred patients, number of
hospitalized patients, and number of redirected patients per month).

Data Protection Regulation. Ethical approvals
were obtained from the Medical Ethics Committee
of the Republic of Slovenia Nr. 0120-317/2016/2.

Hospital staff survey

An online survey was administered to hospital
staff to gather further insights and perspectives
on the diagnostic patient journey and identify
potential areas for improvement (Supplementary
Table 1).

Patient questionnaires

Four questionnaires (Q1-4) were designed espe-

cially for this survey to capture patient perspec-

tives at different diagnostic journey stages:

g. Q1 - referral by the general practitioner
(GP) to acceptance at the outpatient clinic
(Supplementary Table 2),;

h. Q2 - after the outpatient clinic visit
(Supplementary Table 3).;

i. Q3 - following hospitalization with an invasive
diagnostic procedure (Supplementary Table 4).;

j. Q4 - after receiving a diagnosis (Supplementary
Table 5).
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After obtaining their written consent, the pa-
tients completed the questionnaires anonymously
via the iPad they received at the hospital visits
(Q1-Q3). The answers for Q4 questionnaire were
obtained by phone call one week after the final di-
agnosis by medical students.

Validation workshops

The accuracy and comprehensiveness of the pa-
tient journey map was validated through two
workshops involving interdisciplinary team mem-
bers who had previously contributed insights.
These workshops facilitated discussions and feed-
back to refine the patient journey representation.

Results

Analysis of patients’ data from triage
and hospitalized patients with lung
cancer

The analysis of the three-month period (from
January 1, 2023, to March 31, 2023) revealed that a
total of 493 patients underwent the diagnostic pro-
cess for lung infiltrates. On average, this accounted
for 164 patients per month (ranging between 138
and 181). Among the referred patients, 120 individ-
uals (24.3%) were redirected to alternative facilities
following the initial triage, which involved chest
X-rays, CT scans and medical documentation as-
sessment. This redirection occurred due to the ab-
sence of suspicion for malignant disease. Of all the
patients referred, 264 (53.8%) required hospitaliza-
tion for invasive diagnostics. In June 2023, out of
the 141 referred patients, 30 individuals (27%) were
redirected to other facilities after the initial triage.
Furthermore, 82 patients (58.2%) needed hospitali-
zation for further diagnostic procedures (Figure 1).

Hospitalized patients from triage in
January 2023

A detailed analysis was conducted on a subgroup
of 75 patients who were referred for diagnostic
evaluation in January 2023 and necessitated hospi-
talization. Within this subset, the final diagnoses
encompassed various categories, with 39 patients
(representing 52% of the hospitalized individuals
and 28% of the referred patients) receiving a diag-
nosis of lung cancer, 9 cases involving lung metas-
tases originating from other primary cancers, 16
patients with benign lesions, and 11 cases involv-
ing pleural diseases. Mean age of 39 patients with
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lung cancer was 70.0 years (+ 1.3 Standard Error of
the Mean [SEM]), 15.4% were older than 80 years,
7.7% younger than 60 years. Out of this group, 23
were male (59%). On average, their hospital stay
spanned 2.6 (+ 0.3) nights, with five individu-
als managed as day-hospital cases. Within this
subgroup, 18 patients were categorized as stage I
(46.2%), 5 as stage 1I (12.8%), 7 as stage III (17.9%),
and 9 as stage IV (23.1%), based on disease TNM
staging. The mean number of invasive procedures
conducted per patient was 1.4 (+ 0.09). Specifically,
19 patients underwent solely bronchoscopy, 12 re-
ceived a combination of bronchoscopy and tran-
sthoracic needle aspiration (TTNA), two patients
underwent only TTNA, three patients underwent
ultrasound-guided peripheral lymph node punc-
ture, and one patient underwent thoracentesis.
Additionally, circulating DNA in plasma (ctDNA)
analysis was performed in 2 patients with poor
performance status. The MDTB recommendations
varied among the patients, with 17 individuals ad-
vised to undergo surgery, 7 recommended for radi-
cal radiotherapy, 5 recommended for radical ra-
diotherapy with concomitant systemic treatment,
5 prescribed systemic therapy, and five patients
deemed suitable for best supportive care.

Diagnostic intervals for patients with
lung cancer

We calculated the time it took to diagnose lung
cancer patients referred to our clinic in January
2023 and in June 2023. We selected these two time
periods because they coincided with two signifi-
cant changes that impacted the diagnostic process.
First, a new PET CT machine was acquired (the
fourth in Slovenia), and second, organizational
changes were implemented within the clinic.
These organizational changes included strength-
ening the day-hospital operations and involv-
ing other wards in the reception of lung cancer
patients from the waiting list, resulting in a 50%
increase in our hospital’s capacity to manage lung
cancer patients.
Here are the key findings from our analysis:

For the 39 hospitalized lung cancer patients re-

ferred in January 2023:

e The average time from GP referral to the first
examination in the clinic was 179 (£ 0.9) days.

e The average time from GP referral to the final
diagnosis (MDTB treatment decision) was 50.8
(= 3.0) days.

e 25% of patients received their first clinic ap-
pointment in under two weeks, and 20% re-
ceived their final diagnosis within the recom-
mended 31 days.

* The mean waiting time for a PET CT scan was
28.3 (+ 3.4) days.

For the 38 hospitalized lung cancer patients re-

ferred in June 2023:

* The average time from GP referral to the first
examination in the clinic was 13.6 (+ 0.9) days.

* The average time from GP referral to the final
diagnosis was 38.1 (+ 2.3) days.

* 60% of patients received their first clinic ap-
pointment within two weeks, and 31.5% re-
ceived their final diagnosis within the recom-
mended 31 days.

* The mean waiting time for a PET CT scan was
19.5 (+ 2.8) days.

Hospital staff survey results

The results from a survey (Supplementary Table 1)
conducted among 13 responsive team members,
comprising four pulmonology specialists, one co-
ordinator, one administrator, and seven nurses,
have provided valuable insights into the work con-
ditions within our hospital.

Here are the key findings:

* Work overload: A significant 90% of respond-
ents expressed that they felt overloaded with
their workload.

* Multiple workplace demands: Many staff mem-
bers also faced challenges related to concurrent
work across various hospital departments on
the same day (ward, emergency department,
bronchoscopy, outpatient pulmonology depart-
ment, student tutoring). This multitasking af-
fected their ability to dedicate sufficient time
to patient discussions, explanations of the di-
agnostic procedures, final diagnoses, and treat-
ment plans, particularly in outpatient settings
and during brief hospital encounters.

* Job satisfaction: The majority of participants re-
ported satisfaction with their workplace, appre-
ciating the responsible, non-monotonous, and
meaningful nature of their roles.

e Stress levels: All respondents reported experi-
encing at least moderate levels of stress, with
25% indicating severe stress at work.

Challenges identified:

* Patient care: The majority pulmonology spe-
cialists highlighted the challenges of manag-
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FIGURE 2. Patient satisfaction across diagnostic process stages. The proportion of
patients who were asked: How satisfied were you during the diagnostic process?
and answered with 1 (nof satisfied) to 5 (very satisfied).

ing numerous patients at various stages of the
diagnostic process. They expressed dissatis-
faction with the time-consuming system for
tracking the newly arrived results of already
discharged patients. The existing information
system lacked alerts regarding patients not pre-
sented to the MDTB or the completion of their
diagnostic path. To mitigate delays and poten-
tial loss of patient documentation, an Excel ta-
ble was introduced in the past to track patients’
progress in the diagnostic pathway, including
test results from pathology or radiology de-
partments and presentation dates to the MDTB
council (only for cases where such evaluation is
needed). However, this process was found to be
time-consuming and prone to inconsistencies
and errors.

e Process duration: The extended duration of the
entire diagnostic process was a concern.

¢ Administrative burden: Redundant administra-
tive tasks were cited as a significant issue.

* Time pressure: The awareness that time con-
straints could impact patient outcomes added to
their stress.
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® These survey results shed light on the need for
targeted interventions to alleviate workload
pressures, streamline administrative tasks, and
enhance the quality of patient care and commu-
nication within our hospital.

Patient questionnaire results

We collected responses from patient question-

naires (Supplementary Tables 2-5) at various stag-

es of their patient journey. Here is a breakdown of
when and how many of these questionnaires were
administered:

* Questionnaire 1 (Q1, Supplementary Table 2):
Administered to 52 patients upon their arrival
at the outpatient clinic in September 2022.

* Questionnaire 2 (Q2, Supplementary Table 3):
Administered to the same patients after they
completed their outpatient examination.

* Questionnaire 3 (Q3, Supplementary Table 4):
Collected from 47 patients at the end of their
hospitalization, spanning two time periods, in
September-October 2022 and May-June 2023.

* Questionnaire 4 (Q4, Supplementary Table 5):
Gathered from the same patients as Q3 ap-
proximately one week after their presentation
to MDTB council, during the mentioned time
periods.

Patient response rates vary across questions,
and the number of respondents for each question
is indicated next to the corresponding figure (see
the N numbers listed with each Figure).

The majority of patients expressed high levels
of satisfaction with all aspects of their experience
throughout the diagnostic process for lung cancer,
encompassing the period from their initial visit
to the outpatient clinic to their discharge and the
subsequent waiting period for the MDTB decision,
as well as the receipt of the MDTB treatment deci-
sion information (as illustrated in Figure 2).

These results underscore the positive feedback
received from patients regarding both the organi-
zational and professional aspects of their diagnos-
tic journey.

In our evaluation of the patient experience, we
found the following key points:

* Outpatient medical check-ups: Medical check-
ups in the outpatient department were quick,
with all patients completing them in under 30
minutes. A substantial 63% of patients finished
their check-ups in under 15 minutes. All pa-
tients were satisfied with the information pro-
vided by the medical staff, with the exception
of one patient who missed PET-CT information.
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No stress during the
diagnostic process
51%

e Hospital admissions: Among hospitalized pa-
tients, the breakdown was as follows:

* 40% were admitted after check-up in the out-
patient department.

* 42% were triaged for direct admission.

* 18% with acute symptoms bypassed triage
and were admitted through the emergency
unit.

For 80% of hospitalized patients, a bed was
available in less than 1 hour, while for the remain-
ing 20%, it took up to 2 hours.
¢ Information and communication:

* 89% of patients felt they received sufficient
information from healthcare professionals

* 20% expressed a desire for more time to con-
verse with the doctor.

* Over 90% believed they could understand in-
formation about their illness and knew who
to contact for additional questions.

e MDTB decision communication: The informa-

tion about the MDTB decision was effectively
conveyed to the majority of patients, through
either phone calls or in-person conversations.
Patients comprehended the information and
were aware of the subsequent steps. Relatives
were also adequately informed.

Stress levels: 51% of patients reported no stress
during the diagnostic process. The remain-
ing patients experienced stress due to vari-
ous reasons, including: facing the diagnosis,
prolonged waiting times for a final diagnosis,
insufficient information, other factors such as
sharing a room with three patients, Covid-19
infection, communication issues with staff, feel-
ings of helplessness, social concerns, and fear.
In Figure 3, we illustrate the proportions of pa-
tients reporting stress due to different reasons
during their diagnostic journey.
Patient-reported waiting times: we have pro-
vided detailed data on patient-reported waiting
times for major events in their diagnostic jour-
ney in Figure 4A and 4B.

¢ Key findings from the data include:

* Over 50% of patients reported waiting for
more than 2 weeks for their initial appoint-
ment at the clinic, whether it was for an out-
patient examination or hospital admission.

¢ Similarly, for the period from GP referral to
the receipt of a final diagnosis, more than
50% of patients reported waiting times that
exceeded the recommended four-week pe-
riod.

Other reasons

Stress due
for stress to facing the
17% diagnosis

21%

Stress due to Stress due to

insufficient - prolonged waiting times
information . for afinal diagnosis
4% L 7%

FIGURE 3. Sources of stress among patients during the diagnostic process (N =
47). Other reasons were sharing a room with three patients, Covid-19 infection,
communication issues with staff, feelings of helplessness, social concerns, and
fear.

Validation, data analysis and
opportunities for improvement

Upon conducting a comprehensive assessment
that included visual mapping of the patient jour-
ney and analysis of both hospital staff and patient
surveys, several challenges and potential enhance-
ments have become known. These improvements
have the potential to elevate satisfaction levels and
reduce stress for all involved parties.

Organizational challenges

e Patient tracking: Currently, patient tracking is
managed simultaneously through Excel spread-
sheets, which places an additional administra-
tive burden on physicians and increases the
likelihood of errors.

¢ Redundant administrative work: We have iden-
tified redundant administrative tasks, includ-
ing the maintenance of patient records in both
the Hospital Information System and separate
files.

¢ Transcription of dictated notes: Administrative
resources are dedicated to transcribing doctors’
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FIGURE 4. Patient reported waiting times from the GP referral fo an initial
appointment at the Golnik University Clinic (N = 52) (A); and for receiving a final
diagnosis (B).

dictated notes, resulting in inefficient use of

work force.

e MDTB data organization: The organization of
patient data required for the MDTB is sub-op-
timal, necessitating additional administrative
work for documentation preparation, although
most data are accessible in the information sys-
tem.

In response to these challenges, we designed
an electronic diagnostic clinical pathway (e-DCP),
which could be incorporated in the existing clini-
cal informational system. The e-DCP’s structure
would encompass predefined options for various
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investigations, ensuring precise tracking of each
patient’s progress within the diagnostic journey.
Additional administrative efficiency gains could
be realized by automating the generation of a con-
cise summary of patient essential information ex-
tracted from the Electronic Health Record (EHR)
for the MDTB proceedings. Notably, the system is
designed to promptly flag any gaps or missing in-
formation and alert the physician when the patient
is prepared for MDTB presentation.

Patient-centric challenges

e Lack of systematic patient feedback: Currently,
patient feedback is not systematically collected,
potentially overlooking valuable insights from
the patient perspective.

¢ Communication channels: Patient communica-
tion with the hospital is limited to postal mail,
telephone, or email. Exploring additional digital
communication channels could enhance the pa-
tient experience.

* Patient awareness: Patients often lack explicit
information about their current position within
the patient journey and are unaware of the ex-
pected next steps.

Based on our analysis, data from two different
periods, and patient reports, it is evident that in
the majority of cases, the final diagnosis exceeds
the recommended 31-day timeframe. This is pri-
marily attributed to extended waiting times from
referral to the first appointment and the challenge
of limited PET-CT machines, resulting in lengthy
waiting periods. Addressing these organizational
and patient-centric challenges, as well as stream-
lining the diagnostic process, will be essential to
improve the overall experience for patients and
hospital staff alike.

Discussion

This study takes a comprehensive approach to
enhance our understanding of the diagnostic tra-
jectory for patients with lung cancer, focusing on
patient and medical staff experiences at a tertiary
care center and pre-treatment temporal intervals.
To our knowledge, this is the first in-depth survey
of patient and medical staff experiences during the
diagnostic path of lung cancer in tertiary centers.
Previous study by Rankin NM and colleagues
provided insights into how patients with suspect-
ed lung cancer and their general practitioners (GPs)
experience the diagnostic journey. Their findings
highlighted that the lack of defined diagnostic
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pathways to respiratory specialist assessment and
hospital clinics was a clear source of frustration
for both patients and GPs. They recommended the
implementation of national lung cancer pathways,
which have shown to improve outcomes for lung
cancer patients and may help address GP frus-
trations and health system barriers.® However,
our case differs from Rankin’s study, as our lung
cancer diagnostic path is well defined, offering a
simple and uniform process of referring patients
with suspected lung cancer to a tertiary diagnostic
center for all GPs and pulmonologists, regardless
of the region. Additionally, our tertiary multidis-
ciplinary diagnostic center operates with a well-
coordinated and structured diagnostic pathway.
These factors likely contribute significantly to the
high rates of patient satisfaction and surprisingly
low reported stress levels in our setting. Despite
the well-structured and coordinated diagnos-
tic pathway for lung cancer, our investigation
revealed critical areas in need of improvement.
These potential enhancements primarily pertain
to either hospital staff or patients.

The findings from an online survey among hos-
pital staff have highlighted two significant areas of
concern: stress and excessive administrative work-
load. Stress primarily results from the limited time
available to manage patient care. Additionally, ex-
tended timeframes until the final diagnosis and
deficiencies in administrative patient tracking
contribute to stress and frustration. To address
these issues, the most frequently proposed im-
provements include: (1) Streamlining administra-
tive tasks to reduce workload; (2) Implementing a
system for regular and automated notification of
test results after a patient’s discharge from the hos-
pital; and (3) Enhancing access to specific medical
services, such as hospital admissions for invasive
diagnostics, PET-CT scans and MRIs. These meas-
ures have been suggested as means to alleviate
stress and enhance the overall efficiency of patient
care.

Significant strides in administrative patient
management can be achieved by seamlessly inte-
grating an electronic Diagnostic Clinical Pathway
(e-DCP) into the existing Hospital Information
System. The e-DCP concept envisions predefined
options and a comprehensive patient tracking
system that spans all diagnostic stages, from ini-
tial triage to the final diagnosis and presentation
to MDTB for treatment decisions. We have care-
fully designed this e-DCP, and its implementation
is currently pending. This automation would sig-
nificantly reduce the present workload associated

with documentation preparation. The ultimate
goal of e-DCP implementation is to entirely elimi-
nate the need for paper records and the current
Excel spreadsheet-based patient tracking system.

Furthermore, once the patient data summary is
systematically organized, it should be automati-
cally integrated into both the Clinical and National
Lung Cancer Registry, further streamlining the
process and enhancing data accuracy.

Further, in the current scenario, considerable
administrative resources are dedicated to tran-
scribing physicians’ dictated notes. This ineffi-
ciency could be significantly streamlined by em-
bracing appropriate Speech Recognition technol-
ogy, designed to directly transcribe doctors’ notes
into the Patient’s Electronic Health Record (EHR).
Ideally, this application would convert unstruc-
tured text into a standardized format, enhancing
overall efficiency and accuracy.

A significant drawback in the process was the
extended timeframe from the initial referral to
the final diagnosis, a factor that also contributed
significantly to stress among both patients and
medical staff. The influence of diagnostic process
speed on patient outcomes and survival has been
extensively explored in the literature.!>418 These
studies have yielded mixed results due to the
high heterogeneity of patients and variations in
diagnostic pathways, which often prioritize faster
evaluation for more severe cases. Nonetheless, it is
widely acknowledged that delayed confirmation
of cancer diagnosis elevates patient anxiety and
distress.”” In response to these concerns, numerous
European countries and the USA have published
organizational guidelines featuring recommended
diagnostic and treatment intervals. Notable organ-
izations like the British Thoracic Society (BTS), the
National Institute for Health and Care Excellence
(NICE), Swedish and Danish Lung Cancer Groups
(SLCG, DLCG), the American College of Chest
Physicians (ACCP), and the Institute of Medicine
(IOM) have all contributed to establishing these
crucial benchmarks.

The delays in diagnostic timelines represent a
well-recognized and pervasive issue within the
healthcare systems. Numerous medical centres
have reported that diagnostic and treatment in-
tervals frequently exceed the recommended time-
frames for a significant portion of their patients.
Addressing these challenges necessitates compre-
hensive improvements in the care pathways for
lung cancer patients across various dimensions.
Previous studies have consistently identified sev-
eral common factors contributing to diagnostic
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delays, including prolonged waiting times for di-
agnostic procedures, multiple attempts required
to establish a diagnosis, limited access to high-
yield investigations, delays in staging procedures,
and protracted turnaround times for results.?%
Effective strategies to mitigate these delays have
included the establishment of rapid access clinics
designed to streamline the coordination of diag-
nostic procedures, the implementation of struc-
tured cancer diagnostic pathways, and the ini-
tiation of quality improvement projects that have
successfully reduced redundant investigations
and unnecessary inpatient admissions.*#*? An
intriguing study conducted in Texas employed an
electronic medical record trigger system to pro-
spectively identify patients at risk of experiencing
delays in their diagnostic evaluations.?®

In our specific case, the prolonged waiting time
for the initial clinic examination emerged as the
primary culprit behind diagnostic delays, primar-
ily due to the constraints posed by limited hospital
capacities for lung cancer patients. Furthermore,
the extended waiting times for PET-CT scans sig-
nificantly contributed to the overall time required
for arriving at a final diagnosis. Considering that
the majority of our patients presented with non-
metastatic disease and approximately two-thirds
of them necessitated a PET-CT scan before treat-
ment decision could be made, it becomes less sur-
prising that the time to reach a final diagnosis
often exceeded the recommended 31-day thresh-
old. An analysis encompassing 39 and 38 patients
referred during two distinct periods, January and
June 2023, substantiated the critical role of the fac-
tors mentioned above. A minor clinic reorganiza-
tion undertaken in the spring resulted in increased
capacities for managing lung cancer patients, lead-
ing to an average reduction of 4 days in the time
interval from GP referral to the initial clinic ex-
amination. Moreover, this reorganization enabled
60% of patients to undergo their first assessment
at the clinic within the recommended 14 days.
Additionally, the notable decrease in the average
waiting time for PET-CT scans in June, which was
nearly 9 days, could be attributed to the acquisi-
tion of a new PET-CT machine. Collectively, these
two strategic changes significantly shortened the
overall time required to reach a final diagnosis by
an average of 12.7 days.

Previous retrospective study from our clinic re-
ported that 61 patients with lung cancer were di-
agnosed out of 159 patients who were examined
in 2008 in specialized out-patient clinic for lung le-
sions in 12 months. The authors did not check the
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time from GP referral to the first visit, but reported
the median time from the onset of symptoms to
the first visit in outpatient clinic, which was 67
days. The median time from the first visit at clinic
to the diagnosis was 10 days and from diagnosis to
the beginning of treatment of 12 days. The impor-
tant difference between the two analysed groups
was a proportion of patients in whom PET CT was
mandatory prior to treatment decision — 77% of
patients in current study were of stage I-III and
needed PET CT in comparison with less than half
in 2008.%

Patients expressed high levels of satisfaction
throughout every stage of the diagnostic pathway,
spanning from the initial GP referral to the receipt
of a final diagnosis. Surprisingly, more than half
of the patients reported minimal stress during
the diagnostic period. Those who did experience
stress typically attributed it to concerns related
to their diagnosis, personal or environmental fac-
tors. Notably, less than 10% felt stressed due to ex-
tended waiting times, and less than 5% cited a lack
of information as a stress-inducing factor. These
findings are particularly noteworthy in light of
a previous study that highlighted the frustration
experienced by patients and GPs when faced with
undefined diagnostic pathways leading to res-
piratory specialist assessments and hospital clin-
ics.!® It appears that the presence of a uniformly
organized and well-coordinated pathway played
a pivotal role in both the high levels of patient sat-
isfaction and the low reported stress levels. Within
this structured pathway, patients received holistic
management and guidance from a single center,
which facilitated appointment scheduling for all
necessary investigations, managed test results, and
maintained regular communication with patients.
To further enhance the patient experience and al-
leviate anxiety, the implementation of automated
notifications, such as emails or SMS messages, to
keep patients informed about their progress along
the diagnostic journey is recommended. Such a
system could also reduce the volume of incoming
patient inquiries regarding results and appoint-
ment status.

Although medical staff have expressed limita-
tions in their available time for patients and car-
egivers interactions, patients generally report-
ed receiving sufficient information about their
medical management from the healthcare team.
Nevertheless, we believe that the creation and
distribution of an informational brochure or an
electronic application (e-application) containing
comprehensive details about the patient’s journey,
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including individual stages and diagnostic pro-
cedures, could further alleviate patient anxieties.
Such printed resource may particularly benefit
individuals who prefer offline, easily accessible
information, reinforcing an inclusive approach
to patient education. Moreover, the integration of
Patient Reported Outcomes Measures (PROMs)
and Patient Reported Experience Measures
(PREMs) should be incorporated into routine prac-
tice. These measures offer a holistic assessment of
care quality from the patient’s perspective, foster-
ing a patient-centric healthcare culture and nur-
turing a feedback-based continuous improvement
approach.®

While our study provides valuable insights, it
is important to recognize its limitations. We con-
ducted our research at a single center within the
country, limiting the generalizability of our find-
ings to a national level. Additionally, our study
was limited in scope due to a relatively short time-
frame. To ensure consistent treatment for patients
with suspected lung cancer nationwide and to
gain a comprehensive understanding of the issue,
further research at a national level is needed. This
broader investigation would address the specific
needs and challenges faced by patients in various
regions, ultimately enhancing the quality of care
and outcomes for individuals with suspected lung
cancer on a national scale.

Conclusions

Our study, employing a comprehensive method-
ology, not only gathered insights from healthcare
professionals involved in the diagnostic pathway
but also incorporated valuable perspectives from
patients themselves. This multifaceted approach
provided a deep understanding of the diagnostic
patient journey and served as a foundation for de-
veloping customized strategies for improvement.
While it is evident that the patient journey from
GP referral to MDTB treatment decisions is well-
structured, coordinated, and garners high levels
of patient satisfaction, our survey has uncovered
critical areas requiring enhancement. Foremost
among these is the development of an Electronic
Diagnostic Clinical Pathway (eDCP), a pivotal ini-
tiative that can significantly enhance the process
by alleviating unnecessary administrative bur-
dens on staff. Moreover, it can provide a secure
and reliable checklist and analytical system for
regular process evaluations, ensuring ongoing im-
provements. On a systemic level, it is imperative

to further bolster clinic capacities dedicated to pa-
tients with lung cancer. In particular, national in-
vestments in additional PET-CT machines, accom-
panied by the necessary medical personnel, are
urgently needed to expedite the diagnostic pro-
cess. In sum, this study illuminated opportunities
for refining the diagnostic journey for lung cancer
patients, underscoring the importance of both ad-
ministrative and capacity-related enhancements.
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Background. Intraoperative fluid management is a crucial aspect of cancer surgery, including colorectal surgery
and pancreatoduodenectomy. The study fests if infraoperative multimodal monitoring reduces postoperative mor-
bidity and duration of hospitalisation in patients undergoing major abdominal surgery freated by the same anaes-
thetic protocols with epidural analgesia.

Patients and methods. A prospective study was conducted in 2 parallel groups. High-risk surgical patients un-
dergoing major abdominal surgery were randomly selected in the control group (CG), where standard monitoring
was applied (44 patients), and the protocol group (PG), where cerebral oxygenation and extended hemodynamic
monitoring were used with the protocol for infraoperative interventions (44 patients).

Results. There were no differences in the median length of hospital stay, CG 9 days (interquartile range [IQR] 8
days), PG 9 (5.5), p = 0.851. There was no difference in postoperative renal of cardiac impairment. Procalcitonin was
significantly higher (highest postoperative value in the first 3 days) in CG, 0.75 mcg/L (IQR 3.19 mcg/L), thanin PG, 0.3
mcg/L (0.88 mcg/L), p = 0.001. PG patients received a larger volume of infraoperative fluid; median infraoperative
fluid balance +1300 ml (IQR 1063 ml) than CG; +375 ml (IQR 438 ml), p < 0.001.

Conclusions. There were significant differences in intraoperative fluid management and vasopressor use. The median
postoperative value of procalcitonin was significantly higher in CG, suggesting differences in immune response to fissue
frauma in different intraoperative fluid status, but there was no difference in postoperative morbidity or hospital stay.

Key words: postoperative complications; intraoperative monitoring; multimodal monitoring; hemodynamic monitor-
ing; cerebral tissue oxygenation; abdominal surgery

Introduction

complications in various types of cancer surgeries.

Intraoperative fluid management is a crucial as-
pect of cancer surgery, as it may significantly im-
pact patient outcomes and postoperative complica-
tions. The optimal approach to fluid therapy dur-
ing cancer surgery remains a topic of debate and
ongoing research. Several studies have investigat-
ed the effects of different fluid management strat-
egies on morbidity, mortality, and postoperative

Radiol Oncol 2024; 58(2): 279-288.

Restrictive fluid management has been shown to
be superior to standard fluid management in pre-
venting postoperative complications in abdominal
surgery. Additionally, goal-directed fluid therapy
targeting hemodynamic variables such as cardiac
output and stroke volume has been found to de-
crease fluid balance and reduce inflammatory re-
actions after lung cancer surgery.!

doi: 10.2478/raon-2024-0015
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It is important to note that the management of
fluid balance in cancer surgery is complex and
depends on various factors such as the type of
surgery, patient characteristics, and underlying
conditions. The use of enhanced recovery after
surgery (ERAS) protocols, which include specific
guidelines for perioperative fluid management,
has been recommended in oncology surgeries.?
Outcome of treatment has often been influenced
by several variables.?

Continuous intraoperative measurement of
blood flow and related variables was studied sev-
eral times to show the benefit for patients. New
monitors and treatment protocols with prede-
fined treatment limits (goal-directed optimiza-
tion of hemodynamic parameters) suggested an
improvement in long-term patient outcome and
a reduction in morbidity and mortality of more
than 50% in some studies.*” They aim to optimise
microcirculation and improve oxygen delivery by
correcting specific hemodynamic parameters.®
The benefit of personalised and targeted oxygen
delivery algorithms that incorporate both fluid re-
suscitation and vasoactive drugs applied to high-
risk surgical patients was shown.” However, flow
monitoring alone when added to conventional
monitoring has much less effect on improving
outcomes and reducing mortality than antici-
pated.® When using this strategy there was no
decrease in mortality and the length of stay de-
creased on average by only one day.l’ Also a com-
posite outcome of complications or mortality at 30
days is not reduced by this strategy.!! In addition
to hemodynamic variables, other important pa-
rameters, such as regional cerebral oxygenation
(rSO2), measured by near-infrared spectroscopy
(NIRS), should be continuously monitored to im-
prove outcomes. Especially in the elderly, the re-
duction of regional cerebral oxygenation can lead
to a poor outcome.** Monitors that assess the
degree of cortical suppression (e.g. BIS, Aspect
Medical Systems, Cambridge, USA) facilitate an-
aesthetic titration and have been shown to reduce
anaesthetic exposure.!>16

In most studies, all new methods have been
studied separately, and there is a lack of studies
showing the effect of joint (multimodal) monitor-
ing on mortality and occurrence of complications.
All data collected indicate that the combined use
of new methods (monitoring blood flow with as-
sessment of fluid status, depth of anaesthesia and
tissue oxygenation) with adherence to an appro-
priate protocol could dramatically improve perio-
perative management and outcome of high-risk

Radiol Oncol 2024; 58(2): 279-288.

surgical patients.”’® The important cofactor that
may interfere with the results of the studies is the
different anaesthesia techniques used in the pa-
tients included in the studies (presence or absence
of an epidural catheter, different anaesthetic tech-
niques used).12!

The present study tests the hypothesis that in-
traoperative multimodal monitoring with hemo-
dynamic optimisation and maintenance of opti-
mal cerebral oxygenation reduces the rate of post-
operative complications. Furthermore, multimodal
monitoring can reduce the duration of hospitalisa-
tion in patients undergoing major abdominal sur-
gery. To minimise bias, all patients in both groups
have received the same intraoperative anaesthetic
technique with epidural postoperative analgesia
and all patients underwent similar gastrointesti-
nal surgical procedures.

Patients and methods

A prospective randomised trial with 2 parallel
groups was conducted at the University Medical
Centre (UMC) Ljubljana in years 2015-2018.
Patients from the Clinical Department of
Abdominal Surgery were included in the study.
Adult patients who underwent one of the follow-
ing major abdominal cancer surgeries were includ-
ed: stomach surgery, pancreatic surgery, and large
intestinal resections. Only high-risk surgical pa-
tients, defined as American Society of Anaesthesia
(ASA) class 2 or 3 with P-Possum predicted mortal-
ity >4% fulfilled criteria for inclusion.?? ASA physi-
cal status classification system class 2 are patients
with mild systemic disease, while class 3 patients
are patients with a severe systemic disease that is
not life-threatening.?® P-possum is Physiological
and Operative Severity Score for the enumeration
of Mortality and morbidity. With the result, we are
able to predict perioperative mortality.2* Exclusion
criteria were underage, pregnant women, laparo-
scopic surgery, and palliative procedures.

The study was approved by the Slovenian
National Medical Ethics Committee. It was reg-
istered with ClinicalTrials.gov, Surgical Outcome
and Multimodal Monitoring (SOMM) Identifier:
NCT02293473. The article has previously unpub-
lished data from the study:.

Power analysis was performed using simu-
lation of results with the Mann-Whitney U test.
For a 2-day difference in stay length, with power
0.8 and significance level 0.05, 16 patients in each
group are needed. To show the difference in LOS
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at one day, 40 patients in each group are needed.
The calculations are based on a small pilot study
with 12 patients in each group. The expected
Cohen value -d is 0.660 for a difference of 1 day
in length of stay. We have slightly increased the
number of patients recruited due to expected loss
during follow-up.

All patients scheduled for abdominal cancer
surgery were visited by a member of our team a
day prior to surgery to obtain informed consent
and to answer any questions. Before anaesthe-
sia, patients were randomly assigned into two
groups using covariate adaptive randomisation.
The covariates considered were age, weight, and
the ASA status of the patients. The groups were
protocol group (PG) and control group (CG). The
randomisation was carried out by a member of
our study team. Two anaesthesiologists (who had
not participated in randomisation) conducted the
intraoperative management. They performed an
intraoperative protocol determined by randomisa-
tion. The personnel who conducted postoperative
management and postoperative data collection
were unaware of how intraoperative management
was conducted or the group of patients. The data
collected and the patient group were linked after
the data collection process was completed.

Anaesthesia management

Before the procedure, thoracic epidural catheter
was inserted in the left lateral position (Th 7-8 or
Th 9-10 for rectal surgery) and the tested with 3 ml
of 2% lidocaine was performed. After monitoring
and placement of the intravenous line, the infu-
sion of dexmedetomidine was started (0.5 mcg/kg/
hour). The continuous infusion ended after skin
suture at the end of the procedure.

Then a standard induction to general anaesthe-
sia (propofol, sufentanyl, rocuronium) was per-
formed. Anaesthesia was maintained by iv infu-
sion of propofol. The depth of anaesthesia in both
groups was adjusted to keep the bispectral index
(BIS) 40-55.2> Analgesia was provided by 15 ml of
0.25% epidurally levobupivacaine, with a 15 mcg
sufentanyl supplement. 1-2 hours after epidural
bolus of local anaesthetic, patient-controlled epi-
dural analgesia (PCEA) was started with constant
infusion rate and additional patient-controlled bo-
luses for postoperative analgesia (PCEA (0.125%
levobupivacaine 200 ml, morphine 4 mg, clonidine
0.075 mg; infusion rate 5 ml/h, bolus 5 ml, lock
time 30 minutes). Relaxation was provided with
rocuronium and monitored with the train-of-four

monitor (TOF). Sugammadex was provided to re-
verse neuromuscular block at the end of operation.

The haemoglobin level was measured every two
hours or at the events with blood loss over 500ml.
It was kept above 80 g/L. A fall in haemoglobin
was coped with blood transfusion. Oesophageal
measured body temperature was kept in the range
between 36 and 37 °C.

Postoperatively, the patients were transferred
to postoperative recovery and then to Abdominal
Surgery high dependency unit (HDU).

Protocol group

Monitors that calculate stroke volume (SV) and
cardiac output (CO) from a standard radial arte-
rial line (LiDCO Rapid, LiDCO Cardiac Sensor
Systems, Cambridge, UK) were applied. The near-
infrared spectroscopy (NIRS) monitor (INVOS,
Medtronic, USA) was used in the protocol group.
As a non-invasive technology that continuously
monitors regional tissue oxygenation, it was used
unilaterally to monitor cerebral oxygenation in the
left hemisphere. A baseline prior to induction was
recorded. Baseline values of the nominal stroke in-
dex (SI), cardiac index (CI), BIS, mean arterial pres-
sure (MAP), and regional oxygen saturation (rSO2)
were recorded.

The patients have received 2 ml/kg/h of bal-
anced fluids + replacement for fluid loss (with a
ratio of 3 units of balanced crystalloids per every
unit of blood loss, until the Hb 80. Then the blood
transfusion was started. In the event of immedi-
ate blood loss of more than 500 ml, colloids were
administered with the ratio to blood loss 1:1. The
exact number of fluids given, dependent on moni-
tored hemodynamic variables.

Phenylephrine was administered when the
SVV was below 13% of variation, CI was in normal
range and there was hypotension. CI, MAP, and SI
were maintained within 80% of baseline values.
In the event of a 20% fall in regional cerebral oxy-
genation (rSO2) or values rSO2% below 60 in the
absence of a fall in CI or blood loss, we adjusted
ventilation so that PaCO2 was kept in the high nor-
mal range (5-5,5kPa).

Control group

The same anesthetic regime was used in PG; there
was no hemodynamic monitor. Measurement of
cerebral oxygenation was also absent. The patients
received 2 ml/kg/h of balanced fluids and addition-
al fluid for replacement for fluid loss as in proto-

Radiol Oncol 2024; 58(2): 279-288.
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FIGURE 1. Consort diagram of the study.

col group. If there were no clinical signs of hypo-
volemia, phenylephrine was used in treatment of
hypotension.

Data collection

Postoperatively we collected the following data:
length of stay, length of stay in HDU, re-admis-
sion to HDU or intensive care unit (ICU), quality
of wound healing, reoperations, 30-day mortality.
We have observed complications (sepsis, pneu-
monia, acute respiratory infection, pleural effu-
sion, myocardial infarction, pulmonary embolism,
stroke, infection).

Hospital discharge criteria
To reduce unintended variations, strict discharge

criteria were implemented. A hemodynamically

Radiol Oncol 2024; 58(2): 279-288.

Analysed (n=42)
+ Excluded from analysis (n=0 )

stable patient without active infection, proper
wound healing, and who has completed the first
phase of rehabilitation to assisted mobility (or mo-
bility comparable to preoperative) was discharged.
If due to administrative reasons formal discharge
was not possible, we considered him discharged if
all the criteria were met.

Mental status testing

Preoperative mini mental state test (MMSE) ex-
amination was conducted.? The aim was to meas-
ure possible postoperative cognitive decline.
Postoperatively, the same testing was conducted
after patient was admitted to the ward from high
dependency unit.
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TABLE 1. Intraoperative fluid management

Control group

Protocol group P-value

Median Median 5
(interquartile range) ml (interquartile range) ml (Mann - Whitney U test)

Intraoperative blood loss 300 (425) 500 (500) 0.182
RBC
transfusion 0(0) 0(0) 0.185
FFP
transfusion 0(0) 0 (0) 1
Platelet
transfusion 0(0) 0 (0) 0.317
Intfraoperative fluid balance +375 (438) +1300 (1063) 0.000'
Intfraoperative urinary 205 (100) 300 (200) 0.078

output

1 = shows statistically significant difference; FFP = fresh frozen plasma; RBC = red blood cell

Statistical analysis

The results were analysed using R: A Language
and Environment for Statistical Computing. The
results of intraoperative management, the results
of postoperative creatinine, the demographics of
the patients, and the length of stay are presented
as the median and interquartile range. Groups
were compared using the Mann-Whitney U test,
the level of significance of 0.05 was considered sta-
tistically significant.

Intraoperative observations, postoperative com-
plications, and ASA classification are presented as
the absolute number of patients with a certain in-
tervention/observation. Groups are compared us-
ing the Chi-square test or Fisher’s exact test, where
appropriate. A level of significance of 0.05 is con-
sidered statistically significant.

When comparing postoperative complications,
several comparisons are made on the same sample.
The level of significance was adjusted accordingly
to the Bonferroni correction, and a p-value of 0.001
is considered statistically significant.

TABLE 2. Intraoperative observations and interventions

Results

We randomly selected 88 patients, 44 in each
group. Regarding intraoperative management
and postoperative complications, 84 patients were
analysed, 4 were excluded after randomisation be-
cause the intraoperative protocol was not strictly
followed. Consort diagram of the study is shown
in Figure 1.

The average age of the included patients was 65
+ 12 years in CG and 66 + 8 years in PG (P = 0.265,
Mann-Whitney U test). The average weight was
64 + 10 kg in CG and 66 + 12 kg in PG (p = 0.177,
Mann-Whitney U test). 18 patients with ASA 2 sta-
tus were in CG and 16 in the protocol (p = 0.154,
Chi-square test). 24 ASA3 patients were included
in CG and 26 in PG (p = 0.117, Chi-square test). The
median physiological P-Possum in CG was 21 (in-
terquartile range [IQR] 7) and 20 (IQR 8) in PG (p
= 0.322, Mann-Whitney U test). The median opera-
tive P-possum was 13 in CG (IQR 5) and 13 (IQR 7)
in PG. (p = 0.260, Mann-Whitney U test).

Control group
(Number of patients out of 42

Protocol group
(Number of patients out of 42

with a certain observation/ with a certain observation/ P-value
intervention) intervention)

Bolus of phenylephrine during 12
procedure 31 38 0.043
Vasoactive support with 3
norepinephrine [ 2 0.500
Mean arterial pressure less than
70mmHg at any time during the 31 36 0.2262
procedure
Mean arterial pressure less than
50mmHg at any time during the 7 8 0.3532
procedure

! statistically significant difference; 2 Pearson Chi-square; ? Fisher's exact test

Radiol Oncol 2024; 58(2): 279-288.
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TABLE 3. Comparison of length of stay

Control group Median
(Interquartile range) days

Protocol group Median P-value
(Interquartile range) days

(Mann - Whitney U test)

Longest stay in the hospital 9 (8)

Duration of stay in the HDU 4 (3)

9 (5.5) 0.851
3(1.3) 0.122

HDU = high-depense unit

The time of perioperative fasting was 13 + 2
hours, similar in both groups. The median dura-
tion of the surgery (from surgical incision to last
suture) is 123 minutes in PG (interquartile range,
IQR 35 min), and 120 minutes (IQR 47min) in CG
(Mann-Whitney U test, p = 0.157). There was no
difference in intraoperative propofol consump-
tion between PG (1.32 g) and CG (1.30 g), (p = 0.860,
Mann-Whitney U test.

Table 1 shows intraoperative fluid management
in both groups and Table 2 intraoperative inter-
ventions with respect to hemodynamic variables.

In PG, we have observed the results of the NIRS
monitor. In 7 cases (out of 42), there was a decrease
of more than 20% of the preoperative value dur-
ing the procedure. The absolute value was never
below 45%.

TABLE 4. List of postoperative complications in the first three days after the procedure in both groups

Postoperative complication/intervention

Control group

intervention)

(Number of patients out of 42
with a certain observation/

Protocol group
(Number of patients out of 42
with a certain observation/
intervention)

Value P*

Readmission to the HDU 5

Admission to the ICU 2

Revision surgery

The patient has died
before discharge

6

Complications related

to the operative procedure
(dehiscence, inflammation)

first day after the procedure
Complications related

to the operative procedure
(dehiscence, inflammation)

third day after the procedure

RBC transfusion needed on the first day after the
procedure

RBC transfusion required
the second or third day 1
after the procedure.

Acute kidney disease 3

Troponin leak

Median level of C-reactive
protfein (difference between highest

postoperative level in 3 days and preoperative

level)

125 (118)

Laboratory reference range

(0-5 mcg/L)

Median level of procalcitonin (highest

postoperative value in the first 3 days)

0.75 (3.19)

Laboratory reference range (0-0.50 mcg/L)

1 0.13¢
0 0.2472
0 0.026!

0 0.500?

2 0.4942

0 0.5132

2 0.5002

4 0,500?
3 0,2412

115 (122) 0.1063

0.3 (0.88) 0.0013

Due to multiple comparisons, the significance of the p-value was adjusted accordingly to the Bonferroni correction (significant p value for the variables in the table was

<0.001);

' Pearson's Chi-square; 2 Fisher's exact test; ® independent samples Mann-Whitney U test

HDU = high-depence unit; ICU = intensive care unit; RBC = red blood cell
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None of the intraoperative interventions influ-
enced hospital or high-response unit (HDU) stay
as shown in Table 3.

One person (in CG) died during hospitalisa-
tion. Several postoperative complications were
observed, the distribution among groups was the
same as shown in Table 4.

The results of the Mini mental state examina-
tion are shown in Figure 1. There were no differ-
ences between groups, neither was the postopera-
tive result significantly different.

Discussion

Findings of our study do not support the benefit of
goal directed fluid therapy and cerebral oxygena-
tion monitoring during surgery. There was no de-
crease the incidence of postoperative complications
or duration of hospital stay. However, as opposed
to some other studies, our groups were homog-
enous in terms of surgical procedure anaesthetic
and pain management. If those factors are opti-
mised, the contribution of multimodal monitoring
seems to be lower than anticipated. Nevertheless,
there were some important differences in fluid
and vasopressor management among the groups.

Changes in intraoperative management

The use of multimodal monitoring resulted in
differences in intraoperative management. The
amount of fluid infused was higher in PG and vas-
oactive drugs were used more often. That suggests
a trend towards more dynamic microcirculation.
The most noticeable change in the postoperative
period (related to differences in operative man-
agement) is a significant difference in the level of
procalcitonin. Detailed discussion of those conclu-
sions is provided below.

Fluid optimisation strategy

The results of the number of fluids given during
the surgical procedure present an unexpectedly
high fluid load in our PG. This group has received
almost twice the number of fluids given in the CG.
Intraoperative blood loss is comparable, and PG
has a large positive intraoperative fluid balance.
Thacker ef al., reports the relation between higher
fluid load and longer stay.” However, the length of
stay was similar in both groups in our study. The
choice of fluid (colloides or crystalloides) does not
seem to have impact on overall morbidity.?

One study compared goal-directed therapy
(GDT) with standard fluid therapy in cytoreduc-
tive surgery (CRS) with hyperthermic intraperito-
neal chemotherapy (HIPEC). The study found that
the use of a fluid therapy protocol combined with
GDT was associated with a significant reduction
in morbidity, length of hospital stay, and mortal-
ity compared to standard fluid therapy.? Similarly,
Yu et al. conducted a controlled before-and-after
study to evaluate the benefits of intraoperative
goal-directed fluid therapy in major gynaecologic
oncology surgery. The study found that the imple-
mentation of goal-directed fluid management was
associated with a reduced risk of postoperative
morbidities, particularly surgical site infections.*
Another study analysed the impact of intraopera-
tive fluid balance during pancreatoduodenectomy
on the development of postoperative pancreatic
fistula (POPF). The study found that fluid balance
was significantly associated with the development
of POPE, highlighting the importance of appropri-
ate fluid management in pancreatic surgery.*

In addition, questions are raised about what
the optimal goals of hemodynamic parameters
(healthy population-derived normal values, preop-
erative values, maximal values) should be. Studies
have shown that optimising cardiac output and
oxygen delivery to higher values intraoperatively
(supranormal) did not affect postoperative com-
plications rate, intensive care unit stay, or hospital
stay length.3>3* The question of fluid concentration
has also been raised. The liberal approach can lead
to oedema of the intestines and other tissues that
may be responsible for poor tissue healing and
other complications.*® In abdominal surgery proto-
col-based fluid restriction reduced the incidence of
perioperative complications such as cardiopulmo-
nary events and altered intestinal motility while
improving wound and anastomotic healing and
reducing hospital stay compared to liberal fluid
management.” One of the trials has shown a 52%
lower rate of major postoperative complications
in the restrictive group than in the conventional
group.!

Our study presents opposite results where the
optimised group received a larger number of flu-
ids. Our protocol has clearly defined steps when
to add inotropes or fluid. One reason for the fluid
load would be vasodilation due to epidural anal-
gesia (all patients in our study have epidural an-
algesia), although vasoconstrictor (phenylephrine)
in boluses was predicted to counteract the effect.>
When comparing studies, 60 — 80% of the included
patients have epidural analgesia.?*¥” Lopes et al.,
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reports a significant decrease in ICU and hospital
stay in the intervention group with an even greater
difference in the number of infused crystalloids
and colloids. They report a total volume of fluids
infused 7 ml/kg /h in CG (roughly the same as
in our study) and 21 ml/kg/h in the intervention
group (12,5 in our study).* The choice of fluids and
their timing also differs greatly.”’ The optimised
group has received a larger volume of fluids, es-
pecially, although not exclusively, colloids.® Rare
studies report other factors that greatly affect pa-
tient fluid status at the beginning, for example
how long prior to the procedure are fasted, are fast
track protocols implemented, etc. When trying to
explain why sometimes one fluid regime (for ex-
ample, restrictive) improves the outcome for the
most, but not for all, we must realise that instead of
restrictive or liberal there is only patient-directed
fluid regime. Every patient should receive as much
fluid as needed and at an appropriate time.*’

Differences in the use of vasopressors

Significantly more patients with PG require vaso-
pressor support with phenylephrine. Some articles
suggest that anaesthesia after induction also caus-
es venodilatation and not only arteriolar vasodila-
tion (and consequently the decrease in MAP due to
a change in volume out of the arterial tree into the
dilated venous compartment).#-#> Phenylephrine
infusion before induction minimises this effect,
but this is hardly the complete explanation of the
difference. To keep hemodynamic parameters as
close to starting values as possible, the anaesthe-
tist in PG probably reacted earlier than in CG. In
CG, if MAP was kept to some extent (due to re-
flex mechanisms) there was no information about
hemodynamic changes that would require inter-
vention (fall in cardiac output and stroke index).
The number of MAP falls below 70 mmHg and 50
mmHeg is similar in both groups, but that does not
mean that the duration of hypotension is the same.

Monitoring depth of anaesthesia

BIS was used in both groups. This is in accordance
with hospital policy, as total intravenous infusion
was used to prevent intraoperative awareness.* In
the context of multimodal monitoring, we omit an
important variable that, without doubt, influences
the outcome. Probably not only cognitive decline,
but mortality and morbidity in general are related to
too deep anaesthesia, a common occurrence with-
out monitoring, especially in elderly people.?54-47
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The role of cerebral oximetry

Our study does not confirm the benefit of using a
cerebral oximetry monitor during major abdomi-
nal surgery, at least it does not influence the results
as presented in this study. Cerebral oxygenation
monitoring cannot be considered as a monitor of
overall tissue oxygenation.*® The incidence of renal
impairment can be considered one of the measures
of adequate oxygenation.

Postoperative complications and length
of stay

Neither the length of stay in the HDU nor the hos-
pital stay decrease in PG. There are some postop-
erative complications such as the need for revision
surgery, indication for antibiotic treatment third
day after the procedure, or readmission to HDU
that occur largely in the CG. Only comparison of
individual complication does not show a statisti-
cally significant difference, but if we sum up all
three, there is an obvious and statistically signifi-
cant difference. Some other studies report more
convincing but similar results.’

C-reactive protein after surgery was elevated in
both groups. There were no significant differences
between the groups. A significant difference in the
highest postoperative levels (in first 3 days) of pro-
calcitonin was noted. Despite this, no clinically or
microbiologically evident bacterial infection was
confirmed. The level of procalcitonin increases
in response to a pro-inflammatory stimulus, es-
pecially of bacterial origin.*® The median value in
CG is above the reference range. Since the surgical
management in both groups was similar, different
fluid status might explain stronger inflammatory
response to tissue trauma in one group. It is im-
portant to note that procalcitonin is not a specific
marker for bacterial infections and can be influ-
enced by various factors, including noninfectious
inflammatory reactions and tissue trauma.>>
Therefore, the role of procalcitonin in noninfec-
tious tissue trauma is still not well-defined, and
further research is needed to determine its diag-
nostic utility in this context.>

Troponin leak was observed in 3 patients with
PG. The increase is only marginally above the lab-
oratory threshold value for positive. Acute myo-
cardial infarction was ruled out in those patients
with a high degree of confidence. Anyway, this
can be related to a higher fluid load in the PG.
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Mini Mental State Examination Testing

No major short-term differences in cognitive func-
tion are seen. Cognitive changes, related to the an-
aesthesia are much more subtile.>5

Strengths and limitations of the study

The patients involved in the study are very homo-
geneous in terms of surgical procedures, periop-
erative surgical management, and comorbidities.
Demographic characteristics of both groups were
similar. The type of anaesthesia was the same
(total intravenous anesthesia [TIVA] with propo-
fol and epidural analgesia) in all the patients ob-
served. Compared to other prospective studies,
the number of patients included is comparable.”
Multimodal monitoring would probably pro-
vide more benefit, if used throughout the entire
HDU stay not only during the surgical procedure.

Conclusions

In the present study, the joint use of hemodynamic
monitoring and cerebral monitoring does not sig-
nificantly decrease the length of stay in HDU or
hospital stay in cancer patients after abdominal
tumor resection. There is a difference in the vol-
ume of fluids infused, that is larger in the protocol
group. There is also significantly higher use of va-
sopressors in the protocol group. The median post-
operative value of procalcitonin was significantly
higher in control group, suggesting differences in
immune response to tissue trauma in different in-
traoperative fluid status.

There were no significant differences in the
number of other postoperative complications ob-
served in the postoperative period. The use of ex-
pensive additional monitoring may not provide
benefit when used in general abdominal cancer
surgery.
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Background. Craniospinal iradiation (CSl) poses a challenge to treatment planning due to the large target, field
junction, and multiple organs at risk (OARs) involved. The aim of this study was to evaluate the performance of knowl-
edge-based planning (KBP) in CSI by comparing original manual plans (MP), KBP RapidPlan initial plans (RP), and KBP
RapidPlan final plans (RP,), which received further re-optimization to meet the dose constraints.

Patients and methods. Dose distributions in the target were evaluated in terms of coverage, mean dose, conform-
ity index (Cl), and homogeneity index (HI). The dosimetric results of OARs, planning time, and monitor unit (MU) were
evaluated.

Results. All MP and RP, plans met the plan goals, and 89.36% of RP, plans met the plan goals. The Wilcoxon tests
showed comparable target coverage, Cl, and Hl for the MP and RP. groups; however, worst plan quality was demon-
strated in the RP, plans than in MP and RP.. For the OARs, RP. and RP, groups had better dosimetric results than the MP
group (P < 0.05 for optic nerves, eyes, parotid glands, and heart). The planning fime was significantly reduced by the
KBP from an average of 677.80 min in MP to 227.66 min (P < 0.05) and 307.76 min (P < 0.05) in RP, and RP,, respectively.
MU was not significantly different between these three groups.

Conclusions. The KBP can significantly reduce planning time in CSI. Manual re-optimization after the initial KBP is
recommended to enhance the plan quality.

Key words: knowledge-based planning; RapidPlan; craniospinal irradiation; volumetric modulated arc therapy

Introduction field of the linear accelerator is 40 cm by 40 cm, the

conventional three-dimensional conformal radia-
Prophylactic or therapeutic craniospinal irradia-  tion therapy (3D-CRT) techniques for CSI use two
tion (CSI) is an option for managing certain pri- opposed lateral craniocervical fields adjoined by
mary brain tumors, such as medulloblastoma, or  two adjacent posterior spinal fields. In convention-
hematologic malignancies.! Since the maximum al CSI techniques, the fields are matched between

Radiol Oncol 2024; 58(2): 289-299. doi: 10.2478/raon-2024-0018
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FIGURE 1. Flowchart of the study design.

CSI = craniospinal irradiafion; CT = computed tomography;
KBP = knowledge-based planning; VMAT = volumetric modulated arc
therapy

the lateral and posterior fields, creating over- or
underdosage within the spinal cord. To address
this issue, 3D-CRT with the moving junction tech-
nique?®, which involves changing different junc-
tion locations daily during the treatment course, is
an option to blur the dose ununiform effect.

The moving junction technique in 3D-CRT re-
quires the use of multiple treatment plans, which
increases the complexity of treatment planning
and daily treatment. Moreover, the CSI moving
junction technique can only reduce the dose unu-
niform effect but cannot obtain dose homogene-
ity as a common treatment. With the development
of commercial treatment planning system (TPS),
volumetric modulated arc therapy (VMAT) with
multi-isocenter optimization* was introduced.
VMAT with 360-degree beams can achieve higher
conformity and better dispersion of normal organs
compared to conventional 3D-CRT.>* The VMAT
technique with large field overlaps for low-dose
gradient junction could tolerate greater positional
shifts while maintaining homogeneous dose.”®
However, planning CSI using the high-precision
VMAT technique is challenging and time-consum-
ing for medical physicists due to the long treatment
field from the brain to the lumbosacral region,
which significantly exceeds the treatment field size
of a linear accelerator and involves more than ten
organs at risk. Because CSI treatment is relatively
rare and only patients with possible malignancy
tumor cells seeding in the craniospinal canal re-
ceive this treatment, medical physicists in many in-
stitutions are unfamiliar with this technique. The
rarity of the expertise and complex planning pro-
cesses make this process resource-intensive.

Radiol Oncol 2024; 58(2): 289-299.

Knowledge-based planning (KBP) is based on
a model of estimating dose-volume histograms
(DVHs), which is configured by a library of his-
torical treatment plans with the aim of improving
planning efficiency.” In previous studies, KBP has
been adopted to treat patients with several cancer
types, such as head and neck cancers and pelvic
malignancies.!”!® KBP showed improved planning
efficiency with well-reserved plan quality in those
cancer sites. However, compared to those cancer
sites, CSI would require more treatment isocent-
ers and patients moving with junction feathering.
Moreover, more organs at risk (OARs) needed to
be considered in CSI than other treatment sites.
Reviewing the literature, previous CSI studies
have not compared the plan quality and cost-effec-
tiveness of the general manual plan method and
the KBP with and without re-optimization.

This study aimed to compare the plan qual-
ity and efficiency of the original manual plans
(MP), KBP initial plans (RP)) (RapidPlan™, Varian
Medical Systems, Palo Alto, USA), and KBP final
plans, which received further re-optimization
(RP;) for CSL

Patients and methods
Ethics statement

The Institutional Review Board of the Dalin
Tzu Chi Hospital, Buddhist Tzu Chi Medical
Foundation approved this study (approval num-
ber, B10804011-1) and waived the requirement for
written informed consent from the patients in-
volved because only anonymized images were
retrospectively analyzed, and this study did not
affect the actual treatments these patients received
before.

Patients

This study retrospectively collected computed
tomography (CT) image sets of 38 anonymized
adults assessed between 2014 and 2019. All the im-
age sets met the requirement of immobilization,
supine position, and scan from head to pelvis. The
slice thickness and matrix size were 3-5 mm and
512 x 512 voxels, respectively (Figure 1).

Target and OAR delineation

The clinical target volume (CTV) includes the
whole brain and spinal cord, typically extended
to the lumbar spine L3 level. Assembled CTV was
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separated into CTV-brain, CTV-spine-superior,
and CTV-spine-inferior for the multiple field opti-
mization (Figure 2). The PTV-brain was construct-
ed by symmetrically extending the CTV-brain by
3 mm and by adding 5 mm margin to the spine
area. The maximum and minimum lengths of the
CTV were 77.83 cm and 65.40 cm, while those of
the PTV were 78.80 cm and 66.38 cm. The mean
lengths of the CTV and PTV were 71.15 + 4.28 cm
and 72.23 + 416 cm, respectively. The mean CTV
and PTV were 141340 + 162.18 cm® and 1823.93 +
192.14 cm?®, respectively. For planning evaluation
purposes, the PTV-brain, PTV-spine-superior, and
PTV-spine-inferior were combined as PTV.

Dose prescription

The dose prescription was 36 Gy in 18 daily frac-
tions. All plans were normalized so that 95% of the
PTV received 100% of the prescribed dose.

Treatment planning

The 38 CT image sets of anonymized adults were
imported to Eclipse TPS version 13.6 (Varian
Medical Systems, Palo Alto, CA, USA). Overall, six
medical physicists were participated in this study.
Plans for each patient were reviewed and approved
by the same physician. A TrueBeam linear accel-
erator (Varian Medical Systems, Palo Alto, CA,
USA) equipped with a 120-leaf multileaf collimator
was selected. All plans were set as 6 megavoltage
for the VMAT technique. Analytical Anisotropic
Algorithm dose calculation algorithm, 2.5 mm
dose calculation grid, and jaw tracking were used.
The mean lateral field size for the brain field is
14.76 + 0.08 cm, while the average lateral field size
for the spine field is 12.42 + 2.52 cm. These dimen-
sions are adjusted to encompass the entire target
within a reasonable rotation range. Jaw tracking
technique is used to minimize the impact of trans-
mission leakage dose to normal organ. The colli-
mator rotation angle is set within a range of + 35
degrees for the head and + 12 degrees for the spine,
according to the physicist’s discretion at the time.
The whole target length was more than 100 cm,
whereas the maximum single-field size of a linear
accelerator at the isocenter is 40 x 40 cm. Therefore,
multiple fields and three isocenters were required.
The PTV-brain used two full arcs, with the iso-
center positioned at the center of the brain. For the
PTV-spine, two or four partial arcs were used on
the PTV-spine-superior, and PTV-spine-inferior
to avoid the 60-120-degree and 240-300-degree

FIGURE 2. Example of the target and field setup. (A) The arrangement of the brain
field (dotted lines), spine-superior field (solid lines), spine-inferior field (dashed
lines), and their isocenters. Each field overlaps at least 5 cm for the low-dose
gradient junction. (B) Full arc was used on the brain field. (C) Partial arc was used
in the spinal fields for arm sparing.

direction for arm sparing. For the sake of clini-
cal convenience, the three isocenters were aligned
along the same X-axis (left-right). The spine iso-
center shared the same X and Y coordinates, differ-
ing only along the Z-axis (craniocaudal) (Figure 2).

A total of 38 MPs were generated for the 38
patients, with 23 MPs used to train the RapidPlan
(RP) model, and 15 MPs used for validation and
comparison (Figure1). Using RP, 15 RP initial
plans (RP)) were generated without manual modi-
fication, on which we performed further manual
re-optimization to generate 15 RP final plans (RP}).
Finally, we compared the following three plan
groups: MP, RP, and RP,.

Knowledge-based planning

The RapidPlan is a commercial KBP program inte-
grated within the Eclipse TPS. The KBP program
references a library of previously clinically accept-
ed treatment plans. It analyzes the geometric and
dosimetric features, such as structure sets, field
geometry, dose matrices and plan prescriptions of
those plans to train a statistical model. This mod-

AT WL
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el is then used to predict an achievable range of
DVHs and generate dose-volume objectives for a
new plan.

RapidPlan algorithm

The RapidPlan algorithm comprises two main
components: model configuration and DVH es-
timation. The model configuration component is
responsible for setting up new DVH estimation
models, which are subsequently utilized in the
DVH estimation component to generate estimates
for an individual plan. The model configuration
component encompasses two distinct phases: data
extraction and model training. On the other hand,
the DVH estimation component encompasses the
phases of estimation generation and objective gen-
eration.

The minimum requirement of data extraction
and model training was 20 plans with their targets
and OARs. Among the 20 randomly selected plans
for model training, the right lens of three plans
were too small to evaluate. Therefore, we added
three more plans to meet the training requirement.

The model training phase within the DVH es-
timation algorithm is dedicated to the creation of
DVH estimation models. The estimation genera-
tion phase calculates for each supported structure
the same metrics that were calculated during the
data extraction of the DVH estimation model, ex-
cept for the DVH. Once the estimation generation
phase has derived the upper and lower bound
DVHs, the optimization objectives placement
phase translates them into optimization objectives.

Plan quality, planning time, and monitor
unit comparison

There were 27 dosimetric goals of irradiated fields
and OARs were evaluated for the three groups
among 15 patients. One patient had previously
undergone thyroidectomy, and his thyroid dose
could not be evaluated. This resulted in a total of
404 items being calculated for model evaluation.
Dosimetric characteristics, such as Vo, V,,, V .,
D, .. D...,and D, of CTV, and PTV, were evalu-
ated. In addition, conformity index (CI) and homo-
geneity index (HI) of the targets and dose gradi-
ent (R ,) were compared.* The Radiation Therapy
Oncology Group (RTOG) criteria define CI values
to be between 1.0 and 2.0 in accordance with the
protocol, 2.0 to 2.5 and 0.9 to 1.0 as a minor devia-
tion, and > 2.5 and < 0.9 as a major deviation from
the protocol. The CI was defined as a ratio between
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the volume covered by the reference isodose (36
Gy) and the target volume, as in Equation [1].

VRI

Clrroc = v 1]

where V, = Reference isodose volume and TV =
target volume.

The HI is the ratio between maximum isodo-
se and reference isodose. The formula of HI was
shown as Equation [2]. The ideal value is 1, which
increases as the plan becomes less homogeneous.
Imax

RI (2]

Where I . = maximum isodose in the target
and RI = reference isodose.

The dose gradient (R ,,) formula is given below:

Hlgroc =

_ Vxy,
Ry =2y 3]

where V_, = percentage of isodose volume, and
TV = target volume.

The pre-optimization, optimization, and re-
optimization planning times were compared. The
pre-optimization time included OARs contouring
and field setup, and the re-optimization time was
the time of further optimization and calculation
until the plan was satisfied. Average monitor units
(MUs) were also evaluated.

Statistical analysis

The Wilcoxon test was used to compare the differ-
ences between the three groups. The differences in
the dose coverage, mean dose of the targets, and
OARs were compared with a 95% confidence in-
terval. All tests were two-sided. A p value of < 0.05
was considered statistically significant. SPSS sta-
tistical package (version 17; SPSS Inc., Chicago, IL)
was used for all statistical analysis.

Results
Target coverage and OAR sparing

Table 1 shows the dosimetric results of targets.
For the V,,,, V,,, D, .., and D, of the CTV, both MP
and RP, groups were significantly better than RP,
(P < 0.01). MP and RP; in most subjects were not
significantly different, except for V,,. For PTV, the
V.00 Was normalized to 95% prescribed dose for
all three groups, MP, RP, and RP,. MP and RP,
groups had significantly better V,, D, D,, and
HI than did the RP, group (P < 0.01). The MP group
had a worse CI than the other groups. In addition,
among 13 compared parameters (Table 1), the RP,

had worse results in 84.62% (11/13) parameters
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TABLE 1. Dosimetric comparison between manual plans, RapidPlan initial, and RapidPlan final

293

Results P value
Parameters Goals
MP RP, RP, MP vs. RP, MP vs. RP, RP, vs. RP,
C1vV
Vs [%] > 99 99.99 £0.03 99.98 +0.03 99.97 £0.03 0.36 0.03* 0.09
Voo [%] > 99 99.20+£0.17 98.37 £0.33 99.37£0.23 <0.01** 0.07 <0.01**
V.o [%] Minimize 0.62+0.59 2,94+ 433 0.46+0.66 <0.01** 0.16 <0.01**
D, ean [GY] 36 37.23+0.18 37.31£0.21 37.22 £ 0.24 0.07 0.87 0.13
D, [GY] Minimize 39.38 £0.40 40.38 £ 0.57 39.42 +0.41 <0.01** 0.78 <0.01**
D, [%] <107 106.12+0.73 106.95 +0.96 105.72£0.84 <0.01** 0.19 <0.01**
PTV
Vs [%] > 98 99.68+£0.15 99.55+0.23 99.24 £0.32 0.03* <0.01** <0.01**
Voo [%] =95 95.00 +£0.00 95.00 +£0.00 95.00 +£0.00 - - -
Vo, [%] Minimize 0.62+0.57 3.01 £4.12 0.44 £0.61 <0.01** 0.17 <0.01**
D, ean [GY] 36 37.10+0.16 37.22+0.18 37.08 £0.20 0.05 0.73 0.01*
D, ax [%] <12 109.99 £ 1.17 112.89 £ 1.78 110.17 £ 1.14 <0.01** 0.57 <0.01**
D, [%] <107 106.09 £0.73 107.00 £ 0.93 105.71 £0.80 <0.01** 0.21 <0.01**
Cl 1 0.98 £ 0.01 1.01 £0.01 1.00 +0.01 <0.01** <0.01** 0.01*
HI 1 1.10 £ 0.01 1.13£0.02 1.10 £ 0.01 <0.01** 0.57 <0.01**

Cl = conformity index; CTV = clinical target volume; Dx = minimum dose received by the hottest x% volume; HI = homogeneity index; MP = manual plan; PTV = planning
target volume; RP, = RapidPlan initial; RP. = RapidPlan final; Vx = volume receiving at least x dose; * = P < 0.05; ** = P < 0.01

compared to the MP and RP, groups, which had
the best results in 30.77% (4/13) and 61.53% (8/13)
parameters, respectively. The value of HI was the
same in the MP and RP, groups.

Furthermore, there were 14 OARs and 20 evalu-
ation parameters for these OARs (Table 2). RP,
and RP, had better dosimetric results than MP for
the D__  of optic nerves, parotid glands, heart,
and esophagus, and D___of eyes (all P <0.05). The
RP, group was significantly better than the RP,
group in 11 parameters (P < 0.01); no parameter
in the RP, group was worse than any parameter
in the RP, group. RP; had comparable results to
the MP group in the other OARs including, brain,
brain stem, chiasma, lens, thyroid, lungs, liver,
and kidneys. In conclusion, when comparing the
three groups, except the heart V,, which was 0%
in all these three groups, the MP and RP, groups
obtained the worst results in 63.16% (12/19) and
36.84% (7/19) OAR parameters, respectively. On
the contrary, the RP, group had 73.68% (14/19)
OAR parameters that were superior or equal to
the other two groups.

Overall, the RP; group achieved superior or
equal best results in 71.88% (23/32) of the 32 evalu-
ation parameters of the targets (13) and OARs (19),
which excluding the PTV V,,,, and heart V,,,
because the volumes were the same in all three
groups.

In this study, we evaluated the quality of the
treatment plans for three groups of 15 patients
each. We used 27 parameters to evaluate each
plan, for a total of 404 parameters, due to one pa-
tient who did not have a thyroid gland. We did not
include the parameters CTV V., CTVD_ ., CTV
D, PTVV,. PTVD__ CI and Hlin the evalu-
ation because they did not have specific goal val-
ues. The plan quality pass rate of the MP and RP,
groups was 100% (404/404) according to the plan
goals of targets and OARs. The RP, group pass
rate was 89.36% (361/404). When evaluating the
failures of the RP, group, although no patient in
the RP, group passed the CTV V,, goal of 99%, the
minimum and median values of RP, CTV V, ,were
97.83% and 98.44%, respectively, and both the CTV
V,s and the PTV V, of RP, group reached the goals.

max/ mean’

Radiol Oncol 2024; 58(2): 289-299.
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TABLE 2. Dosimetric goals and results for organs at risk

Results P value
OAR parameters Goals
MP RP, RP, MP vs. RP, MP vs. RP, RP, vs. RP,

Brain

D, .o [GY] <60 39.34+£0.39 40.24 £ 0.61 39.28 +0.37 <0.01** 0.46 <0.01**
Brain stem

D, [GY] < 54 38.48 + 0.41 39.03 £ 0.46 38.51 £0.28 <0.01** 0.91 <0.01**
Chiasm

D\ rean [GY] <50 37.15+0.35 37.10£0.32 36.95+0.32 0.69 0.07 0.06

D, [GY] <55 38.13+0.40 38.73+0.55 38.20+0.26 0.01* 0.46 <0.01**
Optic nerves

D rean [GY] <50 27.61 +3.40 22,90 +2.39 22.42+2.29 <0.01** <0.01** 0.05

D, [GY] <55 37.13+0.69 36.36 £ 1.72 36.15+1.39 0.13 0.02* 0.13
Eyes

D, [GY] <50 25.55+3.57 22.52+3.83 21.60+3.86 0.02* 0.01* 0.01*
Lens

D, .o [GY] <10 8.40+0.68 8.87 £1.00 8.10+0.55 0.11 0.21 <0.01**
Parotid glands

D, eon [GY] <25 7.38+2.52 5.16 £0.39 4.95+0.39 <0.01** <0.01** <0.01**
Spinal cord

D,ox [GY] <50 38.93£0.51 39.81 £0.67 39.04 £ 0.56 <0.01** <0.01** <0.01**
Thyroid

D, .o [GY] <45 17.23 + 4.04 16.68 £2.13 16.38 £2.04 0.59 0.36 0.07
Lungs

D\ rean [GY] <13 4.63+0.30 4.95+0.43 4.63+0.24 0.03* 0.73 <0.01**

Vaoey [%] <22 0.06 £ 0.1 0.04+0.08 0.03+0.04 0.64 0.44 0.33

Ve, [%] <42 36.48 +2.88 42.77 £5.62 37.11 £2.87 0.01* 0.69 <0.01**
Heart

D\ rean [GY] <10 6.76 £ 1.47 5.53+0.82 5.70+£0.93 0.01* 0.02* 0.33

Vioey 1% <3 0.00 +0.00 0.00 +0.00 0.00 +0.00 - - -

Vigey 1%] <5 0.04+0.10 0.01 £0.03 0.01 £0.02 0.31 0.23 0.41
Esophagus

D, eon [GY] <34 14.34 +£1.62 13.23+1.63 13.30 £ 1.74 0.01* <0.01** 0.96
Liver

D, eon [GY] <30 4.82+0.94 4.57 +£0.73 4.45+0.70 0.61 0.33 <0.01**
Kidneys

D, eon [GY] <18 2.81+1.17 2.47 £0.46 2.38+0.43 0.96 0.73 <0.01**

OAR = organ at risk; MP = manual plan; RP, = RapidPlan initial; RP. = RapidPlan final; Vx = volume receiving at least x dose; * = P < 0.05; ** = P < 0.01

Radiol Oncol 2024; 58(2): 289-299.
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TABLE 3. The mean dose of the OARs outside the targets contours

Mean dose P value
Organ
MP RP, RP, MP vs. RP, MP vs. RP, RP, vs. RP,

Optic nerves 27.61 £3.40 22.90+2.39 22.42+£2.29 <0.01** <0.01** 0.05
Eyes 12.11 £1.99 10.16 £ 0.55 9.83+0.74 0.01* 0.01* 0.02*
Lens 7.09 +£0.67 7.21 £ 0.52 6.78 £0.39 0.43 0.16 <0.01**
Parotid glands 7.38 £2.52 5.16 +0.39 4.95+0.39 <0.01** <0.01** <0.01**
Thyroid 10.41 £ 3.37 9.00 + 1.94 8.51 £2.07 0.06 0.04* <0.01**
Lungs 4.63+0.30 4.95%0.43 4.63+0.24 0.03* 0.73 <0.01**
Heart 6.76 £ 1.47 5.53+0.82 5.70£0.93 0.01* 0.02* 0.33
Liver 4.82+0.94 4.57 £0.73 4.45+0.70 0.61 0.33 <0.01**
Kidneys 2.81+1.17 2.47 £0.46 2.38+0.43 0.96 0.73 <0.01**

Bold type = the highest D
=P <0.05**=P<0.01

mean

The pass rates of CTV D,, PTV D__, and PTV D,,
for the RP, group, were 66.67% (10/15), 33.33%
(5/15), and 66.67% (10/15), respectively. In addition,
in the OAR, the lens D__ _and lungs V of the RP,
group did not meet the goals. The pass rate of the
lens D___was 93.33% (14/15) for the RP, group. In
one RP, plan, the lens D___was 10.98 Gy > 10 Gy.
Lastly, the RP, lungs V, pass rate was 53.33% (8/15).

Table 3 shows the mean dose of the 9 OARs. The
highest OARs D_ . of the optic nerves, eyes, pa-
rotid glands, thyroid, heart, liver, and kidneys; and
lens and lungs in these three groups were obtained
in the MP group (78%, 7/9) and RP, group (22%,
2/9), respectively. The lowest OARs D__  were
mostly in the RP, group (89%, 8/9). Comparing RP,
and MP, RP; and RP, and RP; and MP groups, the
RP, group significantly reduced the doses of optic
nerves, eyes, parotid glands, and heart than the MP
group; the RP, group further significantly reduced
the doses of eyes, lenses, parotid glands, thyroid,
lungs, liver, and kidneys than the RP, group (P <
0.05); and RP; significantly reduced the doses of
optic nerves, eyes, parotid glands, thyroid, and
heart, respectively than the MP group (P < 0.05).

In the low-dose region of normal tissue, we em-
ployed R, R,,, and R, as dose gradient indica-
tors. The values for MP, RP,, and RP; at R, were
2.27 £0.13, 2.26 + 0.16, and 2.26 + 0.14, respectively.
For R, the values were 3.96 + 0.31, 3.95 £ 0.32, and
3.94 + 0.37, respectively. The corresponding values
for R, were 10.15 + 1.93, 10.08 + 1.69, and 10.00 +
1.74. There were no statistically significant differ-
ences among the three groups (P > 0.05).

in the three groups; MP = manual plan; RP, = RapidPlan initial; RP, = RapidPlan final; Underline mark = the lowest D
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FIGURE 3. (A) Population-averaged dose-volume histogram (DVH) for
all organs at risk and targets. (B) The population-averaged DVH for
targets only.

CTV = clinical target volume; MP = manual optimization plan; PTV = planning target
volumes; RPI = RapidPlan initial; RPF = final RapidPlan after manual re-optimization
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FIGURE 4. Comparison of the planning time for MP, RP, and RP.. The error bar
represents one standard deviation.

MP = manual optimization plan; RP, = RapidPlan initial; RP, = final RapidPlan after manual re-

optimization

Figure 3A showed the population-averaged
DVH of targets and OARs. In the DVH, the doses of
optic nerves, eyes, lens, parotid glands, thyroid, liv-
er, and kidneys in RP, or RP, were lower than those
in MP. Furthermore, the DVH of RP, OARs was bet-
ter than those of RP,OARs. Figure 3B shows the tar-
gets coverage of CTV and PTV. In the shoulder part
of the DVH, with the 95% volume of targets, the
MP and RP, groups had the same targets coverage,
while the RP, group had a slightly better 95% vol-
ume dose coverage than the other two groups. The
DVH tail part, the high dose in 5% volume, showed
that the RP, had the highest dose in the craniospi-
nal area. The population-averaged DVH showed
that the RP, group had the best targets coverage,
homogenous targets dose distribution, and OAR
dose avoidance among these three groups.

Treatment planning time

The pre-optimization time was the same in all
three groups (146 minutes, Figure 4). The optimi-
zation process took a significantly longer time in
the MP group than in the RP, and RP, groups with
111.45, 81.68, and 81.68 minutes (P < 0.05), respec-
tively. The re-optimization time in the MP was
significantly longer than in the RP, group (420.36
versus 85.13 minutes, P < 0.05). There was no re-
optimization in the RP, group Overall, the entire
planning time was longer in the MP group than in
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the RP, (677.80 versus 227.66 minutes, P < 0.05) and
RP;, (677.80 versus 307.76 minutes, P < 0.05) groups.
The total planning time-saving rates (saved plan-
ning time) of RP, and RP, were 66.41% (450.14 min-
utes) and 54.59% (370.04 minutes), respectively,
compared to the MP group.

MU comparison

The average MU values with one standard de-
viation of MP, RP, and RP, groups were 935.24 +
128.44, 1013.22 + 114.92, and 1026.46 + 149.43, re-
spectively, with no significant difference between
these three groups (all P > 0.05).

Discussion

Our research discovered that by utilizing 23 plans
to develop the KBP model in combination with RP
and re-optimization in CSI, we were able to sig-
nificantly shorten the planning time by half and
enhance plan quality.

Incorporating more patients in the model librar-
ies for model training have a possibility to lead to
fewer outliers and more consistent plan quality.!>"”
However, the application of the CSI technique in
clinical practice is not common in most hospitals.
In this study, because CSI treatment is relatively ra-
re, we searched databases covering the previous 6
years and found only 38 CT image sets. The Varian
accelerator company recommended a minimum of
20 to 25 treatment plans in training set for a spe-
cific target. According to the study by Jim P. Tol et
al.18, Increasing the number of plans used in model
training was found to produce comparable results.
Based on recommendations, previous experience,
and the limited availability of clinical CSI cases,
we used 23 plans to complete the model training
and compared them with 15 manual plans.

The traditional CSI used patient prone position
to reduce the OARs radiation dose via simple two
lateral opposed and posterior-anterior (PA) fields.
However, this technique can create dose unu-
niform in the field junction area. The commonly
encountered pediatric CSI typically requires two
fields and one junction to achieve coverage. This
study aims to validate whether KBP can perform
effectively in more complex scenarios, utilizing
adult CSI as a test case. We used the VMAT tech-
nique to disperse the radiation dose in OARs and
enhance the homogeneity of the targets dose. The
VMAT technique delivers radiation from all an-
gles, which causes it to be attenuated as it passes
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through the couch. Our medical physicist compen-
sated for this effect by calculating the attenuation
of the couch.” Furthermore, cone beam computed
tomography ensured an accurate treatment loca-
tion. Therefore, in this study, all treatment plans
were designed using the supine position, which
could make patients more comfortable, relaxed,
and stable during treatment.>?

Although the plan parameter pass rate of RP,
was only 89.36%, the RP, target coverage of mini-
mum CTV V., and PTV V,, values were > 99.90%
and > 99.00%, respectively, which were both high-
er than 95%, the clinical common plan acceptable
criteria.?! Compared with the traditional 3D-CRT
technique, by which the high dose area might re-
ceive approximately twice the prescribed dose at
the field overlapping sites, the highest PTV D__
in RP, was 115.57% which was much lower than
the traditional 3D-CRT technique. For OARs, all
14 plans in RP, achieved the goal (< 10 Gy) except
for one plan with lens D___10.98 Gy, which did not
reach the goal. Table 2 shows that the heart D___
in RP, was also the lowest of the three groups.
Although, Uehara et al. reported that KBP was
found clinically unacceptable after a single opti-
mization without manual objective constraints in
head and neck cancer.?? Most studies in the other
body sites, such as gynecological, prostate, and
rectal cancers, support that the RP plan would be
comparable to the manual plan.® In our study, the
RP, plans were clinically acceptable for CSI and ap-
proved by the physician.

The DVH distribution is one of the vital plan
evaluation tools. The DVH of OARs (Figure 3)
showed that most of the OARs in the MP group
received higher doses than RP, and RP,, as shown
by theD___and D__ in Table 2. In the target DVH
(Figure 3B), the RP, group had better 95% volume
dose coverage and better performance at reducing
high doses than the other two groups. According
to our Cl results, there was a minor deviation of the
target in the MP group; however, RP, or RP; could
have achieved the planning goal. Furthermore, HI
values in this study show that MP and RP, groups
had better homogeneity than did RP,. Previous
studies on lung cancer or prostate cancer showed
that KBP could reduce the OARs dose?; however,
target coverage and dose homogeneity of KBP did
not always have better results than the manual
plan. Our study on CSI showed that RP improved
the plan quality of OARs and that additional re-
optimization after initial RP could improve the
plan quality, as previous studies showed in other
cancer sites.?*?

In terms of cardiac doses, all three plans (MP,
RP, and RP,) exhibited notably low V40Gy and VlSGy
values, comfortably below the established cardiac
dose constriants. It is pertinent to mention that the
mean cardiac dose for RP, was already lower than
that for MP. Therefore, the primary focus during
the optimization process was not predominantly
on further reducing cardiac dose. In the case of
RP, the lungs V; value(42.77 + 5.62%) surpassed
the target threshold of 42%. Subsequently, in the
ensuing RP, optimization, concerted efforts were
undertaken to amplify the reduction of lungs V.,
values, resulting in a dose shift towards the heart.
Nevertheless, from a statistical perspective, the
P-value for the comparison between RP, and RP,
exceeded 0.05.

In our study, RP, and RP, reduced planning
time compared to MP by 66.41% (450.14 minutes)
and 54.59% (370.04 minutes), respectively. The
result showed that KBP for CSI might save more
planning time in complex plans with many OARs
than in general cancer sites. Previously, Wells et
al. reported that KBP could reduce planning time
by approximately 30 minutes per breast cancer pa-
tient. Visak et al.” reported that all the RP plans
required less than 30 minutes of planning time for
lung cancer. Masi et al.*® showed that the time re-
quired for the production of the KBP plan was 6-15
minutes, compared to manual planning requiring
30-150 minutes for a commercial TPS and 15-60
minutes after 8 months of commercial TPS usage
in prostate cancer. Furthermore, Chatterjee et al.!
showed that the KBP planning time for the multi-
form brain glioblastoma was typically 13 minutes
for VMAT, compared to the typical 4 hours for the
manual planning method. Amaloo ef al.32 showed
that the total planning time was reduced from 120
minutes to 20 minutes in prostate cancer patients.
In a study of nasopharyngeal cancer, Chang et al.*
concluded that the total RP planning time is on-
ly about one-fifth that of MP. Similarly, our KBP
study for CSI, a very long treatment size from the
brain to the lumbosacral area, could effectively re-
duce the planning time while improving the plan
quality, as shown in previous KBP studies for oth-
er cancer sites.

Conclusions

This study used 23 plans to train the KBP CSI mod-
el and investigated the difference between MP and
RP for the same patients and found that RP plans
after re-optimization could halve the planning
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time and improve plan quality. According to our
study result, medical physicists at low CSI patient
volume hospitals could efficiently produce CSI
plans by the KBP method.
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Background. Biliary fract cancers (BTCs) are usually diagnosed at an advanced stage, when the disease is incur-
able. Currently used tumor biomarkers have limited diagnostic value for BTCs, so there is an urgent need for sensitive
and specific biomarkers for their earlier diagnosis. Deregulation of the homeostasis of trace elements is involved in
the carcinogenesis of different cancers, including BTCs. The objective of the study is to determine/compare the total
concentrations of copper (Cu), zinc (Zn) and iron (Fe) and the proportions of free Cu and Cu bound to ceruloplasmin
(Cp) and the isotopic ratio of ¢Cu/¢#Cu in serum samples from healthy volunteers and cancer patients using induc-
tively coupled plasma-mass spectrometry-based methods (ICP-MS).

Patients and methods. In this prospective, noninterventional, nonrandomized study 20 patients and 20 healthy
volunteers will be enrolled to identify serum Cu, Zn and Fe levels, Cu isotopic fractionation as a predictive biomarker of
response to systemic therapy of BTCs, which will be evaluated by computed tomography. Newly developed analyti-
cal methods based on ICP-MS will be applied to metal-based biomarker research in oncology.

Conclusions. In the study the comparison of the total concentration of selected trace elements, the proportion of
free Cu and Cu bound to Cp and the isotopic ratio of ¢Cu/¢Cu in serum samples from healthy volunteers and cancer
patients will be conducted to provide the foundation for the development of a BTC cancer screening methodology
and the data on their usability as a potential predictive biomarker for BTCs of response to systemic therapy.

Key words: trace elements; copper; predictive biomarkers of response; biliary fract cancer; systemic treatment

Introduction arising from biliary duct cells. Most of them are

adenocarcinomas and represent < 1% of all human
Biliary tract cancers (BTCs) are a heterogeneous cancers or 3% of gastrointestinal cancers.!? Based
group of uncommon and rare epithelial tumors on anatomical location, BTCs are subdivided into

Radiol Oncol 2024; 58(2): 300-310. doi: 10.2478/raon-2024-0026
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intrahepatic cholangiocarcinoma (ICC), extrahe-
patic cholangiocarcinoma (ECC) that comprises
perihilar cholangiocarcinoma and distal cholan-
giocarcinoma, and gallbladder carcinoma. This
anatomical classification parallels distinct biologi-
cal and molecular features.*

Most patients with BTCs are aged 65 or older.*
Mortality rates are approximately 1-2/100,000 for
ICC and below 1/100,000 for ECC in most coun-
tries.! Increasing mortality from ICC rises was
observed globally, due to risk factors and possi-
bly, in part, due to better disease classification.!
Mortality from ECC decreases, most likely because
of better diagnostics following the increased use
of laparoscopic cholecystectomy.! According to the
Cancer Registry of Slovenia, there were 223 new
microscopically confirmed cases of BTCs in 2020.°
Cholangiocarcinoma accounts for 10%-15% of all
primary intrahepatic tumors and is the second
most common primary liver cancer after hepato-
cellular carcinoma.'® The main etiological factors
are chronic viral infections (hepatitis B virus and
hepatitis C virus), cirrhosis or nonalcoholic fatty
liver, obesity, alcohol consumption, tobacco, diabe-
tes mellitus, chronic inflammation of the bile ducts
and biliary stasis.>3

Most BTC patients have advanced disease
at presentation and relapse despite surgery.3*
Metastatic disease is still incurable, with 5% five-
year overall survival (OS) without treatment. The
first treatment is surgery of the primary tumor, de-
tected at an early stage in selected patients, and is
the only potentially curative treatment, if radically
resected (RO) without residual disease.’*® Five-
year survival ranges depend on the stage of the
disease and are from 9% to 25%, 10% to 15% and
15% to 35% for ICC, ECC and gallbladder carcino-
ma, respectively.® Over the last 10 years, the prog-
nosis of patients has changed significantly, mainly
due to the availability of systemic treatment, both
adjuvant and, in particular, systemic treatment of
metastatic disease with targeted drugs.>47®

The combination of cisplatin and gemcitabine
is an approved first-line treatment for unresect-
able or advanced BTC, with a 30% improvement
in overall survival and progression-free survival
compared to gemcitabine monotherapy and a sta-
tistically significant longer median overall surviv-
al for patients on combination therapy.’ The phase
III TOPAZ-1 clinical trial showed that prior treat-
ment with immunotherapy and chemotherapy in
advanced BTCs has a benefit on overall survival.l?
In the phase III TOPAZ-1 clinical trial, the addition
of the anti-PD-L1 immunotherapy durvalumab, to

gemcitabine and cisplatin significantly improved
survival without additional toxicity compared to
cisplatin and gemcitabine combination chemo-
therapy alone, with a higher objective response
rate and longer recurrence-free survival. Thus,
combination chemotherapy with cisplatin and
gemcitabine in combination with durvalumab im-
munotherapy is recommended as standard first-
line treatment for patients with advanced, meta-
static BTC. In recently published results of the
phase III KEYNOTE-966 clinical trial in the inten-
tion-to-treat population, treatment with anti-PD-1
immunotherapy pembrolizumab in combination
with gemcitabine and cisplatin significantly im-
proved the primary endpoint of OS.* At the first
interim analysis, treatment with pembrolizumab
in combination with gemcitabine and cisplatin
did not result in a statistically significant benefit
in progression-free survival (PFS). Similar results
were obtained in the final analysis for PFS.

Given the current understanding of the biology
and the molecular heterogeneity of subgroups of
BTCs, it is recommended that extensive molecular
genetic profiling be performed prior to the initia-
tion of systemic treatment of advanced metastatic
disease.>* Molecular genetic profiling includes
microsatellite high instability-high (MSI-H), isoci-
trate dehydrogenase (IDH1/2) mutations, B-Raf
murine sarcoma viral oncogene homolog B (BRAF)
mutations, human epidermal growth factor recep-
tor 2 (HER2) overexpression or amplification, posi-
tive tumors neurotrophic tyrosine kinase receptor
(NTRK), fibroblast growth factor receptor (FGRF)
and rearrangement during transfection (RET) fu-
sions, as this may allow for personalized, patient-
tailored treatment and thus a better prognosis.z*

As patients with BTCs are asymptomatic in
early stages without both specific clinical presen-
tation and specific serum tumor biomarkers, it is
difficult to distinguish BTCs from metastatic dis-
ease of other cancers.? Tumor markers can be di-
agnostic, for tumor screening and early detection,
prognostic or predictive for response to treatment.
However, widely accepted biomarkers for diag-
nosing and dynamically monitoring BTCs are still
lacking. Currently applied tumor markers carbo-
hydrate antigen 19-9 (CA 19-9) and carcinoembry-
onic antigen (CEA) have limited diagnostic value
because of their low sensitivity and specificity for
BTCs.2* CA 19-9 tends to have higher specificity
than CEA (92.7% vs. 79.2%, respectively); however,
its sensitivity tends to be lower (50% vs. 79.4%, re-
spectively).>%* Moreover, they are not specific for
gallbladder cancer and can also be significantly
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elevated in benign diseases of the liver or in other
metastatic cancers. When markedly elevated, CA
19-9 is associated with poorer prognosis, and it can
also be useful as a predictive biomarker for the tu-
mor’s dynamic changes and thus for response to
systemic treatment.>*

Trace elements

Essential trace elements are needed in minute
amounts for normal physiology. Among them are
iodine (I), copper (Cu), iron (Fe), manganese (Mn),
zinc (Zn), selenium (Se), cobalt (Co) and molybde-
num (Mo).!! Alterations in levels and changes in
the expression of proteins involved in metal me-
tabolism have been demonstrated in a variety of
cancers. First, the hyperproliferation of cancer cells
renders them more reliant on iron than normal
cells. Targeting iron metabolism in cancer cells is
an emerging field of therapeutics.!? When essential
trace elements (Mn, Co, Zn, Cu, Se) in the serum,
cell fraction, cerebrospinal fluid and tumor tissue
samples of malignant brain cancer patients were
analyzed, it was shown that elemental profiles in
these samples were significantly altered in these
cancer patients compared to the healthy individu-
als. Higher contents of trace elements (particularly
Mn, Se, and lead (Pb)) could also be involved in
the pathogenesis of brain tumors. Therefore, the
urine-to-serum ratio of essential trace elements
was proposed as an appropriate diagnostic bio-
marker in malignant brain tumors.®

Copper

Cu is an essential trace element with a precisely
regulated amount in our bodies.* Cu is present in
all tissues. It is stored primarily in the liver and
then in the muscles, heart, kidneys and brain. In
the blood, it is transported bound to the protein
Cp.#16 It is a coenzyme of many enzymes (e.g.,
Cu/Zn superoxide dismutase, ceruloplasmin, cy-
tochrome oxidase, tyrosinase, dopamine hydroxy-
lase, lysine oxidase, catalase, selenium-dependent
peroxidase, etc.) that are important for cellular res-
piration and defense against free radicals. It also
affects glutathione function. Consequently, Cu de-
ficiency impairs cellular respiration and the regu-
lation of reactive oxygen species. Deregulation of
oxidative stress, due to excessive production of re-
active oxygen species, impairs cellular DNA repair
mechanisms and is an important mechanism in
the development of cancer. In addition to malig-
nant processes, an imbalance of Cu in the body af-
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fects the development and progression of chronic,
inflammatory and neurodegenerative diseases.
Cu deficiency leads to lower overall energy lev-
els, abnormal glucose and cholesterol metabolism,
increased oxidative damage, and changes in the
function and structure of circulating blood and
immune cells.* Cu deficiency is associated with
a higher incidence of infections and an increased
risk of cardiovascular disease.

Specifically, due to its role in inflammatory
and antioxidant processes, Cu has an important
role in the development of various cancers, such
as gynecological cancers, lung cancer, colorectal
cancer and other cancers of the digestive tract.!
Recent preclinical and clinical data confirmed that
Cu concentrations are abnormal in malignant tis-
sues of mice and in cancer patients. Namely, in hu-
mans, elevated Cu concentrations have been found
in malignant tissues of the breast, ovary, lung and
stomach. Cu is being investigated as a potential
target for cancer treatment due to its elevated lev-
els in malignant tissues and its ability to promote
angiogenesis, cancer growth and metastasis.*'” In
addition to malignant tissues, the concentration of
Cu is also elevated in the serum of cancer patients.
Elevated levels of Cu have been measured in the
serum of patients with lung cancer, colorectal can-
cer, epithelial ovarian cancer and biliary tract can-
cers, and decreased levels in adrenocortical and
hepatocellular carcinoma.*

When Cu regulation is disrupted, the quantities
and proportions of other essential trace elements
may also be altered. Among these, the normal Cu/
Zn ratio is known to be disturbed. An imbalance
of Cu in the body affects the development and
progression of chronic, inflammatory and neuro-
degenerative diseases and malignant processes.
It has been found that high dietary intake of Zn
can reduce intestinal absorption of Cu.® Altered
intakes of only one of the two (similar observa-
tions are also made for the other essential trace el-
ements) may cause an imbalance of the other. For
example, relatively low levels of Zn and elevated
levels of Cu can increase oxidative stress and im-
pair the antioxidant activity of many enzymes.?
Increased Cu/Zn ratios have been found in a wide
variety of malignancies, including gastrointesti-
nal cancers, gynecological cancers, breast cancer,
and lung cancer, and have been correlated with
the stage or condition of the disease at the time of
treatment.#2 It has been suggested that the Cu/Zn
ratio could be used for clinical diagnosis and as a
prognostic biomarker to track response to treat-
ment.
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Trace element disorders

Trace element disorders (TEDs) are well estab-
lished in diseases of genetic origin for which the
levels of physiologically relevant metals in the
blood are controlled by specific proteins. Inherited
TED can result in protein malfunction and there-
fore, deficiency or toxic accumulation of metal
in the body. Well-known examples are Wilson’s
disease and hemochromatosis.??? Diagnosis
usually involves gene mutation testing, clinical
observations and biochemical testing. Examples
of such biochemical tests are determinations of
non-Cp-bound Cu, exchangeable Cu, total blood
Fe and serum ferritin (light chain). Despite grow-
ing evidence that TED are also associated with
many types of cancer, knowledge in this field of
research is still relatively scarce1>14-20 ]t requires
highly sophisticated interdisciplinary investiga-
tions, which promises to provide very useful in-
formation on the role of trace metals in cancers.

Trace element disorders as potential
biomarkers in oncology

Several new findings have shown the potential to
use TED identification as a biomarker for cancer.?
It has been suggested that the imbalance in the Cu/
Zn ratio could be used for clinical diagnosis and
as a predictive biomarker to track the response to
treatment. Cp correlates with immune infiltration
and serves as a prognostic biomarker in breast
cancer. Elevated serum Cu-Cp levels have been
found in lung cancer, colon carcinoma, epithelial
ovarian cancer and bile duct cancer, while the ex-
pression of Cu-Cp is significantly downregulated
in adrenocortical carcinoma and hepatocellular
carcinoma.? Serum Cu levels increase in several
types of cancer. It was experimentally determined
that in hepatocellular carcinoma patients, blood
Cu and sulphur (S) are enriched in light isotopes
compared with healthy individuals. Isotopic ra-
tios of Cu (°Cu/*Cu) and S (3*5/°*S) were measured
to elucidate their use as potential biomarkers of
disease.?” Changes in the isotopic compositions of
Fe, Cu and Zn and their corresponding concentra-
tions in plasma from hematological malignancy
patients can be measured to assess their prognos-
tic capability. Imbalances in trace metal concen-
trations, changes in their speciation and isotopic
fractionation need to be further investigated to
fully evaluate their emerging biomarker poten-
tial.26

Analytical methods

For improvements in cancer therapy efficacy, reli-
able and optimized analytical and imaging meth-
ods using contemporary instrumental techniques
that allow investigations on the role of trace ele-
ments in cancer, quantitative determination of es-
tablished or emerging biomarkers (exchangeable
and Cp-bound Cu, stable isotope ratio of trace met-
als, such as Cu, Zn or Fe), as well as the monitor-
ing of penetration, distribution and metabolism of
a metallodrug within the target tissue/tumor are
needed.?!

Cu toxicity is strongly related to its free (ex-
changeable) fraction, which is not bound to Cp.3>3
Due to the important physiological functions and
role of Cu in various diseases, it is necessary to
quantify its exchangeable and bound to Cp frac-
tions. In clinical practice, Cp in serum or plasma
is commonly determined by nephelometry or tur-
bidimetry. They unspecifically measure both hol-
oCp (Cp with Cu) and apoCp (Cp without Cu). The
latter Cp form (apoCp) is not relevant for medical
diagnosis. To overcome this disadvantage, mono-
lithic chromatography coupled to inductively cou-
pled plasma-mass spectrometry, which allows
simultaneous quantification of exchangeable Cu,
Cu bound to human albumin and holoCp, can be
used. The chromatographic column used in this
method comprises convective interaction media
(CIM) affinity and weak anion-exchange disks
(Protein G and diethylamine (DEAE) disks) assem-
bled into a single housing forming a CLC mono-
lithic column. 3%

Isotopic fractionation of stable isotopes of essen-
tial metals was proposed as an emerging predic-
tive biomarker for cancer diagnosis. In hepatocel-
lular carcinoma patients, blood Cu and sulphur (S)
are enriched in light isotopes compared with con-
trol subjects. Isotopic ratios of Cu (®*Cu/*Cu) and
S (3*S/%?S) were measured to elucidate their use as
potential biomarkers of disease.’*> Changes in the
isotopic compositions of Fe, Cu and Zn and their
corresponding concentrations in plasma from he-
matological malignancy patients can be measured
to assess their prognostic capability.33

Trace elements as biomarkers in oncology are
promising fields for detecting, diagnosing and
predicting responses to treatment. To date, there
has been no published clinical trial investigating
copper as a predictive biomarker of response to
systemic therapy. In this context, we selected pa-
tients with locoregional advanced, inoperable or
metastatic BTCs for this noninterventional non-
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randomized prospective clinical trial, treated
with first-line systemic chemotherapy or immuno-
chemotherapy, to identify serum Cu levels, its spe-
ciation and/or isotopic fractionation as a predictive
biomarker of response to systemic therapy in cor-
relation with radiological CT evaluation for re-
sponse to systemic therapy. The proportion of free
Cu and Cu bound to Cp and the isotopic ratio of
0Cu/**Cu in serum samples will be determined in
enrolled healthy volunteers to establish reference
values for the general population and to provide
the foundation for the development of BTC can-
cer screening methodology. Determination of the
total concentration of trace elements and specia-
tion analysis will be carried out on a quadrupole
inductively coupled plasma mass spectrometer
(ICP-MS), while isotopic ratios will be precisely
determined by multicollector ICP-MS.

Methods / design
Study setting

In a prospective, noninterventional, nonran-
domized clinical study started in 2023 at the
Institute of Oncology Ljubljana, 20 patients with
BTC and 20 healthy volunteers are planning to en-
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Collection of blood zamples

roll to provide the development of a BTC cancer
screening methodology. The proportion of free
Cu and Cu bound to Cp and the isotopic ratio of
%Cu/**Cu in serum samples will be determined in
enrolled healthy volunteers to establish reference
values. The inclusion of 20 BTC patients will ena-
ble the identification of serum Cu levels as a poten-
tial predictive biomarker of response to systemic
therapy in correlation with radiological CT evalu-
ation for response to systemic therapy. The clini-
cal study was approved by the Ethics Committee
ERIDEK-0095/2022 and the Institutional Review
Board ERID-KSOPKR-0091/2022 at the Institute
of Oncology Ljubljana, approved 13.12.2022 by
the Commission of the Republic of Slovenia for
Medical Ethics (0120-472/2022/3). It was registered
with ClinicalTrials.gov under the registration
number NCT06060990. All patients entering the
study signed informed consent forms. Monitoring
will be carried out throughout the study. The flow
diagram of the study is presented in Figure 1.

Study outcomes

The main purpose of the research is to deter-
mine the total concentration of selected trace ele-
ments (Cu, Zn, Fe), the proportion of free Cu and
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Cu bound to Cp, and the isotopic ratio between
%Cu/%Cu in blood serum samples of healthy vol-
unteers and BTC cancer patients using methods
based on ICP-MS. We will statistically evaluate the
results and evaluate the possibilities of using the
used analytical methods and the results of these
clinical trials in cancer diagnostics and therapy.
Our hypothesis is that serum Cu levels and the
%Cu/**Cu isotope ratio in cancer patients differ
significantly from those in healthy volunteers and
that these levels vary according to the response to
systemic chemotherapy or chemoimmunotherapy.

Primary objectives

The first primary objective is to establish reference
levels of Cu, Zn and Fe in the serum of healthy vol-
unteers and their levels in locally advanced inop-
erabile and metastatic BTC patients to establish a
framework for reference Cu, Zn and Fe values.

The second primary objective of the study is to
identify serum Cu levels, its speciation and/or iso-
topic fractionation as a predictive biomarker of re-
sponse to systemic therapy in correlation with ra-
diological CT evaluation for response to systemic
therapy.

Secondary objectives

The secondary objective of the study is to apply
newly developed analytical methods based on
ICP-MS to metal-based biomarker research in on-
cology.

Patient population and recruitment

In this prospective, noninterventional, nonran-
domized clinical study, we aim to include 20 pa-
tients with locoregionally advanced, inoperable
or metastatic BTC who will start with first-line
systemic chemotherapy or immunochemotherapy
at the Institute of Oncology Ljubljana. Potential
study participants will be identified at the institu-
tional multidisciplinary tumor board, comprised
of diagnostic radiologists, interventional radiolo-
gists, hepatobiliary surgeons, medical oncologists,
and radiation oncologists. The study protocol will
be explained to all eligible patients in detail. Only
those who sign the consent form will enter the
clinical study.

Patients’ blood levels of Cu and other trace met-
als will be determined before starting systemic
therapy and at least during one cycle of systemic
therapy will be included in the analysis.

Twenty healthy volunteers will also be enrolled,
after prior signed written consent to participate in
the clinical study, for a single 7 ml blood draw for
analysis.

Eligibility criteria and exclusion criteria

Inclusion criteria for patients

* aged > 18 years;

¢ cytologically or histologically verified BTC;

® no prior systemic therapy and no radiation
therapy for advanced, inoperable or metastatic
disease;

e WHO performance status 0-2 (ECOG criteria);

* imaging diagnosis (CT of thoracic and abdomi-
nal organs) performed within 4 weeks prior to
the first administration of systemic therapy;

¢ disease measurable by RECIST or ECOG crite-
ria;

e signed Consent to Participate in Clinical
Research form.

Exclusion criteria for patients

* prior systemic treatment and irradiation of in-
operable, metastatic disease;

e WHO performance status > 2 (ECOG criteria);

¢ contraindications for treatment with immuno-
therapy (known deficiency of the immune sys-
tem or active immunosuppressive treatment
or active autoimmune disease requiring treat-
ment);

¢ other malignancies, except cured basal cell or
squamous cell carcinoma of the skin, carcinoma
in situ of the cervix or other cured solid tumors
without disease recurrence > 3 years after treat-
ment.

Inclusion criteria for healthy volunteers

* aged > 18 years;
e signed Consent to Participate in Clinical
Research form.

Exclusion criteria for healthy volunteers

¢ the presence of chronic internal diseases (neu-
rodegenerative, cardiovascular, renal, lung, he-
matological, gastroenterological diseases) and
autoimmune diseases.

Chemotherapy and immune-
chemotherapy regimen

Patients will be followed for up to 12 consecutive
months. All patients for whom the medical oncolo-
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gist decides to be treated with first-line systemic
therapy with combination chemotherapy with
cisplatin and gemcitabine or combination chem-
otherapy combined with immunotherapy with
the anti-PD-L1 inhibitor durvalumab during the
course of treatment will be invited to participate
in the clinical trial. Systemic chemotherapy and
immunotherapy treatment, duration of treatment
and other medical procedures will be performed
independently of the study at the discretion of the
medical oncologist and according to the recom-
mendations of good clinical practice.

Systemic chemotherapy with cisplatin and
gemcitabine will be administered in cycles every
3 weeks, with cisplatin and gemcitabine adminis-
tered on days 1 and 8 of each cycle, for a total of
8 cycles, or systemic chemotherapy with cisplatin
and gemcitabine administered in cycles every 3
weeks, with cisplatin and gemcitabine adminis-
tered on days 1 and 8 of each cycle, in combina-
tion with immunotherapy with durvalumab ad-
ministered on day 1 of each cycle for a total of 8
cycles, followed by maintenance treatment with
durvalumab immunotherapy every 4 weeks until
disease progression, unacceptable toxicity or a de-
cision to discontinue treatment by the patient or
treating medical oncologist. Standard chest and
abdomen CT imaging with contrast will be per-
formed before the start of systemic treatment as
baseline imaging to delineate the extent of disease,
then 3 months after the start of systemic treatment
to assess the efficacy of treatment, and finally 6
months after the start of treatment. All further di-
agnostic and therapeutic procedures will be part
of the standard management of patients undergo-
ing systemic chemotherapy and immunotherapy.
All decisions on additional treatment, either sur-
gery or radiotherapy during systemic therapy, will
be made by the multidisciplinary gastrointestinal
cancer consortium. In the case of adverse events
of systemic chemotherapy and immunotherapy,
actions will follow standard recommendations for
the treatment of complications and discontinua-
tion of systemic treatment. Despite discontinua-
tion of systemic treatment, patients will continue
with the planned investigations in accordance
with good clinical practice and according to the
protocol of the clinical trial, in line with the pri-
mary and secondary objectives of the trial.

Collection of blood samples

All patients will give blood for laboratory tests,
blood counts and biochemical tests, including a

Radiol Oncol 2024; 58(2): 300-310.

blood draw to determine the serum Cu level, its
speciation and isotopic fractionation before start-
ing treatment and then before each application of
systemic therapy. A blood sample will be obtained
before the start of systemic therapy and then on
days 1 and 8 of each cycle at a regular outpatient
check-up at the Institute of Oncology Ljubljana.
Patients will additionally have 7 ml of blood drawn
into a standard serum tube. The blood sample
will be send to the Department of Experimental
Oncology of the Institute of Oncology Ljubljana,
where the sample will be centrifuged (1300 x g, 10
min, 4°C) and the serum needed for the analysis
will be stored at -20°C until the analysis is per-
formed by ICP-MS-based techniques at the Jozef
Stefan Institute.

Once patient enrollment in the clinical study
has been completed and 20 patients have been en-
rolled, this will be followed by the enrollment of
20 age- and sex-matched healthy volunteers. The
blood sample will be prepared, stored, and ana-
lyzed as for the patients.

Assessment of objective response to the
treatment

All patients will undergo diagnosticimaging (chest
and abdominal CT with contrast) up to 4 weeks
prior to enrollment in the clinical trial and then at
12 (+ 7 days) and 24 weeks (+ 7 days) after initiation
of treatment and if disease progression or adverse
events of systemic therapy are suspected. CT scans
will be evaluated according to RECIST (response
evaluation criteria in solid tumors) and irRECIST
criteria (immune-related response evaluation cri-
teria in solid tumors).®#%4! The IrRECIST criteria
divide the response to treatment into different
groups: complete response (CR), partial response
(PR), stable disease (SD), and progressive disease
(PD). Pseudoprogression is defined as transient
radiological disease progression in the absence of
clinical progression and a progressive reduction in
the burden of the underlying disease according to
irRECIST criteria in patients who will receive dur-
valumab immunotherapy in addition to systemic
chemotherapy.

Safety and management of adverse
events

In case of adverse events of treatment with sys-
temic chemotherapy and immunotherapy, meas-
ures will follow standard recommendations for
treatment of complications and interruption of
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systemic treatment. Adverse events of systemic
therapy will be treated in accordance with the rec-
ommendations of the NCI Common Terminology
Criteria for Adverse Events (CTCAE) v 5.0 and in
accordance with good clinical practice.> Despite
discontinuation of systemic therapy, patients will
continue with planned investigations in accord-
ance with good clinical practice and according to
the protocol in the clinical trial according to the
primary and secondary objectives of the trial.

Before each cycle of systemic therapy, a labora-
tory blood sample will be taken as a standard be-
fore the decision to continue treatment. Standard
peripheral blood sampling will follow hygiene
protocols. At the same time, we will add an ad-
ditional peripheral blood sample to determine Cu
in the serum. The collection of additional samples
does not pose a major health risk, and the possible
complications of blood collection are mainly lo-
cal: the appearance of a hematoma or infection.*?
Imaging evaluation poses potential hazards due to
contrast agent administration, anaphylactic reac-
tion, and ionizing radiation.*

CT imaging diagnostics will take place at the
same time intervals as planned for the evaluation
of the effectiveness of systemic treatment. In this
way, the subjects will not be exposed to additional
imaging tests. In the case of a known allergy to the
contrast agent, the procedure will be performed
with appropriate premedication or with other
methods. Hydration and other measures will be
taken before the planned imaging diagnostics in
case of deterioration of renal function.

Analytical methodology and blood
sample analysis

Total concentrations of trace metals and quantita-
tive determination of relevant species (Cu-Cp, ex-
changeable Cu) will be determined by ICP-MS or
high-performance liquid chromatography coupled
to inductively coupled plasmamass spectrometry
(HPLC-ICPMS), respectively.6¥% Emerging met-
al-based biomarkers (stable isotope fractionation
of Cu, and, if relevant, Zn and S) will be followed
by multicollector ICP-MS.

Data analysis

Data from the determination of relevant trace el-
ements (with special attention to Cu) before sys-
temic therapy and at least during one cycle of sys-
temic therapy will be included in the analysis. The
association between the change in, for example,
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FIGURE 2. Schematic outline of the proposed clinical protocol.

Cu concentration, speciation, and/or isotopic frac-
tionation between healthy individuals and those
suffering from biliary tract cancer will be statisti-
cally analyzed to evaluate the applicability of such
an approach as a diagnostic biomarker for disease.
The same data will be used to assess response to
treatment by a logistic regression model and a
multivariate model including different variables.
Paired t test or an appropriate nonparametric al-
ternative will be used to compare values at differ-
ent time points, and analysis of variance (ANOVA)
or Kruskal — Wallis’s test will be used when com-
paring several groups simultaneously. Statistical
analysis will be performed using GraphPad Prism
(GraphPad, San Diego, CA, USA), and differences
will be considered statistically significant if p<0.05.

Follow-up

All patients are recommended to have a follow-up
visit every 3 months in the first 2 years and every
6 months after 2 years after completion of first-
line systemic therapy. Follow-up methods will
be mainly outpatient visits and hospitalizations.
Examinations to be performed on admission will
include blood tests for the tumor markers CA19-
9 and CEA and CT of the chest, abdomen, and
pelvis. Overall survival (OS) will be defined as
the time interval from treatment to cancer-related
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death or final follow-up visit, and OS will be the
preferred destination. Progression-free survival
(PFS) will be measured from the time of treatment
initiation to clinical or radiographic progression or
death from any cause.

A schematic outline of the proposed clinical
protocol is shown in Figure 2.

Statistical analysis

Response to treatment will be determined radio-
logically using RECIST or irRECIST criteria.®o4!
The objective response to treatment will be calcu-
lated as the percentage of patients who have a par-
tial or complete response according to the RECIST
or irRECIST criteria among all patients who will
receive at least one cycle of systemic therapy and
have at least one radiological assessment during
systemic treatment. For patients who will not pro-
gress or die, the end date for analysis will be the
date of last follow-up. Time to disease progression
will be defined as the time interval from the date
of first therapy administration to the date of dis-
ease progression or death, using the Kaplan-Meier
method. Comparison of survival of several groups
will be calculated using the log-rank test. The as-
sociation between the change in Cu concentration,
speciation and/or fractionation and response to
treatment will be assessed by a logistic regression
model and a multivariate model including differ-
ent variables. Statistical analysis will be performed
as previously described in the Data analysis chap-
ter.

Ethics statement

The clinical protocol was approved by the
Ethics Committee ERIDEK-0095/2022 and the
Clinical Trials Protocol Review Committee ERID-
KSOPKR-0091/2022 at the Institute of Oncology
Ljubljana, and 13.12.2022 was approved by the
Commission of the Republic of Slovenia for
Medical Ethics (0120-472/2022/3). The clinical
study will be performed in accordance with the
ethical principles of the Declaration of Helsinki.
The clinical trial number: NCT06060990. Informed
consent will be obtained from each participating
patient and healthy volunteer in written form.

Discussion

BTCs are rare tumors with poor prognosis. Most
patients with BTCs have advanced disease at
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clinical presentation and relapse despite surgery.
Metastatic disease is still incurable, with a 5%
five-year OS without treatment. In recent years,
the prognosis of metastatic patients has changed
significantly, with longer median PFS and medi-
an OS, mainly due to the availability of systemic
treatment, both adjuvant and, in particular, sys-
temic treatment of metastatic disease with target-
ed drugs.>#%7 Specific serum biochemical tumor
biomarkers are still lacking for the early detec-
tion of BTCs, and it is also difficult to distinguish
them from metastatic diseases of other cancers.3*
Therefore, extensive efforts are underway to iden-
tify more precise biomarkers for the diagnosis,
treatment response, and prognosis of BTCs.

Cu, Zn and Fe are among the trace metals
that are essential for the normal functioning of
the human body."'* They are involved in many
biochemical reactions, cofactors of enzymes, and
regulate important biological processes by bind-
ing to specific receptors and transcription factors.
Deregulation of trace metal homeostasis at the cel-
lular and tissue level is a part of the pathology of
many cancers. It accelerates the transformation of
normal cells into cancerous cells and alters the in-
flammatory and antitumor responses of immune
cells.13

Alterations in the concentrations of Cu and Zn
in serum have been widely described in cancer pa-
tients.*? [t has been shown that for several types of
cancer, the serum Cu concentration is significantly
higher, while that of Zn is significantly lower in
patients than in healthy individuals. These differ-
ences vary based on various factors (diet, sex, age,
type of cancer, etc.) We will also focus on the iso-
topic fractionation of Cu and, if applicable, Zn in
BTC patients to establish a stronger association be-
tween the alteration of isotope ratios of these ele-
ments and cancer and evaluate the applicability of
isotope fractionation as a biomarker of cancer.?”!
The hypothesis that the isotopic composition of
Cu reflects changes in trace element homeostasis,
with higher sensitivity than metal concentrations,
will be tested. For this purpose, high-resolution
multicollector ICP-MS will be used.>%

Clinical studies with ethical approval will be
carried out by a multidisciplinary team from the
Institute of Oncology Ljubljana, Slovenia and Jozef
Stefan Institute, Ljubljana, Slovenia. Its main ob-
jectives are to determine the total concentration of
selected essential trace elements (Cu, Zn, Fe), the
proportion of free Cu and Cu bound to Cp and the
isotopic ratio of ®®Cu/**Cu in blood serum samples
from healthy volunteers and locally advanced in-
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operable and metastatic BTC patients by ICP-MS-
based methods.
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To the editor

I read with a great interest the review recently published in Radiology and Oncology by Potocnik et al.!
Upon examination, I have identified a critical discrepancy between the review’s main text and the cited
meta-analysis? results, which seems to have led to a significant misunderstanding in the presentation of
the findings.

The review states that in a recent meta-analysis?, patients with breast, esophageal, or non-small cell
lung cancer had improved recurrence-free survival after receiving volatile anesthesia (VA) and that over-
all survival was longer after VA than after total intravenous anesthesia (TIVA). This statement contradicts
the findings of the cited meta-analysis, which actually shows that TIVA is associated with improved out-
comes both in terms of recurrence-free survival (pooled Hazard Ratio [HR], 0.78; 95% Confidence Interval
[CI], 0.65 to 0.94; P <0.01) and overall survival (pooled HR, 0.76; 95% CI, 0.63 to 0.92; P < 0.01) across several
cancer types, including breast, esophageal, colorectal, gastric, and non-small cell lung cancer.

Interestingly, the conclusion section of the review correctly highlights the potential anti-inflamma-
tory, antioxidant, and possibly antitumor effects of propofol (a common TIVA agent) compared to the
proinflammatory effects of volatile anesthetics, which could accelerate metastasis. This conclusion aligns
with the meta-analysis findings that favor TIVA over VA, suggesting a potential oversight or error in the
review’s main text.

Given the significance of these findings for clinical practice and the potential impact on patient care,
I believe a clarification and correction of the discrepancy in the review’s main text is crucial. Accurate
representation of the meta-analysis results is essential for guiding future research and clinical decisions
regarding anesthesia choice in cancer surgery.

Muhammet Selman Ségiit, M.D.
Kog University Hospital, Istanbul/Turkey
E-mail: ssogut@kuh ku.edu.tr.
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Responses
The authors reply

While reviewing the article!, we realised that we had made a mistake. Instead of VIMA, we should have
written TIVA. Please, accept our apology. In the article, we also cited studies that concluded that volatile
anaesthetics have anti-inflammatory action and so might act anti carcinogenic.>® In the conclusion we
also wrote that this area is still quite unexplored and that studies have led to very controversial results.
Regarding that please, find enclosed an additional reference of Wang ] et al.7, who proved that volatile
anaesthetics have a rule in the anti-cancer relevant signalling. Therefore, above mentioned mistake luck-
ily did not have an effect on the message of the article.
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Endoskopska obravnava bolnikov z druzinsko
adenomatozno polipozo po preventivni
kolektomiji ali obnovitveni proktokolektomiji.
Sistematicni pregled literature

Gavric A, Rivero Sanchez L, Brunori A, Bravo R, Balaguer F, Pellisé M

Izhodisca. Pri bolnikih z druzinsko adenomatozno polipozo (FAP) se zgodaj razviiejo adenomi debelega
Crevesa in danke in Ce jih ne zdravimo, bodo iz njih neizogibno nastale rakaste tvorbe. Profilakti¢na ope-
racija ne prepreci nadaljinjega razvoja raka v rektalnem ostanku, rektalni manseti pri bolnikin z analno
anastomozo ilealne vrecCke (angl. ileal pouch anal anastomosis, IPAA) in celo na ilealni sluznici telesa
vreCke. Namen pricujoCega pregleda je oceniti dolgorocni nastanek raka in adenomov pri bolnikih s
FAP po preventivni operaciji ter povzeti frenutna priporocila za endoskopsko obravnavo in nadzor teh
bolnikov.

Materiali in metode. S pomocjo navodil PRISMA smo sistematicno iskali literaturo o raziskavah, ki so jih
objavili od januarja 1946 do junija 2023. Uporabili smo elekironsko podatkovno zbirko PubMed.

Rezultati. Pregledali smo 54 &lankov, ki so vkljuGevali 5010 bolnikov. Delez raka v rektalnem ostanku je
bil 8,8-16,7 % pri zahodni populacijiin 37 % pri vzhodni populaciji. Kumulativno tveganje za nastanek raka
30 let po operaciji je bilo 24 %. Umrljivost zaradi raka v ostanku danke je bilo 1,1-11,1 %, 5-letno prezivetje
pa 55 %. Delez adenomov po primarni IPAA je bil 9,4-85 % s kumulativnim tveganjem 85 % 20 let po ope-
raciji in kumulativnim tveganjem 12 % za napredovale adenome 10 let po operaciji. Kumulativno tvega-
nje za adenome po ileo-rektalni anastomozi (IRA) je bilo 85 % po 5 letih in 100 % po 10 letih. Adenomi so
se pogosteje razvili po spenjani anastomozi (33,9-57 %) v primerjavi z rocno sesito anastomozo (0-33 %).
Porocali so o 45 rakih pri bolnikih po IPAA, od katerih jih je bilo 30 v telesu vrecke, 15 pa v rektalni manseti
ali na anastomozi.

Zakljuéki. Pri bolnikih s FAP se med dolgotrajnim spremljanjem pogosto pojavijo rak in adenomi v rek-
talnem ostanku in ilealni vrecki. Redno endoskopsko spremljanje je priporoclivo ne le pri bolnikih z IRA,
temvec tudi pri bolnikih z ilealno vrecko po proktokolektomiji.
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Potencialno resni zapleti novih sistemskih
terapij proti raku. Zgodnja diagnoza in zgodnje
ustrezno zdravljenje sta kljuéna

Blaz Kova¢ M, Seruga B

Izhodisca. Razliéne oblike imunoterapije, kot so zaviralci imunskin nadzornih tock (ang. immune check-
point inhibifors, ICI), modificirane celice T z izrazenim himernim receptorjem za tumorske antigene (ang.
chimeric antigen receptor T-cells, CAR-T) ter bispecificna monoklonska proftitelesa (ang. bispecific T-cell
engagers, BITE]) in konjugati protitelo-zdravilo, vse pogosteje uporabliamo za zdravljenje solidnih rakov,
limfomov in levkemij. Zdravniki razlicnih specialnosti se lahko srecajo z bolniki, ki razvijejo resne zaplete po
tovrstnih zdravljenjin. Namen pricujoCega pripovednega preglednega Clanka je predstaviti potencialno

smrine toksicne zaplete novih protfirakavih sistemskih zdravljenj ter njihove diagnosticne obravnave in
zaceto zdravijenje.

Rezultati. Pojav toksi¢nih zapletov novih protirakavih sistemskin zdravijenj je lahko nepredvidijiv in ne-
specificen. Klinicna slika tovrstnih zapletov je lahko podobna ostalim, bolj pogostim stanjem, kot so npr.
okuzbe ali mozganska kap. Ce jih ne prepoznamo in zdravimo pravo&asno, lahko hitro napredujejo v
zivljenjsko nevarna stanja. Medtem ko ICl lahko povzrocijo imunsko povzroceno vnetje razlicnih organov
(npr. pnevmonitis ali kolitis), se lahko po zdravijenju s CAR-T ali BiTE pojavita sindrom spros€anja citokinov
(ang. cytokine release syndrome, CRS) in sindrom nevrotoksiCnosti, povezan z imunskimi efektorskimi
celicami (ang. immune effector cell-associated neurotoxicity syndrome, ICANS). Temelja zdravijenja
teh vnetnih zapletov sta ustrezna podporna terapija in sistemsko imunosupresivno zdravljenje. S slednjim
je pogosto potrebno priCeti Ze pri blago do zmerno izrazenih toksicnih zapletih. Tudi pri nekaterin hudih
zapletih, povzrocenih s konjugati proftitelo-zdravilo, je potrebno uporabitiimunosupresivnega zdravljenja.
Ze zgodaj moramo v obravnavo tovrstnih zapletov vkljuciti multidisciplinarni tim, ki poleg onkologa oz.
hematologa vkljuCuje tudi ustreznega zdravnika specialista (npr. gastroenterologa v primeru kolitisal).

Zakljucki. Zaposleni v zdravstvu, vklju&no s tistimi zunaj onkoloskih centrov, bi morali biti seznanjeni s
potencialno resnimi zapleti novih profirakavih sistemskih zdravljenj. Zgodnja diagnoza ter zdravijenje z

zadostno podporno in imunosupresivno terapijo sta kljucna za optimalni izhod bolnikov s femi zapleti.
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Kolitis zaradi zdravljenja raka z zaviralci
imunskih kontrolnih tock. Pregled literature in
opis klini¢nih primerov

Ocepek A

Zdravljenje z zaviralci imunskih kontrolnih tock je ucinkovito pri razli¢nih oblikah raka, a je lahko povezano
s pojavom imunsko pogojenih nezelenih ucinkov na drugih organih. Med pogostejSe sodi prizadetost
prebavne cevi, predvsem kolitis. Pri vecini bolnikov kolitis poteka blago, ali pa se odzove na kortikoste-
roidno zdravlienje. Manjsi delez bolnikov, pogosteje tistih, ki smo jih zdravili z zaviralci citotoksichega T
limfocithega antigena-4, ima lahko tezji potek kolitisa, pojavijo se lahko celo za zivljenje nevarni zapleti.
Pri teh bolnikih je potfrebno hitro ukrepanje, pravocasna postavitev diagnoze z endoskopsko oceno in
zgodnje zdravljenje z visokimi odmerki kortikosteroidov ter ob njihovi neucinkovitosti reSevalno zdravljenje
z bioloskimi zdravili kot sta infliksimab in vedolizumab. Predstavljamo tri primere iz klinicne prakse, podatke
o incidenci in klinicni sliki fer trenutna priporocila glede diagnosticnega postopka in zdravljenja kolitisa, ki
ga povzroCajo zaviralci imunski kontrolnih tock.

Radiol Oncol 2024; 58(2): 186-195.
doi: 10.2478/raon-2024-0028

Patogeneza in potencialna reverzibilnost
intestinalne metaplazije - mejnik v

karcinogenezi zelodca
Drnov$ek J, Homan M, Zidar N, Smid LM

Izhodisca. Rak Zelodca brez kardije ostaja glavni vzrok umrljivosti zaradi raka po vsem svetu, kljub temu,
da incidenca v stevilnih industrializiranin drzavah upada. Razvoj raka Zzelodca intestinalnega tipa poteka
skozi velstopenijski proces, v katerem se normalna sluznica postopno preoblikuje v hiperproliferativni
epitelij, Cemur sledijo metaplastiCni procesi, ki vodijo do karcinogeneze. Kronicna okuzba s Helicobacter
pylori je primarni etioloki povzrocitelj, ki povzroCi kroni€¢no vnetje zelodcne sluznice, vodi do atroficnega
gastritisa in lahko povzrociintestinalno metaplazijo in displazijo. Tako intestinalna metaplazija kot displazija
sta predrakavi spremembi, pri katerih obstaja vecja verjetnost za pojav raka Zelodca. Atroficni gastritis se
pogosto izboljSa po eradikaciji Helicobacter pylori; vendar je pojav intestinalne metaplazije tradicionalno
obravnavan kot "to¢ka brez vrnitve" v zaporedju karcinogeneze. Po eradikaciji bakterije Helicobacter
pylori se neatroficni kronicni gastritis bodisi pozdravi, ali pa povzroci regresijo atroficnega gastritisa in s
tem zmanjsa tveganje za nastanek raka zelodca. V clanku razpravljamo o patogenezi, epigenomiki in

reverzibilnosti intestinalne metaplazije ter se na kratko predstavimo mozne strategije zdravljenja.
Zakljucki. zdi se, da Zelod&na intestinalna metaplaziia ni ve& ireverzibilna predrakava lezija. Vendar pa

je Se vedno veliko polemik glede izboljsanja intestinalne metaplazije po eradikaciji Helicobacter pylori.
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Uporabnost klinicnih parametrov in

slikovnih parametrov MR za napovedovanje

in spremljanje odgovora na zdravljenje s
capecitabinom in temozolomidom (CAPTEM)
pri bolnikih z jetrnimi zasevki nevroendokrinih
tumorjev

Ingenerf M, Auernhammer C, Lorbeer R, Winkelmann M, Mansournia S, Mansour N,
Hesse N, Heinrich K, Ricke J, Berger F, Schmid-Tannwald C

Izhodisca. Namen raziskave je bil prouciti moznosti napovedovanija in spremljanja klinicnih in multiparo-
metricnih parametrov MR pri ocenjevanju odgovora na zdravljenje s capecitabinom in femozolomidom
(CAPTEM) pri bolnikih z nevroendokrinimi tumoriji (NET).

Bolniki in metode. V retrospektivni raziskavi (n = 44) smo ocenili odgovor na zdraviienje CAPTEM pri
bolnikih z nevroendokrinimi zasevki v jetrih (angl. neuroendocrine liver metastases, NELM). Med 33 vklju-
cenimi bolniki, ki je predstavljala podskupino celotne kohorte raziskave, smo analizirali MR podatke in po-
datke pridobliene ob sledenju bolnikov (velikost tumorske spremermbe, vrednosti difuzijskega koeficienta
[angl. apparent diffusion coefficient ADC] in intenziteto signala) ter klinicne parametre (kromogranin A
[CgA] in Ki-67 %). Tiste bolnike, ki so brez napredovanja bolezni preziveli ve€ kot 6 mesecev smo oprede-
lili, da so odgovorili na zdravljenje oz. kot odzivne bolnike.

Rezultati. Vecina bolnikov je bila moskih (75 %) in je imela tumorje G2 (76 %) trebuine slinavke (84 %).
Srednje prezivetje brez napredovanja bolezni je bilo 5,7 meseca; celotno srednje prezivetje pa 25 me-
secev. Neodzivni bolniki so imeli v primerjavi z odzivnimi visji Ki-67 pri primarnih fumorjih (16,5 % vs. 10 %,
p = 0,01) in vecjo obremenitev jeter (20 % vs. 5 %, p = 0,007). Neodzivni bolniki so imeli povisan CgA po
zdravlienju, medtem ko je bil CgA pri odzivnih bolnikih blago zmanjsan. Spremembe ADC so se razlikova-
le med skupinami, neodzivni bolniki so imeli znizan ADC ., (-23 %) in jetrno prilagojen ADC oo /ADCigimi
povpr. (-16 %), v primerjavi z odzivnimi, ki so imeli pove€an ADC iy, (50 %) in ADC 6y 0r /ADCigimi povpr. (30 %).
Analiza ROC je pokazala najvisjo obmocje pod krivuljo (angl. area under the curve, AUC) (0,76) za posa-
mezen parameter za A ADCoypr /ADCigtmi povpr. P Mejni vrednosti < 6,9 (obcutliivost 76 % in specificnost
75 %). Kombinacija A velikosti NELM in A ADC,, je dosegla najboljSe rezultate (88 % obcutliivost, 60 %
specificnost) in je bila boljSa od samega A velikosti NELM (69 % obcutljivost, 65 % specificnost). Kaplan-
Meierjeva analiza je pokazala pomembno daljse prezivetje brez napredovanja bolezni za A ADC gy /

ADCieirmi pover. < 6.9 (0 = 0,024) in A velikost NELM > 0 % + A ADCy < 2.9 % (p = 0,021).

Zakljucki. Analiza prefivetia bolnikov z NET in zasevki v jetrih, ki smo jih zdravili s CAPTEM, je pokazala
potrebo po prilagojenih merilih ocenjevanja odgovora na zdravljenje. Ti vkljucujejo kombinirano vredno-
tenje CgA, vrednosti ADC in velikosti ftumorja.
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Dolgoroéna ucinkovitost vecplastnih
modulatorjev pretoka za zdravljenje aortnih

anevrizem
Pintari¢ K, Boltezar L, Umek N, Kuhelj D

Izhodisca. V retrospektivni raziskavi smo preudevali u&inkovitost znofrajzilnega zdravljenja z veCplastnimi
modulatorji pretoka (angl. multilayer flow modulator, MFM) pri zdravljenju aortnih anevrizem pri pacientih
z visokim tveganjem, ki niso bili primerni za standardno zdravijenje.

Bolniki in metode. V raziskavo smo vkijucili 17 bolnikov z anevrizmo torakalne ali abdominalne aorte,
ki smo jih med letoma 2011 in 2019 zdrawvili z vstavitvijo MFM-ja. Pri teh bolnikih bi klasicno endovaskularno
alikirursko zdravljenje anevrizme predstavljalo preveliko tveganje. Po vstavitvi MFM-jev smo bolnike redno
spremljali z raCunalnisko fomografijo, kjer smo poleg premera anevrizmatske vrece merili fudi prostornino
anevrizmatske vrece ter volumenske spremembe pretoka v anevrizmi. Poleg tega smo belerzili tudi teh-

nicno izvedljivost vstavitve MFM-jev in zaplete po posegu.

Rezultati. Tehni¢na izvedijivost je bila 100 %, pogostost zapletov v 30 dneh po posegu pa 17,6 %. Ob
spremljanju smo pri 11 od 17 bolnikih ugotovili zmanjsanje prostornine pretoka znotraj anevrizme, kar kaze
na ugoden hemodinamski odziv. Srednja vrednost zmanjSanja prostornine pretoka je bila 12 mL, relativo
zmanjSanje 8 %. Hkrati pa nismo ugotovili doslednega zmanjSanja velikosti anevrizmatske vrece; vecina
anevrizmatskih vre€ se je povecala za 46 ml oz. za 18 mm.

Zakljucki. Ceprav MFM-ji ponujajo mozno alternativno zdraviienje za bolnike z visokim tveganjem in
anevrizmami aorte, je njihova ucinkovitost pri prepreCevanju vecanja anevrizme omejena. Rezultati ka-
Zejo, da lahko MFM-ji zagotovijo stabilno hemodinamsko okolje, vendar ne povzrocijo stabilnega zmanj-
Sanja anevrizmatske vreCe. Uporaba opisane tehnologije tako zahteva stalno pazljivost in dolgoroc¢no
spremljanje bolnikov.
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Napovedni dejavniki prezivetja in varnost
transarterijske kemoembolizacije (TACE) z
irinotekanom, vezanim na delce (DEBIRI), pri
bolnikih z jetrnimi zasevki pri raku debelega
crevesja

Sljiviéc M, Sever M, Ocvirk J, Mesti T, Brecelj E, Popovic P

Izhodisca. Pri bolnikih z neresektabilnimi jetrnimi zasevki raka debelega Erevesa in danke veljavne smer-
nice priporocajo transarterijsko kemoembolizacijo z irinotekanom, vezanim na delce (angl. fransarterial
chemoembolisation with rinotecan-loaded drug-elufing beads, DEBIRI TACE), kot eno izmed moznosti
zdravljenja, ko so izkorisCeni vsi drugi nacini sistemskega in kirurskega zdravljenja.

Bolniki in metode. V retrospektivno raziskavo smo med septembrom 2010 in marcem 2020 vkljucili 30
bolnikov (22 moskih in 8 Zensk; s povprecno starostjo 66,8 + 13,2 let). Med njimi smo jih 57 % predhodno
zdravili s sistemsko kemoterapijo, ostalih 43 % pa kemoterapije ni prejelo. Pri vseh je bila bolezen omeje-
na na jefra. Dva posega v §tiri-tedenskih infervalin smo naredili v primerih z unilobarno boleznijo ter stiri
posege v dvo-tedenskih intervalih v primerih z bilobarno boleznijo. Vsi bolniki so prejeli premedikacijo in
bili opazovani po posegu. Nezelene dogodke smo ocenjevali po klasifikaciji Kardiovaskularne in interven-
cijske radioloske evropske zveze (CIRSE).

Rezultati. Srednje celokupno preZivetie od zacetka zdravljenja z DEBIRI TACE je bilo 17,4 mesecev (95 %
interval zaupanja [IZ]: 10,0-24,7 meseceyv), srednje prezivetje brez napredovanja bolezni pa 4,2 meseca
(95 % 1Z: 0,9-7,4 mesecev). Srednje celokupno prezivetje v skupini, ki je predhodno prejemala sistemsko
kemoterapijo je bilo 17,4 mesecev, v skupini brez predhodne sistemske kemoterapije pa 21,6 mesecev.
Univariatna analiza je pokazala boljSe prezivetje pri bolnikih z manj kot pet zasevki (p = 0,002). Nezelenih
dogodkov gradusa 4 in 5 ni bilo, prav tako ne smrti, povezanih s posegom. Nezeleni dogodki gradusov
1in 2 so bili prisotni pri 53 % bolnikih, gradusa 3 pa pri 6 %.

Zakljucki. DEBIRI TACE je varna oblika zdraviienja jetrnih zasevkov pri raku debelega Erevesja. Bolniki z
manj kot petimi zasevki so imeli daljse prezivetje, kot tisti s pet ali vec.
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Terapevtski u¢inek tarcnega ultrazvocnega
uni¢enja kontrastnih mikromehurckov
Sisandrina A pri raku na jetrih in njihov
mehanizem

Wang X, Wang F, Dong P, Zhou L

Izhodis¢a. Namen studiie je bil raziskati terapevtski ucinek tarénega ultrazvoénega uni¢enja kontrastnin
mikromehurckov Sisandrina A pri raku na jetrih in z njim povezan mehanizem.

Materiali in metode. Mikro-mehuréke Span-PEG, napolnjene s Sisandrinom A, smo pripravili za upo-
rabo s Spané0, NaCl, PEG-1500 in Sisandrina A. Stopnjo napolnjenosti mikromehurckov Apna-PEG s
Sisandrinom A smo dolocili z metodo ultravijolicne spekirofotometrije. Stopnjo prezZivetja celic Walker-256
s Sisandrinom A pa smo ugotovili s testom MTT. Vsebnost Sisandrina A v celicah smo izmerili s tekoCinsko
kromatogrdfijo visoke locliivosti. Za oceno terapevitskega ucinka in situ smo uporabili ultrazvo&no slikanje.
Vsebnosti vnetnin dejavnikov v serumu smo izmerili z metodo ELISA. Patoloske spremembe pri poskusnih
Zivalih v vsaki skupini smo opazovali s pomocjo barvanja s hematoksilin-eosinom. lzrazanja HIF-1a, VEGF in
VEGFR-2 v tumorskih tkivin smo ugotavljali zimunohistokemicnim barvanjem, izrazanja beljakovin signal-
ne poti PI3K/AKT/mTOR v tumorskih tkivin pa s postopkom Western blot.

Rezultati. Sestavijeni mikromehurcki so bili enakomeme velikosti, porazdelitev velikosti delcev je bila
enoli¢na in stabilna, kar ustreza zahtevam za ultrazvocna kontrastna sredstva. Stopnja polnjenja Sisan-
drina A v mikromehurckih Span-PEG je bila 8,84 + 0,14 %, uCinkovitost enkapsulacije pa 82,24 + 1,21 %.
Vrednost IC50 Sisandrina A je bila 2,87 ug/ml. Skupina zdravilo+mikromehurcki+ultrazvok je imela najbolj
ociten zaviralni uCinek na rakave celice Walker-256, najvisjo znofrajcelicno koncentracijo zdravila, naj-
vecje zmanjsanje prostornine tumorja, najbolj ocitno zmanjSanje vnetnih dejavnikov v serumu in najbol]
ocitno izboljSanje patoloskin vrednosti. Rezultati imunohistokemicnega barvanja so pokazali, da so se
beljakovine HIF-1a, VEGF in VEGFR-2 najbolj zmanjSale v skupini zdravilo+mikromehurcki+ultrazvok (P <
0.01). Rezultati testov Western blot so pokazali, da je omenjena skupina najbolj zavirala signalno pot PI3K/

AKT/mTOR (P <0,01).
Zakljucki. Sisandrin A je imel profitumorski ucinek, njegov mehanizem pa je lahko povezan z zavira-
njem signalne poti PI3K/AKT/mTOR. Mikromehurcki Sisandrina A bi lahko spodbujali vnos Sisandrina A v
tfumorske celice, potem ko so bili uniCeni v tumorju zaradi delovanja ultrazvoka, in tako imeli najoboljsi
protitumorski ucinek.
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Povezanost ekspresije podenote alfa 3 laminina
v duktalnem adenokarcinomu trebusne
slinavke z zasevki v jetrih in s prezivetjem

Xing Y, Jing X, Qing G, Jang Y

Izhodisca. Visoka stopnja umrljivosti zaradi duktalnega adenokarcinoma trebuine slinavke (angl. pan-
creatic ductal adenocarcinoma, PDAC) pripisujemo predvsem zasevkom. Znano je, da alfa 3 podenota
laminina (LAMAQ) vpliva na napredovanje tumorja. Vendar ostaja nejasen vpliv LAMAS na jetrne zasevke
pri PDAC. Namen raziskave je bil razjasniti, ali je pri PDAC z jetrnimi zasevki ekspresija LAMA3 povecana.

Bolniki in metode. Iz aflasa genoma raka (angl. The Cancer Genome Atlas, TCGA) in §tirih naborov
podatkov iz omnibusa genskega izrazanja (angl. Gene Expression Omnibus, GEO) smo pridobili podat-
ke o nivojih izrazanja LAMAS in povezanimi klinicno-patoloskimi parametri. Za oceno napovedne moci
LAMAZ3 pri PDAC smo uporabili Kaplan-Meierjevo analizo. Retrospektivno smo zbrali klinicno-patoloske
podatke in vzorce tkiv 117 kirursko zdravljenih bolnikinh s PDAC v bolnisnici Univerze Qingdao. Ocenili smo
izrazanje LAMARS in raziskali njegovo povezavo s klinicno-patoloskimi lastnostmi, klini€nim potekom bolezni
in zasevki v jetrih.

Rezultati. Baze podatkov TCGA in GEO so pokazale, da je v tkivu PDAC povecano izrazanje LAMA3 v
primerjavi z normalnim tkivom. Pri bolnikih s PDAC je bila povisana ekspresija LAMA3 povezana s slabsim
celokupnim prezivetiem in prezivetiem brez ponovitve bolezni. Ekspresija LAMAS je bila znatno visja v tkivu
PDAC kot v sosednjih tkivih. V fumorskem tkivu bolnikov s PDAC in jetrnimi zasevki je bila ekspresijo LAMA3
visja, kot pri bolnikin brez jetrnih zasevkov. Visoka ekspresija LAMAS je sovpadala z velikostjo tumorja in
stadijem TNM. Ekspresija LAMAS3 in zasevki v jetrin sta bila neodvisna napovedna dejavnika za celokupno

prezivetje; ekspresija LAMAS je bila neodvisno povezana s prisotnostjo jetrnih zasevkov.

Zakljucki. Ekspresija LAMA3 je pri bolnikih s PDAC in jetrnimi zasevki povidana in napoveduje potek
bolezni.
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Vpliv zgodnje celostne rehabilitacije na
utrudljivost pri 600 bolnicah z rakom dojke.

Prospektivna raziskava
Auprih M, Zagar T, Kovacevi¢ N, Skufca Smrdel AC, Be$i¢ N, Homar V

Izhodisca. Utrudijivost po zdravijenju raka dojke je pogosta teZava bolnic, ki jo je tezko zdraviti. Namen
raziskave je bil prouciti, ali individualizirana celostna rehabilitacija zmanjsa pogostost kroni¢ne utrudljivosti
v primerjavi z neorganizirano rehabilitacijo.

Bolnice in metode. V prospektivno raziskavo smo vkljucili 600 bolnic z rakom dojke (stare 29-65 let,
povprecno 52), ki so sodelovale v pilotni raziskavi o individualizirani celostni rehabilitaciji bolnic z rakom
dojke v letih 2019-2021 in smo jih spremljali leto dni. V kontrolni skupini je bilo 301 bolnic, v intervencijski
skupini pa 299. Bolnice so izpolnili fri vprasalnike (EORTC QLQ-C30, -BR23 in NCCN): pred zdravljenjem ra-
ka, fer Sest in dvanajst mesecev po zacetku zdravljenja raka. Pri kontfrolni skupini smo izvajali standardno
neorganizirano rehabilitacijo, medtem ko je bila intervencijska skupina delezne zgodnje, individualizirane
mulfidisciplinarne in celostne rehabilitacije. Koordinatorka za celostno rehabilitacijo je bolnice napotila
na dodatne intervencije (npr. psiholog, ginekolog, tim za obvladovanje bolecine, fizioterapija, fim za
klinicno prehrano, fizicna vadba pod vodstvom kineziologa preko spleta, poklicna rehabilitacija, druzinski
zdravnik). Zbrali in analizirali smo podatke o demografskih znacilnostin bolnic, razdifjienosti bolezni, zdra-
vljenju raka in tezavah bolnic, o katerih so porocale v odgovorih na vprasanja iz vprasalnikov.

Rezultati. Med kontrolno in intervencijsko skupino bolnic ni bilo razlik glede starosti, izobrazbe, razire-
nosti bolezni, kirurskin posegov, sistemskega zdravljenja raka ali obsevanja. Prav tako ni bilo razlik glede
utrudijivosti pred zacetkom zdravljenja. Bolnice iz kontrolne skupine pa so imele polleta (p =0,018) in leto
dni (p = 0,001) po zacetku zdravlienja visjo stopnjo stalne utrudijivosti kot bolnice iz intervencijske skupi-
ne. Poleg tega je vedji delez bolnic iz kontrolne skupine obcutil pomembne motnje pri svojih obicajnih
dejavnostih zaradi utrudijivosti kot iz intervencijske skupine pol leta (p = 0,042) in leto dni (p = 0,001) po
zacetku zdravljenja. Multivariatna logisticna regresija je pokazala, da je leto dni po zacetku zdravljenja
edini neodvisni dejavnik, povezan z utrudijivostjo, vkljucitev v intervencijsko skupino (p = 0,044). Vkljucitev
v intervencijsko skupino je bila koristna. Bolnice iz kontrolne skupine so imele po zdravljenju 1,5-krat vecjo
verjetnost za utrudljivost kot bolnice iz intervencijske skupine.

Zakljuéki. Zgodnja individualizirana celostna rehabilitacija je povezana z manjSo prevalenco kroni¢ne
utrudijivosti ali utrudljivosti, ki moti obicajne aktivnosti pri bolnicah z rakom dojke, v primerjavi s kontrolno
skupino bolnic.
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Napredek pri obvladovanju raka dojk z nizkim
izrazenjem receptorja HER2. Izboljsanje
strategij diagnosticiranja in zdravljenja

Borstnar S, Bozovi¢-Spasojevic¢ |, Cvetanovi¢ A, Dedic Plaveti¢ N, Konsoulova A, Matos E,
Popovic L, Popovska S, Tomi¢ S, Vrdoljak E

Izhodisca. Nedavni dokazi u&inkovitosti konjugatov protitelesa in zdravila proti receptorju za epidermalni
rastni dejavnik 2 (angl. human epidermal growth factor receptor 2, HER2), so omogocili pomembne spre-
membe pri obravnavi HER2-negativnega raka dojke. Novo cilino entiteto, rak dojke z nizkim izrazanjem
receptorja HER2, so prepoznali pri tumorjih, ki smo jih prej razvrsCali kot HER2-negativne. Pricakujemo,
da se bo vsakodnevna praksa v patologiji in klini¢ni onkologiji uskladila s frenutnimi priporocili, vendar bi
lahko bil dostop bolnikov do novih protirakavih zdravil na razlicnih geografskih obmodijinh oviran zaradi
lokalnih izzivov.

Materiali in metode. Na strokovnem srecanju se je zbralo deset ekspertov, mnenjskin voditeliev s po-
drocja patologije in klinicne onkologije z izkusnjami pri zdravljenju bolnikov z rakom dojke iz stirih drzav
Cenfralne in Vzhodne Evrope, iz Bolgarije, Hrvaske Srbije in Slovenije. Povzeli smo frenutno stanje razsejo-
nega raka dojke z nizkim izrazanjem receptorja HER2, lokalne izzive in akcijske nacrte za preprecevanje
zamud pri dostopu bolnikov do testiranja in zdravljenja na podlagi strokovnega mnenja.

Rezultati. Ugotovili smo vrzeli in razlike med drzavami na ve& ravneh. Ti so vkljucevali variabilnost (1)
lokalnih epidemioloskih podatkov o raku dojke z nizkim izraZzanjem receptorja HER2, (2) razlic¢no certifici-
ranje patoloskih laboratorijev, (3) razlicen nadzor kakovosti ter (4) razlicne pogoje za povracilo stroskov
testiranja in zdravil proti raku za HER2-negativni razsejani rak dojke. Medtem ko so bile klinicne odlocitve
usklajene z sodobnimi mednarodnimi smernicami, je bil optimalen dostop do testiranja in inovativhega
zdravljenja omejen zaradi znatnih zamud pri povracilu stroskov ali omejenih pogojev povracila stroskov.

Zaklju(:ki. Preprecevanje zamud pri dostopu bolnikov z razsejanim rakom dojke, ki imajo nizko izraze-
nost HER2, do diagnoze in novih zdravljenj, je klju¢nega pomena za optimizacijo rezultatov. Potrebna so
multidisciplinarna skupna prizadevanja in proaktivne razprave med zdravniki in odloCevalci za izboljSanje
oskrbe bolnikov z razsejanim rakom dojke, ki imajo nizko izrazanje receptorja HER2, v drzavah centralne
in Vzhodne Evrope.
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Razkrivanje diagnosticne poti pljuchega
raka. Prepoznavanje izzivov in priloznosti za

izboljsave
Marc Malovrh M, Adamic K

Izhodisca. za vecjo uspesnost obravnave bolnikov s pliuGnim rakom je pomemben hiter in dobro orga-
niziran celovit diagnosticni postopek. Namen pricujoCe raziskave je bil razkriti pomanikljivosti in premaijh-
ne ucinkovitosti diagnosticnega postopka ter predlagati strategije za izboljsave. Raziskava je potekala v
enem od terciarnih cenfrov v Sloveniji.

Bolniki in metode. Uporabili smo celovit pristop, da smo skrbno raz&lenili vse korake v diagnostiénem
postopku za posameznike, pri katerih smo sumili, da so zboleli za pljucnim rakom. Z namenskimi vprasal-
niki smo zbrali in analizirali informacije od zaposlenih in od bolnikov, vklju€enih v obravnavo. Nadalje smo
analizirali podatke bolnikov in izracunali Casovne diagnostiCne intervale za te bolnike v dveh razli¢nih
obdobjih opazovanja.

Rezultati. Zaposlene sta najoolj obremenjevala stres in pretirani administrativni postopki. Pomemben
rezultat vizualizacije diagnosticne poti in priporocil zaposlenih je bila zasnova elekironske diagnosticne
klinicne poti (angl. electronic diagnostic clinical pathway, eDCP), ki bo lahko bistveno zmanjSala admi-
nistrativno obremenitev zaposlenih. Bolniki so bili na splosno zelo zadovoljni z diagnosticno poftjo, porocali
pa so o predolgih ¢akalnih dobah. Z analizo dveh €asovnih obdobij smo ugotovili, da so diagnosticni
intervali v vecini primerov presegali priporocene casovnice. Z dvema ukrepoma smo diagnosti¢ne inter-
vale znatno skrajsali: okrepili smo diagnosti¢ni tim in pridobili v uporabo dodatni aparat PET-CT. Povprecni
cas od napotitve osebnega zdravnika do odlocitve o zdravljenju na multidisciplinarnem konziliju je bil
50,8 (£ 3,0) dni pred in 37,1 (£ 2,3) dni po uvedbi teh ukrepov.

Zakljuéki. Raziskava je razkrila priloznosti za izboljSave diagnosticne poti za bolnike s pliju¢nim rakom.
Najvediji vpliv so imele organizacijsko-administrativne izbolj§ave in izboljSave, povezane z zmogljivostjo.
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Vpliv razlicnega intraoperativnega spremljanja
tekocCin na pooperativni izid po resekciji
abdominalnih tumorjev

Jenko M, Mencin K, Novak-Jankovic¢ V, Spindler-Vesel A

Izhodisca. Intraoperativno spremljanje tekocCin je pomemben vidik kirurgije raka, vklju€no s kolorektalno
kirurgijo in pankreatoduodenektomijo. Namen raziskave je bil preizkusiti ali infraoperativho multimodalno
spremljanje tekoCin zmanjSa pooperativno obolevnost in trajanje hospitalizacije pri bolnikih z abdominal-

nimi operacijami, ob uporabi istih anestetficnih protokolov z epiduralno analgezijo.

Bolniki in metode. Prospektivno raziskavo smo izvedli pri dveh skupinah bolnikov. Kirurske bolnike z viso-
kim tveganjem, ki so bili podvrzeni vecji abdominalni operaciji, smo nakljucno izbrali in vkljucili v kontrolno
skupino. Pri njih (44 bolnikov) smo spremljali tekocine na standardni nacin. V drugo, protokolno skupino
pa smo vkljucili bolnike, kjer smo uporabili cerebralno oksigenacijo in razsirieno hemodinamsko spremljo-
nje s protokolom za intfraoperativne posege (44 bolnikov).

Rezultati. Dolzini hospitalizacije se med skupinama nista razlikovali. Srednja vrednost je bila pri kobntrolni
skupini 9 dni (interkvartiini razpon [IQR] 8 dni), v protokolni skupini pa 9 dni (IQR 5,5 dni; p = 0,851). Prav
tako ni bilo razlik pri pojavu pooperativnih ledvicnih ali srénih okvar. Prokalcitonin pa je bil znacilno visji
(najviSja pooperativna vrednost v prvih 3 dneh) v kontrolni skupini 0,75 mcg/L (IQR 3,19 mcg/L), v proto-
kolni skupini 0,3 mcg/L (0.88 mcg/L; p =0,001). Obratno so bolniki v protokolni skupini prejeli vecji volumen
intraoperativne tekocine, srednja vrednost infraoperativne bilance tekocCin je bila +1300 ml (IQR 1063 mi)
pri konfrolni skupini pa +375 ml (IQR 438 ml; p < 0,001).

Zaklju(:ki. Pri infraoperativnem spremljanju tekocin in uporabi vazopresorjev so bile pomembne razlike.
Srednja pooperativha vrednost prokalcitonina je bila bistveno visja pri bolnikih v kontrolni skupini, kar kaze
na razlike v imunskem odzivu na poskodbo tkiva pri razlicnih intfraoperativnih statusih tekocine, ni pa bilo
razlike v pooperativni obolevnosti ali dolzini hospitalizacije .
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Primerjava dozimetrije in ucinkovitosti na
znanju temeljecega in ro¢nega nacrtovanja
ob uporabi volumetriéne modulirane oblo¢ne

terapije pri kraniospinalnem obsevanju
Tsai WT, Hsieh HL, Hung SK, Zeng CF, Lee MF, Lin PH, Lin CY, Li WC, Chiou WY, Wu TH

Izhodis¢a. Kraniospinalno obsevanje predstavija izziv pri nadértovanju zdraviienja zaradi velikega
tar¢nega volumna, stikanja polj in ve€ ogrozenih organov. Namen raziskave je bil oceniti uCinkovitost
nacrtovanja na podlagi znanja (angl. knowledge-based planning, KBP) pri kraniospinalnem obsevanju.
Primerjali smo izvire rocne nacrte, zaCetne nacrte KBP RapidPlan in koncne nacrte KBP RapidPlan, ki
smo jih dodatno opftimizirali, da bi zadostili omejitvam doze.

Bolniki in metode. Porazdelitev doze v tar&i smo ocenjevali glede na pokritost tarénih volumnov,
povprecno dozo, indeks skladnosti in indeks homogenosti. Ocenili smo dozimetricne rezultate v podrogju
ogrozenih organov, ¢as nacrtovanja obsevanja in monitorsko enoto.

Rezultati. Vsi izvimi rocni nacrti in kon&ni nacrti KBP RapidPlan so v celoti dosegli cilie nacrtovanja,
zacetni nacrti KBP RapidPlan pa v 89,36 %. Wilcoxonovi testi so pokazali primerlivo pokritost tarCnin
volumnov, indeks skladnosti in indeks homogenosti v skupini rocnega nacrtovanja in skupini koncnih na-
crtov KBP RapidPlan; najslab3a kakovost nacrtovanja pa se je pokazala v skupini zacetnih nacrtov KBP
RapidPlan. V podrocju ogrozenih organov sta imeli skupini koncnih nacrtov KBP RapidPlan in zacetnih
nacrtov KBP RapidPlan boljSe dozimetricne rezultate kot skupina z roCnimi nacrti (P < 0,05 za optiCne
Zivce, oci, parotidne Zleze in srce). Cas nacrtovanja se je bistveno skrajsal, povpre&no 677,80 min; v sku-
pini z roCnimi nacrti 227,66 min (P < 0,05) oziroma v ostalih dveh skupinah KBP 307,76 min (P < 0,05); Cas
nacrtovanja se med njimi ni znacilno razlikoval.

Zakljucki. KBP lahko bistveno skrajga &as nacrtovanja pri kraniospinalnem obsevanju. Za izbolganje
kakovosti obsevalnega nacrta priporocamo ponovno roCno opfimiziranje po zacetni KBP.
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Dolocanje bakra in drugih elementov v
sledovih v serumskih vzorcih bolnikov z raki
biliarnega trakta. Protokol prospektivne
neintervencijske nerandomizirane kliniche
raziskave

Rebersek M, Hribernik N, Markovic K, Markovic S, Ursic¢ Valentinuzzi K, Cemazar M,

Zuliani T, Milaci¢ R, S¢ancar J

Izhodisca. Rake biliamega trakta obi¢ajno odkrijemo v napredovali stopniji, ko je bolezen neozdravijiva.
Tumorski oznacCevalci v krvi, ki jih frenutno doloCamo, imajo omejeno diagnosticno vrednost pri rakih
biliarnega frakta, zato nujno potrebujemo obcutliive in specificne oznacevalce za zgodnejSe diagnosti-
ciranje. Deregulacija homeostaze elementov v sledovih je vklju¢ena v kancerogenezo razlicnih vrst raka,
vklju¢no z raki biliarnega trakta. Cilj raziskave je dolociti in primerjati skupne koncentracije bakra (Cu),
cinka (Zn) in zeleza (Fe) ter deleze prostega Cu in Cu, vezanega na ceruloplazmin (Cp). ter izotopsko
razmerje $Cu/¢3Cu v serumskih vzorcih zdravih prostovoljcev in bolnikov z rakom ob uporabi metod na
osnovi induktivno sklopliene plazme in masne spekifrometrije (angl. inductively coupled plasma-mass
spectrometry-based methods, ICP-MS).

Bolniki in metode. V prospektivno, neintervenciisko, nerandomizirano raziskavo bomo vklju&ili 20 bol-
nikov in 20 zdravih prostovoljcev, da bi ugotovili ravni Cu, Zn in Fe v serumu fer izotopsko rakcionacijo
Cu, ki bi lahko predstavijali oznacevalec odgovora na sistemsko zdravljenje rakov biliarnega frakta, kar
bomo ocenjevali z racunalnisko fomografijo. Uporabili bomo novo razvite analiticne metode, ki temeljijo
na ICP-MS.

Zakljucki. V raziskavi bomo primerjali skupne koncentracije izoranih elementov v sledovih, delefa
prostega Cu in Cu, vezanega na Cp, ter izotopskega razmerja  65Cu/63Cu v serumskih vzorcih zdravih
prostovolicev in vzorcih bolnikov z raki biliarmega trakta. Zelimo zagotovili osnovo za razvoj metodologije
presejanja in pridobiti podatke za moznega napovednega oznacevalca odgovora na sistemsko zdro-
vljenje pri rakih biliarnega frakta.
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ZA BOLNICE S HR+ HER2- RAKOM DOJKE Z VELIKIM TVEGANJEM
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SKRAJSAN POVZETEK GLAVNIH ZNACILNOSTI ZDRAVILA

IME ZDRAVILA Verzenios 50 mg/100 mg/150 mg filmsko oblozene tablete KAKOVOSTNA IN KOLICINSKA SESTAVA Ena filmsko oblozena tableta vsebuje 50 mg/100 mg/150 mg abemacikli-
ba. Ena filmsko oblozena tableta vsebuje 14 mg/28 mg/42 mg laktoze (v obliki monohidrata). Terapevtske indikacije Zgodniji rak dojk Zdravilo Verzenios je v kombinaciji z endokrinim zdravlje-
njem indicirano za adjuvantno zdravljenje odraslih bolnikov z na hormonske receptorje (HR) pozitivnim, na receptorje humanega epidermalnega rastnega faktorja 2 (HER2) negativnim zgodnjim
rakom dojk s pozitivnimi bezgavkami, pri katerih obstaja veliko tveganje za ponovitev. Pri zenskah v pred- ali perimenopavzi je treba endokrino zdravljenje z zaviralcem aromataze kombinirati
z agonistom gonadoliberina LHRH — luteinizing hormone—releasing hormone). Napredovali ali metastatski rak dojk Zdravilo Verzenios je indicirano za zdravljenje zensk z lokalno napredovalim
ali metastatskim, na hormonske receptorje (HR) pozitivnim in na receptorje humanega epidermalnega rastnega faktorja 2 (HER2) negativnim rakom dojk v kombinaciji z zaviralcem aromataze
ali s fulvestrantom kot zacetnim endokrinim zdravljenjem ali pri Zenskah, ki so prejele predhodno endokrino zdravijenje. Pri Zenskah v pred- ali perimenopavzi je treba endokrino zdravljenje
kombinirati z agonistom LHRH. Odmerjanje in nacin uporabe Zdravijenje z zdravilom Verzenios mora uvesti in nadzorovati zdravnik, ki ima izkusnje z uporabo zdravil za zdravijenje rakavih
bolezni. Priporoc¢eni odmerek abemacikliba je 150 mg dvakrat na dan, kadar se uporablja v kombinaciji z endokrinim zdravljenjem. Zgodnji rak dojk Zdravilo Verzenios je treba jemati nepreki-
njeno dve leti, ali do ponovitve bolezni ali pojava nesprejemljive toksic¢nosti. Napredovali ali metastatski rak dojk Zdravilo Verzenios je treba jemati, dokler ima bolnica od zdravljenja klini¢no
korist ali do pojava nesprejemljive toksi¢nosti. Ce bolnica bruha ali izpusti odmerek zdravila Verzenios, ji je treba narociti, da naj naslednji odmerek vzame ob predvidenem ¢asu; dodatnega
odmerka ne sme vzeti. Obvladovanje nekaterih nezelenih u¢inkov lahko zahteva prekinitev in/ali zmanjsanje odmerka. Zdravljenje z abemaciklibom prekinite v primeru povisanja vrednosti AST
in/ali ALT >3 x ZMN SKUPAJ s celokupnim bilirubinom > 2,0 x ZMN v odsotnosti holestaze ter pri bolnicah z intersticijsko plju¢no boleznijo (ILD)/pnevmonitis stopnje 3 ali 4. Socasni uporabi
mocnih zaviralcev CYP3A4 se je treba izogibati. Ce se uporabi mocnih zaviralcev CYP3A4 ni mogoce izogniti, je treba odmerek abemacikliba znizati na 100 mg dvakrat na dan. Pri bolnicah, pri
katerih je bil odmerek znizan na 100 mg abemacikliba dvakrat na dan in pri katerih se so¢asnemu dajanju mo¢nega zaviralca CYP3A4 ni mogoce izogniti, je treba odmerek abemacikliba do-
datno znizati na 50 mg dvakrat na dan. Pri bolnicah, pri katerih je bil odmerek znizan na 50 mg abemacikliba dvakrat na dan in pri katerih se so¢asnemu dajanju moc¢nega zaviralca CYP3A4 ni
mogoce izogniti, je mogoce z odmerkom abemacikliba nadaljevati ob natan¢nem spremljanju znakov toksic¢nosti. Alternativno je mogoce odmerek abemacikliba znizati na 50 mg enkrat na dan
ali prekiniti dajanje abemacikliba. Ce je uporaba zaviralca CYP3A4 prekinjena, je treba odmerek abemacikliba povecati na odmerek, kakréen je bil pred uvedbo zaviralca CYP3A4 (po 3-5 raz-
polovnih ¢asih zaviralca CYP3A4). Prilagajanje odmerka glede na starost in pri bolnicah z blago ali zmerno ledvi¢no okvaro ter z blago (Child Pugh A) ali zmerno (Child Pugh B) jetrno okvaro ni
potrebno. Pri dajanju abemacikliba bolnicam s hudo ledvi¢no okvaro sta potrebna previdnost in skrbno spremljanje glede znakov toksi¢nosti. Nacin uporabe Zdravilo Verzenios je namenjeno
za peroralno uporabo. Odmerek se lahko vzame s hrano ali brez nje. Zdravila se ne sme jemati z grenivko ali grenivkinim sokom. Bolnice naj odmerke vzamejo vsak dan ob priblizno istem casu.
Tableto je treba pogoltniti celo (bolnice tablet pred zauzitiem ne smejo gristi, drobiti ali deliti). Kontraindikacije Preobcutljivost na ucinkovino ali katero koli pomozno snov. Posebna opozorila in
previdnostni ukrepi Pri bolnicah, ki so prejemale abemaciklib, so porocali o nevtropeniji, o vedji pogostnosti okuzb kot pri bolnicah, zdravijenih s placebom in endokrinim zdravijenjem, o pove-
¢anih vrednostih ALT in AST. Pri bolnicah, pri katerih se pojavi nevtropenija stopnje 3 ali 4, je priporocljivo prilagoditi odmerek. Do primerov nevtropeni¢ne sepse s smrtnim izidom je prislo pri
< 1% bolnic z metastatskim rakom dojk. Bolnicam je treba narociti, naj o vsaki epizodi povisane telesne temperature porocajo zdravstvenemu delavcu. Bolnice je treba spremljati za znake in
simptome globoke venske tromboze (VTE) in plju¢ne embolije ter jih zdraviti, kot je medicinsko utemeljeno. Glede na stopnjo VTE bo morda treba spremeniti odmerek abemacikliba. Pri bolni-
kih, pri katerih se pojavi resni arterijski trombemboli¢ni dogodek (ATE), je treba oceniti koristi in tveganja nadaljnjega zdravljenja z abemaciklibom. Glede na povecanje vrednosti ALT ali AST je
mogoce potrebna prilagoditev odmerka. Driska je najpogostejsi nezeleni ucinek. Bolnice je treba ob prvem znaku tekocega blata zaceti zdraviti z antidiaroiki, kot je loperamid, povecati vnos
peroralnih tekocin in obvestiti zdravnika. Soc¢asni uporabi induktorjev CYP3A4 se je treba izogibati zaradi tveganja za zmanjsano ucinkovitost abemacikliba. Bolnice z redkimi dednimi motnjami,
kot so intoleranca za galaktozo, popolno pomanjkanje laktaze ali malapsorpcija glukoze/galaktoze, tega zdravila ne smejo jemati. Bolnice je treba spremljati glede plju¢nih simptomoy, ki kaze-
jo na ILD/pnevmonitis, in jih ustrezno zdraviti. Glede na stopnjo ILD/pnevmonitisa je morda potrebno prilagajanje odmerka abemacikliba. Medsebojno delovanje z drugimi zdravili in druge
oblike interakcij Abemaciklib se primarno presnavija s CYP3A4. Socasna uporaba abemacikliba in zaviralcev CYP3A4 lahko poveca plazemsko koncentracijo abemacikliba. Uporabi mocnih
zaviralcev CYP3A4 socasno z abemaciklibom se je treba izogibati. Ce je moc¢ne zaviralce CYP3A4 treba dajati socasno, je treba odmerek abemacikliba zmanjsati, nato pa bolnico skrbno spre-
mljati glede toksi¢nosti. Pri bolnicah, zdravijenih z zmernimi ali Sibkimi zaviralci CYP3A4, ni potrebno prilagajanje odmerka, vendar jih je treba skrbno spremljati za znake toksi¢nosti. Socasni
uporabi mocnih induktorjev CYP3A4 (vklju¢no, vendar ne omejeno na: karbamazepin, fenitoin, rifampicin in Sentjanzevko) se je treba izogibati zaradi tveganja za zmanjsano ucinkovitost abe-
macikliba. Abemaciklib in njegovi glavni aktivni presnovki zavirajo prenasalce v ledvicah, in sicer kationski organski prenasalec 2 (OCT2) ter prenasalca MATET. In vivo lahko pride do medseboj-
nega delovanja abemacikliba in klinicno pomembnih substratov teh prenasalcev, kot je dofelitid ali kreatinin. Trenutno ni znano, ali lahko abemaciklib zmanj$a ucinkovitost sistemskih hormonskih
kontraceptivov, zato se zenskam, ki uporabljajo sistemske hormonske kontraceptive, svetuje, da hkrati uporabljajo tudi mehansko metodo. Nezeleni ucinki Najpogostejsi nezeleni ucinki so
driska, okuzbe, nevtropenija, levkopenija, anemija, utrujenost, navzea, bruhanje in zmanjSanje apetita. Zelo pogosti: okuzbe, nevtropenija, levkopenija, anemija, trombocitopenija, limfopenija,
zmanjSanje apetita, glavobol, disgevzija, omotica, driska, bruhanje, navzea, stomatitis, alopecija, pruritus, izpuscaj, pireksija, utrujenost, povecana vrednost alanin-aminotransferaze, povecana
vrednost aspartat-aminotransferaze. Pogosti: povecano solzenje, venska trombembolija, ILD/pnevmonitis, dispepsija, spremembe na nohtih, suha koza, misicna Sibkost. Obcasni: febrilna nev-
tropenija Rok uporabnosti 3 leta Posebna navodila za shranjevanje Za shranjevanje zdravila niso potrebna posebna navodila. Imetnik dovoljenja za promet z zdravilom: Eli Lilly Nederland
B\, Papendorpseweg 83, 3528BJ, Utrecht, Nizozemska. Datum prve odobritve dovoljenja za promet: 27. september 2018 Datum zadnjega podaljSanja: 23. junij 2023 Datum zadnje revizije
besedila: 911.2023 Rezim izdaje: Rp/Spec - Predpisovanje in izdaja zdravila je le na recept zdravnika specialista ustreznega podrocja medicine ali od njega pooblascenega zdravnika.

Reference: 1. Povzetek glavnih znacilnosti zdravila Verzenios, zadnja odobrena verzija.

Pomembno: Predpisovanje in izdaja zdravila je le na recept zdravnika specialista ustreznega podroc¢ja medicine ali od njega pooblas¢enega zdravnika. Pred predpisovanjem
zdravila Verzenios si preberite zadnji veljavni Povzetek glavnih znacilnosti zdravil. Podrobne informacije o zdravilu so objavljene na spletni strani Evropske agencije za zdravila
http://www.ema.europa.eu

Eli Lilly farmacevtska druzba, d.o.o., Dunajska cesta 167, 1000 Ljubljana, telefon 01/ 580 00 10, faks 01/ 569 17 05
PP-AL-SI-0268, 5.2.2024, Samo za strokovno javnost.
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Bistvene informacije iz Povzetka glavnih znaéilnosti zdravila

Tantum Verde 1,5 mg/ml oralno prsilo, raztopina
Tantum Verde 3 mg/ml oralno prsilo, raztopina

Sestava: 1,5 mg/ml: 1 ml raztopine vsebuje 1,5 mg benzidaminijevega klorida, kar ustreza 1,34 mg benzidamina. V enem razprsku je 0,17 ml raztopine. En razpr$ek
vsebuje 0,255 mg benzidaminijevega klorida, kar ustreza 0,2278 mg benzidamina. Sestava 3 mg/ml: 1 ml raztopine vsebuje 3 mg benzidaminijevega klorida, kar ustreza
2,68 mg benzidamina. V enem razprsku je 0,17 ml raztopine. En razprSek vsebuje 0,51 mg benzidaminijevega klorida, kar ustreza 0,4556 mg benzidamina. Terapevtske
indikacije: Samozdravljenje: LajSanje bolecine in oteklin pri vnetju v ustni votlini in Zrelu, ki so lahko posledica okuzb in stanj po operaciji. Po nasvetu in navodilu zdravnika:
LajSanje bolecine in oteklin v ustni votlini in Zrelu, ki so posledica radiomukozitisa. Odmerjanje in naéin uporabe: Uporaba: 2- do 6-krat na dan (vsake 1,5 do 3 ure).
Odmerjanje 1,5 mg/ml: Odrasli: 4 do 8 razprskov 2- do 6-krat na dan. Pediatri¢éna populacija: Mladostniki, stari od 12 do 18 let: 4-8 razprSkov 2- do 6-krat na dan. Otroci od
6 do 12 let: 4 razprski 2- do 6-krat na dan. Otroci, mlajsi od 6 let: 1 razprSek na 4 kg telesne mase; do najve¢ 4 razprske 2- do 6-krat na dan. Odmerjanje 3 mg/ml: Odrasli:
2 do 4 razprski 2- do 6-krat na dan. Pediatri¢na populacija: Mladostniki, stari od 12 do 18 let: 2 do 4 razprski 2- do 6-krat na dan. Otroci od 6 do 12 let: 2 razpr&ka 2- do 6-krat
na dan. Otroci, mlajsi od 6 let: 1 razprSek na 8 kg telesne mase; do najve¢ 2 razprska 2- do 6-krat na dan. StarejSi bolniki, bolniki z jetrno okvaro in bolniki z ledvié¢no okvaro:
niso potrebni posebni previdnostni ukrepi. Trajanje zdravljenja ne sme biti daljSe od 7 dni. Nagin uporabe: Za orofaringealno uporabo. Zdravilo se razprsi v usta in Zrelo.
Kontraindikacije: Preobdutljivost na ucinkovino ali katero koli pomozno snov. Posebna opozorila in previdnostni ukrepi: Pri nekaterih bolnikih lahko resne bolezni
povzrodijo ustne/zrelne ulceracije. Ce se simptomi v treh dneh ne izbolj$ajo, se mora bolnik posvetovati z zdravnikom ali zobozdravnikom, kot je primerno. Uporaba benzid-
amina ni priporogljiva za bolnike s preob¢utljivostjo na salicilno kislino ali druga nesteroidna protivnetna zdravila. Pri bolnikih, ki imajo ali so imeli bronhialno astmo, lahko
pride do bronhospazma. Pri takih bolnikih je potrebna previdnost. To zdravilo vsebuje 13,6 mg alkohola (etanola) v enem razpréku (0,17 ml), kar ustreza manj kot 0,34 ml
piva oziroma 0,14 ml vina. Majhna koli¢ina alkohola v zdravilu ne bo imela nobenih opaznih u¢inkov. To zdravilo vsebuje metilparahidroksibenzoat (E218). Lahko povzrogi
alergijske reakcije (lahko zapoznele). To zdravilo vsebuje manj kot 1 mmol (23 mg) natrija v enem razprsku (0,17 ml), kar v bistvu pomeni ‘brez natrija’. Zdravilo vsebuje
aromo poprove mete z benzilalkoholom, cinamilalkoholom, citralom, citronelolom, geraniolom, izoevgenolom, linalolom, evgenolom in D-limonen, ki lahko povzrocijo
alergijske reakcije. Zdravilo z jakostjo 3 mg/ml vsebuje makrogolglicerol hidroksistearat 40. Lahko povzroci Zelod¢ne tezave in drisko. Medsebojno delovanje z drugimi
zdravili in druge oblike interakcij: Studij medsebojnega delovanja niso izvedli. Noseénost in dojenje: O uporabi benzidamina pri noseénicah in dojeéih Zenskah ni
zadostnih podatkov. Uporaba zdravila med noseénostjo in dojenjem ni priporogljiva. Vpliv na sposobnost voznje in upravljanja strojev: Zdravilo v priporoéenem odmerku
nima vpliva na sposobnost voznje in upravljanja strojev. Nezeleni uéinki: Neznana pogostnost (ni mogoce oceniti iz razpolozljivih podatkov): anafilakticne reakcije,
preobéutljivostne reakcije, odrevenelost, laringospazem, suha usta, navzea in bruhanje, oralna hipestezija, angioedem, fotosenzitivnost, peko¢ ob¢utek v ustih. Neposredno
po uporabi se lahko pojavi ob¢utek odrevenelosti v ustih in v Zrelu. Ta u¢inek se pojavi zaradi nac¢ina delovanja zdravila in po kratkem €asu izgine. Na€in in rezim izdaje
zdravila: BRp-lzdaja zdravila je brez recepta v lekarnah in specializiranih prodajalnah. Imetnik dovoljenja za promet: Aziende Chimiche Riunite Angelini Francesco —
A.C.R.A.F. S.p.A,, Viale Amelia 70, 00181 Rim, ltalija Datum zadnje revizije besedila: 05. 04. 2022

Pred svetovanjem ali izdajo preberite celoten Povzetek glavnih znacilnosti zdravila.
Samo za strokovno javnost.
Datum priprave informacije: april 2022 A

ANGELINI
Odgovoren za trZzenje: Bonifar d.o.o.
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3D IMFINZI

AKTIVIRA IMUNSKI SISTEM. el A
PREPOZNA. REAGIRA.

5-LETNO CELOKUPNO PREZIVETJE BOLNIKOV Z LOKALNO NAPREDOVALIM,

NEOPERABILNIM NSCLC S PDL-121%"
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Stevilo bolnikov izpostavljenih tveganju
Zdravilo IMFINZI 212 208 193 186 178 171 165 156 146 141 132 129 124 118 117 114 109 105 103 98 74 52 29 14 1

0
Placeho 91 81 75 67 64 58 52 47 45 44 41 38 38 37 36 33 31 31 30 29 24 14 8 5 2 0

Po petih letih je bilo Zivih Se 50% bolnikov zdravljenih z zdravilom Imfinzi po zakljuceni so¢asni
kemoradioterapiji na osnovi platine.

NSCLC... nedrobnoceli¢ni rak plju¢ (non small cell lung cancer), mOS...mediano celokupno preZivetje

SKRAJSAN POVZETEK GLAVNIH ZNACILNOSTI ZDRAVILA
Imfinzi 50 mg/ml koncentrat za raztopino za infundiranje

SESTAVA: 1 ml za raztopino za infundiranje vsebuje 50 m . Ena viala z 2,4 ml koncentrata vsebuje 120 mg durvalumaba. Ena viala z 10 ml vsebuje 500 mg . INDIKACIJE: i Cni rak pljuc (NSCLC). Zdravilo IMFINZ! je kot samostojno zdravijenje indicirano za
zdravijenje lokalno raka pliu¢ (NSCLC non small cell lung cancer) pri odraslih, ki imajo tumorje z > 1 % izrazenostjo PD L1 na tumorskm celicah in pri katerih bolezen ni napredovala po kemoradioterapiji na osnovi platine. Zdravilo IMFINZI je v kombinaciji s tremelimumabor in
kemoterapuo na osnovi platine indicirano za prvo linijo zdravljenja odraslih z metaslatsk\m NSCLC brez senzibilizirajocih mutacij EGFR ali pozitivnih mutacij ALK. Drobnocelicni rak pljuc (SCLC). Zdravilo IMFINZ! je v kombinaciji z etopozidom in bodisi karboplatinom bodisi cisplatinom indicirano za prvo linijo zdravijenja odraslih z
razsejanim drobnoceliénim rakom pljué (ES SCLC - extensive stage small cel lung cancer). Rak billamega trakta (RBT). Zdravilo IMFINZI je v kombinaciji z gemcitabinom in cisplatinom indicirano za prvo linijo zdravijenja odraslih z neoperabilnim ali metastatskim rakom biliarnega trakta (RBT). Hepatocelularni karcinom (HCK). Zdravilo
IMFINZI je kot samostojno zdravijenje indicirano za prvo linijo zdravijenja odraslih z lim ali (HCK). Zdravilo IMFINZI je v kombinaciji s tremelimumabom indicirano za prvo linijo zdravijenja odraslih z ali jetrnih celic
karcinomom - HCK). ODMERJANJE IN NACIN UPORABE: Zdravljenje mora uvestiin nadzorovati zdravnik, ki ima izkusnje na podrocju zdravijenja raka. Bolnike z lokalno napredovalim nedrobnoceliénim rakom plju¢ je treba za zdravijenje izbrati na podlagi izrazenosti PD-L1, ugotovijene z validirano testno metodo. Odmerjanje:
Priporoceni odmerek zdravila Imfinzi pri samostojnem zdravijenju pri lokalno napredovalem NSCLC je 10 mg/kg na 2 tedna ali 1500 mg na 4 tedne do napredovanja bolezni, nesprejemljivih toksicnih ucinkov ali najve¢ 12 mesecev. Pri HCK je priporoceni odmerek zdravila Imfinzi 1500 mg na 4 tedne do napredovanja bolezni ali do
nespre]em\pvm lokswcmh ucinkov. Pr\porocem odmerek zdravna Imfinzi pri i zdravijenju pri NSCLC je med ijo s platino: 1500 mg v kombinaciji s 75 mg tremelimumaba in kemoterapijo na osnovi platine na 3 tedne (21 dni) 4 cikle (12 Iedncv) po kemoterapiji s platino: 1500 mg na 4 tedne kot
d (na podlagi histologije) na 4 tedne, peti odmerek 75 mg tremelimumaba je treba dati 16. teden skupaj z zdravilom Imfinzi. TraJame zdravljenja je do napredovanja bolezni ali nesprejemljivih toksiénih u€inkov. Pri ES-SCLC je priporoceni odmerek zdravila Imfinzi 1500 mg v kombinaciji
s kemo(erapuo na 3 tedne 21 dni) 4 mk\use in nato 1500 mg na 4 tedne kot samnsto]na zdravljenje do napredovanja bolezni ali nesprejemljivih toksiénih uéinkov. Pri RBT je priporoceni odmerek zdravila Imfinzi 1500 mg v kombinaciji s kemoterapijo na 3 tedne (21 dni) do 8 ciklusov, nato po 1500 mg na 4 tedne kot samostojno zdravljeme
do napredovanja bolezni ali nesprejemljivih toksicnih ucinkov. Pri HCK je priporoceni odmerek 1500 mg zdravila IMFINZI v kombinaciji s 300 mg tremelimumaba v enem odmerku 1. dan 1. cikla, nato zdravilo Imfinzi kot ija na 4 tedne do Jja bolezni ali jemijivih toksicnih uinkov. Povecevanje ali zmanjSevanje
odmerka ni priporocljivo. Glede na individualno varnost in prenasanje je lahko potrebna odloZitev zdravijenja ali trajno prenehanje uporabe zdravila. V primeru domnevnih imunsko pogojenih nezelenih ucinkov je treba opraviti ustrezno ovrednotenje za potrditev etiologije oziroma izkljucitev druge etiologjje. Glede na resnost nezelenega
ucinka je treba prenehati uporabljati zdravilo Imfinzi in/ali tremelimumab in priceti z dajanjem kortikosteroidov. Ce se stanje ne izbolj$a ali se poslabsa, pride v postev povecanje odmerka kortikosteroidov in/ali dodatna uporaba sistemskin imunosupresivov. Po izboljSanju na < 1. stopnjo je treba zaceti s postopnim zmanjSevanjem
kortikosteroida in ga zmanjSevati v obdobju vsaj 1 meseca. Po odloZitvi uporabe je mogoce zdravilo Imfinzi in/ali tremelimumab znova zaceti uporabjati v Casu 12 tednoy, Ce se nezeleni ucinki izboljSajo na < 1. stopnjo in je odmerek kortikosteroida zmanjsan na < 10 mg prednizona ali ekvivalenta na dan. Zdravilo Imfinzi in tremefimumab
je treba dokonéno ukiniti, Ce se imunsko pogojeni nezeleni ucinki 3. stopme (mocno izrazeni) ponavijajo in pri katerih koli imunsko pogojemh nezelenih ucinkih 4. stopnje (Zivljenjsko nevarni, razen pri i jah, ki jih nadziramo z i hormoni Nacm uporabe: Zdravilo Imfinzi je namemeno za intravensko uporabo. Dati
ga je treba kot raztopino za intravensko infundiranje v obdobju 1 ure. Ce je zdravilo Imfinzi uporabljeno v kombinaciji s kemoterapijo, je treba dati zdravilo Imfinzi pred kemoterapuo na isti dan. Ceje zdvawlo Imfinzi eno v kombinaciji s i ijo na osnovi platine, je treba najprej dati tremelimumab, ki mu
v istem dnevu sledita zdravilo Imfinzi in nato kemmerapua na osnovi platine. Ce je zdravilo Imfinzi uporablieno v kombinaciji s petim odmerkom S 16. teden, je treba najprej dati tremelimumab, ki mu v istem dnevu sledita zdravilo Imfinzi in potem vzdrzevalno zdrav\}en]e s
Zdravilo Imfinzi, na osnovi platine je treba dati v locenih intravenskih infuzijah. Dajanje zdravila Imfinzi in tremehmumaba vsako traja po 1 uro. Ce je zdravilo Imfinzi v kombinaciji s je treba dati pred zdravilom Imfinzi naisti dan. Zdravilo Imfinzi
in tremelimumab je treba dati v locenih mnavensklh infuzijah. KONTRAINDIKACIJE: Preobcutliivost na ucinkovino (ucinkovine) ali katero koli pomozno snov. OPOZORILA IN PREVIDNOSTNI UKREPI: Za izbolj3anje sledljivosti bioloskih zdravil je treba jasno zabeleZiti lastnisko ime in Stevilko serije uporablienega zdravila. Imunsko
pogojeni pnevmonitis: Pri bolnikin, ki so prejemali zdravilo Imfinzi ali zdravilo Imfinzi v kombinaciji s tremelimumabom, sta se pojavila imunsko pogojeni bolezen plju¢, opredeljeno kot potreba po uporabi sistemskin kortikosteroidov in brez jasne druge etiologije. Pnevmonits in radiacijski pnevmonttis: Pri
bolnikin, zdravijenih z radioterapijo plju¢, je pogost radiacijski in klinicna slika in Je zelo podobna. V Studiji PAC\FIC sta se pri bolnikih, ki so opravili zdravijenje z najmanj 2 cikloma soGasne kemoradioterapije od 1 do 42 dni pred zacetkom preskusama pnevmonitis ali radiacijski
pnevmonitis pojavila pri 161 (33,9 %) bolnikih v skupini z zdravilom Imfinzi in pri 58 (24,8 %) bolnikih v skupini s placebom, vljuno s 3. stopjo (3,4 % in 3 0 9%)in 5. stopnjo (1,1 % in 1,7 %) Ba\mke je lreba spremjati glede znakov in slmpmmov pnevmonitisa ali radiacijskega pnevmonitisa. Imunsko pogojeni hepatitis: Pri bo\mkm ki
so prejemali zdravilo Imfinzi al zdravilo Imfinzi v kombinacij s tremelimumabom, se je pojavil imunsko pogojeni hepatitis, opredeljen kot potreba po sists in brez jasne druge etiologij celokupni bilirubin in alkalno fosfatazo kontrolirajte pred zacetkom zdravljema
in pred vsako nadaljnjo infuzijo. Dodaten nadzor pride v postev na podiagi Kiniéne ocene. Imunsko pogojent koltis: Pri bolnikih, ki so prejemali zdravilo Imfinzi i zdravilo Imfinzi v kombinaciji s tveme\lmumabom sta se pojavila |munsko pogojeni kolitis ali driska, opredeljeno kot potreba po sistemskih kortikosteroidih in brez jasne druge
etiologije. Pri bolnikin, ki so prejemali zdravilo Imfinzi v kombinaciji s tremelimumabom, so pumcall o nezelenih ucinkih perforacue Crevesa in perforacije debelega Crevesa. Imunsko pogojene endokrinopatije: Imun 0 pogojeni hipotiroidizem, hipertiroidizem in tiroiditis: Pri bolnikih, ki so prejemali zdravilo Imfinzi ali zdravilo Imfinzi v
kombinaciji s tremelimumabom, so se pojavili imunsko pogojen hi in tiroiditis; hi lahko sledi hipotiroidizem. Bolnike je treba spremijati glede nenormalnih izvidov delovanje &citnice pred zdravijenjem in redno med zdravljenjem ter kot je potrebno glede na Kiniéno oceno. Imunsko pogojena
adrenalna insuficienca: Pri bolnikih, ki so prejemali zdravilo Imfinzi ali zdravilo Imfinzi v kombinaciji s ‘remelmumaborn, se e pojavila imunsko pogojena adrenalna insuficienca. Bolnike je treba spremijati glede inicnih znakov in simptomov adrenalne insuficience. Imunsko pogojena sladkorna bolezen tipa 1: Pri bolnikin, ki so prejemali
zdravilo Imfinzi ali zdravilo Imfinzi v kombinaciji s tremelimumabom, se je pojavila imunsko pogojena sladkorna bolezen tipa 1, ki se lahko najprej kaze kot diabeticna ketoacidoza, ki je lahko smrino nevarna, ce je dovolj zgodaj ne odkriiemo. Bolnike je treba spremljati glede klinicnih znakov in simptomov sladkorne bolezni tipa 1. Imunsko
pogojeni hipofizitis/hipopituitarizem: Pri bolnikih, ki so prejemali 2dravilo Imfinzi li zdravilo Imfinzi v kombinaciji s 1mmel\mumabom sta se pojavila imunsko pogojena hipofizitis ali hipopituitarizem. Bolnike Je treba spremljati glede Kiinicnih znakov in simptomov hipofizitisa ali hipopituitarizma. Imunsko pogojeni nefritis: Pri bolnikih, ki so
prejemali zdravilo Imfinzi ali zdravilo Imfinzi v komb\nacm s tremelimumabom, se je pojavil imunsko pogojeni nelrms‘ opredeljen kot potreba po sistemskih kortikosteroidih in brez jasne druge etiologije. Imunsko pogojeni izpuscaj: Pri bolnikin, ki so prejemali zdravilo Imfinzi ali zdravilo Imfinzi v kombinaciji s tremelimumaborn, se je pojavn
imunsko pogojeni izpuscaj ali dermatitis (vidjucno s pemfigoidom), uprede\]en kot potreba po sistemskin kortikosteroidih in brez jasne druge etiologie. Pri bolnikin, ki so bili zdrav\]em 2 zaviralci PD-1, so porocali o pojavjanju Stevens-. sindroma ali toksic nekrolize. Imunsko pogojeni miokarditis: Pri bolnikih,
ki so prejemali zdravilo Imfinzi ali zdravilo Imfinzi v kombinacij s tremelimumabom, se je pojavil imunsko pogojeni miokarditis, ki je jelahko usoden Imunsko pogojeni pankreatits: Pri bolnikih, ki so prejemali zdravilo Imfinzi v kombinaciji s tremelimumabom in kemoterapijo, se je pojavil imunsko pogojeni pankreatits. Drugi imunsko pogojent
nezeleni ucinki: Glede na mehanizem delovanja zdravila Imfinzi ali zdravila Imfinzi v kombinaciji s [ lahko pojavijo e drugi potencial ko pogojeni ucinki. Naslednji imunsko pogojeni nezeleni ucinki so bili opazeni pri bolnikih, ki so prejemali samostojno zdravijenje z zdravilom Imfinziali zdravilo Imfinzi v kombinaciji
s tremelimumabom: miastenija gravis, transverzni mielitis, miozitis, polimiozitis, meningitis, encefalitis, Guillain Barréjev sindrom, imunska tvombocnopenua‘ neinfektivni cistitis. Z infundiranjem povezane reakcije: Bolnike je treba spremljati glede znakov in simptomov z infundiranjem povezanih reakeij. Pri bolnikih, ki so prejemali zdravilo
Imfinzi ali zdravilo Imfinzi v kombinaciji s tremelimumabom, so bile opisane hude z infundiranjem povezane reakcije. Za bolezen specifiéni previdnostni ukrepi (RBT): Holangitis in okuzbe biliarnega trakta pri bolnikih z napredovalim RBT niso redke. V Studij TOPAZ-1 5o o primerih holangitisa porocali v obeh terapevtsk\h skupinah (14,5
% v skupini z zdravilom Imfinzi + kemoterapijo, 8,2 % v skupini s placebom + kemoterapijo); ti primeri so bili ve¢inoma povezani z biliarnimi opornicami in niso imeli imunsko posredovane etiologije. Bolnike z RBT (zlasti tiste z biliarno opornico) je treba natanéno nadzorovati glede holangitisa ali okuzb biliarnega trakta tako pred uvedbo
zdravljenja kot redno med zdravijenjem. Metastatski NSCLC: Podatkov o starejsih bolnikin (> 75 let), zdravijenih z zdravilom Imfinzi v kombinaciji s tremelimumabom in kemoterapijo na osnovi platine, je malo. Morebitno korist/tveganje te sheme je priporocljivo skrbno pretehtati za vsakega bolnika posebej. Bolniki, ki niso bili vkljuceni
v Klinicne $tudie: V/ klinicne studue niso bili vkljuceni bolniki z naslednjimi znacilnostmi: izhodi$cno oceno zmogljivosti ECOG > 2; aktivno ali predhodno dokumentirano avtoimunsko boleznijo v 2 letin pred zacetkom studije; anamnezo imunske pomanjkljivosti; anamnezo hudih imunsko pogojenin nezelenih ucinkov; boleznimi, ki so
zahtevale sistemsko imunosupresijo, razen f\zwo\oskega odmerka sistemskih kortikosteroidov (< 10 mg na dan prednizona ali ekvivalenta); neobviadanimi socasnimi boleznimi; aktivno tuberkulozo ali okuzbo s hepatitisom B ali C ali HIV; bolniki, ki so prejeli Zivo oslabljeno cepivo v 30 dneh pred zacetkom zdravijenja z zdravilom Imfinzi
ali v 30 dneh po zacetku. Dokler taksnih podatkov ni, je treba durvalumab v teh skupinah bolnikov uporabljati previdno ter po skrbnem |nd|vwdua\nem pretehtanju moznih koristi in tvegan] za posameznega bolnika. Varnost so¢asnega profilakticnega kranialnega obsevanja obenem z zdvavﬂom Imfinzi pn bo\mk\h 2ES SCLC ni znana.

MEDSEBOJNO DELOVANJE Z DRUGIMI ZDRAVILI: Razen fizioloskin odmerkov sistemskih kortkosteroidov (< 10 mg na dan prednizona ali ekvivalenta) pred uvedb ni ¢liivo uporabljati swstemsklh kortikosteroidov ali imunosupresivov, ker lahko vplivajo na ki

Vendar pa je mogoce kortikosteroide ali druge imunosupresive uporabiti po zacetku zdravijenja z durvalumabom za zdravljenje imunsko pogojenih nezelenin ucinkov. Z ¢ niso izvedli formalnih ih (PK) Studij nega delovanja zdravil. Primarni poti odstranjevanja durvalumaba sta katabolizem be\]akovm
preko retikuloendotelijskega sistema oziroma tarcno posredovano odstranjevanje, zato ni pricakovati presnovnih medsebojnin delovan] med zdravil, delovanja med in jjo so ocenjevali v Studiji CASPIAN; izkazalo se je, da socasno zdravijenje z durvalumabom ne vpliva na
farmakokinetiko etopozida, karboplatina ali cisplatina. Poleg tega populacijska farmakokineticna analiza kaze, da sotasno zdravijenje s kemoterapijo ne vpiiva pomembno na . F ic jna delovanja med v kombinacij s tremelimumabom in kemoterapjo na osnovi platine
50 ocenili v $tudiji POSEIDON. Izkazalo se je, da med socasnim lienjem ni bilo Kliniéno jnih delovanj med \ab-paki itabil inom ali cisplatinom. PLODNOST, NOSECNOST IN DOJENJE: Zenske v rodni dobi
morajo med zdravijenjem z durvalumabom in vsaj 3¢ 3 mesece po zadnjem odmerku durvalumaba uporabljati ucinkovito ijo. Podatkov o uporabi pri nosecnicah ni. Glede na mehanizem delovanja durvalumab lahko vpliva na vzdrzevanje noseénosti; v modelu nosecnosti pri misih je bilo ugotovijeno,

da moteno signaliziranje PD-L1 poveca izgubo plodov. Pri nosecnici uporablieni durvalumab lahko koduje plodu in ga ni priporocjivo uporabliati med nosecnostjo in pri Zenskah v rodni dobi, ki ne uporabljajo ucinkovite kontracepcije med zdravijenjem in vsaj e 3 mesece po zadnjem odmerku. Ni znano, ali se durvalumab pri Cloveku
izlo¢a v materinem mleku. Pri Cloveku protitelesa lahko prehajajo v materino mleko, a moZnost absorpcije in Skode za novorojencka ni znana. Toda moznega tveganja za dojenega otroka ni mogoce izkljuciti. Odloiti se je treba, ali naj Zenska prekine z dojenjem ali naj prekine zdravijenje z durvalumabom oziroma sploh ne zacne zdravijenja
Znjim, pri Cemer e treba upostevati koristi dojenja za otroka in koristi zdravljenja za Zensko. Podatkov o moznih vplivih durvalumaba na plodnost pri cloveku ali zivalih ni. NEZELENI UCINKI: Ugotovitve o varnosti zdravila Imfinzi pri inem zdravijenju temeljijo na ivnih podatkih 4045 bolnikov z ve vrstami tumorjev. Zdravilo
Imfinzi so uporabljali v odmerku 10 mg/kg na 2 tedna, 20 mg/kg na 4 tedne ali 1500 mg/kg na 4 tedne. Najpogostejsi nezeleni cinki (> 10 %) so bl kaselyproduktiven kasel] (18,7 %), driska (16,1 %), izpuscaj (15,5 %), artralgija (13,8 %), zviSana telesna temperatura (13,0 %), bolecine v trebuhu (13,0 %), okuzbe zgomnjih difal (12,1 %),
srbenje (11,4 %) in hipotiroidizem (10,9 %). Podatki o vamosti zdravila Imfinzi v kombinaciji s kemoterapijo temeljio na kumulativnih podatki 603 bolnikov iz 2 $tudij (TOPAZ-1 in CASPIAN) Najpogostejsi (> 10 %) nezeleni ucmkw 50 bili nevtropenija (53,1 %), anemija (43,9 %), navzea (37,5 %), utruienost (36,8 %), trombocitopenija (28,0
%), zaprtje (25,4 %), zmanjSan apetit (22,6 %), boleCine v trebuhu (18,4 %), alopecija (18,4 %), levkopenija (17,2 %), bruhanje (16,9 %), zvi$ana telesna temperatura (15,1 %), izpuscaj (14,8 %), driska (13,8 %), zviSana aspartat: alizvisana al (10,9 /n) kaselj (10,8 %) in srbenje
(10,4 %). Izsledki o varnosti zdravila Imfinzi v kombinaciji s 75 mg tremelimumaba in kemoterapijo temeljijo na podatkih 330 bolnikov z metastatskim NSCLC. Najpogosteisi (> 20 %) nezeleni ucinki so bili anemija (49,7 %), navzea (41,5 %), nevtropenija (41,2 %), utrujenost (36,1 %) izpuscaj (25,8 %) trombocitopenija (24,5 %) in driska
(21,5 %). lzsledki o vamosti zdravila Imfinzi v kombmacul z enkratnim odmerkom 300 mg tremelimumaba temeljijo na zdruzenih podatklh 462 bolnikov s HCK iz studue HIMALAYA n Se ene Studije pri bolnikih s HCK, Studija 22. Na]pogostejsl nezeleni ucinki (> 10 %) so bili izpuscaj (32,5 %), srbenje (25,5 %), driska (25,3 %), bolecine v
trebuhu (19,7 %), zvisana aspartat alanin (18,0 %), zvisana telesna (139 %), (13,0 %), kaselj (10,8 %), periferni edemi (10 4 %) in zvisana lipaza (10,0 %). VRSTA IN VSEBINA OVOJNINE: 2,4 ml (skupno 120 mg durvalumaba) koncentrata v
stekleni viali iz stekla tipa 1 z elastomernim zamaskom in sivo snemno aluminijsko zaporo. Pakiranje vsebuje 1 vialo. 10 ml (skupno 500 mg durvalumaba) koncenlrala v stekleni viali iz slek\a tipa 1z elastomernim zamaskom in belo snemno aluminijsko zaporo. Pakiranje vsebuje 1 vialo. NACIN [ZDAJANJA ZDRAVILA: H - Predpisovanje
in izdaja zdravila je le na recept, DATUM REVIZIJA BESEDILA: 14.12.2023 (SI-3708). IMETNIK DOVOLJENJA ZA PROMET: AstraZeneca AB, S-151 85, Sodertalie, Svedska

Pred predpisovanjem, prosimo, preberite celoten povzetek glavnih znagilnosti zdravila.
Dodatne informacije so na voljo pri druzbi AstraZeneca UK Limited, Podruznica v Sloveniji, Verovskova 55, Ljubljana, telefon +386 1 51 35 600.

Samo za strokovno javnost. Informacija pripravijena januarja 2024. ASt ra Zeneca ?

Reference: 1.Spigel DR, Faivre-Finn C, Gray JE, et al. Five-year survival outcomes from the PACIFIC trial: durvalumab after chemoradiotherapy in stage lll non-small-cell lung cancer. J Clin Oncol. Forthcoming 2021.
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VERJETI

Lynparza
olaparib

tablete 100 mg
tablete 150 mg

Prvi in edini zaviralec PARP odobren za 4 razlicne lokalizacije tumorjev’->

RAK JAJCNIKOV

Prvi zaviralec PARP odobren za vzdrzevalno
zdravljenje napredovalega raka jaj¢nikov v
monoterapiji (v 1L pri bolnicah z mutacijo gena
BRCA1/2 in 2L) ali kombinaciji z bevacizumabom
(pri bolnicah s HRD).'3*

RAK DOJK

Prvi zaviralec PARP odobren za zdravljenje, pri
bolnikih z zarodno mutacijo gena BRCA1/2,
ki imajo HER2-negativni zgodniji, lokalno
napredovali ali razsejan rak dojk.'

RAK PROSTATE

Edini zaviralec PARP odobren za zdravljenje
bolnikov z razsejanim KORP v monoterapiji za
bolnike z mutacijami gena BRCA1/2, ki jim je
bolezen napredovala po zdravljenju z novim
hormonskim zdravilom, in v kombinaciji z
abirateronom ne glede na status mutacij.”*

PARP — poli (ADP-riboza) polimeraza, 1L — v prvem redu zdravljenja, 2L — v drugem redu zdravljenja, HRD — pomanjkanje homologne rekombinacije, KORP — na kastracijo odporen rak prostate

SKRAJSAN POVZETEK GLAVNIH ZNACILNOSTI ZDRAVILA

LYNPARZA 100 mg filmsko obloZene tablete
LYNPARZA 150 mg filmsko obloZene tablete

SESTAVA: Ena filmsko oblozena tableta vsebuje 100 mg olapariba ali 150 mg olapariba.

INDIKACIJE:

Rak jajénikov: 1) zdravilo Lynparza je indicirano kot monoterapija za:

 vzdrzevalno zdravljenje odraslih bolnic z napredovalim (stadij Illin IV po FIGO) epitelijskim rakom visokega gradusa jajénikov, jajcevodov ali primarnim peritonealnim rakom z
mutacijo gena BRCA1/2 (germinalno in/ali somatsko), ki so v odzivu (popolnem ali delnem) po zakljuceni prvi liniji kemoterapije na osnovi platine.

vzdrzevalno zdravljenje odraslih bolnic, pri katerih je prislo do ponovitve epitelijskega raka visokega gradusa jajcnikov, jajcevodov ali primarnega peritonealnega raka,
obcutljivega na platino, ki so v popolnem ali delnem odzivu na kemoterapijo na osnovi platine.

2) zdravilo Lynparza je v kombinaciji z bevacizumabom indicirano za:

 vzdrzevalno zdravljenje odraslih bolnic z napredovalim (stadij lll in IV po FIGO) epitelijskim rakom visokega gradusa jajénikov, jajcevodov ali primarnim peritonealnim rakom,
ki so v popolnem ali delnem odzivu po zakljuceni prvi liniji kemoterapije na osnovi platine v kombinaciji z bevacizumabom, pri katerih je rak povezan s pozitivnim stanjem

homologne (HRD - deficiency), zmutacijo gena BRCA1/2 in/ali genomsko nestabilnostjo.

Rak dojk: zdravilo Lynparza je indicirano kot:

* monoterapija ali v kombinaciji z endokrinim zdravljenjem za adjuvantno zdravljenje odraslih bolnikov z germinalnimi mutacijami gena BRCA1/2, ki imajo HER2-negativnega
zgodnjega raka dojk z velikim tveganjem in so bili predhodno zdravljeni z neoadjuvantno ali adjuvantno kemoterapijo.

* monoterapija za zdravljenje odraslih bolnikov z germinalno mutacijo gena BRCA1/2, ki imajo HER2: lokalno ali raka dojk. Bolniki
morajo biti predhodno zdravljeni z antraciklinom in taksanom v okviru dravljenja ali zdravljenja bolezni, razen ce za ti zdravljenji niso primerni.
Pri bolnikih, ki imajo raka dojk s pozitivnimi hormonskimi receptorji (HR), je morala bolezen prav tako napredovati med predhodnim hormonskim zdravljenjem ali po njem, ali
morajo bolniki veljati za neprimerne za hormonsko zdravljenje.

Adenokarcinom trebusne slinavke: zdravilo Lynparza je kot monoterapija indicirano za vzdrzevalno zdravljenje odraslih bolnikov z germinalno mutacijo gena BRCA1/2, ki imajo

metastatski adenokarcinom trebusne slinavke in njihova bolezen ni napredovala po najmanj 16 tednih zdravljenja s platino v shemi prve linije kemoterapije.

Rak prostate: zdravilo Lynparza je indicirano:

kot monoterapija za zdravljenje odraslih bolnikov z metastatskim, na kastracijo odpornim rakom prostate (mKORP) in mutacijami gena BRCAT/2 (germinalnimi in/ali
somatskimi), pri katerih je bolezen napredovala po predhodni terapiji, ki je vsebovala novo hormonsko zdravilo.

v kombinaciji z abil in ali zazdravljenje odraslih bolnikov z mKORP, pri katerih kemoterapija i klinicno indicirana

ODMERJANJE IN NACIN UPORABE: Pnpam(em odmerek zdravila Lynparza pri monoterapiji ali v kombinaciji z bevacizumabom pri raku jajénikov ali v kombinaciji z

in ali pri raku prostate ali z endokrinim zdravljenjem je 300 mq dvakrat na dan (to ustreza celotnemu dnevnemu odmerku 600 mg).
100-mg tablete so na voljo zazmanj3anje odmerka. Bolnice s ponovitvijo raka jajcnikov morajo zaceti zdravljenje z zdravilom Lynparza najpozneje v 8 tednih po zadnjem odmerku
sheme zdravljenja na osnovi platine. Ce je zdravilo Lynparza uporabljeno v kombinaciji z bevacizumabom za prvo linijo vzdrzevalnega zdravljenja po dokonéanju prve linije
zdravljenja na osnovi platine in z bevacizumabom, je odmerek bevacizumaba 15 mg/kg enkrat na 3 tedne. Glejte celotne informacije o zdravilu za bevacizumab. Za priporoceno

odmerjanje partnerskega zdravila/partnerskih zdravil (zaviralec aromataze/antiestrogen in/ali LHRH) v kombinaciji endokrinega zdravljenja glejte celotne informacije o

zadevnem zdravilu. Ce je zdravilo Lynparza uporabljeno v kombinaciji z abirateronom za zdravljenje bolnikov z mKORP, je odmerek abiraterona 1000 mg peroralno enkrat na dan.

Abirateron je treba dajati s 5 mg prednizona ali prednizolona peroralno dvakrat na dan. Glejte celotne informacije o zdravilu za abirateron. Prvo linijo vzdrzevalnega zdravljenja

napredovalega raka jajénikov z mutacijo gena BRCA in prvo linijo vzdrzevalnega zdravljenja HRD-pozitivnega napredovalega raka jajénikov v kombinaciji z e

odmerka. Uporabe zdravila Lynparza se ne priporoca pri bolnikih s hudo okvaro jeter (Klasifikacija Child-Pugh C), ker varnost in farmakokinetika pri tej skupini bolnikov
nista bili raziskani. Zdravilo Lynparza je za peroralno uporabo. Tablete zdravila Lynparza je treba pogoltniti cele in se jih ne sme gristi, drobiti, raztapljati ali lomiti.
Lahko se jih jemlje ne glede na obroke. KONTRAINDIKACIJE: Preobcutljivost na ucinkovino ali katero koli pomozno snov. Dojenje med zdravljenjem in en mesec po zadnjem
odmerku. POSEBNA OPOZORILA IN P KRE| ski toksicni ucinki: Pri bolnikih, zdravljenih z zdravilom Lynparza, so bili opisani hematoloski toksicni
ucinki, vkljuéno s Kliniéno diagnozo in/ali laboratorijskimi izsledki, na splo3no blage ali zmerne (stopnja 1 ali 2 po CTCAE) anemije, nevtropenije, trombaocitopenije in limfopenije.
Bolniki ne smejo zaceti zdravljenja z zdravilom Lynparza, dokler ne okrevajo po hematoloskih toksicnih ucinkih predhodnega zdravljenja proti raku. Preiskava celotne krvne slike
je priporodljiva na zacetku zdravljenja, potem vsak mesec prvih 12 mesecev zdravljenja in pozneje redno. Ce se pri bolniku pojavijo hudi hematoloki toksiéni ucinki ali je odvisen
od transfuzij krvi, je treba zdravljenje z zdravilom Lynparza prekiniti in uvesti ustrezno hematolosko testiranje. Ce krvne vrednosti ostanejo Kliniéno nenormalne $e 4 tedne po
prekinitvi uporabe zdravila Lynparza, je priporocljivo opraviti preiskavo kostnega mozga in/ali krvno citogenetsko analizo. ni sindr mieloicna levkemija
(MDS/AML): Celokupna pojavnost MDS/AML je bila pri bolnikih, ki so v klinicnih preizkusanjih prejemali monoterapijo z zdravilom Lynparza, vkljucno v obdobju dolgorocnega
spremljanja prezivetja, < 1,5 %, z vecjo pojavnostjo pri bolnicah z BRCAm, pri katerih je prislo do ponovitve na platino ji raka jajcnikov, ki so predhodno prejele vsaj dve
liniji kemoterapije s platino n so jih spremljali 5 let. Vecina teh primerov je bila s smrtnim izidom. Ce obstaja sum na MDS/AML, je potrebno bolnico napotiti na nadaljnje preiskave
k hematologu, vkljuéno z analizo kostnega mozga in odvzemom krvi za citogenetiko. Ce se po preiskavi dolgotrajne hematoloske toksiénosti potrdi MDS/AML, je treba uporabo
zdravila Lynparza prekiniti in bolnico ustrezno zdraviti. Venski trombembolicni dogodki: Med zdravljenjem z zdravilom Lynparza so porocali o venskih trombembolicnih dogodkih,
predvsem o pljucni emboliji, vendar ti dogodki niso imeli kaksnega doslednega klinicnega vzorca. V primerjavi z drugimi odobrenimi indikacijami so opazali vecjo pojavnost pri
bolnikih z metastatskim, na kastracijo odpornim rakom prostate, ki so prejemali tudi androgeno deprivacijsko zdravljenje. Bolnike spremljajte glede klinicnih znakov in
simptomov venske tromboze in pljucne embolije, ter jih zdravite kot je medicinsko ustrezno. Bolniki zanamnezo VTE imajo morda vecje tveganje za njeno ponovitev in jih je treba
ustrezno spremljati. Pnevmonitis: V klinicnih Studijah je bil pnevmonitis, vkljucno s smrtnim izidom, opisan pri < 1,0 % bolnikov, ki so prejemali zdravilo Lynparza, spremljali pa
50 jih Stevilni predispozicijski dejavniki. Ce se pri bolniku pojavijo novi ali poslabsajo obstojeci dihalni simptomi, npr. dispneja, kaselj in zvisana telesna temperatura, ali je
ugotovljen nenormalen radioloski izvid prsnih organov, je treba zdravljenje z zdravilom Lynparza prekiniti in takoj opraviti preiskave. Ce je pnevmonitis potrjen, je treba
2dravljenje z zdravilom Lynparza prekiniti in bolnika ustrezno zdraviti. Hepatotoksicnost: Ce se pojavijo Kliniéni simptomi ali znaki, ki kazejo na razvoj hepatotoksicnosti, je treba
takoj izvesti klinicno oceno bolnika in preiskave delovanja jeter. V primeru suma na z zdravilom povzroceno okvaro jeter (DILI - drug-induced liver injury) je treba zdravljenje
prekiniti. V primeru hude DILI je treba razmisliti o ukinitvi zdravljenja, kot je klinicno primerno. MEDSEBOJNO DELOVANJE Z DRUGIMI ZDRAVILI IN DRUGE OBLIKE
INTERAKCLJ: Zdravilo Lynparza se uporablja kot monoterapija in ni primerno za uporabo v kombinaciji z mielosupresivnimi zdravili proti raku, vkljucno z zdravili, ki poskodujejo
DNA. Socasna uporaba olapariba s cepivi ali imunosupresivnimi zdravili ni raziskana. Za presnovni oistek olapariba so pretezno odgovorni izoencimi CYP3A4/5. Socasna uporaba
zdravila Lynparza z znanimi moénimi ali zmernimi zaviralci tega izoencima ni priporoéljiva. Ce je treba so¢asno uporabiti mone ali zmerne zaviralce CYP3A, je treba odmerek
zdravila Lynparza zmanjsati. Prav tako med zdravljenjem z zdravilom Lynparza ni priporocljivo pitje grenivkinega soka. Prav tako olapariba ni priporodijivo uporabljati z znanimi
mocnimi ali zmernimi do mocnimi induktorji tega izoencima, ker obstaja moznost, da se ucinkovitost zdravila Lynparza bistveno zmanjsa. Olaparib in vitro zavira CYP3A4 ter in
vivo predvidoma blago zavira CYP3A. Zato je potrebna previdnost pri socasni uporabi olapariba z obcutljivimi substrati CYP3A4 ali substrati, ki imajo ozko terapevtsko okno.
Bolnike, ki socasno z olaparibom prejemajo substrate CYP3A z ozkim terapevtskim oknom, je priporocljivo ustrezno klinicno spremljati. /n vitro so ugotovili indukcijo CYP1A2, 2B6
in 3A4, prav tako ni mogoce izkljuciti moznosti, da olaparib inducira CYP2C9, CYP2C19 in P-gp, zato lahko olaparib po socasni uporabi zmanj3a izpostavljenost substratom teh
presnovnih encimov in prenasalne beljakovine. Ucinkovitost nekaterih hormonskih kontraceptivov se lahko zmanjsa, ce so uporabljeni socasno z olaparibom. n vitro olaparib
zavira efluksni prenasaleca P-gp, zato je potrebno bolnike, ki socasno prejemajo substrate P-gp, ustrezno klinicno spremljati. In vitro olaparib zavira BCRP, OATP1B1, 0CT1, 0CT2,
OAT3, MATET in MATE2K. Ni mogoce izkljuciti moznosti, da olaparib poveca izpostavljenost BCRP, OATP1B1, 0CT1, 0CT2, OAT3, MATET in MATE2K. Se zlasti je previdnost potrebna,
e se olaparib uporablja v kombinaciji s katerim koli statinom. Izvedli so klini¢no $tudijo za oceno kombinacije olapariba z anastrozolom, letrozolom in tamoksifenom, vendar
Klinicno delovanj niso opazili. NEZELENI UCINKI: Zdravilo Lynparza je bilo povezano z nezelenimi uginki, ki so bili na splosno blage ali zmerne resnosti

priporodijivo nadaljevati do ja bolezni ali toksicnosti ali do najvec 2 leti, ce po 2 letih ni radioloskih znakov bolezni. V primeru znakov
bolezni po 2 letih, se lahko zdravljenje nadaljuje, e bile to po mnenju zdravnika bilo koristno za bolnico. Glejte informacije o zdravilu bevacizumab za priporoceno celotno trajanje
zdravljenja najvec 15 mesecev, vkljucno z obdobji v kombinaciji s kemoterapijo in kot vzdrzevalno zdravljenje. Pri adjuvantnem zdravljenju zgodnjega raka dojk je prporodljivo, da
bolniki prejemajo zdravljenje do 1 leto ali do ponovitve bolezni ali do nesprejemljive toksicnosti, kar od tega se zgodi najprej. Zdravljenje ponovitve raka jajénikov, raka dojk,
adenokarcinoma trebusne slinavke in raka prostate je priporodijivo nadaljevati do napredovanja osnovne bolezni ali nesprejemljive toksicnosti. Ucinkovitost in varnost ponovnega
vzdrzevalnega zdravljenja z zdravilom Lynparza po prvi ali poznejsi ponovitvi bolezni pri bolnicah z rakom jajénikov nista bili dokazani. Podatkov o ucinkovitosti in varnosti
ponovnega zdravljenja pri bolnicah z rakom dojk ni. Pri raku prostate je treba pri bolnikih, ki niso bili kirursko kastrirani, nadal]evau z medicinsko kastracijo z analogom
luteinizirajo¢ega hormona sproscajocega hormona. Ce je zdravilo Lynparza uporabljeno v kombinaciji z in ali je zdravljenje
priporodijivo nadaljevati do napredovanja osnovne bolezni ali do nesprejemljivih toksicnih ucinkov. Pri vseh bolnikih je treba med zdravljenjem Se naprej uporabljati analoge
GnRH (gonadotropin spros¢ajocega hormona) ali pa morajo bolniki pred tem opraviti obojestransko orhidektomijo. Glejte informacije o zdravilu za abirateron. Podatkov o
ucinkovitosti ali varnosti ponovnega zdravljenja z zdravilom Lynparza pri bolnikih z rakom prostate ni. V primeru potrebe po zmanjsanju odmerka zaradi nezelenih ucinkov je
priporoceno zmanj3anje odmerka na 250 mg dvakrat na dan (to ustreza celotnemu dnevnemu odmerku 500 mg). Ce je potrebno $e dodatno zmanjsanje odmerka, je priporocljivo
zmanjSanje odmerka na 200 mg dvakrat na dan (to ustreza celotnemu dnevnemu odmerku 400 mg). Zdravljenje z zdravilom Lynparza mora uvesti in nadzorovati zdravnik,
ki ima izkusnje z uporabo zdravil proti raku. Mutacijsko stanje BRCA in/ali genomsko nestabilnost morajo imeti bolniki potrjeno z validiranim testom. Pred uporabo
zdravila Lynparza v kombinaciji z ali p za zdravljenje bolnikov z mKORP genomsko testiranje ni potrebno. Genetsko
svetovanje bolnikom z mutacijami BRCA je treba opraviti v skladu z Ioka\mm\ predpisi. Zdravilo Lynparza se lahko pri bolnikih z blago okvaro ledvic (ocistek kreatinina
51do 80 ml/min) uporablja brez prilagoditve odmerka. Pri bolnikih zzmerno okvaro ledvic (ocistek kreatinina 31 do 50 ml/min) je priporocen odmerek 200 mg dvakrat
na dan. Uporaba zdravila se pri bolnikih s hudo okvaro ali konéno odpovedjo ledvic (ocistek kreatinina < 30 ml/min) ne priporoca, ker varnost in farmakokinetika pri

(stopnja po CTCAE 1 ali 2) in na splosno niso zahtevali prekinitve zdravljenja. Ce je zdravilo Lynparza uporabljeno v kombinaciji z bevacizumabom pri raku jajénikov ali v
kombinaciji z in i ali i pri raku prostate, se varnostni profil na splosno sklada z varnostnim profilom vsakega posameznega zdravila.
Vamostni profil temelji na kumulativnih podatkih 4499 bolnikov s solidnimi tumorji, ki so bili v Klinicnih preskuanjih zdravljeni z monoterapijo z zdravilom Lynparza v
priporocenem odmerku. Zelo pogosti nezeleni ucinki: anemija, nevtropenija, levkopenija, zmanjsanje apetita, omotica, glavobol, spremenjen okus, kaselj, dispneja, bruhanje,
driska, navzea, dispepsija in utrujenost (vkljucno z astenijo). Pogosti nezeleni ucinki: limfopenija, trombocitopenija, zvisanje transaminaz, stomatitis, bolecine v zgornjem delu
trebuha, izpuscaj, zvisanje kreatinina v krvi in venska trombembolija. PLODNOST, NOSECNOST IN DOJENJE: Zenske v rodni dobi ne smejo biti nosece na zacetku zdravljenja z
zdravilom Lynparza in ne smejo zanositi med zdravljenjem in $e 6 mesecev po prejetju zadnjega odmerka. Pri vseh Zenskah v rodni dobi je potrebno pred zdravljenjem opraviti
test nosecnosti in ga redno izvajati med celotnim zdravljenjem. Priporodijivi sta dve visoko ucinkoviti in komplementarni obliki kontracepcije. Zaradi moznega medsebojnega
delovanja olapariba s hormonsko kontracepcijo je treba razmisliti o dodatni nehormonski kontracepciji. Pri Zenskah s hormonsko odvisnim rakom je treba razmisliti o dveh
nehormonskih nacinih kontracepcije. Zdravilo Lynparza je kontraindicirano med obdobjem dojenja in Se en mesec po prejetju zadnjega odmerka. Moski bolniki morajo med
zdravljenjem in Se 3 mesece po prejetju zadnjega odmerka zdravila Lynparza med spolnimi odnosi z noseco Zensko ali zensko v rodni dobi uporabljati kondom. Tudi partnerke
moskih bolnikov morajo uporabljati visoko ucinkovito kontracepcijo, e so v rodni dobi. Moski bolniki med zdravljenjem z zdravilom Lynparza in e 3 mesece po zadnjem odmerku
tega zdravila ne smejo darovati sperme. REZIM PREDPISOVANJA IN 1ZDAJE ZDRAVILA: Rp/Spec. DATUM ZADNJE REVIZUJE BESEDILA: 5. 10. 2023 (SI-3466). IMETNIK
DOVOLJENJA ZA PROMET: AstraZeneca AB, SE-151 85 Sadertélje , Svedska. Dodatne informacije so na voljo pri podjetju AstraZeneca UK Limited, Podruznica v Sloveniji,
Verovskova 55, 1000 Ljubljana, telefon: 01/51 35 600. Pred predpisovanjem, prosimo, preberite celoten povzetek glavnih znailnosti zdravila.

Literatura: 1. Povzetek glavnih znacilnosti zdravila Lynparza, 5.10.2023, 2. https://www.ema.europa PAR/rubraca, dostopano 31.1.2024,

tej skupini bolnikov nista bili raziskani. Zdravilo Lynparza se lahko daje bolnikom z blago ali zmerno okvaro jeter (klasifikacija Child-Pugh A ali B) brez
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STATUS HER2 NI EDINA KLASIFIKACIJA, NA KATERO POMISLIMO PRI RAZSEJANEMU RAKU DOJK

POMEN

NIZKEGA IZRAZANJA HER2
SE NI V CELOTI ODKRIT

Znotraj HER2-negativne klasifikacije,
si razlicni statusi HER2 zasluzijo pozornost!?
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i tivni
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s HER2-negativnimi tumorji
ima izraZen nizek status HER2
(IHK1+ ali IHK2+/ISH-)t

IzraZzanje HER2 pri raku dojk!

Po iz€rpanju standardnih moznosti zdravljenja HER2-negativnega razsejanega raka dojk
se odkrivajo dodatne moznosti zdravljenja za razlicne statuse izrazanja HER2.

HER-2: receptor 2 za epidermalni rastni faktor, IHK: imunohistokemija, ISH: hibridizacija in situ
Literatura: 1. Tarantino P, Hamilton E, Tolaney SM, et al. HER2-low breast cancer: pathological and clinical landscape. J Clin Oncol. 2020;38(17):1951-1962.
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. KLJUC ZA
VEC PRILOZNOSTI

PRI ZDRAVLJENJU

Skenirajte QR kodo
in izvedite vec o
osredotocenosti druzbe
MSD na zdravljenje raka.

(pembrolizumab, MSD)

KEYTRUDA® je odobrena za zdravljenje vec kot 25 indikacij rakavih obolenj’

Referenca: 1. Keytruda EU SmPC

SKRAJSAN POVZETEK GLAVNIH ZNACILNOSTI ZDRAVILA . Pred predpisovanjem, prosimo, preberite
celoten Povzetek glavnih znacilnosti zdravila! « Ime zdravila: KEYTRUDA 25 mg/ml koncentrat za raztopino
za infundiranje vsebuje pembrolizumab. - Terapevtske indikacije: Zdravilo KEYTRUDA je kot samostojno
zdravljenje indicirano za zdravljenje: odraslih in mladostnikov, starih 12 let ali ve¢, z napredovalim
{neoperakilnim ali metastatskim) melanomom; za adjuvantno zdravljenje odraslih in mladostnikov, starih 12 let
ali veg, z melanomom v stadiju 1B, IIC ali Ill, in sicer po popolni kirurski odstranitvi; za adjuvantno zdravljenje
odraslih z nedrobnoceli¢nim plju¢nim rakom, ki imajo visoko tveganje za ponovitev bolezni po popolni kirurski
odstranitvi in kemoterapiji na osnovi platine; metastatskega nedrobnoceli¢nega plju¢nega raka (NSCLC) v prvi
liniji zdravljenja pri odraslih, ki imajo tumorje z > 50 % izrazenostjo PD-L1 (TPS) in brez pozitivnih tumorskih
mutacij EGFR ali ALK; lokalno napredovalega ali metastatskega NSCLC pri odraslih, ki imajo tumorje z > 1 %
izrazenostjo PD-L1 (TPS) in so bili predhodno zdravljeni z vsaj eno shemo kemoterapije, bolniki s pozitivnimi
tumorskimi mutacijami EGFR ali ALK so pred prejemom zdravila KEYTRUDA morali prejeti tudi tar¢no zdravljenje;
odraslih in pediatri¢nih bolnikov, starih 3 leta ali ve¢, s ponovljenim ali neodzivnim klasi¢nim Hodgkinovim
limfomom (cHL), pri katerih avtologna presaditev mati¢nih celic (ASCT) ni bila uspe$na, ali po najmanj dveh
predhodnih zdravljenjih kadar ASCT ne pride v postev kot moznost zdravljenja; lokalno napredovalega ali
metastatskega urotelijskega raka pri odraslih, predhodno zdravljenih s kemoterapijo, ki je vklju¢evala platino;
lokalno napredovalega ali metastatskega urotelijskega raka pri odraslih, ki niso primerni za zdravljenje s
kemoterapijo, ki vsebuije cisplatin in imajo tumorje z izrazenostjo PD-L1 = 10, ocenjeno s kombinirano pozitivno
oceno (CPS); ponovljenega ali metastatskega plo3¢atoceli¢nega raka glave in vratu (HNSCC) pri odraslih, ki
imajo tumorje z = 50 % izrazenostjo PD-L1 (TPS), in pri katerih je bolezen napredovala med zdravljenjem ali po
zdravljenju s kemoterapijo, ki je vklju¢evala platino; za adjuvantno zdravljenje odraslih z rakom ledvi¢nih celic s
povisanim tveganjem za ponovitev bolezni po nefrektomiji, ali po nefrektomiji in kirurdki odstranitvi
metastatskih lezij, za zdravljenje odraslih z MSI-H (microsatellite instability-high) ali dMMR (mismatch repair
deficient) kolorektalnim rakom v naslednjih terapevtskih okolis¢inah: prva linija zdravljenja metastatskega
kolorektalnega raka; zdravljenje neoperabilnega ali metastatskega kolorektalnega raka po predhodnem
kombiniranem zdravljenju, ki je temeljilo na fluoropirimidinu; in za zdravljenje MSI-H ali dMMR tumorjev pri
odraslih z: napredovalim ali ponovljenim rakom endometrija, pri katerih je bolezen napredovala med ali po
predhodnem zdravljenju, ki je vklju¢evalo platino, v katerih koli terapevtskih okoli¢inah, in ki niso kandidati za
kurativno operacijo ali obsevanje; neoperabilnim ali metastatskim rakom zelodca, tankega ¢revesa ali biliarnega
trakta, pri katerih je bolezen napredovala med ali po vsaj enem predhodnem zdravljenju. Zdravilo KEYTRUDA je
kot samostojno zdravljenje ali v kombinaciji s kemoterapijo s platino in 5-fluorouracilom (5-FU) indicirano za
prvo linijo zdravljenja metastatskega ali neoperabilnega ponovljenega plos¢atoceli¢nega raka glave in vratu pri
odraslih, ki imajo tumorje z izrazenostjo PD-L1 s CPS > 1. Zdravilo KEYTRUDA je v kombinaciji s kemoterapijo, ki
vklju¢uje platino, indicirano za neoadjuvantno zdravljenje, in v nadaljevanju kot samostojno zdravljenje za
adjuvantno zdravljenje odraslih z operabilnim nedrobnoceli¢nim plju¢nim rakom, ki imajo visoko tveganje za
ponovitev bolezni; v kombinaciji s pemetreksedom in kemoterapijo na osnovi platine je indicirano za prvo linijo
zdravljenja metastatskega neplos¢atoceli¢nega NSCLC pri odraslih, pri katerih tumorji nimajo pozitivnih mutacij
EGFR ali ALK; v kombinaciji s karboplatinom in bodisi paklitakselom bodisi nab-paklitakselom je indicirano za
prvo linijo zdravljenja metastatskega ploscatocelicnega NSCLC pri odraslih; v kombinaciji z aksitinibom ali v
kombinaciji z lenvatinibom je indicirano za prvo linijo zdravljenja napredovalega raka ledvi¢nih celic (RCC) pri
odraslih; v kombinaciji s kemoterapijo s platino in fluoropirimidinom je indicirano za prvo linijo zdravljenja
lokalno napredovalega neoperabilnega ali metastatskega raka poziralnika pri odraslih, ki imajo tumorje z
izrazenostjo PD-L1 s CPS = 10; v kombinaciji s kemoterapijo za neoadjuvantno zdravljenje, in v nadaljevanju kot
samostojno adjuvantno zdravljenje po kirurskem posegu, je indicirano za zdravljenje odraslih z lokalno
napredovalim trojno negativnim rakom dojk ali trojno negativnim rakom dojk v zgodnjem stadiju z visokim
tveganjem za ponovitev bolezni; v kombinaciji s kemoterapijo je indicirano za zdravljenje lokalno ponovljenega
neoperabilnega ali metastatskega trojno negativnega raka dojk pri odraslih, ki imajo tumorje z izrazenostjo
PD-L1 s CPS = 10 in predhodno niso prejeli kemoterapije za metastatsko bolezen; v kombinaciji z lenvatinibom
je indicirano za zdravljenje napredovalega ali ponovljenega raka endometrija (EC) pri odraslih z napredovalo
boleznijo med ali po predhodnem zdravljenju s kemoterapijo, ki je vkljucevala platino, v katerih koli terapevtskih
okolis¢inah, in ki niso kandidati za kurativno operacijo ali obsevanje; v kombinaciji s kemoterapijo, z
bevacizumabom ali brez njega, je indicirano za zdravljenje persistentnega, ponovljenega ali metastatskega raka
materni¢nega vratu pri odraslih bolnicah, ki imajo tumorje z izrazenostjo PD-L1 s CPS = 1; v kombinaciji s
trastuzumabom, fluoropirimidinom in kemoterapijo, ki vklju¢uje platino, je indicirano za prvo linijo zdravljenja
lokalno napredovalega neoperabilnega ali metastatskega HER2-pozitivnega adenokarcinoma Zelodca ali
gastroezofagealnega prehoda pri odraslih, ki imajo tumorje z izrazenostjo PD-L1 s CPS = 1; v kombinaciji s
fluoropirimidinom in kemoterapijo, ki vklju¢uje platino, je indicirano za prvo linijo zdravljenja lokalno
napredovalega neoperabilnega ali metastatskega HER2-negativnega adenokarcinoma Zzelodca ali
gastroezofagealnega prehoda pri odraslih, ki imajo tumorje z izrazenostjo PD-L1 s CPS = 1; v kombinaciji z
gemcitabinom in cisplatinom je indicirano za prvo linijo zdravljenja lokalno napredovalega neoperabilnega ali
metastatskega raka biliarnega trakta pri odraslih. -+ Odmerjanje in nacin uporabe: Testiranje PD-L1: Ce je
navedeno v indikaciji, je treba izbiro bolnika za zdravljenje z zdravilom KEYTRUDA na podlagi izrazenosti PD-L1
tumorja potrditi z validirano preiskavo. Testiranje MSI/MMR: Ce je navedeno v indikaciji, je treba izbiro bolnika
za zdravljenje z zdravilom KEYTRUDA na podlagi MSI-H/dMMR statusa tumorja potrditi z validirano preiskavo.
Odmerjanje: Priporo¢eni odmerek zdravila KEYTRUDA pri odraslih je bodisi 200 mg na 3 tedne ali 400 mg na 6
tednoyv, apliciran z intravensko infuzijo v 30 minutah. Priporo¢eni odmerek zdravila KEYTRUDA za samostojno
zdravljenje pri pediatri¢nih bolnikih s cHL, starih 3 leta ali ve¢, ali bolnikih z melanomom, starih 12 let ali veg, je
2 mg/kg telesne mase (do najve¢ 200 mg) na 3 tedne, apliciran z intravensko infuzijo v 30 minutah. Za uporabo
v kombinaciji glejte povzetke glavnih znatilnosti zdravil so¢asno uporabljenih zdravil. Ce se uporablja kot del
kombiniranega zdravljenja skupaj z intravensko kemoterapijo, je treba zdravilo KEYTRUDA aplicirati prvo.
Bolnike je treba zdraviti do napredovanja bolezni ali nesprejemljivih toksi¢nih ucinkov (in do maksimalnega
trajanja zdravljenja, ¢e je le to dolo¢eno za indikacijo). Pri adjuvantnem zdravljenju melanoma, NSCLC ali RCC je
treba zdravilo uporabljati do ponovitve bolezni, pojava nesprejemljivih toksi¢nih ucinkov oziroma mora
zdravljenje trajati do enega leta. Za neoadjuvantno in adjuvantno zdravljenje operabilnega NSCLC morajo
bolniki neoadjuvantno prejeti zdravilo KEYTRUDA v kombinaciji s kemoterapijo, in sicer 4 odmerke po 200 mg
na 3 tedne ali 2 odmerka po 400 mg na 6 tednov ali do napredovanja bolezni, ki izklju¢uje definitivni kirurki
poseg, ali do pojava nesprejemljivih toksi¢nih ucinkov, ¢emur sledi adjuvantno zdravljenje z zdravilom
KEYTRUDA kot samostojnim zdravljenjem, in sicer 13 odmerkov po 200 mg na 3 tedne ali 7 odmerkov po 400
mg na 6 tednov ali do ponovitve bolezni ali do pojava nesprejemljivih toksi¢nih ucinkov. Bolniki, pri katerih
pride do napredovanja bolezni, ki izkljucuje definitivni kirurski poseg, ali do nesprejemljivih toksi¢nih ucinkov,
povezanih z zdravilom KEYTRUDA kot neoadjuvantnim zdravljenjem v kombinaciji s kemoterapijo, ne smejo
prejeti zdravila KEYTRUDA kot samostojnega zdravljenja za adjuvantno zdravljenje. Za neoadjuvantno in
adjuvantno zdravljenje TNBC morajo bolniki neoadjuvantno prejeti zdravilo KEYTRUDA v kombinaciji s

kemoterapijo, in sicer 8 odmerkov po 200 mg na 3 tedne ali 4 odmerke po 400 mg na 6 tednoy, ali do
napredovanja bolezni, ki izkljucuje definitivni kirurski poseg, ali do pojava nesprejemljivih toksi¢nih ucinkov,
cemur sledi adjuvantno zdravljenje z zdravilom KEYTRUDA kot samostojnim zdravljenjem, in sicer 9 odmerkov
po 200 mg na 3 tedne ali 5 odmerkov po 400 mg na 6 tednov ali do ponovitve bolezni ali pojava nesprejemljivih
toksi¢nih uinkov. Bolniki, pri katerih pride do napredovanja bolezni, ki izklju¢uje definitivni kirurdki poseg, ali
do nesprejemljivih toksi¢nih ucinkov povezanih z zdravilom KEYTRUDA kot neoadjuvantnim zdravljenjem v
kombinaciji s kemoterapijo, ne smejo prejeti zdravila KEYTRUDA kot samostojnega zdravljenja za adjuvantno
zdravljenje. Ce je aksitinib uporabljen v kombinaciji s pembrolizumabom, se lahko razmisli o povecanju
odmerka aksitiniba nad zacetnih 5 mg v presledkih 3est tednov ali ve¢. V primeru uporabe v kombinaciji z
lenvatinibom je treba zdravljenje z enim ali obema zdraviloma prekiniti, kot je primerno. Uporabo lenvatiniba je
treba zadrzati, odmerek zmanjsati ali prenehati z uporabo, v skladu z navodili v povzetku glavnih znacilnosti
zdravila za lenvatinib, in sicer za kombinacijo s pembrolizumabom. Pri bolnikih starih > 65 let, bolnikih z blago
do zmerno okvaro ledvic, bolnikih z blago ali zmerno okvaro jeter prilagoditev odmerka ni potrebna. OdloZitev
odmerka ali ukinitev zdravljenja: Zmanjsanje odmerka zdravila KEYTRUDA ni priporocljivo. Za obvladovanje
nezelenih ucinkov je treba uporabo zdravila KEYTRUDA zadrzati ali ukiniti, prosimo, glejte celoten Povzetek
glavnih znacilnosti zdravila. - Kontraindikacije: Preobcutljivost na ucinkovino ali katero koli pomozno snov. «

posebnih opozoril, previ ih ukrepov, i ij in nezelenih ucinkov: Imunsko pogojel
i ucinki (pnevmonitis, kolitis, hepatitis, nefi endokrinopatije, nezeleni ucinki na kozo in drugi;
bolnikih, ki so prejemali pembrolizumab, so se pojavili imunsko pogojeni nezeleni u¢inki, vklju¢no s hudimi in
smrtnimi primeri. Ve¢ina imunsko pogojenih nezelenih ucinkov, ki so se pojavili med zdravljenjem s
pembrolizumabom, je bila reverzibilnih in so jih obvladali s prekinitvami uporabe pembrolizumaba, uporabo
kortikosteroidov in/ali podporno oskrbo. Pojavijo se lahko tudi po zadnjem odmerku pembrolizumaba in hkrati
prizadanejo ve¢ organskih sistemov. V primeru suma na imunsko pogojene nezelene ucinke je treba poskrbeti
za ustrezno oceno za potrditev etiologije oziroma izkljucitev drugih vzrokov. Glede na izrazitost nezelenega
ucinka je treba zadrzati uporabo pembrolizumaba in uporabiti kortikosteroide - za natan¢na navodila, prosimo,
glejte Povzetek glavnih znacilnosti zdravila Keytruda. Zdravljenje s pembrolizumabom lahko poveca tveganje za
zavrnitev pri prejemnikih presadkov ¢vrstih organov. Pri bolnikih, ki so prejemali pembrolizumab, so porocali o
hudih z infuzijo povezanih reakcijah, vklju¢no s preobcutljivostjo in anafilaksijo. Pembrolizumab se iz obtoka
odstrani s katabolizmom, zato presnovnih medsebojnih delovanj zdravil ni pri¢akovati. Uporabi sistemskih
kortikosteroidov ali imunosupresivov pred uvedbo pembrolizumaba se je treba izogibati, ker lahko vplivajo na
farmakodinami¢no aktivnost in ucinkovitost pembrolizumaba. Vendar pa je kortikosteroide ali druge
imunosupresive mogoce uporabiti za zdravljenje imunsko pogojenih nezelenih ucinkov. Kortikosteroide je
mogoce uporabiti tudi kot premedikacijo, ¢e je pembrolizumab uporabljen v kombinaciji s kemoterapijo, kot
antiemeti¢no profilakso in/ali za ublaZitev nezelenih ucinkov, povezanih s kemoterapijo. Zenske v rodni dobi
morajo med zdravljenjem s pembrolizumabom in vsaj 3e 4 mesece po zadnjem odmerku pembrolizumaba
uporabljati ucinkovito kontracepcijo, med nosec¢nostjo in dojenjem se ga ne sme uporabljati. Varnost
pembrolizumaba pri samostojnem zdravljenju so v klini¢nih 3tudijah ocenili pri 7631 bolnikih, ki so imeli
razli¢ne vrste raka, s stirimi odmerki (2 mg/kg telesne mase na 3 tedne, 200 mg na 3 tedne in 10 mg/kg telesne
mase na 2 ali 3 tedne). V tej populaciji bolnikov je mediani ¢as opazovanja znasal 8,5 meseca (v razponu od 1
dneva do 39 mesecev), najpogostejsi nezeleni ucinki zdravljenja s pembrolizumabom pa so bili utrujenost (31
%), diareja (22 %) in navzea (20 %). Vecina porocanih nezelenih uéinkov pri samostojnem zdravljenju je bila po
izrazitosti 1. ali 2. stopnje. Najresnejsi nezeleni ucinki so bili imunsko pogojeni nezeleni ucinki in hude z infuzijo
povezane reakcije. Pojavnost imunsko pogojenih nezelenih u¢inkov pri uporabi pembrolizumaba samega za
adjuvantno zdravljenje je znasala 37 % za vse stopnje in 9 % od 3. do 5. stopnje, pri metastatski bolezni pa 25 %
za vse stopnje in 6 % od 3. do 5. stopnje. Pri adjuvantnem zdravljenju niso zaznali nobenih novih imunsko
pogojenih nezelenih u¢inkov. Varnost pembrolizumaba pri kombiniranem zdravljenju s kemoterapijo so ocenili
pri 5183 bolnikih z razli¢nimi vrstami raka, ki so v klini¢nih studijah prejemali pembrolizumab v odmerkih 200
mg, 2 mg/kg telesne mase ali 10 mg/kg telesne mase na vsake 3 tedne. V tej populaciji bolnikov so bili
najpogostejsi nezeleni u¢inki naslednji: anemija (52 %), navzea (52 %), utrujenost (35 %), diareja (33 %), zaprtost
(32 %), bruhanje (28 %), zmanj3anje apetita (28 %), zmanjsano 3tevilo nevtrofilcev (27 %) in nevtropenija (25 %).
Pojavnost nezelenih ucinkov 3. do 5. stopnje je pri bolnikih z NSCLC pri kombiniranem zdravljenju s
pembrolizumabom znaala 69 % in pri zdravljenju samo s kemoterapijo 61 %, pri bolnikih s HNSCC pri
kombiniranem zdravljenju s pembrolizumabom 85 % in pri zdravljenju s kemoterapijo v kombinaciji s
cetuksimabom 84 %, pri bolnikih z rakom poziralnika pri kombiniranem zdravljenju s pembrolizumabom 86 %
in pri zdravljenju samo s kemoterapijo 83 %, pri bolnikih s TNBC pri kombiniranem zdravljenju s
pembrolizumabom 80 % in pri zdravljenju samo s kemoterapijo 77 %, pri bolnicah z rakom materni¢nega vratu
pri_ kombiniranem zdravljenju s pembrolizumabom 82 % in pri zdravljenju s kemoterapijo z ali brez
bevacizumaba 75 %, pri bolnikih z rakom Zelodca pri kombiniranem zdravljenju s pembrolizumabom
(kemoterapija z ali brez trastuzumaba) 74 % in pri kemoterapiji v kombinaciji z ali brez trastuzumaba 68 %, in pri
bolnikih z rakom biliarnega trakta pri kombiniranem zdravljenju s pembrolizumabom 85 % in pri samostojni
kemoterapiji 84 %.Varnost pembrolizumaba v kombinaciji z aksitinibom ali lenvatinibom pri napredovalem RCC
in v kombinaciji z lenvatinibom pri napredovalem EC so ocenili pri skupno 1456 bolnikih z napredovalim RCC ali
napredovalim EC, ki so v klini¢nih $tudijah prejemali 200 mg pembrolizumaba na 3 tedne skupaj s 5 mg
aksitiniba dvakrat na dan ali z 20 mg lenvatiniba enkrat na dan, kot je bilo ustrezno. V teh populacijah bolnikov
50 bili najpogostejsi nezeleni u¢inki diareja (58 %), hipertenzija (54 %), hipotiroidizem (46 %), utrujenost (41 %),
zmanjsan apetit (40 %), navzea (40 %), artralgija (30 %), bruhanje (28 %), zmanjsanje telesne mase (28 %),
disfonija (28 %), bolecine v trebuhu (28 %), proteinurija (27 %), sindrom palmarno-plantarne eritrodizestezije (26
%), izpuscaj (26 %), stomatitis (25 %), zaprtost (25 %), misicno-skeletna bolecina (23 %), glavobol (23 %) in kaselj
(21 %). Nezelenih ucinkov od 3. do 5. stopnje je bilo pri bolnikih z RCC med uporabo pembrolizumaba v
kombinaciji z aksitinibom ali lenvatinibom 80 % in med uporabo sunitiniba samega 71 %. Pri bolnicah z EC je
bilo nezelenih u¢inkov od 3. do 5. stopnje med uporabo pembrolizumaba v kombinaciji z lenvatinibom 89 % in
med uporabo kemoterapije same 73 %. Za celoten seznam nezelenih ucinkov, prosimo, glejte celoten Povzetek
glavnih znacilnosti zdravila. Za dodatne informacije o varnosti v primeru uporabe pembrolizumaba v
kombinaciji glejte povzetke glavnih znacilnosti zdravila za posamezne komponente kombiniranega zdravljenja.
« Nacin in rezim izdaje zdravila: H - Predpisovanje in izdaja zdravila je le na recept, zdravilo se uporablja samo
v bolni$nicah. - Imetnik dovoljenja za promet z zdravilom: Merck Sharp & Dohme B.V., Waarderweg 39, 2031
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Samo za strokovno javnost. | H - Predpisovanje in izdaja zdravila je le na recept,
zdravilo pa se uporablja samo v bolnisnicah. Pred predpisovanjem, prosimo,
preberite celoten Povzetek glavnih znacilnosti zdravila Keytruda, ki je na voljo pri
nasih strokovnih sodelavcih ali na lokalnem sedezu druzbe.

Merck Sharp & Dohme inovativna zdravila d.o.o.



Zdravilo ColumviV je kot
monoterapija indicirano
za zdravljenje odraslih
bolnikov s ponovljenim
ali neodzivnim difuznim
velikocelicnim limfomom
B, ki so prejeli vsaj dve
predhodni liniji
sistemskega zdravljenja.’

COLUMVI

glofitamab

Reference: 1 Povzetek glavnih znatilnosti zdravila Columvi, dostopano decembra 2023 na https://www.ema.europa.eu/sl/documents/product-information/columvi-epar-product-information_sL.pdf

Za to zdravilo se izvaja dodatno spremljanje varnosti. Tako bodo hitreje na voljo nove informacije o njegovi varnosti. Zdravstvene delavce napro$amo, da porocajo o katerem koli domnevnem neZelenem ucinku
zdravila. Kako porocati o nezelenih uginkih, si poglejte skrajsani povzetek glavnih znacilnosti zdravila pod ,'Porocanje o domnevnih nezelenih u€inkih”.

Ime zdravila: Columvi 2.5 mg in 10 mg koncentrat za raztopino za infundiranje Kakovostna in kolicinska sestava: Ena viala z 2.6 ml/10 ml koncentrata vsebuje 2.5 mg/10 mg glofitamaba v koncentraciji T mg/mL. Glofitamab je humanizirano bispecificno monoklonsko protitelo, usmerjeno
proti CD20/proti CD3. Terapevtske indikacije: Zdravilo Columvi je kot monoterapija indicirano za zdravljenje odraslin bolnikov s ponovijenim ali neodzivnim difuznim velikocelicnim imfomom B (DVCLB), ki so prejeli vsaj dve predhodni liniji sistemskega zdravljenja. Odmerjanje in nagin
uporabe: Zdravilo Columvi se sme uporablati le pod nadzorom zdravnika, izkusenega na podrocju diagnosticiranja in zdravijenja onkoloskih bolnikov, ki lahko zagotavlja ustrezno zdravstveno obravnavo za obvladovanje hudih reakc, povezanih s sindromom sprostanja citokinov (cytokine
release syndrome CRS). Odmerjanje: Zdravilo Columvi je treba dajati v intravenski infuziji po shemi za postopno povetevanje odmerka do dosezenega priporotenega odmerka 30 mg (opisano v SmPC v preglednici 2), po koncanem predhodnem zdravljenju z obinutuzumabom. Vsak cikel traja
21 dni. Vse bolnike je treba seznaniti s tveganjem za pojav CRS, jih seznaniti z njegovimi znaki in simptomi ter jim narociti, naj se v primeru pojava teh znakov in simptomov nemudoma posvetujejo z lececim zdravnikom. Trajanje zdravljenja: Zdravljenje z zdravilom Columvi je priporocljivo
izvajati najve¢ 12 ciklov ali do napredovanja bolezni ali do pojava nesprejemijivih toksicnih ucinkov. Prilagoditev odmerka: ZmanjSanja odmerka zdravila Columvi niso priporocena. Natin uporabe: Zdravilo Columvi je namenjeno (e za intravenska uporabo. Zdravilo Columvi mora pred intravensko
uporabo razredciti zdravstveni delavec ob upostevanju aseptitnega postopka. Zdravilo je treba dati v intravenski infuziji po namenski infuzijski liniji. Za navodila o redéenju zdravila Columvi pred uporabo glejte SmPC. Kontraindikacije: PreobCutljivost na u€inkovino, obinutuzumab ali katero
koli pomozno snov. Posebna opozorila in previdnostni ukrepi: CD20-negativna bolezen: Na voljo je malo podatkov o bolnikih s CD20-negativnim DVCLB, ki so se zdravili z zdravilom Columwi. Sindrom spro$éanja citokinov: Pri bolnikih, ki so prejemali zdravilo Columvi, so poracali o pojavu
CRS, vkljutno z Zivljenje ogroZajocimi reakcijami. Vecina primerov CRS se je pojavila po prvem odmerku zdravila Columvi. Pred infundiranjem zdravila Columvi v 1. in 2. ciklu mora biti na voljo vsaj T odmerek tocilizumaba za uporabo v primeru pojava CRS. Bolnike je treba spremijati ob vsakem
infundiranju zdravila Columvi in e vsaj 10 ur po kancu prvega infundiranja. Pri bolnikih je treba izkljutiti druge morebitne vzroke zviSane telesne temperature, hipoksije in hipotenzije, na primer okuzbe ali sepso. CRS je treba abravnavati glede na bolnikovo Klinicno sliko in v skladu s priporocili
zavodenje CRS. Kartica za bolnika: Bolniku je treba izrociti kartico za bolnika in mu narogiti, naj jo ima vedno pri sebi. Medsebojno delovanje s substrati CYP450: Zacetno sprostanje citokinov na zatetku zdravijenja z zdravilom Columvi Lahko zavira encime CYP450 in vodi v nihanja koncentrac
socasna uporabljenih zdravil. Bolnike, ki se zdravijo s substrati CYP450 z ozkim terapevtskim indeksom, je treba po uvedbi zdravijenja z zdravilom Columvi spremljati, saj lahko nihanja kancentracij socasno uporabljenih zdravil vadijo v toksignost, izgubo utinkovitost ali neZelene dogodke
Resne okuzbe: Pri bolnikih, ki so prejemali zdravilo Columvi, so se pojavile resne okuzbe. Zdravila Columvi ne smejo prejeti bolniki z aktivno okuzbo. Zdravilo Columvi je treba uporabljati previdno pri bolnikih z anamnezo kronicnih ali ponavijajocih se okuzb, bolnikih s pridruZenimi boleznimi,
ki lahko povecajo nagnjenost k okuzbam, in bolnikih z intenzivnim predhodnim imunosupresivnim zdravijenjem. Bolnike je treba pred in med zdravljenjem z zdravilom Columwi obravnavati glede morebitnih okuzb ter jih ustrezno zdraviti. Bolniku je treba narotiti, naj poiste zdravnisko pomot,
Ce se pri njem pojavijo znaki ali simptomi okuzbe. Bolnike s febrilno nevtrapenijo je treba obravnavati glede okuzbe in jih takoj zdraviti. Zagan tumarja: Pri bolnikih, ki so prejemali zdravilo Columvi, so porocali o zagonu tumorja. Med znaki in simptomi sta bila navedena lokalna bole€ina in
oteklina. Zagon tumorja ne pomeni neuspeha zdravljenja ali napredovanja tumorja. Vendar pa obstaja tveganje za prizadetost in smrt bolnika zaradi utinka mase tumorja ob zagonu tumorja pri bolnikih z abseznimi tumarji, ki se nahajajo v neposredni blizini dihalnih poti in/ali vitalnih organov.
Pri bolnikih, ki prejemajo zdravilo Columvi, je priporocljivo spremljati in ocenjevati kriticna anatomska mesta glede pojava zagona tumorja in jih zdraviti, kot je klinitno indicirano. Za zdravljenje zagona tumorja pridejo v postev kortikosteroidi in analgetiki. Sindrom razpada tumorja: Pri bolnikih,
ki so prejemali zdravilo Columvi, so porocali o sindromu razpada tumorja. Bolniki z velikim tumorskim bremenam, hitro rastocimi tumarji, motenim delovanjem ledvic ali dehidracijo imajo vetje tveganje za pojav sindroma razpada tumarja. Bolnike s tveganjem je treba natancno spremljati z
ustreznimi preiskavami elektrolitskega stanja, hidracije in delovanja ledvic. Pred predhodnim zdravijenjem z obinutuzumabom in pred infundiranjem zdravila Columwi presodite o uporabi ustreznih preventivnih ukrepov. Med ukrepe v primeru sindroma razpada tumorja spadajo agresivna hidracija,
korekcija elektrolitskih motenj, antihiperurikemiki in podporno zdravljenje. Ceplienje: Cepljenje z Zivimi cepivi med zdravijenjem z zdravilom Columwi i priporotljivo. Medsebojno delovanje z drugimi zdravili in druge oblike interakcij: Zacetno sprostanje citokinov ob uvedbi zdravijenja z
zdravilom Columvi lahko zavira delovanje encimov CYP450. Tveganje za medsebojno delovanje zdravil je najvetje znotraj enega tedna po vsakem od prvih 2 odmerkov zdravila Columvi pri bolnikih, ki sotasno prejemajo substrate CYP450 z ozkim terapevtskim indeksom. Bolnike, ki se zdravijo
s substrati CYP450 z ozkim terapevtskim indeksom, je treba po uvedbi zdravljenja z zdravilom Columvi spremjati. Nezeleni uginki: Najpogostejsi neZeleni utinki (> 20 %) so bili sindrom sprostanja citokinov, nevtropenija, anemija, trombocitopenija in izpustaj. Najpogostejsi resni neeleni
ucinki so bili sindrom spro$tanja citokinov, sepsa, COVID-19, zagon tumorja, pljuénica COVID-19, febrilna nevtropenija, nevtropenija in plevralni izliv. Porocanje o domnevnih neZelenih uginkih: Porotanje o domnevnih neZelenih uinkih zdravila po izdaji dovoljenja za promet je pomembno
Omogoca namret stalno spremljanje razmerja med koristmi in tveganji zdravila. Od zdravstvenih delaveev se zahteva, da porotajo o katerem koli domnevnem neZelenem ucinku zdravila na: Javna agencija Republike Slovenije za zdravila in medicinske pripomotke, Sektor za farmakovigilanco,
Nacionalni center za farmakovigilanco, Sloveneva ulica 22, SI-1000 Ljubljana, Tel: +386 (0)8 2000 500, Faks: +386 (0)8 2000 510, e-posta: h-farmakovigilancal@jazmp.si, spletna stran: www.jazmp.si. Za zagotavijanje sled(jivosti zdravila je pomembno, da pri izpolnjevanju obrazca o domnevnih
nezelenih ucinkih zdravila navedete Stevilko serije bioloskega zdravila. ReZim izdaje zdravila: H Imetnik dovoljenja za promet: Roche Registration GmbH, Emil-Barell-Strasse 1, 79639 Grenzach-Wyhlen, Nemcija Verzija: 1.0/23

Samo za strokovno javnost ; Datum priprave informacije: december 2023
DODATNE INFORMACIJE SO NAVOLJO PRI: Roche farmacevtska druzba d.0.0., Stegne 136, 1000 Ljubljana M-SI-00001083(v1.0)



Sjrimo obzorja v 3. liniji
igra jenja metastatskega
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VEC KOT 10-MESECNO CELOKUPNO PREZIVETJE

Lonsurf® v kombinaciji z bevacizumabom je pokazal edinstvene
rezultate prilzdravljenju mCRC v 3. liniji, saj je bila prvi¢ dosezena
mediana celokupnega prezivetja (mOS) 10,8 meseca, s skoraj polovico
¥ivih bolnikov po enem letu in v dobri kondiciji za nadaljnje zdravljenje.!
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Usmerjen v prihodnost

Literatura: 1. Prager GW et al. N Engl ) Med 2023;388:1657-67.
Druzba Servier ima licenco druzbe Taiho za zdravilo Lonsurf®. Pri globalnem razvoju zdravila sodelujeta obe druzbi in ga trzita na svojih dolocenih podrogjih.

SkrajSan povzetek glavnih znacilnosti zdravila: Lonsurf 15 mg/6,14 mg filmsko obloZene tablete in Lonsurf 20 mg/8,19 mg filmsko obloZene tablete

SESTAVA*: Lonsurf 15 mg/6,14 mg: Ena filmsko oblozena tableta vsebuje 15 mg trifluridina in 6,14 mg tipiracila (v obliki klorida). Lonsurf 20 mg/8,19 mg: Ena filmsko obloZena tableta vsebuje 20 mg trifluridina in
8,19 mg tipiracila (v obliki klorida). TERAPEVTSKE INDIKACIJE*: \ kombinaciji z bevacizumabom za zdravljenje odraslih bolnikov z metastatskim kolorektalnim rakom (KRR), ki so prejeli dva predhodna rezima zdravljenja
raka, vkljucno s kemoterapijo na osnovi fluoropirimidina, oksaliplatina in irinotekana, zdravljenje z zaviralci Zilnega endotelijskega rastnega dejavnika (VEGF — Vascular Endothelial Growth Factor) in/ali zaviralci receptorjev
za epidermalni rastni dejavnik (EGFR — Epidermal Growth Factor Receptor). V monoterapiji za zdravljenje odraslih bolnikov z metastatskim kolorektalnim rakom, ki so bili predhodno Ze zdravljeni ali niso primerni za zdravl-
jenja, ki so na voljo. Ta vkljucujejo kemoterapijo na osnovi fluoropirimidina, oksaliplatina in irinotekana, zdravijenje z zaviralci VEGF in zaviralci EGFR. V monoterapiji za zdravljenje odraslih bolnikov z metastatskim rakom
Zelodca, vkljuéno z adenokarcinomom gastro-ezofagealnega prehoda, ki so bili predhodno Ze zdravljeni z najmanj dvema sistemskima rezimoma zdravljenja za napredovalo bolezen. ODMERJANJE IN NACIN UPORABE*:
Priporoceni zacetni odmerek zdravila Lonsurf pri odraslih je 35 mg/m?odmerek peroralno dvakrat dnevno na 1. do 5. dan in 8. do 12. dan vsakega 28dnevnega cikla zdravljenja, najpozneje 1 uro po zakljucku jutranjega
in vecernega obroka (20 mg/m?/odmerek dvakrat dnevno pri bolnikih s hudo ledviéno okvaro). Odmerek, izracunan glede na telesno povrsino, ne sme preseci 80 mg/odmerek. Mozne prilagoditve odmerka glede na varnost
in prenaSanje zdravila pri posameznem bolniku: dovoljena so zmanj$anja odmerka na najmanjsi odmerek 20 mg/m? dvakrat dnevno (0z. 15 mg/m?/odmerek dvakrat dnevno pri bolnikih s hudo ledviéno okvaro). Potem ko
je bil odmerek zmanj$an, povecanje ni dovoljeno. Kadar se zdravilo Lonsurf uporablja v kombinaciji z bevacizumabom za zdravljenje metastatskega KRR, je odmerek bevacizumaba 5 mg/kg telesne mase enkrat na 2 ted-
na. KONTRAINDIKACIJE*: Preob¢utljivost na ucinkovini ali katero koli pomozno snov. OPOZORILA IN PREVIDNOSTNI UKREPI*: Supresija kostnega mozga: Pred uvedbo zdravljenja in po potrebi za spremljanje toksi¢nos-
ti zdravila, najmanj pred vsakim ciklom zdravljenja, je treba pregledati celotno krvno sliko. Zdravijenja ne smete zaceti, e je absolutno Stevilo nevtrofilcev < 1,5 x 10%1, Ce je Stevilo trombocitov < 75 x 10%1 ali &e se je pri
bolniku zaradi predhodnih zdravijenj pojavila klinicno pomembna nehematoloska toksicnost 3. ali 4. stopnje, ki Se traja. Bolnike je treba skrbno spremljati zaradi morebitnih okuzb, uvesti je treba ustrezne ukrepe, kot je
kliniéno indicirano. Toksi¢nost za prebavila: Potrebna je uporaba antiemetikov, antidiaroikov ter drugih ukrepov, kot je kliniéno indicirano. Ce je potrebno, prilagodite odmerke. Ledvi¢na okvara: Uporaba zdravila ni priporo-
Cliiva pri bolnikih s kon¢no stopnjo ledvicne bolezni. Bolnike z ledviéno okvaro je potrebno med zdravljenjem skrbno spremljati; bolnike z zmerno ali hudo ledvicno okvaro je treba zaradi hematoloske toksicnosti bolj pogos-
to spremljati. Jetrna okvara: Uporaba zdravila Lonsurf pri bolnikih z obstojeco zmerno ali hudo jetrno okvaro ni priporocljiva. Proteinurija: Pred zaCetkom zdravljenja in med njim je priporocljivo spremljanje proteinurije z
urinskimi testnimi listici. PomoZne snovi: Zdravilo vsebuje laktozo. INTERAKCIJE*: Previdnost: Zdravila, ki medsebojno delujejo z nukleozidnimi prenaSalci CNT1, ENT1 in ENT2, zaviralci OCT2 ali MATET, substrati humane
timidin-kinaze (npr. zidovudin), hormonski kontraceptivi. PLODNOST*. Bolnikom, ki Zefijo spoceti otroka, je treba svetovati, da se odlocijo za svetovanje o reprodukciji ter shranjevanje jajcnih celic oz. sperme z zamrzovan-
jem pred zacetkom zdravljenja z zdravilom Lonsurf. NOSECNOS:I’ IN DOJENJE*: Ni priporocljivo. KONTRACEPCIJA*: Zenske in moski morajo uporabljati zelo ucinkovite metode kontracepcije med zdraviienjem in do 6
mesecev po zakljucku zdravijenja. VPLIV NA SPOSOBNOST VOZNJE IN UPRAVLJANJA STROJEV*: Med zdravljenjem se lahko pojavijo utrujenost, omotica ali splosno slabo pocutje. NEZELENI UCINKI*: Zelo pogosti:
nevtropenija, levkopenija, anemija, trombocitopenija, zmanjSan apetit, diareja, navzea, bruhanje, utrujenost, stomatitis. Pogosti: okuzba spodnjih dihal, okuzba, febrilna nevtropenija, limfopenija, hipoalbuminemija, disgevzi-
ja, omotica, glavobol, hipertenzija, dispneja, bolecina v trebuhu, zaprtje, razjede v ustih, bolezni ustne votline, hiperbilirubinemija, izpu$caj, artralgija, mialgija, alopecija, pruritus, suha koza, proteinurija, pireksija, edem,
vnetje sluznice, splosno slabo pocutje, zvisanje jetrnih encimov, zviSanje alkalne fosfataze v krvi, zmanj$anje telesne mase. Obcasni: okuzba Zoléevoda, gripa, okuzba secil, gingivitis, herpes zoster, okuzba s kandido,
bakterijska okuzba, nevtropeni¢na sepsa, okuzba zgornjih dihal, konjunktivitis, bolecina zaradi raka, pancitopenija, monocitopenija, eritropenija, levkocitoza, monocitoza, dehidracija, hiperglikemija, hiperkaliemija, hipoka-
liemija, hipofosfatemija, hiponatriemija, hipokalciemija, anksioznost, nespecnost, periferna nevropatija, nevrotoksicnost, parestezija, letargija, vrtoglavica, angina pektoris, aritmija, palpitacije, hipotenzija, vrocinski oblivi,
pliucna embolija, disfonija, epistaksa, izcedek iz nosu, kaselj, krvavitev v prebavilih, ileus, kolitis, gastritis, moteno praznjenje Zelodca, abdominalna distenzija, analno vnetje, dispepsija, gastroezofagealna refluksna bolezen,

¢ina v okoncinah, ledviéna odpoved, motnje mikcije, hematurija, motnje menstruacije, poslabSanje sploSnega zdravstvenega stanja, bolecina, obéutek spremembe telesne temperature, neugodje v okoncinah, zviSanje
kreatinina v krvi, povecanje mednarodnega umerjenega razmerja (INR), zviSanje secnine v krvi, zviSanje laktatne dehidrogenaze v krvi, zviSanje C-reaktivnega proteina, zmanjSan hematokrit. Redki: infekcijski enteritis, tinea
pedis, septicni Sok, granulocitopenija, putika, hipernatriemija, peko¢ obCutek, disestezija, hiperestezija, hipoestezija, sinkopa, katarakta, suho oko, zamegljen vid, diplopija, zmanj$ana ostrina vida, neugodje v uSesu, em-
bolija, orofaringealna bolecina, plevralni izliv, ascites, akutni pankreatitis, subileus, slab zadah, bukalni polip, hemoragi¢ni enterokolitis, krvavitev dlesni, ezofagitis, parodontalna bolezen, proktalgija, refluksni gastritis,
razsiritev Zolénih vodov, mehur, eritem, preobcutljivostne reakcije na svetlobo, luscenje koze, otekanje sklepov, neinfektivni cistitis, levkociturija, kseroza, podalj§anje aktiviranega parcialnega tromboplastinskega ¢asa,
podalj$anje intervala QT na elektrokardiogramu, znizanje celokupnih proteinov. Post-marketinske izkusnje: intersticijska bolezen pljuc. PREVELIKO ODMERJANJE*: NezZeleni ucinki, o katerih so porocali v povezavi s pre-
velikim odmerjanjem, so bili v skladu z uveljavljenim varnostnim profilom. Glavni pri¢akovani zaplet prevelikega odmerjanja je supresija kostnega mozga. FARMAKODINAMICNE LASTNOSTI*: Farmakoterapevtska skupi-
Po privzemu v rakave celice timidin-kinaza fosforilira trifluridin. Ta se v celicah nato presnovi v substrat deoksiribonukleinske kisling (DNA), ki se vgradi neposredno v DNA ter tako preprecuje celicno proliferacijo. TPaza
hitro razgradi trifluridin in njegova presnova po peroralni uporabi je hitra zaradi ucinka prvega prehoda, zato je v zdravilo vkljuCen zaviralec TPaze, tipiracilijev klorid. PAKIRANJE*: 20 filmsko oblozenih tablet. NACIN
PREDPISOVANJA IN IZDAJE ZDRAVILA: Rp/Spec - Predpisovanje in izdaja zdravila je le na recept zdravnika specialista ustreznega podrocja medicine ali od njega pooblasCenega zdravnika. Imetnik dovoljenja za
promet: Les Laboratoires Servier, 50, rue Carnot, 92284 Suresnes cedex, Francija. Stevilka dovoljenja za promet z zdravilom: EU/1/16/1096/001 (Lonsurf 15 mg/6,14 mg), EU/1/16/1096/004 (Lonsurf 20 mg/8,19 mg).
Datum zadnje revizije besedila: julij 2023. *Pred predpisovanjem preberite celoten povzetek glavnih znacilnosti zdravila. Celoten povzetek glavnih znacilnosti zdravila in podrobnej$e informacije so na

voljo pri: Servier Pharma d.o.0., Podmil$¢akova ulica 24, 1000 Ljubljana, www.servier.si.
SERVIER
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The editorial policy

Radiology and Oncology is a multidisciplinary journal devoted to the publishing original and high-quality scientific papers and
review articles, pertinent to oncologic imaging, interventional radiology, nuclear medicine, radiotherapy, clinical and experimental
oncology, radiobiology, medical physics, and radiation protection. Papers on more general aspects of interest to the radiologists and
oncologists are also published (no case reports).
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ble for all statements in their papers. Accepted cannot be published elsewhere without the written permission of the editors.

Submission of the manuscript
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All articles are subject to 1500 EUR + VAT publication fee. Exceptionally, waiver of payment may be negotiated with editorial office,
at the time of article submission.

Manuscripts submitted under multiple authorship are reviewed on the assumption that all listed authors concur in the submission
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Preparation of manuscripts

Radiology and Oncology will consider manuscripts prepared according to the Uniform Requirements for Manuscripts Submitted to
Biomedical Journals by International Committee of Medical Journal Editors (www.icmje.org). The manuscript should be written in
grammatically and stylistically correct language. Abbreviations should be avoided. If their use is necessary, they should be explained
at the first time mentioned. The technical data should conform to the SI system. The manuscript, excluding the references, tables,
figures and figure legends, must not exceed 5000 words, and the number of figures and tables is limited to 8. Organize the text so that
it includes: Introduction, Materials and methods, Results and Discussion. Exceptionally, the results and discussion can be combined
in a single section. Start each section on a new page, and number each page consecutively with Arabic numerals. For ease of review,
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in the editorial manager.
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of each author; the name and address of the corresponding author (including telephone, fax and E-mail), and an abbreviated title
(not exceeding 60 characters). This should be followed by the abstract page, summarizing in less than 250 words the reasons for the
study, experimental approach, the major findings (with specific data if possible), and the principal conclusions, and providing 3-6
key words for indexing purposes. Structured abstracts are required. Slovene authors are requested to provide title and the abstract
in Slovene language in a separate file. The text of the research article should then proceed as follows:

Introduction should summarize the rationale for the study or observation, citing only the essential references and stating the aim of
the study.

Materials and methods should provide enough information to enable experiments to be repeated. New methods should be described
in details.
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Discussion should explain the results rather than simply repeating them and interpret their significance and draw conclusions. It
should discuss the results of the study in the light of previously published work.

Charts, Illustrations, Images and Tables

Charts, Illustrations, Images and Tables must be numbered and referred to in the text, with the appropriate location indicated. Charts,
Illustrations and Images, provided electronically, should be of appropriate quality for good reproduction. Illustrations and charts
must be vector image, created in CMYK color space, preferred font “Century Gothic”, and saved as .Al, .EPS or .PDF format. Color
charts, illustrations and Images are encouraged, and are published without additional charge. Image size must be 2.000 pixels on
the longer side and saved as .JPG (maximum quality) format. In Images, mask the identities of the patients. Tables should be typed
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Authorization for the use of human subjects or experimental animals

When reporting experiments on human subjects, authors should state whether the procedures followed the Helsinki Declaration.
Patients have the right to privacy; therefore, the identifying information (patient’s names, hospital unit numbers) should not be
published unless it is essential. In such cases the patient’s informed consent for publication is needed, and should appear as an
appropriate statement in the article. Institutional approval and Clinical Trial registration number is required. Retrospective clinical
studies must be approved by the accredited Institutional Review Board/Committee for Medical Ethics or other equivalent body. These
statements should appear in the Materials and methods section.

The research using animal subjects should be conducted according to the EU Directive 2010/63/EU and following the Guidelines for
the welfare and use of animals in cancer research (Br ] Cancer 2010; 102: 1555 — 77). Authors must state the committee approving the
experiments, and must confirm that all experiments were performed in accordance with relevant regulations.

These statements should appear in the Materials and methods section (or for contributions without this section, within the main text
or in the captions of relevant figures or tables).
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For the publication of accepted articles, authors are required to send the License to Publish to the publisher on the address of the
editorial office. A properly completed License to Publish, signed by the Corresponding Author on behalf of all the authors, must be
provided for each submitted manuscript.

The articles are open-access, distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution
or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is
permitted which does not comply with these terms.

Conflict of interest

When the manuscript is submitted for publication, the authors are expected to disclose any relationship that might pose real, appar-
ent or potential conflict of interest with respect to the results reported in that manuscript. Potential conflicts of interest include not
only financial relationships but also other, non-financial relationships. In the Acknowledgement section the source of funding support
should be mentioned. The Editors will make effort to ensure that conflicts of interest will not compromise the evaluation process of
the submitted manuscripts; potential editors and reviewers will exempt themselves from review process when such conflict of inter-
est exists. The statement of disclosure must be in the Cover letter accompanying the manuscript or submitted on the form available
on www.icmje.org/coi_disclosure.pdf

The use and explanation of AI and Al-assisted technologies in scientific writing
When authors use artificial intelligence (Al) and Al-assisted technologies in the writing process, they should consider that:

® These technologies should only be used to improve readability and language and to assist in the investigation of data. They should
not replace researchers’ primary tasks of explaining, the interpretation of data and drawing valid scientific conclusions.

e Apply the technology under human supervision and control, and carefully review and edit the result, because AI can produce
authoritative-sounding results that may be incorrect, incomplete, or biased.

* Do not list AI or Al-assisted technologies as authors or co-authors, and do not cite Al as an author. Authorship carries with it
responsibilities and tasks that only humans can perform.

¢ Disclose in your manuscript the use of Al and Al-enabled technologies in the writing process by following the instructions below.
An appropriate statement should appear in the published paper. Please note that authors are ultimately responsible and account-
able for the content of the paper.

Disclosure notes

Authors must disclose the use of Al and Al-assisted technologies in the writing process by adding a statement at the end of their
manuscript in the main manuscript file before the bibliography, at the time of manuscript submission. The statement should be in-
cluded in a new section titled ‘Statement on the Use of Al and Al-Assisted Technologies in the Writing Process’.

Statement: during the preparation of this paper, the author(s) used [NAME TOOL / SERVICE] to create [REASON]. After using
this tool/service, the author(s) have reviewed and edited the content as required and take full responsibility for the content of the
publication.

This statement does not apply to the use of basic tools to check grammar, spelling, references, etc. If there is nothing to disclose, it is
not necessary to add a statement.
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of essential corrections to the editorial office within three days of receipt. Only grammatical corrections are acceptable at that time.
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