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IBRANCE + zaviralec aromataze in IBRANCE + fulvestrant1

Z ZDRUŽENIMI MOČMI, 
VEČ KOT 2-LETNO mPFS

S kombinacijo zdravila IBRANCE in letrozola, prelomnim 
zdravljenjem 1. linije za metastatskega raka dojke, je 
ugotovljeno več kot 2-letno mPFS.*†2 In v kombinaciji s 
fulvestrantom prinaša večjo učinkovitost za širok krog 
bolnikov.*3

Zdravilo IBRANCE je indicirano za zdravljenje lokalno napredovalega ali 
metastatskega na hormonske receptorje pozitivnega (HR+) in na receptorje 
humanega epidermalnega rastnega faktorja 2 negativnega (HER2-) raka dojk:

- v kombinaciji z zaviralcem aromataze, 

- v kombinaciji s fulvestrantom pri ženskah, ki so prejele predhodno 
   endokrino zdravljenje .

 Pfi zer Luxembourg SARL, GRAND DUCHY OF LUXEMBOURG, 
51, Avenue J. F. Kennedy, L-1855
Pfi zer, podružnica Ljubljana, Letališka cesta 3c, Ljubljana

BISTVENI PODATKI IZ POVZETKA GLAVNIH ZNAČILNOSTI ZDRAVILA

IBRANCE 75 mg, 100 mg, 125 mg trde kapsule

Za to zdravilo se izvaja dodatno spremljanje varnosti. Tako bodo hitreje na voljo nove informacije o njegovi varnosti. Zdravstvene delavce naprošamo, da poročajo o kateremkoli domnevnem neželenem 
učinku zdravila. Glejte poglavje 4.8 povzetka glavnih značilnosti zdravila, kako poročati o neželenih učinkih.

Sestava in oblika zdravila: Ena trda kapsula vsebuje 75 mg, 100 mg ali 125 mg palbocikliba in 56 mg, 74 mg ali 93 mg laktoze (v obliki monohidrata). Indikacije: Zdravljenje lokalno napredovalega ali 
metastatskega na hormonske receptorje (HR – Hormone Receptors) pozitivnega in na receptorje humanega epidermalnega rastnega faktorja 2 (HER2 – Human Epidermal growth factor Receptor 2) negativnega 
raka dojk: v kombinaciji z zaviralcem aromataze ali v kombinaciji s fulvestrantom pri ženskah, ki so prejele predhodno endokrino zdravljenje. Pri ženskah v pred- in perimenopavzi je treba endokrino zdravljenje 
kombinirati z agonistom gonadoliberina.  Odmerjanje in način uporabe: Zdravljenje mora uvesti in nadzorovati zdravnik, ki ima izkušnje z uporabo zdravil za zdravljenje rakavih bolezni. Priporočeni odmerek 
je 125 mg enkrat na dan 21 zaporednih dni, sledi 7 dni brez zdravljenja (shema 3/1), celotni ciklus traja 28 dni. Zdravljenje je treba nadaljevati, dokler ima bolnik od zdravljenja klinično korist ali dokler se ne 
pojavi nesprejemljiva toksičnost. Pri sočasnem dajanju s palbociklibom je priporočeni odmerek letrozola 2,5 mg peroralno enkrat na dan, neprekinjeno vseh 28 dni ciklusa, glejte SmPC za letrozol. Pri sočasnem 
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zaradi hematološke toksičnosti glejte preglednico 2, zaradi nehematološke toksičnosti pa preglednico 3 v SmPC-ju. Posebne skupine bolnikov: Starejši: Prilagajanje odmerka ni potrebno. Okvara jeter ali ledvic: 
Pri bolnikih z blago okvaro jeter ali blago ali zmerno okvaro ledvic prilagajanje odmerka ni potrebno. Pediatrična populacija: Varnost in učinkovitost pri otrocih in mladostnikih, starih ≤ 18 let, nista bili dokazani. 
Način uporabe: Peroralna uporaba. Jemanje s hrano, priporočljivo z obrokom. Ne smemo jemati z grenivko ali grenivkinim sokom. Kapsule zdravila je treba pogoltniti cele. Kontraindikacije: Preobčutljivost na 
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aromataze je obvezna ovarijska ablacija ali supresija z agonistom gonadoliberina. Hematološke bolezni: Pri nevtropeniji stopnje 3 ali 4 je priporočljiva prekinitev odmerjanja, zmanjšanje odmerka ali odložitev 
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Laktoza: Vsebuje laktozo. Bolniki z redko dedno intoleranco za galaktozo, laponsko obliko zmanjšane aktivnosti laktaze ali malabsorpcijo glukoze-galaktoze tega zdravila ne smejo jemati. Medsebojno 
delovanje z drugimi zdravili in druge oblike interakcij: Učinki drugih zdravil na farmakokinetiko palbocikliba: Zaviralci CYP3A: Sočasni uporabi močnih zaviralcev CYP3A, med drugim klaritromicina, indinavirja, 
itrakonazola, ketokonazola, lopinavirja/ritonavirja, nefazodona, nelfi navirja, posakonazola, sakvinavirja, telaprevirja, telitromicina, vorikonazola in grenivke ali grenivkinega soka, se je treba izogibati. Induktorji 
CYP3A: Sočasni uporabi močnih induktorjev CYP3A, med drugim karbamazepina, enzalutamida, fenitoina, rifampicina in šentjanževke, se je treba izogibati. Učinek zdravil za zmanjševanje kisline: Ni pričakovati 
nobenega klinično pomembnega učinka na izpostavljenost palbociklibu, če palbociklib zaužijemo s hrano. Učinki palbocikliba na farmakokinetiko drugih zdravil: Pri sočasni uporabi bo morda treba zmanjšati 
odmerek občutljivih substratov CYP3A z ozkim terapevtskim indeksom (npr. alfentanil, ciklosporin, dihidroergotamin, ergotamin, everolimus, fentanil, pimozid, kinidin, sirolimus in takrolimus), saj IBRANCE 
lahko poveča izpostavljenost tem zdravilom. Študije in vitro s prenašalci: palbociklib lahko zavira prenos, posredovan s P-gp v prebavilih in beljakovino odpornosti za raka dojk. Uporaba palbocikliba z zdravili, 
ki so substrati P-gp (npr. digoksin, dabigatran, kolhicin, pravastatin) ali BCRP (npr. rosuvastatin, sulfasalazin) lahko poveča njihov terapevtski učinek in neželene učinke. Palbociklib lahko zavira privzemni 
prenašalec organskih kationov OCT1. Plodnost, nosečnost in dojenje: Med zdravljenjem in vsaj 3 tedne (ženske) oziroma 14 tednov (moški) po koncu zdravljenja je treba uporabljati ustrezne kontracepcijske 
metode. Zdravila ne uporabljajte pri nosečnicah in ženskah v rodni dobi, ki ne uporabljajo kontracepcije. Bolnice, ki prejemajo palbociklib, ne smejo dojiti. Zdravljenje s palbociklibom lahko ogrozi plodnost pri 
moških. Pred začetkom zdravljenja naj moški zato razmislijo o hrambi sperme.Vpliv na sposobnost vožnje in upravljanja s stroji: Ima blag vpliv na sposobnost vožnje in upravljanja strojev. Bolniki morajo biti 
pri vožnji in upravljanju strojev previdni. Neželeni učinki: Zelo pogosti: okužbe, nevtropenija, levkopenija, anemija, trombocitopenija, pomanjkanje teka, stomatitis, navzea, diareja, bruhanje, izpuščaj, alopecija, 
utrujenost. Način in režim izdaje: Rp/Spec - Predpisovanje in izdaja zdravila je le na recept zdravnika specialista ustreznega področja medicine ali od njega pooblaščenega zdravnika. Imetnik dovoljenja za 
promet: Pfi zer Limited, Ramsgate Road, Sandwich, Kent CT13 9NJ, Velika Britanija. Datum zadnje revizije besedila: 28.03.2017 
Pred predpisovanjem se seznanite s celotnim povzetkom glavnih značilnosti zdravila.

*Na podlagi rezultatov randomiziranega nadzorovanega preskušanja III. faze.
†mPFS = mediano preživetje brez napredovanja bolezni.
Literatura: 1. Povzetek glavnih značilnosti zdravila Ibrance, 28.3.2017. 2. Finn RS, et al. PALOMA-2: Primary results from a phase 3 trial of palbociclib plus letrozole compared with placebo plus letrozole in 
postmenopausal women with ER+/HER2– advanced breast cancer. Kongres ASCO 2016, oralna predstavitev. 3. Cristofanilli M, et al. Fulvestrant plus palbociclib versus fulvestrant plus placebo for treatment 
of hormone-receptor-positive, HER2-negative metastatic breast cancer that progressed on previous endocrine therapy (PALOMA-3): fi nal analysis of the multicentre, double-blind, phase 3 randomised 
controlled trial. Lancet Oncol. 2016;17(4):425-439.
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research article
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Slovenia in the period 2013—2015 as a part 
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Background. Helicobacter pylori (H. pylori) is the most common chronic bacterial infection in the world affecting 
over 50% of the world’s population. H. pylori is a grade I carcinogen, responsible for the development of 89 % of non-
cardia gastric cancers. In the present study we analyzed the data for H. pylori eradication treatments in Slovenia.
Patients and methods. Slovenia is a part of the European Registry on Helicobacter pylori Management from the 
beginning. In seven medical institutions data for H. pylori eradication treatments was collected for 1774 patients from 
April 16th 2013 to May 15th 2016. For further modified intention to treat (mITT) analysis 1519 patients were eligible and 
for per protocol (PP) analysis 1346 patients.
Results. Patients’ dropout was 11.4%. Eradication rate for 7 day triple therapy with proton pump inhibitor (PPI) + 
Clarithromycin (C) + Amoxicillin (A) was 88.7% PP and 72.0% mITT; for PPI + C + Metronidazole (M) 85.2% PP and 84.4% 
mITT. Second line 14 day therapy PPI + A + Levofloxacin had 92.3% eradication rate PP and 87.1% mITT. Ten to fourteen 
day Bismuth quadruple therapy was the therapy in difficult to treat patients. At the end all patients that adhered to 
prescribed regimens were cured of their H. pylori infection.
Conclusions. High dropout rate deserves further analysis. Slovenia is still a country with < 15% H. pylori resistance to 
clarithromycin, triple therapy with PPI plus two antibiotics reaches PP eradication rate > 85%, but mITT eradication 
rates are suboptimal.

Key words: Helicobacter pylori; eradication treatment; European Registry on Helicobacter pylori management; 
Slovenian results

Introduction

Helicobacter pylori (H. pylori) is the cause of the 
most common chronic bacterial infection in the 
world, affecting over 50% of the world’s popula-

tion.1 Approximately 20% of infected patients will 
develop peptic ulcer disease, mucosa associated 
lymphoid tissue lymphoma or gastric cancer at 
some point in their lives.2 The WHO’s International 
Agency for Research on Cancer classified H. pylori 
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as a definite (group 1) carcinogen.3,4 H. pylori is 
the leading infectious cause of cancer worldwide 
and it was estimated that some 660 000 new cancer 
cases globally were directly attributable to H. pylori 
infection in 2008, which accounts for 33% of all in-
fection-associated cancers, including 46% in devel-
oped regions and 29% in the developing regions.5

Several national guidelines have recommended 
eradication in all H. pylori-infected individuals to 
prevent the spread of infection and reduce the fu-
ture burden of H. pylori-induced diseases, particu-
larly gastric cancer.6,7 In the Kyoto consensus on H. 
pylori gastritis the recommendation is to treat all 
H. pylori infected patients independent of whether 
clinical manifestations are present.8

The basis of modern H. pylori therapy is a pro-
ton pump inhibitor (PPI) plus two / three antibiot-
ics for 7–14 days.2 The desired eradication rate is 
> 90%, the acceptable eradication rate for first line 
therapy is > 80%.9

The treatment success depends on H. pylori’s 
susceptibility to antibiotics and patient’s compli-
ance. H. pylori resistance rate to antibiotics as well 
as treatment results should be carefully recorded 
and those results should guide the therapy in a 
certain country or region.2 The European Registry 
on H. pylori management (Hp-EuReg) has been 
introduced in 2013 with the idea to collect treat-
ment results, side effects, patients’ compliance and 
antimicrobial susceptibility in different European 
countries. Thirty one countries and 280 recruiting 
investigators are included in the Hp-EuReg. So far, 
more than 15.000 patients have been included, and 
12.270 patients have finished follow-up.10

We would like to present the Slovenian data col-
lected in Hp-EuReg from April 16th 2013 to May 
15th 2016.

Patients and methods
European Registry on H. pylori 
Management

The present manuscript is an interim analysis us-
ing the Slovenian data of the “European Registry 
on H. pylori Management” (Hp-EuReg), an interna-
tional multicenter prospective non-interventionist 
registry that will last over ten years, promoted by 
the European Helicobacter and Microbiota Study Group 
(www.helicobacter.org). The Scientific Committee 
of the project is comprised by Javier P. Gisbert 
(Principal Investigator), Francis Megraud, Colm 
O’Morain and Adrian G. McNicholl (Scientific 
Coordinator).

Ethics

Hp-EuReg protocol was approved by the Ethics 
Committee of the La Princesa Hospital (Madrid, 
Spain) that acted as reference IRB, and was pro-
spectively registered at ClinicalTrials.gov under 
code NCT02328131. 

National coordinators

A list of 30 European Countries has been select-
ed. In each country a National Coordinator was 
elected based on its clinical and research activity. 
Slovenian National Coordinator is Bojan Tepes. 
The National Coordinators constitutes the moni-
toring and drafting committee of the registry in a 
certain country. 

Recruiter investigators

The Recruiting Investigators are gastroenterolo-
gists attending an adult population with a gastro-
enterology outpatient clinic that assists H. pylori in-
fected patients. Eradication confirmation tests have 
to be performed routinely. Patients are managed 
and registered following routine clinical practice. 
Slovenian recruiting investigators are authors BT, 
MK, MV, PL, MS and NBJ.

Electronic Case Report Form (e-CRF)

Study data were collected and managed using 
REDCap electronic data capture tools hosted at 
Asociación Española de Gastroenterología (AEG; 
www.aegastro.es).11 AEG is a non-profit Scientific 
and Medical Society focused on Gastroenterology, 
and it provided this service free of charge, with 
the sole aim of promoting independent investiga-
tor driven research. REDCap (Research Electronic 
Data Capture) is a secure, web-based application 
designed to support data capture for research stud-
ies, providing (1) an intuitive interface for validat-
ed data entry; (2) audit trails for tracking data ma-
nipulation and export procedures; (3) automated 
export procedures for seamless data downloads to 
common statistical packages; and (4) procedures 
for importing data from external sources.

Variables and outcomes

The e-CRF includes 290 variables including demo-
graphics, history and comorbidity, data on infec-
tion and diagnosis, previous eradication attempts, 
current treatment, compliance, adverse events and 
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efficacy. All patient data was anonymized. Main 
outcome is confirmed eradication at least 4 weeks 
after treatment. 

Per protocol (PP) analysis include all patients 
who finished follow-up and took at least 90% of the 
treatment drugs, as defined in the approved proto-
col. As the registry is ongoing, a pure Intention to 
treat (ITT) analysis cannot be provided. A modified 
ITT (mITT) was designed trying to reach the clos-
est result to those obtained in clinical practice. This 
mITT includes for analyses all patients whose out-
come has been registered by their doctors (eradica-
tion success, failure or lost to follow up), plus those 
that although their result has not been registered 
were treated more than a year prior to analysis. 
Patients classified as failure, lost or without regis-
tered outcome will be considered treatment failure 
in the mITT analysis. 

Statistical analyses

Continuous variables are presented as the arith-
metic mean and SDs. Qualitative variables are 
presented as proportions and 95% confidence in-
tervals (CIs). The statistical analyses of the results 
were carried out using the χ2-test. The 95% CIs 
were calculated by normal approximation. One- 
and two-sided tests were used for the analyses and 
the P-value cut off for significance was set to less 
than 0.05. The analyses were carried out using IBM 
SPSS Statistics 22.0.0.

Results

Data was collected in seven medical institutions in 
Slovenia from April 16 th 2013 to May 15 th 2016 for 
1774 patients (Table 1). 

Two hundred and fifty-five (14.4%) patients 
were excluded from the analysis because they ei-
ther had incomplete/invalid data (e.g.: missing age, 
gender, compliance data etc.) or because they were 
treated within the last year of this analysis and the 
outcome of their treatment was not yet registered.

All the remaining 1519 patients were eligible for 
further analysis in the modified intention to treat 
(mITT) group; 918 (60.4%) were female patients and 
601 (39.6%) were male patients (Table 2; p = 0.00).

Out of those, 1346 patients had their outcome 
registered and were eligible for analysis in the per 
protocol (PP) group.

There were 173 patients (11.4%) who did not 
have their outcome recorded and were treated 
more than a year prior to this analysis. We consider 

that group a drop out patients group. We do not 
know if these patients took their therapy or wheth-
er they had the UBT done in the primary medical 
care and because of that did not return to their gas-
troenterologist, which can be a realistic option. 

Only in 56 patients who took part in a RCT, pri-
mary H. pylori resistance to antibiotics was recorded 
(Table 3). The highest resistance rate was for metro-
nidazole (M; 28.6%), resistance rate to clarithromy-
cin (C) was 14.3% and to amoxicillin (A) was 3.6%. 
All the other antimicrobial susceptibility tests have 
been performed in treatment failure patients. The 
percentage of resistance to different antibiotics rose 
with the number of treatment attempts.

Ten different 7–14 days triple combinations 
were used in 1305 patients as a first line treatment. 
The majority of patients (1.154) were treated ac-
cordingly to our therapeutic guidelines (Table 4) 
with 7 day triple therapies: PPI clarithromycin / 
amoxicillin / metronidazole. The eradication rate 
for PPI + Clarithromycin + Amoxicillin was 72.0% 
for the mITT group vs. 88.1% for the PP group. The 
eradication rate in 7 day PPI + Clarithromycin + 
Metronidazole was 84.4% for the mITT group vs. 
85.2% for the PP group. No significant differences 
were found regarding the type of PPI used.

Six different triple 7-14 days treatments were 
used in 176 patients whose H. pylori was not eradi-
cated with the first line treatment (Table 5). The 

TABLE 1. Medical institutions participating in the Slovenian part of EU-HpReg

Institution  Number Excluded from analysis 
(% of hosp. data)1 Dropout (%)2

AM DC Rogaska 805 (45.4%) 146 (18.1%) 16 (2.4%)

SB Slovenj Gradec 464 (26.2%) 8 (1.7%) 81 (17.8%)

DC Bled 287 (16.2%) 0 (0%) 60 (20.9%)

SB Murska Sobota 73 (4.1%) 10 (13.7%) 0 (0%)

SB Trbovlje 68 (3.8%) 34 (50%) 1 (2.9%)

UKC Ljubljana 66 (3.7%) 50 (75.8%) 14 (87.5%)

MC Heliks 11 (0.6%) 7 (63.6%) 1 (25%)

Total 1774 (100.0%) 255 (14.4%) 173 (11.4%)

1 Excluded from analysis because of incomplete/invalid data or because the visit was within last 
year and there is no follow up data yet; 2 Patients whose visit was more than a year ago and 
who had no follow up (dropout = modified intention to treat [mITT]  – per protocol [PP])

TABLE 2. Demographic data for modified intention to treat (mITT) patient group 

Gender N (percent) Minimum 
Age

Maximum 
Age

Mean 
Age

Std. 
Deviation

Female
Male

918 (60.4%) 
601 (39.6%)

18
18

91
88

52.3
53.3

15.14
14.76

Total 1519 18 91 52.7 15.0
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majority of them used 14 days PPI 40 mg bid, 
Amoxicillin (A) 1000 mg bid, and Levofloxacin 
(L) 500 mg oid with 92.3% eradication rate PP and 
87.1% eradication rate mITT. This treatment is ac-
cording to our guidelines the recommended one 
for second line. Dropout rate for the second treat-
ment attempt was 6.3%.

Bismuth is not available in Slovenia and those 
that need third or fourth line treatment regimen 
should buy it in Germany or in any other country 
in Europe where it is available. At the moment this 
treatment is not reimbursed (Tables 6,7). Dropout 
rate after third line therapy was 18.2%. Seven pa-
tients were treated with fourth line treatment regi-
men (Table 7), one was treated with fifth, and one 
with sixth line treatment. No drop out has been 
recorded in the group with four or more treatment 
attempts. 

At the end all patients that start their treatment 
and comply with the treatment regimens were 
cured of their H. pylori infection. 

Discussion

High dropout rate - 11.4% - in the Slovenian Hp-
EuReg data is the first important message. This per-

centage is lower than in the EU Hp-EuReg (13%).10 
Some logistic reasons can influence this high drop-
out rate. All 66 patients (3.73% of all patients) from 
University Medical Centre did not come back to 
their gastroenterologist. They were most probably 
controlled by their general practitioner, but we are 
not aware of their UBT results. And many more 
dropout patients from other medical centers could 
be treated in the same way. Real patients’ compli-
ance was never an issue, also in our previous re-
ports / studies.12,13

H. pylori resistance to clarithromycin is still low 
in Slovenia. It was 10.5% in a recently published 
study and 25.9% for metronidazole.12 In our Hp-
EuReg data primary resistance to clarithromycin 
was recorded in a small subgroup of patients and 
was 14.3% and 28.6% for metronidazole. That can 
explain the still relatively good eradication results 
for 7 day triple therapy (TT). The PP eradication 
rate for PPI A C was 88.7% (72.0% mITT) and 85.2% 
PP for PPI C M (84.4% mITT). This is an accept-
able eradication rate in PP analysis, but still not 
satisfactory, because it did not reach > 90% eradica-
tion rate. In some other parts of the world due to 
the increasing incidence of H. pylori resistance to 
clarithromycin, the cure rates of 7 day triple thera-
py (TT) have decreased to less than 80%, which is 

TABLE 3. Helicobacter pylori antibiotic resistance 

Antibiotic First treatment 
(95% C.I.)

Second treatment 
(95% C.I.)

Third treatment
(95% C.I.)

Fourth 
treatment

Fifth 
treatment

No resistance 62.5% (50.0%–75.4%) 6.1% (0%–15.6%) 14.3% (0%–36.4%) 0% 0

Nitroimidazole 28.6% (16.7%–40.8%) 45.5% (28.1%–63.0%) 57.1% (30.0%–83.3%) 100% 100%

Clarithromycin 14.3% (5.7%–24.2%) 87.9% (75.7%–97.3%) 85.7% (63.6%–100%) 100% 100%

Amoxicillin 3.6% (0%–9.3%) 0% 0% 0% 0

Quinolone 0% 6.1% (0%–15.6%) 7.1% (0%–23.5%) 50% 0

Tetracycline 0% 3% (0%–100%) 7.1% (0%–23.5%) 0% 0

Total N = 56 N = 33 N = 14 N = 2 N =1

C. I. = confidence interval

TABLE 4. First line treatment results for treatment regimens with more than 15 patients

mITT PP

Treatment N Success % (95% C.I.) N Success % (95% C.I.) 

Clarythromycin, amoxicillin, PPI, 7 days 664 72.0% (68.6%–75.4%) 538 88.7% (85.9%–91.3%)

Clarythromycin, metronidazole, PPI,7 days 486 84.4% (81.2%–87.5%) 481 85.2% (82.0%–88.4%)

Clarythromycin, amoxicillin, PPI, 10 days 38 55.3% (39.1%–71.1%) 27 77.8% (60.7%–92.9%)

Clarythro., amoxicillin., metro., PPI, 7 days 17 88.2% (70.6%–100%) 15 93.3% (77.8%–100%)

metro. = metronidazole; mITT = modified intention to treat; PP = per protocol; PPI = proton pump inhibitor 
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considered to be unacceptably low (14). Maastricht 
IV suggest not to use 7 day triple therapy in coun-
tries with H. pylori resistance to clarithromycin 
over 15%. Our H. pylori resistance rate to clarithro-
mycin is still under this value, but we must contin-
ue to audit eradication rates with triple therapies in 
Slovenia as well as continuously measure primary 
H. pylori resistance rate to clarithromycin and other 
antibiotics. 

Ten different 7-14 days triple combinations were 
used as a first line therapy. In our last H. pylori 
treatment guidelines7 only two TT (PPI A C and 
PPI C M) were recommended. This shows us that 
real clinical practice in Slovenia is not ideal, which 
was also recognized in some other countries shown 
in Hp-EuReg data.10

We did not show any benefits of esomepra-
zole over other PPIs in the eradication rates as 
was shown in some other studies.10,15 Because 
Caucasians have higher prevalence of high me-
tabolizers (56%-81%) compared to Asians, higher 
doses of esomeprazole or rabeprazole are recom-
mended, as they can control gastric pH adequately 
and allow better antibiotic efficacy.16,17 

When H. pylori infection is found, it is very im-
portant to control the eradication rate and pre-
scribe second or even further treatments to cure 
the infection.2 In our data, dropout rate for second 
line therapy is still too high (6.3%). Results in Hp-
EuReg are even worse with only 27% of first line 
eradication failures being retreated.10 In Maastricht 
IV quadruple bismuth therapy is recommended as 
the second line treatment in low clarithromycin re-
sistant regions.2 The fact is that this therapy is not 
available in Slovenia at this moment. That is why 
the majority of second line treatments were 14 days 
PPI A L. In the National recommendation7 only 14 
day therapy should be used as a second line treat-
ment. But in real practice, gastroenterologists use 
therapies from 7-14 days. This variations need to be 
corrected, because longer duration of second line 

therapies mean also better cure rates.2,18 Our eradi-
cation rate for PPI A L is 92.3% in PP group and 
87.1% in mITT group, which is a satisfactory result. 
We know that this is due to low H. pylori resistance 
to quinolones in Slovenia (3.1–4.4%).19,20 

Other possible second line treatment could also 
be sequential or non-bismuth concomitant therapy 
with PPI and all three antibiotics (C, M, E). This 
therapy has been proven to be very effective (> 90% 
by ITT) in Slovenia10 but is not used at the moment 
in clinical practice. These therapies can be effec-
tive also in the regions with H. pylori resistance to 
clarithromycin > 15%.21-23 Only if dual resistance 
to clarithromycin and metronidazole is > 15%, the 
eradication rate of non-bismuth quadruple thera-
pies will be impaired and bismuth quadruple ther-
apies should be used.24

In the third and fourth line treatment PPI A L 
was used in some patients not treated with this reg-
imen before, as well as bismuth quadruple thera-
pies. Some patients were treated with 14 day thera-
pies, but not all, which should also be corrected.

In Maastricht recommendations culture and 
antibiotic susceptibility should be done after two 
unsuccessful therapeutic attempts2, but we seldom 
use this approach. The reason for this is non-reim-
bursement for culture by our National health fund. 

One patient has been treated for the fifth time 
and one for the sixth time, both successfully. So fi-
nally all patients who were compliant with the pre-
scribed therapeutic regimens were eradicated of H. 
pylori infection in the end, which is similar to our 
and international previously published data.13,25

Conclusions

Hp-EuReg is a very important clinical registry 
which helps us audit real clinical practice in the 
field of H. pylori eradication as well as collect 
eradication rates for different first, second line 

TABLE 5. Second line treatment results for treatment regimens with more than 15 patients

mITT PP

Treatment N Success % (95% C.I.) N Success % (95% C.I.) 

Amoxicillin, Levofloxacin, PPI, 14 days 70 87.1% (78.8%–94.6%) 65 92.3% (85.3%–98.3%)

Amoxicillin, Levofloxacin, PPI, 10 days 24 91.7% (78.6%–100%) 23 95.7% (85.7%–100%)

Amoxicillin, Metronidazole, PPI, 7 days 18 44.4% (21.1%–68.4%) 17 47.1% (23.1%–72.2%)

Amoxicillin, Metronidazole, PPI, 10 days 16 87,5% (68.4%–100%) 15 93.3% (77.8%–100%)

C. I. = confidence interval; mITT = modified intention to treat; PP = per protocol; PPI = proton pump inhibitor
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and beyond treatments. From the analysis of our 
Slovenian data we can figure out some clinically 
important conclusions:

Seven days PPI A/M /C results has unacceptable 
low mITT eradication rates. Treatment duration 
should be prolonged to 14 days.

Dropout rate is too high. We must provide all 
general practitioners with the possibility to use 
urea breath test or monoclonal stool antibody test 
in all patients with H. pylori eradication therapies. 
No patients should be without confirmation of 
eradication success.

Treatment failures of the first line regimen 
should be retreated according to National guide-
lines, that is with 14 day PPI A L regimen

Primary H. pylori resistance to antibiotics and 
treatment results should be continuously moni-
tored
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Background. Gastric cancer is the fifth most common malignancy in the world with almost one million new cases 
annually. Helicobacter pylori infection causes 89% of all gastric cancers. Premalignant lesions (atrophy and intestinal 
metaplasia) develop after several decades of inflammation. Secondary prevention with gastroscopy is possible, but 
it is costly and has a low compliance rate. Alternative procedures like serology testing for pepsinogen I and II and 
pepsinogen I/II ratio are available to select patients for surveillance gastroscopies.
Patients and methods. In seven outpatient endoscopic units, 288 patients (154 men; 53.5%), average age 
60.68 years, tested positive in National colorectal cancer screening programme SVIT, were included in the study. 
Gastropanel (BioHit, Finland) was used as a serologic biopsy method.
Results. We found 24 patients (12 men, mean age 63.7 years) with pepsinogen (pepsinogen I/II < 3 and/or pep-
sinogen I < 30 µg/L). Premalignant changes were found on gastric biopsies in 21 patients (7.3% incidence). Operative 
Link on Gastric Intestinal Metaplasia Assessment (OLGIM) ≥ 1 was found in 20 patients; Operative Link for Gastritis 
Assessment (OLGA) ≥ 1 was found in 19 patients. Combined accuracy for preneoplastic lesions in Gastropanel posi-
tive patients was 87.5%. H. pylori seropositivity was found in 219 patients (76%). Only 24% of our population had normal 
results.
Conclusions. Gastropanel test has proven to be a reliable non-invasive test for advanced gastric preneoplastic lesions 
that can select patients for further gastroscopy. We found high H. pylori seropositivity in older age groups in Slovenia.

Key words: gastropanel; Helicobacer pylori; atrophy; intestinal metaplasia; gastric cancer

Introduction

Gastric cancer (GC) remains the fifth most com-
mon malignancy with almost one million new 
cases annually and is responsible for 9% of all 
cancer related deaths in the world (third place).1 

In Slovenia, the average incidence of gastric can-
cer in the period from 2009 to 2013 was 479 new 
cases of gastric cancer per year. The incidence rate 
was higher for men (29.1/100,000) than for women 
(17.8/100,000), with only 28% five-year survival 
rate.2
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Helicobacter pylori (H. pylori) is grade I car-
cinogen and responsible for 89% of all gastric can-
cers.3 Several decades of infection with H. Pylori 
can cause some preneoplastic changes, atrophy 
and intestinal metaplasia, in half of the infected 
patients.4 Primary gastric cancer prevention pro-
gram would be a National screening program for 
H. pylori infection with eradication of those infect-
ed. Secondary gastric cancer prevention program 
would be possible if we could find patients with 
severe preneoplastic changes in the stomach and 
offer them regular upper gastrointestinal endos-
copies. Population-based screening by endoscopy 
for detection of these preneoplastic lesions is not 
feasible, except in Japan and Korea.5,6 In Western 
countries, regular endoscopic follow-up is offered 
to patients with endoscopically visible preneoplas-
tic lesions according to MAPS recommendations7,8, 
but this represents only opportunistic secondary 
prevention. 

Serologic biopsy – measuring pepsinogen I and 
pepsinogen II (PGI, PGII), Gastrin 17 (G 17) and 
H. pylori antibodies in the serum can select those 
patients with preneoplastic gastric lesions. In case 
of corpus atrophy and intestinal metaplasia, the 
production of pepsinogen I goes down more than 
pepsinogen II, which is produced also in antrum. 
Gastropanel (Biohot Ojy, Finland) has set cut-off 
for corpus atrophy at PGI/PGII < 3 and/or PGI < 
30 µg/L).

If a patient is not on PPI therapy, increased 
Gastrin 17 can be another marker of low gastric 
acid secretion and corpus atrophy. Gastrin 17 is 
lower than normal in case of atrophy in antrum, 
or in case of gastric hypersecretion.9 H. pylori se-
ropositivity is a risk factor for gastric cancer and 
up to 2.9% of infected patients can develop gastric 
cancer in their lifetime.10

Serologic biopsy is more accurate in the diag-
nosis of corpus atrophic gastritis (CAG) than an-
tral atrophic gastritis (AAG) with 70.2% vs. 51.6% 
pooled sensitivity and 93.9% vs. 84.1% pooled 
specificity.11 The serologic biopsy can be of help in 
finding those patients in the population who have 
advanced premalignant gastric lesions. This meth-
od is already used in Japan, China and Finland.12-15

In our multicenter prospective study, we 
wanted to assess the accuracy of serologic biopsy 
(Gastropanel) in the diagnosis of premalignant 
gastric lesions (primary objective of the study) as 
well as the prevalence of H. pylori infection (sec-
ondary objective of the study) in a population of 
patients included in a National colorectal cancer 

screening program (age 50 to 74 years) who are FIT 
positive and thus referred to coloscopy. 

Patients and methods

Patients included in the National colorectal can-
cer screening, tested FIT positive, and scheduled 
for screening colonoscopy in seven outpatient en-
doscopic units were invited to participate in the 
study. Exclusion criteria were use of PPI or H2 
blockers in the previous two weeks. Those that ful-
filled the criteria and signed the Informed Consent 
Statement were included. 

Fasting serum with EDTA (2 X 5ml) were fro-
zen to -20°C and transported on dry ice to Central 
laboratory at the Institute for Microbiology and 
Immunology at the Medical Faculty in Ljubljana, 
where it was frozen and stored at -80°C. Byohit 
Elisa test was used for PGI and PGII, G 17, and an-
ti-H. pylori antibodies (IgG-Hp). According to pro-
ducer data, normal values are: PGI 30–165 µg/L, 
PGII 3–15µg/L, PGI/PGII 3–20, G 17 < 5 pmol/L, H. 
pylori antibodies < 30 EIU. If PGI/PGII was < 3 and/
or PGI < 30 µg/L, patients were invited to upper 
gastrointestinal endoscopy.16,17

Five biopsies (two from the lower and upper 
curvature 3 cm from the pylorus, one from incisura 
angularis, and two from lower and upper curva-
ture of middle corpus) and two biopsies (from an-
trum and corpus) for rapid urease test (RUT) were 
taken. According to updated Sydney protocol and 
Operative Link for Gastritis Assessment (OLGA) 
/ Operative Link on Gastric Intestinal Metaplasia 
Assessment (OLGIM) classification, the histo-
pathological analysis was performed by expert 
gastrointestinal pathologist.18-20

Patients who were H. pylori positive (positive 
anti-H. pylori antibodies or histology) and have 
normal pepsinogen levels took the urea breath test; 
according to national recommendations. If the re-
sult was positive, they received a 7-day triple regi-
men.21

The primary objective of the study was to detect 
patients with preneoplastic conditions (i.e. atrophic 
gastritis/intestinal metaplasia) in stomachs of fecal 
immunochemical test (FIT) positive patients in-
cluded in National colorectal cancer screening with 
serologic biopsiy (GastroPanel®, Byohit, Helsinki, 
Finland).

The secondary objective of the study was to de-
termine the prevalence of H. pylori infection in the 
age group from 50 to 74 years.
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Statistical analysis

The results of the Gastropanel testing (in Excel 
format) were submitted to Biohit Oyj (Helsinki, 
Finland) for final analysis using the GastroSoft® 
(Biohit Oyj) interpretation software.16,22 All sta-
tistical analyses were performed using the SPSS 
23.0.0.2 for Windows (IBM, Armonk, NY, USA) 
and STATA/SE 14.1 software (Stata Corp., College 
Station, TX, USA). Frequency tables were analyzed 
using the Chi-square test, with likelihood ratio (LR) 
or Fischer’s exact test being used to assess the sig-
nificance levels between the categorical variables. 
Using the exact method, odds ratios (OR) and their 
95% confidence intervals (95% CI) were calculated 
where appropriate. Differences in the means of 
continuous variables were analyzed using the non-
parametric tests (Mann-Whitney, Kruskal-Wallis), 
with the mean (95% CI) values being derived from 
analysis of variance (ANOVA).

Ethics

The study was registered at the National Ethical 
Committee of the Ministry of Health under num-
ber 158/07/13 and was conducted in accordance 
with the Declaration of Helsinki, consistent with 
Good Clinical Practices recommendations.

Results

In seven SVIT endoscopic units, 288 patients, 154 
men (53.5%) and 134 women (46.6%), average age 
60.68 years (from 50–75), were included (Table 1). 
Results of Gastropanel for different age groups and 
sex are shown in Tables 2 and 3.

After data (in Excel) have been processed by 
using the GastroSoft®(Biohit Oyj) interpretation 
software, 4 different phenotypes of gastric histol-
ogy by serologic biopsies (Gastropanel) have been 
found (normal Gastropanel, H. pylori gastritis, 

TABLE 1. Demographic data of patients included

Patients Number Percentage

Men 154 53.5%

Women 134 46,5%

Total 288 100%

50–60 years 134 46.5

61–70 years 120 41.7

70 + 34 11.8

FIGURE 1. Prostaglandin I (PGI) / Prostaglandin II (PGII) ratio 
according to Operative Link on Gastric Intestinal Metaplasia 
Assessment (OLGIM) stage.

TABLE 2. Gastropanel data for different age groups

  Age range   N    Mean  Std. 
Deviation

 Std. 
Error

G 17 basal 
(pmol/L) 50–59 years 105 7.1860 8.6474 0.8439

60–69 years 99 17.8350 99.0131 9.9512

70+ years 32 8.9800 10.7870 1.9069

Total 236 11.8970 64.5188 4.1998

PGI (µg/L) 50–59 years 134 95.9870 42.1806 3.6438

60–69 years 120 97.9820 42.5086 3.8805

70+ years 34 87.4010 53.5304 9.1804

Total 288 95.8050 43.7446 2.5777

PGII (µg/L) 50–59 years 134 11.7030 10.3706 0.8959

60–69 years 120 12.1780 9.4390 0.8617

70+ years 34 12.9740 9.4896 1.6275

Total 288 12.0480 9.8640 0–0581

PGI/PGII ratio 50–59 years 134 10.0840 4.4246 0.3822

60–69 years 120 9.6950 4.6364 0.4232

70+ years 34 7.6100 3.7772 0.6478

Total 288 9.6300 4.4953 0.2849

Helicobacter 
pylori Ab titre 
(EIU) 

50–59 years 134 72.9270 46.5802 4.0239

60–69 years 120 80.8910 42.3679 3.8676

70+ years 34 91.2500 51.0485 8.7547

Total 288 78.4090 45.6677 2.2610

G 17 = Gastrin 17; PGI = Prostaglandin I; PGII = Prostaglandin II

Corpus atrophic gastritis, Antrum atrophic gastri-
tis) (Table 4).

Only 24% of our population had a normal 
Gastropanel test (no premalignant lesions and 



Radiol Oncol 2018; 52(1): 7-13.

Tepes B et al. / Premalignant gastric lesions10

no H. pylori infection). The vast majority of them 
(70.5%) had H. pylori gastritis with no prema-
lignant lesions and they were all asymptomatic. 
According to GastroSoft®, only 5.2% of the popula-
tion had corpus atrophic gastritis (CAG) and 0.3% 
had antral atrophic gastritis (AAG). 

Differences among age groups or sex were not 
statistically significant. Only PGI/PGII (p = 0,016) 
as well as PGI (p = 0,019) was significantly lower in 
older age group. PGI/PGII as well as PGI was lower 
in higher OLIM stage (Figure 1).

H. pylori seropositivity was found in 219 pa-
tients (76%; Table 5). Patients in younger age groups 
have lower seropositivity for H. pylori (70.1%) than 
older age groups. The oldest age group has the 
highest H. pylori seropositivity (85.3%); the differ-
ences between groups were statistically significant  
(P = 0.005).

Gastropanel test found only 24 patients (12 
women, 12 men, mean age 63.5; from 50 – 75 years) 
with PGI/PGII < 3 and/or PGI < 30 µg/L. Those pa-
tients were examined by upper gastrointestinal en-
doscopy.

Premalignant changes (intestinal metaplasia/
atrophy) was found in 21 patients. In 5 of those 
21 patients no H. pylori infection could be found. 
Atrophic gastritis - OLGIM ≥ 1 was found in 20 
patients; OLGA ≥ 1 was found in 19 patients. 

Combined accuracy for preneoplastic lesions in 
Gastropanel positive patients was 87.5%.

Incidence rate of OLGIM/OLGA ≥ 1 as criteria 
for atrophic gastritis in our study population was 
7.3% (6.9% for OLGIM and 6.6% for OLGA). We 
found 3 patients with CAG, 1 patient with AAG, 
and 17 patients with chronic atrophic pangastritis.

Discussion

In countries with high incidence rate of gastric 
cancer, national programs for secondary preven-
tion and early gastric cancer detection have been 
put in place. In Japan, they use barium double-con-
trast radiography combined with endoscopy from 
1960, or direct gastroscopy in recent years. A total 
of 3,000 to 6,000 gastric cancer cases are detected 
annually. Among these cases, EGC (early gastric 
cancer) accounts for approximately 50% to 70%. 
An estimated 50% of patients undergo resection or 
delamination of the gastric mucosa through endos-
copy.23 In Korea, the direct upper gastrointestinal 
series, or endoscopic detection (or a combination) 
was adopted above the age of 40 as a way of gastric 
cancer screening and takes place every two years. 
Owing to the early diagnosis and treatment of gas-
tric cancer, the 5-year survival rate of gastric can-
cer in Korea gradually increased from 40% during 
the 1990s to more than 60% at the beginning of this 
century.24

To improve the compliance and to reduce the 
costs, serologic biopsy has been introduced in Asia. 
It allows selection of patients with higher risk for 
preneoplastic gastric changes and reduces the en-
doscopic workload and costs. Since the 1990s, the 
detection of serum PG combined with endoscopy 
has been conducted in Japan to screen for gastric 
cancer. Miki et al. reported that among 101,892 
Japanese, 125 cases of gastric cancer were detected 
using serum PG and endoscopy, with a detection 
rate for cancer of 0.12%. Among these cases, EGC 
accounted for 80% (25). This combined approach is 
now in place also in some regions of China.13,14,28,29

Gastric cancer incidence is the most prevalent 
in certain countries of East Asia, but Eastern and 
Central parts of Europe are on the second place re-
garding incidence of gastric cancer. In Slovenia, av-
erage gastric cancer incidence is 23.4/100,000 with 
-0.3% change in incidence per year in the last 10 
years.2 

H. pylori is the main carcinogen in gastric car-
cinogenesis responsible for 89% of all gastric can-
cers.3 Slovenian Association for Gastroenterology 

TABLE 3. Gastropanel data for men and women

N Mean Std. Deviaton Std. error

G 17 basal (pmol/L) W 109 16.4890 94.3688 9.0389

M 127 7.9550 9.8272 0.8720

T 236 11.8670 64.5188 4.1998

PGI (µg/L) W 134 95.4210 44.0496 3.8053

M 154 96.1380 43.6186 3.5149

T 288 95.8050 43.7446 2.5777

PGII (µg/L) W 134 13.1840 12.5659 1.0855

M 154 11.0600 6.5683 0.5293

T 288 12.0480 9.8640 0.5812

PGI/PGII ratio W 134 9.4370 4.5881 0.3963

M 154 9.7980 4.4210 0.3563

T 288 9.6300 4.4953 0.2649

Helicobacter pylori 
Ab titre (EIU) W 134 75.8700 47.1760 4.0754

M 154 80.6170 44.3496 3.5738

T 288 78.4090 45.6677 2.6910

G 17 = Gastrin 17; PGI = Prostaglandin I; PGII = Prostaglandin II
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and Hepatology Recommendations for H. pylori 
diagnosis and treatment clearly stated that we 
should start with primary prevention in a way of 
screen and treat for H. pylori in population be-
tween 20 and 30 years before preneoplastic con-
ditions develop.28 At the moment, we practice op-
portunistic prevention for our elderly population 
according to MAPS (Management of precancerous 
conditions and lesions in the stomach) recommen-
dations.4,7

The prevalence of preneoplasic changes in the 
stomach is 2%–5% in the developed world29, but 
it is much higher in the developing world. The 
prevalence of preneoplastic lesions in St Petersburg 
study was 10.8% 30, while in our study it was 7.3%. 
The real prevalence is probably slightly higher, 
because we know that sensitivity of Gastropanel 
is 70.2% for CAG. Gastropanel missed some, espe-
cially early preneoplastic stages, so absolute num-
bers of preneoplastic changes in the population are 
higher. In some well conducted European studies, 
the sensitivity and specificity of the serologic bi-
opsy to diagnose normal stomach mucosa in the 
population-based sample of the 1,000 subjects were 
89% (95% CI 86–92%) and 92% (90–95%), respec-
tively.31

Gastropanel software analysis found one patient 
with AAG and 15 patients with CAG. According 
to definite hystopathologic analysis, 1 patient had 
AAG, 3 CAG, and all the other Chronic atroph-
ic pangastritis.17 In our opinion, accuracy of 
Gastropanel for any Chronic atrophic gastritis is 
good, but this test is not very accurate in distin-
guishing between fenotipic chronic atrophic gastri-
tis subtypes. The problem partially lies in specific-
ity of G 17 as a marker of antrum atropy. G 17 can 
be low in patients with antral atrophy, but also in 
case of high gastric acid output. On the other hand, 
high G 17 is present in patients with corpus atro-
phy as well as in patients on PPIs.11

Our study was not designed in a way to be able to 
calculate sensitivity and specificity of Gastropanel 
for chronic atrophic changes in the stomach. On 
the other hand, the majority of patients tested posi-
tive for preneoplastic conditions in the stomach by 
gastropanel were also positive with histology. In 
our study, the accuracy of Gastropanel for detec-
tion of preneoplastic condition in the stomach was 
87.5%. This makes Gastropanel a suitable first step 
test in secondary prevention of gastric cancer; posi-
tive patients can then be sent to endoscopy.

Worldwide, the age-specific incidence of gastric 
cancer of intestinal type is approximately twice as 
high in males as in females. We did not find statis-

tically significant difference in H. pylori infection 
rate in our study, neither in preneoplastic chang-
es of stomach mucosa between men and women. 
There are evidences that this difference in gastric 
cancer incidence can be caused by hormonal influ-
ences.32,33

The incidence of gastric cancer increases expo-
nentially with age. However, in multivariate analy-
ses, age is not an independent risk factor for gastric 
cancer, it is only a surrogate marker for H. pylori 
infection rate which is a birth cohort effect.34,34 We 
found lower PGI and PGI/PGII ratio in older age 
groups. We also found that values of PGI and the 
PGI/PGII ratio were lover in the higher stage of 
OLGIM, what has also been previously reported.36

The secondary objective of the study was to 
determine the prevalence of H. pylori infection 
in the age group from 50 to 74 years. Gubina et al. 
published H. pylori epidemiologic study in 2005.37 
The average prevalence of H. pylori infection in 
Slovenia was 25.1%, while the highest prevalence 
rate was 54% in the age group > 60 years. We were 
surprised that in our study H. pylori seropositiv-
ity was 76% and significantly increasing with age. 
In our epidemiologic study37, number of patients 

TABLE 4. Histologic phenotypes of gastric mucosa according to Gastropanel results

Frequency Percent Valid percent Cumulative 
percent

Normal panel 73.00 25.30 25.30 25.30

HP gastritis 199.00 69.10 69.10 94.40

AGA 1.00 0.30 0.30 94.80

AGC 15.00 5.20 5.20 100.00

Total 288 100 100

AGA = Atrophic gastritis of antrum; AGC = Atrophic gastritis of corpus

TABLE 5. Age Group H. pylori positive vs. negative

Age Group
Hp positive vs negative

Total
HP+ Hp-

50-59
Count 94 40 134

% within Age Group 70.1% 29.9% 100.0%

60-69
Count 96 24 120

% within Age Group 80,0% 20.0% 100.0%

70+
Count 29 5 34

% within Age Group 85.3% 14.7% 100.0%

Total
Count 219 69 288

% within Age Group 76.0% 24.0% 100.0%
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older than 60 years was low (76 participants), what 
can represent a selection bias to the study and 
partially explain lower H. pylori seropositivity in 
older population.

In five of those patients with preneoplastic le-
sions, H. pylori was negative. This was found also 
in other studies.17,25 When preneoplastic changes 
are diffused, H. pylori could not persist in the 
stomach anymore, but this does not prove that 
those patients were not infected previously in their 
lives. 

This high H. pylori prevalence in our study pop-
ulation is comparable to the prevalence of H. pylori 
in St Petersburg study (76.7%) and in Astana study 
(76.5%)38, albeit their population was younger than 
in our study. The high prevalence of H. pylori in 
Slovenia goes in parallel with medium high gastric 
cancer prevalence rate and with predictions that 
our prevalence of gastric cancer will stay high in 
the future.2 This prediction speaks for itself that a 
program for secondary gastric cancer should be 
put in place in Slovenia. The most feasible program 
would be a two-step program with serologic gas-
tric biopsy and gastroscopy for those tested posi-
tive.

Conclusions 

Gastropanel test has proved to be a reliable non-
invasive test for advanced gastric preneoplastic le-
sions that can select patients for further gastrosco-
py and biopsy in a National secondary gastric can-
cer prevention program. H. pylori prevalence rate 
in the age group 50–74 is with 76% still very high.
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Background. The purpose of this retrospective cohort study was to evaluate the clinical value of computed tomo-
graphic perfusion imaging (CTPI) parameters in predicting the response to treatment and overall survival in patients 
with hepatocellular carcinoma (HCC) treated with drug-eluting beads transarterial chemoembolization (DEBTACE). 
Patients and methods. Between December 2010 and January 2013 eighteen patients (17 men, 1 woman; mean 
age 69 ± 5.8 years) with intermediate stage HCC underwent CTPI of the liver prior to treatment with DEBTACE. 
Treatment response was evaluated on follow-up imaging according to modified Response Evaluation Criteria in 
Solid Tumors. Pre-treatment CTPI parameters were compared between patients with complete response and partial 
response with a Student t-test. We compared survival times with Kaplan-Meier method.
Results. CTPI parameters of patients with complete response and others did not show statistical significant differ-
ence. The mean survival time was 25.4 ± 3.2 months (95%; CI: 18.7-32.1). Survival was statistically significantly longer in 
patients with hepatic blood flow (BF) lower than 50.44 ml/100 ml/min (p = 0.033), hepatic blood volume (BV) lower 
than 13.32 ml/100 ml (p = 0.028) and time to peak (TTP) longer than 19.035 s (p = 0.015).
Conclusions. CTPI enables prediction of survival in patients with intermediate stage HCC, treated with DEBTACE 
based on the pre-treatment values of BF, BV and TTP perfusion parameters. CT perfusion imaging can’t be used to 
predict treatment response to DEBTACE.

Key words: hepatocellular carcinoma; computed tomography perfusion imaging; drug-eluting beads transarterial 
chemoembolization; response to treatment; survival

Introduction

Hepatocellular carcinoma (HCC) is the sixth most 
common cancer and the third most common cause 
of cancer mortality in the world.1 Patients with 
HCC are divided into five stages by the Barcelona 
Clinic Liver Cancer (BCLC) staging system accord-
ing to pre-established prognostic variables. Those 

classified as intermediate or BCLC B stage pre-
sent a mean 2-year survival of 49%. Transarterial 
chemoembolization (TACE) is the standard treat-
ment for such patients.1,2 Lately a new emboliza-
tion agent called drug-eluting bead (DEB) has been 
introduced and several clinical studies have con-
firmed the benefits of DEBTACE with respect to 



Radiol Oncol 2018; 52(1): 14-22.

Popovic P et al. / Computed tomographic perfusion imaging of hepatocellular carcinoma 15

improved tumor response, reduced adverse effects 
and improved survival.2-8 

The European Association for the Study of Liver 
(EASL) has proposed to assess response to loco-
regional treatments by assessing the decrease in 
viable tumor volume, seen as a decrease in con-
trast-enhancing areas at conventional contrast-
enhanced computed tomography (CT) or magnetic 
resonance imaging (MRI) (modified Response 
Evaluation Criteria in Solid Tumors (mRECIST)).1,9 
The number of treatment sessions with DEBTACE 
depends on the response of the tumor. As the 
therapy may be repeated and interchangeably 
applied, early assessment of treatment response 
is crucial. Early prediction of treatment response 
makes it possible to prevent unnecessary side ef-
fects and modify treatment plan or replace it with 
other more effective treatment modalities before 
tumor progression. Due to heterogeneity of the 
BCLC B stage patient population survival rates are 
variable and scattered across the literature.1,3-6,10-12 
Therefore, not all patients with intermediate stage 
HCC will derive similar benefit from TACE. Some 
may benefit from other treatment options which 
are currently approved or being explored. These 
include different TACE modalities, such as selec-
tive TACE or DEBTACE, transarterial radioembo-
lization (TARE), combined approaches with radi-
ofrequency ablation (RFA) or sorafenib.1-4,13

Current prognostic factors for the prediction of 
treatment response and survival in patients treat-
ed with TACE such as clinical performance, status 
of patient, number and size of tumors, presence 
of macrovascular invasion, extrahepatic spread 
and grade of hepatic damage are mainly based 
on clinical assessment and are included in BCLC 
classification.1,13 However, the malignant nature 
of the tumor as well as other characteristics are 
not generally considered. Apart from well-known 
clinical factors related to tumor stage and liver 
function, remarkably few data are available upon 
other measurable predictive or prognostic factors 
for TACE treatment response and survival in in-
termediate stage HCC. Thus, careful selection of 
patients likely to respond and benefit from TACE 
using a noninvasive imaging biomarker seems im-
portant.13,14

Functional imaging techniques are techni-
cal improvement of conventional morphological 
techniques that can provide both qualitative and 
quantitative information on tumors.15-17 Perfusion 
parameters are therefore theoretically good can-
didates for the evaluation of microscopic vascular 
differences between lesions with different patho-

logical grade and for the assessment of treatment 
response, especially after chemoembolization, or 
during treatments with anti-angiogenic drugs.18-26

Computed tomographic perfusion imaging 
(CTPI) is a dynamic, contrast-enhanced, minimally 
invasive functional radiologic imaging technique. 
It allows for an objective, quantitative evaluation 
of tissue perfusion.16 The basis for the use of CTPI 
in oncology is that the microvascular changes in 
angiogenesis are reflected by increased tumor vas-
cularization in vivo.18 High tumor angiogenesis ac-
tivity is associated with distant metastases and is 
an adverse prognostic factor in cancers.27,28 We can 
identify the degree of angiogenesis in tumors with 
invasive histologic biomarkers such as microvessel 
density (MVD) and vascular endothelial growth 
factor (VEGF). Many studies have shown a direct 
correlation between these invasive histologic bio-
markers and tumor CTPI parameters.15,20,29-31

The purpose of this retrospective cohort study 
was to estimate the clinical value of CTPI param-
eters in predicting the response and survival to 
DEBTACE of patients with intermediate stage HCC.

Patients and methods 

This retrospective cohort study took place at 
Clinical Institute of Radiology (CIR), University 
Medical Centre Ljubljana (UMCL). It was per-
formed in accordance with the Helsinki declara-
tion ethical standards for biomedical studies on 
human beings on the basis of patient charts held at 
Clinical Department of Gastroenterology and CIR 
UMCL. It was approved by Republic of Slovenia 
National Medical Ethics Committee on the 19th of 
August 2014 (118/08/14).

Study population and study design

From all the patients with HCC who had CTPI 
before treatment with TACE between December 
2010 and January 2013 (the total number of pa-
tients was 38) only the patients with intermediate 
stage HCC treated with DEBTACE were selected. 
Examinations where CTPI analysis could not be 
performed due to technical reasons (the section 
of portal vein was not visible on recordings) were 
excluded from the study. We also excluded the pa-
tients whose perfusion parameters were not indi-
cating an active HCC because of previous TACE 
treatments.

Thus, the final study cohort comprised 18 
patients (17 men, 1 woman: mean age, 69 ± 5.8 
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years) who all underwent CTPI before treatment 
with DEBTACE. All patients were examined us-
ing a 64-slice dual-source CT (Siemens Medical 
Systems®, Erlangen, Germany) and after the ex-
amination data was transferred to outside work 
station (MultiModality Workplace; Siemens 
Healthcare). Treatment with DEBTACE was based 
on the consensus of the Liver Multidisciplinary 
Team Meeting, held weekly at our institution. 
All patients underwent at least two sessions of 
DEBTACE. It was performed in local anesthesia 
with superselective microcatheter technique with 
2.4 F microcatheter (Progreat®, Terumo Europe 
N.V, Belgium). DEBs with a diameter of 100-300 
μm (DC Beads®, Terumo Europe N.V, Belgium) 
were loaded with 50 -100 mg of doxorubicin. In 
patients with multifocal tumors, the position of 
the microcatheter was changed within the same 
session if necessary to ensure superselective DEB 
delivery in each lesion. Radiological follow up was 
performed every 3 months. Follow up imaging 
was performed with contrast enhanced four-phase 
CT or MRI of the liver enhanced with contrast me-
dium specific for the liver. 64- and 16–slice multi-
detector CT (Siemens Medical Systems®, Erlangen, 
Germany) and 3 T MRI (Siemens Medical Systems®, 
Erlangen, Germany) were used. Treatment was re-
peated on demand, that is, in patients with residu-
al or recurrent tumors observed by CT or MRI, ac-
cording to the mRECIST and in agreement with re-
cent expert opinions. Data from patient charts was 
inserted into clinical protocols. The following data 
were collected: age at CTPI, sex, clinical status of 
patient, etiology of liver cirrhosis, stage of liver cir-
rhosis according to Child-Pugh, size, number and 
position of lesions, laboratory parameters (blood 
screen, bilirubin, transaminase, urea, creatinine), 
portal vein permeability, extrahepatic spread of 
the disease, perfusion parameters (hepatic blood 
flow (BF), hepatic blood volume (BV), time to peak 
(TTP), permeability (PMB), arterial liver perfusion 
(ALP), portal venous perfusion (PVP) and hepatic 
perfusion index (HPI)) in target lesion, selective-
ness of TACE, the use of microcatheter, the use of 
ConeBeam CT technology, type and size of embo-
lization particles, the dose of chemotherapeutic 
(doxorubicin), number of DEBTACE procedures, 
response to treatment according to mRECIST cri-
teria and survival.

CTPI protocol

CTPI was performed by using a 64-slice dual-
source CT (Siemens Medical Systems®, Erlangen, 

Germany). The scan region of the tumor was based 
on the CT scan of the abdomen (120 kV, 180 mA) 
obtained without contrast medium during a breath 
hold at the end of expiration. The scanned region 
with CTPI consisted of 4 adjacent 6 mm thick sec-
tions. For lesions larger than 24 mm in diameter, 
the levels with the largest tumor diameter were se-
lected. A dynamic study of the selected area was 
performed in a single breath hold at the end of ex-
piration with the administration of 50 ml non-ionic 
contrast agent (Visipaque 320®, GE Healthcare) at 
a rate of 6 ml/s via a power injector by using a bo-
lus tracking algorithm through an 18-gauge intra-
venous cubital cannula. CTPI scanning (100 mA, 
80 kV, section thickness of 6 mm, rotation time 1 
second, matrix 512 × 512 mm) was initiated 6 sec-
onds after the injection start, and 4 contiguous sec-
tions of tissue were scanned every second for 55 
seconds. The contrast agent administration was 
followed by a power injection of 20 ml of saline (at 
the same injection rate).

Computed tomographic perfusion 
analysis

Quantitative analysis of CTPI data was performed 
using commercially available software (Syngo 
Volume Perfusion CT Body; Siemens Healthcare). 
An integrated motion correction algorithm for an-
atomic alignment was applied. Volumes of inter-
est were manually drawn around the target lesion, 
spleen, portal vein and aorta. For better determi-
nation of target lesion images of the target lesions 
in the baseline CT were used. The software then 
created quantitative maps of perfusion and calcu-
lated CTPI parameters and standard deviations. 
The parameters were calculated on the basis of the 
method described by Blomley et al. and Tshusima 
et al.17,21 CTPI parameters were calculated in the 
volume of interest drawn around the borders of 
the tumor and in the tumor-free parenchyma. 
Several parameters can be derived from CTPI 
studies. Hepatic blood flow (BF), representing 
the flow rate through vasculature; Hepatic blood 
volume (BV), representing the volume of flowing 
blood; Time to peak (TTP), defined as the time 
from arrival of the contrast medium in major arte-
rial vessels to the peak enhancement; Permeability 
(PMB), representing the total flow from plasma to 
interstitial space; Arterial liver perfusion (ALP), 
representing the flow rate through arterial vascu-
lature; Portal venous perfusion (PVP), represent-
ing the flow rate through venous vasculature and 
Hepatic perfusion index (HPI), defined as the ratio 
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between arterial liver perfusion and total liver per-
fusion. Hepatic drawing was done by one reader 
in the presence of an experienced abdominal radi-
ologist (Figure 1). 

Statistical analysis

Statistical analysis was performed with IBM® SPSS® 
Statistics 20 (International Business Machines 

FIGURE 1. Computed Tomographic Perfusion Imaging of the liver. Image of a 65-year-old woman with hepatocellular carcinoma. (A) HCC in 
the segment VIII of the liver (1 – volume of interest in the the tumor, 2 – volume of interest in the normal liver parenchyma, 3 – volume of interest 
in the normal liver parenchyma). (B) Higher BF values in the tumor (84.50 ml/100ml/min) in comparison with normal liver parenchyma (18.60 
and 16.66 ml/100ml/min). (C) Higher BV values in the tumor (16.39 ml/100ml) in comparison with the normal liver parenchyma (9.55 and 10.28 
ml/100ml). (D) Lower TTP values in the the tumor (13.00 s) in comparison with the normal liver parenchyma (35.70 and 36.00 s). (E) Lower PMB 
values in the tumor (35.55 ml/100ml/min) in comparison with the normal liver parenchyma (39.18 and 39.46 ml/100ml/min). (F) Higher ALP in 
the tumor (47.12 ml/100ml/min) in comparison with the normal liver parenchyma (30.21 and 30.85 ml/100ml/min). (G) Lower PVP values in the 
tumor (0.02 ml/100ml/min) in comparison with the normal liver parenchyma (34.76 and 15.55 ml/100ml/min). (H) Higher HPI values in the tumor 
(99.95 %) in comparison with the normal liver parenchyma (47.67 and 69.36 %). (I) Calculation of perfusion parameters.
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Corp., Armonk, New York) for Windows software. 
Kolmogorov-Smirnov test was used to determine 
normality of our data. The Student t test for inde-
pendent samples was used for comparing CTPI pa-
rameters between lesions with complete response 
and those with partial response. The threshold val-
ues for CTPI parameters used for survival analysis 
were established by using receiver operating char-
acteristic (ROC). ROC analysis tested the ability 
of each CTPI parameter to help identify patients 
surviving longer than the follow-up period of two 
years. The point on the ROC curve furthest from 
the line of no discrimination was considered the 
optimum threshold value. Survival time was de-
fined as the time between the date of first TACE 
and the date of death. A patient was considered 
lost to follow-up for all time points that exceeded 
the follow-up period for that patient. The Kaplan-
Meier curves were used to illustrate the overall sur-
vival rates. Statistical significance was interfered at 
p less than 0.05. Categorical variables are expressed 
as frequencies and percentages. Quantitative vari-
ables are expressed as means and standard devia-
tions (SD).

Results
Patient characteristics

The baseline demographic, clinical, laboratory and 
tumor staging characteristics of the patients in-
cluded in the analysis are summarized in Table 1. 
Patients underwent CTPI 22 ± 49.7 days before 
treatment with DEBTACE. They were treated with 
a total of 62 DEBTACE procedures. The mean num-
ber of procedures per patient was 3.4 ± 1.5. Follow-
up imaging was performed 4.9 ± 3.3 months after 
the first DEBTACE.

Computed tomographic perfusion and 
morphologic treatment response

We divided our target lesions on the basis of treat-
ment response to DEBTACE determined at the 
follow-up imaging. Treatment response was de-
scribed as complete or partial by mRECIST criteria. 
Lesions with complete response to treatment were 
in the first group, lesions with partial response in 
the second group. In the first group there were 
nine lesions, and in the second there were ten. We 
compared these groups with the use of Student t 
test for independent variables. Our results showed 
no statistically significant difference between our 
groups (Table 2). 

TABLE 1. Baseline characteristics of the patients

Age [years] 68.8 ± 5.8

Sex (M/F), n [%] 17/1 [94.4/5.6]

Cirrhosis (yes/no), n [%] 16/2 [88.9/11.1]

Aetiology of cirrhosis, n [%]
Alcohol
HBV
HCV
Other

7 [43.8]
3 [18.8]
1 [6.3]
5 [31.3]

Albumin [g/l] 38.3 ± 5.1

INR 1.2 ± 0.3

Total bilirubin [mmol/l] 23.6 ± 18.8

Child-Pugh score (points)
A, n [%]
B, n [%]

5.7 ± 0.8
14 [77.8]
4 [22.2]

Creatinine [µmol/l] 87.8 ± 22.8

AST [µkat/l] 1.1 ± 0.9

ALT [µkat/l] 0.9 ± 0.8

γGT  [µkat/l] 1.9 ± 1.1

AFP [kIE/l] 174.5 ± 279.3

Portal vein thrombosis (yes/no), n [%] 3/15 [16.7/83.3]

Bilobar disease, n [%] 4 [22.2]

Unilobar disease, n [%]
Right lobe, n [%]
Left lobe, n [%]

14 [77.8]
13 [92.9]
1 [7.1]

Overall number of lesions, n
Average number of nodules per patient 

56
3.1 ± 2.1

Average of HCC nodule diameters [cm] 4.4 ± 1.8

AFP = alpha-fetoprotein; ALT = alanine aminotransferase; AST = aspartate 
aminotransferase; HBV = hepatitis B virus; HCV = hepatitis C virus; INR = 
International normalized ratio; γGT = gamma-glutamyltranspeptidase. 
Quantitative variables are expressed as means and standard deviations. 
Categorical variables are expressed as frequencies and percentages

Patient outcome

The follow-up time from the first DEBTACE was 
on average 24.3 ± 13.1 months and 10 patients died 
in this time. The mean survival time was 25.4 ± 3.2 
months (95% CI: 18.7-32.1). One-year and two-year 
survival was 83.3% and 50% respectively. Kaplan-
Meier curves were used to illustrate overall sur-
vival rates. Patients were divided into two groups 
on the basis of threshold values for each CTPI 
parameter. Patients with a CTPI parameter value 
lower than the threshold value were placed in the 
“group 1” and patients with higher CTPI param-
eter value in “group 2”. Threshold values were set 
at BF 50.4 ml/100ml/min (88.9% sensitivity, 66.7% 
specificity), BV 13.3 ml/100ml (88.9% sensitiv-
ity, 55.6% specificity), TTP 19 s (100% sensitivity, 
44.4% specificity), PMB 40.2 ml/100ml/min (88.9% 
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sensitivity, 44.4% specificity), ALP 33.1 ml/100ml/
min (55.6% sensitivity, 55.6% specificity), PVP 1.8 
ml/100ml/min (88.9% sensitivity, 33.3% specific-
ity), HPI 82.7% (77.8% sensitivity, 66.7% specific-
ity). The number of patients in groups varies with 
different CTPI parameters. Statistically significant 
differences in mean survival times were seen at 
CTPI parameters BF, BV and TTP (p = 0.033, p = 
0.028 in p = 0.015 respectively) (Table 3, Figure 2). 
There was no statistically significant difference in 
mean survival times with other CTPI parameters 
(PMB (p = 0.079), ALP (p = 0.691), PVP (p = 0.400) 
and HPI (p = 0.244)) (Table 3).

Discussion

The BCLC guidelines for the treatment of HCC 
recommend TACE for patients with intermediate-
stage HCC. Due to heterogeneity of the patient 
population tumor response and survival rates are 
variable.1,4,5,9-11 The overall response rate for TACE 
treatment is about 50%, with the lowest reported 
around 15% and the highest around 85.6%.1-8 
Reported 1-, 2- and 3-year survival rates range 
from 37% to 91.5%, 14% to 75% and 58.8% to 71.4%, 
respectively.1,3,4 Current prognostic factors for de-
termination of treatment response and survival in 
patients treated with TACE are mainly based on 
clinical assessment and are included in the BCLC 
classification.1,13 However, the malignant nature of 
the tumor, as well as its other characteristics, are 
not considered. Apart from the well-known clini-
cal factors related to tumor stage and liver func-
tion, remarkably few data are available upon other 
measurable prognostic or predictive factors for 
TACE treatment response and survival of patients 
with intermediate stage HCC. Thus, careful selec-
tion of patients likely to respond and benefit from 
TACE using a noninvasive imaging biomarker 
seems important.13,14 In the present study, we used 
pre-treatment CTPI parameters to determine if 
they could be used as predicting factors for treat-
ment response and prognostic factors for survival. 

We were not able to demonstrate a significant 
correlation between the values of pre-treatment 
CTPI parameters and the type of response to 
DEBTACE according to mRECIST criteria, al-
though the mean values of CTPI parameters in 
the two groups do show some promise for future 
studies. Target lesions with complete response had 
lower pre-treatment mean values of BF, BV, ALP 
and HPI and higher pre-treatment mean values of 
TTP and PVP than target lesions with partial re-

sponse, although these differences were not statis-
tically significant.

When comparing the overall survival of pa-
tients, we were able to demonstrate a correlation 
between pre-treatment CTPI parameter values and 
overall survival in patients with intermediate stage 
HCC. To our knowledge, this is the first time this 
finding has been reported in patients with HCC 
undergoing TACE. Patients with pre-treatment 
CTPI parameter BF lower than 50.4 ml/100ml/
min, BV lower than 13.3 ml/100ml and TTP longer 
than 19 s had significantly longer survival (35.6 
vs. 18.8 months, 35.2 vs. 18.8 months and 33.2 vs. 
16.4 months, respectively). Although we could not 
demonstrate significant difference in mean sur-
vival values between groups when testing other 
CTPI parameters, the results show some promise 
for future studies. Survival was longer in the group 

TABLE 2. CTPI Parameters of target lesions before treatment with TACE

Complete response 
(n = 9)

Partial response 
(n = 10) P

BF [ml/100ml/min] 36.3 ± 23.2 51 ± 31.6 0.271

BV[ml/100ml] 11.6 ± 5 14.4 ± 4.8 0.240

TTP [s] 26.3 ± 8.3 24 ± 7.8 0.551

PMB [ml/100ml/min] 37.3 ± 19.3 33.6 ± 10.9 0.616

ALP [ml/100ml/min] 38.7 ± 22.2 49 ± 28.9 0.400

PVP [ml/100ml/min] 20.8  ± 22.7 13 ± 17 0.404

HPI [%] 65.1 ± 30.7 78.6 ± 27.4 0.322

ALP = arterial liver perfusion; BF = hepatic blood flow; BV = hepatic blood volume; HPI = hepatic 
perfusion index; p = statistical significance; PMB = permeability; PVP = portal vein perfusion; TTP = 
time to peak. Quantitative variables are expressed as means with standard deviation.

TABLE 3. Patients’ survival. Group 1 – patients with the value of CTPI parameter lower 
than the threshold value, group 2 – patients with the value of CTPI parameter higher 
than the threshold value

Threshold value
Group 1

mean survival
[months]

Group 2
mean survival

[months]
P

BF 50.4 ml/100ml/min 35.6 ± 5 18.8 ± 2.7 0.033 

BV 13.3 ml/100ml 35.2 ± 4.3 18.8 ± 4.1 0.028

TTP 19 s 16.4 ± 0.8 33.2 ± 4.7 0.015

PMB 40.2 ml/100ml/min 33.8 ± 4.2 15.9 ± 5.4 0.079

ALP 33.1 ml/100ml/min 30.2 ± 6.6 27.1 ± 3.8 0.691

PVP 1.8 ml/100ml/min 23.5 ± 5.5 30.8 ± 4.7 0.400

HPI 82.7 % 32.8 ± 6 24 ± 3.8 0.244

ALP = arterial liver perfusion; BF = hepatic blood flow; BV = hepatic blood volume, HPI = hepatic 
perfusion index; p = statistical significance in mean survival between group 1 and group 2; PMB = 
permeability; PVP = portal vein perfusion, TTP = time to peak, Quantitative variables are expressed 
as means with standard deviation.
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of patients with values of pre-treatment CTPI pa-
rameter PMB lower than 40.2 ml/100ml/min, ALP 
lower than 33.1 ml/100ml/min, PVP values higher 
than 1,8 ml/100ml/min, and HPI values lower than 
82,7%.

CTPI of the liver provides functional informa-
tion about the microcirculation of normal paren-
chyma and focal neoplastic lesions of the liver 
and has already been studied as a possible prog-
nostic biomarker in other malignancies.16-18 Results 
of these studies show that response to treatment 
with chemotherapy, radiotherapy and anti-angi-
ogenic drugs is better when the values of BF and 
BV are high.32-37 A possible explanation for this is 
that well-perfused tumors allow better delivery of 
chemotherapy. They may also have better oxygen-
ation and thus potentially have greater radiosen-
sitivity.38 Similar results were found by Morsbach 
et al.16 They were able to demonstrate that the ALP 
of liver metastases before treatment with TARE 
enables the prediction of morphologic response 
and survival to therapy. Responders to therapy re-
garding tumor size reduction showed significantly 
higher ALP values as compared with those not re-
sponding to TARE. Differences in the therapeutic 
option used in our study and the fact that HCC is a 

highly vascular tumor with different degree of tu-
mor arterial perfusion, different pathological grade 
and clinical behavior during hepatocarcinogenesis 
might well account for differences between our 
results and the results of these studies. However, 
results of our study are similar to those reported by 
Jiang et al.39 and Petralia et al.40 in trials of 23 and 12 
patients with advanced HCC treated with a com-
bination of anti-angiogenic treatment and chemo-
therapy. They reported that tumors with poor 
prognosis tend to show higher baseline BF and BV, 
suggesting higher vascularity along with extensive 
intratumoral arteriovenous shunts. Results of our 
study also show similarity with a study conducted 
by Michielsen et al.41 in patients undergoing TACE 
for inoperable HCC. Patients with higher vascular-
ized lesions had shorter progression-free survival 
after TACE, indicating higher malignancy poten-
tial of highly vascularized tumors.

HCC is a highly vascular tumor and the source 
of intranodular blood supply changes during car-
cinogenesis. Early stage HCC still has some sup-
ply from the portal vein, and when it reaches the 
stage of moderately differentiated HCC, it receives 
all the arterial blood supply from abnormal arteries 
formed during carcinogenesis. For this reason, the 
arterial blood supply tends to increase during hep-
atocarcinogenesis.42 Perfusion imaging techniques 
would be ideal for the prediction of the pathologi-
cal grade and clinical behavior of HCC, but litera-
ture data on this topic is relatively poor. Yang HF et 
al.15 investigated the value of CTPI for assessment 
of angiogenesis in liver cancer and concluded that 
BF and ALP might be useful parameters in assess-
ing angiogenesis in liver cancer. The values of these 
two parameters correlated with microvascular 
density. And since the degree of tumor perfusion is 
potentially associated with tumor aggressiveness 
our hypothesis was that patients with lower values 
of BF and ALP in the tumor should have a better 
response to treatment and longer overall survival 
than those with high values of these perfusion pa-
rameters.18 Furthermore, treatment response with 
necrosis is based on local chemoembolization of 
feeding vessels, and there could be a correlation 
between the embolization of all feeding vessels 
and the success of DEBTACE. On the other hand 
Ippolito et al.43 did not report any significant corre-
lation between CTPI parameters and pathological 
grade and Sahani et al.44 found that well-differenti-
ated HCC had significantly higher CTPI parameter 
values (higher BF, BV and PMB) than moderately 
and poorly differentiated HCC. Sahani conclud-
ed that relatively larger tumor diameter (mean > 

FIGURE 2. Kaplan-Meier survival curves. Patients with BF value lower than 50.4 
ml/100ml/min, BV lower than 13.3 ml/100ml, TTP longer than 19 s have statistically 
significant longer survival (p = 0.033, p = 0.028, p = 0.015). Čas = Time in days. Blue 
line - Group 1, Green line - Group 2.
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9 cm) and the presence of tumor necrosis in the 
high-grade tumor group could account for these 
observations. However, in our study, we did not 
include any patients with a large central necrosis 
that would produce such results.

The results from our study using CTPI, repre-
senting an objective, quantitative imaging tool, 
showed a predictive value of pre-treatment BF, BV 
and TTP of HCC for overall survival of patients 
treated with DEBTACE. As previously discussed, 
these parameters could be used as predictive bio-
markers. Higher values of BF, BV and on the other 
hand lower values of TTP could represent a highly 
vascularized tumor.15,20,29-31,41,42,45 Patients with such 
tumors may benefit from treatments that work bet-
ter with high CTPI parameter values, such as TARE 
or anti-angiogenic therapies.13,33,34,46 

When working with CTPI the radiation dose is 
an important aspect that needs to be considered. It 
is normally equal or higher to that of multiphase 
CT acquisitions. The radiation dose is estimated to 
be from 7.3 to 30.6 mSv and depends on the tech-
nology used. It is especially important to consider 
this with oncologic patients that undergo several 
CT scans before and after treatment.47  

Our study has some limitations. First, our study 
is a retrospective study. Therefore, we had to work 
with the available data, instead of carefully plan-
ning the timing of procedures. Second, we includ-
ed a limited number of patients. Future studies 
should aim at the inclusion of a larger group of pa-
tients, preferably in a multicentric fashion. Third, 
histopathologic correlation with CT or MR imag-
ing regarding tumor necrosis after treatment with 
DEBTACE was not performed since previous re-
ports already showed good correlation between the 
percentage of tumor necrosis obtained at the his-
topathologic examination and the tumor enhance-
ment assessed with imaging. Fourth, the reading 
of CTPI was only done once, so we had no data 
to compare unbiased inter-reader variability. Fifth, 
we did not take into account different determinants 
of therapeutic response to DEBTACE, such as liver 
cirrhosis, gender, age, number and size of tumors, 
invasion of the portal vein, dosage of chemothera-
peutic, but rather only correlated CTPI parameters 
with different treatment responses to DEBTACE. 
Finally, the results of this study are not directly 
transferable when using other software. The differ-
ence in values of perfusion parameters could be up 
to 46 % when using different software.48

In conclusion, our results suggest that pre-treat-
ment CTPI parameters BF, BV and TTP measured 
in HCC are related to overall survival of patients 

treated with DEBTACE. Thus, CTPI has the poten-
tial to become a new imaging biomarker for select-
ing patients who will benefit from treatment with 
DEBTACE. Our study and most previous studies 
investigating the CTPI parameters were based on 
retrospectively acquired data, further large-scale 
prospective clinical trials are required.
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Background. The aim of the study was to investigate the feasibility and safety of experimental fractionation using 
intensity modulated radiation therapy with a simultaneous integrated boost (IMRT-SIB) to shorten the overall treatment 
time without dose escalation in preoperative radiochemotherapy of locally advanced rectal cancer.
Patients and methods. Between January 2014 and November 2015, a total of 51 patients with operable stage II-III 
rectal adenocarcinoma were treated. The preoperative treatment with intensity modulated radiation therapy (IMRT) 
and a pelvic dose of 41.8 Gy and simultaneously delivered 46.2 Gy to T2/3 and 48.4 Gy to T4 tumour in 22 fractions, 
with standard concomitant capecitabine, was completed in 50 patients out of whom 47 were operated. The median 
follow-up was 35 months.
Results. The rate of acute toxicity G ≥ 3 was 2.4%. The total downstaging rate was 89% and radical resection was 
achieved in 98% of patients. Pathologic complete response (pCR) was observed in 25.5% of patients, with 2-year local 
control (LC), disease free survival (DFS), and overall survival (OS) of 100% for this patient group. An intention-to-treat 
analysis revealed pN to be a significant prognostic factor for DFS and OS (P = 0.005 and 0.030, respectively). LC for the 
entire group was 100%, and 2-year DFS and OS were 90% (95 % CI 98.4–81.6) and 92.2% (95% CI 99.6–84.7), respectively.
Conclusions. The experimental regime in this study resulted in a high rate of pCR with a low acute toxicity profile. 
Excellent early results translated into encouraging 2-year LC, DFS, and OS.

Key words: rectal cancer; intensity modulated radiation therapy; simultaneous integrated boost; preoperative radio-
chemotherapy; acute toxicity; pathologic complete response 

Introduction

With standard preoperative treatment of locally 
advanced rectal cancer (LARC), we can achieve ex-
cellent local control; but long term survival is still 
poor due to a high rate of distant metastases.1,2 To 
target distant microscopic disease, an additional 
drug has been added to the preoperative treatment 
in several studies, but with conflicting results of 
treatment outcome and high acute toxicity.3-5

Since dosimetric studies on preoperative intensi-
ty-modulated radiotherapy (IMRT) showed a bet-
ter sparing of organs at risk compared with stand-
ard 3-dimensional conformal radiotherapy (3D 
CRT) in rectal cancer6-9, this novel radiation tech-
nique has been used in several prospective phase 
II studies with the aim of improving the treatment 
outcome in LARC. The treatment intensification 
consisted of a dose escalation with a simultaneous 
integrated boost (SIB), with or without the use of 
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an additional drug alongside standard concomi-
tant capecitabine.10-15 Researchers report an encour-
aging rate of pathologic complete response (pCR) 
and local control (LC), but with substantial acute 
toxicity with oxaliplatin addition12 and non-negli-
gible late toxicity with dose escalation.11

Because of a promising impact on clinical out-
come, but, conflicting toxicity results with dose 
escalation in preoperative treatment of LARC, we 
conducted a phase II trial, testing the experimental 
fractionation with the use of IMRT-SIB in order to 
shorten the overall treatment time with a biologi-
cally effective dose (BED) similar to the one used 
in standard 3D CRT. In recently published early 
results from our trial, we demonstrated that preop-
erative radiochemotherapy with IMRT-SIB without 
dose escalation, concomitantly with capecitabine, 
can achieve a high rate of pCR, a downstaging with 
a very low acute toxicity profile, and excellent com-
pliance.16 After the 2-year follow-up, we analysed 
the impact of experimental fractionation on LC, dis-
ease-free survival (DFS), and overall survival (OS).

Patients and methods
Study design and inclusion criteria

The trial design, eligibility criteria, and treatment 
details have been published previously in detail.16 
In brief, patients had to present with histologi-
cally confirmed, operable adenocarcinoma, located 
within 15 cm from the anal verge. Patients with lo-
cally advanced, non-metastatic disease (cT ≥ 3 and/
or cN ≥ 1 on magnetic resonance imaging (MRI) 
and M0 on CT thorax/abdomen) without contrain-
dications for chemotherapy were included. 

Prior to treatment, all patients received detailed 
oral and written information, and signed an in-
formed consent form. The trial was approved by 
the National Medical Ethics Committee of the 
Republic of Slovenia (No. 41/12/13) and was in 
agreement with the Declaration of Helsinki. The 
study was registered in the ClinicalTrials.gov da-
tabase (NCT02268006).

Treatment protocol

The target volumes and dose prescription were de-
fined according to ICRU Reports 50, 6217, and 83.18 
The gross tumour volume (GTV) encompassed all 
visible primary tumours. GTV + 1 cm represented 
a boost volume (CTV2), and the clinical target vol-
ume 1 (CTV1) contained CTV2, mesorectum, and 
regional lymph nodes from L5/S1 to 4 cm below 
the tumour or musculus levator ani. The nodes along 
arteria iliaca externa were included in case of sub-
stantial genitourinary structure infiltration, and 
the ishiorectal fossa and anal canal in the case of 
musculus levator ani or anal canal involvement. The 
internal target volume (ITV) extended up to 0.5 cm 
anteriorly in the lower half and up to 1.5 cm ante-
riorly in the upper half of the mesorectum.19 The 
planning target volume (PTV) was extended from 
ITV for 7 mm posteriorly and laterally, and 10 mm 
in other directions.

PTV 1 received 41.8 Gy in 22 fractions and SIB 
was prescribed to tumour (PTV 2) concomitantly 
to doses of 46.2 Gy and 48.4 Gy to T ≤ 3 and T4 
tumours in 22 fractions, respectively, 5 times per 
week (Monday to Friday) (Table 1). The main con-
straints for organs at risk were: V45Gy < 195 cc and 
Dmax ≤ 50 Gy; anal canal V40Gy ≤ 40% and Dmax ≤ 55 
Gy; iliac crests V30Gy < 50 %, V40Gy < 35%; bladder 
V30Gy < 50% and V35Gy < 35%; and penile bulb D90% < 
50 Gy [16] (Figure 1).

The treatment was delivered on Clinac 2100 CDI 
(Varian, Palo Alto, USA) using the dynamic multi-
leaf collimator technique with 6MV photons and a 
daily position verification (ExacTrac X-ray 6D sys-
tem, BrainLAB AG, Feldkirchen, Germany).

Patients received concomitant chemotherapy 
with capecitabine from the first to last day of the 
radiation treatment (including weekends) at a 
daily dose of 825 mg/m2/12 h. One dose was taken 
1 hour prior to irradiation. The treatment compli-
ance and acute toxicity were evaluated weekly ac-
cording to the common terminology criteria for 
adverse events (CTCAE) v.4.0.21

Surgery was scheduled 6–8 weeks after the com-
pletion of chemoradiotherapy, pathologic stage 

TABLE 1. Biologic effective dose (BED) comparison for standard 3-dimensional 
conformal radiotherapy (3D CRT) and intensity modulated radioation therapy with 
simultaneous boost (IMRT-SIB) as experimental fractionation

Treatment Pelvis  
TD/d/BED (Gy)

Tumour T≤3  
TD/d/BED (Gy)

Tumour T4  
TD/d/BED (Gy)

3D CRT 45 / 1.8 / 37.5 50.4 / 1.8 / 40.9 54 / 1.8 / 43.9

IMRT-SIB 41.8 / 1.9 / 35.9 46.2 / 2.1 / 42.1 48.4 / 2.2 / 45.2

BED is calculated as BED = TD x (d + α/β) / (2 + α/β) – (T - t) x Dprolif in which TD is the total dose, 
d dose (Gy) per fraction, α/β is the common linear-quadratic quotient (set to 10 Gy), Dprolif is the 
dose recovered due to proliferation (set to 0.6 Gy/day), T = total treatment time and t = initial 
delay time (days, set to 7 days)data from 36 prospective studies, 7 retrospective studies and 17 
other articles were used. A total of 131 scientific articles are included, involving 25 351 patients. 
The results were compared with those of a similar overview from 1996 including 15 042 patients. 
The conclusions reached can be summarized thus: The results after rectal cancer surgery have 
improved during the past decade. It is likely that local failure rates after 5 years of follow-up at 
hospitals adopting the TME-concept (TME = total mesorectal excision.20 Standard fractionation for 
preoperative rectal cancer treatment with 3D CRT consists of 45 Gy in 25 fractions to the tumour 
and regional lymph nodes (pelvis) and additional boost 3 x 1.8 Gy (TD 50.4 Gy) in T ≤3 and 5 x 1.8 
Gy (TD 54 Gy) in T4 tumour.
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recorded according to the AJCC 7th edition22, and 
tumour regression grade according to the criteria 
by Dworak et al.23

Six cycles of adjuvant chemotherapy with 
capecitabine were offered to patients with residual 
tumour on pathologic examination. After treat-
ment, the follow-up consisted of clinical and se-
rum CEA evaluation every 3 months for two years, 
and later on a bi-annual basis with abdominal ul-
trasound every 6 months and a chest radiograph 
annually.

Statistics

This was a prospective phase II study on patients 
with locally advanced rectal cancer, designed to 
evaluate the pathologic complete response after 
experimental preoperative treatment as a primary 
endpoint. The key secondary endpoints were to 
evaluate the acute toxicity of preoperative treat-
ment, tumour response, LC, DFS, and OS. Late tox-
icity and the quality of life will be analysed after a 
5-year follow-up.

All time intervals were calculated from the date 
of operation or date of chemoradiotherapy comple-
tion (for non-operated patients). The end dates for 
time calculations were the dates of the last follow-
up or death for OS, and for DFS the dates of detect-
ed local/distant relapse, last follow-up, or death. 
In the patient with primary lung metastasis and in 

non-operated patients, we counted the DFS time as 
0 months.

A statistical analysis was performed using the 
Statistical Package for the Social Sciences, version 
22.0 (SPSS Inc., Chicago, IL, USA). Descriptive 
statistics were used for presenting general data. 
Patients surgically treated after chemoradiothera-
py completion (N = 47) entered treatment response 
analysis. Fisher’s exact test was used for tumour re-
gression grade prognostic group comparison. The 
survival curves were calculated with the Kaplan-
Maier method and the influence of the possible 
prognostic factors on survival was verified by 
means of the log-rank test. 

Results

Between January 2014 and November 2015, a to-
tal of 51 patients were treated (Figure 2). Patients 
and tumour characteristics were described in de-
tail elsewhere16, but, briefly – the median age of 
the group was 66 years (range, 30–81 years) and 
two thirds were men. Nearly half of the tumours 
were located in the lower third of the rectum and 
20 patients had positive mesorectal fascia (MRF+). 
According to AJCC 7th edition22, the clinical stages 
of the disease were as follows: T2N1M0 (n = 1), 
T3N0M0 (n = 6), T3N1M0 (n = 15), T3N2M0 (n = 
22), T4N1M0 (n = 4),T4N2M0 (n = 2), and T3N1M1 
(n = 1). One patient had a small lung lesion prior to 

FIGURE 1. Intensity modulated radiation therapy plan met the planning goals.
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treatment, but control CT following the treatment 
revealed a primary metastatic disease with lung 
metastasis in his case.

Treatment

Preoperative radiochemotherapy according to pro-
tocol was completed by 50 patients in a median of 
31 days (range 29–36 days), and one received pre-
operative short-course radiotherapy (25 Gy in 5 
fractions) due to ischemic stroke in the first week 
of experimental treatment. The acute toxicity of 

preoperative treatment was mild, with only two G3 
acute adverse events with infectious enterocolitis 
and radiodermatitis. 

Surgery was performed in 48 patients and op-
eration was omitted in three due to the patient’s 
refusal, metachronous pancreatic carcinoma, and 
serious bleeding from rectal varices. Low anterior 
resection was performed in 40 patients, abdomi-
noperineal resection in 7, and pelvic exenteration 
in 1. Radical resection (R0) was achieved in 47 pa-
tients and one had a microscopic carcinoma focus 
in the circumferential margin (R1). Major compli-
cations (CTCAE v.4.0 G ≥ 3) occurred in 4 out of 
48 patients. A rescue surgery with pelvic exen-
teration was performed in the patient with rectal 
varices due to tumour progression 35 months after 
chemoraditherapy completion. She is disease-free 
4 months after R0 resection. 

Adjuvant chemotherapy was given to patients 
who did not achieve pCR. In four patients, adju-
vant treatment was omitted due to preoperative 
adverse events (ischemic stroke in two patients and 
infectious enterocolitis G3 in one), and one patient 
refused it. 

Treatment response

Among 47 operated patients who completed pre-
operative treatment according to protocol, 12 
achieved pathologic complete response (25.5%). 
The total downstaging rate was 89% (42 of 47 pa-
tients), with a decrease in T and N stages observed 
in 32 (68%) and in 39 (83%) patients, respectively. 
According to the Dworak criteria23, the tumour re-
gression grades (TRG) were TRG 4, TRG 3, TRG 2, 
TRG 1, and TRG 0 in 12, 16, 13, 6, and 0 patients, 
respectively. 

Survival

An intention-to-treat analysis was performed on 
all 51 patients. In the median follow-up time of 
35 months (range, 14–43 months), we recorded no 
local relapses and 4 distal relapses (two patients 
with lung metastases and two with both liver and 
paraaortic lymph node metastases). To date, 44 pa-
tients are alive without rectal cancer; two patients 
are alive with primary disease (one with an intact 
primary tumour and one with liver metastases). 
Three patients have died because of primary rectal 
cancer disease and two of other causes (myocardial 
infarction and pancreatic cancer). 

Cumulative 2-year LC, DFS, and OS were 100%, 
90% (95% CI 98.4–81.6), and 92.2% (95% CI 99.6–

FIGURE 2. Distribution of patients through the trial.

CRT = radiochemotherapy; RT = radiotherapy

TABLE 2. Influence of potential prognostic factors on overall 
survival (OS) and disease free survival (DFS)

Prognostic factor OS DFS

Age ns ns

Gender ns ns

WHO PS
Tumour grade

ns
ns

ns
ns

cTumour stagea ns ns

cNodal stagea ns ns

TRG
TRG prognostic group
pTumour staged

pNodal staged

ns
ns
ns

p = 0.005

ns
ns
ns

p = 0.039
pCRf

Adjuvant chemotherapyg 

5-6 vs. ≤4 cycles* 
ns

p = 0.009
ns

p = 0.012

TRG = tumour regression grade23; WHO PS = WHO performance status; 
f – pathologic complete response; g – chemotherapy; * calculated for 
36 patients with indication for adjuvant chemotherapy; ns = not specific 
(p > 0.05).

a according the AJCC, 7th edition22
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84.7), respectively. The possible influence of po-
tential prognostic factors on OS and DFS was de-
termined by means of the log-rank test (Table 2). 
There was no link between gender, age, perfor-
mance status, cT, cN, pT, or TRG and survival. 
Patients with pN2 had significantly worse OS and 
DFS (Figure 3). In the group of 36 patients that had 
an indication for adjuvant chemotherapy, we found 
that the patients who received 5–6 cycles of chemo-
therapy had significantly better OS and DFS com-
pared with ≤ 4 cycles of chemotherapy (Figure 3). 
We found a trend toward different OS for patients 
in different TRG prognostic group, although non-
significant. Two-year OS’s for good (TRG 4), inter-
mediate (TRG 2–3,) and bad (TRG 0–1) prognostic 
groups were 100%, 93.3%, and 83.3%, respectively 
(p = 0.426). Local control, 2-year OS, and 2-year 
DFS were all 100% for 12 patients with pCR.

Discussion

The main limiting factor in the preoperative treat-
ment of locally advanced rectal cancer is acute tox-
icity – mainly gastrointestinal – which has been 
preventing the intensification of standard radio-
chemotherapy for rectal cancer in the last decade. 
To date, only few prospective studies have used 
the dosimetric advantage of IMRT-SIB for preoper-
ative treatment intensification of locally advanced 
rectal cancer.10-15 With our experimental preopera-
tive fractionation regime without dose escalation, 
with standard capecitabine, we report lower acute 
toxicity rates and comparable treatment results to 
these dose-escalated studies.

In a previous publication, we reported a very 
low acute toxicity profile with only 2.4% G3 acute 
toxicities16, which is lower than two comparable 
studies with capecitabine. In a Chinese study, 41.8 
Gy was delivered to an elective volume in 22 frac-
tions and the tumour-involved lymph nodes re-
ceived 50.6 Gy.10 The pelvis received 46 Gy in 23 
fractions in a Spanish study with simultaneous 

dose escalation to 57.5 Gy to macroscopic disease.12 
Authors reported 14% and 7.6% G ≥ 3 acute tox-
icity rates, respectively. In two drug concomitant 
chemotherapy (oxaliplatin/capecitabine) dose-es-
calation trials, the toxicity rates were even higher, 
up to 44.4%.13-15

The shorter treatment time in our trial resulted 
in 25.5% pCR and excellent downstaging rates of 
68% and 83% for T and N stages, respectively. In 
our historic cohort with 3D CRT rates of pCR, T, 
and N downstaging were 9%, 40%, and 52.9%, re-
spectively.24 Our pCR rate did not significantly dif-
fer from the 31% and 30,6% rates in the Chinese 
and Spanish trials, but was significantly higher 
compared to our historic cohort. 

We observed improved results with a BED simi-
lar to standard preoperative treatment. Because of 
a strong positive correlation between pCR and the 

TABLE 3. Comparison of tumour regression grade in patients with R0 resection

IMRT-SIB But-Hadzic et al.16

N = 46
3D CRT Focas et al.32

N = 385 p
IMRT-SIB But-Hadzic et al.16

N = 46
IMRT-SIB Li et al.10

N = 58 p

TRG 4 12 (26%)   40 (10%) 0.004 12 (26 %) 19 (33 %) 0.302

TRG 2–3 29 (63%) 254 (66%) 0.404 29 (63 %) 20 (35 %) 0.003

TRG 0–1   5 (11%)    91 (24%) 0.031    5 (11 %) 19 (32 %) 0.007

3D CRT = 3D conformal radiotherapy; IMRT-SIB = intensity modulated radiation therapy with simultaneous boost; TRG = tumour regression grading23

A

B

C

D

FIGURE 3. Prognostic significance of pathologic nodal stage (pN) on 2-year 
disease-free survivala, overall survivalb, prognostic significance of the received 
number of adjuvant chemotherapy cycles in patients without pCR on 2-year 
disease-free survivalc, and overall survivald in rectal cancer after preoperative 
radiochemotherapy and surgery.
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dose of radiation25, we believe that there are mul-
tiple factors positively influencing the results of 
our trial. Firstly, if the time factor in our calcula-
tions is underestimated due to a short lag-period26, 
the BED of our fractionation regime is higher and 
improvement is achieved due to a steep dose re-
sponse curve. Secondly, in historic 3D CRT trials, 
pretreatment pelvic MRI was not mandatory27 and 
the clinical stage was unreliable. Even in the era of 
MRI, only recently has cN begun being determined 
according to morphology.28 Thirdly, there was a 
huge improvement in the precision of the radio-
therapy process in recent years. In our study proto-
col, we tried to minimize the dosimetric impact of 
inter-observer variability29 by using detailed con-
touring guidelines and a co-registered planning 
MRI30 when available. A non-uniform safety mar-
gin was applied and IGRT was used. In our previ-
ous 3D CRT trial, the contouring guidelines were 
more loose and GTV was contoured according to 
CT, since MRI was done only in 5% of patients.24 A 
uniform 1 cm safety margin was used, not counting 
for organ motion, and the patient position was ver-
ified with weekly portal films only. Consequently, 
systematic errors were substantial and could have 
contributed to poorer results.

Our tumour downstaging rate is compara-
ble to the Chinese trial; but in a Spanish trial, the 
rate was higher (76.4%) with a higher dose esca-
lation.10,12 In both studies, an additional boost was 
applied to the involved lymph nodes with only a 5 
mm margin and position verification with weekly 
portal films in the Chinese and a daily cone beam 
CT in the Spanish trial. Our N-downstaging rate is 
similar to that in the Chinese research and higher 
than the Spanish trial despite lower BED, which 
suggests that an additional boost to the involved 
lymph nodes is not mandatory. Another explana-
tion of these results would be that the 5 mm margin 
around the nodal GTV that was used in both of the 
other trials was not sufficient to adequately cover 
the affected nodes with the boost dose and the N 
downstaging rate could have been higher.

Since the pCR rate has a poor treatment prognos-
tic value31 and the downstaging comparison with 
historic trials is not reliable, we performed a com-
parison of three prognostic groups according to 
late results of CAO/ARO/AIO-94 trial. They found 
a significant impact on 10-year DFS for the good 
(TRG 4), intermediate (TRG 2–3), and bad (TRG 
0–1) response groups. We compared the propor-
tions from our study to comparable preoperative 
studies with concomitant capecitabine (Table 3). 
In comparison to 3D CRT32, we achieved a higher 

pCR rate (TRG 4; p = 0.004) and observed less bad 
responses to treatment (TRG 0–1; p = 0.031) with 
an equal proportion of patients in the intermediate 
prognostic group. In comparison with dose-escala-
tion IMRT-SIB preoperative treatment10, we didn’t 
find a significant difference in the good prognostic 
group, but the proportion of patients with an inter-
mediate response was higher (p = 0.003) with fewer 
patients exhibiting a bad response in our study (p 
= 0.007), which could be a consequence of a more 
precise radiotherapy procedure.

We report an excellent 2-year LC of 100%, and 
2-year DFS and OS of 90% and 92,2%, respective-
ly. The results are comparable to more intensified 
preoperative treatment regimes with reported 
2-3-year LC 70–100%, DFS 86–95% and OS 64–96%. 
In concordance with other studies, we found pN to 
be the main prognostic factor on OS and DFS27; no 
association between pCR and survival; and an ex-
cellent prognosis for pCR group of patients (2-year 
LC, DFS, and OS all 100%). The main limitations of 
our study are the lack of randomization, the small 
sample size, and no long-term follow-up. Longer 
follow-up of the patients is needed to determine if 
excellent early results will translate to improved 
long-term results, and to determine the impact of 
our treatment protocol on late toxicity and QoL.

In conclusion high rate of pCR and downstag-
ing after preoperative treatment of LARC with 
IMRT-SIB in 22 fractions without dose escalation, 
concomitant with capecitabine, translated into ex-
cellent 2-year LC, DFS, and OS (100%, 90%, and 
92.2%, respectively). With the presented results, we 
have confirmed the superiority of our study to the 
conventional preoperative regimen.5,24 Because of 
similar results to other IMRT trials and lower acute 
toxicity profile, our experimental regime is eligible 
for testing treatment intensification with a second 
drug in order to further improve the treatment ef-
ficacy.
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Background. The majority of rectal cancers are discovered in locally advanced forms (UICC stage II, III). Treatment 
consists of preoperative radiochemotherapy, followed by surgery 6–8 weeks later and finally by postoperative chemo-
therapy. The aim of this study was to find out if tumor regression affected long-term survival in patients with localy 
advanced rectal cancer, treated with neoadjuvant radiochemotherapy.
Patients and methods. Patients with rectal cancer stage II or III, treated between 2006 and 2010, were included 
in a retrospective study. Clinical and pathohistologic data were acquired from computer databases and informa-
tion about survival from Cancer Registry. Survival was estimated according to Kaplan-Meier method. Significance of 
prognostic factors was evaluated in univariate analysis; comparison was carried out with log-rank test. The multivari-
ate analysis was performed according to the Cox regression model; statistically significant variables from univariate 
analysis were included. 
Results. Two hundred and two patients met inclusion criteria. Median follow-up was 53.2 months. Stage ypT0N0 
(pathologic complete response, pCR) was observed in 14.8% of patients. Pathohistologic stage had statistically signifi-
cant impact on survival (p = 0.001). 5-year survival in patients with pCR was>90%. Postoperative T and N status were 
also found to be statistically significant (p = 0.011 for ypT and p < 0.001 for ypN). According to multivariate analysis, 
tumor response to neoadjuvant therapy was the only independent prognostic factor (p = 0.003).
Conclusions. Pathologic response of tumor to preoperative radiochemotherapy is an important prognostic factor 
for prediction of long-term survival of patients with locally advanced rectal cancer. 
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Introduction

Combined chemoradiotherapy (CRT) followed by 
total mesorectal excision (TME) is the standard 
treatment for patients with locally advanced rec-
tal cancer.1 This approach led to significantly en-
hanced tumor control, with local recurrence rates 
of < 10%. 

Preoperative chemotherapy induces changes 
in both gross appearance of the surgical specimen 
and its pathological features. Pathologic tumor re-
sponse to therapy is an important prognostic factor 
for long-term prognosis. Moreover, patients with 

complete pathologic response to neoadjuvant treat-
ment have much better prognosis than patients 
with less or no response.2 The rate of response is 
better in neoadjuvant CRT compared with long 
course RT, and possibly absent in short course RT 
with immediate surgery. In fact, maximal response 
of the radiation occurs only several weeks after its 
end.3 For that reason surgery has been delayed until 
6‒12 weeks following neoadjuvant CRT.4,5 The use 
of neoadjuvant CRT leading to tumor shrinkage 
increases the likelihood of performing a sphincter 
preserving surgery and increases circumferen-
tial and distal margins in surgical specimen with 
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reduction of lymphatic and vascular invasion.6-9 
Chemoradiation induces a tumor downstaging ef-
fect, which potentially improves the feasibility of 
a complete resection with benefits in local disease 
control. However, the type and remission rate to 
neoadjuvant CRT remains considerably variable. 
While some patients may not respond, others may 
even have progression of disease. Other group of 
patients experiences downstaging and 15–25% has 
surgical specimens without any viable tumor cells, 
a condition referred to as pathologic complete re-
sponse (ypCR).10,11,12

The aim of this study was to find out if tumor 
regression affected long-term survival in patients 
with localy advanced rectal cancer, treated with 
neoadjuvant radiochemotherapy. 

Patients and methods

Our retrospective research included patients with 
locally advanced rectal cancer (stage II, III), treat-
ed in Clinical Department of Abdominal Surgery, 
University Medical Centre Ljubljana between 2006 
and 2010. The study was approved by institutional 
board, informed consent was obtained from all pa-
tients and all procedures were performed accord-
ing to the guidelines of the Helsinki Declaration.

After analysing available medical documenta-
tion and considering exclusion criteria (stage I or 
IV at diagnosis; noninvasive tumors, tumors in 
situ, inoperable tumors, nonradical resection (R1, 
R2), reoperation because of tumor recurrence), two 
hundred and two patients were selected for analy-
sis.

Relevant patients’ data were: age, sex, type of 
operation, survival, preoperative stage established 
by MRI (cTNM), type of neoadjuvant therapy and 
pathohistological findings. The latter allowed for 
a classification of the anatomical extent of the dis-
ease according to the 7th ed. of the UICC TNM clas-
sifiation.13 Histopathological regression grade of 
the primary tumor after neoadjuvant radiochemo-
therapy, was assessed according to Dworak regres-
sion scale.14 

Survival data were provided by Cancer regis-
try. Kaplan-Meier method was used to analyse 
survival. Significance of prognostic factors was 
evaluated with univariate analysis and log-rank 
test. Statistically sigificant variables from univari-
ate analysis were used in multivariate analysis; 
with Cox regression model independent variables 
with effect on long-term survival of rectal cancer 
patients were pointed out.

All statistical analyses were carried out with 
statistical program SPSS 19.0.0 (SPSS Inc, Chicago, 
USA). A p value < 0.05 was considered statistically 
significant.

Results

Two hundred and two rectal cancer patients were 
included in the research. There were 114 (56.4%) 
male and 88 (43.6%) female. The median age was 
62.5 years (range 33‒86). Median follow up was 
53.2 months (range 29‒88). According to preop-
erative diagnostics (physical examination, labo-
ratory tests, chest radiography, ultrasound of ab-
domen and MRI of pelvis) TNM stage was estab-
lished. Thyrty eight patients (18.5%) had stage II 
and 164 (81.5%) stage III of the disease. They all 
received neoadjuvant treatment: long-course ra-
diotherapy (radiation of totally 50.4‒54 Gy) and 
most of them additional chemotherapy (5-fluo-
rouracil or capecitabine). Six to eight weeks after 
finishing preoperative treatment all patients un-
derwent total mesorectal excision (TME) surgery. 
One hundred and fifty-two (75%) patients had low 
anterior resection, of which 2 were without creat-
ing anastomosis (Hartmann resection) and 1 was 
laparoscopic. Fifty-two (25%) patients underwnet 
abdominoperineal excision. One hundred and 
sixty-eight (83%) patients received postoperative 
5-FU based chemotherapy. The rest 17% of patients 
did not receive adjuvant therapy because of post-
operative complications, preexisting comorbidities 
or favourable patohistological results.

Pathohistological findings of resected specimens 
revealed: 31 patients (15.3%) with complete tumour 
response in rectal wall (ypT0). Other results were: 
ypT1 in 13 patients (6%), ypT2 in 46 (23%), ypT3 in 
104 (52%) and ypT4 in 7 patients (4%), respectively.

Lymph nodes in resected specimens: in 133 pa-
tients (66%) no tumor cells were found in them 
(ypN0) and in the 69 patients (34%), the lymph 
nodes were positive.

After neoadjuvant therapy, TNM stage was 
reassessed. thirty patients (14.8%) achieved final 
stage 0 (ypT0N0), which means complete patho-
logic response to preoperative treatment. Other 
tumors responded as follows: pooperative stage I 
was achieved in 45 patients (22.3%), stage II in 52 
(25.8%), stage III in 63 (31.2%) and stage IV in 12 
patients (5.9%).

Analysing closely the group of patients with 
complete pathological response (ypT0N0), 17 of 
them (57%) had preoperatively stage II disease and 
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13 (43%) stage III. Preoperative stage T was follow-
ing: cT2 in 6 patients (20%), cT3 23 (77%) and cT4 
1 patient (3%). Lymh nodes were preoperatively 
negative in 17 patients (57%) and cN1 was estab-
lished in 13 (43%). In none of the patients with 
pathological complete response cN2 was detected 
preoperatively, (Table 1, Figure 1). 

The results show that patients with complete 
pathological response (ypT0N0) have excellent 
prognosis, as 5-year survival rate exceeds 90%, 
(72% in postoperative stage II ad 57% in postop-
erative stage III). Statistically significant are also 
differences in survival according to preoperative 
T stage (p = 0.011) and preoperative N stage (p < 
0.001). If tumor cells are found in resected speci-
mens, it means worse prognosis, as 5-year survival 
rate falls from 80 % in ypN0 to 65% in ypN1 and 
only 30% in ypN2. 

According to univariate analysis, statistically 
important variables were pooperative stage and 
pooperative T and N. We used proportional haz-
ards model or the Cox regression to check, if any 
of aforementioned variables, including response to 
preoperative therapy (considered as postoperative 
downstaging), act as independent prognostic fac-
tors in predicting survival in patients after neoad-
juvant therapy. The results are shown in Table 2. 
ypT, ypN and postoperative stage do not act as in-
dependent variables. The only statistically signifi-
cant independent prognostic factor is the response 
to neoadjuvant therapy (p < 0.003). 

Figure 2 shows differences in survival accord-
ing to response to neoadjuvant therapy in group 
of patients with preoperative stage II, compared 
to group of patients with preoperative stage III. 
Survival is statistically significantly better if pa-
tients respond to neoadjuvant therapy. 

TABLE 1. Results of survival analysis

Median survival
[years]

95% confidence
interval p (log rank)

Pooperative stage 0 6.6 6.1–7.1

0.001

pooperative stage I 6.4 5.8–6.9

Pooperative stage II 5.5 4.9–6.1

Pooperative stage III 4.9 4.3–5.6

Pooperative stage IV 3.7 2.8–4.6

ypT0 6.6 6.1–6.7

0.011

ypT1 6.0 5.2–6.9

ypT2 6.1 5.5–6.7

ypT3 5.3 4.8–5.8

ypT4 3.9 2.0–5.8

ypN0 6.1 5.8–6.5

< 0.001ypN1 5.2 4.4–6.0

ypN2 3.7 3.0–4.4

Preoperative stage II 5.8 5.0–6.6
0.389

Preoperative stage III 5.6 5.1–6.0

TABLE 2. Results of multivariate analysis

Hazard ratio 95% confidence interval p

ypT 1.307 0.847–2.014 0.226

ypN 1.507 0.935–2.428 0.092

Postoperative stage 1.268 0.793–2.027 0.793

Downstaging (response 
to preoperative therapy) 2.725 1.4–5.3 0.003

FIGURE 1. Survival according to (A) postoperative T (ypT), (B) postoperative N (ypN) and (C) postoperative stage (yS).

A B C
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Discussion

Evaluating tumor response to neoadjuvant radio-
chemotherapy only on the basis of downstaging 
can be misleading. Tumor can decrease in size sig-
nificantlly (for example from preoperative T3 to 
postoperative T2), but there may be no evident tu-
mor regression, which means considerable mass of 
tumor cells in macroscopically small tumor. On the 
other hand, despite of no downsizing after neoad-
juvant therapy, there may be good regression and 
very few or no tumor cells are found in the resected 
surgical specimen.10,14

Complete pathologic response (pCR), which 
means stage ypT0N0 or in other words no tumor 
cells in resected surgical specimen, can be detected 
in 7‒30% of patients with locally advanced rectal 
cancer, treated with neoadjuvant therapy.2,7,8 Our 
results are comparable with those studies, as we 
detected 14.8% of pCR. Using statistical analysis, 
we found out that pCR means excellent prognosis, 
as 5-year survival rate turned out to be >90% (p = 
0.001). Meta analysis of 12 larger studies worldwide 
reports 90.2% 5-year survival rate in pCR patients 
(p = 0.0001)15; similar percentage (90% or more) is 
mentioned in various other studies2,4,16, while oth-
ers failed to prove relation between pCR and better 
survival.15 In the literature, strong evidence exists 
that patients with pCR have very few local recur-
rences (2‒5% in 5 years) and that there are statisti-
cally significant differences, if groups of patients 
with pCR are compared to those who failed to re-
spond to preoperative treatment.4,16 It is important 
to state that in some no local recurrences at all were 
found in groups of pCR patients.6,17 Nevertheless, 
regardless of no local recurrences, chance of distant 
metastases still exists. Primary tumor can com-
pletely respond to neoadjuvant therapy, but the 
problem is distant micrometastatic focuses, which 
can stay undetected in the time of primary diag-
nostics. They can respond to neoadjuvant therapy 
or not, in the latter case they remain the source of 
tumor cells even after successful neoadjuvant treat-
ment at the site of primary tumor.15,18

According to our research, pT, pN and postop-
erative stage all importantly affect survival. Lower 
pT, no tumor cells in resected lymph nodes and 
lower postoperative stage mean better prognosis (p 
= 0.011; < 0.001 and 0.001 for pT, pN and postopera-
tive stage, respectivelly). Nevertheless, none of men-
tioned variables proved to be statistically significant 
in multivariate analysis. The only prognostic factor, 
which acts as independend variable, was response 
to neoadjuvant therapy, in other words downstag-

ing (p = 0.003). Tumor deposits in local lymph nodes 
almost invariably mean worse prognosis. 

An interesting finding is that in approximately 
17% of patients with ypT0, tumor cells in perirec-
tal lymph nodes can still be found. These patients 
act similar as group of patients with no response to 
neoadjuvant therapy.6,19 

There remains an open question why achieving 
pCR means good prognosis. pCR is achieved in tu-
mors, which themselves have a favourable biologi-
cal profile with lesser susceptibility to local recur-
rences or distant metastases. Various trials tried to 
find possible biological markers for pCR.2,11,19 

Considering data exist about excellent progno-
sis in patients with pCR but a question about most 
appropriate therapy in patients with pCR is still 
unanswered. Could neoadjuvant radiochemother-
apy without surgery suffice or might less extensive 
operation, for example transanal local excision be 
a better option for them?1,19,20 There are many rea-
sons against TME: it is a mutilating procedure with 
significant mortality and many long-term conse-
quences (fecal incontinence, urinary and sexual 
dysfunction). But on the other hand, without sur-
gery we can not reliably assess pCR as accuracy of 
other methods for assesment of tumour response 
to preoperative treatment is low.12

Is there any possibility to assess preoperatively, 
whether patients responded to treatment com-
pletely and all tumor cells were destroyed? Clinical 
complete response (cCR) represents a list of clinical 
and endoscopic characteristics: whitening of rectal 
wall mucosa, telangiectasias within mucosa, scars 
in rectal wall, seen as light stiffness of the wall dur-
ing the insuflation. If an ulceration, palpable node 
or stenosis are found during examination, it means 
incomplete clinical response.12 Two different terms 

FIGURE 2. Survival according to response to neoadjuvant therapy (0: no response, 
1: response): (A) group of patients with preoperative stage II, (B) group of patients 
with preoperative stage III.
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are used: initial cCR, which is assessed immedi-
ately after neoadjuvant therapy, and sustained cCR, 
when cCR is mantained for 10 weeks ‒ 12 months 
after completing chemoradiotherapy. The problem 
of this approach is that we do not know anything 
about nodal status. Namely, in lymph nodes resid-
ual tumor cells may still be present.18 Brasilian re-
searchers were the first to introduce so-called »wait-
and-see« approach in selected group of patients.16,19 
Those patients were not operated, yet were closely 
followed. Follow up consisted of clinical examina-
tion, rigid proctoscopy, biopsies and measurements 
of serum CEA levels. In this trial only 99 patients 
with sustained cCR were included. 5-year overall 
survival was 92.7% and 5-year disease free survival 
85%, which is comparable with results in operated 
patients. According to the results of exsistent trial 
they concluded that »wait-and-see« is safe and suc-
cessfull method, but only in carefully selected pa-
tients with low-rectal carcinoma and good response 
to neadjuvant therapy.16,19 

Dutch research group defined cCR on the basis 
of MRI and endoscopy as follows: on MRI no re-
sidual tumor is detected or only fibrosis is present; 
there are no suspicious lymh nodes; endoscopi-
cally there can be no residual tumor seen; biopsy 
must be negative; if in the beginning tumor is pal-
pable at the digitorectal examination, it should be 
undetectable at the same examination after neoad-
juvant therapy. Their testing group numbered 21 
patients: oncological outcome was comparable to 
the outcome in operated patients, 2-year survival 
was 100%, local recurrence was detected in 2%. 
Moreover, unoperated patients had significantly 
less functional complications. Researchers put 
stress on the importance of assessing nodal status 
after neoadjuvant therapy when making a decision 
whether certain patient is appropriate for »wait-
and-see« approach. They used MRI to assess nodal 
status, which was not the case in Brasilian trial. 
Consequently, the latter included more patients 
with undetected residual tumor cells in lymph 
nodes. It might be the reason why oncological out-
come in brasilian trial is worse than in the Dutch 
one.21 Other trials did not present such good results 
of »wait-and-see« approach, in fact they noted sig-
nificantly more local recurrences (23‒83%) while 
long term survival could be compared to long term 
survival in operated patients. 

One must point out the limitations of current 
researches: many of them are small, retrospec-
tive studies with relative short follow-up, there-
fore more extensive trial should be carried out 
in the future. The most appropriate would be a 

prospective randomised clinical trial to compare 
»wait-and-see« approach to standard neoadjuvant 
radiochemotherapy with total mesorectal excision 
of rectal cancer. However, random patient assign-
ment to either of research groups could be ques-
tionable. An American retrospective trial, which 
assessed the percentage of patients with preopera-
tively determined cCR that actually achieved pCR, 
determined postoperatively. Only a fourth of cCR 
patients achieved also pCR, what points out, how 
important is careful selection of patients, suitable 
for nonoperative treatment.12,22

Our research allowed us to demonstrate that 
patients with good response to preoperative radio-
chemotherapy have better prognosis and less re-
currences or distant metastases. For them, benefits 
of neoadjuvant therapy are indisputable. Existent 
research should be a basis for further researches, 
with which predictive factors of good or poor res-
pose to radiochemotherapy in a population of pa-
tients with locally advanced rectal cancer could be 
defined. In a population there are always patients 
with poor or no response to neodjuvant therapy. 
It is proven that preoperative radiochemotherapy 
generally (except for patients with pCR) does not 
improve overall survival. It certainly diminishes 
possibility of local recurrences, but the main cause 
of death in rectal cancer patients are usually distant 
metastases, which can not always be prevented by 
neoadjuvant therapy.18 Many studies show that 
high quality of radical total mesorectal excisions 
overweights multimodal treatment. The question 
remains whether chemotherapeutics and radiation 
are really so vital for rectal cancer patients. The 
fact is that with quality radical mesorectal excision 
all tumor tissue and lymph nodes are removed.23 
TME is mutilating procedure which causes many 
functional disabilities, but on the other hand radio-
chemotherapy also has its side effects. One of them 
are long-term effects because of nerve and vascular 
damage in perirectal area, which means worsening 
of anorectal function. It can be much worse after 
radiochemotherapy than after TME alone.24,25 In 
the future surveys on posttreatment quality of life 
is necessary to define most appropriate approach 
with best oncological and functional outcome in 
patients, who respond to treatment poorly or do 
not respond at all. 
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Background. Laparoscopic liver resection (LLR) of colorectal liver metastases (CLM) is increasingly performed in 
specialized centers. While there is a trend towards a parenchyma-sparing strategy in multimodal treatment for CLM, 
its role is yet unclear. In this study we present short- and long-term outcomes of laparoscopic parenchyma-sparing 
liver resection (LPSLR) at a single center.
Patients and methods. LLR were performed in 951 procedures between August 1998 and March 2017 at Oslo 
University Hospital, Oslo, Norway. Patients who primarily underwent LPSLR for CLM were included in the study. LPSLR 
was defined as non-anatomic hence the patients who underwent hemihepatectomy and sectionectomy were 
excluded. Perioperative and oncologic outcomes were analyzed. The Accordion classification was used to grade 
postoperative complications. The median follow-up was 40 months.
Results. 296 patients underwent primary LPSLR for CLM. A single specimen was resected in 204 cases, multiple resec-
tions were performed in 92 cases. 5 laparoscopic operations were converted to open. The median operative time was 
134 minutes, blood loss was 200 ml and hospital stay was 3 days. There was no 90-day mortality in this study. The post-
operative complication rate was 14.5%. 189 patients developed disease recurrence. Recurrence in the liver occurred 
in 146 patients (49%), of whom 85 patients underwent repeated surgical treatment (liver resection [n = 69], ablation 
[n = 14] and liver transplantation [n = 2]). Five-year overall survival was 48%, median overall survival was 56 months.
Conclusions. LPSLR of CLM can be performed safely with the good surgical and oncological results. The technique 
facilitates repeated surgical treatment, which may improve survival for patients with CLM.
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Introduction

Colorectal cancer is the third most common cancer 
worldwide.1 Liver resection is considered the only 
curative treatment for colorectal liver metastases 
(CLM), with postoperative 5-year survival rates 
of 30–58%.2-5 Parenchyma-sparing liver resection 
(PSLR) has, in many centers, become an essential 
part of multimodal treatment of CLM. The paren-

chyma-sparing approach allows radical resection 
with maximum preservation of liver parenchyma, 
thereby decreasing the risk of postoperative liver 
failure and facilitating repeated resections in the 
case of liver recurrence.6-13

Laparoscopic liver resection (LLR) has progres-
sively developed during the past two decades and 
the advantages are well-known.14-20 Our experience 
in LLR has been reported previously.18,21-27 The 
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short- and long-term outcomes after laparoscopic 
parenchyma-sparing liver resection (LPSLR) for 
CLM have been minimally reported in the litera-
ture.28-30 In this study we report short and long-
term outcomes after 18 years of LPSLR for CLM in 
a single center.

Patients and methods

Rikshospitalet is the tertiary referral center for 
hepato-pancreato-biliary surgery for the South-
Eastern Regional Health Authority in Norway. 
Between August 1998 and March 2017, LLRs were 
performed in 951 procedures. Of these, patients 
who primarily underwent LPSLR for CLM be-
tween August 1998 and March 2016 were identi-
fied from the continuously updated database and 
included in the study. Patients who previously un-
derwent open liver resections were excluded from 
the study. LPSLR was defined as non-anatomic 
laparoscopic liver resections. In one case LPSLR 
was performed in a patient with a transplanted 
liver. Patients who underwent hemihepatectomy 
or sectionectomy were excluded, as were patients 
with planned two-stage procedures. Data were col-
lected from Electronic Health Records. The study 
was performed in accordance with the Declaration 
of Helsinki, and all patients signed informed con-
sent for the procedures. 

Standard preoperative investigations included 
contrast-enhanced X-ray computed tomography 
(CT) scans of the thorax and abdomen, clinical 
biochemistry, magnetic resonance imaging (MRI) 
of the liver (if required) and positron emission to-
mography (PET) scan (if required). 

Synchronous CLM was defined as liver metas-
tases detected within 12 months of diagnosis of the 
primary CRC, otherwise metastases were defined 
as metachronous.

The surgical technique for LLR at our centre 
has been described previously.18,21 Laparoscopic 
ultrasonography and advanced laparoscopic 
equipment were preconditions. The main dis-
section instruments were LigaSure® (Covidien, 
Mansfield, MA, USA), Thunderbeat® (Olympus, 
Tokyo, Japan) or Cayman® (B.Braun, Melsungen, 
Germany), sometimes assisted by ultrasonic aspi-
rators, mainly CUSA® (Integra, Cincinnati, OH, 
USA), SonoSurg aspirator® (Olympus, Tokyo, 
Japan) and Söring aspirator® (Söring, Quickborn, 
Germany). Ultrasonic dissectors, as Sonicision® 
(Covidien, Mansfield, MA, USA) or Harmonic 
Scalpel® (Ethicon, Sommerville, NJ, USA) were 

mostly used to achieve a superficial parenchymal 
transection. Surgical clips and the LigaSure® were 
used in small and medium-sized vessel transec-
tions, whereas the Endo-GIA®(Covidien, Inc.) was 
applied for transection of major vessels. 

Non-steroidal anti-inflammatory drugs and 
intravenous paracetamol were used for postop-
erative analgesia. Opioids were given if required. 
Patients were encouraged to mobilize early and re-
sume oral intake as soon as tolerated. 

Tumor size was measured following specimen 
fixation in formaldehyde during the histopatho-
logic analyses of resected specimens. The distance 
from the tumor to the resection margin was meas-
ured macroscopically and microscopically after 
fixation. All resection margins were assessed mi-
croscopically with regard to tumor tissue, a resec-
tion margin of less than 1 mm was defined as posi-
tive (R1). In cases where multiple resections were 
performed, the narrowest resection margin was 
recorded.

Postoperative complications were categorized 
in accordance to the Accordion classification.31,32

Patients were treated with neoadjuvant and 
adjuvant chemotherapy following national guide-
lines. The data are presented as median (range) 
and/or number (percentage). Overall survival was 
estimated from liver resection until death and 
recurrence-free survival was estimated from liver 
resection until the first registered recurrence of the 
disease or progression in cases with extrahepatic 
metastases. Survival probabilities were calculated 
using the Kaplan–Meier method. SPSS software 
(IBM Corp. Released 2013. IBM SPSS Statistics for 
Windows, version 22.0, Armonk, NY, USA: IBM 
corp) was used for statistical analysis.

Results
Perioperative data

Between August 1998 and March 2016, a total of 296 
patients underwent LPSLR as the primary surgical 
treatment for CLM at Oslo University Hospital. 
Baseline characteristics are summarized in Table 1. 
Resection of solitary metastases was performed in 
204 patients (69%), multiple resections were per-
formed in the remaining 92 patients (31%). Two 
concomitant liver resections were performed in 
66 cases, three resections in 12 cases, four resec-
tions in 12 cases, five and seven resections in the 
two remaining cases. In total, 432 liver specimens 
were resected in 296 procedures. Median resection 
margin was 3 mm (range 0 to 30 mm). The total 
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number of removed lesions was 448 and the me-
dian diameter was 22 mm (range: 4 to 80 mm). The 
resected tumors were located in all liver segments 
(Table 2).

Five procedures (1.7%) were converted to open 
surgery. The reason for conversion was hemor-
rhage (n = 3), unfavorable location of tumor (n 
= 1) and small intestine perforation (n = 1). In 20 
cases LPSLR was combined with ablation (n = 18) 
or cryoablation (n = 2). 11 patients underwent syn-
chronous resections for colorectal cancer. Median 
operative time was 134 min (20–373), while median 
blood loss was 200 ml (<50–4000). Postoperative 
complications developed in 43 patients (14.5%) and 
were graded according to the expanded Accordion 
classification (Table 2). The median hospital stay 
was 3 days (range: 1–35). There was no 90-day mor-
tality in this study. Perioperative adverse events 
are described in Table 2.  

Long-term outcomes

Median observation time was 40 months (4 to 191). 
Twenty-one patients had extrahepatic metastases 
(16 with lung metastases, two with metastases on 
the peritoneum, two with the metastases in the 
brain and the lungs, and one with metastasis in the 
spine) at the time of liver resection. 

Disease recurrence or progression of extrahe-
patic metastases occurred in 189 (64%) patients on 
a median follow-up of 6 months. Recurrence in the 
liver occurred in 146 (49.3%) patients with a median 
follow-up of 6 months, including 7 patients (2.3%) 
who experienced local recurrence. Isolated hepatic 
recurrences developed in 75 patients. The most 
common sites of recurrence were liver, lungs, peri-
toneum and brain. A total of 69 patients underwent 
repeated liver resections, of whom 43 had laparo-
scopic and 26 had open resections. Additionally, 
14 patients underwent secondary radiofrequency 
ablation and two patients had liver transplantation 
for liver recurrences (Table 3). 

Median overall survival was 56 months One-
, three- and five-year overall survival rates were 
97%, 68% and 48%, respectively (Figure 1). 

One-, three- and five-year recurrence-free sur-
vival was 50%, 36% and 34%, while the median 
recurrence-free survival was 12 months (Table 3).

Discussion

In this study, we report a single center experience 
of LPSLR for CLM. In 1960’s and 1970’s the major-

TABLE 1. Patient characteristics (N = 296)

Age, years, median (range) 66 (29–89)

Gender (female/male) 110/186

BMI, kg, median, (range) 25 (16–42)

ASA score 2 (1–3)

Synchronous/metachronous 224/72

Neoadjuvant chemotherapy yes/no/no information 122/168/6

Preoperative CEA, median (range) 12 (1–498)

Extrahepatic disease at the time of liver resection, n (%) 21 (7.1)

Liver involvement (unilobar/bilobar) 233/63

ASA = American Society of Anestesiology; BMI = body mass index; CEA = carcino-embryonic 

antigen

TABLE 2. Intraoperative details and postoperative complications

Operative time, min, median (range) 134 (20-373)

Blood loss, ml, median (range) 200 (<50-4000)

No. of resected specimens pr. procedure, 1/ 2/ 3/ 4/ 5/ 7 
Total

204/ 66/ 12/ 12/ 1/ 1
432

Total No. of removed lesions 448

Max diameter of lesions, mm, median d (range) 22 (4-80)

Resection margin, R0 / R1 (n=294)
Median, mm (range)

239 / 55
3 (0-30)

Conversion to open access, n (%) 5 (1.7)

Combination with RFA or cryoablation, n (%) 20 (6.7)

Simultaneous resection with primary, n (%) 11 (3.7)

Postoperative complications, Accordion, n (%)
Grade 2 / Grade 3 / Grade 4 / Grade 5

43 (14.5)
19/ 14/ 8/ 2 

Postoperative hospital stay, days, median (range) 3 (1-35)

RFA = Radiofrequency ablation

TABLE 3. Long-term outcomes

Disease recurrence, n (%) 189 (64)

Liver recurrence, n (%) 146 (49.3)

Isolated liver recurrence, n (%) 75 (25.3)

Recurrence in resection bed, n (%) 7 (2.3)

Repeat liver resection, n (%) 69 (23.3)

Secondary RFA, n (%) 14 (4.7)

Median overall survival, months (95% confidential interval) 56 (46-66)

3-year overall survival rate, % 68

5-year overall survival rate, % 48

3-year recurrence-free survival rate, % 36

5-year recurrence-free survival rate, % 34 

RFA = Radiofrequency ablation
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ity of patients with CLM (70–80%) were never can-
didates for resection, but nowadays a large portion 
of patients undergo surgery due to significant im-
provements in preoperative investigations, surgi-
cal techniques, anesthesia, chemotherapy regimens 
and the expansion of resectability criteria.4,5 Based 
on oncologic reasoning at that time, hemihepatec-
tomies were considered the only curative option in 
patients with CLM. Nevertheless, over the years, 
PSLR has increasingly been used for CLM.6,33 There 
are two main reasons for this: the evolution of the 
concept of resectability and the increased knowl-
edge on tumor biology.34,35 

Over the past decades, the concept of tumor 
resectability in CLM has changed significantly. 
While in the 1970s, resection was considered only 
in patients with solitary liver metastasis, nowadays 
resection of CLM is considered regardless of tumor 
size and number, provided that a resection with 
negative margins is possible, that stable disease 
can be achieved, that the remaining parenchyma is 
sufficient to prevent liver failure, and that there is 
no unresectable extrahepatic disease.36

There are two known mechanisms for hepatic 
spread of colorectal cancer: metastasis from the 
primary tumor, and metastasis from other exist-
ing metastases. In contrast to hepatocellular carci-
noma, tumor cells from CLM do not migrate into 
intrahepatic portal branches to form secondary 
intrahepatic metastases. Instead, intrahepatic lym-
phatic invasion can be responsible for ‘‘remetasta-
sis’’ from liver metastases and may be a prognostic 
factor for CLM.37-42

PSLR is an essential part of multimodal treat-
ment of CLM, as it avoids unnecessary removal 
of normal parenchyma and is associated with less 
surgical stress, fewer postoperative complications 
and feasibility of future resections.6,33,43

LLR is becoming an important alternative to 
conventional open surgery. In this study we in-
cluded patients who primarily underwent LPSLR 
for CLM. All resections aimed to achieve complete 
tumor resection and to preserve as much liver pa-
renchyma as possible. We report both perioperative 
and long-term oncologic outcomes. Five patients 
(1.7%) were converted to open surgery in our se-
ries, which is a lower conversion rate than reported 
for both minor and major laparoscopic hepatecto-
mies by other groups.16,28,29,44 Postoperative com-
plications developed in 43 cases (14.5%) and the 
median postoperative length of stay was 3 days. 
Perioperative outcomes in this study are consist-
ent with earlier reported surgical results after open 
and laparoscopic PSLR for CLM.7,9-12,28,29

Previous studies have indicated that survival 
rates were higher in patients with resection margins 
larger than 10 mm compared to those with the re-
section margins less than 10 mm.45,46 Other studies 
have opposed these findings and indicate that pre-
dicted margins of less than 10 mm should not be an 
exclusion criteria for resection in these patients.40,47 
Moreover, recently two large studies suggested that 
a one mm cancer free margin can be considered on-
cologically adequate for resection of CLM.27,48 

In the present study, isolated hepatic recurrence 
developed in 75 cases, for which repeated hepatec-
tomy was performed in 68% (51 of 75) (18 open, 
33 laparoscopic). Local recurrence developed in 
seven patients (2.3%), five following R1 resection 
(9%) and two following R0 resection (0.8%). The 
relatively low number of local recurrences after R1 
resections can be explained by the use of energy-
based surgical instruments for parenchyma tran-
section, that induce thermal damage to the sur-
rounding tissue and thus create an additional zone 
of tissue necrosis. As a result, the true resection 
margins may be several millimeters wider than 
those estimated by the pathologist.

In our study liver recurrences were frequently 
resectable. A total of 69 repeat liver resections (51 
with isolated liver recurrence and 18 with extrahe-
patic resectable metastases) were performed. 

 

 

 

Patients 
at risk 

296 287 226 166 121 90 71 Overall survival 

 296 151 104 77 56 49 40 Recurrence-free 
survival 

 

FIGURE 1. Kaplan-Meier survival curves. 

 

FIGURE 1. Kaplan-Meier survival curves.
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Tanaka et al.49 showed that minor resections may 
offer a long-term survival advantage compared to 
a major resection in patients with multiple CLM. 
In our study 80 patients received solely multiple 
LPSLR, and the five-year survival for this group 
was 44%.

In the study published in 2014, Evrard et al.50 
combined PSLR with RFA in 288 patients, five-year 
overall survival was 37%, compared to 39% for the 
18 patients that underwent resection combined 
with local ablation in our study. 

These outcomes demonstrate that multiple si-
multaneous LPSLRs are feasible and may be pre-
ferred over single major resection in a substantial 
portion of patients. In patients with additional un-
favorable located lesions, PSLR can be combined 
with local ablation avoiding formal resections with 
acceptable oncological results. In addition, the pa-
tients with formal resections compared with pa-
renchyma-sparing technique have reduced chance 
of further surgical treatment.6

Alvarez et al.6 showed in a systematic review 
that five-year overall survival rates varied from 
27% to 60% for anatomic and from 29% to 61% for 
non-anatomic liver resection, compared to 48% in 
our study. 

In conclusion, outcomes after laparoscopic pa-
renchyma-sparing liver resection are comparable 
to those after open major and minor hepatectomy. 
In centers with sufficient expertise, this may be a 
good treatment option for patients with CLM.
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Background. The aim of the study was to compare the outcome of pure laparoscopic and open simultaneous re-
section of both the primary colorectal cancer and synchronous colorectal liver metastases (SCLM).
Patients and methods. From 2000 to 2016 all patients treated by simultaneous resection were assessed for entry 
in this single center, clinically nonrandomized trial. A propensity score matching was used to compare the laparo-
scopic group (LAP) to open surgery group (OPEN). Primary endpoints were perioperative and oncologic outcomes. 
Secondary endpoints were overall survival (OS) and disease-free survival (DFS). 
Results. Of the 82 patients identified who underwent simultaneous liver resection for SCLM, 10 patients underwent 
LAP. All these consecutive patients from LAP were matched to 10 comparable OPEN. LAP reduced the length of 
hospital stay (P = 0.044) and solid food oral intake was faster (P = 0.006) in this group. No patient undergoing the lapa-
roscopic procedure experienced conversion to the open technique. No difference was observed in operative time, 
blood loss, transfusion rate, narcotics requirement, clinical risk score, resection margin, R0 resections rate, morbidity, 
mortality and incisional hernias rate. The two groups did not differ significantly in terms of the 3-year OS rate (90 vs. 
75%; P = 0.842) and DFS rate (60 vs. 57%; P = 0.724).
Conclusions. LAP reduced the length of hospital stay and offers faster solid food oral intake. Comparable oncologic 
and survival outcomes can be achieved. LAP is beneficial for well selected patients in high volume centers with ap-
propriate expertise.

Key words: colorectal cancer; synchronous liver metastases; laparoscopy; liver resection; colorectal resection

Introduction

Colorectal cancer is one of the most common caus-
es of cancer related death in the Western world.1 At 
the time of diagnosis of the primary tumor, up to 
25% of patients present with synchronous colorec-
tal liver metastases (SCLM).2 Complete surgical re-

section of both primary tumor and SCLM remains 
the only treatment option providing long-term sur-
vival and chance for cure.3

Different oncological strategies have been de-
scribed including traditional two-stage colon first 
approach,4 liver first procedure5 or a one-step 
surgical resection of both the primary tumor and 
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SCLM.6 Several reports have shown the benefit of a 
simultaneous open resection of primary tumor and 
SCLM compared with a staged approach.7-8

Minimally invasive colorectal and liver surgery 
are both accepted worldwide.9-11 Technical refine-
ments and the development of advanced laparo-
scopic techniques has made simultaneous resection 
an attractive option. However, despite the increas-
ing use of laparoscopy in colorectal and liver re-
sections, simultaneous pure laparoscopic resection 
(SPLR) of the primary colorectal cancer and SCLM 
is still rarely performed.

Sporadic case reports and single institution 
series have shown the feasibility and safety of si-
multaneous laparoscopic resection of both primary 
CRC and SCLM.12-28 Recently, two large interna-
tional multicenter retrospective studies, which 
were published from the same group of surgeons, 
confirmed that in selected patient’s laparoscopic 
surgery allowed similar outcomes compared with 
the traditional open approach.29-30 

The aim of this study was to compare the surgi-
cal and oncological outcomes of patients undergo-
ing simultaneous resection of primary colorectal 
cancer and SCLM by laparoscopic or open surgery 
using propensity score matching.

Patients and methods
Patient selection and study design

All patients with SCLM were discussed by the 
multidisciplinary team. Treatment decisions were 
based on location and complexity of resection of 
the primary tumor, extent of liver resection, liver 
function and physical condition of the patients. The 
policy of the institution is not to combine a simul-
taneous major liver resection (≥ 3 segments) with 
complex colorectal procedure (e.g. total colectomy, 
low anterior resection). The most ideal candidates 
for combined laparoscopic liver resection were pa-
tients with solitary, peripherally located metastasis 
in anterolateral segments.

Study subjects were identified from a prospec-
tively maintained database of patients who under-
went liver resections for CLM from January 2000 
to December 2016 at the Department of Abdominal 
and General Surgery, University Medical Centre 
Maribor. This institution is a tertiary referral center 
with more than 15 years’ experience in laparo-
scopic colorectal and with 8 years’ experience in 
laparoscopic liver surgery. SCLM were defined 
as those identified at the time of diagnosis of the 
primary colorectal cancer. All patients gave their 

informed consent. Ethical approval for this study 
was obtained from the local institutional review 
board. Patient records were anonymized and de-
identified prior to analysis. 

All patients in the database who submitted to si-
multaneous laparoscopic resection of both the pri-
mary tumor and SCLM were selected and included 
in the study. Those laparoscopic patients were com-
pared to patients that underwent open simultane-
ous liver and colorectal resection for stage IV colo-
rectal cancer. A propensity score matching was ap-
plied to identify the most comparable patients from 
the open surgery group. Primary endpoints of the 
study were perioperative and oncologic outcomes. 
Secondary endpoints of the study were overall sur-
vival (OS) and disease-free survival (DFS).

Neoadjuvant and adjuvant therapy

Patients with rectal advanced local disease (≥ T3 
and/or ≥ N1) and SCLM received short-course pre-
operative radiotherapy (5 x 5 Gy) and neoadjuvant 
systemic chemotherapy (3–6 courses) as a standard 
treatment protocol. However, neoadjuvant sys-
temic therapy was not administered routinely for 
patients with colon cancer and SCLM. Adjuvant 
systemic therapy was administered at the discre-
tion of the medical oncologist. 

In general, chemotherapy included fluoropy-
rimidine-based therapies in combination with ox-
aliplatin or irinotecan. The different chemotherapy 
protocols included the FOLFOX (oxaliplatin, fluo-
rouracil, and leucovorin), XELOX (capecitabin and 
oxaliplatin), XELIRI (capecitabin and irinotecan) 
and FOLFIRI (irinotecan, fluorouracil, and leuco-
vorin) protocol, respectively. From year 2006, an-
tiangiogenic agents (bevacizumab or cetuximab) 
were also added to these protocols. 

Simultaneous liver and colorectal 
surgery: surgical technique

Surgical procedures were performed by one dedi-
cated team and the liver resection was completed 
first. All liver resections (laparoscopic and open) 
were executed by at least one experienced senior 
HPB surgeon (SP or AI). A liver parenchymal spar-
ing approach was applied in both groups. All lapa-
roscopic colorectal resections were performed by 
one experienced senior colorectal surgeon (BK).

Laparoscopic procedure

Only pure laparoscopic liver and colorectal resec-
tions were performed. Generally, patients were 



Radiol Oncol 2018; 52(1): 42-53.

Ivanecz A et al. / Laparoscopic resection of primary colorectal cancer and synchronous liver metastases44

placed in the supine position, except for resection 
of posterosuperior segments of the liver when the 
left lateral decubitus position was used. For rectal 
resections a split leg position was used. Four 12 
mm ports were always used and additional 5 mm 
ports were placed as necessary. Laparoscopic ultra-
sonography of the liver was routinely performed to 
complete staging, locate the metastases, and accu-
rately assess its margins and also to locate any ad-
jacent biliary/vascular structures. It was also used 
to mark the plane of transection. Carbon dioxide 
pressure for pneumoperitoneum was kept at 12–14 
mmHg during hepatic parenchymal transection. 
Pressures higher than this are generally avoided to 
reduce the risk of gas embolism but a slight rise 
during bleeding can aid hemostasis. The surface of 
the hepatic parenchyma was precoagulated with 
a 1-cm surgical margin using monopolar coagula-
tion. Liver transection was performed under low 
(<5 mmHg) central venous pressure. Pringle’s ma-
neuver was used selectively. Hepatic transections 
were performed using different high energy devic-
es according to surgeon’s preference (bipolar co-
agulation, thermofusion, ultrasound section or ul-
trasonic surgical aspirator). Larger structures were 
controlled with endoclips and endoscopic linear 
stapler devices were used selectively for division of 
portal pedicles and hepatic veins or their branches. 
The resected liver specimen was placed in a plastic 
bag and extracted after finishing the colorectal pro-
cedure. It was retrieved either through a suprapu-
bic, a prolonged 12mm port site or a short midline 
incision. 

Laparoscopic colorectal surgery was performed 
according to standard oncologic procedures. 

Open resection

A long midline incision was routinely performed 
which was extended to right subcostal incision 
whenever needed to adequately expose the pos-
terosuperior segments of the liver. Intraoperative 
ultrasonography was routinely performed to guide 
resection. Hepatic transection was performed un-
der low central venous pressure and intermittent 
pedicle clamping was used only in case of bleed-
ing. Abdominal drains for liver resection were se-
lectively used. 

Colorectal resection routinely involved proxi-
mal ligation of vessels (the inferior mesenteric ar-
tery for the left colon and rectum, and the ileocolic 
artery for the right colon) and partial or total mes-
orectal excision depending on the location of the 
rectal cancer. After right colon resection a recon-
struction was a hand-sewn ileocolic anastomosis. 

For cancer located in the left colon and the rectum, 
reconstruction was a stapled colorectal anastomo-
sis. A protective ileostomy was always performed 
for a low anastomosis. Abdominal drains were al-
ways used for rectal resections.

Follow up

Patients were followed at outpatient clinics at peri-
odic intervals. Follow-up included physical exami-
nation, biochemical carcinoembryogenic antigen 
(CEA) test, thoracic X-ray or computed tomogra-
phy (CT), and liver ultrasound, CT or magnetic res-
onance imaging (MRI) evaluation every 3 months 
for the first 2 years, and every 6 months thereafter.

Metastatic recurrence was diagnosed by CEA 
rise and CT or MRI. Positron emission tomography 
(PET) - CT scans were carried out in selected pa-
tients. In any uncertainty, histology was required. 

Follow-up data were obtained from outpatient 
follow-up and from the National Cancer Register 
of Slovenia. Patient follow-up included details of 
dates of disease recurrence and death, site of recur-
rence, further therapy (e.g. systemic therapy, sur-
gery), and cause of death. Recurrences were classi-
fied as hepatic, extrahepatic or combined. Recurrent 
disease was treated according to standard clinical 
practice and included surgery and/or chemothera-
py whenever possible. The principles behind the se-
lection criteria for resecting recurrent CRLM were 
the same as those for the initial hepatectomy. 

Follow up was fully completed for all patients 
included in this study. All patients were followed 
up until their death or until March 2017.

Primary endpoints: variables selected 
for analysis of the perioperative and 
oncologic outcomes

Several routinely available clinical variables were 
analyzed and were divided in four groups:
•	 Preoperative clinical variables included baseline 

characteristics of patients, primary colorectal tu-
mor and synchronous liver metastases. Herein 
any neoadjuvant therapy was included in the 
analysis;

•	 Intraoperative - simultaneous liver and colorectal 
surgery related variables;

•	 Postoperative oncological results after patohistol-
ogy and clinical risk score (CRS);

•	 Postoperative outcome: patient’s recovery, mor-
bidity, mortality and incisional hernia rate.
Performance status was defined according to 

the American Society of Anesthesiologists (ASA). 
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Location of SCLM were defined as anterolateral 
(segments 2, 3, 4b, 5, 6) or posterosuperior (seg-
ments 1, 4a, 7, 8). The liver anatomy and resection 
terminology were based on the Brisbane classifica-
tion.31 Hepatic resections were considered major 
when at least three adjacent segments were re-
moved and defined as minor if <3 liver segments 
were resected. Conversion to an open operation 
was defined as an abdominal incision larger than 
that needed for specimen retrieval. CRS (from 0 to 
5) as defined by Fong was applied.32 Briefly, pa-
tients with lower CRS tends to have a better prog-
nosis. The histological surgical margin was defined 
as microscopically positive (<1 mm, R1) or negative 
(R0). R0 resection was defined as complete remov-
al of the tumors with a clear microscopic margin 
and without residual tumors. Complication was 
defined as any deviation from the normal course 
of recovery with the need for pharmacological, 
surgical, radiological, or endoscopic intervention. 
Postoperative morbidity was classified according 
to the Clavien-Dindo classification.33 Morbidity 
and mortality were defined as complications or 
death occurring within 90 days of surgery, or at 
any time during the postoperative hospital stay.

Secondary endpoint: survival analysis

Overall survival (OS) was defined as the interval 
between the date of first therapy (the date of first 
cycle of neoadjuvant therapy; if it was not applied 
then the date of simultaneous resection) and the 
date of death or the date of the last follow-up in 
surviving patients. Disease-free survival (DFS) 
was calculated from the date of first therapy (neo-
adjuvant therapy or simultaneous resection) to the 
date of intra- and/or extrahepatic recurrence or the 
date of the last follow-up in patients with no recur-
rence.

Statistical analysis

SigmaPlot 11.0 for Windows (Systat Software, Inc, 
CA) was used for statistical computations.  Because 
of the inherent bias between patients undergoing 
laparoscopic and open surgery in terms of pre-
operative clinical characteristics, a 1:1 propensity 
score-matched analysis have been used to adjust 
for these differences.34 In this setting, propensity 
score adjustment was performed on the factors 
known to influence the choice of the approach. 
These factors included ASA score, primary tumor 
location (colon or rectal cancer), size, location, dis-
tribution and number of liver metastases and ex-
tent of liver surgery.

Differences in the frequency distributions of 
preoperative, intraoperative and postoperative 
clinical variables in relation to open and laparo-
scopic surgery were tested using the chi-squared 
test for categorical variables (Pearson’s or Fisher’s 
exact test when appropriate, two-tailed in all in-
stances). Continuous variables were analyzed us-
ing Student’s t-test for independent samples or the 
Mann-Whitney U test if the criteria for a paramet-
ric testing were not met. The effects of open and 
laparoscopic surgery on overall and disease-free 
survival probabilities were estimated by using the 
Kaplan-Meier survival analysis and compared by 
using the log-rank test. A difference with a P value 
of < 0.05 was considered statistically significant.

Results
Study population and preoperative 
characteristics

Of the 572 patients identified who underwent liver 
resections for CLM during the study period, simul-
taneous resection of both the primary tumor and 
SCLM were performed in 82 patients. From these, 
10 patients were submitted to simultaneous pure 
laparoscopic procedure. After propensity score 
matching, all these 10 patients operated laparo-
scopically (LAP) were compared with 10 patients 

FIGURE 1. Study inclusion 
criteria and patient 
flow. Study subjects 
were identified from a 
prospectively maintained 
database of 572 patients 
who underwent liver 
resections for colorectal 
liver metastases (CLM) from 
January 2000 to December 
2016 at the Department of 
Abdominal and General 
Surgery, University Medical 
Center Maribor.
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treated by traditional open surgery (OPEN). Study 
inclusion criteria and patient flow are shown in 
Figure 1. The diagnosis of primary colorectal can-
cer was confirmed preoperatively by histology in 
all patients of both groups. The diagnosis of SCLM 
was confirmed postoperatively by histology in 
both groups as well.

The two groups were well matched and com-
parable in terms of preoperative clinical charac-
teristics of patients, primary colorectal tumor and 
SCLM. Results are shown in Table 1.

Intraoperative results

The patients from LAP and OPEN group were 
comparable in terms of intraoperative variables. 
Results are detailed in Table 2. 

Since extent of liver resection was one of the 
terms of propensity score matching, only minor 
liver resections were performed in both groups. A 
portal triad clamping (Pringle’s maneuver) was not 
routinely used and was applied selectively, only in 
the case of bleeding with no significant difference 
in both groups. All patients with rectal cancer had 
either stoma covering low anastomosis or terminal 
colostomy.

Postoperative short term outcomes: 
oncological results, clinical risk score, 
patient’s recovery, morbidity and 
mortality

There were no differences between LAP and OPEN 
group in terms of oncological results and CRS. 
All patients were found to have a CRS within the 
range of 1–4; no patients had a CRS 0 or 5 (Table 3). 
Results of patient’s recovery, morbidity and mor-
tality are detailed in Table 4. No postoperative 
mortality occurred in either group. Fully descrip-
tion of morbidity and hospitalization of studied 
population are shown in Table 5.

Postoperative long term outcome: 
recurrence and survival

Of the 10 patients from OPEN group submitted to 
potentially curative simultaneous resection of pri-
mary colorectal cancer and SCLM four developed 
recurrent disease and, of these, all of them under-
went repeat hepatic resection. Of the 10 patients 
from LAP two patients developed recurrence, 
which was both hepatic and extrahepatic and re-
peat resection was not feasible. Patterns and time 

TABLE 1. Preoperative clinical characteristics of patients, primary colorectal tumor and synchronous colorectal liver metastases

Variable Simultaneous Open
(n = 10)

Simultaneous
Laparoscopy

(n = 10)
P

Patients

Gender (male/female) 6/4 6/4 1.00

Age [mean ± SD (years)] 65.4 ± 8.1 62.2 ± 7.9 0.39

BMI [median (IQR)  (kg/m2)] 24.0 (23.1–25.5) 26.9 (23.6–32.1) 0.34

ASA (I /II/III) 4/3/3 5/3/2 0.86

Preoperative chemotherapy (y/n) 3/7 7/3 0.18

Preoperative radiotherapy (y/n) 3/7 4/6 1.00

CEA at diagnosis [mean ± SD (ng/mL)] 15.2 ± 12.5 7.7 ± 7.7 0.12

Colorectal tumor

Right colon/ left colon/ rectum 3/3/4 2/2/6 0.67

Colorectal liver metastases

Number of lesions [median (IQR)] 1 (1–2) 1 (1–2) 0.68

Larger diameter [mean ± SD (cm)] 2.9 ± 1.5 2.0 ± 1.2 0.17

Laterality (unilateral /bilateral) 9/1 9/1 1.00

Proximity of major vessel [(hilar or hepatic confluence) (y/n)] 0/10 0/10 1.00

Location (anterolateral / posterosuperior) 8/2 9/1 1.00

ASA = American Society of Anesthesiologist physical status score; BMI = body mass index; CEA = carcinoembryonic antigen; SD = standard deviation
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of recurrences, redo surgical procedures and long-
term outcomes are shown in Table 5.

The median follow-up for surviving patients in 
the OPEN and LAP was 78 (61–130) and 24 (1–63) 
months, respectively (P = 0.001). Among patients in 
OPEN OS/DFS was 100%/90% at 1 year, 90%/60% 
at 3 years, and 80%/60% at 5 years. Among patients 

in LAP OS/DFS was 100%/100% at 1 year, and 
75%/57% at 3 years. Simultaneous laparoscopic re-
section of the primary tumor and associated SCLM 
was first performed in this center in May 2012, 
thus the median follow-up period was too short to 
calculate the 5-year survival expectations for LAP 
group. There were no statistically significant dif-

TABLE 2. Intraoperative - simultaneous liver and colorectal surgery related variables

Variable
Simultaneous

Open
(n = 10)

Simultaneous
Laparoscopy

(n = 10)
P

Totally pure laparoscopic – 10 –

Conversion to laparotomy – 0 –

Liver surgery

Minor/major resection 10/0 10/0 1.00

Atypical/ segmentectomy/LLS 6/2/2 5/3/2 0.87

Pringle’s maneuver (y/n) 2/8 3/7 1.00

Colorectal surgery

Colon/rectal resection 6/4 5/5 1.00

Temporary stoma covering low anastomosis (y/n) 2*/8 3*/7 1.00

Terminal colostomy (Hartman or APE) 2/8 2/8 1.00

Operative time [mean ± SD (min)] 257 ± 66.8 261 ± 92.8 0.91

Blood loss

Estimated [median (IQR) (mL)] 170 (70–230) 105 (30–180) 0.23

Hemoglobin drop** [median (IQR) (g/L)] 22.5 (9–28) 15.5 (9–17) 0.38

Transfusion required (y/n) 3/7 3/7 1.00

APE = abdominoperineal excision; LLS = left lateral sectionectomy; *in both groups one patient required ileostomy after anastomotic leak; **Hemoglobin 
drop = Hemoglobin preoperatively - Hemoglobin postoperatively (g/L) 

FIGURE 2. Kaplan-Meier estimates of overall survival between 
the simultaneous laparoscopy (blue line) and open surgery 
groups (red line).

FIGURE 3. Kaplan-Meier estimates of disease-free survival 
between the simultaneous laparoscopy (blue line) and open 
surgery groups (red line). 
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ferences between OPEN and LAP either in OS (P 
= 0.842) and DFS (P = 0.724), respectively. Kaplan-
Meier estimates of OS and DFS between the LAP 
and OPEN group are shown in Figures 2 and 3.

Discussion

The optimal strategy for resectable SCLM has not 
been established yet. In selected cases, the simul-
taneous surgery approach gives the advantages to 
avoid two surgical procedures thus reducing risk 
for patients and provides for economic savings 
while keeping acceptable morbidity and adequate 
oncologic results.6-8 However, open resection of 
both primary tumor and SCLM often requires an 
extensive incision, especially if the location of the 
liver metastasis is opposite to the primary tumor 
location. Using laparoscopic approach exposure 
can be improved thus avoiding extensive laparoto-
mies.20 Consequently, surgical stress and pain as-
sociated with large incisions can be reduced and 
patient’s recovery enhanced. There is an ongo-
ing effort to show the potential benefit of totally 
laparoscopic strategies for the radical treatment of 
stage IV colorectal cancer.12-30,35

The present study was designed to investigate 
the perioperative results, oncologic outcomes 
and survival of patients undergoing pure laparo-
scopic simultaneous resection of both the primary 
colorectal cancer and SCLM. During this study 
period, the choice of intervention was subject to 
selection bias since simultaneous laparoscopic 
liver procedures were reserved for the most ideal 
candidates. Moreover, the laparoscopic treatment 

of patients with an extraperitoneal rectal cancer 
remains clinically challenging compared to upper 
rectal or colon cancer. To minimize these biases, 
the LAP group was compared to OPEN group by 
propensity score matching on the factors known to 
influence the choice of the approach. Importantly, 
there were no differences in patient demographics, 
tumor characteristics, or the extent of the opera-
tion, so the present characteristics well identify the 
most ideal candidates to a combined laparoscopic 
liver and colorectal surgery. Patients selected for 
this approach were without severe comorbidi-
ties (ASA I–II in majority of cases), with a solitary 
(median number: 1), small (median diameter: 2 
cm), unilateral SCLM, located in accessible ante-
rolateral segments and were mostly resectable by 
atypical wedge resections or left lateral sectionec-
tomy. Consequently, only minor liver resections 
were performed. These results are consistent with 
previous studies showing well selected patients 
and demonstrating a high rate of minor (89%) and 
nonanatomical resections (60%).17-27,35 In this study 
colorectal cancer characteristics did not preclude 
the possibility to perform a laparoscopic surgery 
as well with majority of patients presenting a T3 
primary tumor. There were no differences in N 
stage and importantly, the number of harvested 
lymph nodes was even higher in the LAP group. 
Half of the patients in the LAP group presented 
with rectal cancer. Surprisingly, previous studies 
have demonstrated that despite the high rate of 
rectal resections in some series, the number of the 
temporary ileostomies was low.25,27,35 The results of 
the present study contradict this: all of the rectal 
cancer patients had either temporary ileostomy 

TABLE 3. Postoperative oncological results after patohistology and clinical risk score

Variable
Simultaneous

Open
(n = 10)

Simultaneous
Laparoscopy

(n = 10)
P

Colorectal tumor

T (T1/T2/T3/T4) 0/1/8/1 0/1/9/0 1.00

N (N0/N+) 2/8 2/8 1.00

Number of harvested lymph nodes (mean ± SD) 9.5 ± 6.2 13.7 ± 6.9 0.17

Well/moderately/poorly differentiated 4/5/1 4/6/0 1.00

Negative surgical margin

Liver (y/n) 10/0 10/0 1.00

Colorectal (y/n) 10/0 10/0 1.00

Liver resection margin [median (IQR) (mm)] 2.5 (2–5) 5.0 (1.8–8) 0.38

CRS (1/2/3/4) 2/5/2/1 2/4/3/1 0.96

CRS = clinical risk score (no patients with CRS 0 or 5 in any of the group)
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covering low anastomosis or terminal colostomy. 
This finding might have been due to a high rate of 
preoperative radiotherapy, which highlights that 
most rectal resections were performed for cancer 
in the lower rectum. Moreover, according to some 
reports simultaneous resection generally is consid-
ered unsuitable for rectal cancer due to a high rate 
of anastomotic leakage.36 Another possible expla-
nation is a concern regarding prolonged vascular 
clamping which is responsible for transient portal 
hypertension with edema of the intestinal mucosa 
that might be leading to colorectal anastomotic fail-
ure.21,35

The feasibility of simultaneous laparoscopic op-
erations was clearly demonstrated in the present 
study: no conversion to open surgery has been 
performed. This result reflects a findings of a re-
cent review, where a conversion rate of only 0.7% 
has been reported.35 Similarly, Tranchart et al. re-
ported a low conversion rate of 7% in their large 
multicenter study.30 It has been highlighted, that 
simultaneous resections executed by two different 
specialized teams allowing good results in terms of 
conversion rates and perioperative outcomes.35 Of 
note, the present study was performed at high-vol-
ume tertiary referral center, where all procedures 
were performed by an expert surgical team, com-
posed of experienced colorectal and hepatobiliary 

surgeons. Controversy still exist, which procedure 
should be carried out first and many authors re-
ported colorectal resection was the first step of the 
simultaneous surgery.15-16,20,22,29-30 Instead, in the 
present study liver resection precede colorectal 
surgery and the same strategy has been reported 
by others.18-19,21,35 The underlying rationality is that 
the resection of liver metastases requires a low cen-
tral venous pressure to minimize the blood loss 
and the preceding liver resection will not interfere 
with the subsequent fluid resuscitation in the pro-
cess of colorectal resection. In addition, the choice 
of carrying out the liver resection as first step of 
treatment gives to the surgeon the opportunity 
to change surgical strategy from a simultaneous 
procedure to a “liver first” resection which has 
been showed to be another effective treatment of 
SCLM.5 Moreover, liver metastases are the main 
determinant of patient prognosis and the present 
authors believe, that SCLM are leading the deci-
sion making process: if simultaneous strategies are 
not feasible, then the metastases should be man-
aged first. However, no decisions were modified 
and all procedures were finished simultaneously.  

In terms of intraoperative measurements of out-
come, the median operating time of 261 min after 
LAP is comparable with the time reported by Jung 
et al.25, and is shorter than the time reported by 

TABLE 4. Postoperative outcome: patient’s recovery, morbidity and mortality. No postoperative mortality occurred in either group. 
Adjuvant chemotherapy and incisional hernias 

Variable
Simultaneous

Open
(n = 10)

Simultaneous
Laparoscopy

(n = 10)
P

ICU stay 0 0 –

HDU stay [median (IQR) (days)] 4 (2–6) 3 (2–5) 0.59

Solid food oral intake [median (IQR) (days)] 5.5 (4–6) 3 (3–4) 0.006

Stool passing [median (IQR) (days)] 4.5 (4–5) 4 (3–5) 0.46

Intravenous narcotics requirement [median (IQR) (days)] 6.5 (6–7) 4.5 (3–7) 0.08

Hospital stay [median (IQR) (days)] 11.5 (10–33) 8 (8–12) 0.044

Morbidity

Overall (y/n) 5/5 3/7 0.65

Liver specific* (y/n) 2/8 0/10 0.47

CD < III (y/n) 2/8 2/8 1.00

CD IIIab (y/n) 3/7 1/9 0.58

CD > III (y/n) 0/10 0/10 1.00

Mortality (y/n) 0/10 0/10 1.00

Postoperative chemotherapy (y/n) 5/5 2/8 0.35

Incisional hernias (y/n) 3/7 0/10 0.21

HDU = high dependency unit; ICU = intensive care unit; *Liver specific complications included liver failure, bile leak, bile collection or liver hemorrhage; 
values in bold are significant at P < 0.05
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others, where it was more than 300 min.13-16,19,22-24,30 
Nevertheless, operative time was not different be-
tween OPEN and LAP group. This result is incon-
sistent with some previous studies showing that 
the duration of operation was significantly longer 
in the laparoscopic groups.15,22,25 A possible expla-
nation can be, that in contrast to present study, 
these reports included major liver resections as 
well, which are known to prolong operative time. 
However, several authors reported equivalent op-
erative times for both groups.16,23,30

Intraoperative blood loss is a major concern 
especially in hepatic resection and perioperative 
transfusion has been associated with a poor prog-
nosis.37 The findings of decreased blood loss with 
the laparoscopic approach have been reported in 
several studies, explained in part by the laparo-
scopic magnification, and decreased venous ooz-
ing from the cut surface under pneumoperito-

neum.15-16,22-23 Results of present study contradicts 
this as laparoscopic approach did not allow dimin-
ishing blood loss and transfusion rate. Contrast to 
prior studies, in this analysis blood loss was not 
based only on estimation but it has been objectiv-
ized by measuring the volume of blood in the suc-
tion canister and precisely weighing the absorbed 
blood in the sponges. Moreover, the pre- and post-
operative hemoglobin levels were demonstrated 
exactly as well. The reason for this was to exclude 
the possibility of differences in preoperative hemo-
globin levels which can contribute to the difference 
in blood loss and transfusion rate between two 
groups since it is well known that patients with 
SCLM can develop anemia. Moreover, it has been 
suggested that the blood loss can be underestimat-
ed especially in the open surgery.38 Despite analyz-
ing additional objective variable in this study, there 
were no differences between groups. It should be 

TABLE 5. Morbidity details, hospital stay, patterns and time of recurrence, redo procedures and long-term outcome

Patients Morbidity Hospital 
stay (days) Recurrence location (years after first surgery) Redo Survival 

(years)
Survival status
(March 2017)

OPEN

1 Wound infection
(CD II) 12 1) Liver (2Y)

2) Liver (3Y)
1) Liver

2) / 3 DOD

2 Bile collection (CD IIIa) 36 Liver (1Y) Liver 7 NED

3 nil 9
1) Liver (1Y)

2) Colon (3Y)
3) Peritoneal carcinosis (4Y)

1) Liver
2) Colon

3) /
4 DOD

4 Anastomotic leak (CD IIIb) 54 Liver (1Y) Liver 5 NED

5 nil 10 no / 11 NED

6 Pneumonia (CD II) 12 no / 10 D - other

7 nil 11 no / 8 NED

8 nil 9 no / 8 NED

9 Bile collection (CD IIIa) 33 no / 7 NED

10 nil 10 no / 5 NED

LAP

1 nil 8 no / 5 NED

2 Anastomotic leak (CD IIIb) 42 Liver and peritoneal carcinosis (1Y) / 2 DOD

3 nil 7 no / 4 NED

4 nil 7 Liver and peritoneal carcinosis  (3Y) / 4 AWD

5 nil 8 no / 2 NED

6 nil 12 no / 2 NED

7 nil 8 no / 1 NED

8 Pulmonary embolism
(CD II) 9 no / 1 NED

9 nil 8 no / <1 NED

10 Ictus cerebri (CD II) 21 no / <1 NED

AWD = alive with disease; CD = Clavien Dindo classification of complication severity; D - other = death without recurrence of disease; DOD = dead of disease; LAP = simultaneous 
laparoscopic surgery; OPEN = simultaneous open surgery; NED = no evidence of disease; Y = years
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noted that outcome observed after open surgery 
was excellent as well (median estimated blood loss 
170 ml). Similarly, several recent studies have sug-
gested that there is no decreased blood loss and 
transfusion rate in the laparoscopic group.19,25,30 

In respect to postoperative oncological results, 
a high CRS has been found to be an independent 
negative prognostic predictor in previous stud-
ies.32,39 The impacts of CRS and colorectal tumor 
differentiation on survival analysis were eliminat-
ed, since the OPEN and LAP groups were compa-
rable in that terms as well. The risk of inadequate 
oncologic resection is the major concern for the 
use of laparoscopic resection for malignancy. A 
positive surgical margin has been shown to pre-
dict worse DFS after resection.40 Castaing et al. 
emphasized that the increase in R1 resections did 
not affect OS and suggest it might reflect complex 
anatomic locations of metastases adjacent to major 
vascular structures.41 To avoid an inherent selec-
tion bias with more difficult cases potentially being 
relegated to open approach, it is important to point 
out that the two groups of the present study were 
perfectly matched in term of SCLM proximity to 
major vessels (hilar or hepatic confluence) as well; 
there were no tumors with such characteristics in 
any of groups. Importantly, complete R0 resections 
of both the primary and SCLM were achieved in 
all patients confirming the reports of others, which 
reported a high rate of R0 resections of 100% and 
90% as well.25,30 Surprisingly, the rate of R0 resec-
tions has been not reported by many authors.14-16,22 
The width of the surgical margin was not different 
between two groups and interestingly, the width 
was even larger in the LAP group. Moreover, a 
recent study failed to demonstrate that the width 
of negative margin correlated with recurrence or 
survival.42 Importantly, in this study neither peri-
toneal carcinomatosis nor port site metastases after 
simultaneous resections of SCLM by laparoscopic 
means were found. These results suggest that lapa-
roscopic procedure does not compromise oncolog-
ic principles. 

The major findings in this study were lesser 
length of hospital stay and faster solid food oral in-
take for LAP group. The median hospital stay of 8 
days in the LAP group is similar to or shorter than 
the time reported by others, where it has been in a 
range from 7.4 to 16 days. The benefit of decreased 
hospital stay was recognized in these analyses as 
well.15-30 Interestingly, substantial geographical 
differences exist which depends on national health 
care systems. Takasu et al. confirmed the benefit of 
lesser length of hospital stay which were 16 days for 

the laparoscopy and 36 days for the open group.23 
However, Tranchart et al. found no differences in 
the length of stay between laparoscopic and open 
groups, and noted that simultaneous resections still 
appear as difficult procedures for surgeons, which 
could have influence their decisions concerning 
patient’s hospital discharge.30 Patients undergoing 
laparoscopic procedure resumed solid food oral 
intake earlier, however it has no impact on earlier 
stool passing in this study, thus the benefit of this 
parameter remains questionable. Similarly, several 
authors reported a shorter time to resume a bowel 
movement and starting an oral intake.19,25 

In terms of other postoperative measurements 
of outcome none of the patients required intensive 
care unit stay and the high dependency unit stay 
was comparable between groups. Ferretti et al. re-
ported a median one-day intensive care unit stay.29 
However, these relevant parameters were not re-
ported in several previous analyses.15-28,35 

Pain control is one of the potential advan-
tage of laparoscopy and in this study, it was 
evaluated by intravenous narcotics requirement. 
Laparoscopy offered a benefit of less narcotic re-
quirements, patients in the LAP group needed 
intravenous narcotics for 4.5 days compared with 
the OPEN group where these were necessary for 
6.5 days. Notwithstanding, statistical significance 
was reached only marginally (P = 0.08). Hu et al. 
reported that patients having undergone laparo-
scopic resection had less severe postoperative pain, 
but it is not clear how they asses this parameter.19 
Surprisingly, in several other reports on this topic 
pain control was not investigated.13-18,20-30 Some sur-
geons combined a laparoscopic colorectal resection 
with an open procedure for the liver, as reported 
by Hatwell et al.20 However, this technique also left 
a large incision in the upper abdomen, and the ad-
vantage of laparoscopy was not realized fully. 

The present study found that LAP and OPEN 
were not significantly different in terms of post-
operative morbidity and mortality. Of note, no 
liver specific morbidity was observed in the LAP 
group. Nevertheless, some bile collections which 
occurred in the OPEN group were easily managed 
by percutaneous drainage. Importantly, there were 
no organ failures and postoperative deaths in two 
groups either. Similarly, no differences in morbid-
ity and zero mortality were reported in several oth-
er analyses.15-16,19,22-23 Polignano et al. reported that 
the surgical morbidity was mainly related to the co-
lonic surgery.18 Contrary, in the present series only 
one anastomotic leak occurred in OPEN and one in 
the LAP group, respectively. Jung et al. reported a 
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higher rate of minor complications in the open sur-
gery group (superficial surgical site infections and 
adhesive ileus), which seem to be strongly related 
to the presence of the bigger wound.25 However, 
the number of minor complications were equal in 
the present analysis. Interestingly, despite laparos-
copy has the potential to reduce the incisional her-
nia rates, none of the studies on the present topic 
investigated this parameter which is responsible 
for long-term morbidity.12-30,35 In the present study 
none of the LAP whereas three patients from the 
OPEN group developed incisional hernia, but the 
difference was not significant.

In the present study, neither the 3-year OS nor 
the DFS was found to be different for LAP com-
pared with the OPEN group. Similarly, no differ-
ences were found between groups in terms of OS 
reported by others .15-16,19,22-23,30 After long and ad-
equate median follow-up of 78 months this analy-
sis revealed excellent long-term results among pa-
tients in OPEN with 5-year OS/DFS of 80 and 60%, 
respectively. However, due to a shorter follow-up 
period, only mid-term results were available for the 
LAP group with 3-year OS of 75% and DFS of 57%, 
respectively. Similarly, in the current literature 
some of the authors reported the short- and mid-
term results only and the 3-year OS rates ranged 
from 52 to 78%.15,30 Unfortunately, data regarding 
recurrence were inconsistently reported in several 
case-matched series on this topic.15-16,19,23,25 

The present study is a subject to a number of 
limitations. First and foremost, only a small co-
hort of patients from a single center were analyzed 
which were collected across a long interval of time. 
However, the majority of case-matched studies in 
the literature derived from a small single center se-
ries, which included from 7 to 24 patients.15-16,19,22-23,25 
Even in the largest multicenter analysis, which in-
cluded 142 patients from 14 centers the average 
number of patients per hospital was ten.29 It dem-
onstrates clearly the limited indications of simul-
taneous laparoscopic procedures even in the most 
experienced centers worldwide. Second, given 
the retrospective nature of this study, selection 
bias may have been present. Although propensity 
score matching was performed to overcome po-
tential bias and to make the two groups similar 
it is less effective than a prospective randomized 
trial. Notwithstanding, to conduct a randomized 
study on this topic is still an unresolved issue. 
Third, since laparoscopic simultaneous procedures 
started in 2012 the median follow-up data between 
groups differs and the excellent long-term survival 
results achieved with OPEN are still waiting to be 

proved by LAP. However, except for introduction 
of laparoscopy, the management of SCLM was ho-
mogeneous over the study period and the same 
surgical team made the treatment decisions and 
performed the procedures. 

Indeed, the power of the present study is lim-
ited, but importantly the two surgical approaches 
brought about similar outcomes in terms of post-
operative morbidity, mortality, survival and recur-
rence. Nevertheless, some surgeons may insist on 
traditional open approach and not to accept wide-
spread changes in clinical practice given the lack 
of several investigated variables to support the su-
periority of laparoscopic approach. However, the 
results of a recently published studies investigat-
ing inflammatory markers are promising and have 
a potential to prove that the reduced inflammatory 
response by laparoscopy might have positive im-
pact on oncogenesis.43

Conclusions

Based on limited evidence, LAP patients experi-
enced some clinically relevant perioperative ben-
efits without compromise of oncologic outcomes. 
In high-volume centers experienced in both lapa-
roscopic colorectal and liver surgery, simultaneous 
minimally invasive approach is appropriate in well 
selected patients presenting with limited SCLM.
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Background. The focus of the present study was to reveal any impact factors for perioperative morbidity and mortal-
ity as well as repercussion of perioperative morbidity on long-term survival in pancreatic head resection. 
Patients and methods. In a retrospective study, clinic-pathological factors of 240 patients after pancreatic head 
(PD) or total resection were analyzed for correlations with morbidity, 30- and 90-day mortality, and long-term survival. 
According to Clavien-Dindo classification, all complications with grade II and more were defined as overall compli-
cations (OAC). OAC, all surgical (ASC), general (AGC) and some specific types of complications like leaks from the 
pancreatoenteric anastomosis (PEA) or pancreatic fistula (PF, type A, B and C), leaks from other anastomoses (OL), 
bleeding (BC) and abscesses (AA) were studied for correlation with clinic-pathological factors. 
Results. In the 9-year period, altogether 240 patients had pancreatic resection. The incidence of OAC was 37.1%, 
ASC 29.2% and AGC 15.8%. ASC presented themselves as PL, OL, BC and AA in 19% (of 208 PD), 5.8%, 5.8%, and 2.5% 
respectively. Age, ASA score, amylase on drains, and pancreatic fistulas B and C correlated significantly with differ-
ent types of complications. Overall 30- and 90-day mortalities were 5 and 7.9% and decreased to 3.5 and 5% in P2. 
Conclusions. High amylase on drains and higher mean age were independent indicators of morbidity, whereas 
PL and BC revealed as independent predictor for 30-day mortality, and physical status, OAC and PF C for 90-day 
mortality.  

Key words: pancreatic resections; complications; impact factors

Introduction

Resection of the head of pancreas remains a sig-
nificant challenge for many pancreaticobiliary 
surgeon. Recently, better perioperative care, surgi-
cal technique, and better patient’s selection have 
undoubtedly led to better survival and have re-
duced the perioperative mortality. However, the 
high morbidity that accompanies these operations 
negates any positive long-term results in patients 
with otherwise poor prognosis that could have 
benefited from. 

The complications associated with PD proce-
dures are well described.1,2 These are usually of 
higher grade than in comparable abdominal sur-
gical procedures. Even more, they are usually as-
sociated with significant perioperative morbidity. 
Many attempts have been made to lower these 
complications.1,3–7 Some authors have claimed that 
modifications of the surgical techniques, especially 
the formation of the pancreatojejunostomy, could 
have a positive impact on the postoperative course. 
Others have claimed that a better selection of pa-
tients would decrease the morbidity and mortal-
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ity.8–13 Since perioperative morbidity and mortality 
are important predictors for long-term survival of 
patients after PD’s 14,15, we performed a retrospec-
tive study to determine factors associated with 
perioperative and specific surgical complications, 
general complications, and perioperative mortal-
ity. The identification of such negative prognostic 
factors could help to prevent complications or even 
mortality and could therefore have an impact on 
log-term survival after pancreatic surgery.

Factors like postoperative pancreatic fistula, 
age, and poor general condition have all been de-
termined to have a negative impact on the postop-
erative course.1,4,13,16,17 The drawbacks of some of 
these studies, however, are the small number of in-
cluded patients, the inclusion of low-volume cent-
ers, and the short-term postoperative follow-up of 
the patients. In our study, we therefore evaluated 
which clinic-pathological factors significantly in-
fluence morbidity, mortality, and long-term results 
in a tertiary reference institution for pancreatic 
diseases, where about 50 pancreatic resections are 
performed annually. Preoperative workup, surgi-
cal procedures, and postoperative care are highly 
standardized. All these factors enabled us to per-
form a detailed study of factors influencing the 
perioperative course after pancreatic surgery.

Patients and methods

For the present retrospective study, the data of 
patients after pancreaticoduodenectomies (PD) 
and total pancreatectomies (TP) performed from 
January 1, 2008 to March 31, 2017 at the Department 
of Abdominal Surgery UMC Maribor were ana-
lyzed. Clinical and pathological data were pro-
spectively stored in a computerized database. Data 
for the follow-up were obtained by our own outpa-
tient follow-up and by the National cancer register 
of Slovenia. Complete follow-up was obtained up 
to June 1, 2017. We obtained informed consent from 
all patients and performed all procedures accord-
ing to the guidelines of the Helsinki Declaration. 
The analysis includes patients having had PD and 
TP. There are no urgent resections included. The 
indications for the resection were malignant and 
premalignant lesions of the region sited in the head 
of pancreas, and chronic pancreatitis in few cases.

Preoperative workup

Patients’ preoperative physical status was ex-
pressed by the American Society of Anesthesiology 

score (ASA).18 Three ASA 4 patients from this pe-
riod were not included in the study. Prior to the 
surgery, all patients were submitted to computer 
tomography (CT). Additional abdominal magnetic 
resonance imaging (MR) or endo-ultrasonography 
(EUS) with or without biopsy were done only in 
selected patients. Beside usual standard laboratory 
blood tests, tumor markers CEA and Ca 19-9 were 
also evaluated. Preoperative endoscopic biliary 
drainage (EBD) was done in patients with bilirubin 
value > 200 mmol/l or in subicteric patients when 
further preoperative workup was necessary. 

Preoperative preparation

Intravenous antibiotic (1.5 g cefuroxime and 0.5 
g metronidazole or 0.35 g gentamycin and 0.6 g 
clindamycin) and subcutaneous antithrombotic 
(4000 IE enoxaparin or 3800 nadroparin or 5000 IE 
dalteparine) prophylaxis were successively used in 
all patients 1 hour and 12 hours prior to operation. 
Urine catheter and nasogastric tube were usually 
inserted after induction of anesthesia.  

Surgical technique

The usual operative approach was median or bi-
lateral subcostal laparotomy. After confirming re-
spectability (no distant dissemination, no tumor 
infiltration of the coeliac trunk, hepatic artery or 
superior mesenteric artery), the strategy was to 
perform a curable resection (R0) in malignant and 
premalignant lesions, and/or to relieve symptoms 
as in chronic pancreatitis. Usually pylorus-pre-
serving PD, Whipple resection or TP (in patients 
with very soft texture of the pancreas unsuitable 
for anastomosis) were performed. In malignant 
disease, lymphadenectomy was done in hepa-
toduodenal ligament, around common hepatic 
artery, superior mesenteric artery (usually 180 to 
2700), and occasionally between vena cava and 
aorta. Resection borders on the bile duct and pan-
creas were checked for neoplastic infiltration by 
frozen section examination. If infiltration of the 
superior mesenteric or portal vein was suspected, 
“En-block” resection of the infiltrated vein was 
done to assure the curability of resection. Vascular 
reconstruction was done by direct continuous 6.0 
monofilament non-absorbable suture; however, if 
more extended distance had to be bridged, vascu-
lar prosthesis was used. Anastomosis to pancre-
atic stump was exclusively performed by duct to 
mucosa end to side pancreaticoenteric anastomo-
sis (PEA) using 5.0 monofilament non-absorbable 
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sutures in two layers followed by single-layer 
bilioenteric anastomosis (BEA) with interrupted 
5.0 absorbable polyfilament sutures. In selected 
patients (mostly with thin duct and/or soft tex-
ture of the pancreas), trans-anastomotic lost stent 
was used. The continuity of the gastrointestinal 
tract was further established by omega gastroen-
teric anastomosis (GEA) done with 3.0 absorbable 
monofilament sutures. In all patients, single-layer 
continuous entericenteric anastomosis (EEA) be-
tween afferent and efferent loop was done with 4.0 
polyfilament absorbable suture. Two drains were 
placed in the right subhepatic region (one in space 
of resected head of the pancreas and one above 
bilioenteric anastomosis) and one in the Douglas 
region. 

Postoperative care

Almost all patients were admitted in the high de-
pendency unit except if admission to the inten-
sive care unit was indicated. Patients started to 
receive fluid food on the first day. Gastric tube 

was removed after appearance of bowel move-
ments or the first stools. Amylase was checked in 
the drained fluid on day 3 and thereafter when any 
clinical suspicion for anastomotic leaks was pre-
sent. In selected patients (soft pancreas remnant) 
however, parenteral somatostatin (6 mg/24 h) was 
administrated for 6 to 10 days in the presence of 
clinical relevant amylase leak until the cessation of 
secretion on abdominal drains.

Definitions and statistical analyses

All complications (OAC) according to Clavien–
Dindo classification grade II or more were consid-
ered as postoperative morbidity.19

All surgical (ASC), all general (AGC), and all 
surgical and general complications (SGC) were an-
alyzed. In addition, special group of complications 
like leak from PEA (PL), leaks not from PEA (OL), 
abdominal abscess (AA) and abdominal or intesti-
nal bleeding (BC) were identified. 

Any postoperative mortality within 30 and 90 
days was considered a probable consequence of 

TABLE 1. Indications for pancreatic resection

Indication for pancreatic resection P1
(n/ %)

P2
(n/ %)

All 
(n/ %) p

Pancreatic adeno carcinoma
64 71 135

66.7% 50.0% 56.7%

Neuroendocrine tumor of the pancreas
2 7 9

2.1% 4.9% 3.8%

Main duct intraductal papillary mucinous neoplasm 
0 3 3

0.0% 1.4% 0.8%

Franz’s tumor
1 0 1

1.0% 0.0% 0.4%

Non-Hodgkin lymphoma of the pancreas
1 1 2

1.0% 0.7% 0.8%

Adenocarcinoma of the distal bile duct
13 30 43

13.5% 20.8% 17.9%

Adenocarcinoma of the papilla Vateri
12 18 30

12.5% 12.5% 12.5%

Duodenal adenocarcinoma
2 6 8

2.1% 4.2% 3.3%

Gastric cancer
0 2 2

0.0% 1.4% 0.8%

Chronic pancreatitis
1 6 7

1.0% 4.2% 2.9%

P1 (period 1) = from January 1, 2008 to December 31, 2012 (96 pts); P2 (period 2): from January 1, 2013 to March 31, 2017
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surgery and was declared as postoperative mortal-
ity (30- and 90-day mortality). 

Receiver operating curve analysis for morbidity 
and mortality determined the threshold values of 
amylase secretion on abdominal drains. An area 
under curve (AUC) of > 0.75 was used to determine 

the value of significance. The ROC analysis was 
used to determine sensitivity and specificity of the 
determined amylase cut-off, which revealed to be 
more than 7 ukat/l. Sensitivity and specificity for 
prediction of pancreatic fistula type B or C (PF B 
or C) at cut-off 7 ng/ml were 100% and 85.4% re-

TABLE 2. Observed clinicopathological features in 240 operated patients

P1  
(n/%)

P2  
(n/%)

All  
(n/%) p

Gender (n = 240)

male
51 80 131

0.4
53.1% 55.6% 54.6%

female
45 64 109

46.9% 44.4% 45.4%

Age (n = 240) Mean (years) 66.1  ± 9.9 65.98  ± 10.1 66.4 0.91

ASA (n = 240) 

1
17 43 17

0.103

17.7% 29.9% 17.7%

2
53 68 53

55.2% 47.2% 55.2%

3
26 33 26

27.1% 22.9% 27.1%

Preoperative histology
(n = 240)

4 32 36
0.0001

4.2% 22.2% 15.0%

Hospital stay (n = 222) Mean (days) 21.2  ± 14.5 19  ± 11.6 19.8 0.138

Preoperative total bilirubin  
(n = 240)

Mean (mmol/l) 
(mmol/l) 67.6  ± 71.5 79.0  ± 85.5 74.7 0.028

Preoperative endoscopic biliary  
drainage (EBD) (n = 240)

34 51 85 0.554

35.4% 35.4% 35.4%

P1 (n/%) P2 (n/%) All (n/%) p

Type of pancreatic resection  
(n = 240)

PD 92 115 207

0.0001
95.8% 79.9% 86.3%

TP 4 29 33

4.2% 20.8% 14.2%

Resection of VMS/VP
(n=240)

12 28 40
0.17

12.5% 19.4% 16.7%

Type of vascular reconstruction
(n=240)

Direct suture 10 14 24

0.043
10.4% 9.7% 10.0%

Vascular graft 2 14 16

2.1% 9.7% 6.7%

Overall complications (OAC)
(n=240)

34 55 89
0.383

35.4% 38.2% 37.1%

30-day mortality
(n=240)

7 5 12
0.152

7.3% 3.5% 5.0%

90-day mortality
(n=240)

11 8 19
0.080

11.5% 5.6% 7.9%

ASA = American Society of Anesthesiologist Physical Status; VMS = mesenteric superior vein; VP = portal vein; P1 (period 1) = from January 1, 2008 to 
December 31, 2012 (96 pts); P2 (period 2): from January 1, 2013 to March 31, 2017
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spectively. Consequently, any secretion of amylase 
rich fluid on drains more than 7 ukat/l was defined 
as elevated. Patients with high amylase on drains 
from PEA were declared to have (PF) and retro-
grade classified in three types of PF (A, B, C) re-
specting clinical picture, therapeutic consequences, 
and ISGPF PF recommendations.20

Two chronologically successive groups of pa-
tients (period 1 (P1): from January 1, 2008 to 
December 31, 2012 (96 pts); and period 2 (P2): from 
January 1, 2013 to March 31, 2017 (144 pts)) were 
compared for perioperative morbidity, and 30- and 
90-day mortality. 

Continuous data are expressed as mean  ± stand-
ard deviation and categorical variables are given as 

percentages. Continuous variables were compared 
with Student’s t-tests for parametric data and 
Mann-Whitney U tests for nonparametric data. 
Chi-square tests were used for comparisons of dis-
crete variables. 

All of the predictors that were significant on 
univariate analysis were included in the multivari-
ate analysis. In the multivariate analysis, a binary 
logistic model was used. Survival analysis was per-
formed with the Kaplan-Meier method. The dif-
ferences between groups were compared with the 
log-rank test. P values < 0.05 were defined as the 
limit of significance. For statistical analysis, SPSS 
version 22 for Windows 7 (IBM Analytics, Armonk, 
NY) was used.

The aim of our study was to evaluate the inci-
dence of morbidity and mortality, and to reveal 
any correlations with clinicopathological factors. 
In addition to morbidity and mortality, the impact 
of morbidity and mortality on survival was stud-
ied. The second aim was to reveal any differences 
between two chronologically successive groups 
(P1 and P2).

Results

Altogether 240 patients had pancreatic resection 
(male 131, female 109, mean age 66.04 years). The 
indications for resections and characteristics of the 
analyzed patients are presented in Tables 1 and 2. 

The incidence of OAC was 37.1%. ASC occurred 
in 29.2% whereas AGC in 14.2%. ASC presented 
themselves as a leak from PEA (PL), non-PEA leak 
(OL), bleeding complications (BC) and abdominal 
abscesses (AA) in 19% (of 208 PD), 5.8%, 5.8% and 
2.5% respectively. In case of OL, five were from 
GEA. Bleeding (BC) occurred in altogether 14 
of 240 patients. Two patients had early intestinal 
bleeding and 12 occurred after 24 hours. Other rare 
surgical complications occurred in altogether 4.5% 
(Table 3). All general complications are described 
in Table 4. 

Drained fluid was checked for amylase in 189 
of 207 patients after PD. Elevated amylase more 
than 7 ukat/l on drains were found in 73 patients 
(38.6%). In 63 patients (33.3%), the high amylase 
on drains originated from PEA whereas in 10 pa-
tients amylase rich secretion evidently did not 
origin from PEA (6 bile leaks, 2 leaks from GEA, 
1 ileus, 1 strangulation of the mobile cecum). The 
rate of PF A was 14.4%, PF B 9.6% and PF C 9.6%. 
Determination of PF in groups A, B and C did 
not correlate with means of amylase value in dis-

TABLE 3. Surgical complications in 240 operated patients 

Type of all surgical complications
(n = 240) n % % 90-day 

mortality

No surgical complications 169 70.4 3

PF B or C 28 11.7 25

PF B or C and bleeding 8 3.3 62.5

Bleeding in the intestines 2 0.8 0

Intraabdominal bleeding – no PF 4 1.7 25

Bile leak 10 4.2 0

Leak from GEA 5 2.1 20

Dehiscence of laparotomy 3 1.3 0

Intraabdominal abscess 6 2.5 0

Ileus 1 0.4 0

Thrombosis of vascular graft 2 0.8 0

Volvulus coeci 1 0.4 0

Stenosis of coeliac trunk 1 0.4 0

Total 240 100.0 7.9%

GEA = gastroenteroanastomosis; PF B and C = pancreatic fistula type B and C

TABLE 4. General complications in 240 operated patients

Type of all general complications  
(n = 240) n % % 90-day 

mortality

No general complications 202 84.2 5.0

Pneumonia 8 3.3 25

Cardiorespiratory decompensation 3 1.3 100

Heart failure 9 3.8 11.1

Pulmonary embolism 4 1.7 25

Different infections 10 4.2 10

Renal failure 1 .4 100

Brain stroke 1 .4 0

Miscellaneous 2 .8 0

Total 240 100.0 7.9
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charged secretion on drains in ordinal fashion; it 
was rather the consequence of clinical factors and 
therapeutic measures.

One of the common consequences of compli-
cations was significantly prolonged hospital stay 
(OAC: 30.9  ± 16 vs. 14.2  ± 4.5 days; p < 0.0001). 
Overall 30- and 90-day mortality were 5% and 7.9%.

Correlation of clinicopathological factors 
and perioperative morbidity
Age and physical status

Patients with OAC and AGC were older, and 
their physical status according to ASA was worse. 
Physical status was worse also in a group of patients 
with PL (29.5% vs. 16.1%; p = 0.042). Regarding 
this, no correlations were found in other subsets of 
complications (AA, BC, and OL) (Table 5).

Preoperative bilirubin value and EBD. At our dis-
posal were only bilirubin values from the period 
within a week before the PD, and the majority of 
patients was transferred to our institution with 
already placed EBD more than 1 week before the 
operation. This prevented us to make any conclu-
sive analysis on this issue. Generally, patients with 
preoperative placed EBD had lower mean preop-
erative bilirubin values than those without EBD 
(57.4  ± 66 vs. 83.8  ± 86mmol/l; p = 0.005). Increased 
mean bilirubin level was noted in BC (134.7  ± 104 
vs. 70.7 ± 71.6 mmol/l; p = 0,005). EBD was in 37.6% 
of our patients associated with the occurrence of 
ASC and in 30% with PL (ASC: 37.6% vs. 24.5%, p = 
0,024, PL: 30% vs. 12.5%, p = 0,004), but there have 
been no correlations of EBD with other settings of 
complications (Table 5).

TABLE 5. Correlation of clinicopathological factors and perioperative morbidity and mortality in 240 operated patients

N OAC P ASC P BC P OL P AA P PL P AGC P

Age (years) 240 No compl.
Compl.

64.6 ± 10
68.4 ± 9.1 0.005 65.3 ± 10.3

67.9 ± 9.1 0.051 66.2 ± 10
63.5 ± 12 0.452 66 ± 10

67.1 ± 8 0.665 65
73 0 056 65.7 ± 10

67.3 ± 8 0.256 65.4 ± 10
70.1 ± 9 0.007

Age 
(<70 and >69) 240 <70

>69
28.6%
43.7F% 0.011 23.8%

33.3% 0.071 8.6%
3.7% 0.094 4.8%

6.7% 0.369 0%
100% 0.030 16.3%

21.4% 0.234 8.6%
18.5% 0.021

ASA 1.2 vs. 3 240 ASA 1+2
ASA 3

32%
52.5% 0.004 23.8%

33.3% 0.042 5.5%
6.8% 0.465 5.5%

6.8% 0.465 0.457 16.1% 
29.5% 0.042 10.5%

25.4% 0.006

Total bilirubin  
(mmol/l) 240 No compl.

Compl.
70.1 ± 74
82.9 ± 89 0.271 68.3 ± 73.6

89.5 ± 93.1 0.062 71 ± 77
134 ± 104 0.005 74.4 ± 78

75.5 ± 108 0.969 0.231 68.1 ± 70
91.4 ± 99 0.195 79 ± 82

47.4 ± 61 0.033

EBD  
(no/yes) 240 No EBD

EBD
33.5%
43.5% 0.082 24.5%

37.6% 0.024 5.8%
5.9% 0.594 7.1%

3.5% 0.203 0.640 12.8%
30% 0.004 11.6%

18.8% 0.092

PD/TP 240 PD
TP

37.2%
36.4% 0.545 29.5%

27.3% 0.488 6.3%
3% 0.400 5.8%

6.1% 0.600 1%
12.1% 0.004 - - 13%

21.2% 0.126

Vasc. resect.
(yes/no) 240 No vasc. 

Vasc. resect.
39.5%
27.5% 0.115 30.0%

25.0% 0.334 4.5%
12.5% 0.063 6%

5% 0.578 0.738 21.1%
7.7% 0.083 16.5%

2.5% 0.011

Size of tumor  
(mm) 201 No compl.

Compl.
32.3 ± 19
24.6 ± 12 0.001 31.7 ± 18.8

23.7 ± 10.1 0.002 29.5 ± 17
25 ± 10 0.187 29.4 ± 17

25.1 ± 13 0.320 0.069 30.3 ± 18
22.5 ± 9 0.001 29.7 ± 17

25.7 ± 15 0.211

Type of tumor
PAC/NPC 216 PAC

NPC
34.1%
46.9% 0.042 26.7%

37.0% 0.074 6.7%
4.9% 0.421 5.9%

7.4% 0.435 0.403 16.2%
25.7% 0.092 69.8 ± 183

83.5 ± 127 0.094

Amylase level  
(ukat/l) 187 No compl.

Compl.
21.3 ± 62.1
150.6 ± 252 0.0001 24.0 ± 73

179.9 ± 270 0.0001 68.6 ± 175
128.1 ± 199 0.333 72.3 ± 180

62.5 ± 100 -0.773 72.5 ± 177
1.1 ± 1 0.0001 22.2 ± 70

260 ± 310 0.0001 69.8 ± 183
83.5 ± 127 0.640

Amylase 
(>7 ukat/l) 187 < 7

> 7
20.2%
69.8% 0.0001 11.4%

61.6% 0.0001 3.5%
12.7% 0.022 1.7%

60.3% 0.0001 0.529 19.1%
100% 0.0001 35.6%

57.7% 0.033

PF C  
(yes/no) 187 No PF C

PF C
33.1%
100% 0.0001 23.7%

100% 0.0001 3%
38.9% 0.0001 0.318 0.818 10.7%

100% 0.0001 - 0.464

PF B  
(yes/no) 187 No PF B

PF B
33.1%
100% 0.0001 23.7%

100% 0.0001 6.5%
5.6% 0.676 0.318 0.818 10.7%

100% 0.0001 - 0.221

PF A  
(yes/no) 187 No PF A

PF A
42.5%
22.2% 0.035 36.3%

0 0.0001 0.148 0.171 0.734 24%
100% 0.0001 - 0.141

PF B or C 187 No PF B+C
PF B+C

25.2%.
100% 0.0001 14.6%

100% 0.0001 2.6%
22.2 0.0001 0.088 0.655

Period of the study 240 P1
P2

35.4%
38.2% 0.383 25.0%

31.9% 0.155 2.1%
8.3% 0.036 5.2%

6.3% 0.485 0.230 16.9%
21.2% 0.292 17.7

11.8 0.137

Hospital stay  
(days) 240 14.2 ± 4

31.4 ± 16 0.0001 15.2 ± 6
32.9 ± 17 0.0001 19.3 ± 13

31.9 ± 8 0.003 18.1 ± 9
44.9 ± 29 0.0001 19.6 ± 13

29 ± 10 0.075 17.8 ± 12
30.7 ± 9 0.0001 18.4 ± 12

30.9 ± 10 0.0001

AA = intraabdominal abscess; ASC = all surgical complications; AGC = all general complications; BC = bleeding complications; comp. = complications, EBD = external biliary 
drainage; No compl. = no complications; NPC = non-pancreatic carcinoma; OAC = overall complications; OL = other anastomotic leak; PAC = pancreatic adenocarcinoma; 
PD = pancreaticoduodenectomy; PL = pancreatic leak anastomosis; PF C/ B/ A = pancreatic fistula type C/ B/ A; TP = total pancreatectomy; Vasc. resect. = vascular resection; 
No vasc. = no vascular resection 
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Type of resection and vascular resections

PD and TP were comparable regarding all clinico-
pathological factors except of AA which was more 
likely after TP (1% vs. 12.1%; p = 0.004). Resections 
of VMS/VP correlated only with AGC revealing 
even less complications if vascular resection has 
been done (2.5% vs. 16.5%; p = 0.011). This correla-
tion was difficult to explain since patients with vas-
cular resection were comparable regarding the age 
and physical status (mean age: 65.2 vs. 66.1 years; 
p = 0.556; ASA 3 vs. ASA 1 and 2: 22.2% vs. 25%; p 
= 0.456) (Table 5).

Type and size of the tumor

Data of tumor dimensions were available for 201 
patients. There was a high correlation between 
tumor size and tumor type revealing NPCs to be 
smaller and PACs to be larger. In groups of OAC, 
ASC and PL, smaller size of tumor significantly 
predicted the onset of complications. Calculation 
revealed that patients with NPC were more prone 
for onset of OAC than those with PAC (Table 5). 

Amylase on drains 

Complications after PD were associated with am-
ylase rates more than 7 ukat/l. The mean amylase 
value was increased only in OAC and ASC (OAC: 
150.6  ± 252 vs. 21  ± 62; p < 0.0001, ASC: 179.9  ± 
270 vs. 24  ± 73; p < 0.0001). Since PF A has never 
been noticed, it did not have any negative impact 
on any type of complications. There is an inverse 
correlation of mean amylase level and AA (1.1  ± 
vs. 72.5  ± 177 ukat/l; p < 0.0001) proving that ab-
scesses did not originate from pancreatic leak. 
Smaller size of the tumor proved to be a predictor 
for the occurrence of PL (30.3  ± 18 vs. 22.5  ± 9; p = 
0.001). Amylase rates more than 7 ukat/l and PF B 
were more often noted in NPCs (amylase < 7 ukat/l: 
48.4% vs. 25.3%; p = 0.002, PF B: 17.2% vs. 6.3%; p 
= 0.029), but there was no correlation at the whole 
between PF C and type of tumor (Table 5).

Correlation of clinicopathological factors 
and perioperative mortality

Patients who suffered complications in terms of 
OAC, ASC, AGC, BC, PL and PF C  were at a signif-
icant higher risk for postoperative mortality (OAC 
30-day: 13.5% vs. 0%; p < 0.0001, OAC 90-day: 20% 
vs. 0.7%; p < 0.0001, ASC 30-day: 14.3% vs. 1.2%; 
p < 0.0001, ASC 90-day: 20% vs. 2.9%; p < 0.0001, 
AGC 30-day: 14.1% vs. 4.3%; p < 0.0001, AGC 90-
day: 20% vs. 2.9%; p < 0.0001, BC 30-day: 35.7% 

Vs. 3.1%; p < 0.0001, BC 90-day: 34.3% vs. 7.2%; p < 
0.0001, PL 30-day: 22.2% vs. 2%; p < 0.0001, PL  90-
day: 33.3% vs. 3.2%; p < 0.0001, PF C 30-day: 33.3% 
vs. 2.9%; p < 0.0001, PF C 90-day: 50% vs. 4.7%; p 
< 0.0001). On the other hand, OL and AA did not 
impact the 30- and 90-day mortality.

Age did not correlate to 30- or 90-day mortality; 
however, ASA physical status did (30-day: 11.9% 
vs. 2.8%; p = 0.011, 90-day: 18.6% vs. 4.4%; p = 0,001). 

Patients with amylase rich secretion more than 
7 ukat/l were also at a higher risk to die within 30 
or 90 days after operation (amylase > 7ukat/l 30-
day: 14.3% vs. 1.7%; p = 0.002, amylase > 7ukat/l 
90-day: 20.6% vs. 3.4%; p < 0.0001). However, mean 
value of amylase on drains was significantly higher 
in patients that died within 90 days compared to 
those who died in 30 days (90-day: 172  ± 231 vs. 
59.1  ± 170ukat/l; p = 0.013). Tumor type or size of 
the tumor, mean preoperative total bilirubin, EBD, 
and PF A and B did not correlate with 30- and 90-
day mortality.

Multivariate analysis

Predictors found to be significant for 30- and 90-
day morbidity and mortality in the univariate 
analysis were included in the multivariate logistic 
regression analysis. 

For OAC, higher mean age and drained amyl-
ase more than 7 ukat/l (age: CI 95%: 1.019-1.103; p 
= 0.004, amylase > 7ukat/l: 95% CI: 0.045-0.204; p 
< 0.0001) were predictive. For ASC, higher mean 
amylases and drained amylase more than 7 ukat/l 
(mean amylase: 95% CI: 1.000-1.007; p = 0.047, 95%, 
amylase > 7 ukat/l: CI: 0.070 – 0.427; p < 0.0001) 
were specific. Moreover, for AGC, physical status, 
mean age and mean level of total bilirubin pre-
operatively (ASA: 95% CI: 1.007 -1.121; p = 0.028, 
mean age: 95% CI: 1.042-6.715; p < 0.041, mean total 
bilirubin: 95% CI: 0.981-0.999; p < 0.027) revealed as 
independent predictors.

For 30-day mortality, PL and BC revealed as in-
dependent predictors (PL: 95% CI: 0.026-0,522; p = 
0.005, BC: 95% CI: 0.024-0 537; p = 0.006). In case of 
90-day mortality, physical status, OAC and PF C 
(ASA: 95% CI: 1.404 -16.514; p = 0.012, OAC: 95% 
CI: 1.622-117.599; p = 0.016, PF C: 2.030-28.244, p = 
0.003) were noticed as predictive factors.

Survival analyses

Patients who had OAC, ASC, AA, OL or AGC have 
had comparable expectation for long-term survival 
to those without complications (OAC: 866  ± 139 
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vs. 760  ± 174 days, Log Rank: p = 0.242; ASC: 866  
± 134 vs. 901  ± 216 days, Log Rank: p = 0.234; AA: 
Log rank: p = 0,048, OL: 836  ± 123 vs. 1159  ± 673 
days; Log rank: p = 0.760, AGC: 866  ± 135 vs. 760  ± 
197 days, Log Rank: p = 0.431). Complications like 
PL in PD and BC in all resected patients seriously 
compromised the expected long-term survival (PL: 
938  ± 67 vs. 499  ± 146 days; Log Rank: p = 0.010, 
BC: 901  ± 128 vs. 409  ± 457 days; Log Rank: p = 
0.046). On the other hand, in patients who survived 
complications, the long-term survival was not im-
pacted by any type of complications (Figures 1,2).

Differences between two chronologically 
successive groups

Two chronologically successive groups of patients 
were comparable on most clinicopathological fac-
tors except for preoperative gained histology, 
preoperative total bilirubin, and type of resection 
(Table 2). The indications for TP were: postop-
erative bleeding from the pseudo-aneurism of the 
proximal part of the common hepatic artery com-
bined with leak of the PEA (1 patient); PAC and 
main duct IPMN (9 patients); diffuse main duct 
IPMN (1 patient); very soft pancreas (10 patients); 
positive resection margins (5 patients); tumor ex-
tending to the body of the pancreas (5 patients); 
and formerly removed left pancreas (2 patients) 
(Table 1). Five out of 10 patients with extremely 
soft pancreas had also vascular reconstructions 
with prosthetic interposition, and three already 
had insulin dependent diabetes. The overall (P1 
and P2) 30- and 90-day mortality in our cohort 
were 5 and 7.9% respectively. In P2, the rates for 
30- and 90-day mortality became lower, 3.5% and 
5% respectively, but the statistical difference be-
tween P1 and P2 reveals only borderline statistical 
value (p = 0.08) (Table 2).

Discussion

Pancreatic resections present the only curative 
option for patients with malignant and prema-
lignant diseases, and for relief of symptoms in 
selected group of patients with chronic pancreati-
tis. However, due to high morbidity and mortal-
ity, the treatment should not be worse than the 
disease.21 Despite markedly progress on the field 
of pancreatic resections, morbidity remains quite 
high for decades whereas mortality rates gradu-
ally improved.22–27 There was no exception in our 
study with OAC rate of 37.1%; ASC 29.2% and 

AGC 14.2% were AGC within the two observed 
periods. The 30-and 90-day mortality in our pa-
tients were 5% and 7.9% respectively. This result is 
well comparable to the reports of other authors. In 
many studies, postoperative mortality was defined 
traditionally as mortality within 30-days or dur-
ing the initial hospitalization. This might had led 
to an underestimated postoperative morbidity and 
mortality rates. As shown by some Meta analyses, 
even in centers of Excellency, the 90-day mortality 
rate is double of the 30-day mortality rate and sig-
nificantly differs concerning the hospital volume. 
One of the consequences of postoperative morbid-
ity for patients who survive the complication was 
significantly prolonged hospitalization.5,15,26,28 In 
our study, it was ranging between 30 and 44 days. 

It has been often documented that higher age 
and low physical status can significantly affect the 
occurrence of postoperative complications.12,13 In 
our study, higher mean age and higher ASA score 
impacted the incidence of OAC and AGC. ASA 
score alone impacted ASC and PL. Regarding our 
results, higher mean age was an independent pre-
dictor for OAC and AGC whereas ASA score was 
for AGC. On the other hand, specific complications 
like BC, AA and OL did not correlate with age or 
physical status. Age did not prove as an independ-
ent prognostic factor for any type of complications; 
however, ASA score did for 90-day mortality. 
Therefore, our results support the conclusion not 
to restrain patients from PD or TP only because of 
their age; however, caution is needed while select-
ing the patients for PD or TP. 

There is an ongoing debate on whether jaun-
diced patients with obstructive lesion and higher 
bilirubin in the head of the pancreas should be 
drained or not.29–34 Since only relevant laboratory 
data from the immediate preoperative period were 
at our disposal for the study, we can hardly pro-
foundly discuss this issue. Based on our own data, 
however, we observed higher mean total bilirubin 
values in patients with BC and lower for the group 
with AGC. The results regarding EBD match with 
the results from others revealing higher incidence 
of ASC and PL in patients with EBD.31,35-38 There 
was no correlation of mean total bilirubin or EBD 
with 30- and 90-day mortality.32,39,40

Our study confirms comparable results regard-
ing the perioperative morbidity and mortality 
between PDs and TPs except for abdominal ab-
scesses, which occurred more often in TP. This fact 
could speak for TP in selected cases of patients with 
pancreas remnant untenable for PEA, especially in 
elderly in less good general condition who do not 
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tolerate this kind of complications at all.41–43 In pa-
tients with preexisting insulin dependent diabetes, 
this decision could even be easier. Relevant criteria 
for decision-making in this regard are still missing. 
Further analyses are needed for long-term quality 
of life, especially concerning insulin dependent 
diabetes.44–46

Resection of VMS or VP for infiltration was for-
merly regarded as a relative contraindication for 
the PD. However, nowadays it presents a stand-
ard treatment and was performed in 16.7% of our 
patients. In our study, neither type of pancreatic 
resection nor the incidence of VMS/VP resection 
influenced the occurrence of postoperative mor-
bidity and mortality.47–52 

The proportion of chronic pancreatitis in PACs 
and NPCs included in the reports can differ sig-
nificantly, and if cases with predominantly hard 
pancreas remnant predominate, as in patients with 
chronic pancreatitis, the overall risk for postopera-
tive morbidity and mortality rates could reveal at 
a lower rates. In our collective of patients, chronic 
pancreatitis and PAC contributed 2.9 and 56.7% of 
patients respectively, remaining more than 40% of 
patients with diseases where the pancreas remnant 
could be softer (Table 1).9,53–55 

To our results, concerning only PACs and NPCs, 
OACs were more likely to occur in NPCs and in 
tumors of smaller size. Moreover, the majority of 
NPCs were also smaller than PACs. The size of tu-
mor affects the onset of OAC, ASC and PL; howev-
er, neither 30- nor 90-day mortality were impacted 
by type or size of the tumor.56–58 

Patients with amylase more than 7 ukat/l on 
drains and pancreatic fistula were retrospectively 
classified in three types of PF (A, B, C) respecting 
clinical picture, therapeutic consequences, and 
ISGPF PF recommendations.20 Mean values of 
amylase in discharged secretion did not differ be-
tween PF A, B and C. There is consensus among all 
reports that PF negatively affected the postopera-
tive course in patients after PD.59,60 Our experience 
with PF was similar. In PD, the high mean amylase 
on drains or amylase more than 7 ukat/l predicted 
the onset of complications, especially if surgical 
complications were involved (OAC, ASC and PL). 
However, exception were AA where the mean am-
ylases on drains were low proving that abscesses 
did not originate from pancreatic leak. PF A was 
not associated with any serious morbidity in post-
operative course of our patients. Patients with 
OAC, ASC, AGC, BC, PL, PF C and high mean am-
ylase or amylase more than 7 ukat/l are at a higher 
risk to die within 30 or 90 days. Although, most 

studies agree about the impact of PF on morbidity 
and mortality, there is less consensus for how to 
prevent the occurrence of PF. Most effort is focused 
on how to perform a save anastomosis in case of 
soft friable pancreas texture with a thin pancreatic 
duct.5–7,10,61,62 

Both periods (P1 and P2) were comparable re-
garding almost all clinicopathological factors ex-
cept for type of pancreatic resection and vascular 
reconstructions, and the count of performed TPs. 
There were more TPs in P2 as in P1 (20.8% vs. 
4.2%). Both types of pancreatectomies were compa-
rable regarding age, physical status, tumor mark-
ers, mean bilirubin value, morbidity and mortality. 
Logically, there were no PF in TP. In addition to 
other indications, TP was performed in 11 patients 
with pancreas remnant unsuitable for anastomosis. 
The indications for TP must be posed very respon-
sible, even the inform consent must be done pre-
operatively in this issue.24,41,43 The morbidity was 
stable within the whole study period, but 30- and 
90-day mortality became twofold lower in P2 (3.5% 
and 5.7%), although without a significant correla-
tion.

Most subtypes of complications did not com-
promise the long-term survival in our cohort of 
patients. The exceptions were PLs in PDs and BCs 
in PDs and TPs where the 5-year survival was sig-
nificantly compromised. On the other hand, in pa-
tients who survived any of these complications the 
long-term survival was not impacted by any type 
of complications.59,60,63,64

In conclusion, the present study indicates that 
amylase rich secret on drains and higher mean 
age are independent indicator for OAC whereas. 
PL and BC proved as an independent predictor for 
30-day mortality, and physical status, OAC and PF 
C for 90-day mortality. EBD, smaller size of tumor 
and NPC can provoke complications; however, 
there was no repercussion on postoperative mor-
tality. Even though the decrease in 30- and 90-day 
mortality (3.5% and 5%) tightly missed the signifi-
cance in our cohort of patients, the trends of better 
surgery in pancreatic resections in our institution 
seemed to be encouraging. Most subtypes of com-
plications did not compromise the long-term sur-
vival in our cohort of patients. The exceptions were 
specific complications like PLs and BCs where the 
5-year survival was significantly compromised. 
On the other hand, in patients who survived these 
complications, the long-term survival was not im-
paired by any type of complications. The worse 
scenario in pancreatic resection is an older patient 
in bad physical condition having low sized tumor 
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or NPC, amylase reach output on drains after re-
section, and eventually BC.
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Background. Adenocarcinomas at the cardia are biologically aggressive tumors with poor long-term survival follow-
ing curative resection. For resectable adenocarcinoma of the cardia, mostly esophagus extended total gastrectomy 
or esophagus extended proximal gastric resection is performed; however, the surgical approach, transhiatal or tran-
sthoracic, is still under discussion. Postoperative morbidity, mortality and long-term survival were analyzed to evaluate 
the potential differences in clinically relevant outcomes.
Patients and methods. Of altogether 844 gastrectomies performed between January 2000 and December 2016, 
166 were done for the adenocarcinoma of the gastric cardia, which we analyzed with using the Cox proportional 
hazards model.
Results. 136 were esophagus extended total gastrectomy and 125 esophagus extended proximal gastric resection. 
A D2 lymphadenectomy was performed in 88.2%, splenectomy in 47.2%, and multivisceral resections in 12.4% of pa-
tients. R0 resection rate was 95.7%. The mean proximal resection margin on the esophagus was 42.45 mm. It was less 
than 21 mm in 9 patients. Overall morbidity regarding Clavien-Dindo classification (> 1) was altogether 28.6%. 15.5% 
were noted as surgical and 21.1% as medical complications. The 30-day mortality was 2.2%. The 5-year survival for R0 
resections was 33.4%. Multivisceral resection, depth of tumor infiltration, nodal stage, and curability of the resection 
were identified as independent prognostic factors.
Conclusions. Transhiatal approach for resection of adenocarcinoma of the cardia is a safe procedure for patients 
with Siewert II and III regarding the postoperative morbidity and mortality; moreover, long-term survival is compara-
ble to transthoracic approach. The complications associated with thoracoabdominal approach can therefore be 
avoided with no impact on the rate of local recurrence. 

Key words: proximal gastric cancer; transhiatal resection; complications; survival

Introduction

The incidence of gastric cancer sited in the proxi-
mal third and esophago-gastric junction (EGJ) was 
rising worldwide; however, in Europe this ten-
dency seems to be stabilizing.1 Adenocarcinomas 
of the cardia (ACC) are the most frequent type 
within these tumors. They are typically diagnosed 
at an advanced stage of disease progression.2-5 As 
a result, they are difficult to treat and the patient 

prognosis is poor even after curative surgical resec-
tion comparing to those sited in distal two thirds 
of stomach. The extension of gastrectomy in the 
mediastinum makes the resection of ACC more 
demanding and burdened by higher postoperative 
morbidity. Consequently, the long-term survival 
rate after surgical resection has been reported to be 
lower, ranging from 16% to 40%.6-9 

The Siewert’s classification (S I–III), founded al-
most 20 years ago, still presents an important ba-
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sis for decision-making in clinical praxis for EGJ 
tumors; however, its implication regarding strict 
decision for thoraco-abdominal or transhiatal ap-
proach for ACC SI and SII is still under discus-
sions.8,10 Different reports of meta-analyses reveal 
contradictory conclusions and randomized control 
studies are lacking. In the western world, presently 
the only clear recommendation stays for SIII tu-
mors to be approached transhiatal, whereas in the 
eastern world also SII tumors are mostly resected 
transhiatal.9-14 The tumor free segment of the es-
ophagus to be achieved is 5 cm and the infiltration 
of the esophagus should not exceed 2 cm.15

Extent of organ resection and lymphadenectomy 
are the next issue of discussion without any clear 
evidence based on the randomized control stud-
ies; however, most ACC of S I and II are surgically 
managed by distal esophagectomy with proximal 
gastrectomy, while distal esophagectomy with to-
tal gastrectomy is often applied in S III tumors.7 In 
clinical practice, the exact origin of EGJ tumors can 
sometimes be hard to define, which complicates 
the choice between distal esophagectomy with to-
tal gastrectomy and esophagectomy with proximal 
gastrectomy.16

Regarding the extent and region of lymphad-
enectomy needed for ACC, huge nation-wide 
Japanese study analyzing the records of 2807 pa-
tients having had R0 resection of EGJ carcinoma 
was able to confirm that the incidence of lymph 
node metastases correlates highly with T stage and 
site of the tumor. In stomach, predominant cancer 
(2 cm below EGJ) lymph node metastases in the 
middle and upper mediastinum were seldom de-
tected even in T3/4 tumors (< 6% in T4), whereas in 
esophagus predominant tumors (2 cm above EGJ) 
metastases to the lymph nodes were detected more 
often (> 30% in T4).17

Randomized control studies have demonstrated 
the preoperative therapy with chemoradiother-
apy or chemotherapy alone improves survival 
outcome for patients in stages more than T1 and/
or more than N0 in which R0 resection was pos-
sible. Evidence suggests, but does not confirm, that 
radiation-containing regimens are more benefi-
cial.16,18-20

The aim of the present study was to reveal perio-
perative morbidity and mortality as well as long-
term survival in proximal gastric adenocarcinoma 
resected exclusively with transhiatal approach. We 
also searched for correlations of clinicopathologi-
cal factors with morbidity, mortality and long-term 
survival.

Patients and methods

The medical records of 844 consecutive patients 
who had gastric resection for adenocarcinoma of the 
stomach from January 1, 2000 through December 
31, 2016 at the Department of Abdominal Surgery 
at Surgical clinic UMC Maribor, Slovenia were ret-
rospectively reviewed. Patients resected for gastric 
stump tumors and those in which entire stomach 
was affected were excluded from the study. 161 pa-
tients with ACC and transhiatal resected were con-
sidered for the analyses. The level of the location 
on the gastric cardia was determined concerning 
the Siewert’s classification.8,10

Patients’ preoperative physical status was ex-
pressed by the American Society of Anesthesiology 
score (ASA).21

After the diagnosis of ACC was initially con-
firmed by endoscopy and biopsy, computed to-
mography (CT) of thorax and abdomen was done 
to rule out dissemination of the disease and to as-
sess the locoregional stage to gain the clinical stage 
as well as to judge whether the tumor would be 
resectable with transhiatal approach. 

As all other oncological patients, they were pre-
sented to the oncological board for treatment plan-
ning. Until 2010, adjuvant radio-chemo therapy 
was indicated in stages pT2 and higher and/or 
pN+; however, since 2010, all amenable patients in 
stage higher than cT2 and higher and/or cN+ were 
submitted for neoadjuvant oncological treatment.

If there were no contraindications regarding 
general status, radical resection in terms distal es-
ophagectomy with total gastrectomy or esophagec-
tomy with proximal gastrectomy was done with 
strategy to provide 6–7 cm in vivo distance from the 
upper aspect of the tumor. The distal esophagec-
tomy with total gastrectomy was preferred; how-
ever, in some patients with poorer general status 
or if the mesentery was to short, esophagectomy 
with proximal gastrectomy was done. A ring of hi-
atal part of the diaphragm was regularly excised 
en-block with the resected specimen. If there were 
no contraindications regarding general status, a D2 
lymphadenectomy (stations 1, 2, 3, 4sa, 4sb, 5, 6, 
7, 8a, 9, 11p, 11d) was performed including distal 
mediastinal lymph nodes (station 110, 111).22 The 
spleen was usually preserved, unless there was 
macroscopic infiltration, lymph node No. 10 was 
clearly enlarged, or the tumor extended toward the 
grater curvature and was adhered to the stomach 
wall.23 Additional resections of infiltrated neighbor 
organs were done to assure R0 resection.
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At operation, definite site of the tumor and 
Siewert type were determined.

Intravenous antibiotic (1.5 g cefuroxime and 
0.5 g metronidazole or 0.35 g gentamycin and 0.6 
g clindamycin) and subcutaneous antithrombotic 
(4000 IE enoxaparin or 3800 nadroparin or 5000 IE 
dalteparine) prophylaxis were successively used in 
all patients 1 hour and 12 hours prior to operation. 
Urine catheter and nasogastric tube were usually 
inserted after induction of anesthesia.

Almost all patients were admitted in the high 
dependency unit except if admission to the inten-
sive care unit was indicated. Patients started to re-
ceive fluid food on the third day. To confirm and 
also to stimulate the peristaltic movements 50 ml of 
hypertonic contrast (Gastrografin) is routinely ad-
ministrated on the third or fourth day after opera-
tion. Gastric tube was removed after appearance of 
bowel movements or the first stools. 

Resected specimens were examined according 
to standard pathophysiologic procedure and clas-
sified according to Lauren, WHO, TNM and UICC 
classification as well as according to differentiation 
of tumor cells (gradus).24-26 Before fixation of the 
specimen, the proximal tumor free distance on the 
specimen has been measured by the pathologists. 
Additional 9 mm of stapler cylinder (circular sta-

pler 25 mm) were added to the distance measured 
by the pathologists.

Any complication occurring postoperatively 
within 90 days was considered as surgery related 
and noted according to Clavien-Dindo classifica-
tion.27 Additionally, surgical and medical compli-
cations were listed separately. Postoperative deaths 
within 30 and 90 days were considered as probable 
consequence of surgery and were declared as post-
operative mortality (30- and 90-day mortality). 

For patients surviving longer than 90 days af-
ter operation, recurrence of the disease was deter-
mined by image procedures (CT, PET CT), cytolog-
ical analyses of abdominal and pleural effusions as 
well as by autopsy reports. 

Clinical and pathological data were prospective-
ly stored in a computerized database. Data from 
the follow-up were obtained by our own outpa-
tient follow-up and by the National cancer register 
of Slovenia. Complete follow-up was obtained as 
of June 1, 2017. 

We obtained informed consent from all patients 
and performed all procedures according to the 
guidelines of the Helsinki Declaration.

Clinicopathological factors involved in correla-
tion analyses were: gender, age, ASA, type of re-
section, extent of lymphadenectomy, additional 

TABLE 1. Clinicopathological characteristics of the patients resected for adenocarcinomas of the cardia (ACC)

Gender (n=161)
Male 120 74.5%

Female 41 25.5%

Age (Mean, 95% CI) (n = 161) 64. 6 ± 10.1 Lower: 62.90 Upper: 66.31

American Society of 
Anesthesiology score  
(ASA) (n = 161)

1 53 32.9%

2 83 51.6%

3 25 15.5%

Type of resection (n=161)
Distal esophagectomy and total gastrectomy 136 84.5%

Distal esophagectomy and proximal gastrectomy 25 15.5%

Extend of lymphadenectomy
(n = 161)

D1 19 11.8%

D2 142 88.2%

Metastatic lymph nodes (mean, 95% CI) (n = 161) 6.11 ± 7.7 Lower: 4.91 Upper: 7.32

All harvested lymph nodes (mean, 95% CI) (n = 161) 23.20 ± 11.7 21.37 25.03

Splenectomy (n = 161) 76 47.2%

Additional oncological resections 20 12.4%

R0 resection 154 95.7%

Proximal resection margin in mm (mean, 95% CI)
(n = 142) 42.45 ± 20.7 Lower: 39.0 Upper: 45.80

Proximal resection margin < 20 mm (in fixed specimen + 0,9cm stapler ring) (n = 142) 9 5.6%

Diameter of the tumor in mm (mean, 95% CI) 
(n = 161) 63.16 ± 23.1 Lower: 58.18 Upper: 68.15

Any type of oncological treatment completed 56 34.8%
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oncological resections, length of the proximal tu-
mor free segment of esophagus, (mean and group 
< 2.1 cm), TNM classification, Lauren classification, 
perineural invasion, any completed oncological 
treatment, perioperative morbidity and mortality 
as well as long term survival.

For the calculation of long-term survival, only 
patients who survived 90 days after operation were 
included.

Continuous data are expressed as mean ± stand-
ard deviation and categorical variables are given as 
percentages. Continuous variables were compared 
with Student’s t-tests for parametric data and 
Mann-Whitney U tests for nonparametric data. 
Chi-square tests were used for comparisons of dis-
crete variables. Survival analysis was performed 
with the Kaplan-Meier method. The differences 
between groups were compared with the log-rank 

test. All of the predictors that were significant on 
univariate analysis were included in the multivari-
ate analysis (Cox regression model). P values < 0.05 
were defined as the limit of significance. For statis-
tical analysis, SPSS version 22 for Windows 7 (IBM 
Analytics, Armonk, NY) was used.

Results

Of altogether 844 patients resected for gastric ade-
nocarcinoma, 161 (120 males, 41 females, mean age 
64.6 ± 10.9 years) had resection for adenocarcinoma 
of the gastric cardia. 

Demographic data of all patients are given in 
Table 1. There were 136 distal esophagectomies 
with total gastrectomies and 125 distal esophagec-
tomies with proximal gastrectomies. The former 
was more often done in older patients (esophagec-
tomy with proximal gastrectomy vs. distal es-
ophagectomy with total gastrectomy: 72.52 ± 8.5 vs. 
63.15 ± 10.7 years; p < 0.0001) and in some cases 
for technical reasons (short mesentery of the Roux 
loop). Distal esophagectomy with total gastrecto-
my was found to correlate with higher N stages (N 
> 0: 73.5% vs. 52.0%; p = 0.03); however, there was 
no difference regarding T stage. 

Tumors were classified regarding the Siewert 
classification (6 type I, 29 type II, 126 type III). In all 
6 patients with S I type ACC, a distal esophagec-
tomy with total gastrectomy was done; in S II type, 
25 (86.2%) patients had distal esophagectomy with 
total gastrectomy and 4 (13.8%) esophagectomy 
with proximal gastrectomy; whereas in S III type, 
105 (83.3%) patients had distal esophagectomy 
with total gastrectomy and 21 (16.7%) esophagec-
tomy with proximal gastrectomy. Regarding this, 
there were no significant correlations.

A D2 lymphadenectomy was performed in 88.2% 
(Table 1). In comparison to D1 lymphadenectomy, 
a significantly higher number of lymph nodes was 
harvested in D2 lymphadenectomy (mean, 24.07 ± 
11.5 vs. 16.31 ± 11.3; p = 0.01). It was less extensive 
in esophagectomy with proximal gastrectomy than 
in distal esophagectomy with total gastrectomy by 
declarative way (D2 in esophagectomy with proxi-
mal gastrectomy vs. D2 in distal esophagectomy 
with total gastrectomy: 68.0% vs. 91.9%; p = 0.003) 
as well as regarding the mean count of all harvested 
lymph nodes (esophagectomy with proximal gas-
trectomy vs. distal esophagectomy with total gas-
trectomy: 17.60 ± 10.48 vs. 24.18 ± 11.65; p = 0.027).

Splenectomy was part of a resection in 47.2% pa-
tients, more often significant in distal esophagecto-

TABLE 2. Type of additional oncological resections (n = 161) 

n %

Left pancreatectomy 9 5.6

Liver resection 1 0.6

Local peritonectomy 6 3.7

Segmental resection of the jejunum 1 0.6

Resection of left suprarenal gland 2 1.2

Segmental colon resection 1 0.6

Total 20

TABLE 3. Pathological classifications: depth of tumor infiltration 
(T), lymph node metastases (N), Lauren type, perinevral (n = 161)

n %

T0 1 0.6

T1 20 12.4

T2 21 13.0

T3 87 54.0

T4a 22 13.7

T4b 10 6.2

N0 48 29.8

N1 21 13.0

N2 41 25.5

N3a 33 15.6

N3b 18 11.2

Lauren type Intestinal 97 67.8

Diffuse 26 18.2

mixed 20 14.0

Presence of perineural invasion 82 54.2
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my with total gastrectomy than in esophagectomy 
with proximal gastrectomy (50.7% vs. 28.0%; p = 
0.029), in higher T (T > 2 stages: 55.1% vs. 33.3%; p= 
0.027) and N stages (N > 0 stages: 52.2% vs. 35.4%; 
p = 0.037). 

To achieve an R0 resection, additional organs 
resections were needed in 20 patients (12.4%) 
(Table 2). Multivisceral resections were typically 
more often done in higher T (16.0% vs. 2.4%; p = 
0.014) and N stage (15.9% vs. 4.2%; p = 0.029).

R0 resection rate was 95.7%. The mean proximal 
resection margin on the esophagus was 42.45 mm. 
It was less than 21 mm in 9 patients (6 in Siewert 
III, 3 in Siewert II, 0 in Siewert I); however, only 
one of those patients had R1 resection because of 
tumor infiltration in proximal resection margin. In 
remaining 8 patients, the resection was declared as 
R2 resections because of nonresectable liver me-
tastases (3 patients), metastasis in the mesentery 
(1patient), retroperitoneal spread (1 patient) and 
peritoneal carcinosis (1 patient).

Pathological features regarding TNM classifica-
tion, Lauren classification and perineural infiltra-
tion of the tumors are given in Table 3.

According to the Clavien-Dindo classification (> 
1) in altogether 28.6% of patient’s complications oc-
curred within 90 days in the postoperative course. 
15.5% were noted as surgical and 21.1% were med-
ical complications. The list of surgical and general 
complications is presented in Tables 4A and 4B. In 
7.5% of patients, surgical and medical complica-
tions overlapped. Off all clinicopathological char-
acteristics, only shorter mean proximal tumor free 
margin correlated significantly with onset of surgi-

cal complications (34.35 mm ± 21.2 vs: 43.78 mm ± 
9.8; p = 0.024), whereas there were no significant 
correlations with medical complications. 

Twenty-six (16.1%) patients needed reoperation, 
7 (4.3%) were treated by percutaneous or endo-
scopic intervention (no general anesthesia); how-
ever, the rest of 13 patients could be treated con-
servatively. 

Four (2.2%) patients died within 30 days from 
operation; however, additional 8 (7.5%) patients 
died within 90 days from operation. Both mortali-
ties were significantly increased in surgical (30-day 
mortality: 12.5% vs. 0.7%; p = 0.011, 90-day mortal-
ity: 29.2% vs. 3.6%; p < 0.0001) and medical compli-
cations (30-day mortality: 9.1% vs. 0.8%; p = 0.027, 
90-day mortality: 18.2% vs. 4.7%; p = 0.018) or if 
surgical treatment was indicated for complications 
(30-day mortality: surgical treatment vs. interven-
tion vs. conservative vs. no treatment = 15.4% vs. 
0% vs. 7.7% vs. 0%; p = 0.02, 90-day mortality: sur-
gical treatment vs. intervention vs. conservative vs. 
no treatment = 38.5% vs. 0% vs. 11.5% vs. 0%, p < 
0.0001). 

In 54 (36.2%) of 149 patients (no 90-day mortal-
ity) recurrence of the disease could be confirmed. 
The patterns regarding the region (supradiaphrag-
matic, infradiaphragmatic) and type of recurrence 
are given in Table 5. No clinicopathological factor 
(type of resection, extent of the lymphadenecto-
my, splenectomy, T stage, N stage, Siewert type, 
Lauren classification, gradus of the tumor, length 
of tumor free resection margin) revealed any cor-
relation to recurrence except if additional resec-
tion was needed to assure R0 resection (p = 0.011) 

TABLE 4. List of surgical (A) and general complications (B) occurring within 90 days after resection (n = 161)

n %

No complications 136 84.5

Intraabdominal abscess 6 3.7

Intraabdominal bleeding (within 48h) 4 2.5

Acute gangrenous cholecystitis 2 1.2

Leak from the esophagojejuno anastomosis 3 1.9

Enteric fistula 1 0.6

Disruption of laparotomy 1 0.6

Ileus 2 2.5

Ischemic colitis 1 0.6

Pancreatitis 4 2.5

Late rupture of pseudoaneurysm of splenic a. 1 0.6

Total complications 25 15.5

n %

No complications 127 78.9

Heard failure 9 5.5

Bronchopneumonia 11 6.8

Pneumo/ fluidothorax 3 1.9

Pulmonary embolia 2 1.2

Brain stroke 3 1.9

Febrile state of unknown origin 5 3.1

Decompensation of liver cirrhosis 1 0.6

Total complications 33 21.1

A B
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revealing higher incidence of intraabdominal than 
mediastinal and systemic recurrence. 

Overall 5-year survival was 33.4%. Any long-
term survival could only be expected if resection 
was R0 (n = 149, median survival for R0 vs. R1/2 in 
days: 846 ± 118 vs. 260 ± 107; HR = 0.223, Log Rank: 
p < 0.0001) (Figure 1). Patients who survived surgi-
cal or medical complications in the postoperative 
course, irrelevant of its treatment modality, could 
expect comparable long-term survival to those 
without any complications (surgical complications: 

p = 0.317, medical complications: p = 0.986, type of 
treatment of complications: p = 0.888). In univariate 
analysis (Log Rank) for long-term survival splenec-
tomy (yes vs. no), multivisceral resection (yes vs. 
no), gradus of the tumor (G 1–3), perineural inva-
sion (yes vs. no), T stage (T < 3 vs. T >2), N stage 
(N0 vs. N > 0) and curability of the procedure (R0 
vs. R1/2) proved as significant factors for long-term 
survival (Table 6).

The multivariate survival analysis (Cox regres-
sion analysis) multivisceral resection, depth of tu-
mor infiltration (T < 3 vs. T > 2), nodal stage (N 0 vs. 
N > 0), and curability of the resection (R) proved as 
independent prognostic factors for long-term sur-
vival (Table 7).

Discussion

The question which procedure is the best for pa-
tients with ACC has sparked a debate raging for 
more than a decade, but the final verdict is still a 
matter of debate.5-13 To promote an easier stratifica-
tion of patients for surgery, Siewert and colleges 
have proposed a classification of EGJ cancer pa-
tients based on the tumor location in their bench-
mark paper.8 There are many who share their opin-
ion that the tumors arising in the distal esophagus 
(S I) behave like esophageal tumors and are best 
treated with thoraco-abdominal approach, whereas 
S III tumors are treated like gastric tumors with the 
transhiatal approach.9,10,12,16,18,19,28 However, there is 
much less agreement regarding the extent of resec-
tion and approach in S II tumors.5,7,29-31 At our insti-
tution, most of the patients with S II tumors, as well 
as those with S III tumors, were treated transhiatal 
with distal esophagectomy with total gastrectomy, 
esophagectomy with proximal gastrectomy being 
done only in short mesentery or if patients were 
in suboptimal general condition. To determine 
whether this approach is safe for patients with S 
II and S III, we performed a retrospective study 
where we analyzed the results of a 16-year period 
of trans-abdominally operated patients with ACC.

In ACC, the resection margin has to be extend-
ed on the thoracic part of the distal esophagus in 
order to obtain free resection margins. There are 
two ways to obtain such a margin. The surgeon 
can choose a thoraco-abdominal approach and 
easily access even the carinal part of the esopha-
gus, exposing the patients to a potentially harmful 
thoracotomy. The other method is the transhiatal 
approach to the distal part of the esophagus with 
en-bloc excision of a cylinder of the diaphragm 

FIGURE 1. Long-term survival after resection for adenocarcinoma of the cardia in 
regard to curability of the resection (R0 vs. R1/2) (n = 149, median survival in days: 
846 ± 118 vs. 260 ± 107; HR = 0,223, Log Rank: p < 0001).

TABLE 5. Pattern of recurrence after resection of the cardia for adenocarcinoma (n 
= 149, 90-day mortality excluded)

n %

No recurrence 95 63.8

Infradiaphragmal local recurrence 24 16.1

Supradiaphragmal local recurrence 2 1.3

Liver metastases 8 5.4

Liver metastases and infradiaphragmal recurrence 8 5.4

Lung metastases 1 0.7

Lung metastases and infradiaphragmal recurrence 1 0.7

Lung metastases and supradiaphragmal recurrence 3 2.0

Liver and lung metastases 5 3.4

Dissemination – other (bones, neck) 2 1.3

Total 149
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which obviates the need to perform a thoracotomy; 
however, the access to the more proximal part of 
the esophagus is obscured due to technical limita-
tions of the technique.6-9

	 A D2 lymphadenectomy comprising dis-
section of perigastric, suprapancreatic and the low-
er mediastinal lymph nodes was routinely done 
along with EETG (in 88%).22 Spleen was usually 
preserved, unless there was macroscopic adher-
ence of the tumor to the spleen, suspicious lymph 
nodes in station 10, the tumor extended toward the 
greater curvature and penetrated the muscularis 
layer of the stomach, or if the spleen was uninten-
tionally injured at the resection. Many studies sup-
ported this approach for tumors types S II and S 
III.17,23,32-34 Yamashita analyzed the pattern of lymph 
nodes involvement in patients of tumors extend-
ing in the region of the EGJ. They found that in 
gastric predominant EGJ tumors suprapancreatic 
lymph nodes had the highest metastases rate. The 
incidence of upper and middle mediastinal lymph 
node metastases were negligible and their dissec-
tion offered no survival benefit.17 Furthermore, 
an interesting fact was that even in esophagus 
predominating EGJ tumors, the rate of upper and 
middle mediastinal tumors was less relevant in 
adenocarcinoma than in squamous cell carcino-
ma of the esophagus predominating EGJ tumors. 
Similar results were obtained by other authors.32-34 
Moreover, the most prevalent site of lymph node 
recurrence was abdominal para-aortic.17 This fact 
matches with the results of our study regarding 
the site of the recurrence. The most frequent meta-
static lymph nodes are the proximal gastric lymph 

nodes, nodes at the esophageal hiatus, lower me-
diastinum and suprapancreatic lymph nodes.33 
Regarding this results and regarding the patterns 
of recurrence, many authors share the opinion that 
an extensive mediastinal lymph node dissection 
is unnecessary.17,32-34 It therefore seems reasonable 
that the mediastinal lymphadenectomy via thora-
co-abdominal approach is not mandatory.

The concern about the sufficient proximal re-
section margin is reason why some institutions 
recommend a thoraco-abdominal approach. Some 
authors argue that a sufficient proximal margin 
can only be obtained with a thoracic approach.32 
The R0 resection rate at our institution where the 
transhiatal approach with excision of the hiatal 
part of the diaphragm is practiced for S II and S III 
patients was obtained in 95.7%. This rate compares 
favorably to other papers that report a R0 rate from 
80% to 95%.35-38 With the transhiatal approach, we 
obtained a mean proximal resection margin of 42.4 
mm, which is similar to margins obtained by other 
authors with the thoraco-abdominal approach.32,35-38 

TABLE 6. Correlation for long-term survival in univariate analysis (Log Rank) for different clinicopathological characteristics. (n = 
149, 90-day mortality excluded) 

Median survival 
(days) HR

95% CI
p

Lower Upper

Splenectomy No
Yes 

1004 ± 148
616 ± 168 1.502 0.998 2.260 0.049

Multivisceral resection No 
Yes 

929 ± 132
324 ± 158 3.045 1.709 5.425 < 0.0001

Gradus of the tumor
1
2
3

1377 ± 504
855 ± 180
613 ± 97

1.478 1.095 1.994 0.011

Perineural invasion No
yes

1308 ± 466
660 ± 65 2.118 1.377 3.260 0.001

T stage T1 and 2
T3 and 4

3839 ±*
611 ± 79 4,147 2.297 7.488 < 0.0001

N stage N0
> N0

1915 ± 424
540 ± 70 3.037 1.810 5.096 < 0.0001

Curability of the 
procedure (R)

R 0
R 1/2

846 ± 118
260 ± 107 2.110 1.359 3.276 < 0.0001

* less than 50% of patients censored

TABLE 7. Multivariate analysis (Cox regression) for long-term survival after resection 
for adenocarcinoma of the cardia (n = 149, 90-day mortality excluded) 

B HR
95,0% CI

p
Lower Upper

Multivisceral resection -0.716 0.489 0.273 0.876 0.016

T < 3 vs. T > 2 -1.065 0.345 0.181 0.655 0.001

N 0 vs. N > 0 -0.620 0.538 0.307 0.942 0.030

Curability of resection (R) 0.747 2.110 1.359 3.276 0.001
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Duan reported a 38 mm margin with right thoraco-
abdominal approach in their patients’ population, 
which corresponds to the results obtained in our 
study.32 Studies have demonstrated that in patients 
with type S II and S III only in a dismal number of 
patients the tumor invaded more than 25 mm be-
yond the proximal margin.37,38 A proximal margin 
of 38 mm in these patients was associated with a 
survival benefit.16 Hence most authors agree that a 
proximal margin of more than 2 cm is sufficient to 
obtain an R0 resection and prevent an esophageal 
recurrence in SII and SIII patients.16,37,38 The resec-
tion margin obtained on our institution was longer 
than suggested by these authors, but what is even 
more, it is comparable to reports from papers eval-
uating the thoraco-abdominal approach.32

Since it is evident that with the thoraco-abdom-
inal approach free proximal margins and adequate 
lymphadenectomy can be obtained, it is only feasi-
ble to choose a procedure that offers a potentially 
less invasive and less morbid approach to patients 
with SII and SIII tumors. Although we did not 
perform a comparison of transhiatal and thoraco-
abdominal approach, we did, however, analyzed 
the perioperative morbidity and mortality of the 
transhiatal extended total gastrectomy in order to 
see whether the transhiatal approach would have 
a lover complication rate than reported by others 
for the thoraco-abdominal approach. The 90-day 
intrahospital morbidity was 28.6% in our patients’ 
cohort. The transhiatal approach has been shown 
by many authors to carry significantly less morbid-
ity compared to thoraco-abdominal approach.12,37,39 
The complication rates for the transhiatal approach 
were reported to be from 25% to 28% and were 
similar to those in our institution.12,13,36,37,39 In a me-
ta-analysis done by Wei et al., a significantly higher 
morbidity of the thoraco-abdominal approach has 
been found and was attributed to pulmonary com-
plications.12 The rate of pulmonary complications 
was only 9.2% in our cohort compared to 28.2% re-
ported by Blank et al.13 However, the 30-days mor-
tality was reported to be similar no matter what 
approach was chosen for EGJ cancer patients.13,36,37 
The reported mortality rates from 1.1 to 3.8% com-
pare favorably to our hospital where the 30-day 
mortality was 2.2%.12,13,36,37 We also found a sig-
nificant association between general and surgical 
complications and 30-day mortality. This correla-
tion between complications and 30-day mortality 
is an important fact to consider when planning an 
operation for patients with S II and S III tumors; 
surgeons should offer their patients a curative ap-
proach with a smaller probability of complications.

The overall 5-year survivals for S II and S III 
patients were reported to be from 16% to 58%.6-

9,13,33,35,39 Although the Eastern authors consistently 
reported 5-year survival rates above 40%, most 
of Western authors report survivals over 30%.13,33 
Many studies also confirmed that the overall 5-year 
survival did not depend on the surgical approach 
as long as R0 resection could be obtained.13,33,35,37,39 
The patients in our cohort had a 5-year OS of 33.4%. 
The independent predictors for long-term survival 
were T and N stage, multivisceral resection and 
microscopic free surgical margins. Although, it is 
difficult to compare our 5-year overall survival to 
other results published, since the stages, general 
condition of patients, perioperative treatment and 
tumor location differ between studies; however, 
these results show that the type of approach does 
not influence the long-term survival.37 The proxi-
mal extension of the resection margin did there-
fore not improve the survival of S II and S III pa-
tients. Moreover, the rate of local recurrences in 
the thoracic cavity seems not to be affected by the 
type of approach. In most of our patients, an in-
fradiaphragmatic recurrence in the form of perito-
neal carcinosis (16.1%) followed by hematological 
dissemination was noted. Only a minor portion 
of parents had a recurrence in the thoracic cavity 
(3.3% of patients). No correlation was found be-
tween clinicopathological characteristics and the 
type of recurrence, which supports the statement 
that the type of resection does not influence on the 
survival as long as an R0 resection is performed. 

It is difficult to draw definitive conclusions from 
our study since the best way to determine the su-
periority of an approach would be a prospective 
randomized controlled trial. Our study is biased 
by the retrospective nature of the study design. 
Moreover, patients from different treating periods 
were included. During that time, the perioperative 
neoadjuvant treatment has changed and became 
more efficient, and this might have had an impact 
on overall survival. Also, the development of in-
terventional radiological techniques has enabled 
us to resolve many complications non-operatively 
that would have otherwise been treated with sur-
gical procedures and increased the perioperative 
morbidity. And finally, because of the long study 
period, we did not take into account the impact of 
modern minimally invasive techniques that have 
emerged recently.

This study supports the conclusion that the tran-
shiatal approach is a safe procedure for S II and S 
III patients and that the morbidity and mortality 
associated with the surgery are low. The compli-
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cations associated with transthoracic approach 
can therefore be altogether avoided with no im-
pact on the rate of local recurrence. Our results 
confirm that the resection of ACC with transhiatal 
approach provides comparable proximal resec-
tion margins to thoraco-abdominal approach. The 
number of thoracic recurrences is negligible with 
the transhiatal approach and the long-term surviv-
al is comparable to other institutions irrelevant on 
approach. Based on these results, we feel that the 
transhiatal EETG, or in selected patients EEPG, is 
the procedure of choice for patients with ACC of 
type S II and S III.
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Background. In the study, we aimed to determine whether regular outpatient controls in patients with alcoholic liver 
cirrhosis have an impact on their survival and hospitalisation rates.
Patients and methods. We included patients with liver cirrhosis and regular outpatient controls as a prospective 
study group and patients with liver cirrhosis who were admitted to hospital only in cases of complications as a retro-
spective control group. The study was conducted between 2006 and 2011. 
Results. We included 98 patients in the study group and 101 patients in the control group. There were more outpa-
tient controls in the study group than in the control group (5.54 examinations vs. 2.27 examinations, p = 0.000). Patients 
in the study group had 25 fewer hospitalisations (10.2%; p = 0.612). The median survival rate was 4.6 years in the study 
group and 2.9 years in the control group (p = 0.021). Patients with Child A classification had an average survival of 
one year longer in the study group (p = 0.035). No significant difference was found for Child B patients. Patients with 
Child C classification had longer survival by 1.6 years in the study group (p = 0.006). Alcohol consumption was lower 
in the study group than in the control group (p = 0.018).
Conclusions. We confirmed that patients with regular outpatient controls had lower alcohol consumption, a lower 
hospitalisation rate and significantly prolonged survival time. We confirmed the necessity for the establishment of 
regular outpatient controls in patients with alcoholic liver cirrhosis.

Key words: liver cirrhosis; survival rate; regular outpatient controls; Child-Pugh classification

Introduction

Liver cirrhosis is characterised by the destruction 
of liver structures and the formation of regenera-
tive nodules. It is a morphologically uniform re-
sponse to chronic and recurring liver damage, and 
it represents the final, irreversible stage of various 
chronic liver diseases. Patients with liver cirrhosis 
are prone to many complications, have signifi-
cantly shorter survival times and require frequent 
medical care and hospitalisations.1 Excess alcohol 
consumption is the most frequent cause of cirrho-
sis in Europe.2 

Liver failure is most commonly caused by chron-
ic alcohol consumption (60–70%) and can manifest 

as fatty liver disease, alcoholic hepatitis and alco-
holic liver cirrhosis. Liver cirrhosis is responsible 
for 32 deaths per 100,000 population each year and 
is also the 8th leading cause of death in Slovenia.3,4,5 
Liver cirrhosis is an important public health con-
cern and a significant cause of morbidity and mor-
tality worldwide.6

Not all patients who consume large amounts of 
alcohol will develop liver cirrhosis; 80% of them 
develop liver steatosis, 10% to 35% develop alco-
holic hepatitis and 10% develop liver cirrhosis.7 

Liver cirrhosis can be diagnosed in different 
ways. Patients may seek medical help because of 
symptoms; diagnosis may be made incidentally 
through a routine blood test or check-up, and 
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sometimes a diagnosis is made randomly during 
surgery, life-threatening conditions (such as bleed-
ing varices, spontaneous bacterial peritonitis, por-
tosystemic encephalopathy), or at autopsy.

Patients and methods

The study included a group of patients with alco-
holic liver cirrhosis and regular outpatient controls 
(study group) and a group of patients with alco-
holic liver cirrhosis who were admitted to hospital 
only in cases of complications (control group). We 
observed both groups between 2006 and 2011.

We included 99 patients in the study group and 
101 patients in the control group. All consecutive 
patients with liver cirrhosis hospitalised in the 
Department of Gastroenterology of Murska Sobota 
General Hospital in 2006 were included in the study 
group. After discharge, patients were systematical-
ly monitored 3 to 4 times during the first year and 
then every 6 to 12 months for up to 5 years.

The National Medical Ethics Committee ap-
proved the survey protocol (85/01/09). All patients 
gave their informed consent prior to participa-
tion. Patient records were anonymized and de-
identified prior to analysis. The study was con-
ducted in accordance with the requirements of the 
Declaration of Helsinki and agreed with all the 
provisions set forth in the International Conference 
of Harmonization and Good Clinical Practice 
Guidelines.

The control group encompassed patients, who 
were admitted to hospital in 2006 and treated 
in other departments of the hospital. After dis-
charge, they were not under regular outpatient 
control. Data for the control group were collected 
retrospectively from the hospital informatics pro-
gramme Birpis.

Patients in both groups were divided into 
classes according to the Child-Pugh classifica-
tion. Based on this classification, we attempted to 
determine the frequency of hospitalisation and 
patients’ survival. The diagnosis of alcoholic liver 
cirrhosis was based on data of alcohol consump-
tion, heteroanamnesis, with Alcohol Use Disorders 
Identification Test (AUDIT) and CAGE question-
naires, laboratory tests, abdominal ultrasound and 
gastroscopy. Liver biopsy was not performed. We 
excluded the following other causes of liver cirrho-
sis: autoimmune hepatitis, primary biliary cholan-
gitis, metabolic hepatitis (α-1-antitrypsin deficien-
cy, hemochromatosis, Wilson’s disease) and viral 
hepatitis infection.

Variables monitored in both patient groups were 
as follows: alcohol consumption, degree of hepatic 
failure, comorbidities, laboratory findings, phar-
macological treatment, number of hospitalisations, 
survival according to the Child-Pugh classification 
and estimated median age at death according to 
the Child-Pugh classification.

Patients in the study group were educated about 
the importance of the abandonment of drink-
ing alcohol, diet and adjusting diuretic therapy 
(monitoring of liquid input, diuresis and weight). 
We offered all of them alcoholism treatment. We 
asked family members to help them in the recov-
ery process. We expected better cooperation, less 
alcohol consumption and better compliance in tak-
ing drugs in the study group. The goal of regular 
outpatient examinations was the timely prevention 
of complications of liver cirrhosis and the proper 
treatment of patients. Patients were educated, 
therapy was customised to each patient and addi-
tional diagnostic tests were performed if they were 
needed.

Statistical analysis

Numerical variables were presented as average 
values ± standard deviations (SDs). Categorical 
variables were presented as absolute numbers and 
percentages. Survival of patients was monitored 
until December 31, 2011.

We used chi-square statistics to assess the rela-
tionship between variables and the t-test to test the 
hypothesis of equality of arithmetic means of the 
variables in both groups. Levene’s test was used 
to assess the equality of a variables calculated in 
both groups. Survival probability was calculated 
with the Kaplan-Meier method and compared with 
the Breslow test and log-rank test. The time vari-
able was set as the time between the date of hospi-
talisation and the event (death) or until December 
31, 2011. The results were presented as risk ratios 
(RRs) and corresponding 95% confidence intervals 
(CIs). Statistical analysis was performed using IBM 
SPSS Statistics 20.0. A two-sided p-value < 0.05 was 
considered statistically significant. 

Results
Patient characteristic

One hundred and ninety-nine patients were in-
cluded in the study, including 98 patients in the 
study group and 101 patients in the control group. 
Most of the patients were male (80.6% in the study 
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group and 79.2% in the control group). The av-
erage age of participants in the study group and 
control group was 58.2 and 59.1 years, respectively 
(Table 1).

In the study group, 66.3% of patients were un-
employed, 24.5% of patients were retired and only 
9.2% of patients were employed. 

All patients consumed alcohol. Males had high-
er rates than females for all measures of drinking 
in the past month: any alcohol use (57.5% vs. 45%), 
binge drinking (30.8% vs. 15.1%), and heavy alco-
hol use (10.5% vs. 3.3%), and males were twice as 
likely as females to have met the criteria for alco-
hol dependence or abuse in the past year (10.5% 
vs. 5.1%).

Degree of hepatic impairment: 
comparison of both groups

According to the Child-Pugh classification, there 
were significant differences between groups (chi-
square = 7.975, sp = 1, p = 0.019). Patients in the 
study group were classified into a higher Child-
Pugh classification class (Child C 44.9% of patients 
in study group vs. 26.7% of patients in control 
group; p = 0.000; Table 1).

We monitored the presence of oesophageal 
varices, portal gastropathy, ascites, peripheral 
oedema, gastrointestinal bleeding and other pos-
sible aetiologic factors for liver cirrhosis in both 
groups. 

There were no differences in the degree of oe-
sophageal varices between the groups. 

More patients in the study group had portal gas-
tropathy (32.7% vs. 22.8%; p = 0.106), ascites (62.2% 
vs. 54%; p = 0.339) and peripheral oedema (54.6% 
vs. 33.7%; p = 0.100).

Concomitant diseases and comparison in 
both groups

We compared the most common comorbidities, 
hepatitis and gastrointestinal bleeding in patients 
of both groups. Statistically significant differences 
between the groups were not found (Table 2). Most 
of the patients had diabetes, hypertension and re-
nal failure. More patients were on insulin in the 
control group than in the study group (11.9% vs. 
6.1%; p = 0.198).

We compared cardiovascular diseases (stroke, 
heart failure, arterial hypertension, atrial fibrilla-
tion), kidney diseases and diabetes in both groups 
(Table 3). 

TABLE 1. Demographic characteristics of patients with liver cirrhosis in the study 
group and the control group 

 
Study group Control group Both groups

Number % Number % Number %

Gender 

Male 79 80.6% 80 79.2% 159 79.9%

Female 19 19.4% 21 20.8% 40 20.1%

Total 98 101 199

Age (mean) 58.2 59.1 58.6

Standard deviation 10.8 11.3 11.1

TABLE 2. Child-Pugh stage and complications of liver cirrhosis in both groups

Study group Control group Both groups

Number % Number % Number %

Child-Pugh 
classification

A 33 33.7% 51 50.5% 84 42.2%

B 21 21.4% 23 22.8% 44 22.1%

C 44 44.9% 27 26.7% 71 35.7%

Total 98  101 199

Varices

Without 21 21.4% 18 17.8% 39 19.6%

I. Grade 27 27.6% 14 13.9% 41 20.6%

II. Grade 20 20.4% 17 16.8% 37 18.6%

III. Grade 25 25.5% 22 21.8% 47 23.6%

IV. Grade 2 2.0% 3 3.0% 5 2.5%

Unknown 3 3.1% 27 26.7% 30 15.1%

Total 98 101 199

Portal
gastropathy

Yes 63 64.3% 39 38.6% 102 51.3%

No 32 32.7% 23 22.8% 55 27.6%

Unknown 3 3.1% 39 38.6% 42 21.1%

Total 98 101 199

Ascites

Yes 37 37.8% 46 46.0% 83 41.9%

No 61 62.2% 54 54.0% 115 58.1%

Total 98 100 198

Peripheral 
oedema

No 45 46.4% 67 66.3% 112 56.6%

Yes 52 53.6% 34 33.7% 86 43.4%

Total 97 101 198

Hospitalisation and outpatient 
examination rate in both groups

We compared the number of hospitalisations and 
outpatient examinations in both groups over 5 
years. The hospitalisation rate caused by complica-
tions of liver cirrhosis (worsening of liver cirrhosis, 
worsening of renal function, alcoholic hepatitis, in-
fection , gastrointestinal bleeding, hepatic enceph-
alopathy) were measured in both groups. 
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More outpatient controls were used in the study 
group than in the control group (5.54 examinations 
vs. 2.27 examinations, p = 0.000). 

There were 10.2% of patients in the study group 
and 12.9% of patients in the control group admit-
ted to hospital due to gastrointestinal bleeding (p 
= 0.083). 

Over 5 years there were fewer hospitalisations in 
the study group than in the control group (1.88 hos-
pitalisations vs. 2.07). Patients in the study group 
had 25 fewer hospitalisations (10.2%, p = 0.612) 

and 214 more outpatient examinations (23.7%, p = 
0.000) than patients in the control group (Table 4).

Pharmacological treatment

The average number of medications that were tak-
en was 2.7 ± 1.5 in the study group and 2.4 ± 1.4 in 
the control group. In the study group, furosemide 
was prescribed at a statistically higher percentage 
(59.2% vs. 41.6%, p = 0.047) and in higher doses 
than in the control group.

Spironolactone was prescribed at a higher per-
centage in the study group (55.1% vs. 46.5%; p = 
0.279). More patients were treated with beta-block-
ers in the study group, but the difference was not 
statistically significant (p = 0.279). There were no 
other differences between uses of medications in 
both groups. We observed that laxatives were pre-
scribed in less than one third of all patients in both 
groups.

Patient’s survival in the study and 
control groups

Cumulative survival is a probability of survival. At 
the beginning of the hospitalisation (point 0), the 
probability of survival for all patients was the same 
(equals 1). Patients in the control group had de-
creased survival rates compared to the study group 
patients in the first year after hospitalisation. The 
median survival rate was 4.66 years in the study 
group and 2.9 years in the control group (p = 0.021).

We compared how many patients died at home 
and how many died in the hospital. In the study 
group, 39 (78%) patients died in the hospital and 
49 (75.4%) patients in the control group died in the 
hospital (p = 0.001). All other patients died at home. 
We have analysed the causes of death of all 88 pa-
tients (in both groups) who died in the hospital. 
Data were collected from the hospital information 
system Birpis.

All patients died because of a complication or 
multiple complications of liver cirrhosis (hepatic 
encephalopathy, spontaneous bacterial peritonitis, 
other infections, gastrointestinal bleeding, hepato-
renal syndrome, alcoholic hepatitis, heart failure). 
Patients who died in accidents were excluded from 
the study (Table 5). 

We compared the distribution of patients’ sur-
vival in both groups with the log-rank and Breslow 
tests. Survival probability at each time point during 
the observation interval was higher for the study 
group, irrespective of the number of cases that had 
been exposed to the risk (p = 0.021). 

TABLE 3. Concomitant diseases in both groups

Study group Control 
group Total

p
Nb. % Nb. % Nb. %

Stroke

Yes 96 98.0% 99 98.0% 195 98.0%

0.84No 2 2.0% 2 2.0% 4 2.0%

Total 98 101 199

Atrial 
fibrillation

No 86 87.8% 90 89.1% 176 88.4%

0.78Yes 12 12.2% 11 10.9% 23 11.6%

Total 98 101 199

Arterial 
hypertension

No 70 71.4% 86 85.1% 156 78.4%

0.21Yes 28 28.6% 15 14.9% 43 21.6%

Total 98 101 199

Heart failure

No 87 88.8% 88 87.1% 175 87.9%

0.17Yes 11 11.2% 13 12.9% 24 12.1%

Total 98 101 199

Diabetes

No 77 78.6% 78 77.2% 155 77.9%

0.77Yes 21 21.4% 23 22.8% 44 22.1%

Total 98 101 199

Renal failure

No 74 75.5% 73 72.3% 147 73.9%

0.34Yes 24 24.5% 28 27.7% 52 26.1%

Total 98 101 199

TABLE 4. The number of hospitalizations and outpatient examinations in study and 
control groups over 5 years

Study group Control group p value

Total number of outpatient 
examinations over 5 years 543 229 0.00
Average number of outpatient 
examinations in 5 years  
(per patient)

5.54 2.27

Total number of 
hospitalizations over 5 years 184 209 0.612
Average number of 
hospitalizations in 5 years  
(per patient)

1.88 2.07
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In general, the likelihood of survival depends on 
the degree of liver failure, which is defined by the 
Child-Pugh classification. Patients in the Child A 
stage had an average survival of one year longer (p 
= 0.035) in the study group compared to patients in 
the control group. Patients with Child B stage in the 
study group had 0.6 years of longer survival than 
patients in the control group, but the difference 
between groups was not statistically significant. 
Patients with Child C classification had longer sur-
vival by 1.6 years in the study group than patients 
in the control group (p = 0.006). Irrespective of the 
degree of severity of the disease (Child-Pugh clas-
sification), patients in the study group had a longer 
survival in the observed period (Table 6). 

We monitored the average age at the time of death 
and found no difference between both groups. The 
average age at death of all patients independent of 
the Child-Pugh classification was 62.3 years. 

Patients in both groups with Child A classifica-
tion had on average 4.6 years longer survival than 
patients with Child C classification (p = 0.06). We 
tested the distribution of age at death in all Child-
Pugh stages in both groups using the Breslow test. 
The difference between both groups was not statis-
tically significant.

Alcohol consumption-comparison of both 
groups

We monitored the consumption of alcohol in both 
groups (Table 7). Data were collected with anam-
nesis, heteroanamnesis and from the hospital in-
formation system Birpis. We also monitored labo-
ratory tests. The data were less reliable in patients 
who lived alone (39.8%). Consumption of alcohol 
was lower in the study group than in the control 
group. The difference between the groups was sta-
tistically significant (p = 0.018).

We collected data about alcohol addiction treat-
ment at Ormož Psychiatric Hospital for all patients. 
In the study group seventeen patients were treated, 
and in the control group 15 patients were treated at 
the psychiatric hospital (p = 0.158).

Discussion

Studies have shown a relationship between diabe-
tes and the occurrence of liver cirrhosis. Sixty per-
cent of patients with liver cirrhosis have intoler-
ance to glucose, and approximately 20% of patients 
have diabetes.8,9 In our study, 21.4% of patients in 
the study group and 22.8% of patients in the con-

trol group had diabetes. This result is comparable 
with the results of other studies. Diabetes most of-
ten occurs due to a decreased secretion of insulin.10 

Arterial hypertension is rare in patients with 
hepatic impairment. Studies have shown that arte-
rial hypertension is present in 3‒7% of the patients. 
Blood pressure often reduces to normal upon the 
occurrence of liver cirrhosis. 11,12,13,14,15 Arterial hy-

TABLE 5. Comparison of all patients who died in the hospital because of a 
complication or multiple complications of liver cirrhosis (one patient may have more 
than one complication) 

Study group 
(n)

Control group 
(n) p

Hepatic encephalopathy 12 13 0.320

Spontaneous bacterial 
peritonitis 5 5

Hepatorenal syndrome 12 14 0.158

Bleeding 4 4

Infections 14 13 0.320

Heart failure 3 8 0.025

Alcoholic hepatitis 4 6 0.158

Total number of patient deaths 39 49

TABLE 6. Five-year survival of patients according to the Child-Pugh classification 

CHILD Group All Number of 
deaths

Survivors
p value

Number Percent

A

Study 32 13 19 59.4%
0.035

Control 51 29 22 43.1%

Both 83 42 41 49.4%

B

Study 21 11 10 47.6%

0.083Control 23 14 9 39.1%

Both 44 25 19 43.2%

C

Study 43 25 18 41.9%

0.006Control 27 22 5 18.5%

Both 70 47 23 32.9%

Total 197 114 83 42.1%

TABLE 7. Alcohol consumption and treatment in the Ormož Psychiatric Hospital for 
both groups

Study group % Control group % p value

No alcohol consumption 56.12 35.64 0.000

Alcohol consumption 43.88 64.36 0.018

Ormož Psychiatry 14.85 15.30 0.158
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pertension was more common in both groups as in-
dicated in the literature. Heart failure was present 
in 12.1% of patients.

Renal failure represents a frequent and serious 
complication of advanced liver cirrhosis.16 The 
prevalence of hepatorenal syndrome in patients 
affected by liver cirrhosis with ascites is equal 
to 18% after 1 year, increasing to 39% at 5 years. 
Hepatorenal syndrome occurs almost exclusively 
in patients with ascites.17

At the time of death, 12 patients (30.8%) in 
the study group and 14 patients (29.6%) in the 
control group had hepatorenal syndrome (NS). 
Hepatorenal syndrome was common and was a 
poor prognostic indicator in both groups. 

We compared the number of hospitalisations and 
outpatient examinations of both groups. Patients 
in the study group had 25 fewer hospitalisations 
(10.2%) and 214 outpatient examinations more 
(237%) than patients in the control group. The dif-
ference in outpatient examinations was statistically 
significantly higher in the study group (p = 0.000). 
The difference in hospitalisation was lower in the 
study group (10.2%), but did not reach statistical 
significance (p = 0.612). Our study confirmed that 
patients who had undergone an increased number 
of outpatient examinations had fewer complica-
tions of liver cirrhosis.

We monitored pharmacological treatment and 
compared both groups. More medications were 
prescribed in the study group than in the control 
group. The diuretic of choice in liver cirrhosis is 
spironolactone. A combination treatment with 
furosemide might be necessary in patients who do 
not respond to spironolactone alone.18 If necessary, 
the spironolactone dose is increased stepwise up 
to 400 mg/d and the furosemide dose is increased 
up to 160 mg/d.19,20,21 In the study group, furosem-
ide was prescribed at a statistically higher percent-
age and in higher doses than in the control group. 
Spironolactone was prescribed at a higher percent-
age in the study group, but the difference was not 
statistically significant. Furosemide and spironol-
actone were prescribed in combination in the ma-
jority of patients. Higher doses of diuretic therapy 
in the study group can be explained by the higher 
Child-Pugh classification class. All patients in the 
study group were hospitalised at the Department 
of Gastroenterology, where higher doses of diu-
retic therapy were prescribed.

At each time point during the observation inter-
val, the probability of survival was higher in the 
study group than in the control group. Patients 
in the study group had longer expected survival; 

however, they were classified into a higher Child-
Pugh classification class and had more severe he-
patic failure. 

We achieved decreased alcohol consumption in 
the study group, which may be one reason for im-
provement in the survival rate. 

Some trials have shown that lower alcohol con-
sumption or abstinence may improve survival in 
patients with alcoholic liver disease. Heavy drink-
ers and abstainers have higher mortality rates than 
moderate drinkers.22 Thirty-four studies on men 
and women shows that higher doses of alcohol 
were associated with increased mortality.23 While 
there is no question regarding the benefit of absti-
nence, motivating patients to follow this treatment 
regimen, monitoring their compliance and pre-
venting relapse remain major obstacles to the treat-
ment of alcoholic liver disease. Pharmacotherapy 
in combination with psychosocial interventions 
can aid patients in maintaining abstinence from al-
cohol.23 The same conclusions were reached in our 
study. In the study group, patients had longer sur-
vival than patients in the control group. This was 
attributed to decreasing alcohol consumption, in-
creased number of outpatient examinations, phar-
macotherapy, better compliance and early detec-
tion of complications.

Survival data for patients with liver cirrhosis 
varied in different studies. When clinical signs of 
decompensation are present, prognosis is poor. 
Sixty percent of patients who stop drinking survive 
for 5 years. According to the literature, patients 
with liver cirrhosis survive 5 years in 15 to 42% of 
cases. Patients with portosystemic encephalopathy 
survive 1 year in 36% of cases.24,25,26,27,28

Abstinence from alcohol leads to the resolution 
of alcoholic fatty liver disease (benign steatosis), 
and abstinence improves survival in alcoholic cir-
rhotic patients, even those with decompensated 
liver function. Furthermore, reducing alcohol con-
sumption, but not completely stopping it, has been 
shown to improve survival in patients with alco-
holic liver disease.29 

In the study group, consumption of alcohol was 
lower than in the control group, and the difference 
between the groups was statistically significant. 
Our study confirmed that abstinence remains the 
basis of the cure and improves overall survival. 
Survival of patients in our study is comparable 
to the rates reported by other published studies. 
Results for survival in the study group are compa-
rable with the best results of published studies.30,31

A prospective study on the treatment of pa-
tients with liver cirrhosis was published in 2013 
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in Clinical Gastroenterology and Hepatology by 
Wigg et al. The primary outcome was the number 
of days spent in a hospital bed for liver-related 
reasons. Sixty consecutive patients with cirrhosis 
and complications (ascites, variceal bleeding, por-
tosystemic encephalopathy, spontaneous bacterial 
peritonitis, hepatorenal syndrome, protein malnu-
trition, alcoholic hepatitis, sepsis and hepatocellu-
lar carcinoma) from chronic liver failure were as-
signed randomly to groups given intervention (n = 
40) or usual care (n = 20), from 2009 to 2010.

Support was provided through the following: 
enhanced patient education during contact with 
the nurses concerning diet, medications, and need 
for investigation. Patients in the intervention group 
had a 30% higher rate of attendance at outpatient 
care (incidence rate ratio, 1.3; 95% confidence in-
terval, 1.1–1.5; P = 0.004) and significant increase in 
quality of care. There was no difference in hospital-
isations between both groups (18.8 vs. 11.0 the day 
per person/year). The authors found no difference 
in the number of admissions due to liver cirrho-
sis, the number of admissions due to other causes 
or the median length of hospitalisation and sur-
vival. The population in this study was composed 
predominantly of patients with decompensated 
Child–Pugh class C (48%) or B (33%) liver disease 
with an associated very poor predicted 2-year sur-
vival (25% and 60%, respectively). They concluded 
that larger trials with longer follow-up periods are 
needed.32

We include more patients than Wigg et al. and 
implemented a longer follow-up period. The sur-
vival of patients in our study was longer. This 
could be partly attributed to more frequent system-
atic outpatient visits, reduced alcohol consumption 
and better medical treatment.

Weaknesses of our study

The diagnosis of alcoholic liver failure in the con-
trol group was made retrospectively on the basis 
of discharge diagnoses, data for history of alcohol 
consumption, laboratory tests, clinical status and 
abdominal ultrasound findings. Child-Pugh class 
was determined based on the collected data. The 
results of the control group were gathered from 
hospital discharges and the computer system 
Birpis.

In the control group, we used only discharge da-
ta from the hospital and did not follow any change 
of treatment in the course of research. Data about 
alcohol consumption may differ from actual con-
sumption, because patients often conceal the truth 

about alcohol consumption. There may be also a 
difference between the groups due to the random 
selection of data.

Conclusions

Our study confirmed that patients who were 
treated in outpatient clinics for liver cirrhosis were 
hospitalised less frequently and had a significantly 
longer survival. To date, there have been no other 
studies with five-year follow-up of such a large pa-
tient sample. Our data suggested that patients who 
were monitored for liver cirrhosis in the outpatient 
clinic were better treated than other patients. Such 
management significantly improves survival, re-
duces hospitalisation rates and decreases alcohol 
consumption. Our results speak for the need for 
regular outpatient controls in patients with alcohol 
liver cirrhosis.
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Background. Commercial enteral formulas are generally recommended for gastrostomy feeding in patients with 
severe neurologic impairment. However, pureed food diets are still widely used and even gaining popularity among 
certain groups. We tried to compare the effectiveness of gastrostomy feeding for treatment of severe malnutrition 
with either enteral formulas or pureed feeds.
Patients and methods. A 6-month nutritional intervention was made with 37 malnourished children, adolescents 
and young adults (2–26 years old) with severe neurologic impairment (Gross Motor Function Classification system 
[GMFCS] grade V). The individual needs were calculated. Participants were fed by gastrostomy with either enteral 
formulas (n = 17) or pureed food (n = 20). Measurements to assess nutritional status were made at the beginning and 
at the end of intervention. 
Results. The Z scores for weight-for-age and for the body-mass index increased more in enteral formula than in pu-
reed food group (2.07 vs. 0.70, p = 0.0012; and 3.75 vs. 0.63, p = 0.0014, respectively). Fat mass index increased more 
in enteral formula than in pureed food group (1.12 kg/m2 vs. 0.38 kg/m2; p = 0.0012). Patients in the enteral formula 
group showed increase in lean body mass expressed as fat-free mass index  (0.70 kg/m2), while those in pureed food 
group did not (-0.06 kg/m2) (p = 0.0487). 
Conclusions. The results suggest that even professionally planned pureed food diet is less effective than commercial 
enteral formula for nutritional rehabilitation of malnourished patients with severe neurologic impairment. However, 
larger and if possible randomised clinical studies should be made to confirm our findings.

Key words: malnutrition; severe neurologic impairment; gastrostomy; enteral formula; pureed food

Introduction

Patients with neurologic impairment often suffer 
from feeding difficulties and limitations. Severity 
of feeding problems usually correlates with func-
tional degree of neurologic impairment. Dysphagia 
and frequent food aspirations, gastroesophageal re-
flux, dysmotility of gastrointestinal tract, slow gas-
tric emptying and digestion very often appear in 
patients with severe impairment.1-5 Consequently, 
malnutrition is common problem in this group of 
patients. According to published studies, at least 

40% of patients with severe neurologic impairment 
are malnourished, however, some studies estimat-
ed that the rate of malnourished patients is even 
above 90%.4,6-8 Therefore, it is essential that mal-
nutrition in these patients is recognized as soon as 
possible and appropriately treated to prevent the 
risk of bad outcomes.6

Built and body composition as well as energy 
and nutritional needs of these patients are im-
portantly altered by the nature of their illness, so 
there is no consistent recommendation for the as-
sessment of their nutritional status.8,9 To prevent 
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or/and treat malnutrition, it is very important to 
estimate energy needs and adequacy of energy 
and nutrient intake. In case there is suspicion that 
patient has feeding difficulties, they should be 
reviewed and evaluated by team of experts.10,11 If 
mild feeding problems are recognized, rehabilita-
tion therapy and teaching of right feeding tech-
niques by experts is recommended.12,13 In patients 
with swallowing problems, liquid or pureed foods 
can be used. In patients with chocking problems 
during eating liquid foods, thickening agents can 
be added. When appropriate nutritional intake is 
not achieved by natural food, medium chain fatty 
acids (MCT oil), sugar polymers or hypercaloric 
enteral formulas can be added to increase energy 
density of food.11

In patients with severe feeding problems, that 
cannot eat sufficient amount of food through 
mouth, placement of feeding gastrostomy tube is 
necessary.14 Additional indications for gastrostomy 
feeding are frequent aspirations during feeding 
and an excessive amount of time spent to feed the 
patient during the day. Numerous studies demon-
strated important improvements in nutritional sta-
tus of patients with severe neurologic impairment 
after the placement of gastrostomy tube.15-19

Enteral formulas with all macro and micro nu-
trients that suffice for long term exclusive use are 
recommended for gastrostomy feeding of neuro-
logic patients19, but pureed food diets are still very 
popular and widely used by parents due to beliefs 
such food is more natural and healthy.20 Several 
researches studying composition of pureed gas-
trostomy feedings prepared at home or at hospital 
showed that they were less reliable in providing 
energy and nutrients, and could be contaminated 
by pathogenic microorganisms.21-23 On the other 
hand, recent cross-sectional study of tube-fed 
adult patients receiving home enteral nutrition re-
vealed that over 50% of patients were consuming 
homemade pureed food occasionally or regularly, 
despite they had been prescribed commercially 
available formulas.24 Moreover, 46% of the patients 
reported that pureed food comprised more than 
50% of their daily enteral feedings, most of them 
using their own recipes or recipes obtained from 
the internet. In the aforementioned study, patients 
reported fewer overall symptoms while using pu-
reed feeds compared with a commercial enteral 
formula. A recently published review concern-
ing special issues in tube-fed children found very 
little evidence regarding the appropriateness of 
home-prepared pureed food for gastrostomy feed-
ing in children. It was emphasized that patients 

on pureed food should be under the supervision 
of health professionals, who could ensure that the 
diet was providing the proper nutrients profile. 
In addition, they pointed out that controlled trials 
were needed to evaluate the effectiveness of pu-
reed tube feedings.25

In the face of these facts, whether pureed food 
accurately planned by skilled clinical dietitian, 
who takes into account all a patient’s need for en-
ergy, macro- and micronutrients, ensures adequate 
nutritional support for patients with severe neu-
rological impairment, appears an important issue. 
We therefore performed a prospective study to 
compare the effect of two different types of gas-
trostomy feeding, either enteral formula or pureed 
food, on the nutritional status of severely under-
nourished neurologically impaired children, ado-
lescents and young adults. 

Patients and methods

This study was conducted as a part of a PhD re-
search project. It was a study made on young pa-
tients with severe neurologic impairment and feed-
ing difficulties that were identified as moderately 
or severely malnourished in the outpatient Clinic 
for Enteral Nutrition of the University Children’s 
Hospital Ljubljana, Slovenia, between the years 
2013 and 2016. Patients received intervention dur-
ing a 6-month period.

Forty-five young patients aged between 2 and 
26 years with severe neurologic impairment (Gross 
Motor Function Classification system [GMFCS] 
grade V) were identified with moderate or severe 
malnutrition and included in the study. Their nu-
tritional status was evaluated by Z scores of weight-
for-age, with definition of moderate malnutrition 
as Z score below -2 and severe malnutrition with Z 
score below -3 according to WHO standards.26 All 
included patients were fed by gastrostomy with 
at least of 80% of their food daily intake. Patients 
with progressive neurologic diseases or genetic 
syndromes were excluded. We also excluded pa-
tients that require special diets, such as ketogenic 
diet. Protocol of the study was approved by the 
Slovenian National Committee for Medical Ethics 
(KME n. 170/05/14), and written consent was ob-
tained from parents/legal guardians. 

Nutritional intervention

We calculated energy and macronutrient require-
ments for all included patients with D-A-CH refer-
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ence values for typically developing children.27 We 
used energy needs per body weight for children, 
adolescents or adults of the same age with addition 
of 30% for catch up’ growth of severely malnour-
ished patients.28 Target energy intake was achieved 
within 2 weeks, with gradual increase from 100 to 
130% of recommended daily energy intake to pre-
vent the risk of refeeding syndrome. 

Patients were divided into 2 groups, the first 
receiving exclusively enteral formula and the sec-
ond receiving carefully planned pureed food diet 
with maximum of 20% of energy intake provided 
by food supplements or formula, when it was nec-
essary to meet their requirements. As majority of 
parents/caregivers did not agree with randomisa-
tion, but demanded that their child was included 
in one or another group, the study was performed 
as open labelled comparative interventional study. 
Diet plans for pureed food group were carefully 
prepared by the team of clinical dietitians to meet 
requirements for energy, macro and micronutrient 
intake. An intake of about 2 g of protein per kg of 
body weight was used to cover increased needs 
during nutritional rehabilitation.28 For the formula-
fed group we used relatively high-energy density 
formula (1.5 kcal/ml) with added fibre, as major-
ity of the patients were having poor tolerance for 
feeding volumes. Patients under the age of 12 years 
were fed with NutriniDrink Multi Fibre, while pa-
tients over the age of 12 with NutriDrink Multi 
Fibre (manufactered by Nutricia, Netherlands). 
The daily intake of enteral formula was determined 
based on previously calculated energy require-
ments. Parents/caregivers of both groups received 
personal nutritional counselling and instruction 
from the clinical dietitian.

Nutritional status assessment 

We measured body weight with an electronic scale 
(Seca, Germany), length of ulna with sliding cal-
liper (Holtain, UK), and skinfold thicknesses with 
skinfold calliper (Harpenden, UK) on patients’ 
left-hand side or less affected side (in case of asym-
metrical impairment) at the time of inclusion and 
again after 6 months of intervention. 

Patients’ body height was estimated with the 
equations using ulna length from Gauld et al.29

H = 4.605U + 1.308A + 28.003  	 for boys
H = 4.459U + 1.315A + 31.485 	 for girls

where H is height (cm), A is age (years), and U is 
ulna length (cm). 

Body weight and estimated body height were 
used to obtain Z-scores for weight-for-age, height-
for-age and BMI-for-age by using calculator based 
on 2006 WHO child growth standards.26 Detected 
Z scores were used for the estimation of nutritional 
status before and after intervention, because we 
wanted to assess differences in the grade of nutri-
tion according to normal population considering 
age, sex as well as starting grade of malnutrition.

Percentage of body fat was calculated from skin-
fold thickness data by using Slaughter’s equations30 

modified by Gurka et al. for patients with cerebral 
palsy.31 We calculated body fat mass (FM) and lean 
body mass (fat free mass) (LM) from percentage of 
body fat and body weight. Fat mass and lean body 
mass were then normalised for height (H) by calcu-
lating fat mass index (FMI) and fat-free mass index 
(FFMI) (both in kg/m2):

FMI = FM / H2

FFMI = FFM / H2

Statistical methods

The differences between the pureed food group 
and enteral formula group at baseline were test-
ed with t-test, Welch t-test or Mann-Whitney test 
as appropriate for the continuous variables (the 
normality assumption and the assumption of ho-
moscedasticity, i.e. equal variances, were verified 
with the Shapiro-Wilk test and Bartlett test, respec-
tively) and Chi-square test or Fisher exact test for 
categorical variables.

The differences between the groups in time were 
tested with linear mixed effects models including 
subject as a random effect using maximum likeli-
hood method for parameter estimation. Group and 
time interaction was included in all the models, and 
its significance was verified with the likelihood ra-
tio test. Contrast analysis was used to explore the 
interaction effect; note that since the contrasts were 
not orthogonal the p-values were adjusted with 
Holm’s method to appropriately control the type 
I error. 

A p-value of less than 0.05 was considered 
as statistically significant. The analysis was per-
formed with R language for statistical computing 
(R version 3.0.0).32

Results

From the 45 included patients, 37 have completed 
the 6-month interventional study. In four cases 
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parents didn’t follow the instructions and switched 
the feeding regime (three from formula and one 
from pureed group), three decided to abandon the 
regime due to personal reasons and one of the pa-
tients died few months after the inclusion. There 
were 17 patients in enteral formula and 20 in pu-
reed food group who completed the interventional 
study. 

As the patients in enteral formula were signifi-
cantly older (13.7 ± 4.7 years vs. 9.4 ± 6.6 years), we 
applied multivariate models that adjusted to age 
difference.

Weight gain and growth

Patients in both groups improved in their weight-
for-age Z scores significantly, in enteral formula 
group for 2.07 (95% CI: 1.49 - 2.65, p = 0.0000) and 
in pureed food group for 0.7 (95% CI: 0.17 - 1.24, p = 
0.0114) as shown in Figure 1. Both groups also im-

proved in body height, for 0.32 (95 % CI: 0.02-0.61, 
p = 0.0365) in enteral formula and for 0.51 (95% CI: 
0.24-0.79, p=0.0005) in pureed food group. Much 
like weight-for-age Z-scores, BMI-for-age Z-scores 
increased for 3.75 (95% CI: 2.41 - 5.09, p = 0.0000) in 
enteral formula group and for 0.63 (95% CI: -0.60 - 
1.87, p = 0.3045) in the pureed food group as shown 
in Figure 2. Z score for BMI-for-age changed signif-
icantly in enteral formula group, but not in pureed 
food group. Both weight-for-age and BMI-for-age 
Z scores increased significantly more in enteral for-
mula than in pureed food group (p = 0.0012 and p 
= 0.0014, respectively).

Changes in body composition

The percentage of fat increased in both groups of 
patients, for 6.5% (95% CI: 4.5%– 8.4%, p = 0.0000) 
in enteral formula group and for 2.6% (95% CI: 
0.8% - 4.5%, p = 0.0065) in pureed food group. The 

FIGURE 1. Changes of Z scores for weight-for-age after 6-month 
nutritional intervention expressed as mean values with 95% 
confidence interval.

FIGURE 2. Changes of Z scores for BMI-for-age after 6-month 
nutritional intervention expressed as mean values with 95% 
confidence interval.

FIGURE 3. Changes in fat mass indexes (FMI) after 6-month 
nutritional intervention expressed as mean values with 95% 
confidence interval.

FIGURE 4. Changes in fat-free mass indexes (FFMI) after 
6-month nutritional intervention expressed as mean values with 
95% confidence interval.
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increase of % of body fat was significantly higher in 
the formula group (p = 0.0051). After we converted 
% of body fat into body fat mass and lean body 
mass, we found out increases of both in majority 
of patients. When normalisation for height was 
applied with the use of FMI and FFMI, we found 
significantly higher increase of fat body mass in-
dexes in the enteral formula group than pureed 
food group (for 1.12 kg/m2; 95% CI: 0.75-1.50; and 
for 0.38 kg/m2; 95% CI: 0.12-0.64; respectively; p 
= 0.0012) as presented in Figure 3. According to 
FFMI, we only found improvement in lean body 
mass in enteral formula group (for 0.70 kg/m2, 95% 
CI: 0.1-1.3) while there was no significant change in 
pureed food group (-0.06 kg/m2, 95% CI: -0.56-0.45) 
(p = 0.0487) which is demonstrated in Figure 4. 

Discussion

To the best of our knowledge, this is the first pro-
spective controlled study that objectively com-
pared efficacy of gastrostomy feeding with profes-
sionally designed home-prepared pureed food diet 
and with commercially available enteral formula 
for treatment of malnutrition in patients with se-
vere neurological impairment. 

Although prescribed energy and nutrient intake 
were similar for both groups, there was significant-
ly better improvement of both body weight and 
body composition in the enteral formula group. 
What is most important, results showed that pa-
tients in that group even gained lean body mass, 
which is extremely difficult to achieve in patients 
with severe limitations in movement.

Better effectiveness of enteral formula can be ex-
plained in different ways. It seems probable that 
the actual food intake in pureed food group was 
less than what we had recommended based on cal-
culations of the patient’s daily needs. The prepara-
tion of fresh food in the quantity and composition 
corresponding to accurate instructions of a clinical 
dietitian is a challenging task for parents/carers in 
comparison to the provision of the recommended 
daily volume of enteral formulas. We suspect that 
parents gradually started to improvise, both in the 
selection of foods and in the amounts (i.e. no more 
weighting). Even with the same volume of feed-
ing, the daily intake may substantially alter due 
to a change in the selection of foods and/or their 
amount (especially the amount of oil or MCT). 

Another reason for better effectiveness of enter-
al formula might also be in slow gastric emptying 
and gastroesophageal reflux, which are common 

in patients with severe neurologic impairment.33 
These patients tolerate poorly large volumes of 
food. As the energy density of enteral formula (1.5 
kcal/ml) is higher than average energy density 
of pureed food, volumes of pureed food needed 
to cover energy and nutrient intake were higher. 
Although parents did not report increase in vom-
iting or regurgitation, volumes of food prescribed 
in the intervention were bigger than the ones they 
were used to before the study for most of the pa-
tients.

Furthermore, there is also a chance that biologic 
availability and utilization of nutrients from enteral 
formula was significantly better than from pureed 
food. There were some observational studies in 
malnourished people in developing countries and 
animal-model studies that show that both gut and 
pancreatic structure and function are affected in 
cases of severe malnutrition.34-36 Therefore, diges-
tion and absorption of some of the nutrients could 
be impaired in our patients. However, enteral for-
mulas used in the study were polymeric enteral for-
mulas based on milk protein. Although manufac-
turer claimed that their composition of macro and 
micro nutrient is in ideal proportion and in form 
with good absorption, there is not much evidence 
that macronutrients from polymeric formulas are 
really absorbed better than from natural foods. 

Unfortunately, our study had some limitations. 
The first one is relatively small number of included 
patients, because the criteria that we used were 
very strict. Secondly, the randomisation into two 
groups was not possible due to strict demand of 
majority of parents for their child to be placed in 
the group they preferred. That is why the pureed 
food group patients were significantly younger 
and therefore less malnourished at the inclusion. 
It has been well documented that level of malnu-
trition usually increases with age in patients with 
severe neurologic impairment.7 Although we used 
multivariate models that take into account the dif-
ference in age, more severe undernutrition at the 
starting point of the study in formula-fed group 
might affect the results. Metabolic rate of more 
malnourished patients is lower than the one of less 
malnourished, because of relatively smaller fat-free 
body mass, which is the strongest predictor of rest-
ing energy expenditure, and adaptation to a chron-
ically low energy intake.37 Therefore, with the same 
energy input, less energy is spend for coverage of 
basal metabolism and more can be used for growth 
of body tissues. 

Despite aforementioned limitations, the results 
of this study suggest, that even professionally 
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planned diet using pureed food with highly mo-
tivated parents/caregivers, who have personally 
decided to feed their children with home-prepared 
food, is less effective or at least less reliable in nu-
tritional rehabilitation of malnourished patients 
with neurologic impairment in comparison to the 
commercial enteral formula. However, larger and 
randomised clinical studies comparing efficacy of 
both feeding regimes should be made in the future 
to confirm our findings.
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Background. The aim of the study was to examine the value of quantitative and qualitative MRI and 11C acetate 
PET/CT parameters in predicting regional lymph node (LN) metastasis of newly diagnosed prostate cancer (PCa).
Patients and methods. Patients with intermediate (n = 6) and high risk (n = 47) PCa underwent 3T MRI (40 patients) 
and 11C acetate PET/CT (53 patients) before extended pelvic LN dissection. For each patient the visually most suspi-
cious LN was assessed for mean apparent diffusion coefficient (ADCmean), maximal standardized uptake value 
(SUVmax), size and shape and the primary tumour for T stage on MRI and ADCmean and SUVmax in the index lesion. 
The variables were analysed in simple and multiple logistic regression analysis.
Results. All variables, except ADCmean and SUVmax of the primary tumor, were independent predictors of LN 
metastasis. In multiple logistic regression analysis the best model was ADCmean in combintion with MRI T-stage where 
both were independent predictors of LN metastasis, this combination had an AUC of 0.81 which was higher than the 
AUC of 0.65 for LN ADCmean alone and the AUC of 0.69 for MRI T-stage alone.
Conclusions. Several quantitative and qualitative imaging parameters are predictive of regional LN metastasis in 
PCa. The combination of ADCmean in lymph nodes and T-stage on MRI was the best model in multiple logistic regres-
sion with increased predictive value compared to lymph node ADCmean and T-stage on MRI alone. 

Key words: prostatic neoplasm; lymph nodes; lymph node excision; diffusion magnetic resonance imaging; positron-
emission tomography

Introduction 

Detection of regional lymph node (LN) metastases 
in prostate cancer (PCa) is of great importance, as 
it is a prognosticator of significantly decreased dis-
ease-specific survival rates and biochemical recur-
rence-free rates.1 Further correct identification of 
patients with lymph node metastases, might have 
important implications regarding the addition of 
adjuvant therapy.

Extended pelvic lymph node dissection 
(ePLND) is gold standard for diagnosing LN in-
volvement in patients at increased risk of LN me-
tastases.2 An extended approach is recommended 
since limited dissection of the obturator fossa 
misses 50% of metastases.3 However ePLND is as-
sociated with high cost, hospitalization and pos-
sibly post-operative complications. Hence imag-
ing may have a role to select patients suitable for 
lymph node dissection.
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Conventional imaging methods such as CT and 
MRI have limited value in the evaluation of LN me-
tastases in patients with prostate cancer. Both tech-
niques depend on morphological criteria, mainly 
size and shape of lymph nodes, which is the likely 
explanation to the low sensitivity of conventional 
CT and MRI.4-6 

As morphological criteria not are sufficient, 
functional imaging techniques have received 
increased attention in the scientific literature. 
Diffusion weighted (DWI) MRI has been studied by 
several researchers7-12 as well as 11C and 18F Choline 
PET/CT.13-16 There are a few publications on lymph 
node staging in PCa with the PET radiotracer 11C 

acetate.17,18 Acetate can be metabolized in different 
ways, the most important in PCa is the fatty acid 
synthase pathway (FAS), as this pathway is overex-
pressed in PCa.19-21 The uptake of this tracer can be 
measured semi-quantitatively by the standardized 
uptake value (SUV).

DWI depicts the motion of water molecules 
within tissues, a process that is restricted in high-
ly cellular tissues, for example malignant tumors. 
Apparent diffusion coefficient (ADC) value is a 
quantitative parameter of DWI.22 A few studies 
have indicated that ADC measurements can differ-
entiate malignant prostate lesions from benign pro-
static tissue, however with a significant overlap.23-25

The aim of this study was to examine the value 
of quantitative and qualitative MRI and 11C acetate 
PET/CT parameters in predicting regional lymph 
node metastasis of newly diagnosed prostate can-
cer of intermediate and high risk, with histopathol-
ogy from ePLND as reference standard

Patients and methods
Patients

Between July 2010 and June 2013, 53 consecutive 
patients with intermediate- (n = 6) and high-risk 
(n = 47) prostate cancer according to D´Amico risk 
categories26 were prospectively included. All pa-
tients underwent imaging within two weeks before 
ePLND, 40 had 3T MRI DWI and 11C acetate PET/
CT, the remaining 13 had 11C acetate PET/CT only. 
Inclusion criteria were a negative bone scintigra-
phy and a risk of LN spread of >20% according to 
the Briganti nomogram.27 Exclusion criteria were 
contraindication to laparascopy, contraindication 
to MRI examination (e.g., pacemaker, magnetic 
implants) and hip replacement or previous hip or 
lower pelvis fractures. The study was approved by 
the regional ethics and radiation ethics commit-

tees. Informed consent was obtained in all patients 
before participation.

All patients in our study have been included 
in two previous studies11,18 that focused on non-
quantitative validation of MRI DWI and 11C ac-
etate PET/CT.

MRI and 11C acetate PET/CT 

Both examinations were performed within the 
same day.

Patients were measured with a 3 Tesla scan-
ner (Achieva, Philips Medical Systems, Best, The 
Netherlands) using a two-channel whole body coil 
for excitation and a six-element phase-array coil 
for receiving. MRI from apex of the prostate to the 
aortic bifurcation was performed using T1- (T1W) 
and T2-weighted (T2W) turbo spin echo (TSE) se-
quences in axial plane. The main T1W acquisition 
parameters were as follows: Repetition time/Echo 
time (TR/TE), 670/10 ms; field of view (FOV) 260 
x 260 mm2; acquisition matrix 150 x 186; number 
of signal averages (NSA), 2. T2W TSE scans were 
acquired with TR/TE 7000/120 ms; FOV 260 x 260 
mm2; acquisition matrix 166 x 173; NSA, 2. Axial fat 
suppressed diffusion weighted imaging (DWI) was 
performed using the spin-echo single-shot echo-
planar imaging (SE-EPI) technique (TR/TE, 2450/55 
ms; FOV 220 x 280 mm2; acquisition matrix 73 x 94; 
diffusion encoding gradients b = 0, 100, 200, 400, 
500 s/mm2; NSA, 3). The apparent diffusion coeffi-
cient (ADC) maps were obtained with mono-expo-
nential fitting. Separate DWI imaging with single b 
value (1000 s/mm2) was performed for qualitative 
diagnostics

Axial T1W (TR/TE, 500/8 ms) and T2W TSE (TR/
TE, 3000/100 ms) images of the prostate gland and 
vesicles were obtained with FOV 160 × 160 and ac-
quisition matrix 182 x 200 and 160 x 200, respec-
tively. NSA = 3 for both acquisitions. Axial DWI/
ADC SE-EPI scans used following parameters: TR/
TE, 1800/55 ms; FOV, 220×220 mm2; acquisition ma-
trix 98 x 126; NSA, 4; diffusion encoding gradients 
b = 0, 100, 200, 400, 500 s/mm2. The apparent dif-
fusion coefficient (ADC) maps were obtained with 
mono-exponential fitting Separate DWI imaging 
with single b value (1000 s/mm2) was performed 
for qualitative diagnostics.

11C acetate was synthesized according to in-
house good manufacturing practice (GMP) proce-
dures. Patients were fasted for at least 4 hours prior 
to PET. Five MBq/kg body weight of 11C acetate 
was injected intravenously in an antecubital vein 
10 min prior to PET acquisition. PET/CT was per-
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formed on a GE Discovery ST16 (GE Healthcare, 
Waukesha, ML) hybrid scanner. A venous phase 
contrast-enhanced low dose CT used both for mor-
phologic analysis and for attenuation correction 
(140 kV, auto-mA 10-80 mA), and PET with 3 min 
per bed position, covering regions from the upper 
thighs to the neck, typically obtained in 6 bed posi-
tions. Total PET acquisition time was 18 min. Total 
effective dose of both PET and CT with this proto-
col was approx. 9 mSv. PET images were corrected 
for attenuation, dead-time, scatter and decay, and 
reconstructed to a 50 cm field of view in a 128 x 128 
matrix using an iterative reconstruction algorithm 
with 2 iterations and 21 subsets as supplied by the 
manufacturer. 

Surgical technique

A systematic laparoscopic extended lymph node 
dissection was performed first from the external 
and common iliac artery and vein from the ure-
ter and to the deep circumflex vein, respecting the 
genitofemoral nerve, secondly from the obturator 
fossa, meaning the space between the external iliac 
vein down to the obturator nerve and lastly the 
internal iliac area from the obturator nerve down 
to internal iliac artery and to the deep pelvic floor. 
The specimen were separated in 3 fractions from 
each side and sent to the pathologist.

Histopathological evaluation

The specimens were fixed in 4% buffered formal-
dehyde. Lymph nodes smaller than 10 mm were 
embedded whole. Larger lymph nodes were dis-
sected longitudinally through the hilum or cut seri-
ally at 3 mm intervals depending on the size. The 
specimens were dehydrated in alcohol for 21 hours. 
Thereafter embedded in paraffin and sectioned (4 
μm) at two levels. Sections were stained with hae-
matoxylin and eosin. For each patient the presence 
and the number of LN metastases were reported. 
Immunohistochemistry with pan-cytokeratin was 
used when necessary to confirm a minor metasta-
sis.

MRI and 11C acetate PET/CT analysis

A specialized radiologist (C.v.B) with more than 
ten years experience in nuclear medicine and on-
cological radiology, blinded to histopathology re-
sults and clinical information, analysed the images 
using Carestream Vue PACS with built in PET/CT 
as software (Carestream Health, Inc, Rochester, 

NY, USA). At least 6 months passed between the 
non quantitative analysis of this material, previous 
published11,18 and the quantitative analysis in the 
present manuscript.

MRI and 11C acetate PET/CT were reviewed side 
by side, the lymph node with the visually most 
suspicious findings with regard to diffusion re-
striction, PET activity, shape and size, were chosen 
from any of the the anatomical regions included 
in a ePLND, for each patient. Diffusion restriction 
and PET activity weighed heavily in the selection 
of the visually most suspicious LN, secondly LN 
shape and thirdly LN size. In case of normal LN 
findings, the largest LN was assessed. The chosen 
lymph nodes were assessed for the following fea-
tures; SUVmax measured by placing a region of 
interest (ROI) encompassing the uptake, the maxi-
mum pixel value representing SUVmax, ADCmean 
measured by placing a ROI within the LN contour 
in the lymph nodes largest axial section, size was 
measured in the lymph nodes short axis and LN 
shape was registered as oval or round. MRI DWI 
was also analysed for primary tumour T stage; ob-
vious extra-capsular extension was registered as 
MRI-T3a, obvious spread to seminal vesicles was 
registered as MRI-T3b, if non of this features were 
present the T stage was registered as ≤ MRI-T2. The 
index lesion, i.e. the largest lesion, in the primary 
tumour was also assessed, tumour-SUVmax and 
tumour-ADCmean were measured by the same 
method described for LNs above.

Statistics

Receiver operating curve (ROC) analysis of 
LN-ADCmean, LN-SUVmax, LN size, tumour-
ADCmean and tumour-SUVmax was performed 
to determine optimal cut-off from which the 
variables were dichotomized. Variables were then 
analysed in simple logistic regression analysis to 
determine their significance. Different combina-
tions of the significant variables in the simple 
analysis were then included in multiple logistic 
regression models but the number of observa-
tions in each variable did not allow us to use 
more than two variables at the same time. For 
each model the predicted values were compared 
with the observed values, area under the curve 
(AUC), sensitivity, specificity, positive and nega-
tive predictive value (PPV, NPV), accuracy, pseudo 
R2 (Nagelkerke) and Hosmer-Lemeshow statistic 
were calculated to determine their classification 
performance. Multicollinearity between variables, 
was measured with Cramer´s V.
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Discussion

Our prospective study of predominantly high risk 
PCa patients undergoing ePLND for LN staging, 

TABLE 1. Patient characteristics

Patient characteristics

Patients, n 53

Age, median (range) 68 (55–76)

LN positive patients, n 26

PSA level ng/ml, mean (median, range) 24 (19, 3–112)

Biopsy Gleason score, n (%)

6 5 (9.4)

7 39 (73.6)

8 5 (9.4)

9 4 (7.5)

D´Amico risk classification, n (%)

Intermediate 6 (11.3)

High 47 (88.7)

Clincal T-stage, n (%)

T1c 1 (1.9)

T2 11 (20.8)

T3 41 (77.4)

Risk of LN invasion*, n

19–59% 27

≥ 60% 26

LN = lymph node; * Calculated according to Briganti nomogram (26)

TABLE 2. Investigational findings at MRI DWI and 11C Acetate PET/CT 

MRI DWI and 11C Acetate PET/CT findings

LN-ADCmean 10-6 mm² /s, mean (SD) range 917 (191) 582–1398

LN-SUVmax, mean (SD) range 1.8 (1.2) 0.7–5.9

LN size mm, mean (SD) range 6.6 (3.7) 3.8–28.3

Proportion of LNs with round shape, n 19

Proportion of LNs with oval shape, n 34

MRI T-stage, n

< T3 25

T3a 14

T3b 14

LN ADC Roi size mm2, median (range) 42 (16–334)

Tumor ADC Roi size mm2 ≥ 80 

ADC = Apparent diffusion coefficient b0-b500; LN = lymph node; MRI T-stage: determined with MRI, 
only clear cut cases were reported as T3a and T3b; ROI = Region of interest; SUV = Standardized 
uptake value

A p-value less than 0.05 was considered statisti-
cally significant. Statistical analysis was performed 
with Dell Inc. (2015). Dell Statistica (data analysis 
software system), version 13. software.dell.com.

Results

The patients´ clinical characteristics are outlined 
in Table 1. Of the 53 patients included in the study 
26 (49%) had LN metastases at ePLND. Among the 
40 patients that had 3T MRI DWI plus 11C acetate 
PET/CT 50% had LN metastasis, patient charac-
teristics for this subset of patients has previously 
been described.11 The variables MRI-T-stage, LN-
ADCmean and tumour-ADCmean had 40 observa-
tions, the remaining variables tumour-SUVmax, 
LN-SUVmax, LN-size and LN-shape had 53 ob-
servations. The smallest LN in the material was 3.8 
mm, the median ROI size for ADC measurements 
in LN´s was 42 mm2 with range 16–334 mm2, the 
ROI size for ADC measurements in primary tu-
mour was ≥ 80 mm2 (Table 2).

The ROC analysis of Tumour-ADCmean and 
Tumour-SUVmax showed insufficient classifica-
tion with AUC of 0.53 and 0.49 respectively. For 
LN-SUVmax, LN-ADCmean and LN-size the 
corresponding AUC were 0.69, 0.72 and 0.62 re-
spectively, these variables were dichotomized us-
ing optimal thresholds calculated from the ROC 
curve and included in simple logistic regression 
along with MRI-T-stage and LN-shape (Table 3). 
ROC determined threshold values are presented 
in Table 3. All variables included in simple logis-
tic regression analysis were significant predictors 
of LN metastasis and therefore included in multi-
ple logistic regressions models in combination of 
two (Table 4). Ten combinations were calculated 
and in model one to three both variables appeared 
as independent predictors of LN metastasis: LN-
ADCmean in combination with LN-SUVmax, LN-
shape and MRI-T-stage, respectively, where the 
best combinations for prediction of LN metastasis 
(Table 4). Model three (LN-ADCmean and MRI-T-
stage) was the model with highest AUC and pseu-
do R2, 0.81 and 0.39 respectively, which was higher 
than the AUC of 0.65 and pseudo R2 of 0.12 for LN-
ADCmean alone and the AUC of 0.69 and pseudo 
R2 of 0.17 for MRI-T-stage alone

In model one to three both variables were sig-
nificant, multicollinearity between the predic-
tors were weak, Cramers´V of 0.09, 0.15 and 0.16 
respectively. This in combination with adequate 
goodness of fit show the validity of the models.
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show that a quantitative and qualitative analysis 
of LN and primary tumor findings at MRI DWI 
and 11C acetate PET/CT can provide a range of sin-
gle and combined parameters to help radiologists 
evaluating the probability of regional LN metas-
tases. LN-ADCmean, LN-SUVmax and LN-size 

were significant predictors of LN metastases as 
were lymph node with round shape and stage T3b 
at MRI, while Tumour-ADCmean and Tumour-
SUVmax had insufficient classification properties. 
In multiple logistic regression analysis the best 
combination was LN-ADCmean and MRI-T-stage 

TABLE 3. MRI DWI and 11C Acetate PET/CT variables dichotomized using ROC curve and analyzed with simple logistic regression

N0 n N1 n OR 95%CI p-value Threshold AUC Pseudo R2* Sensitivity/Specificity/PPV/NPV

LN-ADCmean 10-6 mm² /s 21 19 3.6 1.1-11.6 0.031 ≤ 800 0.65 0.12 58/73/76/53

LN-SUVmax 28 25 5.4 1.6-18.7 0.008 ≥ 1.6 0.68 0.18 72/68/52/83

LN-size mm 28 25 8.7 1.7–44.9 0.010 ≥ 7.9 0.66 0.20 83/63/40/93

LN round shape 5 14 5.9 1.7-20.4 0.006 0.69 0.20 74/68/56/82

LN oval shape 23 11 ref ref ref ref ref ref ref

MRI-T-stage

≤ T2 18 7 ref ref ref ref ref ref ref

T3a 7 7 2.00 0.4-10.5 0.412

T3b 3 11 6.0 1.2-29.4 0.027 0.69 0.17 65/67/65/67

* Nagelkerke´s R2 ; ADC = Apparent Diffusion Coefficient b0-b500; AUC = Area Under the Curve; CI = Confidence Interval; LN: lymph node; MRI T-stage: determined with MRI, only 
clear cut cases were reported as T3a and T3b; N0 = No lymph node metastases at ePLND (extended lymph node resection); N1 = Verified lymph node metastases at ePLND; NPV 
= Negative Predictive Value; OR = Odds Ratio; PPV = Positive Predictive Value; SUV = Standardized uptake value; Treshold calculated with ROC analysis; Bold numbers indicate 
highest values

TABLE 4. MRI DWI and 11C Acetate PET/CT variables dichotomized with ROC curve and analyzed with multiple logistic regression

Model* M1 M2 M3 M4 M5 M6 M7 M8 M9 M10

LN-ADCmean 10-6 mm² /s
3.7

(1.1–13.3), 
0.040

4.1
(1.1–14.7), 

0.032

8.4
(1.8–39.0), 

0.007

2.7
(0.8–9.5),

0.110

LN-SUVmax
5.6

(1.5–20.6), 
0.010

2.7
(0.6–11.1), 

0.179

4.7
(1.1–20.5), 

0.040

2.3
(0.5–10.7),

0.30

LN-shape
5.7

(1.5–21.2), 
0.010

3.7
(0.9–15.0), 

0.069

6.2
(1.4–27.2), 

0.016

2.8
(0.5–14.7), 

0.226

MRI T-stage T3ba / ≤ T2
6.8

(1.1–41.6), 
0.039

5.3
(1.0–28.6), 

0.051

3.9
(0.7–22.0), 

0.126

4.5
(0.8–25.2), 

0.083

LN-size mm
7.5

(1.4–40.3),
0.018

4.8
(0.7–34.7), 

0.116)

3.8
(0.4–31.6),

0.224

9.3
(1.4–61.1), 

0.020

cPsedo R2 0.27 0.30 0.39 0.26 0.24 0.29 0.22 0.33 0.23 0.34

AUC 0.75 0.76 0.81 0.73 0.71 0.75 0.68 0.79 0.71 0.75

Sensitivity 72 74 67 83 63 65 68 74 74 74

Specificity 68 68 77 65 66 72 65 83 68 73

PPV 52 56 80 40 60 75 52 85 56 70

NPV 83 82 62 93 68 62 79 71 82 76

Cramers´Vb 0.09 0.15 0.16 0.25 0.54 0.28 0.66 0.37 0.72 0.34

Accuracy 69 70 71 69 64 68 66 78 70 73

* Model one through ten: presented with OR (95%CI), p-value. a T3a is not presented in the table, this is because it is not significant in any of the ten models above. b Multicollinearity; 
c Nagel-kerke´s R2; AUC = Area Under the Curve; CI = Confidence Interval; LN = lymph node; MRI T-stage: only clear cut cases were reported as T3b, Apparent Diffusion Coefficient 
b0-b500, NPV = Negative Predictive Value; OR = Odds Ratio; PPV = Positive Predictive Value; SUV = Standardized uptake value; Bold numbers indicate highest values
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(model three), this combination increased the pre-
dictive value compared to that of each parameter 
alone. To the best or our knowledge this is the first 
study investigating quantitative and qualitative 
predictors of regional LN metastases from MRI 
and 11C acetate PET/CT, in patients with a risk of 
LN spread of >20% according to the Briganti nomo-
gram27 with histopathology as reference standard.

One article, which combines quantitative and 
qualitative analysis of 11C acetate PET/CT and MRI 
for diagnostic analysis or suspected prostate cancer, 
has previously been published.28 However, in that 
study they included both patients with suspected 
and verified prostate cancer and analysed the com-
bined imaging modalities to determine diagnostic 
accuracy for both local and distant staging, includ-
ing only 15 patients with histopathological lymph 
node verification. Eleven of these 15 patients were 
found to have positive regional lymph nodes giv-
ing a sensitivity, specificity, and diagnostic accu-
racy for multiparametric MRI of 72.7%, 100%, and 
95%, respectively, i.e. better than our results. They 
also found that multiparametric [11C]-acetate PET-
MRI further improved the diagnostic accuracy for 
detection of regional lymph node metastases com-
pared with MRI and PET alone. This is similar to 
our results that LN-ADCmean in combination with 
LN-SUVmax, LN-shape and MRI-T-stage, respec-
tively, where the best combinations and significant 
predictors of LN metastasis.

A recent retrospective study by Park et al.29 in-
vestigated 101 PCa patients, with normal sized 
lymph nodes, undergoing ePLND with MRI DWI 
at 3T. In simple logistic regression PSA, Gleason 
score, greatest percentage of biopsy core, percent-
age of positive cores, ADC of index lesion in pros-
tate gland and MRI T stage were all independent 
predictors of regional LN metastasis. In multiple 
analyses only MRI T stage was significant. This 
finding is similar to our study since MRI-T-stage is 
a strong predictor in our material. A limitation of 
the study by Park et al. is that only 9 patients had 
LN metastasis, whereas 92 patients did not, this 
makes the logistic regression model unbalanced.

Another recent study by Batra et al.30 investi-
gated predictive factors for LN metastases in 100 
patients undergoing ePLND. Variables examined 
in simple logistic regression analysis were PSA, 
Gleason score, clinical stage, D’Amico risk cat-
egory and features of locally advanced disease on 
MRI (defined as extraprostatic extension, seminal 
vesicle invasion and enlarged pelvic lymph nodes). 
Clinical stage and features of locally advanced dis-
ease were predictive of LN metastases. In multiple 

logistic regression clinical stage only was predic-
tive of LN metastases.

These results are not directly comparable to ours 
since all but 2 patients in the study by Batra et al. 
had clinically localized disease, whereas the major-
ity of patients in our study (77.4%) had T3 disease. 
Further the definition of locally advanced disease 
included findings of enlarged pelvic lymph nodes, 
while in our study MRI-T-stage was defined by T 
stage on MRI. A disadvantage of the study by Batra 
et al. is that only 17% of the included patients had 
N1 disease.

Recently 68Ga-PSMA PET/CT became apparent 
as a promising new tracer binding to the prostate 
specific membrane antigen (PSMA). A few stud-
ies have evaluated the diagnostic performance of 
this tracer, in lymph node staging at initial diagno-
sis of PCa, with ePLND as reference standard.30-32 

Sensitivity ranged from 61% to 82% and specificity 
from 84% to 95% in these studies. The sensitivity 
of 68Ga-PSMA PET/CT is higher, but specificity is 
somewhat lower, compared to 11C acetate PET/CT.18 

The ADC value is largely dependent on the dif-
fusion weighting factors (b values) used in the pro-
tocol, variability of the ADC value of up to 40% has 
been described with the use of different b values.34 
To a lesser degree, ADC values can differ between 
MRI systems.35 This explains why cut-offs for ADC 
values cited in the literature vary greatly. For ex-
ample in our study the lymph node ADCmean 
cut-off obtained with ROC curve analysis was 800 
x 10⁻6 mm2/s, based on the b values 0,100, 200, 400, 
500. In another study the cut-off of the ADCmean 
value was 910 x 10-6 mm2/s based on b values 500, 
800, 1000 and 1500.12 In three studies with the fol-
lowing b values 50, 300, 600, the reported pelvic 
lymph node ADC mean cut-off were 1430 x 10-6 
mm2/s, 1010 10-6 mm2/s and 1300 10-6 mm2/s respec-
tively.7,9,10 There is clearly a need for standardiza-
tion of DWI acquisitions to enable comparisons of 
ADC values between reports.36 

Up to 80% of regional LN metastases in PCa are 
located in normal sized lymph nodes36, it is there-
fore unavoidable to measure ADC in normal sized 
lymph nodes when evaluating DWI in nodal stag-
ing of PCa. This is reflected by the ADC ROI size 
of pelvic lymph nodes in our study ranging from 
16-334 mm2 with median size of 42 mm2. In a study 
by Thoeny et al.38 investigating normal sized pelvic 
lymph nodes in bladder cancer and PCa, the ADC 
ROI size ranged from 2.8-40.7 mm2. Obviously 
there is a risk of partial volume effect when meas-
uring ADC in small lymph nodes. However, Eiber 
et al.9 showed that measurements of the ADC value 
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are not substantially distorted by partial volume 
effects even in lymph nodes down to 6 mm.

The ROC curve analysis optimal cut-off for LN 
size short axis diameter was 7.9 mm in our study, 
this is similar to the cut-off of 8 mm for LN size that 
has been reported in two previous studies of pel-
vic nodes in PCa.7,9 Regarding optimal cut-off for 
lymph node SUVmax in 11C acetate PET/CT, there 
are no previous publications to compare with.

Interestingly, we could show that lymph nodes 
with round shape were predictive of metastases, 
which is confirming its position in general inter-
pretation criteria of CT and MRI imaging in PCa. 
Regarding the multiple logistic regression analysis, 
one can argue that the combination of LN-shape 
and MRI-T-stage (model eight) had AUC and 
pseudo R2 close to model three (LN-ADCmean and 
MRI-T-stage) and even higher accuracy 0.78 vs. 0.71 
compared to model three. However only LN-shape 
in mode eight appeared as independent predictor. 
LN-ADCmean and LN-SUVmax were independ-
ent predictors in model one as were LN-ADCmean 
in combination with LN-shape in model two, how-
ever not reaching the results in model three. 

It should be noted that all of the predictive fac-
tors in our study except LN-SUVmax can be ob-
tained from non-contrast enhanced MRI, this is of 
relevance since 11C acetate PET/CT is associated 
with high cost and limited availability. However 
the LN for measurement of ADC values was also 
chosen according to 11C acetate PET/CT uptake, 
and this might bias the interpretation.

   A limitation of this study is that the number 
of observations did not allow for more than two 
variables in multiple logistic regression analy-
sis, which prevented us from exploring the true 
diagnostic performance of a large model with all 
predictors included. Another limitation is that the 
ADC measurements in lymph nodes smaller than 
6 mm could be hampered by partial volume effect. 
Since it is very difficult to correlate single, specific 
lymph node histology to imaging, we chose to se-
lect the lymph node with the visually most suspi-
cious findings from any of the anatomical regions 
included in the ePLND, for each patient.

Conclusions

In this prospective study we could show that a 
number of predictive factors for regional lymph 
node metastasis in patients with intermediate- and 
high-risk PCa could be retrieved from MRI and 
11C acetate PET/CT. SUVmax, ADCmean, size and 

shape of regional lymph nodes were all predictive 
of lymph node metastases as were T-stage on MRI. 
The combination of ADCmean in lymph nodes and 
T-stage on MRI was the best model in multiple lo-
gistic regression with increased predictive value 
compared to lymph node ADCmean and T-stage 
on MRI alone. The relatively low diagnostic accu-
racy in the present study, as well as in other pre-
viously published studies10,32, show that there is at 
present a limited role of anatomical and functional 
imaging for lymph node staging in patients with 
prostate cancer. Future studies including more pa-
tients are needed to validate our findings.
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Background. Mast cell tumour, sebaceous gland adenoma, and less common squamous papilloma are skin tu-
mours in ferrets (Mustela putorius furo), and early excisional surgery is usually the treatment of choice. The aim of 
our study was to investigate the effectiveness of electrochemotherapy (ECT), a new, minimally invasive non-surgical 
method, as first treatment option of different types of ferret skin tumours located on surgically difficult sites. 
Materials and methods. A 5-year-old castrated male ferret with two cutaneous masses, presenting 4 months apart 
and a 7-year-old spayed female ferret with two cutaneous masses, that appeared simultaneously on two locations 
are presented. In the first patient, both masses were diagnosed as mast cell tumours, and in the second patient, 
squamous papilloma and sebaceous adenoma were diagnosed. One session of ECT with bleomycin injected intra-
tumourally was applied in all tumours.
Results. Complete response (CR) of all tumours was obtained, without recurrence during observation period of 15 
months after ECT for first tumour and 11 months after ECT of the tumour located on the right hock in first patient, and 
8 months after treatment for the second patient. 
Conclusions. In present study, ECT with bleomycin proved to be safe and effective against different cutaneous 
tumours in ferrets. Due of good results, low cost and relatively easy procedure, ECT could be the treatment of choice 
instead of surgery for the selected skin tumours in ferrets.

Key words: electrochemotherapy; bleomycin; cutaneous tumours, ferret

Introduction

Tumours are common health problem in domestic 
pet ferrets (Mustela putorius furo), most commonly 
affected are endocrine, integumentary and lym-
phatic system.1 Mast cell tumours (MCTs) and se-
baceous tumours (sebaceous epitelioma, sebaceous 
adenoma) are most prevalent tumours of the skin.2 

Most frequently, MCTs appear on the extremi-
ties, following the trunk and head or neck. They 

are usually small (1‒4 mm in diameter), round to 
plaque-like nodules with surface crusting.3 In some 
cases, animals develop local pruritus, and overlying 
skin may be ulcerated due to self-trauma.1 In ferrets, 
MCTs are considered clinically benign and they do 
not spread locally or metastasize.1,3 However, there 
are some suggestions about visceral involvement 
and malignant behaviour of this tumours.4

Sebaceous adenomas are benign tumours, which 
involve only skin and may occur anywhere on the 
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body. They are firm, warty and often multinodu-
lar, sometimes looking very similar to MCTs. They 
can be ulcerated, irritated and traumatised with lo-
cal inflammation.2,4 

Squamous papilloma is very rare skin tumour of 
ferrets with only one case noted in a study of 1,525 
ferret neoplasia’s collected in years 1990 to 2000.5 
Although there is some evidence that some squa-
mous cell carcinomas (SCC) of the skin in ferrets 
can be associated with papillomavirus6, possible 
viral aetiology of cutaneous squamous papilloma 
in ferrets was yet not investigated. Moreover, re-
cent publications suggested that, squamous papil-
loma of skin and conjunctiva in dogs are not con-
nected with papillomaviruses.7 

Fine needle aspiration (FNA), incisional or ex-
cisional biopsy are recommended to confirm the 
diagnosis of any cutaneous tumour.2 Early exci-
sional surgery is the treatment of choice, and wide 

surgical margins are always advisable.2,5 However, 
some tumours are large with invading surround-
ing tissue on unsuitable sites, which makes the 
closure of defect after surgery, and consequently 
preservation of function, difficult. ECT is a new 
anti-neoplastic therapy in veterinary medicine that 
combines administration of a chemotherapeutic 
agent, cisplatin or bleomycin, with electric pulses 
to the tumour.8 

The aim of our study was to investigate the ef-
fectiveness of electrochemotherapy (ECT), as a 
new, minimally invasive non-surgical method, for 
treatment of different types of ferret skin tumours 
located on surgically difficult sites. 

Materials and methods
Patients

First patient was a 5-year-old castrated male ferret 
with two cutaneous masses presented 4 months 
apart. First mass (0.8 cm x 0.8 cm x 0.5 cm) was lo-
cated on the laterodorsal tail base (tumour 1), while 
the second one (1.2 cm x 1.0 cm 0.7 cm) was found 
on the lateral side of the right hock (tumour 2). The 
ferret had no major health issues since the initial 
presentation, and masses apparently did not pro-
duce any health problems or discomfort. Regular 
health checks and vaccinations were carried out 
every year.  

Second patient was a 7-year-old spayed female 
ferret with two cutaneous masses that appeared 
simultaneously on two locations. First mass (0.7 
cm x 0.7 cm x 0.5 cm) was located on the lateral 
side of the left hock (tumour 3) (Figure 1), while 
the location of the second mass (0.4 cm x 0.4 cm 
x 0.2 cm) was dorsolateral on the left chest region 
(tumour 4). Before the initial presentation, the fer-
ret had a history of insulinoma managed with diet, 
corticosteroids and regular glucose measurements. 
On physical examination, both patients were alert, 
bright and responsive with body masses of 1700 g 
and 430 g respectively. Incisional biopsies of tu-
mours 1, 3 and 4, and FNA of tumour 2 were ob-
tained under general gaseous anaesthesia, and his-
topathology and cytology were done. Briefly, sam-
ples for histopathology were fixed in 10% buffered 
formaline and routinely embedded in paraffin. 
Four-µm-thick sections were stained with hema-
toxylin and eosin and examined microscopically. 
Cytological smears were stained with Hemacolor 
(Merck®, Darmstadt, Germany).

Histopathological examination of the tumour 1 
presented as nonencapsulated, slightly infiltrative 

FIGURE 1. Macroscopic presentation of squamous papilloma 
(Tumour 4).

FIGURE 2. Cytological presentation of mast cell tumours 
(Tumour 2). Hemacolor, 400 x.
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tumour composed of round cells that exhibited 
mild anisocytosis. Neoplastic cells had a moder-
ate amount of pale blue cytoplasm and round nu-
clei that exhibited mild anisokaryosis. Additional 
Toluidine blue staining revealed numerous cyto-
plasmic metachromatic granules. Mitotic figures 
were rare. 

Cytological samples of the tumour 2 (Figure 2) 
contained moderate number of the neoplastic cells 
with the morphology similar to neoplastic cells in 
the tumour 1. Single eosinophils were scattered be-
tween neoplastic cells.

Histopathology of tumour 3 (Figure 3) exhibited 
epithelial tumour that formed papillary projec-
tions supported by a fine to moderate fibrovascular 
core. Papillary projections were covered with well-
differentiated squamous epithelial cells. Changes 
characteristic for papilloma, such as enlarged kera-
tohyalin granules, koilocytes and intranuclear in-
clusions, were not present. Mitotic figures were 6 
per 10 high power fields (HPF). The stroma was 
diffusely moderately infiltrated with neutrophils.

Histopathology of tumour 4 exhibited lobular 
tumour that consisted predominantly of cells with 
sebaceous differentiation (sebocytes) and periph-
eral layer of basaloid reserve cells. Sebocytes were 
round to oval, exhibited moderate anisocytosis and 
had finely vacuolated cytoplasm. Basaloid reserve 
cells were cuboid and had a small amount of baso-
philic cytoplasm, and round to oval nuclei. Mitotic 
figures were rare, 3 per 10 HPF, and confined to 
basaloid reserve cells. 

In the first patient, both masses were diagnosed 
as MCTs, and in the second patient, squamous 
papilloma of hock region and sebaceous adenoma 
of chest region were diagnosed. Haematology, 

serum biochemistry, total body radiographs, and 
abdominal ultrasound were performed for staging. 
Whole body radiographs and abdominal ultra-
sound investigations showed no evidence of health 
problems or distant metastasis. In the first patient, 
the haematology showed no abnormal findings, 
most of serum biochemistry values were within 
reference range; only urea nitrogen (12.4 mmol/L; 
reference 3.93–8.93 mmol/L9) and creatinine (128 
umol/L; reference 26.52–70.72 µmol/L9) were el-
evated suggesting early kidney disease. Also in the 
second patient, haematology results showed no 
abnormal findings; however, serum biochemistry 
showed elevated aspartate aminotransferase (248 
U/L; reference 78–140 U/L9) and decreased values 
of glucose (2.8 mmol/L; reference 5.5–7.5 mmol/
L9), most probably due to insulinoma and chronic 
gastroenteritis. The treatment possibilities, includ-
ing surgery, were discussed with the owner. Due 
to unsuitable locations for surgical treatment and 
contemporary morbidities, ECT was selected as the 
minimally invasive treatment option. The owners 
were thoroughly informed about the procedure 
and its possible side effects and signed informed 
consent for application of electrochemotherapy.

Electrochemotherapy

For the ECT, patients were anesthetised using iso-
flurane and 0.5 mg ~ volume of 0.1 ml of bleomy-
cin (3 mg/ml) was injected intratumourally using 
29 gauge needle (Figure 4, 5). After 1‒2 minutes, 
eight electric pulses of 100 µs duration with am-
plitude to electrode distance ratio of 1300 V/cm 
and frequency of 5 kHz were delivered using plate 

FIGURE 3. Histological presentation of squamous papilloma 
(Tumour 4). Hematoxylin and eosin stain, 100 x.

FIGURE 4. Intralessional injection of bleomycin into mast cell 
tumour (Tumour 2) located laterally on the right hock. Note the 
size of tumor and surgicaly chalenging anatomical location. 
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electrodes (distance between the electrodes: 6 mm) 
(Figures 6,7). Good contact between the electrodes 
and tumour mass was obtained by application of 
conductive gel to the treatment area. Electric puls-
es were generated by the electric pulse generator 
(CliniporatorTM - IGEA srl, Carpi [MO], Italy). The 
entire tumour was exposed to electric pulses by 
moving the electrodes perpendicular through the 
whole volume of mass and the surrounding skin, 
starting on the tumour periphery. The duration 
of each ECT cycle was approximately 15 minutes, 
and in both cases, the recovery from anaesthesia 
was uneventful. Meloxicam (Loxicom; Norbrook 
Laboratories) in a dose 0.2 mg/kg/day9 was pre-
scribed for 3 consecutive days orally after every 
cycle of ECT to reduce pain and inflammation.

Evaluation of response

After the treatment, the patients were examined at 
regular intervals, depending on the owner’s visit of 
clinic, to evaluate the treatment response. At each 
visit, the treated tumours were examined and pho-
tographed. In the meantime, the owner observed 
the treated area and reported the progress.

Results

No local or/and systemic side effects were noted 
during or after ECT. During ECT, some muscle 
contractions of the patients were observed after 
the application of each train of electric pulses. The 
contractions were mild, disappearing after the end 
of each train of electric pulses. All tumours be-
came necrotic and regressed. In the first patient, 

FIGURE 5. Intralessional injection of bleomycin into squamous 
papilloma (Tumour 4). 

FIGURE 6. Electric pulses were delivered to the mast cell tumour 
(Tumour 2) using plate electordes.

FIGURE 7. Electric pulses were delivered to the squamous 
papilloma (Tumour 4) using plate electordes.
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the MCT located on the laterodorsal tail base be-
came necrotic on day 6 and a complete response 
(CR) was seen approximately 1 month after ECT, 
while the second MCT found on the lateral side of 
the right hock became necrotic on day 15 and CR 
was seen approximately two months (67 days) af-
ter ECT (Figure 9). In second patient, both tumours 
became necrotic on day 8 (Figure 8) and CRs were 
seen 70 days after ECT (Figure 10). In first patient, 
no tumour growth has been seen during the obser-
vation period of 15 months after ECT of the tumour 
located on the tail base, and 11 months after ECT of 
the tumour located on the right hock. In second pa-
tient, no tumour recurrence was detected 8 months 
after treatment. 

Discussion

ECT with bleomycin as a single treatment was an 
effective treatment of cutaneous neoplasms; MCTs, 
sebaceous adenoma, and squamous papilloma in 
our cases. ECT was well tolerated by the patients 
and is a minimally invasive procedure with no ma-
jor side effects noted, with excellent responses and 
long-lasting CR. In first patient, no tumour growth 
was seen during observation period of 15 months 
after ECT of the tumour located on the tail base, and 
11 months after ECT of the tumour located on the 
right hock. In second patient, no tumour regrowth 
was seen 8 months after treatment. Different stud-
ies reported an excellent treatment response of 
ECT with cisplatin or bleomycin in tumours of 
different histology with minimal side effects in 
dogs10,11, cats12, horses13, pet rats14, and reptiles15,16. 
In our cases, only some muscle contractions of the 

patient were observed during the application of 
electric pulses. The contractions were mild, disap-
pearing after the end of each train of electric pulses. 
In animals, pain during ECT can be avoided using 
sedation and/or general anaesthesia.10-16 Gaseous 
anaesthesia with isoflurane was used in our cases 
to prevent pain and facilitate proper position of 
patients for tumour manipulation, the applica-
tion of chemotherapeutic agent, and positioning of 
electrodes. Meloxicam, a nonsteroidal anti-inflam-
matory analgesic was prescribed to the patients 
before and after ECT to reduce pain and inflam-
mation.9 According to the literature, surgery with 
wide margins is advised as the first treatment op-
tion for benign skin tumours in ferrets2,5, but this 
therapeutic option is not always applicable due to 
anatomical locations. In author’s experience, some 
skin tumours could be quite large and located on 
toe, hock or footpad. Thus, aggressive surgery 
could result in loss of physiological function of a 
body part and a non-favourable cosmetic effect of 
therapy. In both ferrets, the tumour locations were 
not optimally positioned for surgery, and compli-
cations could arise with the skin defect too big for 
adequate closure. In that context, new therapies 
like ECT are highly beneficial, because of good an-

FIGURE 8. Necrosis with superficial scab of squamous papilloma 
(Tumour 4) 8 days after electrochemotherapy.

FIGURE 9. Complete response of mast cell tumour (Tumour 2) - 
67 days after electrochemotherapy.
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ti-tumour effectiveness, combined with excellent 
functional and cosmetic effects, while being less 
invasive than surgery.8,10,11,12 

Neoplastic diseases are commonly seen in fer-
rets, and medical treatment of tumours with chem-
otherapy is well reported.1,17,18 Different chemo-
therapeutic agents are used in ferret oncology, in-
cluding bleomycin.17,19 Bleomycin is an antitumour 
antibiotic commonly used in human and veteri-
nary medicine. In exotic pets, bleomycin was used 
intralesionally in the treatment of SCC in a greater 
hedgehog tenrec (Setifer setosus) and in a blue front-
ed amazon parrot (Amazona aestiva) for xanthoma, 
respectively.17 Recently, ECT with bleomycin was 
reported in a yellow bellied slider (Trachemys scrip-
ta scripta) and in a green sea turtle (Chelonia mydas) 
for the treatment of SCC and fibropapilloma with 
excellent therapeutic outcome and minimal side 
effects.15,16,17 In ferret oncology, the data about this 
chemotherapeutic agent are scarce; however, bleo-
mycin was used in the therapy of metastatic SCC 
in one animal at a dosage of 10‒20 U/m2 once a 
week, injected subcutaneously with moderate an-
titumour effectiveness.19 In our patients, ECT using 
bleomycin did not induce any clinically evident 
systemic side effects; only mild, local tumour ne-

FIGURE 10. Complete response of squamous papilloma 
(Tumour 4) - 70 days after electrochemotherapy.

crosis as a consequence of successful treatment was 
seen in the week following the treatment in both 
cases without notable effect on the patient’s condi-
tion. The superficial scab developed after necrosis; 
it fell off within few weeks after therapy. 

The drawback of our study is that it presents 
the ECT treatment effectiveness on only two pa-
tients. For broader acceptance of ECT in treatment 
of tumours in ferrets larger cohort of patients and 
higher number of tumours is needed. Though this 
study as the first provides evidence of safety and 
effectiveness of ECT in this specific animal species. 

In conclusion, ECT with bleomycin proved to be 
safe and effective against cutaneous MCTs, squa-
mous papilloma, and sebaceous gland adenoma 
in ferrets. Because of good effectiveness, low cost, 
and a relatively easy procedure ECT could repre-
sent a good treatment of choice instead of surgery 
for selected skin tumours in ferrets. 
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Background. Malignant mesothelioma is a rare cancer with poor outcome, associated with asbestos exposure. 
Reactive oxygen species may play an important role in the mechanism of carcinogenesis; therefore, genetic vari-
ability in antioxidative defence may modify an individual’s susceptibility to this cancer. This study investigated the 
influence of functional polymorphisms of NQO1, CAT, SOD2 and hOGG1 genes, gene-gene interactions and gene-
environment interactions on malignant mesothelioma risk.
Patients and methods. In total, 150 cases with malignant mesothelioma and 122 controls with no asbestos-related 
disease were genotyped for NQO1, CAT, SOD2 and hOGG1 polymorphisms.
Results. The risk of malignant mesothelioma increased with smoking, odds ratio (OR) 9.30 [95% confidence interval 
(CI): 4.83–17.98] and slightly with age, OR 1.10 (95% CI: 1.08–1.14). Medium and high asbestos exposures represented 
7-times higher risk of malignant mesothelioma compared to low exposure, OR 7.05 (95% CI 3.59–13.83). NQO1 rs1800566 
was significantly associated with increased malignant mesothelioma risk, OR 1.73 (95% CI 1.02–2.96). Although there 
was no independent association between either CAT rs1001179 or hOGG1 rs1052133 polymorphism and malignant 
mesothelioma, interaction between both polymorphisms showed a protective effect, ORint 0.27 (95% CI 0.10–0.77).
Conclusions. Our findings suggest a role of both genetic variability in antioxidative defence and repair as well as the 
impact of gene-gene interactions in the development of malignant mesothelioma. The results of this study could add 
to our understanding of pathogenesis of malignant mesothelioma and contribute to prevention and earlier diagnosis 
of this aggressive cancer.

Key words: antioxidative enzymes; genetic polymorphism; malignant mesothelioma

Introduction 

Malignant mesothelioma (MM) is a rare and ag-
gressive disease with poor survival. It has been as-
sociated with occupational and/or environmental 
exposure to asbestos in more than 86% of patients 
with this disease.1,2 Malignant mesothelioma most 
commonly arises from pleura (65%–70%), perito-
neum (30%) and very rarely other serous surfaces 
(1%).3,4 Global incidence is expected to peak 30 to 
40 years after the peak of asbestos usage that oc-

curred in the 1960s and 1970s.3,5 However, recent 
studies still show a rise in incidence.6

The implication of asbestos exposure in MM has 
been validated, but the mechanism of carcinogen-
esis is not yet completely understood. Asbestos fi-
bre components, specifically iron, are hypothesized 
to contribute to reactive oxygen species (ROS) 
production. Iron catalyses both Fenton and Haber-
Weiss reactions which produce hydroxyl radical 
(HO) from peroxide (H2O2).7 Furthermore, all types 
of asbestos may cause frustrated phagocytosis in 
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the macrofages, which produces ROS, reactive ni-
trogen species (RNS), cytokines, chemokines, pro-
teases and growth factors.8,9 This may lead to DNA 
damage, genomic instability and a malignant trans-
formation of mesothelial cells.9 A number of studies 
show that ROS and RNS and inflammation could 
have a central role in asbestos fibre toxicity.10-13

On the other hand, antioxidative enzymes such 
as catalase (CAT), superoxide dismutases (SOD-s), 
and NAD(P)H quinone dehydrogenase 1 (NQO1) 
participate in the enzymatic defence against ROS 
and RNS.10 When the activity of these enzymes 
is decreased or changed, ROS concentrations in-
crease and DNA damage may occur. One of the 
most important repair enzymes for oxidative DNA 
damage repair is human 8-oxoguanine glycosylase 
1 (hOGG1). Functional polymorphisms that influ-
ence the expression level or activity have been re-
ported in the genes coding for all these enzymes. 
CAT helps to maintain the oxidative balance by 
catalysing H2O2 to H2O and O2.

14,15 Numerous poly-
morphisms of CAT gene (CAT) have been described, 
rs1001179 being the most commonly studied one. It 
causes cytosine (C) to thymine (T) change at po-
sition -262 in the promoter region (c.262C>T).14 
Our previous study investigating the associa-
tion of this polymorphism with asbestosis found 
a slight increase in the risk of the TT genotype.16 
Superoxide dismutases (SOD) convert superoxide 
into H2O2 and O2. SOD2 is found in mitochondria, 
where the amount of ROS is very high. The most 
common polymorphism is rs4880, resulting in C 
to T substitution at position 201 (c.201C>T), which 
causes the change of alanine to valine at position 
16 (p.Ala16Val). Several studies associate the 6q25 
chromosome deletion with certain forms of cancer, 
which is why some authors consider SOD2 to be 
a tumour suppressor gene.17,18 HOGG1 catalyses 
the repair of 8-oxoguanine that may result from 
ROS damage to the DNA. Functional polymor-
phisms of the hOGG gene may impact DNA repair. 
In rs1052133 polymorphism, C replaces G in exon 
7, causing the substitution of serine with cysteine 
in codon 326 (p.Ser326Cys). Although a changed 
structure of the polymorphic enzyme has not been 
proved, several studies have shown the association 
between hOGG1 Ser326Cys polymorphism and 
lung cancer risk.19,20 NQO1 catalyses the reduction 
of quinones to hydroquinones, preventing the for-
mation of free radicals. The most frequently studied 
single nucleotide polymorphism (SNP), rs1800566, 
results in C to T change (c.609C>T), which causes 
proline to serine substitution (p.Pro187Ser).21 Some 
studies found this polymorphism to be associated 

with an increased risk of several malignant diseas-
es: lung cancer, colorectal cancer, breast cancer and 
bladder cancer.22,23

Only few studies have investigated the inter-
play between asbestos exposure and genetic vari-
ability in antioxidant defence system in MM so 
far.24-26 Nevertheless, the interaction between as-
bestos exposure and genetic susceptibility due to 
genetic polymorphism of antioxidant enzymes has 
been shown for asbestosis.27 We have previously 
described the association between SOD2 Ala/Ala 
genotype and asbestosis28 as well as association 
between CAT -262 TT genotype and asbestosis.16 
Landi et al. reported on the association between 
SOD2 and the risk of MM25, but according to our 
knowledge and available literature, the impact of 
NQO1, CAT and hOGG1 polymorphisms on the 
risk of developing MM has not been studied so far. 

This study aimed to investigate whether func-
tional polymorphisms in NQO1, CAT, SOD2 and 
hOGG1 genes influence the risk of MM, to investi-
gate the interactions between genetic variability in 
antioxidative and DNA repair mechanisms and to 
investigate the interactions between asbestos expo-
sure and the investigated polymorphisms in MM 
patients.

Patients and methods
Patients

The study included 159 MM patients (cases), treat-
ed at the Institute of Oncology Ljubljana between 
March 2007 and January 2013, along with 122 con-
trols, who were occupationally exposed to asbes-
tos in the asbestos cement manufacturing plant 
of Salonit Anhovo, Slovenia, but did not develop 
any disease associated with asbestos exposure. All 
patients and controls were from Central European 
Caucasian (Slovenian) population. The study was 
approved by the Slovenian Ethics Committee for 
Research in Medicine and was carried out accord-
ing to the Helsinki Declaration. The subjects were 
included in the study after providing a written in-
formed consent.

Methods

The diagnosis of MM was made by means of thora-
coscopy or video-assisted thoracoscopic surgery 
(VATS) in patients with pleural MM and by means 
of laparoscopy or laparotomy in peritoneal MM. 
The diagnosis was confirmed histopathologically 
by an experienced pathologist.2 
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The diagnosis of “no asbestos related disease” in 
the control group was confirmed by the experts of 
the Board for Recognition of Occupational Asbestos 
Diseases at the Clinical Institute of Occupational 
Medicine, which consisted of an occupational phy-
sician, pulmonologist and radiologist, as previous-
ly described.16

A personal interview with each of the subjects 
was conducted to get the data about smoking us-
ing a standardized questionnaire.29 To determine 
asbestos exposure, a semiquantative method was 
used. For all the controls, data on cumulative as-
bestos exposure in fibres/cm3-years were available 
from the previous study.29 Data on cumulative 
asbestos exposure were also available for 27 MM 
patients. Based on these data, we divided the sub-
jects into three groups: low (< 11 fibres/cm3-years), 
medium (11–20 fibres/cm3-years) and high (> 20 
fibres/cm3-years) asbestos exposure. For the rest 
of the patients with MM, a thorough work history 
was obtained and where enough information was 
available, their exposures were compared with 
those from the group of patients with known cu-
mulative asbestos exposure and were correspond-
ingly divided into three groups with presumed 
low, medium and high asbestos exposures.2 Thus, 
37 MM patients were assigned to one of these three 
groups, but for 95 MM patients epidemiological 
data were not sufficient to allow the assignment of 
patients to one of the groups; consequently, they 
were only categorized as exposed or non-exposed. 
The influence of asbestos exposure on MM risk was 
determined in the subgroup of patients where the 
asbestos exposure was known or could be assessed.

DNA of the MM patients and some controls 
without asbestos related diseases was available 
from our previous studies2,30, DNA of the rest of 
the controls was isolated from peripheral venous 
blood samples using FlexiGene DNA kit (Qiagen, 
Hilden, Germany).

Real-time polymerase chain reaction (PCR) 
based TaqMan assays were used for the analysis 
of NQO1 rs1800566, CAT rs1001179, SOD2 rs4880 
and hOGG1 rs1052133 polymorphisms as recom-
mended by the manufacturer (Thermo Fisher 
Scientific, SNP genotyping assay C_2091255_30, 
C_11468118_10, C_8709053_10 and C_3095552_1_, 
respectively). Genotyping was performed blinded 
regarding the study endpoints and repeated in 20% 
of samples to check for genotyping accuracy and 
all the genotypes were concordant. Amplification 
was not successful in 11 subjects for NQO1, in 2 for 
CAT, in 6 for SOD2 and in 7 subjects for hOGG1 
polymorphism.

Statistical methods

Standard descriptive statistics were first per-
formed. Next, t-tests for differences of means of 
variables between the cases and controls were 
calculated, and Mann-Whitney (U) test was per-
formed. The dominant genetic model was used 
for all the comparisons. To analyse the association 
between genotypes, cumulative asbestos exposure, 
and standard confounders (age, sex) and MM, uni-
variate logistic regression was first used, followed 
by multivariate logistic regression modelling. A 
possible synergistic effect between genotypes and 

TABLE 1. Clinical characteristics of MM patients and controls 

Controls
 (n = 122)

MM patients
 (n = 159)  Test p

Gender N (%)
   Male
   Female

88 (72.1)
34 (27.9)

123 (77.4)
36 (22.6) χ2 = 1.008 0.315

Age (years), median (range) 54 (48–60.3) 65 (57–72) U = 4392.000 < 0.001

No. of smokers1 (%) 13 (10.7) 80 (52.6) χ2 = 53.185 < 0.001

Asbestos exposure2 N (%)
   No
   Yes

0 (0.0)
122 (100.0)

25 (16.6)
126 (83.4)

Asbestos exposure3 N (%)
   Low
   Medium
   High

96 (78.7)
11 (9.0)
15 (12.3)

22 (34.4) 
21 (32.8)
21 (32.8)

χ2 = 35.941 < 0.001

Asbestos exposure3 N (%)
   Low
   Medium and high 

96 (78.7)
26 (21.3)

22 (34.4) 
42 (65.6) χ2 = 35.541 < 0.001

MM = Malignant mesothelioma
1 data missing for 7 MM patients; 2 data missing for 8 MM patients; 3 data available for all controls and 64 MM patients 
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cumulative asbestos exposure was investigated by 
using dummy variables. P-values less than 0.05 
were considered as statistically significant.

Results

The clinical characteristics of MM patients and 
controls are presented in Table 1. There was no sta-
tistical difference in gender between the cases and 
controls (p = 0.315), but MM patients were nota-
bly older (p < 0.001) and a much higher number 
of the patients were smokers (p < 0.001). All the 
controls (122) and 126 (83.4%) MM patients had 
been exposed to asbestos. For all the controls and 
64 (50.8%) MM patients, asbestos exposure could 
be categorized into the groups. Among the subjects 
with known asbestos exposure, the MM patients 
had a significantly higher asbestos exposure com-
pared to asbestos exposed subjects without any as-
bestos related disease (p < 0.001, Table 1). 

Univariate regression logistic analysis has 
shown that the risk of MM was influenced by 
smoking, age and asbestos exposure, but not by 
gender. The risk of MM was increased in smokers 
(OR = 9.30; 95% CI = 4.83–17.98; p < 0.001) and older 
patients (OR = 1.10; 95% CI = 1.08–1.14; p < 0.001). 
Compared to a low exposure to asbestos, medium 
and high asbestos exposures increased the risk 
of MM 7-fold (OR = 7.05; 95% CI = 3.59–13.83; p 
< 0.001). Gender did not influence MM risk (OR = 
0.76; 95% CI = 0.44–1.30; p = 0.316).

Genotype frequencies for controls and MM pa-
tients are presented in Table 2. Minor allele fre-
quencies were 13.9% for NQO1 rs1800566, 22.4% 
for CAT rs1001179, 52.5% for SOD2 rs4880 and 
18.8% for hOGG1 rs1052133. In controls, all SNPs 
were in Hardy-Weinberg equilibrium (all p > 0.05). 
The association between MM and the investigated 
polymorphisms was tested with univariate logistic 
regression using a dominant genetic model. The 
carriers of at least one polymorphic NQO1 allele 

TABLE 2. The distribution of antioxidative and repair gene polymorphisms in MM patients and controls and risk of MM 

Polymorphism Genotype MM 
patients Controls Unadjusted risk Adjusted by age Adjusted by smoking Adjusted by asbestos 

exposure

N (%) N (%) OR (95% CI) p OR (95% CI) p OR (95% CI) p OR (95% CI) p

NQO1
rs18005661

CC
CT
TT

98 (62.0)
57 (36.1)
3 (1.9)

82 (73.9)
27 (24.3)
2 (1.8)

1.73 
(1.02–2.96)

0.043 1.63 
(0.91–2.95)

0.103 1.88 
(1.04–3.41)

0.037 1.72 
(0.83–3.57)

0.124

CAT
rs1001179

CC
CT
TT

79 (50.0)
64 (40.5)
15 (9.5)

70 (57.4)
47 (38.5)
5 (4.1)

1.35 
(0.84–2.17)

0.220 1.21 
(0.71–2.05)

0.484 1.47 
(0.86–2.51)

0.159 1.45 
(0.73–2.88)

0.288

SOD2 
rs48802

CC
CT
TT

44 (27.7)
81 (50.9)
31 (19.5)

31 (25.8)
52 (43.3)
37 (30.8)

0.89 
(0.52–1.52)

0.661 0.76 
(0.41–1.39)

0.371 0.95 
(0.52–1.73)

0.857 0.81 
(0.38–1.73)

0.578

hOGG1
rs10521333

CC
CG
GG

99 (62.3)
52 (32.7)
6 (3.8)

82 (70.1)
32 (27.4)
3 (2.6)

1.37 
(0.82–2.29)

0.225 1.42 
(0.80–0.51)

0.232 1.36 
(0.77–2.41)

0.286 1.77 
(0.85–3.66)

0.125

CAT = catalase; hOGG1 = human 8-oxoguanine glycosylase 1; MM = Malignant mesothelioma; NQO1 = NAD(P)H quinone dehydrogenase 1; OR = odds ratio; SOD2 = superoxide 
dismutase
For determining MM risk, carriers of at least one polymorphic allele were compared to non-carriers.
1missing data for 10 patients; 2missing data for 2 patients; 3mising data for 4 patients 

TABLE 3. Gene-gene interactions between rs1800566 NAD(P)H quinone dehydrogenase 1 (NQO1), rs1001179 catalase (CAT), 
rs4880 superoxide dismutase 2 (SOD2), and rs1052133 human 8-oxoguanine glycosylase 1 (hOGG1)

Gene 1 Gene 2 Interaction

Genotypes OR (95% CI) p Genotypes OR (95% CI) p OR (95% CI) p

NQO1 rs1800566 CT+TT 
vs.CC

1.73 
(1.02–2.96)

0.043 hOGG1 rs1052133
CG+GG vs.CC

1.37 
(0.82–2.29)

0.225 1.22 
(0.36–4.13)

0.75

CAT rs1001179
CT+TT vs.CC

1.35 
(0.84-2.17)

0.220 hOGG1 rs1052133
CG+GG vs.CC

1.37 
(0.82–2.29)

0.225 0.27  
(0.10–0.77)

0.014

SOD2 rs4880
CT+TT vs.CC

0.89 
(0.52–1.52)

0.661 hOGG1 rs1052133
CG+GG vs.CC

1.37 
(0.82–2.29)

0.225 0.78 
(0.25–2.43)

0.669

OR = odds ratio
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(CT and TT genotypes) had an increased risk of 
MM compared to those with CC genotype (OR = 
1.73; 95% CI = 1.02–2.96; p = 0.043). No association 
was observed between MM and other genetic poly-
morphisms (Table 2).

Multivariate analysis was used to determine 
the combined effect of genetic determinants and 
clinical variables such as smoking, age and asbes-
tos exposure. The association between NQO1 and 
MM risk remained significant after adjustment for 
smoking, but the risk was slightly lower when ad-
justed by age or asbestos exposure. The association 
between other investigated polymorphisms and 
MM risk remained nonsignificant also after taking 
into account the effect of age, smoking and asbes-
tos exposure (Table 2). 

Next, gene-gene interactions between the inves-
tigated NQO, CAT, SOD2 and hOGG1 genotypes 
and the interactions between genotypes and as-
bestos exposure were calculated. The interaction 
between CAT rs1001179 and hOGG1 rs1052133 had 
a protective effect on the risk of MM (ORint = 0.27; 
95% CI = 0.10–0.77; p = 0.014). On the other hand, 
no gene-gene interactions were observed between 
other investigated polymorphisms (Table 3).

Finally, we investigated the influence of inter-
actions between polymorphisms and asbestos ex-
posure on the risk of MM, but no interaction was 
found (Table 4).

Discussion

The association between asbestos exposure and 
MM has been clearly proved, but not much has 
been known about the influence of genetic poly-
morphisms that may modify the risk of develop-
ing this aggressive cancer. Our present study in-
vestigated the effect of genetic polymorphisms of 
some of the most important enzymes involved in 
removal of ROS and RNS (NQO1, CAT, SOD2) and 
DNA damage repair (hOGG1) on the risk of MM, 
as well as the impact of interactions between the 
observed genetic polymorphisms and between ge-
netic polymorphisms and asbestos exposure on the 
risk of developing this cancer.

In the study, we have found that smoking in-
creased the risk of MM. It has been well proved that 
exposure to asbestos fibres results in an increased 
generation of ROS.8,9 Many studies have also inves-
tigated the association between ROS and carcino-
genesis, caused by tobacco smoke.31 According to 
the free radical hypothesis of aging, ROS and RNS 
can drive the accumulation of cell and DNA dam-

age32 leading to carcinogenesis and cancer.33-36 The 
combined effect of both asbestos and smoking may 
thus greatly increase the amount of ROS in the cells 
and may cause more DNA damage than smoking 
or asbestos exposure alone. That could explain the 
observed higher risk of MM among smokers ex-
posed to asbestos compared to non-smokers. 

Our study also showed a slight increase in MM 
susceptibility in older patients, which is in line 
with other studies in which MM is found predomi-
nantly as disease of the elderly.37 Mortality due to 
pleural MM increased between 75 and 89 years of 
age and in peritoneal MM between 65 and 84 years 
of age.37 This may be due to the long latency time, 
which is the period from the first exposure to the 
diagnosis of MM, and can range from 20 to over 
50 years.38 There are many factors affecting the la-
tency period, including dose response, age, gender 
and location of MM.39

An important finding of our study is that me-
dium and high asbestos exposures increase the risk 
of MM by 7-fold compared to low asbestos expo-
sure. This is in line with the results of some studies 
that have also reported that the MM risk is related 
to the amount of exposure.40-43 An Australian study 
reported an increased risk of MM with higher and 
longer occupational or environmental exposure to 
asbestos.40,41 A Norwegian study also observed a 
correlation between the duration of occupational 
exposure and risk of MM42,43 However, in our pre-
vious study, low levels of asbestos exposure were 
reported in almost 36% of patients with MM.2 

Another important finding of the current study 
indicates a higher risk of MM among subjects 
with the NQO1 rs1800566 T allele. According to 
the available literature, the association between 
NQO1 polymorphisms and MM has not been in-
vestigated yet. However, some studies have found 
an increased risk of lung cancer21, colorectal can-

TABLE 4. The influence of interactions between the investigated 
polymorphisms and asbestos exposure on risk of malignant 
mesothelioma

Polymorphism OR CI (95%) p

NQO1 rs1800566 1.56 0.35–6.86 0.560

CAT rs1001179 1.57 0.39–6.29 0.522

SOD2 rs4880 1.13 0.24–5.18 0.880

hOGG1 rs1052133 0.50 0.12–2.14 0.352

CAT = catalase; hOGG1 = human 8-oxoguanine glycosylase 1; NQO1 = 
NAD(P)H quinone dehydrogenase 1; OR = odds ratio; SOD2 = superoxide 
dismutase 2
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cer44 and bladder cancer22 among the carriers of the 
polymorphic allele. On the other hand, a risk of 
MM was not statistically significantly increased for 
other investigated polymorphisms. Contrary to the 
findings of this study, the only other study investi-
gating the SOD2 polymorphism in relation to MM 
risk25 showed an increased risk of pleural MM in 
SOD2 Ala/Ala genotype. Regarding other asbestos 
related diseases, we have previously reported an 
association between SOD2 Ala/Ala genotype and 
higher risk of asbestosis.28 Furthermore, a signifi-
cantly higher risk of lung cancer was reported in 
carriers of both Ala/Val and Val/Val genotypes.45,46 

Even though there was no association between 
CAT rs1001179 or hOGG1 rs1052133 alone and MM, 
one of the key findings of this study was that the 
interactions between CAT rs1001179 and hOGG1 
rs1052133 have a protective effect on the risk of 
MM. This can be explained by the fact that CAT 
as an antioxidative enzyme constitutes a part of 
the primary defence system against ROS, while 
hOGG1 as a repair enzyme removes oxidized bas-
es such as 8-oxoguanine. According to the above-
mentioned mechanisms of defence against ROS, 
we can consider our observations as biologically 
plausible. We have also previously reported slight-
ly increased risk of asbestosis among the carriers 
of the CAT rs1001179 TT genotype.16 Furthermore, 
Erculj et al. have observed an association between 
hOGG1 Ser326Cys polymorphism and higher DNA 
damage levels in healthy young population.47

A limitation of this study was that MM patients 
were significantly older than controls, however we 
accounted for that with adjustment for age in the 
statistical analysis. Furthermore, cumulative asbes-
tos exposure could not be determined for all MM 
patients, as proper assessment is very difficult, 
especially for environmental or occasional expo-
sure. Therefore, some of the analyses were only 
performed on the subgroup of MM patients. On 
the other hand, our study is one of the few that in-
vestigated gene-gene as well as gene-environment 
interactions in MM patients.48 Neri et al. analysed a 
different set of genes, including several glutathione 
S-transferases that also contribute to antioxidative 
defence mechanisms and also showed the pres-
ence of gene-gene interactions as well as gene-
environment interactions in the development of 
MM.48 Therefore, further studies including a larger 
number of subjects with well-defined asbestos ex-
posure are needed to elucidate the role of gene-en-
vironment interactions in the development of MM. 
Considering that pathogenesis of MM is still not 
completely understood, polymorphisms of other 

enzymes that could affect the removal of ROS and 
RNS and other DNA repair mechanisms, also need 
to be investigated.

In conclusion, our study showed for the first 
time that NQO1 polymorphism influences the risk 
of MM both independently and after adjustment by 
smoking. Another key observation is the protective 
effect of the interaction between CAT rs1001179 and 
hOGG1 rs1052133 polymorphisms, indicating the 
importance of interaction between antioxidative 
and DNA repair mechanisms. The results of this 
and future studies will improve our understand-
ing of MM pathogenesis and may consequently 
enable better preventive measures for the exposed 
populations, earlier diagnosis and new approaches 
to treatment of this aggressive malignant disease. 
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Background. During radiotherapy of left-sided breast cancer, parts of the heart are irradiated, which may lead to 
late toxicity. We report on the experience of single institution with cardiac-sparing radiotherapy using voluntary deep 
inspiration breath hold (V-DIBH) and compare its dosimetric outcome with free breathing (FB) technique.
Patients and methods. Left-sided breast cancer patients, treated at our department with postoperative radio-
therapy of breast/chest wall +/- regional lymph nodes between May 2015 and January 2017, were considered for 
inclusion. FB-computed tomography (CT) was obtained and dose-planning performed. Cases with cardiac V25Gy 
≥ 5% or risk factors for heart disease were coached for V-DIBH. Compliant patients were included. They underwent 
additional CT in V-DIBH for planning, followed by V-DIBH radiotherapy. Dose volume histogram parameters for heart, 
lung and optimized planning target volume (OPTV) were compared between FB and BH. Treatment setup shifts and 
systematic and random errors for V-DIBH technique were compared with FB historic control.
Results. Sixty-three patients were considered for V-DIBH. Nine (14.3%) were non-compliant at coaching, leaving 54 
cases for analysis. When compared with FB, V-DIBH resulted in a significant reduction of mean cardiac dose from 6.1 
+/- 2.5 to 3.2 +/- 1.4 Gy (p < 0.001), maximum cardiac dose from 51.1 +/- 1.4 to 48.5 +/- 6.8 Gy (p = 0.005) and cardiac 
V25Gy from 8.5 +/- 4.2 to 3.2 +/- 2.5% (p < 0.001). Heart volumes receiving low (10–20 Gy) and high (30–50 Gy) doses 
were also significantly reduced. Mean dose to the left anterior coronary artery was 23.0 (+/- 6.7) Gy and 14.8 (+/- 7.6) 
Gy on FB and V-DIBH, respectively (p < 0.001). Differences between FB- and V-DIBH-derived mean lung dose (11.3 +/- 
3.2 vs. 10.6 +/- 2.6 Gy), lung V20Gy (20.5 +/- 7 vs. 19.5 +/- 5.1 Gy) and V95% for the OPTV (95.6 +/- 4.1 vs. 95.2 +/- 6.3%) 
were non-significant. V-DIBH-derived mean shifts for initial patient setup were ≤ 2.7 mm. Random and systematic errors 
were ≤ 2.1 mm. These results did not differ significantly from historic FB controls.
Conclusions. When compared with FB, V-DIBH demonstrated high setup accuracy and enabled significant re-
duction of cardiac doses without compromising the target volume coverage. Differences in lung doses were non-
significant.

Key words: breast cancer; radiotherapy; heart dose; heart sparing

Introduction

Worldwide, breast cancer is the most commonly di-
agnosed female malignancy and the leading cause 
of cancer mortality in women.1,2 Radiotherapy (RT) 

is an essential component of multimodal breast 
cancer treatment. Adjuvant irradiation to the resid-
ual breast after wide local excision of the primary 
tumor provides equivalent outcomes to mastec-
tomy while ensuring superior cosmesis.3-5 In pa-
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tients with risk factors after mastectomy, adjuvant 
radiotherapy improves overall survival and local 
control.6,7 Due to improvements in breast cancer 
treatment, the number of long-term survivors has 
increased over the past decades.8 With larger num-
bers surviving, more patients become at risk of 
developing a wide range of late radiation-related 
side effects. Postoperative radiotherapy in patients 
with left-sided breast cancer is characterized by ex-
posure of significant portion of the heart volume to 
high doses of irradiation.9 Pathophysiology of ra-
diotherapy-induced cardiac toxicity involves dam-
age of blood vessels and interstitial fibrosis, leading 
to coronary artery disease, valvular abnormalities, 
myocardial dysfunction, pericardial disease and 
conductive disturbances. These changes can be-
come clinically manifest several years or even dec-
ades after treatment, leading to increased risk for 
cardiac morbidity and death.10-24 The increased risk 
is proportional to the dose received by the heart, 
begins within years after exposure and continues 
for decades.12 Various radiotherapy techniques, 
including breath hold (BH) during treatment have 
been proposed to reduce the cardiac dose.25,26 It is 
expected that these maneuvers will result in re-
duced probability of late clinical manifestations 
of cardiac events.12,27,28 Voluntary deep inspiration 
breath hold (V-DIBH) radiotherapy has been stud-
ied in the setting of breast conserving treatment 
and post-mastectomy.25,26 Using this technique, the 
distance from the chest wall to the heart increases 
during deep inspiration, resulting in a decrease of 
cardiac volume in the radiotherapy field. While 
consistency and stability of V-DIBH has been dem-
onstrated, real-time positional monitoring is advo-
cated in daily practice to apply corrective actions 
due to intra-fractional movements.29,30 In 2015, we 
implemented V-DIBH for patients undergoing left-
sided breast cancer radiotherapy, based on a pro-
spective observational study protocol. This imple-
mentation in routine practice was based on the ex-
istent body of evidence in favor of V-DIBH.25,26 We 
aimed to ensure controlled transition to the new 
routine technique and to report on feasibility of this 
approach in our clinical setting and its dosimetric 
impact. Our hypothesis was that V-DIBH, when 
compared with free-breathing (FB) technique, will 
result in statistically significant reduction of the 
commonly reported cardiac dose-volume histo-
gram (DVH) parameters without compromising 
the coverage of the target volume with prescribed 
dose. We also hypothesized that V-DIBH treatment 
results in non-inferior set-up accuracy when com-
pared with FB. Our study was approved by the 

institutional Medical Research Center (Study No. 
15330/15), on 14. 10. 2015 by the Hamad Medical 
Corporation Medical Research Centre.

Patients and methods
Patients and CT scanning

Formal calculation of the sample size was not per-
formed. Instead, all consecutive left-sided breast 
cancer patients, treated at our department with 
postoperative radiotherapy between May 2015 
and January 2017, were considered for V-DIBH. 
In this way, a clinically relevant patient cohort 
was enrolled during the period of V-DIBH imple-
mentation. Informed consent to treatment accord-
ing to the protocol was obtained from all patients. 
Metastatic disease, compromised respiratory func-
tion, Eastern Cooperative Group performance sta-
tus >2, need for sedation during treatment and pa-
tient refusal were exclusion criteria. Patients with 
cardiac V25Gy ≥ 5% on FB treatment plan were 
offered V-DIBH. In addition, selected cases with 
lower V25Gy were entered on the V-DIBH proto-
col. This selection was performed at discretion of 
the treating radiation oncologist by considering 
patient-related factors such as age, pre-existent 
ischemic cardiac events and other co-morbidities, 
application of cardio-toxic medications, history of 
smoking, diabetes mellitus, hyperlipidemia and ar-
terial hypertension.

Our V-DIBH approach was adapted from the 
technique used in the UK HeartSpare study and 
was based on visual confirmation of the borders of 
the light fields, marked on the patient as surrogates 
of the isocenter.31 Planning scans were obtained 
with a 64-slice Siemens Somatom Definition CT 
scanner, using 5 mm slice thickness. During scan-
ning, Patients were positioned supine with both 
arms above the head, using the breast board and 
knee rest (CIVCO Medical Solutions, © 2017 USA). 
Standard CT planning marks were used in all cas-
es. They included four tattoos (superior, inferior, 
medial and lateral) and wires to delineate surgical 
scar and patient midline. First, FB CT was obtained. 
Following completion of FB CT, the patients, still in 
simulation position, underwent V-DIBH coaching. 
During coaching, patient’s ability to hold breath for 
the duration of treatment was checked. In addition, 
geometric consistency of BH was visually assessed 
using in-room lasers and skin marks. Finally, the 
patients were asked to practice V-DIBH technique 
overnight and returned the following day to com-
plete V-DIBH CT scan. V-DIBH scans were com-
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pleted using the same basic set up parameters as 
FB scans. During imaging, the therapists commu-
nicated with the patients by using in-room inter-
com. Video connection with closed-circuit camera 
was used for visual assessment of skin marks to 
ensure BH consistency; distance from tattoos to BH 
marks was recorded. 

Contouring and dose optimization

Contouring and treatment planning was per-
formed with Varian External Beam Planning sys-
tem, version 13.7 (© 1996-2016 Varian Medical 
Systems, Inc, Palo Alto, USA). Planning target vol-
ume (PTV), heart and lung were contoured on FB 
and V-DIBH CT scans by five different radiation 
oncologists according to our departmental con-
touring guidelines, adapted from the published 
recommendations.32 As per our departmental prac-
tice, internal mammary lymph node chains were 
not included in the treatment volume. Left anterior 
descending coronary artery (LAD) was contoured 
based on the recently published contouring atlas.33 
Optimized PTV (OPTV) was created by subtracting 
5 mm from PTV at the skin. Analysis of contouring 
uncertainties was limited to volumetric compari-
sons (mean volumes and relative standard devia-
tions) of delineated regions of interest between FB 
and V-DIBH and within each approach.

Treatment planning was completed according 
to our institutional practice (see below) separately 
for FB and V-DIBH scans. Our standard prescrip-
tion was 50 Gy in 25 fractions to the OPTV. When 
indicated, 45 Gy in 25 fractions were applied si-
multaneously with breast / chest wall irradiation 
to the ipsilateral supra-clavicular region. OPTV 
irradiation was followed by electron boost of 
16 Gy in 8 fractions to lumpectomy bed or post-
mastectomy scar. Photon boost was not used. 
Dose contribution from electron boost was not 
included in the analysis. Dose optimization did 
not differ between FB and V-DIBH approach and 
consisted of forward-planned intensity modulated 
field in field technique. Subfields were fitted on 
a weighted pair of tangents to attain OPTV dose 
homogeneity. Planning aims were to cover ≥ 95% 
of the OPTV with ≥ 95% of prescribed dose and to 
keep the proportion of ipsilateral lung irradiated 
to 20 Gy (V20Gy) < 25%, cardiac V25Gy < 5% and 
mean cardiac dose < 5 Gy. For hypo-fractionation 
(40 Gy in 15 fractions), linear quadratic model with 
α/β of 3Gy was applied to calculate the biologically 
equivalent dose constraints for the lung (V18Gy < 
22%−25%) and heart (V23Gy ≤ 5% and mean D ≤ 

4Gy). DVH parameters of FB and V-DIBH treat-
ment plans were recorded and compared.

Treatment

For daily treatments, patients were positioned and 
immobilized identical to planning CT. BH consist-
ency was checked in the room by using skin marks 
to reflect the measurements from CT and in-room 
lasers. Outside the treatment room, closed-circuit 
television camera was zoomed in to clearly define 
BH skin marks. Next, patients were asked to com-
plete BH using the intercom system. Skin marks 
were visually checked through video connec-
tion to quantify inspiration and to ensure that the 
planned inspiration depth was reproduced during 
daily treatments. Set up verification and correction 
was performed through daily pre-port tangential 
megavoltage images and cine loop images (Varian 
On board imager 1.6 © 2015, Switzerland) to con-
firm both isocenter position and BH consistency. 
If corrections were required, they were applied 
in the room with the patient in BH position and 
new marks were placed on the patient’s skin. Set 
up errors were assessed offline for every fraction. 
For the first 18 patients treated with the V-DIBH 
technique, mean shifts and systematic and random 
errors were calculated. The results were compared 
with a retrospective cohort of patients treated at 
our department using the FB technique.

Statistical analysis

Mean values and standard deviations were used to 
present continuous numerical variables and paired 
sample t-test was used to test for significance of 
differences. Statistical tests were double sided with 
p-value of < 0.05 considered as the limit for signifi-
cance. Miscrosoft Office Excel software was used 
for data analysis and statistics.

Results
Patients and treatment

Sixty-three patients were considered for V-DIBH 
radiotherapy. Nine (14.3%) were excluded at the 
time of coaching due to non-compliance with the 
V-DIBH protocol. Additional two (3.2%) were un-
able to hold breath after the treatment start and 
reverted from V-DIBH to FB technique, but their 
DVH parameters are included in final analysis. In 
summary, the overall ability to complete radiother-
apy using the V-DIBH technique was 82.5% and 54 
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cases were included in the DVH analysis. All pa-
tients were female and median age was 41 years 
(range: 30-64 years). The irradiated volume includ-
ed residual breast after organ conserving surgery 
in 31 (57%) and chest wall after mastectomy in 23 
(43%) cases. All patients received electron boost of 
16 Gy in 8 fractions to the lumpectomy cavity or 
mastectomy scar. Left supra-clavicular region was 
included in the radiation fields in all 24 (100%) 
post-mastectomy and in 7 (22.6%) post-lumpec-
tomy cases. Patients were required to perform 11 
breath holds on an average daily treatment. Mean 
couch shifts and setup errors for the V-DIBH tech-
nique were not significantly different when com-
pared with our historic cohort of patients, treated 
with FB approach (Table 1). Largest mean shift for 
initial patient setup was in longitudinal direction 
(2.7 mm), followed by the lateral (2.1 mm) and ver-
tical direction (1.2 mm). Population systematic and 
random error was the highest for the longitudinal 
direction (2.1 and 0.7 mm, respectively).

Dose volume histogram parameters

V-DIBH technique resulted in a significant increase 
of delineated left lung volume when compared 
with FB (1557 +/- 389 cm3 vs. 914 +/- 207.7 cm3; p 
< 0.001). Inter-observer variation of lung contour-
ing was comparable between the two approaches 
with a relative standard deviation of 23% and 25% 
on FB and V-DIBH CT, respectively. Global volu-
metric analysis revealed statistically significant 
inter-approach (intra-observer) variation of con-
toured cardiac volumes: mean volume of the heart 
on FB and V-DIBH CT was 567 +/- 82 cm3 and 547 
+/-91 cm3, respectively (p < 0.05) (Figure 1). Inter-
observer variation of cardiac and LAD volumes 
was comparable between the FB and V-DIBH scans 
as demonstrated by non-significantly different 
relative standard deviations (heart volume: 14.4% 
vs. 16.7%, LAD volume: 29.5% on both scans). 
Mean volume of PTV contours on FB CT did not 
differ significantly from the PTV as delineated on 
V-DIBH scans (985 +/- 405 cm3 vs. 960 +/- 369 cm3; 
p = 0.08). Results of the DVH parameters analysis 
are presented in Table 2. When compared with FB, 
V-DIBH resulted in a statistically significant reduc-
tion of all analyzed DVH parameters for the heart 
and LAD. Differences between FB- and V-DIBH-
derived lung doses and V95% for the OPTV were 
non-significant (Table 2). Impact of elective nodal 
radiotherapy on the analyzed cardiac and lung 
DVH parameters is summarized in Table 3. There 
was no significant difference in cardiac DVH pa-

rameters between patients receiving left supraclav-
icular fossa radiotherapy and patients treated with 
breast/chest wall radiotherapy alone. Mean dose to 
the left lung and lung volumes receiving 10, 20 and 
30 Gy, were significantly higher in subgroup with 
inclusion of supraclavicular fossa both in V-DIBH 
and FB treatment plans (Table 3).

Discussion 

Adjuvant radiotherapy improves the treatment 
outcome after breast cancer surgery, but it also 
carries a risk for late cardiac toxicity in left sided 
tumors.3-7,10-24 Various techniques were suggested 
to reduce this effect.25,26 In our present study, the 
implementation of V-DIBH technique achieved 
statistically significant reduction of cardiac doses 
without affecting the PTV coverage. V-DIBH ra-

TABLE 1. Vertical, longitudinal and lateral couch shifts and corresponding systematic 
and random errors for the initial 18 patients treated with voluntary deep inspiration 
breath-hold (V-DIBH) and a historic control treated with free-breathing (FB) 
technique. Differences between the two approaches were non-significant.

Vertical [mm] Longitudinal [mm] Lateral [mm]

Setup parameter FB V-DIBH FB V-DIBH FB V-DIBH

Mean shift 1 1.2 2.8 2.7 1.9 2.1

Systematic error 0.7 1.5 1.6 2.1 0.8 1.3

Random error 0.6 0.6 2.1 0.7 1.1 0.4

FB = free breathing; V-DIBH = voluntary deep inspiration breath hold

FIGURE 1. Impact of deep inspiration on cardiac dose during postoperative 
radiotherapy for left-sided breast cancer. Doses from 0% to three-dimensional dose 
maximum are depicted by color wash. Upper two slices are taken at mid-breast 
level and the lower pair 6 slices below. At both levels, the proportion of cardiac 
volume is reduced by voluntary deep inspiration breath-hold.
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diotherapy was characterized by excellent patient 
compliance and high set-up accuracy which was 
non-inferior to the historic FB control.

We found that V-DIBH, when compared with 
FB technique, achieved significant reduction of 
all analyzed DVH parameters for LAD and heart 
(Table 2). In our patient cohort, the mean cardiac 
dose was reduced by 50% and V25Gy by 64% 
(Table 2). The heart-sparing effect afforded by the 
V-DIBH did not come at a cost of inferior dose-
coverage of the OPTV when compared with the FB 
treatment plans (Table 2). Covariates that impact 
the cardiac dose during radiotherapy include the 
radiotherapy technique (intensity modulated vs. 
3D conformal), use of cardiac sparing techniques, 
patient position, regional irradiation and boost.34 It 

should be emphasized that direct comparisons be-
tween different studies and our current report are 
challenging due to differences in the listed factors, 
including treatment volumes and heart sparing 
methodologies used. Hjelstuen et al. analyzed the 
DVH parameters of 17 patients treated with DIBH 
technique using a commercially available gating 
system. When compared with the FB technique, 
DIBH reduced the planned mean heart dose from 
6.2 to 3.1 Gy and cardiac V25Gy from 6.7% to 1.2% 
(p < 0.001). Mean V95% for the PTV did not dif-
fer significantly between the FB (98.9 +/- 0.5%) and 
DIBH (98.8 +/- 0.5) plans. Of note, regional lymph 
nodes, including the internal mammary chain, were 
included in the target volume in all patients in this 
study.35 In our work, internal mammary chain was 
not included, making direct comparisons challeng-
ing. In another study of left-sided breast cancer pa-
tients treated with DIBH or FB, similar reduction of 
cardiac doses was obtained while the target volume 
coverage was even slightly improved.36 In a cohort 
of 22 patients, Stranzl et al. found a low mean heart 
dose of 2.3 Gy on FB, which further improved to 
1.3 Gy with DIBH using the Real-time Positioning 
Management SystemTM (RPM; © Varian Medical 
Systems).24 Using V-DIBH, we achieved signifi-
cant reduction of all analyzed DVH parameters for 
LAD (Table 2). In breast cancer radiotherapy, dam-
age to left anterior ventricular wall and LAD play 
an important role, given their anatomical position 
in relation to the radiation fields.23 In a study by 
Wang et al., mean dose to LAD was 20.47 Gy on FB 
compared to 5.94 Gy on DIBH plans, with a relative 
reduction of 71%.37 Hayden at al. achieved a 31% 
dose reduction for the mean LAD dose using DIBH 
technique.38 Several other studies demonstrated 
similar improvements for different cardiac DVH 
parameters, including dose to LAD.39-41 Keeping 
the challenges related to comparisons of mono-
institutional retrospective studies in mind, we can 
summarize that our results compare favourably 
with the published reports. 

In patients without previous cardiac events, we 
used the heart V25Gy ≥ 5% as threshold for inclu-
sion on the V-DIBH protocol. But the evidence sug-
gests that there is no threshold dose below which 
the late cardiac effects do not occur. A recent study 
by Darby et al. used a population-based case-con-
trol model to look at major coronary events and is-
chemic cardiac deaths following breast cancer radi-
otherapy. The investigators estimated the cardiac 
doses in 963 patients with major coronary events 
and 1205 controls. Dosimetric findings were corre-

TABLE 2. Mean values +/- standard deviations of dose volume 
histogram (DVH) parameters for heart, left anterior descending 
coronary artery (LAD), lung and optimized planning target 
volume (OPTV) achieved by the free breathing and breath-
hold technique. 

DVH 
parameter

Free 
breathing Breath-hold P-value

Heart

Dmean [Gy] 6.1 +/- 2.5 3.2 +/- 1.4

< 0.05

Dmax [Gy] 51.1 +/- 1.4 48.5 +/- 6.8

V50Gy [%] 0.7 +/- 1.1 0.2 +/- 0.6

V40Gy [%] 6.2 +/- 3.5 2.1 +/- 1.9

V30Gy [%] 7.8 +/- 4 2.8 +/- 2.3

V25Gy [%] 8.5 +/- 4.2 3.2 +/- 2.5

V20Gy [%] 9.2 +/- 4.4 3.6 +/- 2.7

V15Gy [%] 10 +/- 4.6 4.1 +/- 2.9

V10Gy [%] 11.2 +/- 5 4.9 +/- 3.2

Left lung

NS

Dmean [Gy] 11.3 +/- 3.2 10.6 +/- 2.6

Dmax [Gy] 51.6 +/- 1.8 50.6 +/- 1.1

V30Gy [%] 17.9 +/- 6.3 17 +/- 4.6

V20Gy [%] 20.5 +/- 7 19.5 +/- 5.1

V10Gy [%] 25.9 +/- 8.1 25.4 +/- 5.8

LAD

Dmean [Gy] 23.0 +/- 6.7 14.8 +/- 7.6

< 0.05Dmax [Gy] 49.7 +/- 3.4 44.3 +/- 12.2

D50% [Gy] 20.4 +/- 17.6 8.4 +/- 11.1

OPTV

V95% [%] 95.6 +/- 4.1 95.2 +/- 6.3 NS

Dmax = maximal dose; Dmean = mean dose; Dx% = dose received by x% 
of volume; LAD = left anterior descending coronary artery; NS = non-
significant; VxGy = relative volume, receiving a dose of x Gy; Vx% = 
relative volume, receiving x% of the prescribed dose
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lated with clinical outcomes. The study suggested 
that the probability of major coronary events in-
creases linearly with increasing mean heart dose at 
a rate of 7.4% / Gy (95% confidence interval 2.9–
14.5; p < 0.01). This increase began within 5 years 
after treatment and continued for at least 20 years. 
The relative effect per Gray was independent of the 
presence of cardiac risk factors, but the absolute 
increase was higher in women with pre-existing 
morbidity.12 Therefore, all left-sided breast cancer 
patients requiring radiotherapy should in princi-
ple be offered one of the cardiac sparing treatment 
techniques.25 We suggest that implementation of 
new methods such as V-DIBH is carefully planned, 
because it demands time and additional human 
resources, especially during the learning curve pe-
riod. The V25Gy inclusion threshold of 5% used in 
our study was selected based on our infrastructur-
al capabilities. Analysis of our workforce and lin-
ear accelerator capacities was balanced against the 
projected workload during the study. This analy-
sis showed that setting the V25Gy threshold at 5% 
leads to inclusion of approximately 33% of patients 
with highest cardiac doses, which was the maximal 
acceptable workload increase. Based on the posi-
tive results of our present study and the favorable 

experience gained, we adopted V-DIBH radiother-
apy as standard treatment for all left-sided breast 
cancer patients. This implementation was reflected 
in a corresponding increase of our planned staff-
ing requirements. However, it required no infra-
structural investments because the V-DIBH tech-
nique can be applied without any additional spe-
cial equipment. Relatively high average number 
of breath-holds observed in our study (11 breath 
holds per daily treatment) can be attributed to the 
learning curve at the early stage of V-DIBH imple-
mentation.

Average cardiac volume as delineated on 
V-DIBH scans (547 +/-91 cm3) was significantly 
smaller when compared with FB scans (567 +/- 
82 cm3)  (p = 0.016), which could be attributed to 
the physiologic effect of V-DIBH. While statisti-
cally significant, the absolute average difference 
between contoured volumes was small (20 cm3), 
but there was a substantial spread of individual 
differences (st. dev: 61 cm3), indicating large vari-
ation between FB and V-DIBH based cardiac vol-
umes in individual study cases. Contouring vari-
ation is one of the major sources of uncertainties 
in radiotherapy. In spite of the use of contouring 
guidelines, high quality imaging and participation 

TABLE 3. Impact of supraclavicular fossa (SCF) radiotherapy on heart and lung dose volume histogram (DVH) parameters

DVH parameter Free breathing p-value Breath-hold p-value

No SCF
(n = 23)

SCF
(n = 31)

NS

No SCF
(n = 23)

SCF
(n = 31)

NS

Heart Heart

Dmean [Gy] 5.5 +/- 2.2 6.6 +/- 2.7 2.9 +/- 1.1 3.5 +/- 1.6

Dmax [Gy] 51.1 +/-  1.5 51.1 +/- 1.3 48.2 +/- 7.8 48.8 +/- 5.9

V50Gy [%] 1 +/- 1.3 0.5 +/- 0.9 0.3 +/- 0.7 0.2 +/- 0.3

V40Gy [%] 5.9 +/-  3.6 6.5 +/- 3.4 1.6 +/- 1.4 2.4 +/- 2.2

V30Gy [%] 7.2 +/-  4.1 8.3 +/- 3.9 2.3 +/- 1.8 3.3 +/- 2.6

V25Gy [%] 7.8 +/- 4.2 9.1 +/- 4.1 2.6 +/- 1.9 3.7 +/- 2.8

V20Gy [%] 8.4 +/-  4.4 9.8 +/- 4.4 2.9 +/- 2.1 4.2 +/- 3

V15Gy [%] 9.2 +/- 4.7 10.6 +/- 4.5 3.4 +/- 2.3 4.7 +/- 3.2

V10Gy [%] 10.4 +/- 5.1 12 +/- 4.8 4.2 +/- 2.6 5.6 +/- 3.5

Lung Lung

Dmean [Gy] 9 +/- 2.6 13.2 +/- 2.2 < 0.05 9.3 +/- 3.2 11.8 +/- 2.4 < 0.05

Dmax [Gy] 51.1 +/- 1.4 52 +/- 2.1 NS 50.4 +/- 1.1 50.8 +/- 1.1 NS

V30Gy [%] 13.4 +/- 4.9 21.7 +/- 4.7

< 0.05

14 +/- 4 19.6 +/- 3.3

< 0.05V20Gy [%] 15.5 +/- 5.3 24.9 +/- 5.1 16.3 +/- 4.4 22.3 +/- 3.8

V10Gy [%] 19.8 +/- 6.1 31.2 +/- 5.5 21.5 +/- 5.5 28.8 +/- 3.6

NS = non-significant
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of trained observers, complete elimination of con-
touring variation is an unrealistic aim.42 Therefore, 
the magnitude of contouring variation needs to be 
quantified and considered during the interpreta-
tion of DVH results. While the DVH parameters 
reported in our present study were based on rela-
tive cardiac volumes, the mean absolute volume 
was smaller on V-DIBH when compared with FB. 
Therefore, cardiac sparing afforded by V-DIBH 
technique is likely to be an underestimation of the 
actual sparing effect. This can be regarded as a sup-
porting argument for the confirmation of our study 
hypothesis. The inter-observer (intra-approach) 
variation of cardiac contouring was comparable 
between the FB and V-DIBH scans as demonstrat-
ed by similar relative standard deviation of around 
15%. Consequently, the impact of contouring vari-
ation on uncertainties of the DVH parameters was 
similar for both simulation approaches, making 
our results clinically relevant. 

Our V-DIBH technique requires no additional 
equipment, ensures precise setup and is feasible, 
as demonstrated by the 82.5% compliance with 
coaching instructions. We found that the mean 
shifts for initial patient setup with V-DIBH tech-
nique were from 1.2 to 2.8 mm and the systematic 
and random setup errors were ≤ 2.1 mm. These 
favorable results did not differ significantly from 
our past experience with FB approach (Table 1). 
Real-time monitoring ensured high precision setup 
throughout the beam-on time. Although not for-
mally analyzed, our experience with the V-DIBH 
confirms excellent reproducibility, constancy and 
stability of this treatment technique.29,30 Our re-
sults compare favorably with reports by other au-
thors using similar approaches. The HeartSpare 
study was a randomized comparison between 
V-DIBH and deep-inspiratory breath-hold with 
Active Breathing CoordinatorTM (ABC-DIBH;  
© Elekta).31 Twenty three patients were rand-
omized to receive one technique for the first seven 
and the second technique for the following 8 frac-
tions of hypofractionated regimen delivering 40 
Gy in 15 fractions. Differences between V-DIBH 
and ABC-DIBH based setup errors were non-sig-
nificant. Systematic errors derived from electronic 
portal imaging were ≤ 1.8 mm for v-DIBH and ≤ 2 
mm for ABC-DIBH, while the respective random 
errors were ≤ 2.5 mm and ≤ 2.2 mm. Furthermore, 
V-DIBH was preferred by patients and staff, took 
less time to deliver and achieved similar normal 
tissue sparing at lower cost when compared with 
the ABC-DIBH.31 Similarly, Borst et al. reported 

on high feasibility and small setup variability of 
V-DIBH technique, with the largest systematic (2.9 
mm) and random error (2 mm) in direction per-
pendicular to the field.40 In a study by Gierga et 
al., three-dimensional surface imaging was used to 
correct the daily set up of 20 patients treated with 
443 fractions of DIBH radiotherapy. Mean shifts 
for initial patient setups were from 0.3 to 2 mm in 
different directions, while random and systematic 
errors were less than 4 mm.43

Conclusions

When compared with free-breathing radiothera-
py, voluntary deep inspiration breath-hold ena-
bled significant reduction of cardiac doses with-
out compromising the target volume coverage 
in our cohort of left-sided breast cancer patients. 
Treatment setup shifts and population systematic 
and random errors were small and not signifi-
cantly different from the historic controls treated 
with the free-breathing technique. Our systematic 
approach to patient coaching was reflected in low 
rate of conversion to free-breathing radiotherapy. 
Based on the positive results of our present study 
and experience gained, we adopted V-DIBH ra-
diotherapy as standard treatment for all left-sided 
breast cancer patients. Long follow up is needed to 
confirm the clinical impact of the presented favora-
ble dosimetric benefit.
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Rezultati zdravljenja okužbe s Helicobacter v 
Sloveniji v obdobju 2013–2015 kot del Evropskega 
registra zdravljenja okužbe Helicobacter pylori 
Tepeš B, Kastelic M, Vujasinovič M, Lampič P, Šeruga M, Brglez Jurečič N, Olga PN, 
Donday MG, O‘Morain C, Megraud F, Mc Nicholl AG, Javier GP

Izhodišča. Okužba s Helicobacter pylori (H. pylori) je najpogostejša kronična bakterijska okužba. Okuženih je 50 % svetovne 
populacije. H. pylori je karcinogen I.reda, odgovoren za nastanek 89 % želodčnega raka, brez raka kardije.
Bolniki in metode. Slovenija je vključena v Evropski register Helicobacter pylori od njegove ustanovitve. V sedmih me-
dicinskih centrih smo v obdobju od 16. 4. 2013 do 15. 5. 2016 zbirali podatke o uspehih zdravljenja okužbe s H. pylori pri 1774 
bolnikih. Podatki so bili primerni za modificirano analizo z namenom ozdravitve (mITT) pri 1519 bolnikih in za analizo po proto-
kolu (PP) pri 1346 bolnikih.
Rezultati. Pri zdravljenju v celoti ni sodelovalo 11,4 % bolnikov. Uspeh sedemdnevnega zdravljenja z zaviralcem protonske 
črpalke (ZPČ) + klaritromicinom (K) + amoksicilinom (A) je bil 88,7 % PP in 72,0 % mITT; v primeru sheme ZPČ + K + metronidazol 
(M) 85,2 % PP in 84,4 % mITT. V drugem poiskusu zdravljenja smo najpogosteje uporabili dvotedensko zdravljenje ZPČ + A + 
Levofloxacin z 92,3 % uspehom ozdravitve PP in 87,1 % mITT. Štiritirno zdravljenje 10 do 14 dni z bizmutom smo uporabili v tretjem 
poizkusu zdravljenja. Vse bolnike, ki so sodelovali pri zdravljenju, smo ozdravili okužbe s H.pylori.
Zaključki. Visoka stopnja nesodelovanja pri zdravljenju terja posebno analizo. Ker je rezistenca H. pylori na klaritromicin 
v Sloveniji še vedno < 15 %, so uspehi sedemdnevnega trotirnega zdravljenja > 85 % PP še zadovoljivi, uspehi zdravljenja po 
mITT pa so nezadovoljivi.

Radiol Oncol 2018; 52(1): 7-13.

doi: 10.1515/raon-2017-0054

Predrakave želodčne spremembe pri bolnikih 
vključenih v Nacionalni program presejanja na rak 
in predrakave spremembe debelega črevesja in 
danke
Tepeš B, Šeruga M, Vujasinovič M, Urlep D, Ljepovič L, Brglez Jurečič N, Forte A, Kek 
Ljubec A, Škvarč M 

Izhodišča. Želodčni rak je peti najpogostejši rak na svetu. Okužba z bakterijo Helicobacter pylori (H. pylori) povzroča 89 
% vseh želodčnih rakov ne upoštevajoč rakov kardije. Kronična okužba povzroči nastanek predredrakavih sprememb, kot 
sta atrofija in intestinalna metaplazija. Sekundarna preventiva želodčnega raka je možna z presejalnimi gastroskopijami, kar 
pa je drago in pri preiskovancih slabo sprejeto. Druga možnost je določitev nivoja pepsinogena I in II v serumu, ugotavljanje 
razmerja pepsinogen I/II z namenom najti bolnike s predrakavimi spremembami, ki jih potem spremljamo endoskopsko.
Bolniki in metode. V multicentrično raziskavo smo vključili 288 bolnikov (154 moških; 53.5 %), povprečne starosti 60,68 let, 
ki so bili napoteni na kolonoskopijo v okviru Nacionalnega programa presejanja na rak debelega črevesja in danke SVIT. 
Uporabili smo Gastropanel (BioHit, Finland) za test serološke biopsije.
Rezultati. Našli smo 24 bolnikov (12 moških; povprečne starosti 63,7 let), ki so imeli razmerje pepsinogen I/II  
< 3 in/ali pepsinogen I < 30µg/L. Histološko smo potrdili predrakave spremembe želodčne sluznice pri 21 bolnikih  
(7.3 % ). Operativno povezavo z ocenjevanjem želodčne intestinalne metaplazije (Operative Link on Gastric Intestinal 
Metaplasia Assessment, OLGIM) > 1 smo našli pri 20 bolnikih; operativno povezavo za oceno gastritisa (Operative Link for 
Gastritis Assessment, OLGA) > 1 pa smo našli pri 19 bolnikih. Skupna natančnost ugotavljanja predrakavih sprememb je bila 
87,5 %. Serološka preiskava na okužbo s H. pylori je bila pozitivna pri 219 bolnikih (76 %).
Zaključki. Test Gastropanel se je pokazal kot zanesljiva metoda ugotavljanja predrakavih sprememb želodca, ki lahko 
najde bolnike, ki potrebujejo endoskopijo. V naši skupini bolnikov ugotavljamo visoko prekuženost z bakterijo H. pylori.
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Napovedna vrednost računalniško tomografskih 
perfuzijskih parametrov za odgovor na zdravljenje 
in preživetje bolnikov z jetrnoceličnim rakom, 
zdravljenih s transarterijsko kemoembolizacijo
Popovič P, Leban A, Kregar K, Garbajs M, Dežman R, Bunc M

Izhodišča. Namen raziskave je bilo ugotoviti, ali lahko z računalniško tomografskimi perfuzijskimi (CTPI) parametri bolnikov 
z jetrnoceličnim rakom (HCC), ki smo jih pridobili pred zdravljenjem z eluiranjem zdravila s transarterijsko kemoembolizacijo 
(DEBTACE), napovemo odgovor tumorja na zdravljenje in preživetje bolnikov po zdravljenju.
Bolniki in metode. V retrospektivno opazovalno raziskavo smo vključili 18 bolnikov (17 moških; srednja starost, 69 ± 5,8 let) 
s HCC, pri katerih smo ugotovili vmesni stadij bolezni po barcelonski klasifikaciji (Barcelona Clinic Liver Cancer Classification). 
Bolnikom smo med decembrom 2010 in januarjem 2013 naredili preiskavo jeter CTPI v povprečju 22 ± 49,7 dni pred zdravlje-
njem s superselektivno DEBTACE. Odgovor na zdravljenje smo slikovno vrednotili v povprečju 4,9 ± 3,3 mesece po TACE. Na 
kontrolnem slikanju smo upoštevali prilagojene kriterije za oceno odgovora v solidnih tumorjih (mRECIST) in razdelili bolnike na 
tiste, ki so odgovorili s popolnim odgovorom in tiste ki niso tako odgovorili. Uporabili smo Studentov t-test, da smo smo s para-
metri slikanja CTPI primerjali bolnike s popolnim in delnim odgovorom. Pri ugotavljanju vpliva posameznih parametrov CTPI na 
preživetja pa smo uporabili metodo Kaplan-Meier. 
Rezultati. Primerjava perfuzijskih parametrov lezij s popolnim ter lezij z delnim odgovorom na TACE ni pokazala statistično 
značilnih razlik. Preživetje pa je bilo statistično značilno boljše pri bolnikih s pretokom krvi (BF) nižjim od 50,44 ml/100ml/min (p 
= 0,033), volumnom krvi (BV) nižjim od 13,32 ml/100ml (p = 0,028), časom do največjega obarvanja (TTP) daljšim od 19,035 s 
(p = 0,015). 
Zaključki. Preiskava CTPI bi lahko na podlagi vrednosti perfuzijskih parametrov BF, BV in TTP, ki smo jih pridobili pred zdravlje-
njem s TACE, napovedala preživetje. Potrebne so dodatne klinične raziskave, ki bi dodatno ovrednotile napovedno vrednost 
CTPI pri bolnikih s HCC zdravljenih s TACE.
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Predperativna intenzitetno modulirana 
kemoradioterapija s simultanim integriranim 
dodatkom doze pri raku danke. Dvoletno sledenje 
bolnikov v raziskavi II. faze
But-Hadžić J, Velenik V

Izhodišča. Namen raziskave je bil ugotoviti učinkovitost in varnost eksperimentalne frakcionacije ob uporabi intenzitetno 
modulirane radioterapije s simultano integriranim dodatkom doze (IMRT-SID) pri lokalno napredovalem raku danke. Na ta 
način lahko skrajšamo celokupni čas obsevanja in ne povišamo celokupne doze pri predoperativni radiokemoterapiji.
Bolniki in metode. Med januarjem 2014 in novembrom 2015 smo predoperativno obsevali 51 bolnikov z operabilnim 
rakom danke v II.–III. stadiju. Z obsevalno tehniko IMRT so prejeli 41,8 Gy na medenico, s simultanim dodatkom doze pa do 
46,2 Gy na T2/3 in 48,8 Gy na T4 tumor v 22-ih dnevnih frakcijah. Sočasno so prejemali standardni odmerek kapecitabina. 
Zdravljenje je po protokolu zaključilo 50 bolnikov in 47/50 je bilo operiranih. Srednji čas sledenja bolnikov je bil 35 mesecev.
Rezultati. Stopnja zgodnje toksičnosti G ≥ 3 je bila 2,4 %. Celokupno znižanje stadija smo ugotovili pri 89 % bolnikov, resekcijo 
R0 pa pri 98 %. Patološko popolni odgovor smo dosegli pri 25,5 % bolnikov, ki so imeli 100 % 2 letno lokalno kontrolo bolezni, 
preživetje brez ponovitve bolezni in celokupno preživetje. Analiza preživetja pri vseh 51 bolnikih, ki smo jih zdravili, je pokazala 
stadij pN kot negativni napovedni dejavnik za preživetje brez ponovitve bolezni in celokupno preživetje. Dvoletna lokalna 
kontrola bolezni, preživetje brez ponovitve bolezni in celokupno preživetje za vse bolnike so bili 100 %, 90 % (95 % CI 98,4–81,6) 
in 92,2 % (95 % CI 99,6–84,7).
Zaključki. Eksperimentalni obsevalni režim je v tej raziskavi omogočil doseganje visoke stopnje patološko popolnih odgo-
vorov z nizko stopnjo zgodnje toksičnosti. Dvoletna lokalna kontrola bolezni, preživetje brez ponovitve bolezni in celokupno 
preživetje so bili zelo spodbudni.
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Vpliv regresije tumorja na dolgoročno preživetje 
bolnikov z lokalno napredovalim rakom danke po 
predoperativni radiokemoterapiji
Omejc M, Potisek M

Izhodišča. Rak danke pogosto odkrijemo v lokalno napredovalem stadiju (UICC II, III). Zdravljenje vključuje predoperativno 
radiokemoterapijo, kateri sledi čez 6-8 tednov resekcija danke ter pooperativna kemoterapija. Namen pričujoče raziskave je 
bil ugotoviti, ali odgovor tumorja na predoperativno kemoradioterapijo vpliva na dolgotrajno preživetje pri bolnikih z lokalno 
napredovalim rakom danke.
Bolniki in metode. V retrospektivno raziskavo smo vključili 202 bolnikov z lokalno napredovalim nemetastatskim rakom 
danke, ki so bili med letoma 2006 in 2010 zdravljeni z predoperativno radiokemoterapijo, resekcijo in poperativno kemotera-
pijo. Klinične in patohistološke podatke smo vključili v univariatno in multivariatno analizo. Preživetje smo ocenjevali po metodi 
Kaplan Meier. 
Rezultati. Mediano spremljanje bolnikov je bilo 53,2 meseca. Popolna regresija tumorja (ypT0N0, pCR) je bila dosežena pri 
14,8 % bolnikov. 5-letno preživetje bolnikov z popolno regresijo tumorja (pCR) je bilo > 90 %. V univariatni analizi so se pokazali 
ypT, ypN in pooperativni stadij kot pomemben napovedni dejavnik celokupnega preživetja. Edini neodvisni napovedni de-
javnik v multivariatni analizi pa je bil odgovor tumorja na neoadjuvantno zdravljenje (p = 0,003). 
Zaključki. Patohistološko ugotovljen odgovor tumorja na predoperativno zdravljenje je pomemben napovedni dejavnik za 
dolgoročno preživetje bolnikov z lokalno napredovalim rakom danke.
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Laparoskopska parenhim ohranjajoča resekcija jeter 
zaradi zasevkov raka debelega črevesa in danke
Aghayan DL, Pelanis E, Fretland AA, Kazaryan AM, Sahakyan MA, Røsok BI, Barkhatov L, 
Bjørnbeth BA, Elle OJ, Edwin B

Izhodišča. Laparoskopsko resekcijo jeter zaradi zasevkov raka debelega črevesa in danke izvajamo v specializiranih centrih. 
Pri multidisciplinarnem zdravljenju raka debelega črevesa in danke težimo k parenhim ohranjajočem načinu zdravljenja, kljub 
temu pa je vloga takšnega zdravljenja nejasna. Namen raziskave je bil prikazati kratko- in dolgoročne rezultate laparoskopske 
parenhim ohranjajoče jetrne resekcije v posamični ustanovi. 
Bolniki in metode. V obdobju od avgusta 1998 do marca 2017 smo v Univerzitetni bolnišnici Oslo – Rikshospitalet opra-
vili 951 laparoskopskih resekcij jeter. V raziskavo smo vključili tiste bolnike, kjer smo primarno naredili parenhim ohranjujočo 
resekcijo jeter zaradi zasevkov raka debelega črevesa in danke. Laparoskopsko parenhim ohranjajočo jetrno resekcijo smo 
opredelili kot ne-anatomsko laparoskopsko resekcijo jeter. Tako smo iz raziskave izključili hemihepatektomije in sekcionektomi-
je. Analizirali smo perioperativne zaplete in izhod bolezni. Zaplete po operaciji smo razvrstili po klasifikaciji Accordian. Srednji 
čas sledenja je znašal 40 mesecev. 
Rezultati. Pri 296 bolnikih smo naredili primarno laparoskopsko parenhim ohranjajočo jetrno resekcijo zaradi zasevkov raka 
debelega črevesa in danke. Pri 204 bolnikih smo naredili eno resekcijo, pri 92 pa smo hkrati opravili več resekcij. 5 laparoskop-
skih posegov smo nadaljevali z odprto operacijo. Srednji čas operacije je znašal 134 minut, izguba krvi 200 ml in čas hospita-
lizacije 3 dni. 90-dnevne smrtnosti ni bilo. Delež zapletov po operaciji je znašal 14,5 %. Pri 189 bolnikih se je bolezen ponovila. 
Ponovitev je nastopila v jetrih pri 146 bolnikih (49 %), izmed katerih smo 85 bolnikov ponovno zdravili kirurško (z resekcijo jeter 
[n = 69], z ablacija [n = 14] in s transplantacijo jeter [n = 2]). Pet-letno celokupno preživetje je bilo 48 % srednje celokupno 
preživetje pa 56 mesecev. 
Zaključki. V izkušenih rokah je laparoskopska parenhim ohranjajoča jetrna resekcija varna metoda zdravljenja zasevkov 
raka debelega črevesa in danke. Tehnika omogoča ponovne kirurške posege, ki lahko izboljšajo preživetje takšnih bolnikov.
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Simultane popolne laparoskopske resekcije 
primarnega raka debelega črevesa in danke ter 
sinhronih jetrnih zasevkov. Izkušnje posamične 
ustanove z analizo uravnoteženega vzorca
Ivanecz A, Krebs B, Stožer, Jagrič T, Plahuta I, Potrč S

Izhodišča. Namen raziskave je bila primerjava popolne laparoskopske in odprte simultane resekcije primarnega raka de-
belega črevesa in danke ter sinhronih jetrnih zasevkov.
Bolniki in metode. V obdobju od leta 2000 do 2016 smo vse bolnike, ki smo jih zdravili s simultano resekcijo, vključili v 
opisano klinično ne-randomizirano raziskavo. Z metodo uravnoteženega vzorca smo primerjali obe skupini, ki smo ju operirali 
laparoskopsko ali odprto. Primarni cilji analize so bili perioperativni in onkološki rezultati zdravljenja. Sekundarna cilja analize 
sta bila celokupno preživetje in preživetje brez bolezni.  
Rezultati. 82 bolnikov smo zdravili s simultano resekcijo primarnega raka debelega črevesa in danke ter sinhronih jetrnih za-
sevkov. Med njimi smo 10 bolnikov operirali laparoskopsko. Vseh 10 bolnikov se je po metodi uravnoteženega vzorca ujemalo 
z 10 bolniki iz skupine, ki smo jo zdravili z odprto operacijo. V skupini laparoskopsko zdravljenih je bil čas bivanja v bolnišnici 
bistveno krajši (P = 0,044) in uživanje trdne hrane hitrejše (P = 0,006). Pri nobenem bolniku, ki smo ga operirali laparoskopsko 
ni bilo potrebno operacije nadaljevati z  odprtim posegom. Ni bilo razlik v času operacije, izgubi krvi, transfuziji, potrebi po 
narkotičnih analgetikih, med kliničnimi dejavniki tveganja, resekcijskih robovih, deležu R0 resekcij, v zapletih, smrtnosti in poja-
vu brazgotinskih kil. Skupini se nista razlikovali niti glede deleža 3-letnega celokupnega preživetja (90 proti 75 %; P = 0,842) in 
preživetja brez bolezni (60 proti 57 %; P = 0,724).
Zaključki. Laparoskopska operacija je skrajšala čas bivanja v bolnišnici in omogočila zmožnost hitrejšega uživanja trdne 
hrane. Onkološki rezultati in preživetja so bili primerljivi. Laparoskopski poseg je upravičen pri skrbno izbranih bolnikih v rokah 
izkušenega kirurga v terciarnem referenčnem centru. 

Radiol Oncol 2018; 52(1): 54-64.
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Dejavniki vpliva za perioperativno obolevnost in 
smrtnost ter posledice perioperativne obolevnosti in 
dolgoročno preživetje po resekcijah glave trebušne 
slinavke
Potrč S, Ivanecz A, Pivec V, Marolt U, Rudolf S, Ilijevec B, Jagrič T

Izhodišča. Cilj raziskave je bil odkriti dejavnike tveganja za perioperativno obolevnost in smrtnost, kot tudi posledice perio-
perativne obolevnosti na dolgoročno preživetje po resekcijah glave trebušne slinavke. 
Bolniki in metode. V retrospektivni raziskavi 240 bolnikov po resekciji glave trebušne slinavke ali popolni odstranitvi trebu-
šne slinavke smo analizirali kliničnopatološke dejavnike in njihovo povezavo z perioperativno obolevnostjo, 30- in 90-dnevno 
smrtnostjo in dolgoročnim preživetjem. Glede na Clavien-Dindo klasifikacijo so bili vsi zapleti s stopnjo II ali več opredeljeni kot 
vsesplošni zapleti. Raziskovali smo korelacijo kliničnopatoloških dejavnikov z vsesplošnimi zapleti, kirurškimi, splošnimi in nekateri-
mi posebnimi zapleti, kot so puščanje anastomoze črevesa in trebušne slinavke, fistule trebušne slinavke (tip A, B, C), puščanja 
drugih anastomoz, krvavitve in ognojki.
Rezultati. V obdobju 9-ih let smo opravili resekcijo trebušne slinavke pri 240 bolnikih. Vsesplošnih zapletov je bilo 37,1 %, 
kirurških 29,2 % in splošnih 15,8 %. Med kirurškimi zapleti smo ugutovili puščanje anastomoze črevesa in trebušne slinavke, 
puščanje drugih anastomoz, krvavitve ter ognojke pri 19 % bolnikov (od 208 resekcij glave trebušne slinavke), 5,8 %, 5,8 % in 
2,5 % za vsak zaplet posebej. Starost, vrednost ASA, amilaza iz drenov in fistule trebušne slinavke tipa B in C so bili pomembno 
povezani z različnimi tipi zapletov. Vsesplošni 30- in 90-dnevni smrtnosti sta bili 5 % in 7,9 % v obdobju P1 in sta se zmanjšali na 
3,5 % in 5 % v obdobju P2.
Zaključki. Visoka vrednost amilaze po drenih in posledični fistuli trebušne slinavke tipa B in C, vsesplošni zapleti, puščanje 
anastomoze med črevesom in trebušno slinavko ter krvavitev so bili neodvisni kazalci obolevnosti, medtem ko sta se puščanje 
anastomoze med črevesom in trebušno slinavko ter krvavitev pokazali kot neodvisni napovednik 30-dnevne smrtnosti, vsesplo-
šni zapleti in fistula trebušne slinavke tipa C pa tudi kot napovednik 90-dnevne smrtnosti.
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Rezultati kirurškega zdravljenja žleznega raka 
kardije želodca. Izkušnje posamičnega centra
Potrč S, Ivanecz A, Krebs B, Marolt U, Ilijevec B, Jagrič T

Izhodišča. Žlezni raki kardije želodca so biološko agresivni tumorji s slabim dolgoročnim preživetjem po kurativni resekciji. Pri 
resektabilnih žleznih rakih kardije največkrat naredimo razširjeno totalno gastrektomijo ali pa proksimalno gastrektomija z dis-
talno ezofagektomijo. Še vedno pa ni dorečeno, ali je bolj primeren transabdominalni ali transtorakalni kirurški pristop. Namen 
raziskave je bil ovrednotili možne razlike navedenih kirurških zdravljenj in upoštevati klinično pomembne podatke, ki so vplivali 
na postoperativno obolevnost, smrtnost in dolgoročno preživetje.
Bolniki in metode. Med 844 gastrektomijami, ki smo jih opravili med januarjem 2000 in decembrom 2016, smo naredili 166 
posegov zaradi žleznega raka kardije želodca. Pri analizi smo uporabili metodo Coxove regresije.
Rezultati. Naredili smo 136 totalnih gastrektomij z distalno ezofagektomijo in 125 proksimalnih gastrektomij z distalno ezo-
fagektomijo. D2 limfadenektomija je bila opravljena pri 88,2 %, splenektomija pri 47,2 % in multiorganske resekcije pri 12,4 % 
bolnikov. Stopnja R0 resekcij je bila 95,7 %. Srednja vrednost bližnjega resekcijskega roba na požiralniku je bila 42,45 mm, manj 
kot 21 mm je bila pri 9 bolnikih. Skupna obolevnost glede na Clavien-Dindo klasifikacijo (> 1) je znašala 28,6 %. Kirurških zaple-
tov je bilo 15,5 % in internističnih 21,1 %. 30-dnevna smrtnost je bila 2,2 %. 5-letno preživetje pri R0 resekcijah je bilo 33,4 %. V 
raziskavi so se multiorganska resekcija, globina infiltracije tumorja, stadij bezgavk in resekcije v zdravo pokazali za neodvisne 
napovedne dejavnike za zaplete in preživetje.
Zaključki. Transhiatalni pristop pri resekciji žleznega raka kardije želodca je varen poseg pri bolnikih s Siewert II in III tumorjem 
glede na pooperativno obolevnost in smrtnost. Tudi dolgoročno preživetje je primerljivo s torakoabdominalnim pristopom. 
Zapletom, povezanim s torakoabdominalnim pristopom, se tako lahko izognemo brez vpliva na stopnjo lokalne ponovitve 
bolezni.

Radiol Oncol 2018; 52(1): 75-82.
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Vpliv rednih ambulantnih kontrol bolnikov z 
alkoholno jetrno cirozo na stopnjo hospitalizacije in 
preživetje
Majc D, Tepeš B

Izhodišča. V raziskavi smo želeli ugotoviti, ali imajo redne ambulantne kontrole bolnikov z alkoholno jetrno cirozo vpliv na 
stopnjo hospitalizacije in smrtnost.
Bolniki in metode. V prospektivno študijsko skupino smo vključili bolnike z alkoholno jetrno cirozo, ki so imeli redne ambu-
lantne kontrole. V nerandomizirano retrospektivno kontrolno skupino smo vključili bolnike z alkoholno jetrno cirozo, ki so imeli 
kontrole le v  primeru zapletov. Raziskava je potekala med leti 2006 in 2011. 
Rezultati. V študijsko skupino smo vključili 98 bolnikov, v kontrolno pa 101 bolnika.V študijski skupini smo imeli več ambulan-
tnih pregledov kot v kontrolni (5,54 vs. 2,27 pregledov, p = 0.000). Bolniki v študijski skupini so imeli 25 hospitalizacij manj (10,2 %; 
p = 0,612). Srednje preživetje bolnikov v študijski skupini je bilo 4,6 let, v kontrolni skupini pa 2,9 (p = 0,021). Bolniki z cirozo Child 
A so imeli v študijski skupini v povprečju 1 leto daljše preživetje (p = 0,035). Ni bilo razlik v preživetju med skupinama v skupini s 
cirozo Child B. Bolniki s cirozo Child C so imeli v študijski skupino povprečno 1,6 let daljše preživetje (p = 0,006). Uživanje alkohola 
je bilo manjše v študijsji skupini (p =0.018).
Zaključki. Ugotovili smo, da so bolniki v študijski skupini uživali statistično značilno manj alkohola, imeli so manj hospitalizacij 
in s statistično značilno daljše preživetje. S tem smo potrdili potrebo po rednem ambulantnem spremljanju bolnikov z alkoholno 
jetrno cirozo.
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Prehrana bonikov z nevrološko okvaro
Orel A, Homan M, Blagus R, Benedik E, Orel R, Fidler Mis N

Izhodišča. Strokovne smernice priporočajo za prehrano bolnikov s težko nevrološko okvaro, ki imajo gastrostomo, komer-
cialne enteralne prehranske pripravke. Kljub temu bolniki pogosto uporabljajo doma pripravljeno pasirano hrano. Zdi se, da 
njena popularnost v nekaterih skupinah bolnikov celo narašča. Primerjali smo učinkovitost komercialnih enteralnih pripravkov 
in pasirane hrane za hranjenje po gastrostomi pri zdravljenju podhranjenosti.
Bolniki in metode. V 6-mesečno intervencijsko raziskavo smo vključili 37 podhranjenih otrok, adolescentov in mladih 
odraslih (starost 2–26 let) s težko nevrološko okvaro (po klasifikaciji GMFCS stopnja V). Bolnike smo hranili po gastrostomi s 
komercialnimi enteralnimi pripravki (n = 17) ali s pasirano hrano (n = 20). Z meritvami smo ocenili prehranski status pred in ob 
koncu intervencije.
Rezultati. Porast vrednosti Z telesne teže za starost in indeksa telesne mase je bil večji pri skupini hranjeni s komercialnimi 
enteralnimi pripravki kot pri skupini na pasirani hrani (2,07 proti 0,70, p = 0,0012; in 3,75 proti 0,63, p = 0,0014). Tudi sprememba 
indeksa telesne maščobe je bila večja pri skupini hranjeni z enteralnimi pripravki (1,12 kg/m2 proti 0,38 kg/m2; p = 0,0012). 
Medtem ko se je pri bolnikih s komercialnimi enteralnimi pripravki povečal tudi indeks puste telesne mase (za 0,70 kg/m2), pri 
bolnikih na pasirani hrani ni prišlo do porasta (-0,06 kg/m2) (p = 0,0487).
Zaključki. Rezultati raziskave kažejo, da je pri prehranski rehabilitaciji podhranjenih bolnikov s težko nevrološko okvaro 
prehrana po gastrostomi s pasirano hrano, tudi če je strokovno načrtovana, manj učinkovita od prehrane s komercialnimi 
enteralnimi pripravki. Te rezultate bo potrebno potrditi še z večjimi in po možnosti randomiziranimi kliničnimi raziskavami.

Radiol Oncol 2018; 52(1): 90-97.
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MR in 11C acetat PET/CT za napoved zasevkov 
v področnih bezgavkah pri novoodkritem raku 
prostate
von Below C, Wassberg C, Grzegorek R, Kullberg J, Gestblom C, Sörensen J, Waldén M, 
Ahlström H

Izhodišča. Namen raziskave je bil ovrednotiti kvantitativne in kvalitativne parametre MR in 11C acetat PET/CT za napoved 
zasevkov v področnih bezgavkah pri novoodkritem raku prostate.
Bolniki in metode. Analizirali smo bolnike z rakom prostate, ki smo ga opredelili z vmesnim (n = 6) in visokim tveganjem (n = 
47). Pred razširjeno pelvično bezgavčno disekcijo smo jih slikali s 3T MR-jem (40 bolnikov) in 11C acetat PET/CT-jem (53 bolnikov). 
Pri vsakem bolniku smo ocenili povprečni viden difuzijski koeficient (ADCpovprečni), maksimalno standardizirano vrednost 
prevzema (SUVmaksimalni), velikost in obliko z MR najbolj sumljive bezgavke, stadij T primarnega tumorja ter ADCpovprečni in 
SUVmaksimalni v tumorju. Parametre smo presojali z enostavno in multiplo logistično regresijo. 
Rezultati. Vsi parametri razen ADCpovprečni in SUVmaksimalni primarnega tumorja so bili neodvisni napovedni kazalci 
zasevkov v bezgavkah. V multipli logistični regresijski analizi je bil najboljši model ADCpovprečni v kombinaciji s MR stadijem T. 
Oba parametra sta bila neodvisna napovedna kazalca zasevkov v bezgavkah. AUC obeh napovednih kazalcev je bil 0,81, 
kar je več kot AUC samega ADCpovprečni, kjer je znašal 0,65 in več kot AUC samega MR stadija T, kjer je bil 0,69.
Zaključki. Različni kvalitativni in kvantitativni slikovni parametri napovedujejo zasevke v področnih bezgavkah pri raku pro-
state. S kombinacijo ADCpovprečni bezgavke in MR stadija T je bila napovedna vrednost višja kot vsakega parametra zase.
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Elektrokemoterapija – učinkovita metoda 
zdravljenja nekaterih kožnih tumorjev pri belem 
dihurju (Mustela putorius furo)
Račnik J, Švara T, Zadravec M, Gombač M, Čemažar M, Serša G, Tozon N

Izhodišča. Mastocitom, adenom žlez lojnic ter redkeje ploščatocelični papilom so kožni tumorji pri belem dihurju (Mustela 
putorius furo). Za njihovo zdravljenje najpogosteje svetujemo kirurško odstranitev s primernim varnostnim robom. V članku 
smo opisali elektrokemoterapijo, kot minimalno invazivno nekirurško metodo zdravljenja nekaterih kožnih tumorjev pri belem 
dihurju. 
Marteriali in metode. Prvi pacient je bil petletni, kastriran samec pri katerem smo pri dveh pregledih v razmaku 4 mese-
cev ugotovili kožni tumor. Lokacija prvega tumorja je bila laterodorzalna stran korena repa, lokacija drugega tumorja pa na 
zunanji strani desnega skočnega sklepa. Pri drugem pacientu, sedemletni, sterilizirani samici smo pri enem pregledu ugotovili 
dva kožna tumorja. Prvi tumor je ležal lateralno na levem skočnem sklepu, drugi pa dorzolateralno na levi strani prsnega koša. 
Pri prvem pacientu sta bili obe tumorski masi mastocitoma, pri drugem pacientu pa je bil en tumor ploščatocelični papilom 
in drugi adenom žlez lojnic. Vse tumorje smo zdravili z elektrokemoterapijo z bleomicinom.
Rezultati. Pri obeh pacientih smo pri vseh štirih tumorjih opazili popolni odgovor na terapijo. Pri prvem pacientu sta v 
opazovanem obdobju 15 mesecev oba tumorja še vedno v remisiji; prvi tumor 15 mesecev, drugi tumor pa 11 mesecev po 
terapiji. Tudi pri drugem pacientu sta v opazovanem obdobju 8 mesecev oba tumorja v remisiji; oba 8 mesecev po zdravljenju 
z elektrokemoterapijo.
Zaključki. Elektrokemoterapija z bleomicinom je varna in učinkovita metoda zdravljenja nekaterih kožnih tumorjev pri belih 
dihurjih. Zdravljenje je učinkovito, sorazmerno enostavno in poceni in bi lahko v določenih primerih nadomestilo kirurgijo, kar 
velja predvsem za tumorje, ki jih zaradi neugodne lokacije težje kirurško odstranimo.

Radiol Oncol 2018; 52(1): 105-111.
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Vpliv genetske variabilnosti na tveganje za razvoj 
malignega mezotelioma
Franko A, Kotnik N, Goričar K, Kovač V, Dodič-Fikfak M, Dolžan V

Izhodišča. Maligni mezoteliom je redek rak s slabo napovedjeo poteka bolezni. Povezan je z izpostavljenostjo azbestu. 
Ker imajo reaktivne kisikove spojine pomembno vlogo v mehanizmu karcinogeneze, lahko genetska variabilnost v antio-
ksidativni obrambi spremeni posameznikovo dovzetnost za razvoj tega raka. V raziskavi smo proučevali vpliv funkcionalnih 
polimorfizmov NQO1, CAT, SOD2 in hOGG1, gensko-genskih in gensko-okoljskih interakcij na tveganje za pojav malignega 
mezotelioma.
Bolniki in metode. Pri 150 primerih z malignim mezoteliomom in 122 kontrolah, ki niso imeli nobene bolezni, povezane z 
izpostavljenostjo azbestu, smo z genetsko analizo določili polimorfizme NQO1, CAT, SOD2 in hOGG1.
Rezultati. Tveganje za razvoj malignega mezotelioma je naraščalo s kajenjem, razmerje obetov (RO) 9,30 (interval zaupa-
nja [IZ) 4,83–17,98] in nekoliko tudi z starostjo, RO 1,10 (95% IZ: 1,08–1,14). Srednja in visoka izpostavljenost azbestu je predsta-
vljala 7-krat večje tveganje za razvoj malignega mezotelioma v primerjavi z nizko izpostavljenostjo, RO 7,05 (95% IZ 3,59–13,83). 
NQO1 rs1800566 je bil pomembno povezan s tveganjem za maligni mezoteliomom, RO = 1,73 (95% IZ 1,02–2,96). Kljub temu, 
da ni bilo neodvisne povezave med polimorfizmom CAT rs1001179 ali polimorfizmom hOGG1 rs1052133 in malignim mezoteli-
omom, pa je interakcija med obema polimorfizmoma pokazala zaščitni učinek, ROint 0,27 (95 % IZ 0,10–0,77).
Zaključki. Ugotovitve raziskave kažejo, da imajo tako genetska variabilnost v antioksidativni obrambi in v popravljanih 
mehanizmih poškodb DNA, kot tudi gensko-genske interakcije lahko pomembno vlogo pri razvoju malignega mezotelioma. 
Rezultati raziskave lahko prispevajo k boljšemu razumevanju patogeneze malignega mezotelioma ter k preprečevanju in 
zgodnejši diagnozi tega agresivnega tumorja.
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Obsevanje levostranskega raka dojke v zadržanem 
globokem vdihu zmanjša dozo na srce brez 
okrnjenega pokritja tarčnega volumna
Al-Hammadi N, Caparrotti P, Naim C, Hayes J, Benson KR, Vasic A, Al-Abdulla H, 
Hammoud R, Divakar S, Petric P

Izhodišča. Med obsevanjem levostranskega raka dojke so deli srca izpostavljeni obsevalni dozi, kar lahko vodi v pozne za-
plete zdravljenja. V pričujoči raziskavi smo opravili primerjavo izpostavljenosti srca med obsevanjem v zadržanem globokem 
vdihu (ang. voluntary deep inspiration breath hold, V-DIBH) in prostem dihanju (ang. Free breathing, FB).
Bolniki in metode. V raziskavo smo vključili bolnice z rakom leve dojke, zdravljene na našem oddelku s pooperativnim 
obsevanjem med majem 2015 in januarjem 2017. Najprej smo opravili dozno načrtovanje na podlagi računalniških tomograf-
skih (CT) slik pridobljenih z načinom FB. Bolnice z dozno volumskim parametrom za srce V25Gy ≥ 5 % na FB-CT smo vključili v 
program učenja tehnike V-DIBH. Pri tistih, ki so program uspešno opravile, smo ponovili dozno načrtovanje in nato obsevanje 
na podlagi CT s pristopom V-DIBH. Dozno volumske parametre za srce, pljuča in optimizirani načrtovalni tarčni volumen (ang. 
optimized planning target volume, OPTV), pridobljene z obema načinoma FB in V-DIBH, smo primerjali med seboj. Premike 
pri nastavitvah bolnic pred vsakodnevnim V-DIBH obsevanjem in tako nastale sistemske in naključne napake smo primerjali s 
kontrolno skupino bolnic, zdravljenih s pristopom FB.
Rezultati. V protokol V-DIBH smo vključili 63 bolnic. Devet (14,3 %) smo jih iz končne analize izključili zaradi neustreznega 
vzdrževanja globokega vdiha, tako da je v raziskavi ostalo 54 bolnic. V primerjavi s tehniko FB smo z V-DIBH statistično značilno 
znižali srednjo dozo na srce iz 6,1 +/- 2,5 na 3,2 +/- 1,4 Gy (p < 0,001), maksimalno srčno dozo iz 51,1 +/- 1,4 na 48,5 +/- 6,8 Gy (p 
= 0,005) in parameter V25Gy iz 8,5 +/- 4,2 na 3,2 +/- 2,5 % (p < 0,001). Prostornine srca, izpostavljene nizkim (10−20 Gy) in visokim 
(30−50 Gy) dozam, so bile s tehniko V-DIBH statistično značilno nižje kot s FB. Srednja doza na levo descendentno koronarno 
arterijo je bila 23,0 (+/- 6,7) Gy in 14,8 (+/- 7,6) Gy v načinih FB in V-DIBH (p < 0,001). Razlike med FB in V-DIBH v srednji pljučni 
dozi (11,3 +/- 3,2 vs. 10,6 +/- 2,6 Gy), pljučnem parametru V20Gy (20,5 +/- 7 vs. 19,5 +/- 5,1 Gy) in V95% za OPTV (95,6 +/- 4,1 
vs. 95,2 +/- 6,3 %) so bile statistično neznačilne. Srednji premiki pri nastavitvah med obsevanjem so bili ≤ 2,7 mm, naključne in 
sistematične napake so bile ≤ 2,1 mm in ti rezultati se niso statistično značilno razlikovali od rezultatov tehnike FB.
Zaključki. V primerjavi s tehniko FB smo z V-DIBH dosegli statistično značilno in klinično pomembno znižanje obsevalne doze 
na srce, ne da bi bila ob tem okrnjena dozna pokritost tarčnega volumna. Tehnika V-DIBH je omogočala visoko natančnost 
nastavitev bolnic med obsevanji.
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Activity of “Dr. J. Cholewa” Foundation for 
Cancer Research and Education – a report for 
the first quarter of 2018
Doc. dr. Josip Cholewa Foundation for cancer research and education continues with its planned activi-
ties in the first quarter of 2018 and is commencing to prepare for the activities the whole year. Its pri-
mary focus remains the provision of grants and scholarships and other forms of financial assistance for 
basic, clinical and public health research in the field of oncology. An analysis of the ongoing activities 
in the last year was made in order to make an assessment of the impact of Foundation’s activities, thus 
providing a basis for developing new strategies and approaches in its scope of fight against cancer. 

The Foundation continues to provide support for »Radiology and Oncology«, a quarterly scientific 
magazine with a respectable impact factor that publishes research and review articles about all aspects 
of cancer. The magazine is edited and published in Ljubljana, Slovenia. »Radiology and Oncology« is 
an open access journal available to everyone free of charge. Its long tradition represents a guarantee for 
the continuity of international exchange of ideas and research results in the field of oncology for all in 
Slovenia that are interested and involved in helping people affected by many different aspects of can-
cer.

The Foundation makes great efforts to provide financial and other kinds of support for the organisation 
of various forms of meetings to extend and broaden the knowledge about prevention of cancer, early 
detection of various types of cancer, its treatment and rehabilitation of cancer patients. The advances 
in knowledge of all aspects of dealing with cancer should be in Foundation’s opinion available to all 
the professionals that treat cancer patients, to the patients themselves and their closest relatives and 
friends, and finally also to the general public.

The problems associated with cancer affect more and more people and their relatives in Slovenia and 
elsewhere. The Foundation will therefore continue with its activities in the years to come. Treatment of 
cancer is ever more successful with many patients surviving decades after the start of their treatment 
and many new problems and challenges have thus come into place. Longer survival of an increasing 
number of patients with previously incurable cancer conditions adds many new dimensions to their 
life and to the life of their families. It also confronts cancer specialists, all the other experts and lay pub-
lic dealing with cancer with new challenges and new goals to achieve.

								        Borut Štabuc, M.D., Ph.D.
	 	 	 	 	 	 	 	 Tomaž Benulič, M.D.
	 	 	 	 	 	 	 	 Andrej Plesničar, M.D., M.Sc.
	 	 	 	 	 	 	 	 Viljem Kovač M.D., Ph.D.



Zdravilo ALECENSA® (alektinib) je v monoterapiji indicirano za:
• prvo linijo zdravljenja odraslih bolnikov z ALK-pozitivnim, 

napredovalim NDRP;
• zdravljenje odraslih bolnikov z ALK-pozitivnim, napredovalim 

NDRP, ki so se predhodno zdravili s krizotinibom.1

CŽS – centralno-živčni sistem, ALK – anaplastična limfomska kinaza, NDRP – nedrobnocelični rak pljuč

k

Literatura: 1. Povzetek glavnih značilnosti zdravila ALECENSA. Dostopano januar 2018 na: http://www.ema.europa.eu/docs/
sl_SI/document_library/EPAR_-_Product_Information/human/004164/WC500225707.pdf
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Roche farmacevtska družba d.o.o., Vodovodna cesta 109, 1000 Ljubljana

PG
-1

19
-0

11
8-

AL
C

SKRAJŠAN POVZETEK GLAVNIH ZNAČILNOSTI ZDRAVILA ALECENSA

Zdravilo ALECENSA® (alektinib) izkazuje visoke 
sistemske odzive in učinkovitost v CŽS pri 

bolnikih z ALK-pozitivnim, napredovalim NDRP, 
v prvi liniji zdravljenja ali po predhodnem 

zdravljenju s krizotinibom.1

Za to zdravilo se izvaja dodatno spremljanje varnosti. Tako bodo hitreje na voljo nove informacije o njegovi varnosti. Zdravstvene delavce naprošamo, da poročajo o katerem koli domnevnem 
neželenem učinku zdravila. Kako poročati o neželenih učinkih, si poglejte skrajšani povzetek glavnih značilnosti zdravila pod ‘’Poročanje o domnevnih neželenih učinkih’’.

Ime zdravila: Alecensa 150 mg trde kapsule. Kakovostna in količinska sestava: Ena trda kapsula vsebuje alektinibijev klorid, kolikor ga ustreza 150 mg alektiniba. Pomožni snovi z znanim učinkom: vsaka trda kapsula 
vsebuje 33,7 mg laktoze  in 6 mg natrija. Terapevtske indikacije: Zdravilo Alecensa je v monoterapiji indicirano za prvo linijo zdravljenja odraslih bolnikov z ALK-pozitivnim (ALK – anaplastična limfomska kinaza), napredovalim 
nedrobnoceličnim rakom pljuč. Zdravilo Alecensa je v monoterapiji indicirano za zdravljenje odraslih bolnikov z ALK-pozitivnim, napredovalim nedrobnoceličnim rakom pljuč, ki so se predhodno zdravili s krizotinibom. Odmerjanje in 
način uporabe: Za izbiro bolnikov, ki imajo ALK-pozitivnega nedrobnoceličnega raka pljuč, je treba opraviti validiran preizkus za ALK. Ali je bolnikov nedrobnocelični rak pljuč ALK-pozitiven, je treba ugotoviti pred začetkom zdravljenja 
z zdravilom Alecensa. Odmerjanje: Priporočeni odmerek zdravila Alecensa je 600 mg dvakrat na dan s hrano. Trajanje zdravljenja: Zdravljenje z zdravilom Alecensa je treba nadaljevati do napredovanja bolezni ali nesprejemljivih 
toksičnih učinkov. Prilagoditve odmerka: Obvladovanje neželenih učinkov lahko obsega zmanjšanje odmerka, začasno prekinitev uporabe ali ukinitev zdravljenja z zdravilom Alecensa. Odmerek zdravila Alecensa je treba zmanjševati 
v korakih po 150 mg dvakrat na dan, upoštevaje prenašanje. Zdravljenje z zdravilom Alecensa je treba ukiniti, če bolnik ne prenese odmerka 300 mg dvakrat na dan. Smernice za prilagoditev odmerka so opisane v povzetku glavnih 
značilnosti zdravila. Način uporabe: zdravilo Alecensa je namenjeno peroralni uporabi. Trde kapsule mora bolnik pogoltniti cele in jih ne sme odpirati ali raztapljati. Vzeti jih mora s hrano. Kontraindikacije: preobčutljivost za alektinib 
ali katero koli pomožno snov. Posebna opozorila in previdnostni ukrepi: Intersticijska bolezen pljuč (IBP)/pnevmonitis: Bolnike je treba kontrolirati glede pljučnih simptomov, ki kažejo na pnevmonitis. Bolnikom, pri katerih je 
diagnosticirana IBP/pnevmonitis, je treba zdravljenje z zdravilom Alecensa nemudoma prekiniti; če ni mogoče ugotoviti drugih možnih vzrokov za IBP/pnevmonitis, je treba zdravljenje ukiniti. Hepatotoksičnost: Delovanje jeter, vključno 
z ALT, AST in celokupnim bilirubinom, je treba kontrolirati izhodiščno in nato na 2 tedna prve 3 mesece zdravljenja. Kasneje je treba spremljanje izvajati periodično, ker se dogodki lahko pojavijo po več kot 3 mesecih; pri bolnikih, ki 
se jim pojavi zvišanje aminotransferaz in bilirubina, morajo biti kontrole pogostejše. Glede na izrazitost neželenega učinka je treba uporabo zdravila Alecensa začasno prekiniti in zdravilo znova uvesti v manjšem odmerku, ali pa ga je 
treba ukiniti. Huda mialgija in zvišanja kreatin-fosfokinaze (CPK): Bolnikom je treba naročiti, naj poročajo o vseh nepojasnjenih mišičnih bolečinah, občutljivosti ali šibkosti. Koncentracije CPK je treba določiti vsaka dva tedna v prvem 
mesecu zdravljenja, pri bolnikih, ki poročajo o simptomih, pa kot je klinično indicirano. Glede na izrazitost zvišanja CPK je treba uporabo zdravila Alecensa začasno prekiniti in zdravilo znova uvesti v manjšem odmerku. Bradikardija: 
Srčno frekvenco in krvni tlak je treba kontrolirati, kot je klinično indicirano. Če se bolniku pojavijo simptomatska bradikardija ali življenjsko ogrožujoči dogodki, je treba oceniti sočasna zdravila, za katera je znano, da povzročajo 
bradikardijo, in antihipertenzivna zdravila, odmerjanje zdravila Alecensa pa je treba prilagoditi. Fotosenzibilnost: Bolnikom je treba naročiti, naj se med jemanjem zdravila Alecensa in vsaj še 7 dni po koncu zdravljenja izogibajo 
dolgotrajnejšemu izpostavljanju soncu. Prav tako jim je treba naročiti, naj za preprečitev sončnih opeklin uporabljajo širokospektralno sredstvo za sončenje in mazilo za ustnice, ki ščitita pred ultravijoličnimi žarki A in B. Ženske v rodni 
dobi: zdravilo Alecensa lahko škoduje plodu, če je uporabljeno med nosečnostjo. Bolnice v rodni dobi morajo med zdravljenjem in še vsaj 3 mesece po zadnjem odmerku zdravila Alecensa uporabljati visoko učinkovito kontracepcijsko 
zaščito. Medsebojno delovanje z drugimi zdravili in druge oblike interakcij: Vplivi drugih zdravil na alektinib: Induktorji CYP3A4: Glede na učinke na skupno izpostavljenost alektinibu in M4 med sočasno uporabo zdravila 
Alecensa in induktorjev CYP3A odmerka ni treba prilagoditi. Priporočljivo je ustrezno spremljanje bolnikov, ki sočasno jemljejo močne induktorje CYP3A. Zaviralci CYP3A4: Glede na učinke na skupno izpostavljenost alektinibu in 
M4 med sočasno uporabo zdravila Alecensa in zaviralcev CYP3A odmerka ni treba prilagoditi. Priporočljivo je ustrezno spremljanje bolnikov, ki sočasno jemljejo močne zaviralce CYP3A. Zdravila, ki zvišujejo pH v želodcu: večkratni 
odmerki esomeprazola, zaviralca protonske črpalke, 40 mg enkrat na dan, niso imeli  klinično pomembnega vpliva na skupno izpostavljenost alektinibu in M4. Vpliv prenašalcev na odstranjevanje alektiniba: M4 je substrat P-gp. Ker 
alektinib zavira P-gp, ni pričakovati, da bi sočasna uporaba z zaviralci P-gp pomembno vplivala na izpostavljenost M4. Učinki alektiniba na druga zdravila: Substrati P-gp: Če zdravilo Alecensa uporabljamo sočasno s substrati P-gp, je 
priporočljiv ustrezen nadzor. Substrati BCRP: Če zdravilo Alecensa uporabljamo sočasno s substrati BCRP, je priporočljiv ustrezen nadzor. Substrati CYP: Alektinib in M4 in vitro kažeta šibko časovno odvisno zavrtje CYP3A4; alektinib 
je v kliničnih koncentracijah pokazal šibek indukcijski potencial na CYP3A4 in CYP2B6. Tveganja za indukcijo encimov CYP2B6 in drugih encimov, reguliranih s PXR, razen encima CYP3A4, ni mogoče povsem izključiti. Učinkovitost 
sočasno uporabljenih peroralnih kontraceptivov se lahko zmanjša. Neželeni učinki: Zelo pogosti: anemija, driska, bruhanje, zaprtost, navzea, zvišana AST, ALT in zvišan bilirubin, izpuščaj, mialgija, zvišana kreatin-fosfokinaza v krvi, 
edemi in povečanje telesne mase. Pogosti: disgevzija, motnje vida, bradikardija, stomatitis, zvišana alkalna fosfataza, fotosenzibilnost, akutna poškodba jeter in zvišan kreatinin v krvi. Poročanje o domnevnih neželenih učinkih: 
Poročanje o domnevnih neželenih učinkih zdravila po izdaji dovoljenja za promet je pomembno. Omogoča namreč stalno spremljanje razmerja med koristmi in tveganji zdravila. Od zdravstvenih delavcev se zahteva, da poročajo o 
katerem koli domnevnem neželenem učinku zdravila na: Javna agencija Republike Slovenije za zdravila in medicinske pripomočke, Sektor za farmakovigilanco, Nacionalni center za farmakovigilanco, Slovenčeva ulica 22, SI-1000 
Ljubljana, Tel: +386 (0)8 2000 500, Faks: +386 (0)8 2000 510, e-pošta: h-farmakovigilanca@jazmp.si, spletna stran: www.jazmp.si. Režim izdaje zdravila: Rp/Spec. Imetnik dovoljenja za promet: Roche Registration 
Limited, 6 Falcon Way, Shire Park, Welwyn Garden City, AL7 1TW, Velika Britanija. Verzija: 3.0/17. Informacija pripravljena: januar 2018. Samo za strokovno javnost. 



Skrajšan povzetek glavnih značilnosti zdravila 
▼  Za to zdravilo se izvaja dodatno spremljanje varnosti. Tako bodo hitreje na voljo nove informacije o njegovi varnosti. Zdravstvene delavce naprošamo, da poročajo o katerem koli domnevnem neželenem učinku zdravila. 
Cyramza 10 mg/ml koncentrat za raztopino za infundiranje 
En mililiter koncentrata za raztopino za infundiranje vsebuje 10 mg ramucirumaba. Ena 10-mililitrska viala vsebuje 100 mg ramucirumaba. Terapevtske indikacije Zdravilo Cyramza je v kombinaciji s paklitakselom indicirano 
za zdravljenje odraslih bolnikov z napredovalim rakom želodca ali adenokarcinomom gastro-ezofagealnega prehoda z napredovalo boleznijo po predhodni kemoterapiji, ki je vključevala platino in fl uoropirimidin. Monoterapija 
z zdravilom Cyramza je indicirana za zdravljenje odraslih bolnikov z napredovalim rakom želodca ali adenokarcinomom gastro-ezofagealnega prehoda z napredovalo boleznijo po predhodni kemoterapiji s platino ali fl uoropi-
rimidinom, za katere zdravljenje v kombinaciji s paklitakselom ni primerno. Zdravilo Cyramza je v kombinaciji s shemo FOLFIRI indicirano za zdravljenje odraslih bolnikov z metastatskim kolorektalnim rakom (mCRC), z napre-
dovanjem bolezni ob ali po predhodnem zdravljenju z bevacizumabom, oksaliplatinom in fl uoropirimidinom. Zdravilo Cyramza je v kombinaciji z docetakselom indicirano za zdravljenje odraslih bolnikov z lokalno napredovalim 
ali metastatskim nedrobnoceličnim pljučnim rakom, z napredovanjem bolezni po kemoterapiji na osnovi platine. Odmerjanje in način uporabe Zdravljenje z ramucirumabom morajo uvesti in nadzirati zdravniki z izkušnjami v 
onkologiji. Odmerjanje Rak želodca in adenokarcinom gastro-ezofagealnega prehoda Priporočeni odmerek ramucirumaba je 8 mg/kg 1. in 15. dan 28-dnevnega cikla, pred infuzijo paklitaksela. Priporočeni odmerek paklitaksela 
je 80 mg/m2 in se daje z intravenskim infundiranjem, ki traja približno 60 minut, 1., 8. in 15. dan 28-dnevnega cikla. Pred vsakim infundiranjem paklitaksela je treba pri bolnikih pregledati celotno krvno sliko in izvide kemičnih 
preiskav krvi, da se oceni delovanje jeter. Priporočeni odmerek ramucirumaba kot monoterapije je 8 mg/kg vsaka 2 tedna. Kolorektalni rak Priporočeni odmerek ramucirumaba je 8 mg/kg vsaka 2 tedna, dan z intravensko infuzijo 
pred dajanjem sheme FOLFIRI. Pred kemoterapijo je treba bolnikom odvzeti kri za popolno krvno sliko. Nedrobnocelični pljučni rak (NSCLC) Priporočeni odmerek ramucirumaba je 10 mg/kg na 1. dan 21-dnevnega cikla, pred 
infuzijo docetaksela. Priporočeni odmerek docetaksela je 75 mg/m2, dan z intravensko infuzijo v približno 60 minutah na 1. dan 21-dnevnega cikla. Premedikacija Pred infundiranjem ramucirumaba je priporočljiva premedikacija 
z antagonistom histaminskih receptorjev H1. Način uporabe Po redčenju se zdravilo Cyramza daje kot intravenska infuzija v približno 60 minutah. Zdravila ne dajajte v obliki intravenskega bolusa ali hitre intravenske injekcije. Da 
boste dosegli zahtevano trajanje infundiranja približno 60 minut, največja hitrost infundiranja ne sme preseči 25 mg/minuto, saj morate sicer podaljšati trajanje infundiranja. Bolnika je med infundiranjem treba spremljati glede 
znakov reakcij, povezanih z infuzijo, zagotoviti pa je treba tudi razpoložljivost ustrezne opreme za oživljanje. Kontraindikacije Pri bolnikih z NSCLC je ramucirumab kontraindiciran, kjer gre za kavitacijo tumorja ali prepletenost 
tumorja z glavnimi žilami. Posebna opozorila in previdnostni ukrepi Trajno prekinite zdravljenje z ramucirumabom pri bolnikih, pri katerih se pojavijo resni arterijski trombembolični dogodki, gastrointestinalne perforacije, 
krvavitev stopnje 3 ali 4, če zdravstveno pomembne hipertenzije ni mogoče nadzirati z antihipertenzivnim zdravljenjem ali če se pojavi fi stula, raven beljakovin v urinu > 3 g/24 ur ali v primeru nefrotskega sindroma. Pri bolnikih 
z neuravnano hipertenzijo zdravljenja z ramucirumabom ne smete uvesti, dokler oziroma v kolikor obstoječa hipertenzija ni uravnana.  Pri bolnikih s ploščatocelično histologijo obstaja večje tveganje za razvoj resnih pljučnih 
krvavitev. Če se pri bolniku med zdravljenjem razvijejo zapleti v zvezi s celjenjem rane, prekinite zdravljenje z ramucirumabom, dokler rana ni povsem zaceljena. V primeru pojava stomatitisa je treba takoj uvesti simptomatsko 
zdravljenje. Pri bolnikih, ki so prejemali ramucirumab in docetaksel za zdravljenje napredovalega NSCLC z napredovanjem bolezni po kemoterapiji na osnovi platine, so opazili trend manjše učinkovitosti z naraščajočo starostjo. 
Medsebojno delovanje z drugimi zdravili in druge oblike interakcij Med ramucirumabom in parlitakselom niso opazili medsebojnega delovanja. Plodnost, nosečnost in dojenje Ženskam v rodni dobi je treba svetovati, 
naj se izognejo zanositvi med zdravljenjem z zdravilom Cyramza in jih je treba seznaniti z možnim tveganjem za nosečnost in plod. Ni znano, ali se ramucirumab izloča v materino mleko. Neželeni učinki Zelo pogosti (≥ 1/10) 
nevtropenija, levkopenija, trombocitopenija, hipoalbuminemija, hipertenzija, epistaksa, gastrointestinalne krvavitve, stomatitis, driska, proteinurija, utrujenost/astenija, periferni edem, bolečina v trebuhu. Pogosti (≥ 1/100 do 
< 1/10) hipokaliemija, hiponatriemija, glavobol. Rok uporabnosti 3 leta Posebna navodila za shranjevanje Shranjujte v hladilniku (2 ºC–8 ºC). Ne zamrzujte. Vialo shranjujte v zunanji ovojnini, da zagotovite zaščito pred 
svetlobo. Pakiranje 2 viali z 10 ml  IMETNIK DOVOLJENJA ZA PROMET Z ZDRAVILOM Eli Lilly Nederland B.V., Papendorpseweg 83, 3528 BJ Utrecht, Nizozemska DATUM ZADNJE REVIZIJE BESEDILA 25.01.2016 
Režim izdaje: Predpisovanje in izdaja zdravila je le na recept, zdravilo pa se uporablja samo v bolnišnicah.

Referenca: 1. https://pharmaphorum.com/news/lilly-s-cyramza-approved-in-eu-for-stomach-cancer/?epoch=1505121044344

PP-RB-SI-0002, 17.11.2017.

Pomembno obvestilo:
Pričujoče gradivo je namenjeno samo za strokovno javnost. Zdravilo Cyramza se izdaja le na recept, zdravilo pa se uporablja samo v bolnišnicah.  Pred predpisovanjem zdravila Cyramza vas vljudno prosimo, da preberete 
celotni Povzetek glavnih značilnosti zdravila Cyramza. Podrobnejše informacije o zdravilu Cyramza in o zadnji reviziji besedila Povzetka glavnih značilnosti zdravila so na voljo na sedežu podjetja Eli Lilly (naslov podjetja in 
kontaktni podatki spodaj) in na spletni strani European Medicines Agency (EMA): www.ema.europa.eu. in na spletni strani European Commission http://ec.europa.eu/health/documents/community-register/html/alfregister.htm.
Eli Lilly farmacevtska družba, d.o.o., Dunajska cesta 167, 1000 Ljubljana, telefon: (01) 5800 010, faks: (01) 5691 705

PRVA REGISTRIRANA TERAPIJA 
V 2. LINIJI ZA ZDRAVLJENJE 
ADENOKARCINOMA ŽELODCA ALI 
GASTRO-EZOFAGEALNEGA PREHODA1



SKRAJŠAN POVZETEK GLAVNIH ZNAČILNOSTI ZDRAVILA
▼Za to zdravilo se izvaja dodatno spremljanje varnosti. Tako bodo hitreje na voljo nove informacije o njegovi varnosti. Zdravstvene delavce naprošamo, da poročajo o katerem koli domnevnem neželenem učinku zdravila. 
Iclusig 15 mg filmsko obložene tablete
Iclusig 45 mg filmsko obložene tablete
Sestava: Ena filmsko obložena tableta vsebuje 15 mg ali 45 mg ponatiniba (v obliki ponatinibijevega klorida). Terapevtske indikacije: Zdravilo Iclusig je indicirano pri odraslih bolnikih s kronično mieloidno levkemijo (KML) v kronični fazi, pospešeni fazi ali 
blastni fazi, ki so odporni na dasatinib ali nilotinib; ki ne prenašajo dasatiniba ali nilotiniba in pri katerih nadaljnje zdravljenje z imatinibom ni klinično ustrezno; ali ki imajo mutacijo T315I, ter pri odraslih bolnikih z akutno limfoblastno levkemijo s prisotnim 
kromosomom Philadelphia (Ph+ ALL), ki so odporni na dasatinib; ki ne prenašajo dasatiniba in pri katerih nadaljnje zdravljenje z imatinibom ni klinično ustrezno; ali ki imajo mutacijo T315I. Odmerjanje in način uporabe: Terapijo mora uvesti zdravnik z 
izkušnjami v diagnosticiranju in zdravljenju bolnikov z levkemijo. Med zdravljenjem se lahko bolniku nudi hematološka podpora v obliki transfuzije trombocitov in hematopoetskega rastnega faktorja, če je to klinično indicirano. Pred začetkom zdravljenja s 
ponatinibom je treba oceniti kardiovaskularni status bolnika, vključno z anamnezo in telesnim pregledom, in aktivno obravnavati kardiovaskularne dejavnike tveganja. Kardiovaskularni status je treba še naprej spremljati in med zdravljenjem s ponatinibom 
optimizirati zdravljenje z zdravili in podporno zdravljenje stanj, ki prispevajo h kardiovaskularnim tveganjem. Odmerjanje: Priporočeni začetni odmerek ponatiniba je 45 mg enkrat na dan. Zdravljenje je treba nadaljevati, dokler se pri bolniku ne pokažejo 
znaki napredovanja bolezni ali nesprejemljive toksičnosti. Pri bolnikih je treba spremljati njihov odgovor v skladu s standardnimi kliničnimi smernicami. Če v 3 mesecih (90 dneh) ni celovitega hematološkega odgovora, je treba razmisliti o ukinitvi ponatiniba. 
Tveganje arterijskih okluzivnih dogodkov je verjetno povezano z odmerkom. Treba je razmisliti o zmanjšanju odmerka zdravila Iclusig na 15 mg pri bolnikih s KML v kronični fazi, ki so dosegli bistven citogenetski odgovor. Pri teh bolnikih je treba pri oceni 
koristi in tveganj za posameznika upoštevati naslednje dejavnike: kardiovaskularno tveganje, neželene učinke zdravljenja s ponatinibom, čas do citogenetskega odgovora in ravni transkriptov BCR-ABL. Če se odmerek zmanjša, se priporoča skrbno spremljanje 
odgovora. Obravnava toksičnosti: Pri obravnavi hematoloških in nehematoloških toksičnosti je treba razmisliti o prilagoditvi ali prekinitvi odmerjanja. V primeru hudih neželenih učinkov je treba z zdravljenjem začasno prenehati. Pri bolnikih, pri katerih 
neželeni učinki izzvenijo ali se njihova resnost zmanjša, se lahko zdravljenje nadaljuje, in če je klinično ustrezno, se lahko odmerek stopnjuje nazaj do dnevnega odmerka, doseženega pred neželenim učinkom. Mielosupresija: Za prilagajanje odmerka v 
primeru nevtropenije (ANC < 1,0 x 109/l) ali trombocitopenije (trombociti < 50 x 109/l), ki nista povezani z levkemijo, glejte celoten Povzetek glavnih značilnosti zdravila. Arterijska okluzija in venska trombembolija: Zdravljenje z zdravilom Iclusig je treba pri 
sumu, da se je pri bolniku razvil arterijski okluzivni dogodek ali venska trombembolija, takoj prekiniti. Pankreatitis in hepatotoksičnost: Za prilagajanje odmerka pri neželenih reakcijah, povezanih s trebušno slinavko in hepatotoksičnostjo glejte celoten 
Povzetek glavnih značilnosti zdravila. Starejši bolniki: Verjetnost neželenih učinkov pri starejših bolnikih večja. Okvara jeter: Bolniki z okvarjenim delovanjem jeter lahko prejemajo priporočeni začetni odmerek, vendar se priporoča previdnost. Okvara ledvic: 
Pri dajanju zdravila Iclusig bolnikom z ocenjenim očistkom kreatinina < 50 ml/min ali ledvično boleznijo v zadnjem stadiju se priporoča previdnost. Pediatrična populacija: Varnost in učinkovitost zdravila Iclusig pri bolnikih, starih do 18 let, še nista bili 
dokazani. Način uporabe: Peroralna uporaba. Tablete je treba pogoltniti cele. Bolniki tablet ne smejo drobiti ali raztapljati. Zdravilo Iclusig se lahko jemlje s hrano ali brez nje. Kontraindikacije: Preobčutljivost na učinkovino ali katero koli pomožno snov. 
Posebna opozorila in previdnostni ukrepi: Pomembne neželene reakcije: Mielosupresija: Zdravilo Iclusig je povezano s hudo (3. ali 4. stopnje po Poenotenih kriterijih za neželene učinke Nacionalnega inštituta za rak) trombocitopenijo, nevtropenijo in 
anemijo. Prve 3 mesece je treba vsaka 2 tedna opraviti pregled celotne krvne slike, nato pa mesečno ali kot je klinično indicirano. Arterijska okluzija: Neželeni učinki arterijske okluzije so bili pogostejši pri starejših bolnikih in pri bolnikih z ishemijo, 
hipertenzijo, sladkorno boleznijo ali hiperlipidemijo v anamnezi. Zdravila Iclusig se ne sme uporabljati pri bolnikih z miokardnim infarktom, predhodno revaskularizacijo ali možgansko kapjo v anamnezi, razen če so možne koristi zdravljenja večje od možnih 
tveganj. Pri teh bolnikih je treba pred začetkom zdravljenja s ponatinibom razmisliti tudi o alternativnih možnostih zdravljenja. Venska trombembolija: Spremljati je treba znake trombembolije in zdravljenje z zdravilom Iclusig takoj prekiniti v primeru 
trombembolije. Pri odločitvi o ponovni uvedbi zdravljenja z zdravilom Iclusig je treba upoštevati oceno koristi in tveganj. Hipertenzija: Med zdravljenjem z zdravilom Iclusig je treba ob vsakem obisku zdravnika spremljati krvni tlak in zdraviti hipertenzijo, da 
se vrne na normalno raven. Zdravljenje z zdravilom Iclusig je treba začasno prekiniti, če hipertenzija ni pod zdravniškim nadzorom. Za hipertenzijo, povezano z zmedenostjo, glavobolom, bolečinami v prsih ali zasoplostjo, bo morda potrebna nujna klinična 
intervencija. Kongestivno srčno popuščanje: Bolnike je treba spremljati glede znakov ali simptomov, ki kažejo na srčno popuščanje, in jih zdraviti, kot je klinično ustrezno, vključno s prekinitvijo zdravljenja z zdravilom Iclusig. Pankreatitis in serumska lipaza: 
Pogostnost pankreatitisa je večja prva 2 meseca uporabe. Prva 2 meseca vsaka 2 tedna preverjajte serumsko lipazo, nato pa periodično. Morda bo treba odmerek prekiniti ali zmanjšati. Pri bolnikih s pankreatitisom ali alkoholizmom v anamnezi se priporoča 
previdnost. Hepatotoksičnost: Pri večini bolnikov, pri katerih se je pojavila hepatotoksičnost, se je stanje prvič pojavilo v prvem letu zdravljenja. Teste delovanja jeter je treba opraviti pred uvedbo zdravljenja in nato periodično, kot je klinično indicirano. 
Krvavitev: Incidenca težkih krvavitev je bila večja pri bolnikih z AP-KML, BP-KML in Ph+ ALL. Največ krvavitev, vendar ne vse, se je pojavilo pri bolnikih s trombocitopenijo 3./4. stopnje. Zdravljenje z zdravilom Iclusig je treba prekiniti in bolnika oceniti glede 
pojava resne ali hude krvavitve. Reaktivacija hepatitisa B: Bolnike je treba pred začetkom zdravljenja z zdravilom Iclusig testirati glede okužbe z virusom hepatitisa B. Pri bolnikih s pozitivno serologijo na hepatitis B (vključno z bolniki z aktivno boleznijo) in 
bolnikih, pri katerih se med zdravljenjem test glede okužbe z virusom hepatitisa B izkaže za pozitivnega, se je treba pred začetkom zdravljenja posvetovati s strokovnjaki za obolenja jeter in zdravljenje hepatitisa B. Pri prenašalcih virusa hepatitisa B, pri 
katerih je potrebno zdravljenje z zdravilom Iclusig, je treba med zdravljenjem in nekaj mesecev po njegovem zaključku skrbno spremljati pojav znakov in simptomov aktivne okužbe z virusom hepatitisa B. Podaljšanje intervala QT: Celovitih študij v zvezi z 
intervalom QT niso izvajali, zato klinično pomembnih učinkov na interval QT ni mogoče izključiti. Laktoza: To zdravilo vsebuje laktozo monohidrat. Bolniki z redko dedno intoleranco za galaktozo, laponsko obliko zmanjšane aktivnosti laktaze ali malabsorpcijo 
glukoze/galaktoze ne smejo jemati tega zdravila. Medsebojno delovanje z drugimi zdravili in druge oblike interakcij: Snovi, ki lahko povečajo koncentracijo ponatiniba v serumu: Zaviralci CYP3A: Pri sočasni uporabi močnih zaviralcev CYP3A, kot so 
klaritromicin, indinavir, itrakonazol, ketokonazol, nefazodon, nelfinavir, ritonavir, sakvinavir, telitromicin, troleandomicin, vorikonazol in sok grenivke, je potrebna previdnost, razmisliti pa je treba tudi o zmanjšanju začetnega odmerka zdravila Iclusig na 
30 mg. Snovi, ki lahko zmanjšajo koncentracijo ponatiniba v serumu: Induktorji CYP3A: Sočasni uporabi močnih induktorjev CYP3A4, kot so karbamazepin, fenobarbital, fenitoin, rifabutin, rifampicin in šentjanževka s ponatinibom, se je treba izogniti in 
poiskati alternative induktorju CYP3A4, razen če so koristi večje od možnega tveganja za premajhno izpostavljenost ponatinibu. Snovi, ki jim lahko ponatinib spremeni koncentracije v serumu: Substrati prenašalcev: Ponatinib lahko zviša koncentracije 
sočasno uporabljenih substratov P-gp (npr. digoksin, dabigatran, kolhicin, pravastatin) ali BCRP (npr. metotreksat, rosuvastatin, sulfasalazin) v plazmi in poveča njihov terapevtski učinek in neželene učinke. Pri dajanju ponatiniba s temi zdravili se priporoča 
skrbno klinično spremljanje. Plodnost, nosečnost in dojenje: Ženske v rodni dobi/kontracepcija pri moških in ženskah: Ženskam v rodni dobi, ki se zdravijo z zdravilom Iclusig, je treba svetovati, da naj v času zdravljenja z zdravilom Iclusig ne zanosijo, moškim 
pa, da naj ne zaplodijo otroka. Med zdravljenjem je treba uporabljati učinkovito metodo kontracepcije. Ni znano, ali ponatinib vpliva na učinkovitost sistemskih hormonskih kontraceptivov. Uporabljati je treba alternativno ali dodatno metodo kontracepcije. 
Nosečnost: Zdravilo Iclusig je dovoljeno med nosečnostjo uporabljati le, če je to nujno potrebno. Dojenje: Z dojenjem je treba med zdravljenjem z zdravilom Iclusig prenehati. Plodnost: Pri ljudeh ni podatkov o vplivu ponatiniba na plodnost. Vpliv na 
sposobnost vožnje in upravljanja strojev: Zdravilo Iclusig ima blag vpliv na sposobnost vožnje in upravljanja strojev, zato je pri vožnji ali upravljanju strojev potrebna previdnost. Neželeni učinki: Zelo pogosti: okužbe zgornjih dihal, anemija, zmanjšanje 
števila trombocitov, zmanjšanje števila nevtrofilcev, zmanjšan apetit, nespečnost, glavobol, omotica, hipertenzija, dispneja, kašelj, bolečine v trebuhu, driska, bruhanje, zaprtje, navzea, zvišanje ravni lipaz, zvišanje ravni alanin-aminotransferaze, zvišanje 
ravni aspartat-aminotransferaze, izpuščaj, suha koža, bolečine v kosteh, artralgija, mialgija, bolečine v okončinah, bolečine v hrbtu, mišični krči, utrujenost, astenija, periferni edem, pireksija, bolečine. Pogosti: pljučnica, sepsa, folikulitis, celulitis, 
pancitopenija, febrilna nevtropenija, zmanjšanje števila levkocitov, zmanjšano število limfocitov, hipotiroza, dehidracija, zastajanje tekočine, hipokalciemija, hiperglikemija, hiperurikemija, hipofosfatemija, hipertrigliceridemija, hipokaliemija, zmanjšanje 
telesne mase, hiponatriemija, cerebrovaskularni dogodek, cerebralni infarkt, periferna nevropatija, letargija, migrena, hiperestezija, hipoestezija, parestezija, prehodni ishemični napad, zamegljen vid, suhe oči, periorbitalni edem, edem veke, konjunktivitis, 
srčno popuščanje, miokardni infarkt, kongestivno srčno popuščanje, bolezen koronarnih arterij, angina pektoris, perikardni izliv, atrijska fibrilacija, zmanjšanje iztisnega deleža, akutni koronarni sindrom, atrijska undulacija, periferna arterijska okluzivna 
bolezen, periferna ishemija, stenoza periferne arterije, intermitentna klavdikacija, globoka venska tromboza, vročinski oblivi, zariplost, pljučna embolija, plevralni izliv, epistaksa, disfonija, pljučna hipertenzija, pankreatitis, zvišanje amilaz v krvi, 
gastroezofagealna refluksna bolezen, stomatitis, dispepsija, trebušna distenzija, nelagodje v trebuhu, suha usta, krvavitev v želodcu, zvišanje ravni bilirubina v krvi, zvišanje ravni alkalne fosfataze v krvi, zvišanje ravni gama-glutamiltransferaze, pruritični 
izpuščaj, eksfoliativni izpuščaj, eritem, alopecija, pruritis, eksfoliacija kože, nočno potenje, hiperhidroza, petehija, ekhimoza, boleča koža, eksfoliativni dermatitis, hiperkeratoza, hiperpigmentacija kože, mišično-skeletne bolečine, bolečine v vratu, 
mišično-skeletne bolečine v prsnem košu, erektilna disfunkcija, mrzlica, gripi podobna bolezen, nekardiogena bolečina v prsnem košu, tipljiv vozlič, obrazni edem. Občasni: sindrom tumorske lize, cerebralna arterijska stenoza, možganska krvavitev, 
intrakranialna krvavitev, tromboza mrežnične vene, okluzija mrežnične vene, okluzija mrežnične arterije, okvara vida, miokardna ishemija, kardialno nelagodje, ishemična kardiomiopatija, spazem koronarnih arterij, disfunkcija levega prekata, slaba periferna 
cirkulacija, vranični infarkt, venska embolija, venska tromboza, hipertenzivna kriza, stenoza ledvične arterije, hepatotoksičnost, odpoved jeter, zlatenica. Način in režim predpisovanja in izdaje: Rp/Spec – Zdravilo se izdaja le na recept, uporablja pa se po 
navodilu in pod posebnim nadzorom zdravnika specialista ali od njega pooblaščenega zdravnika. Imetnik dovoljenja za promet: Incyte Biosciences UK Ltd., Riverbridge House, Guildford Road, Leatherhead , Surrey KT22 9AD, Velika Britanija Datum zadnje 
revizije besedila: 12/2017. Lokalni predstavnik: Angelini Pharma d.o.o., Koprska ulica 108 A.
Pred predpisovanjem se seznanite s celotnim Povzetkom glavnih značilnosti zdravila.

Samo za strokovno javnost.
Datum priprave informacije: februar 2018

ICLUSIG®je zaviralec 
tirozin-kinaze 3. generacije, 
ki zagotavlja HITER, 
GLOBOK in TRAJEN odgovor.1-3
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Zdravilo Iclusig je na tržišču v dveh jakostih
• 15 mg - na voljo v vsebnikih s 60 filmsko obloženimi tabletami
• 45 mg - na voljo v vsebnikih s 30 filmsko obloženimi tabletami

Lokalni predstavnik:
Angelini Pharma d.o.o, Koprska ulica 108A, 1000 Ljubljana
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Datum priprave informacije: februar 2018. 
LNF17/18C2AD2    Samo za strokovno javnost. 

Skrajšan povzetek glavnih znaËilnosti zdravila: Lonsurf 15 mg/6,14 mg filmsko obložene tablete in Lonsurf 20 mg/8,19 mg filmsko obložene tablete
 Za to zdravilo se izvaja dodatno spremljanje varnosti. SESTAVA*: Lonsurf 15 mg/6,14 mg: Ena filmsko obložena tableta vsebuje 15 mg trifluridina in 6,14 mg tipiracila (v obliki klorida). Lonsurf 20 mg/8,19 mg: Ena filmsko obložena tableta vsebuje 

20 mg trifluridina in 8,19 mg tipiracila (v obliki klorida). TERAPEVTSKE INDIKACIJE*: Zdravilo Lonsurf je indicirano za zdravljenje odraslih bolnikov z metastatskim kolorektalnim rakom, ki so bili predhodno že zdravljeni ali niso primerni za zdravljenja, ki 
so na voljo. Ta vkljuËujejo kemoterapijo na osnovi fluoropirimidina, oksaliplatina in irinotekana, zdravljenje z zaviralci žilnega endotelijskega rastnega dejavnika (VEGF - Vascular Endothelial Growth Factor) in zaviralci receptorjev za epidermalni rastni 
dejavnik (EGFR - Epidermal Growth Factor Receptor). ODMERJANJE IN NAČIN UPORABE*: PriporoËeni zaËetni odmerek zdravila Lonsurf pri odraslih je 35 mg/m2/odmerek peroralno dvakrat dnevno na 1. do 5. dan in 8. do 12. dan vsakega 28-dnevnega 
cikla zdravljenja, najpozneje 1 uro po zakljuËku jutranjega in veËernega obroka. Odmerjanje, izraËunano glede na telesno površino, ne sme preseËi 80 mg/odmerek. Možne prilagoditve odmerka glede na varnost in prenašanje zdravila: dovoljena so najveË 
3 zmanjšanja odmerka na najmanjši odmerek 20 mg/m2 dvakrat dnevno. Potem ko je bil odmerek zmanjšan, poveËanje ni dovoljeno. KONTRAINDIKACIJE*: PreobËutljivost na zdravilni uËinkovini ali katero koli pomožno snov. OPOZORILA IN PREVIDNOSTNI 
UKREPI*: Supresija kostnega mozga: Pred uvedbo zdravljenja, pred vsakim ciklom zdravljenja in po potrebi je treba pregledati celotno krvno sliko. Zdravljenja ne smete zaËeti, Ëe je absolutno število nevtrofilcev < 1,5 x 109/l, Ëe je število trombocitov < 
75 x 109/l ali Ëe se je pri bolniku zaradi predhodnih zdravljenj pojavila kliniËno pomembna nehematološka toksiËnost 3. ali 4. stopnje, ki še traja. Bolnike je treba skrbno spremljati zaradi morebitnih okužb, uvesti je treba ustrezne ukrepe, kot je kliniËno 
indicirano. ToksiËnost za prebavila: Potrebna je uporaba antiemetikov, antidiaroikov ter drugih ukrepov, kot je kliniËno indicirano. »e je potrebno, prilagodite odmerke. LedviËna okvara: Zdravilo Lonsurf ni primerno za uporabo pri bolnikih s hudo ledviËno 
okvaro ali konËno stopnjo ledviËne okvare. Bolnike z zmerno ledviËno okvaro je treba zaradi hematološke toksiËnosti bolj pogosto spremljati. Jetrna okvara: Uporaba zdravila Lonsurf pri bolnikih z obstojeËo zmerno ali hudo jetrno okvaro ni priporoËljiva. 
Proteinurija: Pred zaËetkom zdravljenja in med njim je priporoËljivo spremljanje proteinurije z urinskimi testnimi listiËi. Pomožne snovi: Zdravilo vsebuje laktozo. INTERAKCIJE*: Zdravila, ki medsebojno delujejo z nukleozidnimi prenašalci CNT1, ENT1 in ENT2, 
zaviralci OCT2 ali MATE1, substrati humane timidin-kinaze (npr. zidovudinom), hormonskimi kontraceptivi. PLODNOST*, NOSEČNOST IN DOJENJE*: Ni priporoËljivo. KONTRACEPCIJA*: Ženske in moški morajo uporabljati uËinkovito metodo kontracepcije med 
zdravljenjem in do 6 mesecev po zakljuËku zdravljenja. VPLIV NA SPOSOBNOST VOŽNJE IN UPRAVLJANJA S STROJI*: Med zdravljenjem se lahko pojavijo utrujenost, omotica ali splošno slabo poËutje. NEŽELENI UČINKI*: Zelo pogosti: nevtropenija, levkopenija, 
anemija, trombocitopenija, zmanjšan apetit, diareja, navzea, bruhanje, utrujenost. Pogosti: okužba spodnjih dihal, okužba zgornjih dihal, febrilna nevtropenija, limfopenija, monocitoza, hipoalbuminemija, nespeËnost, disgevzija, periferna nevropatija, omotica, 
glavobol, vroËinski oblivi, dispneja, kašelj, boleËina v trebuhu, zaprtje, stomatitis, bolezni ustne votline, hiperbilirubinemija, sindrom palmarne plantarne eritrodisestezije, izpušËaj, alopecija, pruritus, suha koža, proteinurija, pireksija, edem, vnetje sluznice, 
splošno slabo poËutje, zvišanje jetrnih encimov, zvišanje alkalne fosfataze v krvi, zmanjšanje telesne mase. ObËasni: septiËni šok, infekcijski enteritis, pljuËnica, okužba žolËevoda, gripa, okužba seËil, vnetje dlesni, herpes zoster, tinea pedis, kandidiaza, 
bakterijska okužba, okužba, boleËina zaradi raka, pancitopenija, granulocitopenija, monocitopenija, eritropenija, levkocitoza, dehidracija, hiperglikemija, hiperkaliemija, hipokaliemija, hipofosfatemija, hipernatriemija, hiponatriemija, hipokalciemija, protin, 
anksioznost, nevrotoksiËnost, disestezija, hiperestezija, hipoestezija, sinkopa, parestezija, pekoË obËutek, letargija, zmanjšana ostrina vida, zamegljen vid, diplopija, katarakta, konjunktivitis, suho oko, vrtoglavica, neugodje v ušesu, angina pektoris, aritmija, 
palpitacije, embolija, hipertenzija, hipotenzija, pljuËna embolija, plevralni izliv, izcedek iz nosu, disfonija, orofaringealna boleËina, epistaksa, hemoragiËni enterokolitis, krvavitev v prebavilih, akutni pankreatitis, ascites, ileus, subileus, kolitis, gastritis, 
refluksni gastritis, ezofagitis, moteno praznjenje želodca, abdominalna distenzija, analno vnetje, razjede v ustih, dispepsija, gastroezofagealna refluksna bolezen, proktalgija, bukalni polip, krvavitev dlesni, glositis, parodontalna bolezen, bolezen zob, siljenje 
na bruhanje, flatulenca, slab zadah, hepatotoksiËnost, razširitev žolËnih vodov, lušËenje kože, urtikarija, preobËutljivostne reakcije na svetlobo, eritem, akne, hiperhidroza, žulj, bolezni nohtov, otekanje sklepov, artralgija, boleËina v kosteh, mialgija, mišiËno-
skeletna boleËina, mišiËna oslabelost, mišiËni krËi, boleËina v okonËinah, obËutek teže, ledviËna odpoved, neinfektivni cistitis, motnje mikcije, hematurija, levkociturija, motnje menstruacije, poslabšanje splošnega zdravstvenega stanja, boleËina, obËutek 
spremembe telesne temperature, kseroza, zvišanje kreatinina v krvi, podaljšanje intervala QT na elektrokardiogramu, poveËanje mednarodnega umerjenega razmerja (INR), podaljšanje aktiviranega parcialnega tromboplastinskega Ëasa (aPT»), zvišanje seËnine 
v krvi, zvišanje laktatne dehidrogenaze v krvi, znižanje celokupnih proteinov, zvišanje C-reaktivnega proteina, zmanjšan hematokrit. Post-marketinške izkušnje: pri bolnikih, zdravljenih z zdravilom Lonsurf na Japonskem, so poroËali o primerih intersticijske 
bolezni pljuË. PREVELIKO ODMERJANJE*: Neželeni uËinki, o katerih so poroËali v povezavi s prevelikim odmerjanjem, so bili v skladu z uveljavljenim varnostnim profilom. Glavni priËakovani zaplet prevelikega odmerjanja je supresija kostnega mozga. 
FARMAKODINAMIČNE LASTNOSTI*: Farmakoterapevtska skupina: zdravila z delovanjem na novotvorbe, antimetaboliti, oznaka ATC: L01BC59. Zdravilo Lonsurf sestavljata antineoplastiËni timidinski nukleozidni analog, trifluridin, in zaviralec timidin-fosforilaze 
(TPaze), tipiracilijev klorid. Po privzemu v rakave celice timidin-kinaza fosforilira trifluridin. Ta se v celicah nato presnovi v substrat deoksiribonukleinske kisline (DNA), ki se vgradi neposredno v DNA ter tako prepreËuje celiËno proliferacijo. TPaza hitro 
razgradi trifluridin in njegova presnova po peroralni uporabi je hitra zaradi uËinka prvega prehoda, zato je v zdravilo vkljuËen zaviralec TPaze, tipiracilijev klorid. PAKIRANJE*: 20 filmsko obloženih tablet. NAČIN PREDPISOVANJA IN IZDAJE ZDRAVILA: Rp/
Spec. Imetnik dovoljenja za promet: Les Laboratoires Servier, 50, rue Carnot, 92284 Suresnes cedex, Francija. Številka 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: avgust 2017. * Pred predpisovanjem preberite celoten povzetek glavnih znaËilnosti zdravila. Celoten povzetek glavnih znaËilnosti zdravila in podrobnejše informacije so na voljo pri: Servier Pharma 
d.o.o., PodmilšËakova ulica 24, 1000 Ljubljana, tel: 01 563 48 11, www.servier.si.

Družba Servier ima licenco družbe Taiho za zdravilo Lonsurf®. 
Pri globalnem razvoju zdravila sodelujeta obe družbi in ga tržita 

na svojih doloËenih podroËjih.

Spremeni zgodbo predhodno 
že zdravljenih bolnikov z mKRR

LONSURF® (trifluridin/tipiracil) je indiciran za 
zdravljenje odraslih bolnikov z metastatskim 
kolorektalnim rakom (mKRR), ki so bili 
predhodno že zdravljeni ali niso primerni 
za zdravljenja, ki so na voljo. Ta vkljuËujejo 
kemoterapijo na osnovi fluoropirimidina, 
oksaliplatina in irinotekana, zdravljenje z 
zaviralci žilnega endotelijskega rastnega 
dejavnika (VEGF) in zaviralci receptorjev za 
epidermalni rastni dejavnik (EGFR).

mKRR = metastatski kolorektalni rak

VeË Ëasa za trenutke, ki štejejo
Zdravilo za predhodno že zdravljene bolnike z mKRR

Spremeni zgodbo predhodno že 
zdravljenih bolnikov z mKRR

trifluridin ⁄ tipiracil

VeË Ëasa za trenutke, ki štejejoVeË Ëasa za trenutke, ki štejejo
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IBRANCE + zaviralec aromataze in IBRANCE + fulvestrant1

Z ZDRUŽENIMI MOČMI, 
VEČ KOT 2-LETNO mPFS

S kombinacijo zdravila IBRANCE in letrozola, prelomnim 
zdravljenjem 1. linije za metastatskega raka dojke, je 
ugotovljeno več kot 2-letno mPFS.*†2 In v kombinaciji s 
fulvestrantom prinaša večjo učinkovitost za širok krog 
bolnikov.*3

Zdravilo IBRANCE je indicirano za zdravljenje lokalno napredovalega ali 
metastatskega na hormonske receptorje pozitivnega (HR+) in na receptorje 
humanega epidermalnega rastnega faktorja 2 negativnega (HER2-) raka dojk:

- v kombinaciji z zaviralcem aromataze, 

- v kombinaciji s fulvestrantom pri ženskah, ki so prejele predhodno 
   endokrino zdravljenje .

 Pfi zer Luxembourg SARL, GRAND DUCHY OF LUXEMBOURG, 
51, Avenue J. F. Kennedy, L-1855
Pfi zer, podružnica Ljubljana, Letališka cesta 3c, Ljubljana

BISTVENI PODATKI IZ POVZETKA GLAVNIH ZNAČILNOSTI ZDRAVILA

IBRANCE 75 mg, 100 mg, 125 mg trde kapsule

Za to zdravilo se izvaja dodatno spremljanje varnosti. Tako bodo hitreje na voljo nove informacije o njegovi varnosti. Zdravstvene delavce naprošamo, da poročajo o kateremkoli domnevnem neželenem 
učinku zdravila. Glejte poglavje 4.8 povzetka glavnih značilnosti zdravila, kako poročati o neželenih učinkih.

Sestava in oblika zdravila: Ena trda kapsula vsebuje 75 mg, 100 mg ali 125 mg palbocikliba in 56 mg, 74 mg ali 93 mg laktoze (v obliki monohidrata). Indikacije: Zdravljenje lokalno napredovalega ali 
metastatskega na hormonske receptorje (HR – Hormone Receptors) pozitivnega in na receptorje humanega epidermalnega rastnega faktorja 2 (HER2 – Human Epidermal growth factor Receptor 2) negativnega 
raka dojk: v kombinaciji z zaviralcem aromataze ali v kombinaciji s fulvestrantom pri ženskah, ki so prejele predhodno endokrino zdravljenje. Pri ženskah v pred- in perimenopavzi je treba endokrino zdravljenje 
kombinirati z agonistom gonadoliberina.  Odmerjanje in način uporabe: Zdravljenje mora uvesti in nadzorovati zdravnik, ki ima izkušnje z uporabo zdravil za zdravljenje rakavih bolezni. Priporočeni odmerek 
je 125 mg enkrat na dan 21 zaporednih dni, sledi 7 dni brez zdravljenja (shema 3/1), celotni ciklus traja 28 dni. Zdravljenje je treba nadaljevati, dokler ima bolnik od zdravljenja klinično korist ali dokler se ne 
pojavi nesprejemljiva toksičnost. Pri sočasnem dajanju s palbociklibom je priporočeni odmerek letrozola 2,5 mg peroralno enkrat na dan, neprekinjeno vseh 28 dni ciklusa, glejte SmPC za letrozol. Pri sočasnem 
dajanju s palbociklibom je priporočeni odmerek fulvestranta 500 mg intramuskularno 1., 15. in 29. dan ter nato enkrat na mesec, glejte SmPC za fulvestrant. Prilagajanja odmerkov: Za prilagajanja odmerkov 
zaradi hematološke toksičnosti glejte preglednico 2, zaradi nehematološke toksičnosti pa preglednico 3 v SmPC-ju. Posebne skupine bolnikov: Starejši: Prilagajanje odmerka ni potrebno. Okvara jeter ali ledvic: 
Pri bolnikih z blago okvaro jeter ali blago ali zmerno okvaro ledvic prilagajanje odmerka ni potrebno. Pediatrična populacija: Varnost in učinkovitost pri otrocih in mladostnikih, starih ≤ 18 let, nista bili dokazani. 
Način uporabe: Peroralna uporaba. Jemanje s hrano, priporočljivo z obrokom. Ne smemo jemati z grenivko ali grenivkinim sokom. Kapsule zdravila je treba pogoltniti cele. Kontraindikacije: Preobčutljivost na 
učinkovino ali katerokoli pomožno snov. Uporaba pripravkov s šentjanževko. Posebna opozorila in previdnostni ukrepi: Ženske v pred- in perimenopavzi: Kadar zdravilo uporabljamo v kombinaciji z zaviralcem 
aromataze je obvezna ovarijska ablacija ali supresija z agonistom gonadoliberina. Hematološke bolezni: Pri nevtropeniji stopnje 3 ali 4 je priporočljiva prekinitev odmerjanja, zmanjšanje odmerka ali odložitev 
začetka ciklusov zdravljenja, bolnike pa je treba ustrezno spremljati. Okužbe: Zdravilo lahko poveča nagnjenost k okužbam, zato je bolnike treba spremljati glede znakov in simptomov okužbe ter jih ustrezno 
zdraviti. Okvara jeter ali ledvic: Bolnike z zmerno ali hudo okvaro jeter ali hudo okvaro ledvic zdravimo samo po skrbni oceni morebitnih koristi in tveganj, ter jih skrbno spremljamo glede znakov toksičnosti. 
Laktoza: Vsebuje laktozo. Bolniki z redko dedno intoleranco za galaktozo, laponsko obliko zmanjšane aktivnosti laktaze ali malabsorpcijo glukoze-galaktoze tega zdravila ne smejo jemati. Medsebojno 
delovanje z drugimi zdravili in druge oblike interakcij: Učinki drugih zdravil na farmakokinetiko palbocikliba: Zaviralci CYP3A: Sočasni uporabi močnih zaviralcev CYP3A, med drugim klaritromicina, indinavirja, 
itrakonazola, ketokonazola, lopinavirja/ritonavirja, nefazodona, nelfi navirja, posakonazola, sakvinavirja, telaprevirja, telitromicina, vorikonazola in grenivke ali grenivkinega soka, se je treba izogibati. Induktorji 
CYP3A: Sočasni uporabi močnih induktorjev CYP3A, med drugim karbamazepina, enzalutamida, fenitoina, rifampicina in šentjanževke, se je treba izogibati. Učinek zdravil za zmanjševanje kisline: Ni pričakovati 
nobenega klinično pomembnega učinka na izpostavljenost palbociklibu, če palbociklib zaužijemo s hrano. Učinki palbocikliba na farmakokinetiko drugih zdravil: Pri sočasni uporabi bo morda treba zmanjšati 
odmerek občutljivih substratov CYP3A z ozkim terapevtskim indeksom (npr. alfentanil, ciklosporin, dihidroergotamin, ergotamin, everolimus, fentanil, pimozid, kinidin, sirolimus in takrolimus), saj IBRANCE 
lahko poveča izpostavljenost tem zdravilom. Študije in vitro s prenašalci: palbociklib lahko zavira prenos, posredovan s P-gp v prebavilih in beljakovino odpornosti za raka dojk. Uporaba palbocikliba z zdravili, 
ki so substrati P-gp (npr. digoksin, dabigatran, kolhicin, pravastatin) ali BCRP (npr. rosuvastatin, sulfasalazin) lahko poveča njihov terapevtski učinek in neželene učinke. Palbociklib lahko zavira privzemni 
prenašalec organskih kationov OCT1. Plodnost, nosečnost in dojenje: Med zdravljenjem in vsaj 3 tedne (ženske) oziroma 14 tednov (moški) po koncu zdravljenja je treba uporabljati ustrezne kontracepcijske 
metode. Zdravila ne uporabljajte pri nosečnicah in ženskah v rodni dobi, ki ne uporabljajo kontracepcije. Bolnice, ki prejemajo palbociklib, ne smejo dojiti. Zdravljenje s palbociklibom lahko ogrozi plodnost pri 
moških. Pred začetkom zdravljenja naj moški zato razmislijo o hrambi sperme.Vpliv na sposobnost vožnje in upravljanja s stroji: Ima blag vpliv na sposobnost vožnje in upravljanja strojev. Bolniki morajo biti 
pri vožnji in upravljanju strojev previdni. Neželeni učinki: Zelo pogosti: okužbe, nevtropenija, levkopenija, anemija, trombocitopenija, pomanjkanje teka, stomatitis, navzea, diareja, bruhanje, izpuščaj, alopecija, 
utrujenost. Način in režim izdaje: Rp/Spec - Predpisovanje in izdaja zdravila je le na recept zdravnika specialista ustreznega področja medicine ali od njega pooblaščenega zdravnika. Imetnik dovoljenja za 
promet: Pfi zer Limited, Ramsgate Road, Sandwich, Kent CT13 9NJ, Velika Britanija. Datum zadnje revizije besedila: 28.03.2017 
Pred predpisovanjem se seznanite s celotnim povzetkom glavnih značilnosti zdravila.

*Na podlagi rezultatov randomiziranega nadzorovanega preskušanja III. faze.
†mPFS = mediano preživetje brez napredovanja bolezni.
Literatura: 1. Povzetek glavnih značilnosti zdravila Ibrance, 28.3.2017. 2. Finn RS, et al. PALOMA-2: Primary results from a phase 3 trial of palbociclib plus letrozole compared with placebo plus letrozole in 
postmenopausal women with ER+/HER2– advanced breast cancer. Kongres ASCO 2016, oralna predstavitev. 3. Cristofanilli M, et al. Fulvestrant plus palbociclib versus fulvestrant plus placebo for treatment 
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