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special communication

60 years of the Slovenian Association of Radiology
1950-2010

Dusan Pavénik

Dotter Interventional Institute, Oregon Health Sciences University, Portland, U.S.A.

The year 2010 is the 60" birthday as well
as the diamond jubilee of the Slovenian
Association of Radiology (SAR). Only a few
SAR members remember the birth and ear-
ly years of our association of radiology. My
intention is to bring these days back. My
memory is neither complete nor perfect, is
also quite subjective, some time biased. To
commemorate the history of SAR, we need
to look at the developments of radiology
before our association was created.
Radiology was born on November 8,
1895 when Wilhelm Conrad Rontgen made
his significant contribution to medical sci-
ence. On that day, he observed a different
kind of ray was mixed with the cathode rays
and was amazed to find that when he held
materials between the cathode-ray tube and
the fluorescent screen he could see a shad-
ow of the bones and soft tissue in his hand
on the barium platinocyanide screen. He
temporarily termed the new rays as X rays.!
Four years later, in the final year of the nine-
teen century, the first X-ray machine was
purchased by primarius Dr. Edo Slajmer

Correspondence to: DuSan Pavcnik, M.D., Ph.D.,
Dotter Interventional Institute, Oregon Health Sciences
University, 630 SW Gaines St., L-342, Portland, OR
97239-309, U.S.A. Phone: +1 503 494 3669; Fax: +1 503
494 4258; E-mail: pavenikd@ohsu.edu

Key words: radiology; interventional radiology;
history; ultrasound; CT; MRI

for the general hospital in Ljubljana.? Drs.
Alojzij Kunst, Josip Hebein, Mila Kovaceva,
Ciril Cirman, Serafin Vakselj and Rudolf del
Cott laid the basis for diagnostic radiology
in Slovenia.? Primarius Dr. Alojzij Kunst,
the first Slovenian radiologist, was driving
force to make radiology popular among
colleagues. In his lectures at the Slovenian
Medical Association (Slovensko zdravnisko
drustvo) meetings he emphasized the im-
portance of delivering the exact diagnosis to
clinicians, thereby allowing them to select
proper treatment. He also served as presi-
dent of the Slovenian Medical Association
from 1938-1940. The first meeting of a new
X-ray Society in old Yugoslavia was held
in Split in 1930 and then the 1% congress
of Yugoslavian radiologists took place in
Belgrade in 1935.2 Primarius Kunst, prima-
rius del Cott and Prof. Hebein were active
members of this society.

After ending the Medical Chamber of
Slovenia in 1946, different professional sec-
tions of the Slovenian Medical Association
became a forum for physicians to discuss
professional issues and other day to day
problems. The Slovenian Association of
Radiology (SAR) was founded on August
8th in 1950, as Section of Radiology of the
Slovenian Medical Association (Radioloska
sekcija Slovenskega zdravniskega drustva)
on the initiative of the Slovenian Medical
Association and professor Dr. Josip Hebain,
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Figure 7. Section of Radiology of
the Slovenian Medical Association.

Figure 1. Prof. Dr. Josip Hebain, Figure 4. Prof. Dr. Ludvik Tabor,
1950-1956. 1957-1958; 1964-1966; 1968-1969;
1975-1982.

SLOVENSXO ZBRAVNISKO BRUSTVO

RADIOLOSKA SEKCIJA

Figure 2. Section of Radiology of
the Slovenian Medical Association.

Figure 8. Prim. Dr. Uro$ Vizjak,
1966-1968.

Figure 5. Prof. Dr. Stanko Hernja,
1959-1960.

Figure 3. Prof. Dr. Mira Vurnik
Zumer, 1956-1957; 1962-1964.

Figure 9. Prim. Dr. Vekoslav
Janezic, 1970-1971.

Figure 6. Section of Radiology

and Nuclear Medicine of the

Slovenian Medical Association.

Radiol Oncol 2009; 43(3): 137-143.
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who was elected its first president (Figures
1, 2). In 1956, the SAR and Prof. Hebein or-
ganized the forth congress of Yugoslavian
radiologists in Ljubljana. Overall, 7 invited
faculty from Europe, 140 radiologists and
for the first time 15 companies participated
at the meeting.? After the meeting, the sec-
ond president of the SAR, Prof. Dr. Mira
Vurnik Zumer took her turn (Figure 3).
Prof. Dr. Ludvik Tabor (Figure 4) was elect-
ed the third and Prof. Dr. Stanko Hernja the
forth president of the SAR (Figure 5).3¢

Although radiology had been already
separated as a discipline between diagnostic
and therapeutic aspects of radiology at that
time, some radiotherapists were members of
the SAR.>7 In the mid fifties, investigation
and the clinical research with radioisotopes
began in Slovenia. Iodine 131 was used for
thyroid diagnosis first by Dr. Joze Satler
and later by Dr. Bojan Varl. In 1955, Dr. Leo
Savnik and then in 1957, Dr. Stojan Plesnicar
injected patients with radiopharmaceuticals
for tumor radiotherapy at the Institute of
Oncology in Ljubljana.”® In the late fifties
or early sixties nuclear medicine colleagues
joined the SAR and its name changed sub-
sequently into the Section of Radiology and
Nuclear Medicine of the Slovenian Medical
Association (Sekcija za radiologijo in nuk-
learno medicino Slovenskega zdravniskega
drustva) (Figure 6). By 1974, five more nu-
clear medicine departments appeared in
hospitals in Slovenj Gradec, Celje, Maribor,
Sempeter pri Novi Gorici and Ankaran
that resulted in creation of an independ-
ent Section of Nuclear Medicine (Sekcija
za nuklearno medicino).®? Prof. Bojan Varl
served as their first president.!’ After that
event the SAR was renamed back to the
Section of Radiology (Figure 7).

Since the beginning, SAR has served as
a forum for radiologists to collectively voice
common concerns and professional inter-
ests. Its purpose is to promote and devel-
op the highest standards of radiology and

to exchange professional experiences and
scientific information in all fields of radi-
ology and related sciences through patient
care, education and research. SAR is gov-
erned by the President, the Executive Board
and the General Assembly. The Slovenian
Association of Radiology is the official
educational and scientific association of
Slovenian radiologists.

One of the aims of the SAR is to promote
close cooperation among radiologists with
other international radiological societies
and, especially in neighboring countries,
to promote common educational and re-
search programs (for example Alpe Adria
Radiological Group). Since the first meet-
ing in Dobrna (Slovenia) in 1968, organized
by primarius Dr. Uro$ Vizjak (Figure 8),
radiologists from university radiological de-
partments of Trieste, Padua, Verona, Graz,
Ljubljana and Zagreb have been meeting in
one of the neighboring countries to share
their scientific experiences annually.!1?
Between the 1958 and 1961 the SAR and
the Croatian Section of Radiology organ-
ized successful intersectional meetings in
Pula, Maribor and Split. Primarius Dr. Mila
Kovaceva organized a meeting in Maribor
in 1959. Prof. Bozena Ravnihar, Prof. Joze
Stropnik, Prof. Stanko Hernja, Prof. Ludvik
Tabor, Prof. Obrez and the SAR organized
the eighth congress of the Yugoslavian ra-
diologists in Ljubljana in 1972. Dr. Ludvik
Tabor has served as secretary general of
the Yugoslavian Society of Radiology for
many years starting from 1968. The 1% and
the 27 Yugoslavian Congress of Radiology
took place in Belgrade in 1935 and 1950, the
3" in Zagreb in 1953, the 4™ in Ljubljana
in 1956, the 5'" in Skopje in 1960, the 6% in
Belgrade in 1964, the 7th in Pula in 1968, the
8™ in Ljubljana in 1972, the 9* in Sarajevo
in 1976, the 10t in Novi Sad in 1980, the
11*" in Belgrade in 1984, and the 12'" in
Ohrid in 198813
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Figure 12. Association of
Radiology of the Slovenian
Medical Association.

»

Figure 10. Prof. Dr. Joze Stropnik,
1971-1975.

Figure 16. Assist. Prof. Dr Dimitrij
Kuhelj, 2006 -2010.

Figure 14. Assist. Prof. Dr Ziva
Zupancic, 1995-2006.

Figure 17. Prof. Dr. Ivo Obrez in
the late 60s.

Figure 11. Prof. Dr. Dusan Pav¢nik,
1982-1995.

Figure 15. Slovenian Association of
Radiology in the late 1990s.
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Figure 13. Letter head with the logo in the early 1990s. in the early 2000s.
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The SAR and its presidents have organ-
ized and hosted successful meetings in
most of the Slovenian cities. Due to the old
X ray equipment in Slovenian hospitals in
1960s and 1970s, the radiation protection
and systematic inspection and monitoring
of working environments was an impor-
tant issue during the term of primarius Dr.
Vekoslav Janezic (Figure 9).

The permanent expert collegium (stroko-
vni kolegij) consisted of the X-ray depart-
ment chairmen in Slovenia who were ap-
pointed in 1974 as advising body to the
SAR. That body provided expert assistance
to the SAR on the field of the X ray equip-
ment selection, radiation protection, and
several other professional issues and ques-
tions (Figure 10).

The Slovenian Association of Radiology
has been affiliated with the Journal of
Radiology and Oncology published in
English quarterly, covering all technical and
clinical aspects of diagnostic and interven-
tional radiology, radiotherapy, nuclear med-
icine, oncology, radiobiology, radio-physics
and radiation protection. The history of pub-
lishing this radiological-oncological journal
in Ljubljana dates back to 1964 when the
first issue of Radiologia lugoslavica was
published. Radiologia Iugoslavica was co-
founded by Prof. Ivo Obrez, Prof. Stojan
Plesnicar, Prof. Bozena Ravnihar, Prof.
Ludvik Tabor and Prof. Stanko Hernja.
The seat of the editorial office has always
been at the Institute of Oncology Ljubljana.
In 1992, its 26" volume appeared under
the new name of Radiology and Oncology
(Radiol Oncol)."* More than half of editors
were from the Institute of Oncology. The
Editors from the SAR were: Prof. Ivo Obrez,
Prof. Ludvik Tabor, Prof. Stanko Hernja,
Prof. Mario Prodan, Dr. Peter Sokli¢, Prof.
Dusan Pavénik and Associate Prof. Igor
Kocijancié¢. Prof. Dr. Ludvik Tabor served
as the Editor in Chief from 1976-1981. Prof.
Dr. Gregor SerSa serves as current Editor

in Chief. Recently in 2008 our journal has
been indexed and abstracted by Science
Citation Index Expanded (SciSearch®). The
next goal for the Radiol Oncol is to obtain
the impact factor, often abbreviated IF.
The IF is a measure of the citation to sci-
ence journals which is frequently used as a
proxy for the relative importance of a jour-
nal within its field.!

As the technology for radiology imag-
ing has rapidly developed so has the need
to train and educate radiologists who have
an expertise in the clinical and scientific as-
pects of radiological imaging and interven-
tional radiology. This has always been one
of the prime missions of our association.
The practice of radiology has changed be-
yond recognition since 1950 when SAR was
founded. During Prof. Pavénik’s terms from
1982-1995 the use of the ultrasound, com-
puter tomography imaging, magnetic reso-
nance imaging and interventional radiology
have become the daily routine (Figure 11).
Just the term diagnostic radiology was not
accurate anymore. According to the statue
of the European Association of Radiology
(EAR), radiology was defined as diagnostic
and interventional radiology and medical
imaging. Dr. Pavénik left for 1 year fellow-
ship in Boston at Harvard Medical School
in 1984 and Dr. Erika Brenci¢ became act-
ing president and kept that position for one
year. We have organized several educational
meetings in Ljubljana, Kamnik, Sempeter
pri Novi Gorici, Izola, Kobarid, Golnik,
Slovenj Gradec, Maribor, Ptuj, Novo mesto,
Brezice, Ankaran and Celje. One of the high-
lights was the lecture of Dr. Myron Marx
from San Francisco: CT examination of elev-
en Egyptian mummies from the Fine Arts
Museum in Boston in 1987. In 1989, the SAR
and Dr. Pavénik organized the 6th Yugoslav
meeting on interventional radiology in oncol-
ogy in Ljubljana. Under the combined presi-
dency of Prof. Pavénik and Prof. éurlan, it
turned out to be a success. Overall, 5 invited
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faculty from Europe and the United States,
over 150 radiologists and 43 companies par-
ticipated and supported the meeting, invited
faculty and its meeting book.

In 1982 the SAR had 92 members. The
numbers steadily increased to 128 mem-
bers in 1995 and to 148 in 2008. Apart from
education and clinical work, professional
issues remained an important goal. For ex-
ample, primarius Dr. Jurij Zalar and prima-
rius Dr. Bogomir Celcer started protesting
against the law which would decrease our
radiation vacation benefits together with
vacation down to 36 days per year at the
SAR meeting in Slovenj Gradec in 1988.

The 1990s were years of transition for the
SAR. During this time Slovenia declared
its independence. Section of Radiology be-
came the Association of Radiology (Drustvo
Radiologov) that has registered at the
Slovenian Medical Association. The SAR
has joined the European Association of
Radiology. Our first true logo, pre-current
logo was an image of Slovenia’s map inside
the double ring of the EAR logo. It was used
in the letter head of the SAR (Figures 12, 13).
Despite the war, Prof. Lazlo Horvath from
Hungary and Prof. Moretin from the USA
participated at the 1991 SAR meetings in
Ljubljana during the time of the moratorium.

The SAR congresses have been taking
place since 1996. The event originally took
place every four years in different locations,
starting in Portoroz 1996, and then followed
by Ljubljana 2000, Bled 2004 and Ptuj 2008.
The current name of the SAR and its logo
was suggested during the term of Dr. Ziva
Zupandic (Figures 14, 15). The SAR and Dr.
Zupandi¢ organized the 1%, the 2" and the
3" Slovenian Congress of Radiology.

The Slovenian radiological community
showed its appreciation for Prof. Obrez’s
contributions to diagnostic and interven-
tional radiology. Dr. Dimitrij Kuhelj, the
current president (Figure 16), established
the eponymous Ivo Obrez Lecture at every
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forth year congress of the SAR. This epony-
mous lecture was introduced in memory
of an individual who made a special con-
tribution to radiology and to the Slovenian
Association of Radiology (Figure 17). The
first speaker was Prof. DuSan Pav¢nik at
the 4™ Congress of Slovenian Radiologists
in Ptuj in 2008 (Figure 18). In his lecture,
early years of cardiovascular and inter-
ventional radiology, Dr. Pavénik called the
1970s, 1980s and 1990s exciting years of our
lives as diagnostic and interventional radi-
ologists. Dr. Obrez’s papers, book chapters,
his lectures, inventions, including working
beside him were a constant inspiration to
us that changed our orientation from diag-
nostic angiographers to interventional radi-
ologists. Ivo Obrez had a vision and the pas-
sion for this minimally invasive therapy.!®'

The SAR is one of the smallest socie-
ties of the European Society of Radiology.
It has grown slowly since its foundation in
1950. Currently, the Slovenian Association
of Radiology has 149 radiologists in all sub-
specialties.

Acknowledgement

I would like to thank Erika Brencic, Jurij
Us, Marko DemS3ar, Dimitrij Kuhelj, Nikolaj
Sadnikar, Elizabeta Baretic Kolar, Peter
Sokli¢, Jana Shiro, Marijan Pocajt and Maja
Podkrajsek for all their assistance without
which this paper would not have been pos-
sible.

References

1. Wilhelm Conrad Réntgen from Wikipedia. http://
en.wikipedia.org/wiki/Wilhelm_R%C3%B6ntgen

2. Hebein J. Ustanovitev in razvoj Rentgenoloskega
instituta klinicnih bolnisnic v Ljubljani. In: Jevti¢
V, editor: 70 let Instituta za radiologijo (1923-1993).
Ljubljana: Institut za radiologijo; 1993. p. 17-47.



10.

11.

12.

13.

14.

15.

16.

17.

Pavénik D / 60 years of the Slovenian Association of Radiology 1950-2010 143

Jevti¢ V. Prof. Mira Vurnik Zumer, M.D., Ph.D.
(1916-1998). Radiol Oncol 2000; 34: 199-200.

Jevti¢ V. In memoriam: Prof. Ludvik Tabor. Radiol
Oncol 1997; 31: 320-1.

Book of Members, XII international Congress of
Radiology, Tokyo 1969, October 6-11, p: 400-1.

Jevti¢ V. In memoriam: Prof. dr. Stanko Hernja, dr.
med., 1918-2002. Zdrav Vestn 2002; 36: 393-4.

Plesnicar S. Personal communications 2009.

Sustarsi¢ J. The history of nuclear medicine in the
Republic of Slovenia - pioneering age from 1954 to
1968. Radiol Oncol 1992; 26: 83-90.

Sustarsi¢ J. The history of nuclear medicine in the
Republic of Slovenia II - spread of the new medi-
cal speciality into peripheral hospitals from 1960
to 1974. Radiol Oncol 1992; 26: 326-32.

Hojkar S. Personal communications 2009.

Dalla Palma Ludovico. The Alpe Adria Group -
past present and future. Radiol Oncol 2002; 36:
267-73.

Ifavénik D. Prim. Uros Vizjak, dr.med. 1929-2008.
Casopis Delo, rubrika Znanost. 8. January 2009.

Pavénik D. Address on behalf of the Section of
Radiology at 60 years anniversary of the Institute
of Rentgenology in 1983; 1-3. Personal archive.

Benuli¢ T. Radiology and Oncology. In: Zwitter M,
editor. Institute of Oncology Ljubljana 55 years: 1938-
1993. Ljubljana: Onkoloski Institut Ljubljana;
1993. p. 88-9.

Science citation index from Science web of knowl-
edge. http://apps.isiknowledge.com

Pavénik D. In memoriam Ivo Obrez. Radiol Iugosl
1989; 23: 193-4.

Pavénik D. In memoriam Ivo Obrez. In Pavenik D,
editor: Meeting book at the 6th Yugoslav meeting
on interventional radiology in Ljubljana, 1989. p
5-6.

Radiol Oncol 2009; 43(3): 137-143.



Radiol Oncol 2009; 43(3): 144-151. d0i:10.2478/v10019-009-0028-6

review

Locally recurrent rectal cancer: treatment options

Vaneja Velenik

Department of Radiotherapy, Institute of Oncology Ljubljana, Slovenia

Background. Although the preoperative radiochemotherapy and the optimised surgical technique have im-
proved the outcome in patients with rectal cancer, the local recurrence still remains a therapeutic problem.
In up to 50% of patients the local recurrence appears without simultaneous distant metastases. This review
highlights current treatment options of locally recurrent rectal cancer.

Conclusions. The optimal management of the isolated local recurrence remains a difficult and controversial
issue. The radical surgical resection is the mainstay of the curative treatment, but an extended surgery can
be associated with significant morbidity and impaired quality of life. The preoperative chemoradiation for
turnout down staging increases the chance of resectability and the addition of intraoperative radiotherapy
may further improve the local control and survival. Re-irradiation is feasible in patients who already re-

ceived irradiation as part of the primary rectal cancer treatment.

Key words: locally recurrent - rectal cancer; multi-modality therapy

Introduction

The local recurrence (LR) of rectal cancer oc-
curs in up to 30% of patients who had under-
gone only the radical resection. The introduc-
tion of total mesorectal excision (TME) has
reduced the rate of LR to <10%'"2 and to <6%
when TME has been combined with the preop-
erative radiotherapy alone or combined with
chemotherapy.* Seventy-five percent of LR
are detected within two years from diagnosing

Received 28 May 2009
Accepted 6 June 2009

Correspondence to: Assist. Prof. Vaneja Velenik,
MD, PhD, Department of Radiotherapy, Institute of
Oncology Ljubljana, Zaloska c. 2, 1000 Ljubljana,
Slovenia. Phone: +386 1 5879 661; Fax: +386 1 5879
304; E-mail: vvelenik@onko-i.si

primary tumor.> From 20% to 50% of patients
with LR have isolated the local recurrence with-
out distant metastasis. LR may be accompained
with pain, bleeding or constipation, depending
on the type of the previous surgery. The man-
agement of the isolated locoregional recurrence
is difficult and treatment options may be limited
in patients who have already received a local
radiation therapy for the primary rectal cancer.
In the absence of the surgical intervention, the
S-year survival of these patients is less than 4%
and the median survival of 8 months.%’

The choice of therapy depends upon dis-
ease location, extent and prior treatment.
Predictors for the outcome in patients who
received radiotherapy for locally recurrent
rectal cancer were performance status,
stage, chemotherapy, surgery, extent of re-
section, histologic grading, and like in other
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localization haemoglobin levels both before
and during radiotherapy.®” Radical surgery
(RO) remains the mainstay of the treatment
for achieving the longterm local control
and survival for locally recurrent rectal can-
cer (LRRC), but many times an aggressive
multimodality approach is required to ac-
complish negative margins and a chance of
cure.

Predictors of local recurrence

Many factors affect the risk of the local
recurrence. The risk increases with the
advanced stage!® and adverse pathologi-
cal features of primary tumour, includ-
ing perineural and vascular invasion and
grade.'! LR is more likely associated with
tumours located in distal rectum, the pres-
ence of obstruction or perforation and tu-
mour fixation to adjacent structures.!? The
significance of the involvement of lateral
or circumferential resection margin (CRM)
as an independent prognostic factor for
LR and the survival has been confirmed
in a prospective randomised study on 190
patients who underwent the curative re-
section of rectal cancer. The rate of CRM
involvement was 25%; among those with
clear margins, 90% remained free of pelvic
recurrence at 5 years, whereas only 23% of
those with the lateral margin involvement
were without LR.13

Recently published data from Davis et al.
showed that there was no difference in the
incidence of LR after sphincter-saving resec-
tions compared to the abdominoperineal ex-
cision, as long as the appropriate technique
was used, the distal margin of clearance was
at least 1 cm and CRM margins were free of
tumour. By avoiding continuing the TME dis-
section into the pelvic floor and removing low
lying tumours en block with the surrounding
levator, the rate of involved CRM was report-
ed to be 0% and the LR rate only 5%.'* As LR

after both surgical procedures most commonly
arise from residual extramucosal disease, the
incomplete removal of the potentially tumour-
bearing mesorectum is the main cause of
LR.'3 There is a different level of training and
experience performing »total mesorectal ex-
cision« (TME) among surgeons, resulting in
wide range of LR in published reports. A study
comparing local recurrence rates after the rec-
tal cancer resection in a group of Canadian
surgeons showed that patients of surgeons
who had additional training or expertise in
colorectal surgery had a local relapse rate of
13%, compared with 34% in general surgeons’
group whose practice included fewer of these
operations.'® Finally, the rate of LR in patents
receiving preoperative or postoperative radio-
therapy, either alone or combined with chem-
otherapy, is reduced comparing with patients
treated with surgery alone. More favourable
local control rates were reported in series us-
ing the preoperative approach. %13

Surgery

The only chance for the curative treatment
of isolated LR is provided by the radical re-
resection.!” Several studies have analyzed
factors which could help to select patients
with LRRC for surgery i.e. that might pre-
dict resectability and, consequently, progno-
sis. Results are controversial. However, fac-
tors most often associated with the increased
chance of the radical resection were younger
age, female gender, prior local excision or
restorative surgery that was performed at
another institution. The poorer outcome was
related to the presence of pain (as a symptom
of LR), lateral tumour extension, increas-
ing number of sites of the recurrent tumour
fixation in the pelvis and elevated CEA level
before the re-resection.!®

Surgical procedures available in LRRC
are low anterior resection, abdominoperi-
neal resection, pelvic exenteration and ab-
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Table 1. Locally recurrent rectal cancer - external beam radiation without or with intraoperative radiation

Author Year Patients Therapy Survival  Local Distant
(n) (%) relapse (%) relapse (%)
Gunderson et al.3® 1996 123 EBRT/CT—surg—IORT 5y, 20 5y, 37 5y, 72
Lowy et al.>! 1996 43 EBRT/CT—surg—»IOHDR 2y, 58 2y, 36 -
Farouk ef a3 1997 116 EBRT—surg 5y, 7 3y, 93 3y, 54
64 EBRT—surg—IORT 5y, 18 5y, 27 5y, 75
Wong et al.?® 1998 519 EBRT 5y, 5 5y, 93 -
94 EBRT 3y, 14 3y, 90 -
Mannaerts et al.® 2001 19 EBRT—surg 3y, 11 3y, 86 -
33 EBRT—surg—IORT 3y, 60 3y, 27 -
Wiig et a3 2002 48 EBRT/CT—surg 5y, 30 5y, 70 -
59 EBRT/CT—surg—IORT 5y, 30 5y, 50 -
Rades et al.® 2008 84 EBRT+/- CT—>surg 3y, 36 3y, 67 41

Abbreviations: EBRT - external beam radiotherapy; CT - chemotherapy; IORT - intraoperative radiation.

dominosacral composite resection, and the
decisions on the most appropriate one de-
pends upon the site and extend of LR. The
anastomotic recurrence without fixation
to surrounding structures may be cured
by the surgical resection alone in as many
as 50% of cases.!® In more extensive cases,
sacrectomy with pelvic reconstruction is
required to achieve a complete resection
and 5-year survival rates in the range of 20-
35% have been reported.'*?? The resection
with negative microscopical margins can
be achieved in approximately 45% of cases
(range 10-67%).21"2> Results of surgical re-
section alone with positive margins left be-
hind are poor, with less than 10% of those
patients surviving 3 years and no 5-year
survivors.”* Because of the significant
perioperative morbidity and the poor sur-
vival outcome extended surgery is not very
popular.?®> On the other hand, untreated
LR significantly reduces the quality of life
which became more and more important in
the treatment of oncological patients.?6-?”
Furthermore, Miller et al. argued that the
aggressive surgical treatment of LR im-
proved survival, favourably affected qual-
ity of life and represented a cost-effective
use of resources.?
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Combined modality treatment in pa-
tients with LR undergoing curative
surgery for primary rectal cancer

Despite the radical resection of LRRC, in
25% to 61% of patients another recurrence
developed locally or disease progressed
systemically.?’ In addition, external beam
radiotherapy (EBRT) alone (i.e. not being ac-
companied with surgery) or in combination
with 5- fluorouracil (5-FU) chemotherapy
has only a palliative effect and offers no
hope for cure. It allows a temporary symp-
tomatic improvement in majority of pa-
tients, but the median duration of symptom
relief is only a few months and the 5-year
survival is usually less than 5%.2° Because
of the generally poor results achieved with
the surgical resection or EBRT alone, the
logical approach for LRRC seemed to be the
combination of both modalities.

The effect of the preoperative chemoradia-
tion (45-55 Gy in 5-6 weeks) with 5-fluor-
ouracil (5-FU) chemotherapy in previously
nonirradiated patients is supported by data
from retrospective series (Table 1). To further
increase the response rate and consequently to
reduce the need for extensive surgery, improve
resectability, local control and survival, other



Velenik V et al. / Locally recurrent rectal cancer 147

chemotherapy agents (CPT-11, oxaliplatin,
capecitabine) and targeted agents may be of
benefit in the future.

According to above mentioned reports, the
EBRT doses to the whole pelvis usually should
not exceed 50 Gy because small bowel toxic-
ity restricts delivery of higher dose. However,
this dose is insufficient to sterilize gross resid-
ual disease after the surgery.3® With the use of
intraoperative irradiation (IORT) or high-dose
rate brachytherapy (IOHDR), a boost of ioniz-
ing radiation can be given directly to the parts
of tumour resection bed that are most prone
for recurrence, yet avoiding irradiation of sur-
rounding normal structures. IORT can achieve
the biologic equivalent dose of 2 to 3 times
that of the same dose delivered using conven-
tionally fractionated EBRT.3® The combina-
tion with IORT allows the reduction of the
EBRT dose which — together with the physi-
cal removal of healthy normal structures from
IORT field — reduces toxicity of this modality
and potentially improve the therapeutic ratio.
IORT has generally been delivered by accel-
erator-generated electron beam or high-dose
rate (HDR) brachytherapy using gamma rays
or beta rays emitted by the encapsulated radio-
active sources inserted during the surgery, to a
total dose in a range of 10-30 Gy. The treat-
ment with IORT requires a dedicated operat-
ing suite or transfer of the anesthetized patient
from the operating room to the radiotherapy
suite. For the mobile HDR-IORT machine, a
shielded facility is necessary. Recently, mobile
IORT machines were constructed which can
be used in conventional hospitals on a daily
basis and shared between several operating
rooms.

As the IORT facilities are available only in
a very limited number of radiotherapy centres,
treatment results in the literature are rare and
conflicting. While Wiig et al>* showed that
IORT did not modify the outcome after the
surgery, regardless of the volume of residual
disease, reports from some centres suggest that
improved the local control and the survival

can be achieved in selected patients when the
combination of preoperative chemoradiother-
apy, radical surgery and IORT is implemented.
Five-year survival rates of 18% to 30% and
local control rates of 50% to 73% were re-
ported (Table 1).3%35 Recently, a comparison
of various treatment combinations revealed
significantly improved survival, disease-free
survival, and local control rates at 3 years of
60%, 43%, and 73%, respectively, when the
combination of EBRT, surgery, and IORT was
used.’* The most frequently observed IORT-
related toxicities were ureteral stenosis (6%)
and peripheral neuropathy (16%-34%).30-33
Similarly, a relationship between IORT dose
and the incidence of Grade 2 or 3 neuropathy
was also demonstrated by Gunderson et al.,
although not reaching the level of statistical
significance (< 12.5 Gy vs. > 15 Gy, 7% vs.
19%; p= 0.12).30

Multimodality treatment in patients
with LR who have received previous
external beam radiation therapy

The anatomic location of local failure after the
“optimized” rectal cancer surgery was studied
by Syk et al3” All recurrences were found
within the irradiated volume in the low pelvis,
anatomically below the S1-S2 interspace, if
the patients had undergone preoperative ra-
diotherapy or if they had not.3” Similar results
were reported by Yu ef al. with only a limited
number of marginal and out-of-field failures,
indicating that standard pelvic radiotherapy
fields are appropriate for most rectal cancer
patients. Of the in-field recurrences, nearly
80% occurred in the low pelvic and presacral
regions.3?

As a majority of patients with LR have al-
ready received the local radiation therapy in
neoadjuvant or adjuvant setting during the pri-
mary rectal cancer treatment and because of
fear of a high probability of severe late toxic-
ity related to the Re-RT, patients are usually
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Table 2. Locally recurrent rectal cancer - treatment of previously irradiated patients

First author Patients Year Therapy Survival  Local Distant

(n) (%) relapse (%) relapse (%)
Alektiar et al. % 74 2000 surg— IOHDR+EBRT+CT Sy, 23 61 38
Haddock et al.*! 51 2001 EBRT+CT +surg+IORT 5y, 12 5y, 66 5y, 76
Lindel et al.® 69 2001 EBRT/CT—surg—IORT 27 65 -
Mohiuddin et al.*® 103 2002 EBRT/CT—surg 19 - -
Valentini et al.*? 59 2003 EBRT/CT—surg 5y, 39 Sy, 47 5y, 30
Das et al.* 50 2007 EBRT/CT—>surg 48 3y, 64

Abbreviations: EBRT - external beam radiotherapy; CT - chemotherapy; IORT - intraoperative radiation;

surg - surgery.

treated with the best supportive care.3**? This
is most probably the reason why the prognosis
for patients with LRRC is on average worse
in previously irradiated patients than in those
without prior irradiation. Two Mayo Clinic
studies demonstrated a better local control
and survival when the palliative resection of
LR was followed by IORT; however, in previ-
ously irradiated patients both outcome meas-
ures were lower than in patients not receiving
prior EBRT: at 5-years, 34% vs 63% and 12%
vs 20%, respectively.3®*! In the randomized
Stockholm trial comparing the preoperative
irradiation to the surgical resection alone,
15% of irradiated patients suffered a local
recurrence. They were treated with a variety
of combinations of surgery, RT, and chemo-
therapy that resulted in a median survival of
11 months and no 5-yr survivors compared to
15 months in patients from surgery only group
(p=0.0002).4?

Recent data suggest that limited doses of 30
Gy external beam Re-RT are likely to be safe,
even when combined with concomitantly ad-
ministered chemotherapy, if the small bowel
can be excluded from the irradiation field, and
an additional booster dose of up to 10 Gy can
be used for limited volumes.** Subsequent tox-
icity in re-irradiated patients is accaptable and
resulted tumor shrinkage could be followed by
surgical salvage and long-term survival in se-
lected patients (Table 2).414448 The irradiated
volume usually encompasses recurrent tumor
with a 2-4 cm margin. As the late intestinal

Radiol Oncol 2009; 43(3): 144-151.

toxicity strongly depends on the fractionation
pattern used, hyperfractionation RT schedules
with small fraction doses are preferred.

Conclusions

Despite the improved local control in rectal
cancer achieved by preoperative chemo-
radiotherapy and TME surgery, a substan-
tial proportion of patients will experience
the local recurrence. A complete resection
is crutial for achieving a long-term local
control and survival. The addition of local
high-dose radiation delivered in the form of
IOERT or IO-HDR brachytherapy appears
to have the potential to improve the treat-
ment outcome after the extended surgery.
However, in patients with gross residual
disease after the surgical procedure, the
local tumour control is inadequate despite
aggressive treatment combinations. For a
more accurate administration of higher
radiation doses, advanced EBRT techniques
such as 3D-conformal RT, intensity modu-
lated radiotherapy (IMRT) and proton beam
therapy are to be employed, whereas for
the precise localisation of the disease, the
integration of different imaging modalities
is essential. To a further increase response
rate, the evaluation of new radiation sen-
sitizing drugs or biologic modifiers during
EBRT is warranted. Because of the high
probability of distant metastases, chemo-
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therapy should be an essential component
of these aggressive treatment approaches.
As LR is more common in patients with
locally advanced tumours, who have al-
ready received 5-FU-based chemotherapy
in the context of the primary treatment, a
systemic therapy employing more effective
novel agents is indicated.
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Transcatheter embolization of bronchial arteries
in the treatment of haemoptysis
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Background. Massive haemoptysis is a clinical state characterized by the expectoration of blood at a rate
of 300-600 mL/24 h, thus causing life-threatening asphyxia. The aim of our study is to review use of tran-
scatheter bronchial artery embolization (BAE) in the treatment of massive haemoptysis.

Materials and methods. Series of 11 patients with the clinical picture of massive haemoptysis was re-
ferred to our hospital for digital subtraction angiography and BAE within a 33 months period. There were 8
male (aged 43-69, mean age 56) and 3 female patients (aged 63-65, mean age 64). Aortography of thoracic
aorta was initially performed in all patients, followed by selective angiography of bronchial and intercostal
arteries, and intercostobronchial tree as indicated. A selective arterial embolization was done in 9 patients
(9 primary and 3 secondary embolizations). The embolization was performed under fluoroscopy control
by manual injection of the mixture of contrast solution (1 ccm) and embolization material, Embosphere
(BioSphere Medical Inc., MA, USA), particle size 350-500 pm.

Results. Bronchiectasis was the most common cause of bleeding (45.4%), while hypervascularization and
intensive parenchymal opacification were the most frequent angiographic indicators of bleeding (100%),
followed by tortuous and hypertrophic arteries (72.7%). Primary BAE proved successful in 81.9% and sec-
ondary BAE performed within 24 months in 33.3% of patients, whereas the tertiary (operative) treatment
was required in 22.2% of patients. In 44.4% of patients, BAE was associated with only mild discomforts,
like pain and cough.

Conclusions. BAE is a reliable and minimally invasive method in the management of massive haemoptysis.
Therefore, it should be considered as the primary method of the treatment or as a procedure for the stabiliza-
tion the patient before the surgery.
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Introduction

Massive haemoptysis is the expectoration
of blood at a rate of 300-600 mL/24 h. If left
untreated, it can lead to asphyxia and death.
Massive haemoptysis accounts for 5% of all
haemoptysis cases and is associated with
a high mortality rate (up to 75%). If mas-
sive haemoptysis is treated conservatively,
mortality rate ranges from 50% to 85%.!*
Tuberculosis and sarcoidosis are the most
common causes of massive haemoptysis. In
90% of cases, haemoptysis originates from
bronchial arteries, whereas only a minor
portion arises from non-bronchial (pulmo-
nary and systemic) circulation.? The bron-
chial artery embolization (BAE) is a percu-
taneous transcatheter minimally invasive
procedure, which has proved successful in
the management of massive haemoptysis
and is associated with a lower mortality rate
as compared with the surgical treatment
(7.1% - 18.2%).%>>° The aim is to present our
results in the management of haemoptysis
by the use of transcatheter BAE.

Patients and methods

During 33 months, 11 patients were re-
ferred to our hospital for digital subtraction
angiography (DSA) and BAE because of the
clinical picture of massive haemoptysis.
Bronchiectasis was the cause of haemor-
rhage in 5 (45.4%), lung tuberculosis in 3
(27.3%), aspergilloma in 2 (18.2%) patients,
and carcinoma in 1 (9.1%) patient.

DSA was recommended by interdiscipli-
nary consultation (pulmonologist, thoracic
surgeon and interventional radiologist).
DSA and BAE were preceded by lung X-ray,
computed tomography of the thorax and
bronchoscopy to identify the localization of
bleeding and type of lesions.

Bronchoscopy proved inadequate in 5
patients because of the procedure intoler-

ance due to the patients” poor general con-
dition and poor visualization of the site of
bleeding. An informed consent was ob-
tained from all patients prior to the proce-
dure. There were 8 male (aged 43-69, mean
age 56) and 3 female (aged 63-65, mean age
64) patients.

Prior to DSA, patients were administered
diazepams, 5 mg i.v. (Apaurin, Krka, Novo
Mesto, Slovenia) for mild sedation, along
with monitoring of vital functions. DSA
was performed by Seldinger technique via
common femoral artery, by using diagnos-
tic pigtail and selective 5FR catheters of
different shapes such as cobra-shaped and
hook-shaped (Mikaelsson, Medikrit, Tokyo,
Japan), classic ] and hydrophilic guide
wires 0.035 (Terrumo, Japan) and nonion-
ic Omnipaque contrast agent (Nycomed,
Princeton, NJ, USA). For thoracic aorta
angiography, a contrast agent was injected
by the use of the automated injector (18
ccm/20 cem/s). On selective angiography
of aortic branches, contrast medium was
manually injected, adjusting the amount
and pressure to fluoroscopy-visualized an-
giogram.

Aortography of thoracic aorta was ini-
tially performed in all patients, followed
by selective angiography of bronchial and
intercostal arteries, and intercostobronchial
tree as indicated. The selective arterial em-
bolization was done in 9 (81.8%) patients.
In 2 (18.2%) patients, it could not be per-
formed because the aspect of the aorta (tho-
racic aorta tortuosity) prevented a stable se-
lective placement of the tip of the catheter
into the target artery.

Angiography of the subclavian artery
branches (thyrocervical trunk, costocervi-
cal trunk and internal thoracic artery) was
performed in cases where selective angiog-
raphy of bronchial and intercostal arteries
yielded negative results after the detection
of pathologic process and its localization
determined by diagnostic imaging methods

Radiol Oncol 2009; 43(3): 152-161.
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and/or bronhoscopy. Due attention was paid
to the possible detection of Adamkiewicz
artery. Angiographic signs suggesting site
of bleeding include hypervascularization,
intensive parenchymal opacification, pro-
nounced tortuosity, arterial aneurysms and
AV fistulas. The embolization of the feeding
artery was performed on the basis of patho-
logic angiographic characteristics pointing
to the localization of bleeding. Upon plac-
ing the tip of the catheter safely into the tar-
get artery, the embolization was performed
under fluoroscopy control by manual injec-
tion of mixture of contrast solution (1 ccm)
and embolization material, Embosphere
(BioSphere Medical Inc., MA, USA), parti-
cle size 350-500 um.

The amount of the material injected de-
pended on the patency and filling of the
vascular bed of the target artery. The embol-
ization was discontinued when the emboli-
zation material ceased to flow out from the
catheter, indicating a significant increase
in the distal resistance of the embolized ar-
tery. Control angiographies were done by
manual injection of the contrast medium
through the same catheter at a pressure ad-
justed to the new situation in the embolized
artery, under the fluoroscopy control. The
catheter was previously rinsed with saline.
In addition to control selective angiogra-
phies of embolized arteries, angiographies
of thoracic arteries were also performed
to visualize the possible, previously over-
looked pathologically altered arteries that
may have presented additional sources of
bleeding. In the patients presented, there
was no need of pulmonary angiography or
use of microcatheters (<3F) during the pro-
cedure of embolization.

After the procedure, the patient’s gener-
al condition (blood pressure, ECG, breath-
ing, pain severity) and the site of puncture
were monitored for 4 h. Then, the patients
in good general condition were transferred
to a specialized institution for lung diseas-
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es, accompanied by the medical personnel,
for continuous general condition monitor-
ing and management of underlying disease.
The patients were under the regular clinical
control for the next 24 months. Depending
on the disease dynamics and haemopty-
sis recurrence patterns, the patients were
treated conservatively or were referred for
the secondary embolization or some other
mode of the active treatment.

Results

All of the 11 angiograms showed patho-
logic angiographic findings. Such a find-
ing was present on the angiograms of
thoracic aorta in 2/11 (18.2%) patients with
extensive bronchiectasias, and on selective
angiograms of the thoracic aorta branches
in the remaining 9/11 (81.8%) patients. The
angiographic characteristics of pathologic
haemorrhage included hypervasculariza-
tion and intensive parenchymal opacifica-
tion in 11/11 (100%), AV fistulas in 6/11
(54.5%), tortuous and hypertrophic arteries
in 8/11 (72.7%) and aneurysms in 3/11
(27.3%) patients. The pathologic process in
pulmonary parenchyma was localized on
the right and left side in 6/11 (54.5%) and
5/11 (45.5%) patients, respectively.
Embolization proved successful in 9/11
(81.8%) patients. In 2/11 (18.2%) patients,
it could not be performed although their
thoracic aorta angiograms revealed a patho-
logic area in the lung parenchyma. A tor-
tuous appearance of thoracic aorta and the
pattern of bronchial artery origin prevented
a safe manipulation and a stable selective
access to the artery showing a pathologic
finding. Although BAE was not performed
in these two patients, they were included in
the analysis because BAE was planned and
attempted in these patients as well.
Embolization of intercostobronchial
arteries and bronchial artery itself was
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Figure 1a. Digital subtraction angiography in a patient
with bronchiectasis before embolization.

done in 8/9 (88.9%) patients, whereas 1/9
(11.1%) patient underwent embolization of
the thyrocervical trunk branches of the left
subclavian artery (ASCL) (Table 1). In five
of 8/9 (62.5%) patients submitted to selec-
tive angiography of bronchial arteries, two
bronchial arteries were found on the left
side and one bronchial artery on the right
side — Type I according to Cauldwell’s ana-
tomic classification of the number and ori-
gin of bronchial arteries. Adamkiewicz ar-
tery as a branch of the arteries involved by
the target embolization was not visualized
either during or after the procedure; thus,
there was no relative contraindication for
BAE.

The results of the primary emboliza-
tion were regularly followed-up for a mean
of 21.6 (19-24) months of the procedure
(Table 1). The primary procedure proved a
successful mode of the treatment for mas-
sive haemoptysis in 6/9 (66.7%) patients.
The cause of haemoptysis was lung tuber-
culosis in 3/6 (50.0%) and bronchiecta-
sis in 2/6 (33.3%) patients (Figures 1a, b),
whereas one (16.7%) patient underwent
the primary embolization for microcellular
bronchial carcinoma, survived for 5 months
of the procedure and died from myocardial
infarction. The secondary embolization
was performed in 3/9 (33.3%) patients, at a
mean of 3 (1-6) months of the initial proce-

~\
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Figure 1b. Digital subtraction angiography in a patient
with bronchiectasis after embolization.

dure. In this group, bronchiectasis was the
underlying disease in two patients, and as-
pergilloma in one patient (Figures 2a, b, ¢,
d, e). The operative treatment of haemopty-
sis following two embolization procedures
was required in 2/9 (22.2%) patients, i.e.
for aspergilloma and bronchiectasis in one
patient each (Table 1). During the immedi-
ate post-embolization procedure (up to 72
h), back pain and coughing were reported
by 4/9 (44.4%) patients. These complaints
were symptomatically treated because any
major complications were ruled out by the
course of symptoms and respective studies
(X-ray, ECG, laboratory tests and CT).

Discussion

Bronchial arteries are direct parietal
branches of the thoracic aorta, originating
between 5™ and 6" thoracic vertebra at
the level of tracheal bifurcation. They sup-
ply a nutritive circulation for pulmonary
tissue and blood vessels, trachea, inner
lung coat, pulmonary hilar lymph nodes,
oesophagus and pericardium. Most com-
monly used classification for describing
number and origin of bronchial arteries is
from Cauldwell et al.”8 According to this
classification, two left bronchial arteries
and one right presenting as an intercosto-

Radiol Oncol 2009; 43(3): 152-161.
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Table 1. Results of percutaneous treatment for haemoptysis

Patient No.  Aetiology Embolization/period Embolization/period = Operation Control

1 (prim. BAE) 2 (sec. BAE) (months)
1 Tbc + 20
2 Tbc + 24
3 Tbc - 19
4 Asp + (1 month) + (3 months) 22
5 Asp + 19
6 Bron - 23
7 Bron + + (2 months) + (4months) 22
8 Bron + + (6 months) 23
9 Bron + 21
10 Bron + 23

11 Ca + G- 1Mt

N=11 9/11 (81.9%) 3/9 (33.3%) 2/9 (22.2%)  19-24 months

Legend: Prim BAE - primary embolization; sec BAE - secondary embolization; Tbc - lung tuberculosis; Asp -
aspergilloma; Bron - bronchiectasis; Ca - microcellular carcinoma; N - total patient number; T(IM) myocardial

infarction mortality

bronchial trunk (ICBT) (40%); one on the
left and one ICBT on the right (21%); two
on the left and two on the right (one ICBT
and one bronchial artery) (20%); and one
on the left and two on the right artery (one
ICBT) (9.7%). There are also aberrant bron-
chial arteries (originating outside the level
Th5 and Thé) with reported prevalence
ranging from 8.3%-35%.”%? Anomalous ori-
gins include aortic arch, mammary artery,
subclavian artery, brachiocephalic trunk,
thyrocervical trunk, inferior phrenic artery
and abdominal aorta. One should be aware
of the possible presence of the aberrant
bronchial arteries when there is not sig-
nificant bronchial arterial supply to areas
of abnormal pulmonary parenchyma or in
the patients with recurrent haemoptysis
despite a successful embolization.

The presence of intercostobronchial
tree was found in two of our patients with
lung tuberculosis (3/11) and bronchiecta-
sis (5/11) as underlying diseases. In one
patient suffering from aspergilloma of the
upper lobe of the left lung, branches of the
subclavian artery were the predominant
source of bleeding.

Radiol Oncol 2009; 43(3): 152-161.

Angiographic signs suggesting bleeding
site include dilated and tortuous bronchial
arteries, neovascularity, arterial aneurysms,
peribronchial hypervascularity, AV shunt-
ing into the pulmonary artery or vein. A
contrast extravasation as a specific sign of
haemorrhage is rarely seen, with reported
prevalence from 3.6-10.7% because the
bleeding from bronchial arteries is slow
and intermittent.">1%11 The comparison of
the signs of bleeding and hypervasculariza-
tion of the lung parenchyma were indica-
tors of the lesion localization and haemor-
rhage in all patients (11/11; 100%). Besides
those findings, at least one of the following
pathognomonic signs was present in all our
patients: AV fistulas in 6/11 (54.5%); tortu-
ous, hypertrophic arteries in 8/11 (72.7%);
and arterial aneurysms in 3/11 (27.3%) pa-
tients. We found hypervascularization of the
lung parenchyma and tortuous arteries in 1
(9.1%) patient with lung carcinoma, which is
in contrast to the reports on the absence of
angiographic signs of haemoptysis in one-
third of individuals with malignant lung
diseases.! However, the adequate treatment
of haemoptysis in lung cancer patients can
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Figure 2a. X-ray/tomography of aspergilloma.

Figure 2c. Digital subtraction angiography in a patient
with aspergilloma before embolization.

Figure 2e. Digital subtraction angiography in a patient
with aspergilloma after secondary embolization.

improve their short-time survival rate, not
only because of the patient’s characteristics
(better performance status, more females),
but also because of a more suitable manage-
ment of urgent conditions.!”> AV shunting
is a major and reliable angiographic sign of
haemoptysis on DSA, recorded in all 5/11
(45.5%) patients with bronchiectasis as the
underlying disease and in one of the two
(9.1%) patients with aspergilloma.

Figure 2b. Digital subtraction angiography in a patient
with aspergilloma before embolization.

)—. L]
Figure 2d. Digital subtraction angiography in a patient
with aspergilloma after primary embolization.

BAE has been used as a therapeutic
method of the treatment for haemoptysis
since 1973. It is also used as an adjuvant
method to the surgical, bronchoscopic
and/or conservative treatment.!21314 BAE
enables a direct bleeding control, thus ob-
viating the need of the operative procedure,
which is associated with higher mortal-
ity (17.6-19%)'>1%, longer hospital stay and
higher costs of the treatment.?* In addition,
the embolization provides better clinical
preconditions for the possible subsequent
operative treatment. In BAE the rate of the
technical success is high (77%-94%). A long-
term success of the primary BAE is up to
80% and depends on the grade of progres-
sion of the underlying pulmonary disease
causing hemoptysis.>*!7 In our patient
group the success of the percutaneous ap-
proach in the management of haemoptysis
was 81.9% (9/11 patients). In nine patients a

Radiol Oncol 2009; 43(3): 152-161.
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100% technical success was recorded. In re-
maining two patients the embolization was
not performed due to the failure of achiev-
ing a stable position of the catheter, which is
the precondition for performing a safe em-
bolization. The stable selective placement of
the tip of the catheter into the target artery
could not be achieved because of significant
thoracic aorta tortuosity.

In the literature, one-month clinical re-
sults of bronchial artery primary emboliza-
tion range from 48% to 98%.118 Such a broad
range of the results of the primary emboli-
zation may be explained by pathophysi-
ologic changes that occur after the emboli-
zation. The embolization is quite frequently
followed by hypertrophy of the “adjacent”
arteries. The primary procedure failure and
proneness to secondary haemorrhages may
be caused by the underlying disease activ-
ity, circulatory collateralization, or inade-
quate embolization and prevention of broad
communication between the target and
adjacent arteries. We presume that the pos-
sible inadequate primary embolization may
have induced the recurrence in our patient
with the apical localization of aspergilloma
(Figure 2). Bronchiectasis and lung tuber-
culosis are the factors that lead to massive
haemoptysis and the multiple active treat-
ment (embolization and/or operative pro-
cedure) in 73% of patients.! In our patient
series, bronchiectasis and lung tuberculosis
contribute around 73% cases of haemopty-
sis, the former being found in 45.5% (5/11)
of patients. In the group of patients requir-
ing multiple BAE and/or the operative treat-
ment, bronchiectasis was the underlying
disease in two-thirds and aspergilloma in
one-third of patients. Lung tuberculosis was
not present in this group of patients. This is
an interesting finding, considering the fact
that lung tuberculosis is the underlying dis-
ease in 15.5% of all haemoptysis recurrenc-
es.! The variation between our results and
literature data on the prevalence of lung tu-
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berculosis can be attributed to the small pa-
tient sample, making the comparison with
other reports imprecise. The small number
of patients included in our study prevent-
ed any reliable comparison of our data on
the high prevalence of bronchiectasis and
aspergilloma as the factors for BAE or the
operative treatment with the respective lit-
erature reports. However, the inappropriate
treatment of the underlying disease and/
or disease extension (e.g., aspergilloma in
the upper lobe of the left lung; Figure 2)
may be objective reasons of the recurrence.
This may explain the higher prevalence of
multiple embolizations in our patient series
(33.3%) as compared with 18.4% reported
in the literature. The prevalence of lesions
detected in non-bronchial arteries in pa-
tients with the unsuccessful embolization
procedure recorded in our patient series
(33.3%) was comparable to literature re-
ports (25.0%-36.4%). Chronic inflammatory
diseases of pulmonary parenchyma lead to
the reduction of pulmonary circulation at
the level of pulmonary arterioles due to the
associated vasculitis and hypoxic vasocon-
striction. This in turn entails the opening of
precapillary anastomoses of bronchial and
pulmonary arteries, which results in bron-
chial arterial hypertrophy. The elevation of
intravascular pressure or inflammatory ero-
sion of arterial wall in the arteries affected
with such lesions usually causes ruptures
and consequential haemorrhage. A good
control of the underlying disease is the main
factor of a long-term success and prevention
of haemoptysis recurrence.>!? In our series,
chronic inflammatory states (bronchiecta-
sis, aspergilloma) caused the recurrence
in three (33.0%) patients within 6 months
of the primary procedure. The presence of
the apical process in the lungs (as in our
patient with aspergilloma; Table 1, patient
no. 4) make the procedure of the emboliza-
tion more complex and the therapeutic out-
come uncertain. Such a situation requires
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the successful embolization of a number
of intrathoracic branches of the subclavian
artery and possible collateral arteries as the
potential sources of haemorrhage. In the
context of bronchiectasis and aspergilloma
as the reasons for the secondary treatment
in three patients, the BAE procedure was
more complex, as demonstrated by the need
of a tertiary, operative procedure in two of
these patients (one patient with aspergil-
loma and bronchiectasis each) (Table 1)
Prior to the embolization, it is necessary to
estimate the distribution pattern of radicu-
lar arteries and the origin of anterior spinal
artery (artery of Adamkiewicz), involved in
the vascularization of spinal medulla, since
its embolization leads to spinal ischemia
and transverse myelitis.”?® This unilateral
vessel usually arises between Th9 and Th12
in 75% of cases. Anterior medullary arter-
ies have characteristic ,hairpin” configu-
ration at angiography. In our patients, the
artery of Adamkiewicz was not visualized
on DSA and selective DSA, ensuring a safer
approach in the procedure of the emboliza-
tion. However, during BAE a due attention
was paid to the possible visualization of the
mentioned arteries because Uflacker et al.
report on radicular arteries visualized dur-
ing the embolization, which may be a con-
traindication for BAE, in 42/75 cases.202!
However, these authors did not consider it
an absolute contraindication for BAE.

In cases of a difficult placement of the
tip of a 5FR selective catheter into the target
artery, the procedure of BAE can frequently
be simplified and safer with the use of mi-
crocatheters. Employing a microcatheter is
favourable for enabling a more selective ac-
cess to the target artery and the microcath-
eter tip placement more distally from the
possible radicular artery origin.?! However,
a safe placement of the tip of 5FR selective
catheter into the target artery can be checked
by vigorous yet properly dosed injection of a
contrast medium, as we did in our patients.

If this does not result in the catheter tip
“popping up” from the target artery, the em-
bolization can be performed without the use
of microcatheter. Of course, a precondition
is ruling out the origin of radicular arteries.
That is why we believe, like some other au-
thors, that microcatheters are not necessary
to use on BAE in such cases.??

The advances in DSA technique, along
with the use of microcatheters and nonionic
iso-/low-osmolarity contrast agents, have
enabled a more efficient and safer approach
in the management of haemoptysis. The rate
of haemoptysis recurrence may reach 46%
after the initial embolization. According to
some authors, in a high percentage (87%) it
occurs consequentially to recanalization of
the previously embolized arteries rather than
due to arterial hypertrophy (27%).22* This
implies to the procedures performed with
the use of temporary embolization agent,
Gelfoam.?? Polyvinyl alcohol (PVA) and
Microsphere (Embosphere, Embogold) are
permanent embolization agents that require
the re-embolization in only 15.5% of cases.?
The procedure success also depends on the
choice and type of embolization material
needed for the arterial occlusion.>%%1819
Therefore, we used Embosphere (BioSphere
Medical Inc., MA, USA). None of our pa-
tients was initially scheduled for the opera-
tive procedure. If not so, there would have
been no reason to avoid using a temporary
embolization agent, followed by the opera-
tion. We also avoided using liquid embolic
agents (Absolute ethanol, glues) because
they cause the occlusion of the capillary
network, leading to tissue necrosis.?3?° The
choice of embolization material is among
the most important steps in the procedure
of BAE. This primarily refers to the mate-
rial properties that determine the duration
of the embolization effect, and to the size of
the particles employed (350-500 pm), which
taken together ensure a long-term haemop-
tysis control.>718 The size of the emboliza-
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tion material particles should be in size of
350-500 pm. It is essential to avoid use of
embolic less than 350 um because it increas-
es the risk of unintentional systemic or pul-
monary embolization. Experimental studies
have demonstrated a bronchopulmonary
anastomosis of 325 um in human lung.?

This is of utmost importance because of
the width and patency of communications
between bronchial arteries and pulmonary
veins, and bronchial arteries and pulmo-
nary arteries, as well as for some unex-
pected communications of bronchial arter-
ies with systemic arteries, also described
in other endovascular procedures.!®232427
With the use of 350-500 pm Embospheres,
we achieved technically satisfactory results
in 81.8% of patients, comparable to litera-
ture reports. The rate of the successful out-
come of the primary embolization (66.7%)
was also quite consistent with literature
data 137.13,14,17,18,20,21,28

In addition to the proper choice of em-
bolization material, the choice of contrast
medium is also highly relevant in the pro-
cedure of BAE. Hyperosmolarity may cause
transient ischemia of radicular arterial
branches. Literature reports describe trans-
verse myelitis consequential to vasotoxic-
ity caused by the use of ionic contrast.”!
Therefore, we employed Omnipaque, a no-
nionic, low-osmolarity contrast medium,
associated with the absence of neurotoxic-
ity and reduced coughing. In spite of this,
4/9 (44.4%) patients developed cough and
back pain within 72 h of the procedure.
Following respective studies, these com-
plaints were treated symptomatically and
did not require additional therapy nor pro-
longed the expected duration of the hospi-
tal stay. This is consistent with literature
reports on the rate of post-BAE pain devel-
opment (24% - 91%).1
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Conclusions

Massive haemoptysis is a clinical emer-
gency, posing a life threat to the patient due
to the potential asphyxia. The embolization
of bronchial and non-bronchial arteries
is a safe and efficient interventional pro-
cedure for the successful management of
acute haemoptysis. Proper knowledge of
the bronchial artery anatomy, their possi-
ble communications and underlying patho-
physiology of massive haemoptysis are
preconditions for the successful procedure
performance. Advances in the angiography
technique and the use of novel, sophisti-
cated materials make the procedure of BAE
safe and associated with a minimal risk for
the patient. Due control of the underlying
disease, that has led to parenchymal and
arterial lesions, thus causing the bleed-
ing, is an important factor to prevent the
recurrent bleeding. We do hope that the
general notes on the issue of haemoptysis,
technique, advantages and results of BAE,
and on the role of proper choice of emboli-
zation material will result in a more favour-
able approach to the problem of massive
haemoptysis. This is expected to bring an
even closer interdisciplinary collaboration
of pulmonologists and interventional radi-
ologists, to the benefit of our patients.
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Background. Echinococcosis is a zoonotic disease that occurs mainly in endemic areas. Recurrent hydatid
cyst (RHC) and its diagnosis present insidious problems for surgeons. The aim of this study was to evaluate
the diagnosis and surgical management of RHC in Turkey, where the disease is endemic.

Methods. We conducted a comprehensive study of 146 patients with abdominal hydatid cysts that were
managed surgically between 1997 and 2007. Among those patients, RHC arose in 14 (9.5%) of cases.
Results. The female to male patient-ratio was 6 to 8 and median age was 47.4 years. Patients” symptoms
included abdominal pain, nausea, fever, and jaundice. Cysts reoccurred in patients sporadically between 4
months and 22 years. Abdominal US, CT, and MRI were utilized for the diagnosis in 14 (100%), 11 (78.5%),
and 2 (14.2%) patients respectively, demonstrating the RHC of the liver and concomitant cysts (splenic
region, mesentery of the colon and perivesical) in all cases, respectively. The recurrent cysts (with a mean
diameter of 12 cm) were removed using partial pericystectomy, introflexion, and total cystectomy surgical
techniques. Postoperative morbidity occurred in 14% of patients.

Conclusions. Especially in endemic countries like Turkey, RHC should be included in the differential
diagnosis of cystic masses in abdominal organs that were previously treated for hydatid cysts. Surgery
still remains the treatment of choice for RHC with early management and proper perioperative evaluation
contributing to a high cure rate.

Key words: hydatid; cyst; recurrence

Introduction tries, the Middle East, Eastern Europe,

South America, Australia and New Zealand.

Hydatid disease due to Echinococcus granu-
losus is endemic in particular regions of the
world including the Mediterranean coun-
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The clinical presentation of hydatid disease
depends on the size and site of the lesion
and the accessibility of the organ involved
in the clinical examination.!

As there is no effective medical thera-
py for recurrent hydatid cyst (RHC), sur-
gery is still the first-choice treatment.?
Administering pre- and post-operative
courses of anti-helmintic drugs and using
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Figure 1. CT scan shows multiple (A) and uniloculer(B,C,D) RHC of the liver.

scolicidal solutions intra-operatively tends
to kill the living daughter cysts, prevent the
risk of spillage, and reduce the recurrence
rate post-operatively. However, the recur-
rence rate of this disease is still disappoint-
ingly high, in the range of 9-20%.°

In our series of 146 patients with abdom-
inal hydatid cysts that were managed sur-
gically, a RHC arose in 14 (9.5%) of cases.
Since the recurrence of an echinococcal
cyst mainly follows a silent clinical course,
unless its growth produces symptoms, its
diagnosis is commonly based on the find-
ings of ultrasound (US), computed tomog-
raphy (CT), and magnetic resonance imag-
ing (MRI).4

The aim of this study was to appraise
within an endemic country the diagnosis

and management of surgically confirmed
abdominal RHC caused by E. granulosus at
various locations in the abdomen.

Patients and methods

We, retrospectively, reviewed the medical
records of 14 adult patients operated on for
RHC at the Department of 2"d Surgery at
our Hospital (in Izmir, Turkey) during the
period 1997- 2007. We defined a ‘recurrent
cyst’ to be any growing cyst at the original
operative site, in the neighboring liver tis-
sue, or extrahepatic. Our diagnostic work-
up for the study consisted of complete
blood counts, liver function tests, hydatid
serology with hemagglutination tests, and

Radiol Oncol 2009; 43(3): 162-169.
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Table 1. Time of previous surgery and location of the cysts

clinical findings. Imaging

studies comprised US, CT Patient Age Sex  Time of previous Location of the RHC
and MRI. All patients un- surgery

derwent a preoperative US 1 48 M 22 years liver
examination with 3 MHz 2 3% F 5-8 years liver
transabdominal probe. US 3 37 F 8 years liver

findings were described 4 57 M 5-7-8-9 years Liver+mesentery
according to Gharbi clas- ° 49 M 9-20-21 years liver
sification.’ Type 1 includes ~ © 40 M 7 years liver

the univesicular cyst- pure 7 57 F 3 years Liver+perivesical
fluid collection, Type 2 8 30 M 6-7-9 years liver

covers the fluid collection 9 40 F 12 months Liver-+left

with a split wall-detached subphrenic fossa
laminated membrane ‘wa- 10 52 F 15 months liver

ter lﬂy' sign. Type 3 in- 11 53 M 4 months liver

volves the fluid collection 12 47 M 15 months liver

with septa and daughter 13 43 M 16 months liver

cysts. Type 4 has a heter- 14 39 M 5 years liver

ogenous appearence that M:maleF:female
mimics a solid mass and

Type 5 appears as reflecting thick walls and
calcifications. CT examination was con-
ducted for 11 patients with Toshiba spiral
CT Asteion. MR studies were performed
for two patients on a 1.5 T unit. The choice
of the operative procedure was based on
number, size, and location of cysts, and
previous surgery. The pre- and post-oper-
ative one-month courses of anti-helmintic
drugs (Albendazole) were administered to
in all patients. The data were analyzed with
a descriptive study.

Results

Fourteen of 146 of the patients in this study
presented with RHC. The median age of
14 patients was 47.4 years (range, 30-64) at
the time of diagnosis. Of the 14 patients,
6 (42.8%) were females and 8 (57.1%) were
male.

Clinical symptoms varied and included
abdominal pain (n =14, 100%), nausea (n =
8, 57.1%), fever (n = 2, 14.2%), and jaundice
(n =1, 71%). Hepatomegaly was noticed in
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8 (57.1%) patients and an abdominal mass
was detected in 2 (14.2%). Cysts reoccurred
in patients at irregular intervals between 4
months and 22 years. After their original
operations, 5 patients experienced RHC
less than 2 years later, 9 patients more than
2 years later (Table 1). Four patients had a
recurrence of hydatid cyst between 5 and 21
years after one or more operations in their
home hospital. The type of the initial ope-
ration performed was not known exactly.
In one case, the same patient experienced
recurrence twice, 5 and 8 years after the ini-
tial operation. Two patients had the surgi-
cal treatment for hydatid cyst three times.
In one of those cases, cysts reoccurred 9,
20, and 21 years after the original surgery.
In the other, a recurrence arose 6, 7, and 9
years after the first operation. One case was
operated four times: 5, 7, 8 and 9 years after
three times surgery.

Eosinophilia, leukocytosis, and an in-
creased level of ALT/AST were found in
1, 4 and 5 patients. The hemagglutination
test was applied in 10 (71.4%) patients
and was positive in 4 of them. Abdominal
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Figure 2. CT demonstrating the RHC of the liver and
concomitant cyst of the splenic region. The patient
was underwent splenectomy for splenic hydatid cyst
in previous operation.

X-rays revealed an elevation of the right dia-
phragm in 3 (21.4%) cases. Abdominal US,
CT (Figure 1) and MRI were utilized in 14
(100 %), 11 (78.5%), and 2 (14.2%) patients,
demonstrating the RHC of the liver in all
patients. According to Gharbi classification,
the majority of the cases were Types 1, 3
and 2 (n =9, 3 and 2 cases). Three (21.4%)
patients from this group had associated hy-
datid cysts in other organs. The RHC was
found in the left subphrenic space (Figure
2), the mesentery of the colon (Figure 3)
and the perivesical region (Figure 4) in one
patient. While one patient of the three had
had a splenectomy as the treatment for
a splenic hydatid cyst, the other two had
been treated surgically for hydatid cyst of
the liver, previously. Among 14 patients
studied, the right lobe of the liver was af-
fected in 11 (78.5%) cases, the left lobe in
3 (21.4%) cases. There were multiple liver
cysts in 3 (21.4%) cases. The mean diameter
of the cysts was 12 cm (range 3.5 to 15 cm).
MRI was utilized successfully in 2 (14.4%)
patients, respectively (Figure 5).

In thirteen (92.8%) of 14 patients studied,
a subcostal incision was used. A midline in-
cision was used for the remaining patient.
At operation, we performed a complete re-
moval of the contents of the hydatid cyst of

Figure 3. The patient was operated four times because
of hydatid cyst. His CT scan shows RHC in the
mesentery of the colon.

the liver in all 14 patients. We carried out
partial pericystectomy and introflexion in-
cluding the closure of the remaining cyst
cavity to prevent dead space. The closure of
the remaining cavity were drained and per-
formed with silicon tubes. Total cystectomy
was performed to the cyst of the colonic
mesentery, the cyst in the splenic region,
and the perivesical cyst. Postoperative mor-
bidity was found in two (14.2%) patients
and consisted of wound infection. Only one
patient was operated for brid ileus, 4 months
later.

Discussion

In spite of modern therapeutic methods,
RHC remains a significant problem for
surgeons in endemic regions. A history of
hydatid disease as well as the presence of
its characteristic cystic lesions may well
suggest the diagnosis of RHC, but it is of-
ten difficult to establish the unequivocal di-
agnosis before surgery. Although recurring
cysts are commonly known to affect the liv-
er and lung, studies also show that they can
also affect other organs.®” Pre-operative
diagnosis of RHC may be difficult, because
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Figure 4. Perivesical location of the RHC in a 58-year-
old woman.

it may be confused with primer or post-
operative cysts (biloma,lymphocele). In our
study, RHC was successfully diagnosed
pre-operatively in all patients. The high
success rate observed at our center could
be explained by the referral of patients
from endemic areas.

Unfortunately, a patient’s prior history
of hydatid cysts cannot in itself justify the
diagnosis of the recurrent cyst. RHC devel-
ops most often as a new growth of an echi-
nococcal cyst after the complete surgical
removal of the primary one or due to a cyst
developing postoperatively from the non-
identifiable small cysts. Another clinical
scenario involves a cyst resulting secondar-
ily to the surgical technique via disseminat-
ed vesicules, intraoperatively. In our study,
we encountered RHC most likely due to the
dissemination from the previous surgery in
four patients.

The clinical presentation of RHC de-
pends on the size and site of the lesion and
the accessibility of the organ involved for
the clinical examination.® The cysts may
become infected and present themselves as
liver abscesses. This complication has been
reported in the literature as occurring in 5%
to 40% of patients.’ In our experience, clini-
cal symptomatology consists of abdominal
pain, nausea, fever and jaundice. It appears
that jaundice is related to the presence of a
communication between a cyst and the bil-
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Figure 5. MRI appearence of the RHC on the left lobe
of the liver.

iary tree although MRI did not confirm this
supposition in our patients.

Although eosinophilia is expected in pa-
tients with parasitic infestations at the rate
of 30%?2, we only observed it in one (7.1%)
case. A previous study showed that hydatid
immunoelectrophoresis,  enzyme-linked
immunosorbent assay (ELISA), and indi-
rect hemagglutination (IHA) tests were con-
ducted for the diagnosis and post-operative
follow up.!? In our series of patients, sero-
logical tests identified cysts positively in 4
(28.5%) of cases. The number of our sero-
logical tests is low due to the dead parasite
and the impaired immune reaction.

Without having a patient’s clinical histo-
ry, pre-operative diagnosis of RHC cannot
be made with imaging studies in asymp-
tomatic and mildly symptomatic patients.
A pre-operative diagnosis of RHC may be
difficult, because it may be confused with a
primer hydatid cyst or true cysts. As docu-
mented in this study, as well as others?, US
and CT scans were the most helpful investi-
gatory means for detecting abdominal cyst-
ic masses, successful in each of our 14 cas-
es. US findings of the cysts may appear as
purely cystic masses, completely detached
membranes inside a cyst, multivesicular
cysts, and cysts that are partially or totally
calcified. CT findings of RHC include the
round fluid collection in which membranes
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are detected, septa and cyst walls that are
calcified, and primer hydatid cysts that are
similar in appearance. Further, MRI, MRI-
angiography may be effective upon the vis-
ualization of suspected masses.!!? In our
study, all of the cysts were typed according
to Gharbi classification with US. However,
the classification of the cysts did not af-
fect our surgical procedures. The treatment
of the recurrent hydatid disease is mainly
surgical, as anti-helmintic chemotherapy
alone has failed in many cases.? However,
pre- and post-operative 1-month courses of
anti-helmintic drugs should be considered
in order to reduce the spillage of viable
cysts during the surgery and to decrease
the recurrence rate post-operatively. These
drugs are recommended, as with our series
of patients, for cases in which spillage of
scoleces may have occurred during the sur-
gery. A medical therapy may be used for pa-
tients with the inoperable disease, patients
involved in the incomplete surgery, and for
the prevention in patients of the secondary
spread of echinococcal infection following
the spontaneous rupture.

A surgical intervention seems to be a sat-
isfactory approach to evacuate the contents
of the cyst without spillage, and to prevent
the cyst recurrence.'® At present, despite the
ease of application, the percutaneous drain-
age of the RHC should be avoided, because
it may lead to an intraperitoneal dissemi-
nation of the daughter cysts. The number
and location of RHC, and their connection
to adjacent structures, determine the surgi-
cal approach. The surgical intervention can
be performed using either a transperitoneal
or an extraperitoneal approach with a wide
exposure of the abdominal cavity, since it
demonstrates the overlooked cysts at the
previous surgery.! In our series, the sub-
costal incision was found to be effective,
providing a good exposure for RHC within
the liver.

Surgery may well be curative, but it car-
ries risks including the secondary echinoc-
occosis due to the spillage in 2% to 21% of
cases.?!® Three key principles of the sur-
gery are: aspiration of the cyst at its most
superficial point, use of hypertonic saline
solutions before opening the cavities (to
kill the daughter cysts and prevent their
further spread), and total cystectomy for
extrahepatic locations intra-operatively.!®
Liver cysts must be punctured with a canul-
la for the decompression and to determine
the nature of intracystic fluid. In most of
our cases we performed a partial pericys-
tectomy / introflexion for liver cysts, and a
total cystectomy for cysts at the other sites.
When we review previously published ar-
ticles, we find various types of treatment
models for RHC. That implies that a proper
and effective treatment modality is still not
described. Although the surgery is the gold
standard of RHC treatment, the effective-
ness of the procedure is still quite question-
able.What should be the surgical strategy to
prevent RHC? For example, has the surgery
removed all recurrence focus? Is spillage
prevented during the operation? Are mor-
phological changes, which might be the ir-
regularities of the endocyst, creating pock-
ets and preventing the contact between
scolicidal agent and parasites? Has the RHC
been correctly detected intra-operatively?
Previous studies show that the resective
surgery alone has been ineffective in pre-
venting the cyst reoccurrence — 20% of such
surgeries result in recurrences. But, a com-
bined treatment method, resective surgery
for macro disease and anti-helmintic drugs
for the residual infection, is demonstrably
more effective decreasing the recurrence
rate to 10%. Many authors recommend peri-
cystectomy in the open surgery because it
can be performed without opening the cyst,
and without the spillage, and without the
need for the cavity management.!” The limi-
tations of the procedure is that it can only
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be performed on peripherally located small
cysts and that it is associated with large
amounts of blood loss.

RHC complications at recently reported
rates of 10 - 37%, in multiple series of pa-
tients treated surgically, include infection,
hemorrhage, rupture, and obstruction of
other abdominal organs. Additionally, re-
operation rates have been reported as 6%.1
In our patients’ series, laparotomy was per-
formed in one patient, because of the brid il-
eus. Even though the mortality directly due
to echinococcosis is rare, it can produce a
very disabling morbidity. A mortality rate
1.5% has been reported.’

Conclusions

Surgical RHC failures may result in a new
cyst(s) at a different location or in an un-
discovered cyst(s) in a previous location.
Since the prior history of the hydatid cyst
cannot by itself justify the diagnosis of
RHC, the rigorous evaluation of the patient
is important for the improved diagnosis. An
early diagnosis and the detection of small
cysts are especially important - because
if cysts can be detected and controlled at
an early stage, they pose little or no threat
pathologically or functionally to organs.
Additionally, the proper perioperative eval-
uation and patients’ support are efficacious
in improving surgical results. We recom-
mend a total or partial pericystectomy as
the most appropriate procedure for the
management of primary HC and also for
RHC. Furthermore, we advocate RHC inci-
dence may be decreased with the improve-
ment of misdiagnoses, mistreatment, and
appropriate follow-up and also the preven-
tive immunologic research in the biology of
the parasite.

Radiol Oncol 2009; 43(3): 162-169.
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case report

A case with myasthenia gravis,
brain stem multiple infarcts, fracture of vertebrae Thé
and discal hernia to the Th7/Th8

Vera Kukaj!, Shpresa Beqiri!, Melihate Pushka!,
Myrvete Kabashi!, Edmond Komoni!

'Department of Neurology, University Clinical Center of Kosovo, Pristine, Republic of Kosovo

Background. We report the case of a patient with myasthenia gravis accompanied with brain stem multiple
infarcts, fracture of vertebrae Th6 and discal hernia of the Th7/THS.

Case report. A 66-year-old male patient, one week prior to the hospitalization showed up complaints of
dizziness, nausea, vomiting, numbness of the left side of the face, swallowing difficulty, left side body weak-
ness, right side of the body numbness starting from the nipples and going down to the right leg as well as
general fatigue. Six years ago the patient was diagnosed with myasthenia gravis based on electrophysiologi-
cal investigations, pharmacologic tests and findings of acetylcholine (Ach) receptor antibodies in serum. He
was then treated with the following medications: pyridostigmine of 60mg x 5/day, prednisolon of 20 mg
(every other day), azathioprine 100mg tid. He was doing well under described therapy. Twenty years ago
his left kidney was removed due to calculosis. He had also a sister that suffered of myasthenia gravis and
diabetes mellitus.

Conclusions. Myasthenia gravis has a number of symptoms and signs which probaly are in common with
stroke-including fatigque, muscle weakness, slurred speach and swallowing difficulty. The reported case sup-
ports the opinion that several medical conditions such as brain steam stroke may mimick myasthenia gravis.

Key words: myasthenia gravis; brain stem multiple infarcts; fracture of vertebrae

Introduction

Myasthenia gravis (MG) is an autoimmune
disorder of peripheral nerves in which an-
tibodies are formed against acetylcholine
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nicotinic postsynaptic receptors (AChRs)
at the myoneuronal junction. A reduc-
tion in the number of AChRs, results in
a characteristic pattern of progressively
reduction of muscle strength with repeated
use of the muscle and recovery of muscle
strength following a period of rest.'* The
bulbar muscles are affected most com-
monly and most severely, but most patients
also develop some degree of intermittent
generalized weakness.> Auto antibodies de-
velop against AChRs nicotinic postsynaptic
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receptors for unknown reasons, although
certain genotypes are more susceptible.
The presynaptic terminal contains vesicles
filled with acetylcholine (ACh). On arrival
of a nerve action potential, the contents of
these vesicles are released into the synaptic
cleft in a calcium-dependent manner. The
released ACh molecules diffuse across the
synapse and bind to the AChRs on the
postsynaptic membrane.>*

Anti-AChR antibody is found in approxi-
mately 80-90% of patients with MG. Patients
with anti-AChR antibodies are recognized
as seropositive myasthenia gravis (SPMG).
Patients become symptomatic once the
number of AChRs is reduced to approxi-
mately 30% of normal. Patients without anti-
AChR antibodies are recognized as seron-
egative myasthenia gravis (SNMG). Many
of these patients with SNMG have antibo-
dies against muscle-specific kinase (MuSK).
MuSK plays a critical role in postsynaptic
differentiation and clustering of AChRs.?*

Immunogenic mechanisms play im-
portant roles in the pathophysiology of
myasthenia gravis. Supporting clinical ob-
servations include the presence of associ-
ated autoimmune disorders in patients suf-
fering from myasthenia gravis (e.g. autoim-
mune thyroiditis, systemic lupus erythema-
tosus, rheumatoid arthritis). The role of the
thymus in the pathogenesis of myasthenia
gravis is not entirely clear, but 75% of pa-
tients with myasthenia gravis have some
degree of thymus abnormality (e.g. hyper-
plasia in 85% of cases, thymoma in 15% of
cases). Given the immunologic function
of the thymus and the improvement in
the clinical condition of patients follow-
ing thymectomy, the thymus is suspected
to be the site of autoantibody generation.
However, the stimulus that initiates the au-
toimmune process has not been identified.

The most common symptoms are: drop-
ping of the eye lids, double vision, slurred
speech, swallowing and chewing difficulty,

muscle weakness of arms and legs, chronic
fatigue and sometimes breath difficulty.®

To facilitate the clinical staging of ther-
apy and prognosis, the following classifi-
cation, introduced by Osserman, has been
widely adopted:!

I Ocular myasthenia (15-20%).

ITA  Mild generalized myasthenia with
slow progression, no crises: drug
responsive (30%).

IIB  Moderately severe generalized
myasthenia; severe skeletal and
bulbar involvement but no crisis,
drug response less than satisfac-
tory (25%).

I Acute fulminating myasthenia;
rapid progression of severe symp-
toms with respiratory crises and
poor drug response; high incidence
of thymoma; high mortality (15%).

IV Late severe myasthenia; symptoms
the same as 1III, but resulting from
steady progression over 2 years
from class I to class II (10%).

Female to male ratio in children and
adults is 3:2. It can manifest at any age from
the birth until the 80-ties. The peak age of
onset is between 20 and 30 years in women
and between 50-60 years in men. Under the
age of 40, females are affected two to three
times as often as males, whereas in later
life, the incidence in males is higher 3:2.1*
The diagnosis is made by the following;
pharmacologic investigations: edropho-
nium chloride (Tensilion) test, pyridostig-
mine (Prostigmin) test. electrophysiological
investigations; repetitive nerve stimulation
test, single fiber EMG studies (SFEMG) and
serologic tests; serum AChR antibody test,
muscular specific thyrosin kynase (anti-
MuSk) antibodies.*® The treatment con-
sists of cholinesterase inhibitors, immuno-
suppressant, thymectomy, plasmapheresis
and i.v. immunoglobulins.>!3

Radiol Oncol 2009; 43(3): 170-174.



172 Kukaj V et al. / Myasthenia gravis and brain stem multiple infarcts

Case report

The patient was a 66-year old male. Six
days prior to the hospitalization the patient
showed up with complaints of dizziness,
nausea, vomiting, numbness of the left
side of the face and body, difficulty in swal-
lowing, left side body weakness, right side
of the body numbness starting from the
nipples and down the right leg and general
fatigue. Also six years ago the patient was
diagnosed with myasthenia gravis (gener-
alized form, Osserman II.B) with electro-
physiological investigations, pharmacologic
tests and findings of acetylcholine receptor
antibodies in serum. For years his condi-
tions were good with the following treat-
ment: pyridostigmine (Mestinon) tablets
of 60 mg 5x1, prednisolon tablets of 20
mg 1x1 (every second day), azathioprine
(Imuran) tablets of 100 mg 2x1. He was do-
ing well with the described therapy. Twenty
years ago his left kidney was removed due
to calculosis and he suffered from hyper-
tension, too, which he treated with lisino-
pril and hydrochlorothiazide tablets of 10
mg 1x1. He had a sister also diagnosed with
myasthenia gravis and diabetes.

Neurologic examination

He suffered from horizontal nystagmus on
the right, diplopia, dysphagia, dysphonia,
supranuclear paresis of the left facial nerve,
the uvula deviated on the right, hemihyp-
aesthesia on the left side of face, muscular
weakness of jaw muscles and hemihypaes-
thesia on the left.

Upper extremities: muscle strength was
weaker on the left side (grade 4), there was
reflex asymetry presented (again weaker
on the left). We found hypaesthesia for all
qualities on the right side with the sensory
level to the Th 5/6 vertebrae.

Lower extremities: muscular tone was
weaker on the left side, muscle strength

Radiol Oncol 2009; 43(3): 170-174.

Figure 1. Brain MRI coronal FLAIR shows ischemic
lesions in the brain stem (On the caudal part of the left
side of brain stem, there is a hiperintense area with
5x6 mm dimensions and discrete hiperintense areas
are present on the both sides of the pons).

was also weaker on the left, there was hi-
perreflexia bill.

Superficial abdominal reflexes were
weaker on the left. Extensor plantar reflex
(Babinski) was present left. Rombergs test
was positiv. Gait was ataxic. Primitive re-
flexes: it was snout response presented.

Other investigations

On investigation the full blood count
and routine biochemistry were normal.
Screening with echocardiogram and X-ray
chest were also normal. Without changes
were TSH, T3 and T4 levels. Brucella tests
and rheumatologic tests were negative.
Prostate specific antigen (PSA) was nega-
tive. The abdominal ultrasound examina-
tion: the left kidney was missing (extirpat-
ed), the right one was with compensatory
hypertrophy but without any urine present,
ultrasound of carotid of blood vessels did
no reveal stenosis or occlusion, CT of brain
was normal. Brain MRI showed ischemic
lesions in the brain stem (Figure 1). MRI of
the spine cervical thoracic level revealed a
fracture of the Thé6 vertebrae, disc hernia to
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the Th7/8 with narrowing the spinal canal
and signs of spinal compression in this
level with multiple protrusions of interver-
tebral discs in cervical and thoracic spine
(Figure 2).

A cardiologic consultation established
Hypertensio arterialis and physiatrist sug-
ested physical therapy.

Discusion

Myasthenia gravis is one of the most chal-
lenging diseases when it comes to diagno-
sis and treatment.® Little is known about
ishemic stroke in patients with myasthenia
gravis. It is well known that several medical
conditions may mimick stroke; however,
myasthenia gravis mimicking stroke apears
to be uncommon.*!> That is comprehen-
sive, since myasthenia gravis has a number
of symptoms in common with stroke-in-
cluding fatigue, muscle weakness, slurred
speach and swallowing difficulty. We pre-
sented here a patient with myasthenia
gravis and brain stem stroke suffering a lot
of symptoms as exacerbation of myasthenia
gravis. Our patient with mysthenia gravis,
developed ischemic lesions in the brain
stem and also degenerative changes in the
spinal cord with intervertebral right disc
hernia to the Th7/8 and disc protrusions to
the Th2/3 and Th6/7 level together with the
fracture of Thé vertebre. The vertebral and
spinal cord patology was cleared up with
MRI, which is still the best diagnostic mo-
dality providing to the clinician the best in-
formation.!® We don’t have data regarding
eventual trauma. He has several risc factors
for ischemic brain disease: hypertension,
and he has been receving for six years now
corticosteroids, immunossupresants and
anticholinergic drugs.’® Age of the patient,
risc factors for cerebrovascular disease and
the history of treatment for six years with
corticosteroids and immunossupresive dru-

Figure 2. T2 MRI (sagittal image) of the spine cervical-
thoracic level shows the fracture on the upper margin
of the Thé. The intervertebral disc C3/C4 is presented
with a dorsal median expansion. The intervertebral
discs to the C5/C6 and C6/C7 are presented with a
dorsal median expansion. The intervertebral discs to
the Th2/Th3 and Th6/Th7 are presented with circular
protrusions. Disc hernia to the Th7/Th8 with right
dorsal paramedian expansion and narrowing of the
spinal canal and signs of spinal compression.

gs indicate the possible linkage between
ischemic changes in the brain stem and
degenerative changes in the spinal colum
with the therapy mentioned above for a
long period of time.!%1>

Conclusions

Myasthenia gravis has a number of symp-
toms and signs which may be in com-
mon with stroke-including fatigue, muscle

Radiol Oncol 2009; 43(3): 170-174.
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weakness, slurred speach and swallowing
difficulty. The reported case supports the
opinion that several medical conditions as
brain steam stroke may mimick myasthenia
gravis, too.

The reason for presenting this case is
to emphasize similarities and differences
between these two disorders, especially
when it comes to life threatening situations
to which both can lead the particularly re-
garding treatment which usually is very
different in different diseases. As for the
described findings in the spinal cord with-
out evidence of trauma in the past, we think
that it is a case of casually comorbidity.
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case report

Pineal gland metastasis of auricular squamous cell
carcinoma: an unusual case and literature review
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Background. The pineal gland is an unusual site for metastasis, and most metastatic pineal lesions are
asymptomatic. Metastases to the pineal gland from skin cancer are extremely rare and reported mostly on
autopsy series. Squamous cell carcinoma is the second most common type of skin cancer that occurs on
the external ear. Auricular squamous cell carcinoma is an invasive and destructive tumour, and may cause
hearing problems by local extension to the auditory canal. The vast majority of squamous cell carcinomas
of the auricular region metastasize to the lung, bone, and brain.

Case report. We report the case of a patient with a giant squamous cell carcinoma of the auricula with
extension deep into the temporal bone, metastasizing to the lung and pineal gland.

Conclusions. A metastasis should be considered as a possible cause, when encountering a mass in the

pineal region, especially in elderly patients with a known primary cancer.

Key words: pineal gland; metastasis; squamous cell carcinoma

Introduction

Metastases to the pineal gland region are
rare, accounting for only 0.3% of all brain
metastasis in a series from Japan! but
ranges from 1.8% to 4% in other series. The
most frequently reported sites of primary
tumour involvement included breast and
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bronchogenic carcinomas, with melanotic,
renal cell, pancreatic, ovarian, gastric, and
frontal sinus malignancies being less com-
mon. To date there have been fewer than
100 reports of metastatic lesions in the pin-
eal region."® In a large survey from Japan,
metastases to the pineal region were found
in 23 patients and the primary tumour
sites were melanoma in five cases found at
autopsy.! Cutaneous squamous cell carci-
noma (SCC) is a common skin cancer. The
most common sites of metastases are re-
gional lymph nodes, lung, liver, brain, skin
and bone. However, until now metastases
to the pineal gland were not reported. Here
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Figure 1. Cerebral MRI scans. (A) Axial spectral presaturation with inversion recovery (SPIR) image clearly
demonstrates tumour invasion from the external auricular part deep into the temporal bone. (B) Coronal SPIR
image delineate local aggressive extension of the squamous cell carcinoma to the cervical lymph nodes. Diffuse
homogeneous contrast enhancement is seen after intravenous contrast injection in SPIR series.

we present, to the best of our knowledge,
the first case of a skin squamous cell carci-
noma that metastasized to the pineal gland.

Case report

A 75-year-old male farmer with progressive
hearing loss and chewing problems was
evaluated at the ear, nose, and throat outpa-
tient clinic. The patient’s history included
the diagnosis of squamous cell carcinoma
of the right auricula 15 years ago; the le-
sion was excised several times but recurred.
Metastases to the right submandibular
gland and right upper deep cervical chain
lymph nodes were excised 6 years ago. Ten
months previous, the patient was admit-
ted to the hospital with haemoptysis and
nonproductive cough, and multiple bilateral
metastatic lung lesions were diagnosed on
computerized tomography (CT) of the tho-
rax. At that time, the patient underwent ab-
dominal ultrasonography and cranial mag-
netic resonance imaging (MRI) to evaluate
the possibility of metastases to other sites,
and no other abnormality was found.

The patient had no other neurological
signs or symptoms at the time of admis-

Radiol Oncol 2009; 43(3): 175-179.

sion. On physical examination, he had an
erythematous skin lesion on his right au-
ricula and lesions of the lower lip and right
hand. The auricular lesion had eroded the
ear and tragus and obstructed the external
acustic meatus. Cranial MRI was repeated,
and its results showed that the auricular
lesion invaded the temporal bone from
the mastoid portion deep into the petro-
sal apex. Mastoid aeration was lost, and all
parts of the temporal bone had an expan-
sible character. Expansion in the petrosal
part of the temporal bone exerted pressure
on the muscles of mastication (Figure 1). In
addition, an abnormal contrast-enhancing
mass was observed in the pineal gland that
was not seen on the previous cranial MRI
(Figure 2 a,d). The well-defined mass was
isointense on T1-weighted imaging and uni-
formly hypointense on T2-weighted imag-
ing (Figure 2 b,c).

Discussion

Pineal metastases are generally considered
unusual and incidental events that occur
late in the course of widely metastatic
systemic cancer. The first report of pineal
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Figure 2. (A) Axial postcontrast T1-weighted image was normal when the patient was admitted to the hospital
10 months earlier. (B) Pineal mass is isointense on T1-weighted, (C) and uniformly hypointense on T2-weighted
images. (D) Postcontrast T1-weighted axial images demonstrate uniform contrast enhancement.

gland metastasis was described in 1858 by
Forster.! The most commonly reported pri-
mary tumours are carcinomas of the lung,
breast, stomach, oesophagus, rectum, and
kidney.? There also have been case reports
of pineal region metastases from haemato-
logical malignancies and melanomas.? In
a large number of older cases, metastases
to the pineal gland likely metastases to the
pituitary one were found at autopsy>”, but
more recently, imaging, especially MRI, has
markedly improved the earlier detection
of such lesions.>#12 Ortega et al* found a
3.8% prevalence (5 cases) of pineal gland
metastases in a cohort of 130 patients with
the widespread neoplastic disease. Three of

these cases had isolated pineal lesions, all
of which had grossly replaced pineal tissue.
The remaining 2 cases revealed other sites
of intracranial involvement with only a
minimal pineal gland replacement. Andrew
et al.1? observed a 5% prevalence in a series
of patients referred for the surgical man-
agement of pineal gland tumours.

In a large survey of 7807 intracranial
metastatic tumours in ]apan,1 metastases to
the pineal region were found in 48 patients,
for a frequency of 0.3%. Cases constituting
a solitary mass, detectable by CT or MRI,
were even less frequent. The primary tu-
mour sites were lung (22 cases), breast (9
cases), malignancies of the gastrointestinal
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tract (stomach, 3; oesophagus, 2; colorectal,
1), skin (melanoma, 5), hematologic system
(multiple myeloma, 2; plasma cell leukae-
mia, 1; lymphoma, 1), kidney (clear cell
carcinoma, which can also matastase to the
pineal gland),” and frontal sinus.!

Squamous cell carcinoma is the second
most common skin cancer, and it repre-
sents 20% of all cutaneous malignancies.’®
Certain cervicofacial regions, such as the
ear and lower lip, are more prone to develop-
ing squamous cell carcinoma. Squamous
cell carcinoma of the external ear is a com-
mon diagnosis, and it occurs with greatest
frequency on the superior or posterior por-
tions of the helical rim. Several studies have
demonstrated a higher recurrence rate as
well as a poorer prognosis for squamous cell
carcinoma of the external ear, compared to
other cutaneous squamous cell carcinoma
locations. Metastases from squamous cell
carcinoma of the external ear occur in 5%
to 18% of cases, compared to metastatic dis-
ease in only 0.5% to 2% of cutaneous squa-
mous cell carcinoma occurring elsewhere. !

The lymphatic drainage of the auricula is
plentiful, with at least 3 distinct lymphatic
territories draining the skin of the auricula.
It is useful to consider auricular squamous
cell carcinoma separately from other high-
risk squamous cell carcinoma when looking
for potential markers of metastatic poten-
tial.!> The parotid gland and the upper deep
cervical chain are the most common sites
of metastases.’> The postauricular nodes
are also frequently involved.!® Auricular sqg-
uamous cell carcinoma is associated with a
significant mortality at 6.2%, which is usu-
ally due to the failure of control at the level
of the local lymph node basins. Freedlander
et al.'® reported that tumours with a diam-
eter over 3 cm have a metastatic potential
of over 44%.

In the present patient, beside local recur-
rences of squamous cell carcinoma, sub-
mandibular gland and upper deep cervical

Radiol Oncol 2009; 43(3): 175-179.

chain lymph node metastases were found
during the course of the disease, all of
which caused local effects in the head and
neck region. This patient also had wide-
spread lung metastases that caused sys-
temic complaints. Interestingly, the patient
did not exhibit any neurological symptoms
related to pineal metastases at the time of
admission.

History of malignancy is the most impor-
tant factor in differentiating metastatic in-
tracranial disease from a primary lesion. In
patients with a known history of malignant
neoplasm, approximately 90% of supraten-
torial lesions represent metastases.!! Young
adults and children usually are those affect-
ed by primary pineal tumours. Our patient
had a primary squamous cell carcinoma
of auricular skin and was elderly, both of
which are consistent with metastases to the
pineal gland. The results of the patient’s
previous cranial MRI were normal when his
lung lesions were diagnosed 10 months ear-
lier. All of these factors led us to a diagnosis
of metastatic disease, rather than a primary
pineal tumour.

In conclusion, when encountering a mass
in the pineal region, a metastasis should be
considered as a possible cause, especially in
elderly patients and those with a history of
malignancy. Although such metastases are
rare, the present patient provides informa-
tion that might be useful for diagnosis.
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Background. The evolution of medical imaging plays a vital role in the management of patients with cancer.
In oncology, the impact of PET/CT imaging has been contributing widely to the patient treatment by its large
advantages over anatomical imaging from screening to staging. PET images provide the functional activity
inside the body while CT images demonstrate the anatomical information. Hence, the existence of cancer
cells can be recognized in PET image but since the structural location and position cannot be defined on PET
images, we need to retrieve the information from CT images.

Methods. In this study, we highlight the localization of bronchogenic carcinoma by using high activity
points on PET image as references to extract regions of interest on CT image. Once PET and CT images have
been registered using cross correlation, coordinates of the candidate points from PET are fed into seeded
region growing algorithm to define the boundary of lesion on CT. The region growing process continues until
a significant change in bilinear pixel values is reached.

Results. The method has been tested over eleven images of a patient having bronchogenic carcinoma with
bone metastases. The results show that the mean standard error for over segmented pixels is 33 % while for
the under segmented pixels is 3.4%.

Conclusions. Although very simple in implementation, region growing can result in good precision ROIs.
The region growing method highly depends on where the growing process starts. Here, by using the data
acquired from other modality, we tried to guide the segmentation process to achieve better segmentation
results.

Key words: computed tomography segmentation; dual modality imaging; PET/CT
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Bronchogenic carcinoma normally known
as cancer of the lung is the most frequently
diagnosed “major” cancer in the world.! It
is a common disease and a leading cause
of death in many countries.”® Lesions oc-
cur in breast, lung, prostate and kidney
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comprised 80% of all metastases to bone.
In 1990, estimated 1.04 million new cases
of lung cancer were diagnosed; represent-
ing 12.8% of total cancer incidence world-
wide.! The prevention and early diagnosis
of lung cancer thus assumes a major public
health issue. Bone scan demonstrates the
possible evidence of bone metastasis. The
study by Kiho Kim et al* suggests that
bone scanning with 99m- monodiphos-
phate detected early bone metastases in
patients with bronchogenic carcinoma be-
fore their lesions became evident clinically
or radiographically. A group of research-
ers from Clinical Radiology of Kyushu
University studied the comparison of
Positron Emission Tomography (PET) using
18-F-Fludeoxyglucose (18-F-FDG PET) with
99mTc-HMDP scintigraphy for the detec-
tion of bone metastases in patients with
breast cancer. Their results showed that
18-F-FDG PET tends to be superior to bone
scintigraphy in detecting osteolytic lesions,
but inferior in the detection of osteoblastic
lesions.® The evolution of the imaging plays
a vital role in managing the patients with
lung cancer. The role of imaging ranges
from screening lung cancer in high risk
individuals to staging bronchogenic carci-
noma in advanced stages of the disease.®

Tomography is a tool that provides infor-
mation on whatis actually happening inside
the body. Positron Emission Tomography
(PET) scans and Computerized Axial
Tomography (CAT) scans or also known
as Computed Tomography (CT) scans are
all used to provide information about pos-
sible tumours and metastases of cancer.
Tomographic imaging methods are impor-
tant since proper staging of cancer is basic
in planning the best treatment.>®

PET images provide information about
the functional and metabolic activity of a
lesion while CT images demonstrate the
anatomical location and the structural in-
formation. Integration of Positron Emission

Tomography with Computed Tomography
(PET/CT) imaging is becoming more popu-
lar and useful in the clinical application for
an early tumour and cancer detection.””
Superimposing the images of functional ac-
tivity on structure gives the best of both im-
aging modalities — the anatomical detail of
the CT and the ability to find small clumps
of viable cancer cells of the PET. Initial stud-
ies by De Wever W et al.? demonstrate bet-
ter results for PET/CT in the staging of lung
cancer in comparison with PET alone, CT
alone or visual correlation of PET and CT.
Although fusion techniques have helped
visual perception of dual modality images,
hundreds of images that are taken for each
patient using this modality and analyzing
all of them take time and expertise. The
image segmentation procedure simplifies
the image presentation and canalization.
The importance of segmentation in medi-
cal images is to extract and characterize
anatomical structures with respect to some
input features or expert knowledge.! The
medical image segmentation is a challeng-
ing task due to the various characteristics of
the images which lead to the complexity of
segmentation. In general, the autonomous
segmentation is one of the most difficult
tasks in digital image processing.!! To ad-
dress the problem, we introduced a new
algorithm based on the supervised auto-
matic segmentation which, we believe, can
improve the diagnosis of bronchogenic car-
cinoma with bone metastases.
Conventionally, monitoring, treatment
arrangement and assessment of response
after the radiation therapy (RT) are mainly
based on CT and MRI.121% These methods,
also called anatomical imaging, have the
major advantage of viewing the anatomy
with a high resolution and drive to the con-
tribution on the highly sophisticated RT
techniques such as the three-dimensional,
conformal RT, stereotactic RT and radio
surgery, intensity modulated RT (IMRT)
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and RT with heavy particles.!3* All these
techniques aim to concentrate the irradia-
tion dose on the lesion area with high preci-
sion to spare the normal tissue. Generally,
the higher the irradiation dose, the higher
is the rate of local tumour control, whereas
the lower irradiation dose in normal tissue
leads to lower side effect risks.

High activity lesions in PET images al-
ways appear with higher intensity due to
more absorbent of radio isotope tracer and
higher rate of radio activity.!®> Cancer cells
have higher activity compare to normal
tissue, hence, they absorb more tracer ma-
terial and the amount of radio activity in-
creases in these cells. PET detectors detect
photons propagated by this radio activity
and produce an image, showing high activ-
ity pixels differently.

Methods

In this study, the patient was fasted over-
night prior to the scanning day and injected
with 18F-fluorodeoxyglucose (18F-FDG) ra-
dionuclide 45 min before the scan. All
imaging studies were performed on a du-
al-modality PET/CT device (Biograph 6,
Siemens Medical Solutions Inc.). PET/CT
images were acquired with the patient in
the supine arms-up position and acquisi-
tion time was 3 min per bed position with
seven bed positions covering from vertex to
the mid thigh. CT imaging was performed
prior to PET imaging with the patient in the
same position. A bolus injection of 100 mL
iodinated contrast media (Omnipaque 300,
Amersham Health) was given intravenous-
ly. Acquisition parameters for 6 slices CT
were 130 kV, 60 mAs, 0.8 s per CT rotation,
2.5 mm slice thickness, pitch 1.5.
Previously, one bed position of the on-
cological body investigation would take
around 5 min to complete but scanners of
the last generation need at least 1 — 3 min.
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The oncological whole body scan consisting
of 6 to 8 bed positions still takes about 10
- 20 min.’® Due to the limitations of PET
imaging device on a relatively low spatial
resolution, the restricted anatomic tumour
location and limited possibilities to be co
registered separately, new PET/CT scanners
have been developed on a same platform
and the patient will be imaged for both PET
and CT at the same time and lying on the
same bed with unchanged patient position-
ing.!® Thus, little or no patient movement
helps registration process not to be too
complicated.!”

Registration and segmentation are im-
portant steps in image post processing for
radiotherapy. Here, images have been reg-
istered using the cross correlation.!® The
cross correlation coefficient matrix of both
images has been calculated and the maxi-
mum value in that matrix which shows
where images are best correlated has been
selected. The location of this maximum
value indicates where the images are best
correlated. Images are then transformed
and registered on each other to the position
which they are best correlated.!!

Our segmentation procedure starts by
looking through PET image and selecting
pixels with maximum value as candidate
points that represent high activity and
may lead to cancer tumours. Coordinates
of these pixels will be used to segment the
Region of Interest (ROI). Note that at each
step the highest pixel value will be select-
ed, so defining different brightness and
contrast will not affect the pixel selection
procedure. The overall segmentation proce-
dure is shown in Figure 1.

Segmentation algorithms are mostly
categorized in two approaches. One is the
region based which relies on homogeneity
of features and the other which is based
on boundary finding and discontinuity
measures.”” Among these methods Region
Growing has become very useful and prac-
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tical due to simplicity of implementation.?

Seeded Region Growing (SRG) has been
chosen as segmentation algorithm of choice
to segment CT image and candidate points
found on PET have been used as seeds to a
guide segmentation procedure.

Seeded Region Growing algorithm oper-
ates by using the coordinates given to it as
starting points and expanding the Region
of Interest (ROI) by checking their bilinear
neighboring pixels. Each pixel value which
is in a significant difference interval with
the candidate point will be added to the
ROL. This interval is set manually by the us-
er so the sensitivity of region growing proc-
ess can be defined depending on which
part of body is going to be diagnosed. The
growing process will continue until there
is no other bilinear neighboring pixel that
falls in the defined interval. Once all the
relatively similar pixels have been added to
the region, the growing process will stop.

Results

In this experiment, 11 images from dual
modality PET/CT imaging device (Biograph
6, Siemens Medical Solutions Inc.) have
been used. Figure 2 shows a series of CT
(first row), PET (second row) and PET/CT
fused images (third row) of a patient hav-
ing Bronchogenic Carcinoma with Bone
Metastases. Areas of highest activity have
been marked with arrows and can be easily
seen in PET and PET/CT fused images.

In order to evaluate the segmentation
process, areas of interest have been select-
ed manually and surveyed by a professional
radiologist as benchmarked images. Images
shown on Figure 3 (second row) show the
manually segmented region which we ad-
dress as desired ROIs. The method has
been applied on all images and the signifi-
cant interval has been set for each image to
make the segmented area as close to ideal

Registering PET and CT images
using cross correlation

\/

Selecting high activity pixels
on PET image as seeds

\/

Feeling seeds to Seeded Regin
Growing Algorithem

\/

Applying growing criteria

\/

Selected area represents the ROI

Figure 1. The overall segmentation procedure.

segmentation as possible. Figure 3 (first
row) shows the result of segmentation on
image series shown in Figure 2. As can be
seen in Figure 3, the first and last images
show relatively same segmentation results
with the desired ROL The segmentation re-
sult on second image shows spots of under
segmentation. In general, the method has
been able to search and find the correct
ROI, and visually, there is not much differ-

Table 1. Standard error of the segmentation process

Over Under
Segmented Segmented
Pixels Pixels

Mean

Standard 33% 3.4%

Error

Radiol Oncol 2009; 43(3): 180-186.
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Figure 2. First row CT images, second row PET and the third row PET/CT fused image of a patient having
Bronchogenic Carcinoma with Bone Metastases. The arrows indicate the highest activity areas.

ence between the proposed method and the
benchmark data.

To look into the details, a standard error
percentage has been calculated based on
the number of pixels over and under seg-
mented compare to desired segmentation
for each image and their average has been
calculated. Table 1 shows the percentage of
over and under segmentation cause by SRG
process.

Radiol Oncol 2009; 43(3): 180-186.

As shown on Table 1, SRG suffers from
over segmenting to homogenous neighbor-
ing areas. The small percentage of under
segmentation is due to relatively bright or
dark spots inside the segmented ROI which
could not be prevented. An example of un-
der segmentation can be seen in segmen-
tation results on Figure 3 second image,
which shows small dark spots in the seg-
mented area. The individual segmentation
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errors on each image have been shown as a
chart on Figure 4.

Discussion

The image segmentation is a blind task and
there have been lots of researches to guide
segmentation in a way that results in the
better precision ROI selection. Here, by
acquiring dual modality imaging we have
used PET image to guide segmentation on
CT image.

Region growing algorithm highly de-
pends on where the growing process starts
and how to control it in order to avoid over
growing to homogenous neighboring ar-
ea.”! The method described here uses pre-
defined data to start segmentation, so from
the starting point the area to be segmented
is a part of the desired ROI but the whole
segmentation process may be improved by

— Over Segmentation
90+ Under Segmentation

/\v !

Figure 4. Over and under segmentation percentage of
the SRG process.

P

Error Percentage

6
Images

using other aspects of region growing than
manually selection of growing criteria.

This method is considered as a super-
vised automatic segmentation since at each
step the growing interval needs to be de-
fined by the user. Although the method has
proven that it is possible to guide seeded
region growing segmentation using hot
spots from other modality, there still exist

Radiol Oncol 2009; 43(3): 180-186.
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a limitation on the selection of high activity
points since it is not necessarily the highest
active point that represents malignancy.

10.

11.
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Background. The treatment of high-grade chondrosarcoma consists of either amputation or radical surgical
resection of the tumour. Introducing protocols with neo-adjuvant chemotherapy improves survival rates in
patients with a high-grade chondrosarcoma.

Patients and methods. In 7 years period (2000-2006), 18 patients with chondrosarcoma were treated.
Female were twice more than male (12/6). Patients age varied from 14 to 73 years (mean 51). Thirteen
patients (72%) had extremities localised chondrosarcoma. Eight patients (8/13), or 62% with extremity
localised high-grade chondrosarcoma were subjected to Scandinavian Sarcoma Group XVI chemotherapy
protocol. Six of these patients (75%) complied with the criteria for limb salvage.

Results. The follow up was from 13 months to 8 years (mean 32 months). Two patients (2/8) or 25% had
primarily amputated limb. After the hystopathological assessment of the resected high-grade chondrosarco-
ma, 6/8 patients (75%) had bad response to neoadjuvant chemotherapy. There was local recurrence in 3/8
(37%) and metastases developed in 6/8 (75%) of the operated patients with high-grade chondrosarcoma.
Two of 6 patients (33 %) with limb-salvage had amputations due to local recurrence. Two patients (2/8), or
25%, survived more than 5 years, and up to date they are disease-free.

Conclusions. Patients with extremities localised high-grade chondrosarcoma had higher survival rates and
better functional outcome, compared to those with chondrosarcoma localised centrally.

Key words: chondrosarcoma; limb-sparing; neo-adjuvant chemotherapy

Introduction

Chondrosarcomas are very rare tumours.!
Their incidence varies from 2 to 3 cases

. . 2[3
Received 23 January 2009 on 1 00'0 000 1nhab1ta'mts. They usually
Accepted 8 April 2009 appear in the 2nd or in the 4th decade of
life, affecting active and most productive
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treatment. There are very few published
data on the survival, efficacy and role of
chemotherapy of high-grade chondrosarco-
ma patients.®” This facts were the motives
for this study, and the aim was to analyse
the chemotherapy protocol and various
limb-salvage surgical techniques in correla-
tion to survival of patients and function of
spared limbs.

Patients and methods

In 7 years period (2000-2006), on the Clinic
for Orthopaedic Surgery in Skopje, 18 pa-
tients with chondrosarcoma were treated.
Female patients were twice more than male
(12:6). Patients age varied from 14 to 73
years (mean 51).

Five of these patients, or 28%, had a cen-
tral localised chondrosarcoma (3 on the pel-
vic ring, 1 on the rib and 1 on the scapula).
The rest 13 patients had chondrosarcoma
localised on extremities (Figure 1). Eight
patients (8/13), or 44% with extremity lo-
calised high-grade chondrosarcoma were
subjected to Scandinavian Sarcoma Group
XVI chemotherapy protocol. Six of this pa-
tients (75%) complied with the criteria for
limb salvage (Enneking stage IIA and IIB).8

Only 8 of 18 patients (44%), with high-
grade chondrosarcoma were included in
the further analysis. These patients must
comply with following inclusion or exclu-
sion criteria.

Inclusion criteria

The selection of patients for the study in-
clusion was based on the following criteria:

Histopathologically proven high-grade
osteosarcoma (grade III or IV); with no evi-
dence of lung or other metastases; patient
age between 8 and 65 years; normal he-
patic and renal function; leukocyte count
over 3.0x10°/L and platelet count over
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3 (17%)

3 (17%)

3(17%) —

2 (11%)

i X

Figure 1. Anatomic distribution of chondrosarcoma
in the patients.

100x10%/L; neo-adjuvant chemotherapy was
introduced not longer than 1 month after
the histological diagnosis of osteosarcoma.

Exclusion criteria

Exclusion criteria were: evidence of lym-
phatic or haematogenous metastases at the
time of diagnosis; patients under 8 years or
older than 65 years; pregnant or a nursing
women.

Diagnostic procedures and treatment

The diagnosis was made by clinical ex-
amination, plain X-rays, CT, MRI and his-
topathologically with open biopsy. Staging
was done with Tc 99m bone scan, chest
X-rays and CT, and CT of the region with
osteosarcoma. For the preoperative plan-
ning, MRI and standard or CT arteriogra-
phy were carried out. After the completion
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Scandinavian osteosarcoma protocol, SSG XIV
Surgery
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CDP/ o1 CDP/ L ¥ cop/ ot ffo Ifo Ifo
ADM MTX MTX ADM MTX MTX ADM MTX MTX
Poor responders
MTX Methotrexate 12000 mg/m?
CDP Cisplatin 45 mg/m? /day x 2 days
ADM  Adriamycin 75 mg/m?
Ifo  lIfosfamide 2 000* mg/m? /day x 5 days
Figure 2. Scandinavian Sarcoma Group * Increase dose by 20% if no grade IV neutropenia or
protocol (SSG XIV). thrombocytopenia followed previous Ifo-course

of the chemotherapy protocol, clinical and
radiographic evaluation of the patients was
done every 3 months in the first 3 years and
twice a year thereafter.

Eight of 18 patients (with high-grade
chondrosarcoma) were administered to the
Scandinavian Sarcoma Group XIV neoad-
juvant chemotherapy protocol (SSG XIV).
Patients received 2 cycles of preoperative
chemotherapy (high dose methotrexate
1200 mg/m?, cisplatin 45 mg/m?/ x 2 days
and doxorubicin 75 mg/m?; (Figure 2). The
surgical resection of the osteosarcoma was
made 9 weeks after the beginning of neoad-
juvant chemotherapy.

After the resection, a detailed histopatho-
logical assessment of the specimen was
done to determine the extent of necrosis of
the tumour tissue. Considering the percent-
age of necrotic tumour tissue, patients were
classified into two groups. The first group
was with good response to chemotherapy
(>90% necrosis of the tumour). The second

group was with a poor response to chemo-
therapy (>10% viable tumour). Regarding
good or poor response of the tumour to
chemotherapy, patients followed differ-
ent branches of the protocol. All 8/18 pa-
tients received 3 courses of postoperative
chemotherapy (the same as preoperative).
After the hystopathological assessment
of resected high-grade chondrosarcoma,
6/8 patients (75%) had bad response to
neoadjuvant chemotherapy. Patients with
a poor response received 3 more cycles of
chemotherapy with a high dose Ifosfamide
2000 mg/m?/day x 5 days plus uromitexan
(Ifosfamide: uromitexan = 1:2). The course
was repeated every 3 weeks (Figure 2).7
For the patients who could not satisfy
the principles of limb preservation, the ab-
lative surgery was taken into consideration.
For those patients the disarticulation of the
hip or shoulder griddle, femoral or below
the knee, humeral or other amputations
were more appropriate.”*8? When tumour-
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free margins were obtained, a large skeletal
defect was often present, requiring the re-
construction of a bone, muscles, other soft
tissues, and skin. Patients” age, tumour lo-
cation and extent of resection narrowed the

list of appropriate surgical alternatives.!%!

Several options for limb-sparing proce-
dures were available:!?
- resection arthrodesis and other special
indication techniques (Figures 3a-c),>!!
-modular or special expanding endo-

prosthesis (Figures 3d, 3f),1314
- cortico-spongious or bulk allograft
(Figure 3e).1315
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Figures 3 A,B,C. Preoperative X-ray, arteriography
and postoperative X-ray of a patient with high-grade
chondrosarcoma of proximal tibia, after resection
reconstructed with modified Campanacci method.

Musculoskeletal Tumour Society score
(MSTSS), based on the Enneking’ system
for the functional evaluation of reconstruc-
tive procedures, was used to determine the
functional results. This scoring system eval-
uates pain, function, patient’s emotional ac-
ceptance (pertinent to a patient as a whole)
and specific factors for evaluating the up-
per limb (range of motion, manual dexterity
and lifting ability) or the lower limb (need
of support with orthopaedic accessories,
ability to walk and gait). For each of 6 fac-
tors, values from 0 to 5 are assigned, with
total of 30 (or 100% function of the limb).
For each factor, values 1, 3 and 5 are equat-
ed with criteria levels of the achievement or
performance. Intermediate values of 2 or 4
are assigned, based on the examiner’s judg-
ment, when the achievement or perform-
ance falls between the specified values. It
is recommended results to be reported nu-
merically in percentage of the normal func-
tion (last column in Table 1).16

Results were updated in December 2008.
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8]

Results

The follow-up was 2-8 years (mean 36 *
13 months). Eight of 18 patients (44%)
were with a high-grade chondrosarcoma.
Clinical data of patients with high-grade
chondrosarcoma treated with chemothera-
py and surgery are shown in Table 1. Two
(2/8) patients (25%) had primarily ampu-
tated limb. Six (6/8) patients or 75% comply

Figures 3 D,E,F. X-ray of a patient
with high-grade chondrosarcoma
of proximal humerus; fracture of
the reconstruction with fibular
graft 16 months after the operation
and x-ray after implantation of
special tumour endoprsthesis in
the same patient.

with criteria for limb-salvage. After the
hystopathological assessment of a resected
high-grade chondrosarcoma, 6/8 patients
(75%) had a bad response to neoadjuvant
chemotherapy. Six (6/8) patients, or 75%
had minor or major postoperative compli-
cations. Complications developed in period
of 1 to 6 months postoperatively (mean 4 + 1).
Most of the complications were seen after
the 4™ month.

Radiol Oncol 2009; 43(3): 187-194.
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Table 1. Clinical data of patients with a high-grade chondrosarcoma treated with chemo and surgery.

Age Gender Compli- Recurrence Metastases Reoperat.  Died after  Follow-up MSTSS
(M/F) cations (months) (months) (months) (months)  (%)*
Patients with limb-salvage
1 51 F 2 17 35 Yes 44 44 47%
2 14 F 0 0 No 0 67 93%
3 56 M 4 1 Yes 7 7 23%
4 65 M 1 0 Yes 0 99 53%
5 45 F 1+3 10 13 Yes 47 47 87%
6 64 M 3 0 16 Yes 31 31 50%
Patients with amputations
7 65 F 0 0 9 No 20 20 /
8 14 F 3 11 15 No 21 21 /

Complications: 1- loosening or fracture of the reconstruction, 2- vein thrombosis, -skin necrosis 4- lung emboly.

*MSTSS-Musculoskeletal Tumour Society Score.

There was local recurrence in 3/8 pa-
tients with a high-grade chondrosarcoma,
or 37%. The recurrence developed in peri-
od of 1 to 19 postoperative months (mean
11£7). Most of the recurrences developed
after the 10! month (Figure 4). Two of 6 pa-
tients (33%) with limb-salvage had amputa-
tions due to local recurrence.

Metastases developed in 6/8 of the pa-
tients (75%) with high-grade chondrosarco-
ma, in period of 1 to 35 months postopera-
tively (mean 17+10). Most of the metastases

40

developed after the 16" month (Figure 4).
Patients who developed metastases died in
the period of 13 months to 4 years postop-
eratively (mean 28+14 moths).

Two patients (2/8), or 25%, survived
more than 5 years, and up to date they are
disease-free.

Musculoskeletal Tumour Society score
was used for the evaluation of the function
of the operated patients and results of the
operated limbs were shown as percentage
of the maximal function. In our study, the

35
30

B Recurrence

25

Metastases  —

20
15

Months

10

1 2 3

5 6 7 8

Patients with high-grade chondrosarcoma

Figure 4. Local recurrence and distant metastases in patients with high-grade chondrosarcoma in our study.
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function after limb-salvage procedures var-
ied from 23% to 93% (median 59%).

Discussion

The incidence of local recurrence, metas-
tases and prognosis of the chondrosarcoma
treatment are highly variable and hard to
predict.>® Chemo and radiotherapy have
low impact on the final outcome. The radi-
cal surgical resection of chondrosarcoma
is primary treatment.*> There are very few
published data on the survival, efficacy and
role of chemotherapy of high-grade chond-
rosarcoma patients.®” Lately, some authors
separate a high-grade chondrosarcoma as a
special diagnostic and treatment problem.!
Introducing protocols with a neo-adjuvant
chemotherapy should improve survival
rates in patients with high-grade chondro-
sarcoma.>”15

Our primary goal was to radically extract
the tumour, and limb salvage was done
only in carefully selected patients. We fol-
lowed four basic principles of limb-sparing
procedures: (1) local recurrence should be
no greater and survival no worse than by
amputation; (2) the procedure, or treatment
of its complications, should not delay the
adjuvant therapy; (3) reconstruction should
be enduring and not associated with a large
number of local complications requiring
secondary procedures and frequent hospi-
talizations; (4) function of the limb should
approach that obtained by amputation, al-
though body image, patients preference and
life style may influence the decision.®101415
If multidisciplinary approach is accepted,
and educated medical stuff in principles
of tumour surgery is engaged, more than
50% b5-year survival is achievable. Similar
or better results are reported in many stud-
jes 9101315

Eight of 18 patients (44%) in our study
had a high-grade chondrosarcoma and

were subjected to Scandinavian Sarcoma
Group Protocol XVI. Two (2/8) patients
(25%) had primarily amputated limb. Six
(6/8) patients or 75% comply with criteria
for limb-salvage, and 2 of them (33%) had
amputations due to the local recurrence.
After the hystopathological assessment of a
resected a high-grade chondrosarcoma, 6/8
patients (75%) had bad response to neoad-
juvant chemotherapy. High percentages of
bad response to neoadjuvant chemotherapy
are corresponding with results published in
some other studies.>” Two patients (2/8), or
25%, survived more than 5 years, and up to
date they are disease-free. Function after
limb-salvage procedures in our study varied
from 23% to 93% (median 59%).

Conclusions

Patients with extremities localised high-
grade chondrosarcoma had significantly
higher survival rates and better functional
outcome, compared to those with chond-
rosarcoma localised centrally. Introducing
protocols with neo-adjuvant chemotherapy
improves survival rates in patients with
high-grade chondrosarcoma.
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research article

Comparison between hypoxic markers pimonidazole
and glucose transporter 1 (Glut-1) in murine
fibrosarcoma tumours after electrochemotherapy
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nstitute of Oncology Ljubljana, Zaloska 2, Ljubljana, Slovenia

Background. Tumour hypoxia occurs as a result of an inadequate supply of blood-borne oxygen due to the
disorganized and chaotic vascular network that develops in tumours. Because tumour hypoxia has been as-
sociated with a more aggressive phenotype and lower cure rate, there is a recognized need for a method of
measuring tumour hypoxia that is suitable for widespread clinical use. The aim of the current study was to
compare the expression of Glut-1 with the binding of the bioreductive hypoxia marker pimonidazole and to
elucidate the characteristics and pitfalls when they are used as hypoxic markers.

Materials and methods. In the study, SA-1 solid subcutaneous tumours in A/] mice were treated by bleo-
mycin given i.v. (1 mg/kg), or the application of electric pulses (8 pulses, 1400 V, 100 us, 1Hz), or a combina-
tion of the two - electrochemotherapy. Pimonidazole was injected 16 hours before tumour excision. Tumours
were excised at different time points (0.5, 1, 2, 8, 14 and 24 hours) after therapy. Immunohistochemistry for
Glut-1 and pimonidazole adduct was carried out on two consecutive tumour sections and the percentages of
positive staining areas were determined.

Results. Glut-1 staining was membranous and typically expressed peri-necrotically, whereas pimonidazole
staining, although showing substantial co-localisation with Glut-1, was cytoplasmatic. More than 65% of
the stained areas showed a high degree of colocalization when the two markers were compared. Our results
show that Glut-1 expression significantly correlates with the level of pimonidazole binding (r = 0.41; p =
0.028).

Conclusions. Our study confirms that HIF-1 regulated genes, such as Glut-1, have potential for future use
as predictors of a decreased sensitivity of tumours to radio- and chemotherapy mediated by hypoxia.

Key words: hypoxia; pimonidazole; Glut-1; electrochemotherapy
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oxygenation status to the course of ma-
lignant growth and have shown that the
presence of hypoxic areas to be a universal
characteristic of solid malignant tumours.!
Tumour hypoxia, mostly resulting from
poor perfusion and anaemia, is one of the
key factors for induction and development
of tumour cell clones with an aggressive
and treatment resistant phenotype, which
leads to rapid tumour progression and poor
prognosis.>® Tumour hypoxia has an im-
pact on such fundamental aspects of malig-
nancy as a) cell survival and proliferation,
b) angiogenesis, c) cancer cell invasiveness,
d) metastasis, e) resistance to apoptosis,
and f) genetic instability.* The expression
of more than 70 genes is altered under hy-
poxic conditions, as a result of the change
in stability of a critical transcription factor
called hypoxia inducible factor-1 (HIF-1),
which allows a tumour to survive the harsh
tumour microenvironment.

Direct assessment with oxygen elec-
trodes is often referred to as a gold stand-
ard, but is still considered to be an ex-
perimental tool. Since O, microelectrode
measurements are invasive and applica-
ble only to tumour entities accessible to
needle electrodes, there is great interest
in substitute methods for assessing of the
oxygenation status. Bioreductive markers,
such as pimonidazole, provide an alterna-
tive approach for assessing of the level and
extent of tumour hypoxia. Pimonidazole,
administered approximately 16 h prior to
tumour excision, is reductively activated in
an oxygen-dependent manner and is cova-
lently bound to thiol-containing proteins in
hypoxic cells, forming intracellular adducts
that can be detected immunohistochemi-
cally.>® A clinical comparative study has re-
cently demonstrated a correlation between
microelectrode measurements of pO, and
the extent of pimonidazole adduct forma-
tion in carcinoma of the cervix.” However,
studies on archived material are not possi-
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ble because the drug must be administered
prospectively.

There is an increasing need for endog-
enous markers to assess the presence of
hypoxia. Endogenous markers would have
additional advantages, since they do not re-
quire the application of a foreign substance
and would allow studies of oxygenation sta-
tus in archival paraffin material.®> Glucose
transporter- 1 (Glut-1) is one of the proteins
upregulated in a hypoxic condition. In a tu-
mour microenvironment, hypoxia results
in an increased transcription of the Glut-1
gene, mediated by HIF-1. Tumours show
increased uptake of glucose compared to
normal tissue and Glut-1 is responsible for
the passive transport of glucose across the
cell membrane.? Glut-1 over-expression has
been associated with enhanced tumour ag-
gressiveness and an unfavourable clinical
outcome in various tumour types.* It has
been suggested that Glut-1 might represent
an intrinsic marker of hypoxia.!

The goal of our study was to compare the
expression of Glut-1 with the binding of the
bioreductive hypoxia marker pimonidazole
and to elucidate the characteristics and pit-
falls when each of them is used as a hypoxic
marker. For this purpose, solid subcutane-
ous murine SA-1 sarcomas were treated
with hypoxia-inducible therapy (electroche-
motherapy) and excised at different post-
treatment times for the determination of
selected markers of hypoxia.

Materials and methods

Murine fibrosarcoma SA-1 cells and A/]
mice were used for this study. Solid subcu-
taneous tumours, located dorsolaterally in
mice, were initiated by an injection of 5x10°
SA-1 cells in 0.1 ml 0.9% NaCl solution. Six
to 8 days after implantation, when the tu-
mours had reached approximately 40 mm3
in volume, the mice were randomly divided
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into experimental groups. In the first group,
bleomycin (Heinrich Mack Nachf. Illertisen,
Germany) at a dose of 1 mg/kg was in-
jected intravenously. In the second group,
eight square electric pulses of 100 us (at
a voltage to distance ratio of 1400 V/cm)
were delivered by two flat electrodes 8 mm
apart. In the electrochemotherapy group,
the mice were treated with electric pulses 3
minutes after bleomycin injection. Tumours
without treatment were used as controls.
The tumours were excised at different time
points (0.5, 1, 2, 8, 14 and 24 h) after
treatment with bleomycin, the application
of electric pulses or electrochemotherapy.
Pimonidazole HCI (Hypoxyprobe-1, Natural
Pharmacia International Inc.) was adminis-
tered intraperitoneally to mice at a single
dose of 100 mg/kg 16 h before sacrifice and
tumour excision. Treatment protocol was
approved by the Ministry of Agriculture,
Forestry and Food of the Republic Slovenia
No. 3440-12/2009/6.

Tumour tissue specimens were formalin-
fixed and paraffin-embedded. Two con-
secutive 5 pm thick sections were cut from
each paraffin block for immunohistochemi-
cal analysis. Immunoperoxidase with di-
aminobenzidine tetrahydrochloride (DAB)
substrate was performed to detect hypoxic
regions indicated by the presence of pimo-
nidazole or Glut-1. Sections were dewaxed
and hydrated in graded alcohols, rinsed in
distilled water and PBS and treated with
3% hydrogen peroxide in methanol for 10
min to eliminate endogenous peroxydase
activity and thereby prevent non-specific
reactions with DAB substrate. Sections for
Glut-1 detection were pre-treated in a pres-
sure cooker in citric buffer (pH 6.0) and al-
lowed to cool at room temperature for 15
minutes. Fifty microlitres of mouse mono-
clonal antibody raised against intracellular
pimonidazole adduct (Natural Pharmacia
International Inc) at a dilution 1/100
for 2 h or anti-Glut-1 (Alpha Diagnostic

International) at a dilution of 1/100 for 1 h
was applied. An EnVision kit (Dako, UK)
was used for primary antibody binding de-
tection. Immunoreactivity was visualized
with DAB, and hematoxylin was used as a
counterstain. Erythrocytes in each section
served as positive controls for Glut-1. As
negative controls, adjacent sections were
incubated in parallel with non-immune se-
rum instead of the primary antibodies.

An Eclipse-80i (Nikon, Japan) light mi-
croscope with an attached CCD camera was
used for acquisition of images of stained
tumour sections. A semi-quantitative scor-
ing system was applied to the Glut-1 and
pimonidazole adduct stained sections, and
a score of 0-4 was assigned for each micro-
scopic field, representative of the approxi-
mate area of immunostaining: 0 negative,
1+ <5%, 2+ 5-15%, 3+ 15-40% and 4+ >40%.
Areas of necrosis, stroma, normal skin over
the tumour and distinct edge effects were
ignored. The overall scores used in our
study summarising pimonidazole binding
or Glut-1 expression across the tumour
was derived from the average score for all
fields. Two-tailed, Spearman’s rank correla-
tions were used to assess the relationship
between the hypoxia markers used in our
study. A P value less than or equal to 0.05
was considered statistically significant.

Results

Electrochemotherapy with bleomycin has
been very effective in the treatment of
subcutaneous SA-1 tumours, resulting in
substantial tumour growth delay and even
a high percentage of tumour cures, com-
pared to untreated tumours and tumours
treated with bleomycin or application of
electric pulses only, as also demonstrated
in our previous study.!!

In the present study we compared two
hypoxia markers and two consecutive sec-
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detection of

Immunohistochemical
Glut-1 in murine fibrosarcoma tumours after
electrochemotherapy. Differences between Glut-1
positive and Glut-1 negative tumour areas are seen
on large picture. Glut-1 expression is detected as
membranous staining (small square).

Figure 1.

tions from each tumour were therefore
analysed. Glut-1 expression and pimoni-
dazole binding were visualised by immu-
nohistochemistry. The staining intensities
for both markers generally increased in the
vicinity of the necrotic area. Normal skin
over the tumour failed to stain for both
markers. However, strong immunoractiv-
ity exclusively to Glut-1 was found in red
blood cells. A positive reaction for Glut-1
was seen in both cytoplasm and the tumour
cell membrane. As the staining score in-
creased, the cell membrane became more
stained (Figure 1). Pimonidazole staining
was found in the cytoplasm of tumour cells
(Figure 2). Much of the staining was con-
centrated around necrotic tissue, and re-
gions that were positive for pimonidazole
were generally positive for Glut-1, although
the Glut-1 expression areas were narrower
in extent than the pimonidazole binding
areas.

In the control and bleomycin groups the
area of tumour hypoxia was approximately
10% at all time-points examined. After ap-
plication of electric pulses alone, as well as
after electrochemotherapy, the extent of tu-
mour hypoxia detected by Glut-1 or pimoni-
dazole reached its peak after 2 h (Figure 3)
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detection of

Immunohistochemical
pimonidazole bindig in murine fibrosarcoma tumours
after electrochemotherapy. Differences between
pimonidazole positive and pimonidazole negative
tumour areas are seen on large picture. Pimonidazole
bindig is detected as cytoplasmatic staining (small
square).

Figure 2.

and lasted up to 8 h after the treatment.
After the application of electric pulses, the
recovery to pre-treatment level occurred at
14 h, whereas after electrochemotherapy the
hypoxic area started to decrease after 14 h.
However, recovery to pre-treatment level did
not occur for at least 24 h (Figure 4).

The mean and range of the marker posi-
tive fraction varied between the two mark-
ers. However, there were significant corre-
lations (r = 0.41) between Glut-1 and pimo-
nidazole scores (p = 0.028). The degree of
co-localisation between stained regions is
also critical in their evaluation as hypoxia
markers. More than 65% of the stained ar-
eas showed a high degree of co-localization
when the two markers were compared.

Discussion

We used two hypoxic markers, pimonida-
zole and Glut-1, to detect hypoxic areas
of SA-1 tumours treated with hypoxia-in-
ducible therapy (electrochemotherapy). We
found that there is a correlation between
exogenous hypoxic marker pimonidazole
binding and endogenous hypoxia marker
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Figure 3. Glut-1 expression in representative sections
of mourine fibrosarcoma tumours two hours after
therapy with bleomycin, application of electric pulses
or electrochemotherapy.

Glut-1 expression, so immunohistochemi-
cal staining of endogenous hypoxic marker
can be used to track changes in tumour
hypoxia. Our results resemble those of
Russell et al., who have previously shown
that labelling hypoxic areas with the endog-
enous hypoxic marker carbonic anhydrase
(CA) IX can be used to detect changes in
tumour xenograft oxygenation.® Glut-1 and
CAIX are two downstream genes regulated
by hypoxia-inducible factor (HIF)-la. and
both are considered to be endogenous hy-
poxia markers.

There is an intense effort to develop tech-
niques that are able to visualize and quan-
tify tumour hypoxia, because hypoxia can
cause resistance to radiotherapies (hypoxic
cells are 2-3 fold more radio-resistant than
aerated cells)'? and promote malignant pro-
gression. Hypoxic cells are also less accessi-
ble to nutrients and drugs, more likely to be
non-cyclic, and therefore resistant to many
forms of chemotherapy.’>* Currently, the
two methods most widely used for direct
measurement of tumour oxygenation are an
Eppendorf polarographic oxygen electrode
and the luminescence-based optical sensor
OxyLite.!® The drawback of those methods
are their invasiveness and that they can

% of Glut-1 positive area

0 5 10 15 20 25
Time after therapy [h]

Figure 4. Time course of Glut-1 positive area in control
tumours and after treatments with bleomycin (BLM),
electric pulses (EP) and electrochemotherapy (ECT).

not distinguish a hypoxic region in viable
tumour tissue from a low oxygen level in
necrotic tumour areas.

An alternative method is immunohis-
tochemical assessment of pimonidazole
binding, injected prior to the biopsy being
taken.!® The advantage of the immunohisto-
chemical marker approach is that the same
or contiguous formalin-fixed tissue sections
may be examined for relationships between
hypoxia and other physiological parameters
for which immunohistochemical assays ex-
ist. In addition, histological sections permit
the study of the geographical distribution
of hypoxia, and micro-environmental fac-
tors such as blood vessels, areas of cell pro-
liferation and angiogenesis.!” Pimonidazole
has been used for hypoxia assessment with
various xenograft tumour treatment proto-
cols'>!8, but pimonidazole must be admin-
istered 16 to 24 h before tumour biopsy and
it is likely to reflect the presence of more
long term or chronic hypoxia or, put in an-
other way, pimonidazole may not indicate
the level of acute hypoxia.l

The discovery that tumours metabolise
sugars at an increased rate to normal tis-
sue was made over 70 years ago. Cancer
cell energy metabolism has received inter-
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est recently, with some common oncogen-
ic mutations having been directly linked
to the glycolytic phenotype.!® Glut-1 is one
of the glucose transporters located in the
cell membrane. It is known that increased
expression of Glut-1 is not only found in a
wide variety of tumour types, but invari-
ably indicates a poor prognosis.??! It has
also been suggested that Glut-1 might rep-
resent an intrinsic marker of hypoxia.!41”
There is a fundamental drawback, in that
Glut-1 expression does not exclusively
correspond to the tumour oxygenation
status. Rather, the expression in tumour
cells might reflect the activation of other
oncogenic pathways, independent of hy-
poxia. In fact, two recent reports compar-
ing oxygen tension in cervical cancers to
HIF-1a. and Glut-1 expression provided
strong evidence for a regulation of these
pathways independently of hypoxia.”??
However, Kunkel et al. recently confirmed
the value of Glut-1 expression as a predic-
tive marker for radio-resistant squamous
cell carcinoma of the oral cavity. In addi-
tion to providing prognostic information,
data suggest that modulation of radiation
resistance by inhibition of glucose trans-
port in the tumour may be a novel strategy
for improving the effectiveness of radio-
therapy in tumours.?® The advantage of us-
ing intrinsic markers of hypoxia, such as
Glut-1, is that the approach is simple and
quick, and could potentially be applied to
a wide variety of solid tumour types.

Our results indicate that pimonidazole
and Glut-1 show a similar ability for de-
tecting hypoxic cells. The mean tumour
area of marker positivity varied between
the two markers; however, there was a cor-
relation between them. A small number of
studies have compared endogenous marker
expression with either oxygen microelec-
trode measurements or exogenous hypoxia
marker binding. There are some reports of a
lack of correlation between oxygen electrode
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measurements and Glut-1 expression? or

pimonidazole binding.? In contrast, two re-
cent studies have shown that levels of Glut-1
expression in carcinoma of the cervix cor-
related with the level of tumour hypoxia,
measured using either polarographic needle
electrodes?' or pimonidazole staining.* A
strong correlation was also observed be-
tween pimonidazole and Glut-1 in human
bladder cancer and Glut-1 was an inde-
pendent prognostic factor for overall sur-
vival of these patients.?? The relationship
between marker expression and oxygen
electrode measurement is a complex one,
since these methods do not sample the
same tumour micro-environment or pro-
vide directly comparable measures of hy-
poxia. A general conclusion has been that
endogenous markers offer promise for the
routine measurement of tumour hypoxia
but they may not provide the same infor-
mation as O, measurements using micro-
electrodes or binding of chemical hypoxia
markers.?°

The induction of tumour hypoxia has of-
ten been intuitively linked to an inability of
the tumour vascular network to provide a
nutritive blood supply to the rapidly prolif-
erating tissue. Highly angiogenic tumours
should thus be well oxygenated. However,
several studies have indicated that, para-
doxically, tumour hypoxia correlates with
high vascular density in vivo.?”? It is likely
that several factors contribute to tumour hy-
poxia. During the rapid growth of a tumour,
an aberrant microvasculature develops. The
abnormal structure and function of the tu-
mour microvasculature will reduce per-
fusion, increase the amount of fluid leaking
into the extravascular space of the tumour,
and thus increase the viscous resistance to
flow. There is currently great interest in the
relationship between tumour hypoxia and
tumour vasculature because tumour blood
vessels are an attractive target for tumour
therapy.



Cor A et al. / Comparison between hypoxic markers pimonidazole and Glut-1

In our study, we analysed tumours treat-
ed with electric pulses and/or bleomycin.
After electrochemotherapy the hypoxic tu-
mour area (determined with pimonidazole
or Glut-1) increased to 35% within 1 h after
treatment, reaching a peak 2 h after treat-
ment. The antitumour efficiency of electro-
chemotherapy is not only due to increased
cytotoxicity but also due to an anti-vascular
effect, which results in reduced tumour
blood flow and increased tumour cell hy-
poxia.?? It has been proposed that electro-
chemotherapy, in addition to the direct cy-
totoxic effect, also has a vascular disrupting
action.!!

Conclusions

The correlations between the endogenous
hypoxia marker Glut-1 and pimonidazole
binding established in this study confirm
that intrinsic markers of hypoxia, such as
Glut-1, are a reliable means of evaluating
tumour hypoxia, which will continue to
be useful in future investigations involving
archival material from a range of sourc-
es. However, application of these mark-
ers requires careful validation against es-
tablished methods, especially when many
other factors could complicate the use of
hypoxia responsive gene expression as an
indication of tumour hypoxia.
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Dosimetric implications of two registration
based patient positioning methods in prostate image
guided radiation therapy (IGRT)
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Background. We compare the dosimetry of daily patient positioning based on prostate matching versus
bone matching for patients treated with helical tomotherapy.

Methods. Ninety-nine pre-treatment 3D megavoltage (MV) CT images of four high risk prostate patients
were registered to their respective planning images using two automatic registration algorithms, one achiev-
ing bone matching and the other prostate matching. Dose distributions that would have been delivered had
patient positioning been based on each matching method were evaluated. Contours were delineated on each
MVCT image and prostate, bladder, and rectum dose volume histograms were compared for each image
gquidance strategy using endpoints adapted from inverse planning constraints.

Results. The standard deviation of per fraction prostate AD95 values, defined as prostate matching D95
minus bone matching D95, was 0.01 Gy (Range: -0.02 to 0.02 Gy). Defined analogously, bladder AD45
and rectum AD30 values were 0.12 Gy (Range: -0.22 to 0.52 Gy) and 0.14 Gy (Range: -0.40 to 0.34 Gy),
respectively.

Conclusions. Bladder AD45 and rectum AD30 standard deviation values corresponding to 6.1% and 7.5%
of their respective planning constraints suggesting critical structure doses are dependent on positioning
method. A relationship between critical structure dosimetry and the direction of daily prostate motion was
also observed.

Key words: prostate radiotherapy; helical tomotherapy; patient positioning; image registration
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The field of image-guided radiation therapy
(IGRT) rose from the need to account for
daily anatomical variations in the delivery
of fractionated radiation therapy. This is
particularly relevant to the treatment of
prostate cancer as it has been repeatedly
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ology has potential detrimen-
tal consequences to the dosim-
etry of critical structures. For
example, consider the scenario
where the prostate has moved
slightly in the direction of a
critical structure. Bone match-
ing, in combination with suffi-

Figure 1. Simplified schematic demonstrating the potential increased (jent margins, will ensure the

dose to a critical structure as a result of prostate (i.e. target) matching. A
gap is present between the target and critical structure in the planning
CT, but the target has moved towards the critical structure when the

entire target receives the pre-
scription dose, however, pros-

patient is treated. With appropriate margins, bone matching results in tate matching would certainly
complete coverage of the target without having any of the critical structure lead to an increased dose to
situated in the high dose region. On the other hand, part of the critical the critical structure (Figure 1).

structure receives the target dose if prostate matching is used for patient

positioning.

demonstrated that the position of the pros-
tate gland varies as a result of bladder and
rectal filling.'? A number of correctional
strategies including implanted fiducials®®
and on-line three-dimensional (3D) com-
puted tomography (CT) imaging®® have
been developed and clinically implement-
ed. Although both methods provide daily
image guidance, the latter is advantageous
in that it allows for the evaluation of daily
delivered doses.!

The principle modality for prostate IGRT
at our clinic is the Hi*Art II helical tomo-
therapy unit (TomoTherapy, Inc. Madison,
WI). Prior to each fraction, clinicians acquire
a 3D megavoltage CT (MVCT) of the patient
in treatment position which is subsequently
registered to the patient’s planning CT and
based on the registration; the patient is re-
positioned and treated. To ensure the target
is situated in the same geometric location
on a daily basis, registration should result
in the overlap of the prostate volumes in the
MVCT and planning CT images. This varies
from traditional prostate treatment proto-
cols where the lack of soft tissue contrast
in portal images made prostate matching
impossible and patient re-positioning was
based on the matching of bony anatomy.!-1¢
This change in patient positioning method-

Radiol Oncol 2009; 43(3): 203-212.

Unfortunately, the dosi-
metric implications of using
prostate matching instead of bone match-
ing for daily image guidance have not been
sufficiently investigated. The objective of
this work is to quantify and compare the
doses that would be delivered to the pros-
tate, bladder, and rectum if image guidance
on the Hi*Art I system was based on pros-
tate matching or on bone matching. The
dependence of dosimetric variations on the
direction of daily prostate motion will also
be investigated.

Methods

Treatment data from four research patients
treated for high risk prostate cancer on the
Hi*Art II unit were available for this local
research ethics board approved retrospec-
tive study. The primary planning target
volume (PTV), treated to 68.0 Gy over 25
fractions (2.72 Gy/fraction), was defined
by margins of 7-mm posteriorly and 10-mm
in all other directions around the prostate
gland and seminal vesicles. Constraints
for the rectum and bladder during inverse
planning were that no more than 30% of
the rectum volume receive 45.0 Gy (1.80
Gy/fraction) and no more than 45% of
the bladder volume receive 50.0 Gy (2.00
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Gy/per fraction). Patients were instructed
to have a full bladder and empty rectum
during simulation and each daily treat-
ment fraction. Prior to each fraction, a
pelvic MVCT was acquired and used for
patient re-positioning. For our purposes,
one MVCT was removed from the data set
because the entire prostate was not imaged,
leaving ninety-nine fractions available for
this study.

As a result of daily prostate motion with
respect to rigid pelvic bony anatomy, pros-
tate matching and bone matching of daily
MVCT and planning images produces two
different image alignments.!” In this work,
prostate matching and bone matching was
performed using in-house developed auto-
matic rigid registration software. For pros-
tate matching, daily MVCT images were
registered to planning CT images by opti-
mizing the correlation coefficient metric. To
ensure the overlap of the MVCT and plan-
ning CT prostate volumes, only the plan-
ning CT voxels corresponding to prostate
plus a small 6.0-mm border were used in
cost function calculation.!®2° Voxels in the
border region corresponding to bone and
intestinal gas were filtered via threshold-
ing to eliminate their influence on registra-
tion. In addition, a noise reducing median
filter’! was applied to MVCT images prior
to registration. For bone matching, we used
the mutual information algorithm proposed
by Mattes et al.?2, however, only the auto-
matically segmented planning CT voxels
corresponding to bony anatomy were used
to evaluate the cost function. Both the pros-
tate and bone matching procedures rely on
the Nelder-Mead simplex algorithm for cost
function optimization.?®

Following completion of bone matching
and prostate matching procedures, dose
distributions that would have been deliv-
ered using both image guidance strategies
were evaluated with the High*Art II sys-
tem’s inherent Planned Adaptive software.

The software evaluates delivered dose dis-
tributions by applying the treatment deliv-
ery sinogram to daily MVCT images, and
has been demonstrated to have dosimet-
ric accuracy comparable to that of plan-
ning CT dose calculations.!® A number of
studies have been published in which the
tool was used to compare planned and de-
livered doses?*2%, however, to the best of
our knowledge, the software has not been
used to calculate theoretical dose distribu-
tions that would have been delivered had
patient positioning been performed differ-
ently.

Retrospectively, prostate, rectum, and
bladder volumes were contoured by a radia-
tion oncologist on all pre-treatment MVCT
images using the Planned Adaptive soft-
ware and dose volume histograms (DVH)
were evaluated for each dose distribution.
Structures on each MVCT image were de-
lineated only once and external software
was used to account for the translational
shifts in the contour co-ordinates between
the two matching methods. Dosimetric
endpoints for DVH analysis were adopted
from the tumour and sensitive structure
constraints implemented during inverse
planning. As such, values for D95, D45,
and D30 were extracted from each prostate,
bladder, and rectum DVH, respectively. In
addition to absolute evaluation, the differ-
ences between endpoints for each method
were also evaluated.?® As such, for compari-
son of prostate matching and bone match-
ing image guidance strategies, AD95, de-
fined as prostate D95 for prostate matching
minus prostate D95 for bone matching, was
determined for each fraction. Defined an-
alogously, bladder AD45 and rectum AD30
values were also evaluated. In addition, five
MVCT images were selected at random and
re-contoured upon which dosimetric analy-
sis was repeated to determine the effect of
uncertainties in structure delineation on
the evaluated endpoints.

Radiol Oncol 2009; 43(3): 203-212.
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Figure 2. DVH comparison of prostate matching (PM)
and bone matching (BM) for patient 1 odd numbered
fractions (i.e. fraction 1, 3, ..., 23, 25). (a) Prostate, (b)
bladder, (c) rectum.

The relationship between bladder? 8 and
rectal”’? filling and prostate motion in the
superior/inferior (SI) and anterior/posterior
(AP) directions has been repeatedly docu-
mented in the literature. Bladder D45 and
rectum D30 values are clearly dependent on
organ volumes, and as such, endpoints were
also evaluated with respect to the measured
daily prostate motion. Daily prostate motion
(i.e. for each fraction) was calculated from
the differences between the bone matching
and prostate matching alighments.

Results
Daily prostate motion

The mean (+ standard deviation) of the
prostate motion for the ninety-nine fraction
cohort was 2.4 + 1.9 mm superiorly, 0.7
+ 2.5 mm anteriorly, and 0.3 + 0.5 mm to the
left. Although motion was skewed superior-
ly, standard deviations are comparable with
values previously reported in the literature,!
albeit on the lower end. Statistics for each
individual patient are reported in Table 1.

Dose volume histogram analysis

The mean (+ standard deviation) prostate
D95, bladder D45 and rectum D30 val-

Radiol Oncol 2009; 43(3): 203-212.
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ues for each matching method are given
in Table 2. Although mean prostate D95
values are identical for prostate match-
ing and bone matching, evaluated critical
structure endpoints are dependent on the
matching method. Worth mentioning is
the fact that all reported values exceed
the aforementioned inverse planning con-
straints. In light of these observations, the
percentage of fractionated bladder D45 and
rectum D30 values that exceeded the con-
straints by differing dosimetric amounts
were evaluated and appear in Table 3.
Observed bladder and rectum endpoints
correlate with the observed trends of ante-
rior and superior prostate motion reported
in the previous section. Presumably, if the
prostate has moved superiorly towards the
bladder, prostate matching would increase
the volume of bladder that receives the pre-
scription dose. Similarly, anterior prostate
motion away from the rectum would result
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Table 1. Prostate motion statistics for each individual patient.
Negative values correspond to motion superiorly, anteriorly and

ADA45 values ranged from -0.22 to
0.52 Gy, having a mean value of

to the left
- — 0.07 £ 0.12 Gy. Finally, the mean
Patient Direction Mea+n + SD (mm) Range (mm) rectum AD30 value was -0.06 + 014
! EI; ?2'.03;0;2 Zi :Z gi Gy, with values'ra'nging from -.0.4’0
Sl 1:16 801016 t<? 0.34 GY' Statistics for eth indi-
5 R _0'1 N 0'4 _1'0 00 7 vidual patient are reported in Table
——— . - 4. Measured bladder AD45 and
AP 0015 331030 rectum AD30 values are plotted as
St 2112 6.710-02 a function of prostate motion in the
3 LR 0804 17t003 AP and SI directions in Figure 4.
AP 17219 23 t0 1.9 A dependence on the direction of
S 11220 47028 prostate motion is clearly evident.
4 LR -0.3+0.6 -21t00.4
AP 09+1.8 -2.3t06.5
S D0+16 5.0 t02.4 Contour dependence
Combined LR 0.3£05 2.1t0 0.8 The absolute difference between
AP 07+25 83t 84 endpoints evaluated using original
SI 24+19 -8.0 to 2.8

and repeat contours were calcu-

in the prescription dose being delivered to
less rectal volume. The thirteen odd num-
bered fraction dose volume histograms for
patient 1 are plotted in Figure 2 to dem-
onstrate the daily variations in prostate,
bladder and rectum dosimetry for each
matching method.

Image guidance comparison

Histograms of the theoretical prostate
AD95, bladder AD45, and rectum AD30
values for all ninety-nine fractions are dis-
played in Figure 3. The mean (+ standard
deviation) prostate AD95 for the cohort
was 0.00 £ 0.01 Gy, with values ranging
from -0.02 to 0.02 Gy. Observed bladder

Table 2. Per fraction mean * standard deviation prostate D95, bladder D45 and
rectum D30 values for all ninety-nine fractions for each matching method. Inverse

planning constraints are given in brackets

lated for each of the five re-con-

toured MVCT images. The mean
(= standard deviation) absolute difference
of the ten (five for each matching method)
bladder D45 values was 0.03 = 0.02 Gy.
This represents 1.2 + 0.7% of the prescrip-
tion dose. Corresponding values for rec-
tum D30 absolute differences were slightly
higher at 0.07 £ 0.07 Gy or, 2.5 £ 2.6% of
the prescription dose. The mean (+ stand-
ard deviation) of the five bladder AD45
absolute differences was 0.01 + 0.02 Gy or
0.3 + 0.6% of the prescription dose. Rectum
AD30 values were 0.04 £ 0.04 Gy or 1.4
1.2%. Mean and standard deviations of
the absolute differences in both prostate
D95 and prostate AD95 values were less
than 0.1% of the prescription dose. Based
on these observations, the reported mag-
nitudes of pros-
tate AD95, bladder
AD45 and rectum
AD30 values ex-

Bone Matching (Gy) Prostate Matching (Gy)

ceed their uncer-

Prostate D95 (= 2.72 Gy) 2.81 +0.02
Bladder D45 (< 2.00 Gy) 2.06 +0.17
Rectum D30 (< 1.80 Gy) 2.29 £0.22

2.81 £ 0.02 tainties relating to
213£0.21 errors in contour
223 +£0.17

delineation.

Radiol Oncol 2009; 43(3): 203-212.
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Figure 3. Frequency histograms of the theoretical
fractionated (a) prostate AD95, (b) bladder AD45, and
(c) rectum AD30 values for all ninety-nine fractions.
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Discussion

The image guidance protocol mandated at
our clinic during treatment of the high risk
prostate patients on helical tomotherapy,
including those analyzed in this study, is
as follows. After initial automatic registra-
tion of daily MVCT and planning CT im-
ages, the alignment is manually adjusted
by a radiation therapist with the goal of
overlapping the prostate gland in the two
images using the prostate/rectum interface
at the mid-plane of the prostate as a refer-
ence. Recently, Langen et al.>0 investigated
the accuracy of a manual method similar
to ours and found that over 224 manual
registrations performed by two radiation
therapists, prostate misalignment exceeded
3-mm 24%, 33%, and 3% of the time in the
AP, SI, and LR directions, respectively.

Table 3. Percent of fractions in which the bladder and rectum inverse planning
constraints were dosimetrically exceeded, exceeded by 10% and exceeded by 25%

for each matching method
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Misalignment never exceeded 5-mm in any
single direction. Although our work com-
pares image matching strategies specifical-
ly, the observed alignment differences be-
tween prostate and bone matching are rep-
resentative of the range of possible prostate
misalignments during treatment. As such,
the prostate AD95 values observed in this
study suggest that for the margins used
clinically and the errors associated with
the manual patient positioning method
employed at our centre,
delivered prostate D95
values are unaffected

Bone
matching (%) matching (%)

by observed prostate

Prostate positioning errors. This

Bladder D45 exceeded (= 2.00 Gy) 59
Bladder D45 exceeded by 10% (= 2.20 Gy) 12
Bladder D45 exceeded by 25% (= 2.50 Gy) 4

Rectum D30 exceeded (= 1.80 Gy) 100
Rectum D30 exceeded by 10% (>1.98 Gy) 97
Rectum D30 exceeded by 25% (>2.25 Gy) 51

suggests that daily im-

67 age guidance based on
32 prostate matching of
7 treatment and planning
100 CT images allows for
96 a reduction of the 10
42
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Table 4. Individual patient statistics for prostate AD95, bladder AD45 and rectum
AD30. A denotes prostate matching minus bone matching. The combined patient
values are also normalized to the inverse planning constraints (i.e. prostate: 2.72 Gy,

bladder: 2.00 Gy and rectum: 1.80 Gy)

range that the ac-
ceptable margin for
prostate matching

without fiducials is

Patient Standard Range (Gy) situated.
Deviation (Gy) .

1 Prostate AD95 < 0.01 -0.01 t0 0.00 tW(I)n ziffcff ts(irglce
Bladder AD45 0.16 -0.22 to 0.52 tures, the observed
Rectum AD30 0.15 -0.40 to 0.32

2 Prostate AD95 <0.01 -0.02 to 0.01 IES%;S Ofd blaclder
Bladder AD45 0.05 -0.09 to 0.17 AD30 azaluz_‘ic uﬁ:
Rectum AD30 0.09 -0.26 to 0.22 combination with

3 Prostate AD95 <0.01 0.00 to 0.01 the fact that re-
Bladder AD45 0.08 -0.08 to 0.20 ported mean blad-
Rectum AD30 0.10 -0.34 to 0.06 der D45 and rectum

4 Prostate AD95 <0.01 0.00 to 0.02 D30 values exceed
Bladder AD45 0.04 -0.08 to 0.08 inverse planning
Rectum AD30 0.09 -0.10 to 0.34 constraints, sug-

Combined Prostate AD95 < 0.01 (0.2%) -0.02 to 0.02 (-0.6 to 0.6%) gests that the se-
Bladder AD45 0.12 (6.1%) -0.22 to 0.52 (-11.2 to 26.0%) lection of match-
Rectum AD30 0.14 (7.5%) -0.40 to 0.34 (-22.0 to 19.1%)

ing procedure has

the patients included in this study. Recent
work by Meijer et al.>! demonstrated that
a prostate margin of 6 mm is clinically
acceptable when daily image guidance is
based on the alignment of implanted fidu-
cials. Without fiducials, as is the case for
the helical tomotherapy patients at our cen-
tre, daily prostate positioning errors will
increase ** meaning a 6 mm margin is in-
sufficient. Further investigation is required
to determining where in the 6 to 10 mm

10

8 -

NoOBs o
-
L
.
L]

o

Inferior «» Superior (mm)

'
k3
»

o 5 0 5 10
Anterior «» Posterior immj)

clinically  signifi-
cant repercussions on the dosimetry of the
critical structures. However, over the entire
ninety-nine fraction cohort analyzed in this
study, positive and negative bladder AD45
and rectum AD30 values offset each other,
giving rise to mean values of 2.6% and -2.2%
of the prescription dose, respectively. How
this fractionated trend translates when
comparing matching methods based on
the cumulative critical structure dosimetry
over entire treatments remains unanswered.
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Figure 4. Scatter plot of per fraction (a) bladder AD45 and (b) rectum AD30 values for all ninety-nine fractions as
a function of prostate motion in the superior/inferior and anterior/posterior directions.
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Investigating this requires accurate deform-
able registration to track daily anatomical
variations®>33 and will be the focus of future
work. However, whether or not fractionated
dosimetrical differences between matching
methods cancel out over prolonged treat-
ment regiments, the fractionated analysis
reported in this paper is beneficial for a
number of reasons. First, the easiest way to
ensure treatment protocols are satisfied over
protracted treatment regiments is to ensure
those same protocols are satisfied each frac-
tion. Furthermore, the radiobiological effects
of varying daily doses differ from those as-
sociated with static daily dosimetry, regard-
less of whether the cumulative dosimetry
is equivalent. Finally, results demonstrate
that systematic trends in daily prostate mo-
tion for individual patients can lead to large
discrepancies in the dosimetry of prostate
and bone matching. Patient 1 for example,
had consistently and often significantly less
bladder volume in daily treatment images as
compared to planning CT acquisition, which
contributed to a mean superior 4.1 mm pros-
tate shift over all twenty-five fractions.”
This systematic prostate motion resulted
in a mean bladder AD45 of 0.20 Gy, which
represents 10.0% of the inverse planning
D45 constraint, suggesting that the selection
of daily matching strategies can potentially
have a clinically significant effect on cumula-
tive critical structure dosimetry as well.

Conclusions

We have used the Planned Adaptive soft-
ware on the Hi*Art II system to compare
the doses that would have been delivered to
high risk prostate patients if daily patient
re-positioning was based on bone matching
versus prostate matching. DVH analysis
demonstrates that the difference in pros-
tate dose for each matching technique is
insignificant, allowing for potential margin

Radiol Oncol 2009; 43(3): 203-212.

reduction. However, observed ranges in the
differences between critical structure dos-
imetry for bone and prostate matching sug-
gest that the selection of matching method
employed during patient re-positioning has
clinical repercussions. In fact, the doses
delivered to the bladder and the rectum
were found to be highly dependent not
only on the image guidance strategy, but
also the direction of daily prostate motion.
In particular, for prostate motion anteriorly
and superiorly, bone matching decreases
bladder dose whereas prostate matching
decreased the rectal dose. Potentially, the
matching method can be selected each day
based on the observed prostate motion in
order to minimize dose and subsequent
complications to the bladder and rectum.
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Zdravljenje recidivnega raka danke

Velenik V

Izhodis¢a. Ceprav se je s predoperativno radiokemoterapijo in izpopolnjeno kirursko teh-
niko prezivetje bolnikov z rakom danke izboljsalo, je lokalna ponovitev bolezni Se vedno
terapevtski problem. Pri do 50% bolnikov se rak danke ponovi le lokalno, brez sistemskih
zasevkov. V prispevku je podan pregled izsledkov s podrocja multimodalnega zdravljenja
recidivnega raka danke.

Zakljucki. Izbira najprimernejsega zdravljenja pri teh bolnikih Se ni dorecena. Osrednjo
vlogo v zdravljenju z namenom ozdravitve ima radikalna resekcija. Obsezno operacijo pa
lahko spremljajo hudi zapleti in zmanjsana kakovost Zivljenja bolnikov. Predoperativna
radiokemoterapija omogoca zmanjsanje velikosti tumorja v obdobju pred operacijo in s tem
vecjo verjetnost njegove popolne odstranitve. V kombinaciji z intraoperativnim obsevanjem
pa sta lahko lokalna kontrola in preZivetje e boljsa. Mozno je tudi ponovno obsevanje bol-
nikov, ki so zZe bili obsevani v sklopu zdravljenja primarnega raka danke.

Radiol Oncol 2009; 43(3): I-IX.
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Zdravljenje hemoptiz s katetersko embolizacijo
bronhialnih arterij

Vidjak V, Novaci¢ K, Hebrang A, Mazuranic I, Samarzija M,
Ljubic S, Breitenfeld T, Klasic B

Izhodisca. Za masivno hemoptizo je znacilno, da bolnik izkaslja 300-600 ml krvi v 24 urah
in lahko privede do ogrozajoce asfiksije. Namen nase raziskave je bil oceniti u¢inkovitost
kateterske embolizacije bronhialnih arterij (BAE) pri zdravljenju masivne hemoptize.
Bolniki in metode. V 33 mesecih je bilo 11 bolnikov z masivno hemoptizo napotenih v naso
bolnisnico, da bi jim naredili digitalno subtrakcijsko angiografijo in BAE. Obravnavali smo
8 moskih (starih 43-69 let, srednja starost 56 let) in 3 zenske (stare 63-65 let, srednja starost
64 let). Pri vseh bolnikih smo najprej naredili aortografijo prsne aorte; nato pa selektivno
angiografijo bronhialnih in interkostalnih arterij ter interkostobronchialnega vejevija, kot je
bilo indicirano. Selektivno arterialno embolizacijo smo naredili pri 9 bolnikih (9 primarnih
in 3 sekundarne embolizacije). Poseg smo kontrolirali s fluoroskopijo, uporabili smo injek-
cijo mesanice kontrastne raztopine (1 ccm) in embolizacijske snovi imenovane Embosphere
(BioSphere Medical Inc., MA, USA), kjer so bili delci veliki 350-500 pm.

Rezultati. Bronhiektazije so bile najpogostejsi vzrok krvavitve (45,4%), hipervaskularizacija
in intenzivno parenhimalno obarvanje pa sta bila najpogostejsa angiografska znaka krva-
vitve (100%). Druga zelo pogosta znaka sta bila zavitost in hipertroficnost arterij (72,7%).
Primarna BAE je bila uc¢inkovita v 81,9%. V 24 mesecih smo izvedli sekundarno BAE pri
33,3% bolnikih, tercialni (operativni) poseg pa je bil potreben pri 22,2% bolnikih. Lazji teza-
vi, kot sta bolec¢ina in kaselj, sta se ob BAE pojavil pri 44,4% bolnikih.

Zakljucki. BAE je zanesljiva in minimalno invazivna metoda pri zdravljenju bolnikov z ma-
sivno hemoptizo. Zato menimo, da je primerna kot primarna metoda zdravljenja ali pa kot
metoda priprave bolnika pred operacijo.
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Diagnostika in kirursko zdravljenje ponavljajocih
hidatidnih cist v endemskem podrocju

Yildirim M, Engin O, Oztekin O, Akdamar F, Adibelli ZH

Izhodisca. Ehinokokoza je zoonoza, ki se pojavlja predvsem na endemskih podrogjih.
Ugotavljanje in zdravljenje ponavljajoce hidatidne ciste (RHC) predstavlja za kirurga resen
izziv. Namen pricujoce raziskave je bil oceniti diagnostiko in kirursko zdravljenje RHC v
delu Turcije, kjer je bolezen endemicna.

Metode. Analizirali smo 146 bolnikov z abdominalno hidatidno cisto, ki so bili kirursko
zdravljeni od leta 1997 do 2007. Pri 14 (9,5%) od njih se je pojavila RHC.

Rezultati. Zdravili smo 6 Zensk in 8 moskih z RHC. Srednja starost je bila 47,4 leta.
Najpogostejsi simptomi bolezni so bili: trebusne bolecine, slabost, vroc¢ina in zlatenica.
Ciste so se ponovno pojavljale sporadi¢no od 4 mesecev do 22 let po prvem zdravljenju.
Ultrazvok trebuha smo naredili pri 14 (100%) bolnikih, CT pri 11 (78,5%) in MR pri 2 (14,2%)
bolnikih. Tako smo pri vseh bolnikih slikovno prikazali RHC v jetrih in tudi ciste drugod (v
vranici, mezenteriju kolona in perivezikalno). Ponavljajoce ciste (s srednjim premerom 12
c¢m) smo kirursko odstranili z delno pericistektomijo, introfleksijo in popolno cistektomijo.
Pooperativni zapleti so se pojavili pri 14% bolnikov.

Zakljucki. Zlasti v endemskih deZelah, kot je Turcija, moramo v diferencialni diagnozi
cisticnih mas v trebuhu upostevati RHC. Pomembno je, ¢e je bil bolnik Ze operiran zaradi
hidatidnih cist. Kirur§ko zdravljenje je Se vedno najustreznejSe. Zgodnje operacije in perio-
perativna obravnava omogocajo visoko stopnjo ozdravitve.

Radiol Oncol 2009; 43(3): I-IX.
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Primer bolnika z miastenijo gravis, multiplimi infarkti
v mozganskem deblu, zlomom prsnega vretenca
in hernijo medvretencne ploscice v prsni hrbtenici

Kukaj V, Beqiri S, Pushka M, Kabashi M, Komoni E

Izhodisca. Prikazujemo primer bolnika z miastenijo gravis, multiplimi infarkti v mozgan-
skem deblu, zlomom 6. prsnega vretenca in hernijo medvretencne ploscice med 7. in 8.
prsnim vretencem.

Prikaz primera. Pri 66-letnem bolniku se je teden dni pred sprejemom v bolnisnico pojavila
vrtoglavost, slabost, bruhanje, odrevenelost leve strani obraza, tezko poziranje, levostranska
hemipareza, desnostransko mravljincenje, ki se je pricelo v prsni bradavici in se nadalje-
valo v desno nogo ter splo$na utrujenost. Pred 6 leti je zbolel za miastenijo gravis, ki smo
jo potrdili z elektrofizioloskimi preiskavami, farmakoloskimi testi in z odkritjem protiteles
proti acetilholinskim receptorjem v serumu. Zdravljen je bil s piridostigminom, 60 mg pet-
krat dnevno; prednisolonom 20 mg vsak drugi dan; azatioprinom, 100 mg dvakrat dnevno.
Omenjena zdravila so mu znatno pomagala in se je takrat pocutil dobro. Zaradi kalkuloze
so mu ze pred 20 leti odstranili levo ledvico Njegova sestra se je zdravila zaradi miastenije
gravis in sladkorne bolezni.

Zakljucki. Miastenija gravis lahko povzroca Stevilne simptome in znake bolezni, ki so
pogoste pri mozganski kapi, vklju¢no z utrujenostjo, slabostjo misic, motnjami govora in
poziranja. Prikazan primer kaze, da lahko simptome razli¢nih drugih bolezni - kot n.pr.
mozganske kapi — pripisujemo miasteniji gravis.

Radiol Oncol 2009; 43(3): IFIX.
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Zasevek ploscatocelicnega raka uhlja v pinealno zlezo.
Nenavaden primer in pregled literature

Oztekin O, Savas R, Apaydin M, Ozan E, Yasar O

Izhodisc¢a. Pinealna Zleza je nenavadno podrocje za Sirjenje zasevkov. Najveckrat ti ne
povzrocajo simptomov. Tudi kozni rak izredno redko zaseva v pinealno zlezo. O tovrstnih
zasevkih porocajo predvsem na podlagi obdukcijskih najdb. PloScatoceli¢ni rak je druga
najpogostejSa vrsta koznega raka v podrocju uhlja. Je invaziven in destruktiven tumor in
lahko povzroca tezave s sluhom zaradi preras¢anja v zunanji sluhovod. Velika vecina plo-
$c¢atoceli¢nih karcinomov uhlja zaseva v pljuca, kosti in mozgane.

Prikaz primera. Opisujemo primer bolnika z obseznim ploscatocelicnim rakom uhlja in s
Sirjenjem v globino temporalne kosti ter zasevanjem v pljuca in pinealno Zlezo.

Zakljucki. Zasevek je lahko vzrok za tumorsko spremembo v pinealnem podrocju, zlasti pri
starejsih bolnikih z znanim primarnim rakom.

Radiol Oncol 2009; 43(3): I-IX.
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Segmentirana CT preiskava pljucnega raka s kostnimi
zasevki ob upostevanju intenzivnosti kopicenja izotopa
pri PET preiskavi

Avazpour I, Roslan RE, Bayat P, Saripan MI, Nordin AJ, Raja Abdullah RSA

Izhodisca. Slikovna diagnostika je postala izjemnega pomena pri obravnavi bolnikov z ra-
kom. PET/CT preiskava je omogocila hitrejSo diagnozo, natan¢nejSo anatomsko opredelitev
bolezni in njenega stadija. PET nam posreduje podatke o metabolni aktivnosti dolocenega
podrocja v telesu, CT pa to podrocje anatomsko opredeli. Tako lahko s PET preiskavo pre-
poznamo rakaste celice, s CT preiskavo pa dolo¢imo, kje lezijo, oziroma kateri anatomski
strukturi pripadajo.

Metode. V raziskavi osvetljujemo lokalizacijo raka v bronhijih s pomocjo slikovnih tock
z visoko intenzivnostjo v PET sliki kot osnovi za dolocitev interesnih podrocij v CT sliki.
Najprej geometrijsko uskladimo PET in CT slike z uporabo krizne korelacije, nato prediz-
brane tocke PET slike vstavimo v algoritem, s katerim postopno povecujemo rob lezije v CT.
To nadaljujemo do trenutka, ko dosezemo signifikatno lokalno spremembo.

Rezultati. Metoda je bila preverjena na enajstih slikah bolnika, ki je imel plju¢ni rak s ko-
stnimi zasevki. Rezultati kaZejo, da je srednja standardna napaka za prekomerno segmen-
tirane tocke 33%, za premalo segmentirane pa je 3,4 %.

Zakljuéki. Ceprav je algoritem »nara$¢ajocega interesnega podrocja« zelo enostaven za upo-
rabo, lahko z njim natan¢no dolo¢imo ta interesna podrocja. Algoritem je moc¢no odvisen od
tega, kje opredelimo zacetek procesa narascanja. Da bi izboljsali rezultate, smo v raziskavi
pri izvajanju segmentacijskega procesa uporabili podatke z druge slikovne naprave.
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Zdravljenje bolnikov s hondrosarkomom visokega gradusa
na udih. Preliminarni rezultati

Samardziski M, Zafiroski G, Tolevska C, Kalicanin-Markovska M,
Doncovska D, Anevska V, Runceva M

Izhodisca. Bolnike s hondrosarkomov visokega gradusa na udih zdravimo z amputacijo uda
ali radikalno kirursko resekcijo tumorja. Ce bolniki predhodno prejmejo Se neoadjuvantno
kemoterapijo, lahko njihovo prezivetje izboljSamo.

Bolniki in metode. V obdobju od leta 2000 do 2006 smo od 18 bolnikov s hondrosarkomom
visokega gradusa 8 zdravili z adjuvantno in neoadjuvantno kemoterapijo. Teh 8 bolnikov
smo analizirali v nasi raziskavi. kemoterapija je bila skladna s protokolom skandinavske
sarkomske skupine XVI. Pri 6 (75%) bolnikih smo ud lahko ohranili.

Rezultati. 8 bolnikov, ki so bili zdravljeni s kombinirano kemoterapijo, smo spremljali od 13
mesecev do 8 let (povprecje 32 mesecev). Pri 2 od 8 (25%) bolnikov smo naredili primarno
amputacijo uda. Po histopatoloski diagnozi hondrosarkom visokega gradusa je 6 od 8 (75%)
bolnikov slabo odgovorilo na neoadjuvantno kemoterapijo. Pri 3 od 8 (37%) operiranih
bolnikih s hondrosarkomom visokega gradusa je prislo do lokalne ponovitve in pri 6 (75%)
bolnikih do oddaljenih zasevkov. Pri 2 (25%) od 6 bolnikih, pri katerih je bil ud ohranjen, je
bila potrebna naknadna amputacija zaradi lokalne ponovitve bolezni. 2 od 8 (25%) bolnikov
pa sta prezivela vec kot 5 let, ne da bi se bolezen ponovila.

Zakljucki. Bolniki s hondrosarkomov visokega gradusa na udih imajo daljSe prezivetje kot
bolniki, kjer je tumor nastal v centralnem delu skeleta. Kombinirano zdravljenje omogoca
ohranitvene operacije.
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Primerjava hipoksi¢nih oznacevalcev pimonidazola
in transporterja glukoze 1 (Glut-1)
pri misjih fibrosarkomih po elektrokemoterapiji

Cor A, Cemazar M, Plazar N, Sersa G

Izhodisca. Hipoksija tumorjev je rezultat nezadostne preskrbe tumorskih celic s kisikom
zaradi neorganiziranega in kaoticnega tumorskega zilnega mrezja. Ker je hipoksija tumorja
povezana z vecjo agresivnostjo novotvorbe in slabSo moznostjo ozdravitve, bi bilo pomemb-
no poiskati klinicno uporabno metodo za ugotavljanje hipoksi¢nih tumorjev. Namen nase
raziskave je bil primerjati vezanje bioreduktivnega hipoksicnega oznacevalca pimonidazola
in izrazanje transporterja glukoze 1 (Glut 1) v razli¢no zdravljenih misjih fibrosarkomih
ter ugotoviti znacilnosti in pomanjkljivosti obeh oznacevalcev za ugotavljanje hipoksije
tumorjev.

Material in metode. Solidne SA-1 podkozne tumorje pri A/J] misih smo zdravili z bleomici-
nom i.v. (Img/kg) ali z elektricnimi pulzi (8 pulzov, 1400V, 100 us, 1Hz) ali s kombinacijo
obeh - elektrokemoterapija. Pimonidazol smo injicirali 16 ur preden smo odstranili tumor.
Tumorje pa smo odstranili 0,5; 1; 2; 8; 14 in 24 ur po zdravljenju. Pri vsakem tumorju smo
na dveh zaporednih rezinah tumorja imunohistokemicno analizirali izrazanje Glut-1 in ve-
zanje pimonidazola ter dolocili odstotek imunohistokemicno oznacenega podrocja tumorja.
Rezultati. Glut-1 je obarval predvsem membrane tumorskih celic in se je izrazal zlasti
peri-nekroticno, medtem ko se je pimonidazol na podobnih mestih v tumorjih kot Glut-1
prikazal citoplazmatsko. Primerjava obeh imunohistokemi¢nih barvanj je v 65% pokazala
visoko stopnjo kolokalizacije. Rezultati so pokazali, da je izrazanje Glut-1 statisticno znacil-
no povezano z nivojem vezave pimonidazola (r=0,41; p=0,028).

Zakljucki. Raziskava potrjuje, da so geni kot n. pr. Glut-1, ki jih regulira HIF-1, uporabni
za odkrivanje s hipoksijo povzrocene zmanjsane obcutljivosti tumorjev za radioterapijo in
kemoterapijo.
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Dozimetricne posledice namestitve bolnika
pri slikovno vodeni radioterapiji prostate (IGRT)
z dvema poravnalnima metodama

Rivest DTC, Riauka TA, Murtha AD, Fallone BG

Izhodisca. Primerjali smo dozimetriji ob dnevni namestitvi bolnika z metodama ujemanja
prostate in ujemanja kosti pri spiralni tomoterapiji.

Metode. Pred posameznimi obsevanji stirih visoko rizi¢nih bolnikov z rakom prostate smo
naredili 99 3D megavoltnih (MV) CT slik in jih poravnali (registrirali). Uporabili smo dva
avtomati¢na poravnalna algoritma: prvega, ki doseze ujemanje kosti in drugega, ki doseze
ujemanje prostate. Ovrednotili smo dozne porazdelitve, ki bi izhajale iz namestitve bolnika
po obeh metodah. Na vsako MVCT sliko smo vrisali obrise prostate, secnega mehurja in
danke in za obe strategiji slikovnega vodenja primerjali njihove dozno-volumske histogra-
me. Primerjavo smo naredili v tockah, kjer smo v predhodnem postopku inverznega nacr-
tovanja postavili dozne omejitve.

Rezultati. Standardni odklon vrednosti AD95 prostate, ki jo definiramo kot razliko vredno-
sti D95 pri metodah ujemanja prostate in ujemanja kosti ter se nanasa na eno frakcijo, je bil
0,01 Gy (Razpon: -0,02 do 0,02 Gy). Podobno opredeljena standardna odklona vrednosti
AD45 se¢nega mehurja in AD30 danke sta bila 0,12 Gy (Razpon: -0,22 do 0,52 Gy) in 0,14
Gy (Razpon: -0.40 do 0,34 Gy).

Zakljucki. Standardna odklona AD45 se¢nega mehurja in AD30 danke, ki ustrezata 6,1% in
7,5% njunih nacrtovalnih mejnih doz, nakazujeta, da je doza na kriti¢ne organe odvisna od
metode namestitve. Opazili smo tudi odnos med dozimetrijo kriti¢nih struktur in smerjo
dnevnega gibanja prostate.
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Notices

Notices submitted for publication should contain a mailing address, phone and/or fax number
and/or e-mail of a Contact person or department.

Nuclear medicine

October 10-14, 2009

The “EANM’09 Annual Congress of the European
Association of Nuclear Medicine” will take place in
Barcelona, Spain.

Contact EANM Executive Secretariat and call +43 1
212 80 30; or fax +43 1 212 80 309; or e-mail office@
eanm.org; or see http://www. eanm.org

Radiation oncology

October 11-16, 2009

The ESTRO teaching course Evidence Based Radiation
Oncology: Methodological Basis and Clinical
Application “ will be offered in Vienna, Austria.
Contact ESTRO office, Avenue E. Mounierlaan, 83/12,
B-1200 Brussels, Belgium; or call +32 2775 93 40; or fax
322779 5494; or e-mail events@estro.org; or see http://
www/estro-events.org

Lung Cancer

October 15-17, 2009

The ESTRO multidisciplinary teaching course on lung
cancer will be held in Prague, Czech Republic.
Contact ESTRO office, Avenue E. Mounierlaan, 83/12,
B-1200 Brussels, Belgium; or call +32 2775 93 40; or fax
322779 5494; or e-mail events@estro.org; or see http://
www/estro-events.org or http://www.estro-education.
org/courses/Pages/Prague2009.aspx
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Oncology

October 15-17, 2009

The 3" EORTC-NCI-ASCO annual meeting on mo-
lecular markers in cancer will be held in Brussels,
Belgium.

E-mail ENASCO@eortc.be; or see:
http://www.eortc.be/seminar/ENASCO2009/default.htm

Radiobiology

October 18-23, 2009

The ESTRO teaching course on basic clinical radiobio-
logy will be offered in Toledo, Spain.

Contact ESTRO office, Avenue E. Mounierlaan, 83/12,
B-1200 Brussels, Belgium; or call +32 2775 93 40; or fax
322779 5494; or e-mail events@estro.org; or see http://
www/estro-events.org

Therapeutic radiology and oncology

November 1-5, 2009

The “American Society for Therapeutic Radiology and
Oncology Annual Meeting ASTRO” will take place in
Chicago, USA.

Contact ASTRO, 8280 Willow Oaks Corporate Dr.,
Suite 500, Fairfax, VA 22031; or call +1 703 502-1550;
or see http://www.astro.org
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Radiotherapy

November 15-19, 2009

The ESTRO teaching course on IMRT and other
conformal techniques in practice will take place in
Gliwice, Poland.

Contact ESTRO office, Avenue E. Mounierlaan, 83/12,
B-1200 Brussels, Belgium; or call +32 2775 93 40; or fax
322779 5494; or e-mail events@estro.org; or see http://
www/estro-events.org

PET in radiation oncology

November 21-22, 2009

The ESTRO / EANM educational seminar on PET in
radiation oncology will take place in Vienna, Austria.
Contact ESTRO office, Avenue E. Mounierlaan, 83/12,
B-1200 Brussels, Belgium; or call +32 2775 93 40; or fax
322779 5494; or e-mail events@estro.org; or see http://
www/estro-events.org

PET in radiation oncology

December 13-17, 2009

The ESTRO teaching course on image-guided radi-
otherapy in clinical practice will take place in Brussels,
Belgium.

Contact ESTRO office, Avenue E. Mounierlaan, 83/12,
B-1200 Brussels, Belgium; or call +32 2775 93 40; or fax
322779 5494; or e-mail events@estro.org; or see http://
www/estro-events.org

Head and neck cancer

February 25-27, 2010

The multidisciplinary symposium on head and neck
cancer will be offered in Chandler, Arizona, USA.
Contact ASTRO, 8280 Willow Oaks Corporate Dr.,
Suite 500, Fairfax, VA 22031; or call +1 703 502-1550;
see http://www/astro.org

Clinical oncology

June 4-8, 2010

The American Society of Clinical Oncology Conference
(ASCO 2010) will be offered in Chicago, USA.

E mail enews@asco.org; or see http://www/asco.org

Oncology

October 8-12, 2010

The “35th ESMO Congress” will take place in Milan,
Italy.

Contact ESMO Head Office, Congress Department,
Via La Santa 7, CH-6962 Viganello-Lugano,
Switzerland; or call +41 (0)91 973 19 19; or fax +41
(0)91 973 19 18; or e-mail congress@esmo.org; or see
http://www.esmo.org

Nuclear medicine

October 9-13, 2010

The “EANM’10 Annual Congress of the European
Association of Nuclear Medicine” will take place in
Vienna, Austria.

Contact EANM Executive Secretariat and call +43 1
212 80 30; or fax +43 1 212 80 309; or e-mail office@
eanm.org; or see http://www. eanm.org

Therapeutic radiology and oncology

October 31 — November 4, 2010

The “American Society for Therapeutic Radiology and
Oncology Annual Meeting ASTRO” will take place in
San Diego, California, USA.

Contact ASTRO, 8280 Willow Oaks Corporate Dr.,
Suite 500, Fairfax, VA 22031; or call +1 703 502-1550;
or see http://www.astro.org

Clinical oncology

June 3-7, 2011

The American Society of Clinical Oncology Conference
(ASCO 2010) will be offered in Chicago, USA.

E mail enews@asco.org; or see http://www/asco.org

Lung cancer

July 3-7, 2011

The “14™ World Conference on Lung Cancer” will be
offered in Amsterdam, The Netherlands.

See http://www.iaslc.org
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Oncology

September 23-27, 2011

The “16th ECCO and 36th ESMO Multidisciplinary
Congress” will be offered in Stockholm, Sweden.

See http://www.ecco-org.eu

Nuclear medicine

October 15-19, 2011

The “EANM’11 Annual Congress of the European
Association of Nuclear Medicine” will take place in
Birmingham, United Kingdom.

Contact EANM Executive Secretariat and call +43 1
212 80 30; or fax +43 1 212 80 309; or e-mail office@
eanm.org; or see http://www. eanm.org

Oncology

September 27 — October 1, 2013

The “17th ECCO and 38th ESMO Multidisciplinary
Congress” will be offered in Amsterdam, The
Netherlands.

See http://www.ecco-org.eu

Lung cancer

2013

The “15*" World Conference on Lung Cancer” will be
offered in Sydney, Australia.

See http://www.iaslc.org
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Activity of "Dr. ]J. Cholewa" Foundation for Cancer Research
and Education - a report for the third quarter of 2009

Dr. J. Cholewa Foundation for Cancer Research and Education continues to support
the activities and advancement of oncology related sciences and cancer education
associated with recent advances in oncology. The Foundation is of opinion that new
and unorthodox ideas must not be hindered in their development, their publication
and application for the lack of financial resources. It supports cancer research and
education activities in Slovenia and continues to assess carefully requests for research
and education grants submitted by experts in oncology and other associated scientific
activities in Slovenia. The goal of the Foundation is to form a viable link between the
latest advancements in cancer diagnostics and therapy worldwide to everyday research
and clinical environment in Slovenia. It is hoped that this activity will directly benefit
the ever increasing number of patients with various types of cancer in Slovenia, since
the incidence rates of many cancer types as lung, breast, prostate and others have kept
rising in the recent years.

The “Dr. J. Cholera Foundation for Cancer Research and Education« continues to sup-
port the regular publication of "Radiology and Oncology” international medical scientif-
ic journal presenting scientific articles in English, that is edited, published and printed
in Ljubljana, Slovenia. This support emphasizes the need for the spread of information
of advances in experimental and clinical cancer research to professionals and public in
Slovenia and elsewhere. “Radiology and Oncology” is an open access journal, available
free of charge on its own website, thus allowing its users and readers to access it freely.
The Foundation is in this way active in promoting cancer research and education not
only in Slovenia but in a wider area and with a wider scope, with the intention to gradu-
ally increase its impact in the international scientific community and consequently also
in general population.

The Foundation is of opinion that publication of the results from cancer research in
Slovenia and from Slovenian authors in various means of international scientific com-
munication is one of its main activities. Results of cancer research, supported by the
Foundation, have in many cases found its way to the practical application in hospital
wards across Slovenia in an easier manner than before. Assessment of requests for re-
search grants and scholarships submitted by experts in oncology and other associated
scientific activities forms an essential part of the Foundation activities, thus spreading
the knowledge of advancements in cancer therapy, research and education.

Andrej Plesnicar, MD; MSc
TomaivBenulié, MD
Borut Stabuc, MD, PhD
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glavnih znaé zdravila

®1 mg filmsko obloZene tablete

Enatableta vsebuje 1 mg anastrozola.

Adjuvantno zdravljenje Zensk po menopavzi, ki imajo zgodnji invazivni rak dojke s
pozitivnimi estrogenskimi receptorji. Adjuvantno zdravljenje zgodnjega raka dojke s pozitivnimi
estrogenskimi receptorji pri Zenskah po menopavzi, ki so se dve do tri leta adjuvantno zdravile s
tamoksifenom. Zdravljenje napredovalega raka dojke pri Zenskah po menopavzi. UGinkovitost pri
bolnicah z negativnimi estrogenskimi receptorji ni bila dokazana razen pri tistih, ki so imele
predhodno pozitiven klini¢ni odgovor na tamoksifen.

Odrasle (tudi starejSe) bolnice: 1 tableta po 1 mg peroralno, enkrat
na dan. Odmerka zdravila ni treba prilagajati pri bolnicah z blago ali zmerno ledviéno odpovedjo ali
blagim jetrnim odpovedovanjem. Pri zgodnjem raku je priporocljivo trajanje zdravljenja 5 let.

Zelo pogosti (= 10 %): navali vrocine, obicajno blagi do zmerni. Pogosti
(= 1 % in < 10 %): astenija, bolecine/okorelost v sklepih, suhost vagine, razred¢enje las, izpus¢aji,
slabost, diareja, glavobol (vsi obi¢ajno blagi do zmerni)

Uporabe Arimidexa ne priporocamo pri otrocih, ker
njegova varnost in ucinkovitost pri njih Se nista raziskani. Menopavzo je potrebno biokemiéno
dolog€iti pri vseh bolnicah, kjer obstaja dvom o hormonskem statusu. Ni podatkov o varni uporabi
Arimidexa pri bolnicah z zmerno ali hudo jetrno okvaro ali huj$o ledviéno odpovedjo (oCistek
kreatinina manj kakor 20 ml/min (oziroma 0,33 mi/s)). Pri Zenskah z osteoporozo ali pri Zenskah s
povecanim tveganjem za razvoj osteoporoze je treba dolo€iti njihovo mineralno gostoto kosti z
denzitometrijo, na primer s slikanjem DEXA na zaCetku zdravljenja, pozneje pa v rednih intervalih. Po
potrebi je treba zaceti z zdravljenjem ali prepre¢evanjem osteoporoze in to skrbno nadzorovati. Ni
podatkov o uporabi anastrozola z analogi LHRH. Arimidex znizuje nivo estrogena v obtoku, zato
lahko povzro¢i zmanj$anje mineralne kostne gostote. Trenutno ni na voljo ustreznih podatkov o
uéinku bifosfonatov na izgubo mineralne kostne gostote, povzrocene z anastrozolom, ali njihovi
koristi, e se uporabijo preventivno. Zdravilo vsebuje laktozo.

Arimidex je kontraindiciran pri: Zenskah pred menopavzo, nosecnicah in dojecih
materah, bolnicah s huj$o ledviéno odpovedjo (oistek kreatinina manj kot 20 ml/min (oziroma 0,33
ml/s)), bolnicah zzmernim do hudim jetrnim obolenjem, bolnicah, ki imajo znano preobcutljivost za
anastrozol ali za katerokoli pomoZno snov. Zdravila, ki vsebujejo estrogen, ne smete dajati soéasno z
Arimidexom, ker bi se njegovo farmakoloSko delovanje izniilo. SoCasno zdravljenje s
tamoksifenom.

Kliniéne raziskave o
interakcijah z antipirinom in cimetidinom kaZejo, da pri so¢asni uporabi Arimidexa in drugih zdravil
klinicno pomembne interakcije, posredovane s citokromom P450, niso verjetne. Pregled baze
podatkov o varnosti v kliniénih preskusanjih pri bolnicah, ki so se zdravile z Arimidexom in so¢asno
Jjemale druga pogosto predpisana zdravila, ni pokazal klinicno pomembnih interakcij.

AstraZeneca UK Limited, 15 Stanhope Gate, London, W1K 1LN,
Velika Britanija
Rp/Spec
april 2007

Pred predpisovanjem, prosimo, preberite celoten povzetek glavnih znacilnosti zdravila.
Dodatne informacije in literatura so na voljo pri:

AstraZeneca UK Limited

Podruznica v Sloveniji

Verovskova ulica 55
1000 Ljubljana
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AstraZeneca &
ONKOLOGIJA

innaspletnih straneh:
www.arimidex.net
www.bco.org
www.breastcancersource.com
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1. adjective pomagljiv, Koristen;

Adjuvantno zdravljenje Zensk po menopavzi,
Ki imajo zgodnji invazivni rak dojKe s pozitivnimi
estrogensKimi receptorji.

1. adjective napreden; zvisan (cene); to be ~ napredovati;
~ in years visoKe starosti;

Zdravljenje napredovalega
raka dojke pri Zenskah po menopavzi. Uéinkovitost pri
bolnicah z negativnimi estrogenskimi receptoryi ni bila
doKazana razen pri tistih, Ki so imele predhodno pozitiven
Kliniéni odgovor na tamoKsifen.

1. transitive verb udariti, bicati s Sibo (z repom); sibati z,
hitro mahati z; naglo pograbiti; railway ranZirati, zapeljati
(usmeriti) (vlak) na drug tir; electrical vKljuiti, vKlopiti;
spremeniti (pogovor), obrniti drugam (tok misli); to ~ back_
to figuratively (v mislif) vrniti se na;

Adjuvantno zdravljenje zgodnjega raka
dojKe s pozitivnimi estrogensKimi receptorji pri Zenskah po
menopavzi, Ki so se dve do tri leta adjuvantno zdravile s
tamoKsifenom.
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ERBITUX - izbira za izboljSano ucinkovitost

>— Za zdravljenje metastatskega raka
debelega crevesa in danke

>>— Za zdravljenje napredovalega raka glave
in vratu v kombinaciji z radioterapijo

Merck Serono Onkologija [ biolosko zdravljenje za boljso kakovost Zivljenja

Erbitux 5 mg/ml raztopina za infundiranje (skrajsana navodila za uporabo)

Cetuksimab je monoklonsko IgG, protitelo, usmerjeno proti receptorju za epidermalni rastni faktor (EGFR). Terapevtske indikacije: Zdravilo Erbitux je indicirano za zdravljenje
bolnikov zmetastatskim kolorektalnim rakom in nemutiranim tipom KRAS; v kombinaciji s kemoterapijo in kot samostojno zdravilo pri bolnikih, pri katerih zdravljenje z oksaliplatinom
in irinotekanom ni bilo uspe$no. Zdravilo Erbitux je v kombinaciji z radioterapijo indicirano za zdravljenje bolnikov z lokalno napredovalim rakom skvamoznih celic glave in vratu.
Odmerjanje in nacin uporabe: Zdravilo Erbitux pri vseh indikacijah infundirajte enkrat na teden. Zacetni odmerek je 400 mg cetuksimaba na m? telesne povrsine. Vsi naslednji
tedenski odmerki so vsak po 250 mg/m?. Kontraindikacije: Zdravilo Erbitux je kontraindicirano pri bolnikih z znano hudo preobcutljivostno reakcijo (3. ali 4. stopnje) na cetuksimab.
Posebna opozorila in previdnostni ukrepi: Ce pri bolniku nastopi blaga ali zmerna reakcija, povezana z infundiranjem, lahko zmanjiate hitrost infundiranja. Priporocljivo je, da
ostane hitrost infundiranja na niji vrednosti tudi pri vseh naslednjih infuzijah. Ce se pri bolniku pojavi huda kozna reakdija (> 3. stopnje po kriterijih US National Cancer Institute,
Common Toxicity Criteria; NCI-CTC), morate prekiniti terapijo s cetuksimabom. Z zdravljenjem smete nadaljevati le, ¢e se je reakcija pomirila do 2. stopnje. Priporoca se dolo¢anje
koncentracije elektrolitov v serumu pred zdravljenjem in periodicno med zdravljenjem s cetuksimabom. Po potrebi se priporo¢a nadomescanje elektrolitov. Posebna previdnost je
potrebna pri oslabljenih bolnikih in pri tistih z obstojeco sréno-pljucno boleznijo. Nezeleni ucinki: Zelo pogosti (> 1/10): dispneja, blago do zmerno povecanje jetrnih encimov, kozne
reakcije, blage ali zmerne reakcije povezane z infundiranjem, blag do zmeren mukozitis. Pogosti (> 1/100, < 1/10): konjunktivitis, hude reakcije povezane z infundiranjem. Pogostost
ni znana: Opazili so progresivno znizevanje nivoja magnezija v serumu, ki pri nekaterih bolnikih povzroca hudo hipomagneziemijo. Glede na resnost so opazili tudi druge elektrolitske
motnje, vecinoma hipokalciemijo ali hipokaliemijo. Posebna navodila za shranjevanje: Shranjujte v hladilniku (2 °C - 8 °C). Ne zamrzujte. Vrsta ovojnine in vsebina: 1 viala po 20
ml ali 100 ml. Imetnik dovoljenja za promet: Merck KGaA, 64271 Darmstadt, Nemdija. Podrobne informacije o zdravilu so objavljene na spletni strani Evropske agencije za zdravila
(EMEA) http://www.emea.europa.eu.
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CLINICAL BIOPHYSICS

Electrochemotherapy
effective, simple, safe.
Improve the Quality of Life

of your patients.
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Quaglino P, Annals Of Surgical Oncology. 15 (8): 2215-2222. 2008
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IGEA is proud to present a new therapy for local tumour
control: electrochemotherapy with Cliniporator™.

For local tumours control
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CLINICAL INDICATIONS

Single and in-transit melanoma metastases

Cutaneous metastases from any tumours independently of histology

Primary cutaneous tumours: basal and squamous cell carcinoma

EFFICACY: 75% of complete response (M. Marty, EJC, 2006). SAFETY: no or
minimal side effects, treatment can be repeated. ADVANTAGES FOR THE
PATIENTS: Well tolerated. Preserves organs' function and healthy tissue. Allows
quick recovery.
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Gemcitabin Lek

gemcitabin

SKRAJSAN POVZETEK GLAVNIH ZNACILNOSTI ZDRAVILA

Gemcitabin Lek 200 mg in 1 g prasek za raztopino za infundiranje

Sestava: Vsaka viala vsebuje 200 mg ali 1000 mg (v obliki Klorida).
Vsak ml zdravila vsebuje 40 mg gemitabina po redenju na 5 ml (Gemcitabine Lek 200 mg) ali 40 mg
gemcitabina po red&enju na 25 ml (Gemcnlablln Lek 1 g). Indikacije: Zdravilo prve izbire za zdravljenje

Posebna ila in p i ukrepi: lahko
mozga, kar se kaze v levkopeniji, trombocitopeniji in anemnij.

Gemitabin je treba uporabljati previdno pri bolnikih z okvarjeno ledviéno funkcijo. Z uporabo gemci-
tabina je treba prenehati ob prvem pojavu kakrémhkoll znakov mlkroanglopatske hemoliticne anemije,
kot je na primer hitro padajoca raven s ganje kon-

zavre delovanje kostnega

bolnikov z lokalno napi im ali & pljuénim rakom. Za zdrav\]eme
lokalno napi ali trebusne slinavke. Za ljenje lokalno
naprednva\ega ali metastazirajocega raka na mehurju v kombinaciji z drugimi citostaticnimi zdravili.
\ bolnikov z lokalno ¢im se ali me-

a
tastazirajogim rakom na dojki, pri katerih se je bolezen ponovno pojavila po adjuvantni/neoadjuvantni
kemoterapiji, ki je morala vkljuéevati antraciklin, razen &e ni bil kliniéno kontraindiciran.

Odmerjanje in na&in uporabe: Zdravljenje mora zadeti zdravnik, ki ima prece] izkusen] z zdravijenjem
s citotoksi¢nimi zdravili. Nedrobnoceli¢ni plju¢ni rak pri odraslih: Kombinirana uporaba: Pri tritedenskem
naértu gemcitabin v odmerku 1250 mg/m? v 30-minutni intravenski infuziji prvi in osmi dan vsakega
21-dnevnega ciklusa. Pri Stiritedenskem nacrtu gemcitabin v odmerku 1000 mg/m? v 30-minutni intra-
venski infuziji prvi, osmi in petnajsti dan vsakega 28-dnevnega ciklusa. Cisplatin v odmerkih med 75 in
100 mg/m?, enkrat na vsake tri ali 8tiri tedne. Uporaba enega samega zdravila: Priporoceni odmerek
gemcitabina znada 1000 mg/m? v 30-minutni intravenski infuziji, ponavljajo&e enkrat tedensko v obdobju

ije bilirubina in Vv serumu, & ravni dusika v krvi ali LDL, kar
lahko nakazuje razvoj hemolitiénega uremicnega sindroma. Odpoved ledvic je lahko tudi po prenehanju
zdravijenja ireverzibilna in lahko je potrebna dializa. Ne glede na to, ali zdravilo uporablja moski ali
senska, je treba med Stevati ukrepe za nosegnosti.
Medsebojno delovanje z zdravili in druge oblike il j: Socasno ljenj jem (ki
se izvaja obenem ali s Gasovnim presledkom 7 dni). Zaporedno zdravijenje z obsevan]em (ki se
izvaja s casovnim > 7 dni) deluje Zaradi po
tveganja za trombozo pri bolnikin z rakom je uporaba antikoagulacijskega zdravienja pogosta. Velika
razlika v statusu med v €asu bolezni in moznost medsebojnega delovanja
oralnih antikoagulantov in kemoterapije zahteva bolj pogosto spremljanje INR-ja v primeru uporabe
antikoagulantov. Kontraindicirana so¢asna uporaba: cepivo proti rumeni mrzlici. Nepriporocljiva so¢as-
na uporaba: #va, oslabljena cepiva (razen rumene mrzlice). Socasna uporaba, ki zahteva premislek:

treh tednov, Gemur sledi en teden premora. Stiritedenski ciklus se nato ponovi. Rak trebusne slinavke:
Priporoceni odmerek znasa 1000 mg/m? v 30-minutni intravenski infuziji, ponavijajoce enkrat tedensko
v obdobju do sedem tednov, &emur sledi en teden premora. Naslednji ciklusi morajo biti sestavijeni iz
injiciranj enkrat tedensko v obdobju treh zaporednih tednov izmed vsakih tirih tednov. Rak na mehurju:
Priporo¢eni odmerek znasa 1000 mg/m? v 30-minutni infuziji. Odmerek je treba dati prvi, osmi in petnajsti
dan vsakega 28-dnevnega ciklusa v kombinaciji s cisplatinom. Cisplatin se daje v priporo¢enem odmerku
70 mg/m? prvi dan po dajanju gemcitabina oziroma drugi dan vsakega 28-dnevnega ciklusa. Ta $tiri-
tedenski ciklus se zatem ponovi. Rak na dojki: P gliiva je uporaba i v s pakli-
takselom, pri éemer se paklitaksel (v odmerku 175 mg/m?) uporabi prvi dan v tri ure trajajoi intravenski
infuziji, &emur sledi gemcitabin (v odmerku 1250 mg/m?) v 30 do 60 minut trajajoéi intravenski infuziji prvi
in osmi dan vsakega 21-dnevnega ciklusa. Pred zacetkom dajanja kombinacije gemcitabin + paklitaksel
mora pri bolnikih absolutno $tevilo granulocitov znasati najmanj 1,5 (x 10%1). Preverjanja: Pri bolnikih, ki
prejemajo gemcitabin, je treba pred dajanjem vsakega odmerka preverjan Stevilo (romboc\tov levkocitov

Vpliv na voznje in s stroji: lahko povzroéi blago do zmerno
zaspanost. Bolnike je zato freba posvariti pred voznjo ali upravljanjem s siroji, dokler se ne izkaze, da
zdravilo nanje nima omenjenega vpliva.

Nezeleni uéinki: Na pogostnost in hudost neZelenih uinkov vplivajo odmerek, hitrost infundiranja in
gasovni presledki med odmerki. Zelo pogosti (> 1/10): anemija, levkopenija, trombocitopenija, nevro-
penija, dispneja, navzea, bruhanje, pove&ane vrednosti jetrnih transaminaz (AST in ALT) in alkalne
fosfataze, alergijski kozni izpuscaj, ki ga pogosto spremlja srbenje; plesavost — obicajno blaga, he-
maturija, proteinurija, edemi/periferni edemi, gripi podobni simptomi (pove&ana telesna temperatura,
glavobol, bole¢ine v hrbtu, drgetanje, boleéine v misicah, astenija, pomanjkanje teka, kaselj, rinitis,
obéutek slabosti, znojenje, motnje spanja). Pogosti (> 1/100 do < 1/10): febrilna nevtropenija, zaspa-
nost, stomatitis in razjede v ustih, driska, zaprtje, pove¢ana koncentracija bilirubina, poveéana telesna
Iemperaiura astenija. NeZeleni uginki, zaradi Katerih je treba odmerek omejiti, so zmanjsanja Stevila

in granulocitov. Ge je potrebno, se odmerek obp lahko

levkocitov in locitoy

zmanj$a ali se ga preneha uporabljati. Treba je izvajati redne kliniéne preglede in preverjati delovanje
jeterin \edvlc da bi lahko Zaznall nehema(o\uske Skodljive vplive.
1 ali katerokoli pomozno snov. Uporaba med dmemem

Oprema Skatla z eno vialo s pragkom
Nagin izdaje zdravila: H
Imetnik dovoljenja za promet: Lek farmaceviska druzba d.d., Verovikova 57, 1526 Ljubljana, Slovenija.

pri Zenskah, ki o(roke dojijo. Socasna uporaba s cepivom proti rumeni mrzlici
s cisplatinom pri bolnikih s hudo ledviéno okvaro.

& ek

¢lan skupine Sandoz

pr jena: julij 2

Lek farmacevtska druzba d.d., Verovékova 57, 1526 Ljubljana, Slovenija ¢ www.lek.si



Temodal 20 mg, 100 mg, 140mg, 180 mg, 250 mg.

Sestava zdravila: Vsaka kapsula zdravila Temodal vsebuje 20 mg, 100 mg, 140 mg, 180 mg ali 250 mg temozolomida.

Terapevtske indikacije Temodal kapsule so indicirane za zdravljenje bolnikov z:

- za zdravljenje novo diagnosticiranega glioblastoma multiforme, so€asno z radioterapijo in kasneje kot monoterapija

- malignim gliomom, na primer multiformnim glioblastomom ali anaplasti¢nim astrocitomom, ki se po standardnem zdravljenju ponovi ali napreduje.
Odmerjanje in nacin uporabe Temodal smejo predpisati le zdravniki, ki imajo izku$nje z zdravljenjem mozganskih tumorjev. Odrasli bolniki z novo
diagnosticiranim glioblastomom multiforme Temodal se uporablja v kombinaciji z Zari§¢no radioterapijo (faza so¢asne terapije), temu pa sledi do
6 ciklov monoterapije z temozolomidom. Faza so€asne terapije Zdravilo Temodal naj bolnik jemlje peroralno v odmerku 75 mg/m? na dan 42 dni,
socasno z Zaris¢no radioterapijo (60 Gy, danih v 30 delnih odmerkih). Odmerka ne boste zmanjSevali, vendar se boste vsak teden odlogili 0 morebitni
odloZitvi jemanja temozolomida ali njegovi ukinitvi na podlagi kriterijev hematolo$ke in nehematolo$ke toksiénosti. Zdravilo Temodal lahko bolnik
jemlje ves Cas 42-dnevnega obdobja soCasne terapije do 49 dni, e so izpolnjeni vsi od naslednjih pogojev: absolutno Stevilo nevtrofilcev > 1,5 x 109/1,
Stevilo trombocitov = 100 x 109/1, skupni kriteriji toksi¢nosti (SKT) za nehematoloko toksicnost < 1. stopnje (z izjemo alopecije, slabosti in bruhanja).
Med zdravljenjem morate pri bolniku enkrat na teden pregledati celotno krvno sliko. Faza monoterapije Stiri tedne po zakljucku faze socasnega
zdravljenja z zdravilom Temodal in radioterapijo naj bolnik jemlje zdravilo Temodal do 6 ciklov monoterapije. V 1. ciklu (monoterapija) je odmerek
zdravila 150 mg/m? enkrat na dan 5 dni, temu pa naj sledi 23 dni brez terapije. Na zaCetku 2. cikla odmerek povecajte na 200 mg/m?, Ce je SKT za
nehematoloSko toksicnost za 1. cikel stopnje < 2 (z izjemo alopecije, slabosti in bruhanja), absolutno Stevilo nevtrofilcev (ASN) = 1,5 x 109/1 in Stevilo
trombocitov > 100 x 109/1. Ce odmerka niste povecali v 2. ciklusu, ga v naslednjih ciklusih ne smete povecevati. Ko pa odmerek enkrat povecate, naj
ostane na ravni 200 mg/m? na dan v prvih 5 dneh vsakega naslednjega ciklusa, razen ¢e nastopi toksicnost. Med zdravljenjem morate pregledati
celotno krvno sliko na 22. dan (21 dni po prvem odmerku zdravila Temodal). Ponavljajo¢i se ali napredujoéi maligni gliom Odrasli bolniki
Posamezen ciklus zdravljenja traja 28 dni. Bolniki, ki $e niso bili zdravljeni s kemoterapijo, naj jemljejo Temodal peroralno v odmerku 200 mg/m?
enkrat na dan prvih 5 dni, temu pa naj sledi 23-dnevni premor (skupaj 28 dni). Pri bolnikih, ki so Ze bili zdravljeni s kemoterapijo, je zacetni odmerek
150 mg/m? enkrat na dan, v drugem ciklusu pa se poveca na 200 mg/m? enkrat na dan 5 dni, ¢e ni bilo hematoloskih toksiénih ucinkov (glejte poglavje
4.4). Pediatricni bolniki Pri bolnikih starih 3 leta ali starejSih, posamezen ciklus zdravljenja traja 28 dni. Temodal naj jemljejo peroralno v odmerku
200 mg/m? enkrat na dan prvih 5 dni, potem pa naj sledi 23-dnevni premor (skupaj 28 dni). Otraci, ki so Ze bili zdravljeni s kemoterapijo, naj pre-
jmejo zacetni odmerek 150 mg/m? enkrat na dan 5 dni, s povecanjem na 200 mg/m? enkrat na dan 5 dni v naslednjem ciklusu, ¢e ni bilo hematoloskih
toksicnih ucinkov (glejte poglavje 4.4). Bolniki z motnjami v delovanju jeter ali ledvic Pri bolnikih z blagimi ali zmernimi motnjami v delovanju jeter
je farmakokinetika temozolomida podobna kot pri tistih z normalnim delovanjem jeter. Podatki o uporabi zdravila Temodal pri bolnikih s hudimi mot-
njami v delovanju jeter (razred Il po Child-u) ali motnjami v delovanju ledvic niso na voljo. Na podlagi farmakokineticnih lastnosti temozolomida
obstaja majhna verjetnost, da bo pri bolnikih s hudimi motnjami v delovanju jeter ali ledvic potrebno zmanjSanje odmerka zdravila. Kljub temu je
potrebna previdnost pri uporabi zdravila Temodal pri teh bolnikih. Starejsi bolniki: Analiza farmakokinetike je pokazala, da starost ne vpliva na oCistek
temozolomida. Kljub temu je potrebna posebna previdnost pri uporabi zdravila Temodal pri starejSih bolnikih. Naéin uporabe Temodal mora bolnik
jemati na teSCe. Temodal kapsule mora bolnik pogoltniti cele s kozarcem vode in jih ne sme odpirati ali Zveciti. Predpisani odmerek mora vzeti v obliki
najmanjSega moznega Stevila kapsul. Pred jemanjem zdravila Temodal ali po njem lahko bolnik vzame antiemetik Ce po zauzitju odmerka bruha, ne
sme Se isti dan vzeti drugega odmerka. Kontraindikacije Temodal je kontraindiciran pri bolnikih, ki imajo v anamnezi preobéutljivostne reakcije na
sestavine zdravila ali na dakarbazin (DTIC). Temodal je kontraindiciran tudi pri bolnikih s hudo mielosupresijo. Temodal je kontraindiciran pri Zenskah,
ki so nosece ali dojijo. Posebna opozorila in previdnostni ukrepi Pilotno preskusanje podalj$ane 42-dnevne sheme zdravljenja je pokazalo, da
imajo bolniki, ki so so¢asno prejemali zdravilo Temodal in radioterapijo, Se posebej veliko tveganje za nastanek pljucnice zaradi okuzbe s Pneumocystis
carinii (PCP). Profilaksa proti tovrstni pljucnici je torej potrebna pri vseh bolnikih, ki socasno prejemajo zdravilo Temodal in radioterapijo v okviru
42-dnevne sheme zdravljenja (do najve¢ 49 dni), ne glede na Stevilo limfocitov. Ce nastopi limfopenija, mora bolnik nadaljevati s profilakso, dokler se
limfopenija ne povrne na stopnjo < 1. Antiemeticna terapija: Z jemanjem zdravila Temodal sta zelo pogosto povezana slabost in bruhanje.
Laboratorijske vrednosti: Pred jemanjem zdravila morata biti izpolnjena naslednja pogoja za laboratorijske izvide: ANC mora biti = 1,5 x 109/ in
Stevilo trombocitov > 100 x 109/1. Na 22. dan (21 dni po prvem odmerku) ali v roku 48 ur od navedenega dne, morate pregledati celotno krvno sliko
in jo nato spremljati vsak teden, dokler ni ANC nad 1,5 x 109/ in Stevilo trombocitov nad 100 x 109/I. Ce med katerimkoli ciklusom ANC pade na
< 1,0 x 109/1 ali Stevilo trombocitov na < 50 x 109/, morate odmerek zdravila v naslednjem ciklusu zmanjsati za eno odmerno stopnjo. Odmerne
stopnje so 100 mg/m?, 150 mg/m? in 200 mg/m?. NajmanjSi priporoceni odmerek je 100 mg/m? Moski bolniki Temozolomid lahko deluje
genotoksitno, zato morate moskim, ki se zdravijo z temozolomidom svetovati, da naj ne zaplodijo otroka Se Sest mesecev po zdravljenju. Interakcije
Socasna uporaba zdravila Temodal in ranitidina ni povzrocila spremembe obsega absorpcije temozolomida ali monometiltriazenoimidazol karbok-
samida (MTIC). Jemanije zdravila Temodal s hrano je povzrogilo 33 % zmanj$anje Cmax in 9 % zmanj$anje povrsino pod krivuljo (AUC). Ker ne moremo
izkljuciti moZnosti, da bi bila sprememba Cmax lahko Kklinicno pomembna, naj bolniki jemljejo zdravilo Temodal brez hrane. Analiza populacijske far-
makokinetike v preskusanjih druge faze je pokazala, da so¢asna uporaba deksametazona, proklorperazina, fenitoina, karbamazepina, ondansetrona,
antagonistov receptorjev H2 ali fenobarbitala ne spremeni o€istka temozolomida. So¢asno jemanje z valprojsko kislino je bilo povezano z majhnim, a
statistiCno znaCilnim zmanjSanjem ocistka temozolomida. Uporaba zdravila Temodal v kombinaciji z drugimi mielosupresivnimi u¢inkovinami la hko
poveca verjetnost mielosupresije. Noseénost Studij na nosecih Zenskah ni bilo. Predklinicne Studije na podganah in kuncih z odmerkom 150 mg/m?
so pokazale teratogenost in/ali toksicnost za plod. Zato naj nosece Zenske naceloma ne bi jemale zdravila Temodal. Ce pa je uporaba v ¢asu nosecnosti
nujna, morate bolnico opozoriti na mozne nevarnosti zdravila za plod. Zenskam v rodni dobi svetujte, naj med zdravljenjem z zdravilom Temodal
preprecijo zanositev. Dojenje Ni znano, ali se temozolomid izloca v materino mleko, zato Zenske, ki dojijo ne smejo jemati zdravila Temodal. Nezeleni
ucinki V kliniénih preskusanijih so bili najpogostne;jsi nezeleni ucinki, povezani z zdravljenjem, prebavne motnje, natancneje slabost (43 %) in bruhanje
(36 %). Oba ucinka sta bila ponavadi 1. ali 2. stopnje (od 0 do 5 epizod bruhanja v 24 urah) in sta prenehala sama, ali pa ju je bilo mogoce hitro
obvladati s standardnim antiemeti¢nim zdravljenjem. Incidenca hude slabosti in bruhanja je bila 4 %. Laboratorijski izvidi: Trombocitopenija in. nevtro-
penija 3. in. 4. stopnje sta se pojavili pri 19 % in. 17 % bolnikov, zdravljenih zaradi malignega glioma. Zaradi njiju je bila potrebna hospitalizacija in/
ali prekinitev zdravljenja z zdravilom Temodal pri 8 % in. 4 % bolnikov. Mielosupresija je bila predvidljiva (ponavadi se je pojavila v prvih nekaj ciklusih
in je bila najizrazitejsa med 21. in 28. dnem), okrevanje pa je bilo hitro, ponavadi v 1 do 2 tednih. Opazili niso nobenih dokazov kumulativne mielosu-
presije. Trombocitopenija lahko poveca tveganje za pojav krvavitev, nevtropenija ali levkopenija pa tveganje za okuzbe. Imetnik dovoljenja za
promet SP Europe 73, rue de Stalle B-1180 Bruxelles Belgija. Naéin in rezim izdaje Zdravilo se izdaja samo na recept, uporablja pa se pod poseb-
nim nadzorom zdravnika specialista ali od njega pooblaStenega zdravnika. Datum priprave informacije marec 2009.

Dunajska 22, 1000 Ljubljana y
emoda
fax: 01 300 10 80 4

op Schering-Plough temozolomid
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Resnicni napredek

Pomembno izboljsanje prezivetja potrjeno

Celokupno preZivetje

Literatura: 1 Stupp R, Mason WP, van den Bent MJ, s sod. RADIOTHERAPY PLUS CONCOMITANT AND ADJUVANT
TEMOZOLOMIDE FOR GLIOBLASTOMA N Engl J Med.2005;352:987-996. 2 Mirmanoff RO et al; IS LONG-TERM
SURVIVAL IN GLIOBLASTOMA POSSIBLE?; 49" annual meeting of the ASRO, Los Angeles, okt. 2007.

5 jakosti v 5 barvah
za lazje in natancnejse
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SKRAJSAN POVZETEK GLAVNIH ZNACILNOSTI ZDRAVILA

Samo za strokovno javnost.

Ime zdravila: Tarceva 25 mg/100 mg/150 mg filmsko obloZene
tablete

Kakovostna in koli¢inska sestava: Ena filmsko obloZzena
tableta vsebuje 25 mg, 100 mg ali

150 mg erlotiniba (v obliki erlotlnlbuevega klor|da)
Terapevtske indikacije: ¢: Zdravilo
Tarceva je indicirano za zdravljenje bolnikov z lokalno napre-
dovalim ali metastatskim nedrobnocelicnim rakom plju¢ po
neuspehu vsaj ene predhodne kemoterapije. Pri predpisovanju
zdravila Tarceva je treba upoStevati dejavnike, povezane s
podaljSanim prezivetjem. Koristnega vpliva na podaljsanje
prezivetja ali drugih klinicno pomembnih ucinkov zdravljenja
niso dokazali pri bolnikih z EGFR-negativhimi tumorji.
Rak_ trebusne slinavke: Zdravilo Tarceva je v kombinaciji z
gemcitabinom indicirano za zdravljenje bolnikov z metastatskim
rakom trebusne slinavke. Pri predpisovanju zdravila Tarceva je
treba upostevati dejavnike, povezane s podaljSanim prezivetjem.
Koristnega vpliva na podaljSanje prezivetja niso dokazali za
bolnike z lokalno napredovalo boleznijo.

Odmerjanje in nacin uporabe: Zdravljenje z zdravilom
Tarceva mora nadzorovati zdravnik z izkusnjami pri zdravljenju
raka. Zdravilo Tarceva vzamemo najmanj eno uro pred zauzitjem
hrane ali dve uri po tem. Kadar je potrebno odmerek prilagoditi,
ga zmanjsSujemo v korakih po 50 mg. Pri soasnem jemanju
substratov in modulatorjev CYP3A4 bo morda potrebna prila-
goditev odmerka. Pri dajanju zdravila Tarceva bolnikom z jetrno
okvaro je potrebna previdnost. Ce se pojavijo hudi nezeleni ucinki
pride v poStev zmanjSanje odmerka ali prekinitev zdravljenja
z zdravilom Tarceva. Uporaba zdravila Tarceva pri bolnikih s
hudo jetrno ali ledvi¢no okvaro ter pri otrocih ni priporocljiva.
Bolnikom kadilcem je treba svetovati, naj prenehajo kaditi, saj
so plazemske koncentracije erlotiniba pri kadilcih manjse kot
pri nekadilcih. Nedrobnoceli¢ni rak plju¢: Priporoceni dnevni
odmerek zdravila Tarceva je 150 mg. Rak trebuSne slinavke:
Priporoc¢eni dnevni odmerek zdravila Tarceva je 100 mg, v
kombinaciji z gemcitabinom. Pri bolnikih, pri katerih se kozni
izpuscaj v prvih 4 do 8 tednih zdravljenja ne pojavi, je treba
ponovno pretehtati nadaljnje zdravljenje z zdravilom Tarceva.
Kontraindikacije: Huda preobcutljivost za erlotinib ali katero
koli pomozno snov.

Posebna opozorila in previdnostni ukrepi: Mocni induktorji
CYP3A4 lahko zmanjsajo ucinkovitost erlotiniba, mo¢ni zaviralci
CYP3A4 pa lahko povecajo toksi¢nost. Socasnemu zdravljenju s
temi zdravili se je treba izogibati. Bolnikom, ki kadijo, je treba
svetovati, naj prenehajo kaditi, saj so plazemske koncentracije
erlotiniba pri kadilcih zmanjSane v primerjavi s plazemskimi
koncentracijami pri nekadilcih. Verjetno je, da je velikost
zmanjsanja klinicno pomembna. Pri bolnikih, pri katerih se
akutno pojavijo novi in/ali poslabsajo nepojasnjeni pljucni
simptomi, kot so dispneja, kaselj in vrocina, je zdravljenje z
zdravilom Tarceva treba prekiniti, dokler ni znana diagnoza.
Bolnike, ki se so¢asno zdravijo z erlotinibom in gemcitabinom,
je treba skrbno spremljati zaradi moZnosti pojava toksicnosti,
podobni intersticijski plju¢ni bolezni. Ce je ugotovljena inter-
sticijska plju¢na bolezen, zdravilo Tarceva ukinemo in uvedemo
ustrezno zdravljenje. Pri priblizno polovici bolnikov, ki so se
zdravili z zdravilom Tarceva, se je pojavila driska. Zmerno do
hudo drisko zdravimo z loperamidom. V nekaterih primerih
bo morda potrebno zmanjsanje odmerka. V primeru hude ali
dolgotrajne driske, navzeje, anoreksije ali bruhanja, povezanih
z dehidracijo, je zdravljenje z zdravilom Tarceva treba prekiniti
in dehidracijo ustrezno zdraviti. O hipokaliemiji in ledvi¢ni
odpovedi so porocali redko. Posebno pri bolnikih z dejavniki
tveganja (soc¢asno jemanje drugih zdravil, simptomi, bolezni ali
drugi dejavniki, vklju¢no z visoko starostjo) moramo, ce je driska
huda ali dolgotrajna oziroma vodi v dehidracijo, zdravljenje z
zdravilom Tarceva prekiniti in bolnikom zagotoviti intenzivno
intravensko rehidracijo. Dodatno je treba pri bolnikih s prisotnim
tveganjem za razvoj dehidracije spremljati ledvicno delovanje
in serumske elektrolite, vklju¢no s kalijem. Pri uporabi zdravila
Tarceva so porocali o redkih primerih jetrne odpovedi. K njenemu
nastanku je lahko pripomogla predhodno obstojeca jetrna
bolezen ali socasno jemanje hepatotoksic¢nih zdravil. Pri teh
bolnikih je treba zato premisliti o rednem spremljanju jetrnega
delovanja. Dajanje zdravila Tarceva je treba prekiniti, ¢e so
spremembe jetrnega delovanja hude. Tablete vsebujejo laktozo
in jih ne smemo dajati bolnikom z redkimi dednimi stanji:
intoleranco za galaktozo, laponsko obliko zmanjsane aktivnosti
laktaze ali malabsorpcijo glukoze/galaktoze.

Medsebojno delovanje z drugimi zdravili in druge oblike
interakcij: Erlotinib se pri ljudeh presnavlja v jetrih z jetrnimi
citokromi, primarno s CYP3A4 in v manjSi meri s CYP1A2.
Presnova erlotiniba zunaj jeter poteka s CYP3A4 v cCrevesju,
CYPTA1 v pljucih in CYP1B1 v tumorskih tkivih. Z zdravilnimi
ucinkovinami, ki se presnavljajo s temi encimi, jih zavirajo ali pa
so njihovi induktorji, lahko pride do interakcij. Erlotinib je srednje
mocan zaviralec CYP3A4 in CYP2C8, kot tudi mocan zaviralec
glukuronidacije z UGT1A1 jn vitro. Pri kombinaciji ciprofloksacina
ali mocnega zaviralca CYP1A2 (npr. fluvoksamina) z erlotinibom
je potrebna previdnost. V primeru pojava nezelenih dogodkov,
povezanih z erlotinibom, lahko odmerek erlotiniba zmanjsamo.
Predhodno ali socasno zdravljenje z zdravilom Tarceva ni
spremenilo ocistka prototipov substratov CYP3A4, midazolamain
eritromicina. Inhibicija glukoronidacije lahko povzroci interakcije
z zdravili, ki so substrati UGTIAI in se izlo¢ajo samo po tej poti.
Mocni zaviralci aktivnosti CYP3A4 zmanjsajo presnovo erlotiniba
in zvecajo koncentracije erlotiniba v plazmi. Pri socasnem
jemanju erlotiniba in mocnih zaviralcev CYP3A4 je zato potrebna
previdnost. Ce je treba, odmerek erlotiniba zmanjsamo, Se
posebno pri pojavu toksi¢nosti. Mocni spodbujevalci aktivnosti
CYP3A4 zvecajo presnovo erlotiniba in pomembno zmanjsajo
plazemske koncentracije erlotiniba. So¢asnemu dajanju zdravila
Tarceva in induktorjev CYP3A4 se je treba izogibati. Pri bolnikih,
ki potrebujejo socasno zdravljenje z zdravilom Tarceva in mocnim
induktorjem CYP3A4 je treba premisliti o povecanju odmerka do
300 mg ob skrbnem spremljanju njihove varnosti. ZmanjSana
izpostavljenost se lahko pojavi tudi z drugimi induktorji, kot
so fenitoin, karbamazepin, barbiturati ali Sentjanzevka. Ce te
zdravilne ucinkovine kombiniramo z erlotinibom, je potrebna
previdnost. Kadar je mogoce, je treba razmisliti o drugih nacinih
zdravljenja, ki ne vkljucujejo mocnega spodbujanja aktivnosti
CYP3A4. Bolnikom, ki jemljejo varfarin ali druge kumarinske
antikoagulante, je treba redno kontrolirati protrombinski cas
ali INR. Socasna uporaba zaviralcev P-glikoproteina, kot sta
ciklosporin in verapamil, lahko vodi v spremenjeno porazdelitev
in/ali spremenjeno izlocanje erlotiniba. Za erlotinib je znacilno
zmanjsanje topnosti pri pH nad 5. Zdravila, ki spremenijo pH v
zgornjem delu prebavil, lahko spremenijo topnost erlotiniba in
posledi¢no njegovo biolosko uporabnost. Uc¢inka antacidov na
absorpcijo erlotiniba niso proucevali, vendar je ta lahko zmanj-
Sana, kar vodi v nizje plazemske koncentracije. Kombinaciji erlo-
tiniba in zaviralca protonske crpalke se je treba izogibati. Ce
menimo, da je uporaba antacidov med zdravljenjem z zdravilom
Tarceva potrebna, jih je treba jemati najmanj 4 ure pred ali 2 uri
po dnevnem odmerku zdravila Tarceva. ¢e razmisljamo o uporabi
ranitidina, moramo zdravili jemati lo¢eno: zdravilo Tarceva je
treba vzeti najmanj 2 uri pred ali 10 ur po odmerku ranitidina.
V Studiji faze Ib ni bilo pomembnih ucinkov gemcitabina na
farmakokinetiko erlotiniba, prav tako ni bilo pomembnih ucinkov
erlotiniba na farmakokinetiko gemcitabina. Erlotinib poveca
koncentracijo platine. Pomembnih ucinkov karboplatina ali pakli-
taksela na farmakokinetiko erlotiniba ni bilo. Kapecitabin lahko
poveca koncentracijo erlotiniba. Pomembnih ucinkov erlotiniba
na farmakokinetiko kapecitabina ni bilo.

Nezeleni ucinki: Zelo pogosti neZeleni ucinki so kozni izpuscaj
in driska, kot tudi utrujenost, anoreksija, dispneja, kaselj,
okuzba, navzeja, bruhanje, stomatitis, bole¢ina v trebuhu,
pruritus, suha koZa, suhi keratokonjunktivitis, konjunktivitis,
zmanjsanje telesne mase, depresija, glavobol, nevropatija,
dispepsija, flatulenca, alopecija, okorelost, pireksija. Pogosti
neZeleni ucinki so gastrointestinalne krvavitve, krvavitev iz
nosu, nenormalnosti testov jetrne funkcije, keratitis, zanohtnica.
Redko so porocali o jetrni odpovedi. Obcasno pa o porascenosti
moskega tipa pri Zenskah, spremembah trepalnic/obrvi, krhkih
nohtih, odstopanju nohtov od koze, resni intersticijski plju¢ni
bolezni, vklju¢no s smrtnimi primeri.

Rezim izdaje zdravila: H/Rp.

Imetnik dovoljenja za promet: Roche Registration Limited,
6 Falcon Way, Shire Park, Welwyn Garden City, AL7 1TW, Velika
Britanija.

Verzija: 1.0/09.

Informacija pripravljena: marec 2009.

DODATNE INFORMACIJE SO NA VOLJO PRI:
Roche farmacevtska druzba d.o.o.
Vodovodna cesta 109, 1000 Ljubljana.
Povzetek glavnih znacilnosti zdravila

je dosegljiv na www.roche.si.
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DOKAZANO PODALJSA PREZIVETJE
PRI BOLNIKIH:

e z lokalno napredovalim ali metastatskim
nedrobnocelicnim rakom pljuc!

e z metastatskim rakom trebusne slinavke!













Radiology and Oncology

Editorial policy

Editorial policy of the journal Radiology and
Oncology is to publish original scientific pa-
pers, professional papers, review articles,
case reports and varia (editorials, reviews,
short communications, professional infor-
mation, book reviews, letters, etc.) perti-
nent to diagnostic and interventional radi-
ology, computerized tomography, magnetic
resonance, ultrasound, nuclear medicine,
radiotherapy, clinical and experimental on-
cology, radiobiology, radiophysics and radi-
ation protection. The Editorial Board requi-
res that the paper has not been published
or submitted for publication elsewhere: the
authors are responsible for all statements in
their papers. Accepted articles become the
property of the journal and therefore can-
not be published elsewhere without written
permission from the editorial board. Papers
concerning the work on humans, must
comply with the principles of the declarati-
on of Helsinki (1964). The approval of the
ethical committee must then be stated on
the manuscript. Papers with questionable
justification will be rejected.
Manuscript written in English should be
submitted to the Editorial Office in triplica-
te (the original and two copies), including
the illustrations: Radiology and Oncology,
Institute of Oncology, Zaloska 2, SI-1000
Ljubljana, Slovenia; (Phone: +386 (0)1 5879
369, Tel./Fax: +386 (0)1 5879 434, E-mail:
gsersa@onko-i.si). Authors are also asked
to submit their manuscripts electronically,
either by E-mail or on CD rom. The type
of computer and word-processing package
should be specified (Word for Windows is
preferred).

All articles are subjected to editorial re-
view and review by independent referee

selected by the editorial board. Manuscripts
which do not comply with the technical re-
quirements stated herein will be returned
to the authors for correction before peer-
review. Rejected manuscripts are generally
returned to authors, however, the journal
cannot be held responsible for their loss.
The editorial board reserves the right to ask
authors to make appropriate changes in the
contents as well as grammatical and stylistic
corrections when necessary. The expenses
of additional editorial work and requests for
reprints will be charged to the authors.

General instructions-+ Radiology and
Oncology will consider manuscripts
prepared according to the Vancouver
Agreement (N Engl ] Med 1991; 324: 424-§,
BM]J 1991; 302: 6772; JAMA 1997; 277: 927-
34.). Type the manuscript double spaced
on one side with a 4 cm margin at the top
and left hand side of the sheet. Write the
paper in grammatically and stylistically
correct language. Avoid abbreviations un-
less previously explained. The technical
data should conform to the SI system. The
manuscript, including the references may
not exceed 20 typewritten pages, and the
number of figures and tables is limited to
8. If appropriate, organize the text so that it
includes: Introduction, Material and meth-
ods, Results and Discussion. Exceptionally,
the results and discussion can be combined
in a single section. Start each section on a
new page, and number each page consecu-
tively with Arabic numerals.

Title page should include a concise
and informative title, followed by the full
name(s) of the author(s); the institutional
affiliation of each author; the name and ad-
dress of the corresponding author (includ-
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ing telephone, fax and e-mail), and an ab-
breviated title. This should be followed by
the abstract page, summarising in less than
200 words the reasons for the study, experi-
mental approach, the major findings (with
specific data if possible), and the principal
conclusions, and providing 3-6 key words
for indexing purposes. The text of the re-
port should then proceed as follows:

Introduction should state the purpose of
the article and summarize the rationale for
the study or observation, citing only the es-
sential references and stating the aim of the
study.

Material and methods should provide
enough information to enable experiments
to be repeated. New methods should be
described in detail. Reports on human and
animal subjects should include a statement
that ethical approval of the study was ob-
tained.

Results should be presented clearly and
concisely without repeating the data in the
tables and figures. Emphasis should be on
clear and precise presentation of results
and their significance in relation to the aim
of the investigation.

Discussion should explain the results
rather than simply repeating them and in-
terpret their significance and draw conclu-
sions. It should review the results of the
study in the light of previously published
work.

Ilustrations and tables must be num-
bered and referred to in the text, with ap-
propriate location indicated in the text
margin. Illustrations must be labelled on
the back with the author’s name, figure
number and orientation, and should be
accompanied by a descriptive legend on
a separate page. Line drawings should be
supplied in a form suitable for high-qual-
ity reproduction. Photographs should be
glossy prints of high quality with as much

contrast as the subject allows. They should
be cropped as close as possible to the area
of interest. In photographs mask the identi-
ties of the patients. Tables should be typed
double spaced, with descriptive title and, if
appropriate, units of numerical measure-
ments included in column heading.

References: must be numbered in the
order in which they appear in the text and
their corresponding numbers quoted in the
text. Authors are responsible for the accu-
racy of their references. References to the
Abstracts and Letters to the Editor must
be identified as such. Citation of papers in
preparation, or submitted for publication,
unpublished observations, and personal
communications should not be included in
the reference list. If essential, such mate-
rial may be incorporated in the appropriate
place in the text. References follow the style
of Index Medicus. All authors should be list-
ed when their number does not exceed six;
when there are seven or more authors, the
first six listed are followed by “et al”. The
following are some examples of references
from articles, books and book chapters:

Dent RAG, Cole P. In vitro maturation of
monocytes in squamous carcinoma of the
lung. Br ] Cancer 1981; 43: 486-95.

Chapman S, Nakielny R. A guide to radiologi-
cal procedures. London: Bailliere Tindall; 1986.

Evans R, Alexander P. Mechanisms of
extracellular killing of nucleated mamma-
lian cells by macrophages. In: Nelson DS,
editor. Immunobiology of macrophage. New
York: Academic Press; 1976. p. 45-74.

Page proofs will be faxed or sent by E-
mail to the corresponding author. It is their
responsibility to check the proofs carefully
and fax a list of essential corrections to the
editorial office within 48 hours of receipt.
If corrections are not received by the stated
deadline, proof-reading will be carried out
by the editors.



= SUTENT ()

sunitiniblijev malat

ODPIRANJE NOVIH MOZNOSTI

ZA ZDRAVLJENJE
RAKA LEDVICNIH-CELIC

IN GASTROINTESTINALNEGA
STROMALNEGA TUMORJA

BISTVENE INFORMACIJE IZ POVZETKA GLAVNIH ZNACILNOSTI ZDRAVILA

SUTENT 12,5 mg, 25 mg, 37,5 mg, 50 mg trde kapsule
Sestava in oblika zdravila: Vsaka trda kapsula vsebuje 12,5 mg, 25 mg, 37,5 mg ali 50 mg sunitiniba v obliki sunitinibijevega malata. Indikacije: Zdraviienje neizrezljivega infali metastatskega malignega
gastrointestinalnega stromalnega tumorja (GIST), ¢e zdravljenje z imatinibijevim mesilatom zaradi odpornosti ali neprenasanja ni bilo uspesno. Zdravljenje napredovalega in/ali metastatskega karcinoma ledvicnih celic
(MRCC). Odmerjanje in nacin uporabe: Terapijo mora uvesti zdravnik, ki ima |zkusnje z zdravlienjem MRCC ali GIST. PriporoGeni odmerek je 50 mg enkrat dnevno, peroralno vsak dan 4 tedne zapored temu sledi
2-tedenski premor (shema 4/2), tako da celotni ciklus traja 6 tednov. Odmerek j je mogoce prilagajati v poveanjih po 12,5 mg, upoStevaje individualno vamost in prenasanje. Dnevni odmerek ne sme preseci 75 mg in ne
sme biti manj$i od 25 mg. Pri so¢asni uporabi z mocnimi zaviralci ali induktorji CYP3A4 je potrebno odmerek ustrezno prilagoditi. Uporaba pri otrocih in mladostnikih (< 18 let): Sutenta ne smemo uporabljati, dokler ne
bo na voljo dodatnih podatkov. Uporaba pri starejsih bolnikih ( 65 let): med starejSimi in mlajSimi bolniki niso opazili pomembnih razlik v varnosti in ucinkovitosti. Insuficienca jeter: pri bolnikih z jetrno okvaro razreda A
in B po Child-Pughu prilagoditev odmerka ni potrebna; pri bolniki z okvaro razreda C Sutent ni bil preizkusen. Insuficienca ledvic: klinicnih $tudij niso izvedli. Sutent se uporablja peroralno, bolnik ga lahko vzame z ali brez
hrane. Ge pozabi vzeti odmerek, ne sme dobiti dodatnega, temvec naj vzame obicajni predpisani odmerek naslednji dan. Kontraindikacije: PreobCutlivost za zdravilno ucinkovino ali katerokoli pomozno snov. Posebna
opozorila in previdnostni ukrepi: Koza in tkiva. Krvavitve v prebavila, dihala, secila, v mozganih ter krvavitve tumorja. Uginki na prebavila: poleg navzee in driske tudi resni zapleti. Hipertenzija. Hematoloske bolezni.
Bolezni srca in oZilja: zmanj$anje LVEF in sréno popuscanje. Podalj$anje intervala QT. Venski trombembolicni dogodki. Dogodki na dihalih: dispneja, plevralni izliv, plju¢na embolija ali pljuéni edem. Moteno de\ovame
Scitnice. Pankreatitis. Delovanje jeter. Delovanje ledvic. Motnje okusanja. Konvulzije. Pri kivavitvah, ucinkih na prebawla hematoloskih boleznih, dogodkih na di venskih trombembolicnih dogodkih, pankreatitisu
in ih na jetra so opisani tudi smrtni izidi. Medsebojno delovanje z drugimi zdravili: Zdravila, ki lahko zvisajo koncentracijo sunitiniba v plazmi (ketokonazol, vir, itrakonazol, eritromicin, klaritromicin ali sok
grenivke). Zdravila, ki lahko znizajo koncentracijo sunitiniba v plazmi (deksametazon, fenitoin, karbamazepin, rifampin, fenobarbital, Hypericum perfora um oz. Sentjanzevka). Antikoagulanti. Noseénost in dojenje:
Sutenta se ne sme uporapljati med nosecnostjo in tudi ne pri zenskah, ki ne uporabljajo ustrezne kontracepije, razen ce mozna Korist odtehta mozno tveganje za plod. Zenske v rodni dobi naj med zdravljenjem s
Sutentom ne zanosijo. Zenske, ki jemijgjo Sutent, ne smejo dojii. Vpliv na sposobncst voznje in upravljanja s stroji: Sutent lahko povzroci omotico. Nezeleni ucinki NaJpogosterw nezeleni ucinki: p\Jucna embolia,
trombocitopenija, krvavitev tumorja febrilna nevtrope , hip ljenost, diareja, navzea, stomatitis, dispepsija, bruhanje, obarvanje koze, disgevzija, anorel zviSanje ravni lipaze. Zelo pogosti: anemija,
nevtropenija, hipotiroidizem, zmanjsame teka, motnje okuSanja, glavobol, bolecina v trebuhu / napihnjenost, flatulenca, bo\ecmevustlh sindrom palmarno plantarne eritrodizestezije, spremembe barve las, astenija,
sluznice, edemi. Nagin in reim izdajanja: Izdaja zdravila je le na recept, uporablia pa se samo v bolnisnicah. Iziemoma se lahko uporablja pri nadalievanju zdravijenja na domu ob odpustu iz bolniSnice in nadaljnjem
zdravijenju Imetnik dovoljenja za promet: Pfizer Limited, Ramsgate Road, Sandwich, Kent, CT13 9NJ, Velika Britanija. Datum zadnje revizije besedila: 2.6.2009

Pred predpisovanjem se seznanite s celotnim povzetkom glavnih znacilnosti zdravila.

Pfizer Luxembourg SARL, Grand D of Luxembourg, 51, Avenue J.F. Kennedy, L-185
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