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Dedicated small bowel follow-through -
experience of Clinical Institute of Radiology in Ljubljana

Mateja Kropivnik and Breda Jamar

Clinical Institute of Radiology, University Medical Centre, Ljubljana, Slovenia

Background. Small bowel is a difficult part of the alimentary tract to examine. Radiologic modality most
commonly used has been the conventional small bowel follow-through (SBFT), which has often been done
in a cursory manner, without fluoroscopy and manual palpation. The purpose of our study is to present ded-
icated SBFT and to assess its sensibility and specificity.

Patients and methods. We analysed 35 dedicated SBFT, performed from April to September 2002, in pa-
tients. Findings were evaluated according to clinical follow-up, endoscopy and surgery.

Results. Our findings were consistent with clinical follow-up, endoscopy and surgery in 33 patients. In 2
patients our findings were false negative. Our results show 89.5 % sensitivity and 100 % specifity.
Conclusions. An adequate per-oral examination remains the most reliable tool for diagnostic evaluation of

the small bowel.

Key words: intestine, small - radiology; barium sulfate; enema; Crohn disease

Introduction

Small bowel is a difficult part of the alimen-
tary tract to examine because of its anatomy.
Proximal jejunum and the terminal ileum can
also be examined by enteroscopy but the
mesenteric small intestine is the part of ali-
mentary tract in which radiologic examina-
tions are dominant diagnostic procedures.!
The radiologic examinations of the small
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Institute of Radiology, University Medical Centre,
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breda.jamar@kclj.si

bowel include barium studies and newer im-
aging methods: ultrasound (US), comput-
erised tomography (CT) and magnetic reso-
nance imaging (MRI).

For many years, the radiologic modality
most commonly used to evaluate small bowel
disease has been the conventional small bow-
el follow-through (SBFT). After per oral intake
of barium suspension, periodic overhead ra-
diographs were made until the barium sus-
pension reached the colon. Spot radiographs
were obtained of the terminal ileum and any
other areas of abnormality suggested on the
overhead radiographs.? Fluoroscopy and pal-
pation were used sparingly or not at all.

For dedicated SBFT, larger amounts of bar-
ium suspension must be taken to fill all seg-
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ments of the small bowel. Careful fluo-
roscopy, vigorous manual palpation and ap-
propriate spot radiographs are routine com-
ponents of the examination.

Enteroclysis, a double contrast examina-
tion needs a intubation catheter with a guide-
wire positioned just beyond the ligament of
Treitz for direct injection of contrast medium
into the jejunum.® The injection should be
fast enough to allow moderate distension
without completely abolishing peristalsis.*
During the filling phase, the different loops
are watched for mobility, distension and in-
tegrity. Spot films are taken and an overview
made when the whole small bowel is filled.
Several variations are possible: single con-
trast enteroclysis or air/water or methylcellu-
lose insufflation for double contrast.>®

Newer imaging methods are valuable tools
in assessing intestinal wall and extraluminal
involvement.

Gastrointestinal-related disease may be an
occasional incidental observation on US ex-
amination which should lead to appropriate
further investigation.” In experienced hands
bowel US is an accurate technique for assess-
ing extend and anatomical location of disease
within the bowel.?

CT has the ability to depict pathology out-
side the intestinal lumen and in this way con-
tributes to the imaging of the small bowel dis-
ease.” The accuracy of small-bowel spiral CT
studies depends on the presence of well dis-
tended loops and adequate endoluminal
opacification.’

In spiral CT enteroclysis, the administra-
tion of water soluble iodinated contrast agent
by intubation during fluoroscopy is needed.’

MR is not a primary imaging method for
the small bowel. It is limited by the mobility
of the bowel and by the lack of a reliable in-
traluminal contrast agent.” Owing to excel-
lent soft tissue contrast and multiplanar im-
aging capabilities, MR imaging could be the
optimal imaging method for evaluation of
small-bowel in the future.!”

Radiol Oncol 2003; 37(2): 67-72.

The aim of our study was to assess the sen-
sibility and specificity of detailed-dedicated
SBFT, as performed at our department.

Patients and methods

From April to September 2002 92 dedicated
SBFT were performed at the department of
gastrointestinal radiology.

Of these, we analysed 35 consecutive pa-
tients who were referred by gastroenterolo-
gists because indications were more specific
and follow-up was possible.

The average age of the patients was 42
years (range, 23-64 years), 14 were male and
21 female.

The referral diagnoses were: food allergy
in 1 patient, abdominal pain in 2, abdominal
pain with diarrhoea in 4, coeliac disease in 2,
suspected Crohn’s disease in 16 and reactiva-
tion of known Crohn’s disease in 10 patients.

Dedicated small bowel follow-through
was performed with oral administration of
4x200 ml diluted barium suspension: 600 ml
of water added to 200 ml of Micropaque.
Fluoroscopy was done during the ingestion of
the first 200 ml of barium. The oesophagus
and the stomach were examined fluoroscopi-
cally. The first spot radiograph was obtained
when suspension reached the duodenojeju-
nal flexure.

The patient was given the second glass of
barium and after 15-20 minutes an overhead
film was taken, and compression and palpa-
tion of all segments, filled with barium, was
done during fluoroscopy. After the ingestion
of the third and fourth glasses of barium all
segments of small bowel were opacified in
most cases, as well as the terminal ileum and
the coecum. Motility was observed during flu-
oroscopy and careful manual compression of
the small bowel was done, before a spot film
was taken, to document radiologic findings.

Our findings were evaluated according to
clinical follow-up, endoscopy and surgery.
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Results

We analysed 35 dedicated SBFT. Our results
show 89.5% sensitivity and 100% specifity of
dedicated SBFT. All of 17 patients with ab-
normal findings on SBFT were abnormal at
confirmation method giving the proportion of
correct diagnoses as 17/17 = 100% (positive
predictive value). Similarly, among the 18 pa-
tients with normal SBFT the proportion of
correct diagnosis was 16/18 = 88.8% (negative
predictive value) (Table 1).

Table 1. The accuracy of small bowel follow-through
(SBFT)

SBFT Abnormal Normal Total
Abnormal findings 17 0 17
Normal findings 2 16 18
Total 19 16 35

The patient with food allergy has normal
findings on SBFT. Endoscopic examination
and clinical diagnosis was dyspepsia.

In one case of suspected coeliac disease,
thickened folds in duodenum were seen on
SBFT. Erosive gastritis and duodenitis were
found at gastroduodenoscopy. The patient
with longstanding coeliac disease had radio-
logic findings in the small bowel consistent
with coeliac disease and lymphoma both con-
firmed by histology.

Four patients with abdominal pain and di-
arrhoea had normal radiologic findings. The
absence of small bowel pathology was consis-
tent with clinical follow-up.

Two patients had pain in the upper ab-
domen: in one case the compression of the
third part of duodenum, caused by superior
mesenteric artery, was found; in the second
case, a 4 cm large diverticulum in the second
part of duodenum was seen (Figures 1, 2).

Among 16 patients with suspicion of
Crohn’s disease, the radiologic findings were
positive in 5, the diagnosis was later con-
firmed by endoscopy and biopsy. In 11 pa-
tients with negative radiologic findings, en-

Figure 1. Compression of pars horisontalis duodeni by
superior mesenteric artery.

Figure 2. Duodenal diverticulum.

doscopic findings were negative in 9, but in
two coloileoscopy with biopsy showed in-
flammatory changes in the terminal ileum
(Figure3).

Ten patients had known Crohn’s disease
and suspected reactivation. Five of them had
previous surgery. In 4 ileotransversoanasto-

Radiol Oncol 2003; 37(2): 67-72.
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mosis stenosis was found on SBFT, con-
firmed by surgery. One patient had a resec-
tion of terminal ileum. Inflammatory changes
of distal ileum, seen on SBFT, were confirmed
endoscopically (Figure 4). In 2 cases the find-
ings on SBFT were normal; at coloileoscopy
the inflammatory changes were seen in trans-
versal part of large bowel, but terminal ileum

Figure 3. Crohn’s disease of the small bowel.

Figure 4. Crohn’s disease at ileotransverso-anastomot-
ic site.

Radiol Oncol 2003; 37(2): 67-72.

was normal. In 3 cases radiologic changes of
Crohn’s disease were found in terminal ileum
and our findings were confirmed on en-
doscopy.

Discussion

The prevalence of small-bowel disease is low
and the clinical diagnosis is difficult by non-
specific symptoms and a low index of suspi-
cion.!

In patients with non-specific abdominal
complaints US is often the first examining
method. The main drawback of US is insuffi-
cient visualisation of intestinal lumen due to
luminal collapse and presence of gas obscur-
ing the underlying bowel.

The limitations of the radiologic investiga-
tion of the small-bowel with oral contrast ma-
terial have long been recognized.®

The dilemma between SBFT as more ac-
ceptable to the patient, and the uncomfort-
able intubation-infusion method (entero-
clysis) has not been resolved.®

Disadvantage of the conventional SBFT is
a risk of overlooking an important abnormal-
ity, predominantly on overhead radiographs,
which display the opacified small bowel as
closely packed, overlapping loops. The major
drawback is insufficient use of fluoroscopy
and palpation.

Enteroclysis has been promoted as more
accurate in the detection of early mucosal
changes. The superiority of enteroclysis is
controlled introduction of contrast material
into the small bowel, luminal distension,
small bowel hypotonia secondary to jejunal
distension, relative rapidity of completion of
the study, and the use of double contrast ma-
terial.® The disadvantages of enteroclysis is
the lack of universal availability, higher radi-
ation dose, discomfort during intubation and
inability to examine for gastroduodenal dis-
ease.

Carefully performed SBFT with frequent
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fluoroscopy, manual palpation and appropri-
ate spot radiographs has been shown to
achieve results comparable to enteroclysis.?

It has some advantages over enteroclysis
because of its simplicity, near-universal avail-
ability, a high level of patient tolerance, the
opportunity to assess the gut in a relatively
physiologic state of distension and distensi-
bility, the possibility to evaluate the duode-
num and a relatively low radiation dose to the
patient.!!

The sensitivity of enteroclysis in suggested
inflammatory bowel disease (IBD) was found
to be higher in most of the studies.!?
However, the specificity and the positive pre-
dictive value was somewhat higher concern-
ing dedicated follow through examination.
Higher sensitivity of enteroclysis probably re-
flects in a tendency to use it more frequently
with specific symptoms of IBD. In the same
way dedicated follow-through examination
was probably used when symptoms were
non-specific.?

No gross differences were found in sensi-
tivity, specificity or predictive values, when
dedicated follow-through examination and
enteroclysis were compared.*12

In our study specificity was 89.5%, because
our findings were false negative in two pa-
tients. On retrograde evaluation the missed
radiologic signs were attributed in one case to
overlapping segments of distal ileum and in-
sufficient palpation, in the second case the
changes of Crohn’s disease were not specific
on coloileoscopy, but confirmed by biopsy.

This indicates that the dedicated follow-
through technique may be used for screening
purposes.'?

Average skin entry radiation dose for ente-
roclysis was 1.5 times greater than that for
SBFT with upper gastrointestinal examina-
tion and almost 3 times greater than for ded-
icated SBFT.1?

Enteroclysis is not indicated in young pa-
tients with low suspicion of pathology.!!

It should be borne in mind that bowel US

is highly operator dependent, requiring expe-
rience and time to achieve accuracy rates
comparable with those published in the liter-
ature.®

The major disadvantages of CT and MRI
are that these modalities are expensive and
not universally available.

Factors to be considered when selecting
the appropriate technique include the reason
for the examination, the age of the patient,
time and cost involved, patient acceptance,
radiation exposure and accuracy.'®

Conclusions

An adequate per-oral examination depends
largely on the use of a dedicated small bowel
technique, emphasising fluoroscopic observa-
tion and spot radiographs of compression of
all segments of small bowel.

The dedicated SBFT has a number of ad-
vantages for use as a screening examination,
including the need for less room and radiolo-
gist time, less radiation exposure and high
sensitivity when the examination is carefully
performed.

Conventional SBFT has no role in present-
day small bowel radiology.
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review

Early postoperative serum carcinoembryonic antigen levels in
patients operated for colorectal carcinoma -
a new method for following-up

Bojan Veingerl

Department of Thoracic Surgery, Maribor Teaching Hospital, Maribor, Slovenia

Background. The only method of treatment offering a favourable prognosis for colorectal carcinoma is rad-
ical resection of the part of the colon or rectum including the pertaining lymph nodes and eventual radical
removal of metastases. But even such presumably curative surgery does not warrant full recovery of all op-
erated patients as recurrences are frequent and according to most analyses 5-year survival is lower than
50%. Therefore, additional treatment is attempted in some patients. Various prognostic factors of disease re-
currence are helpful. One such prognostic sign is serum carcinoembryonic antigen (CEA) level measured
soon after surgery.

Conclusions. All patients with radical RO resection, according to their postoperative serum CEA levels and
the CEA half-life fall into three groups: ~p, RO, -y, R1 and -, R2 resected patients. A statistically signifi-
cant difference regarding survival and number of recurrences was noted among patients categorized by the
stage of disease, particularly between the three groups of patients and the group having been undergone pre-

sumably curative surgery.

Key words: colorectal neoplasms; carcinoembryonic antigen - blood; prognosis; follow-up studies

Introduction

In Slovenia there are about 850 new cases of
colorectal carcinoma (CC) per year. The inci-
dence is increasing steeply.? In about 550
cases per year in Slovenia, CC is also the
cause of death. Of the newly detected cases,
about 75% are treated surgically, 5% only with
chemotherapy and/or radiotherapy, 20% are

Correspondence to: Bojan Veingerl, MD, MSc,
Department of Thoracic Surgery, Maribor Teaching
Hospital, Ljubljanska 5, SI-2000 Maribor, Slovenia;
Phone: +386 2 321 1417; Fax: +386 2 312 393; E-mail:
bojan.veingerl@sb-mb.si

not receiving treatment. The major aim of the
operation is RO resection of the colon with the
pertaining lymphadenectomy and radical re-
moval of eventual metastases, i.e. complete
removal of malignant cells which would lead
to the full recovery of the patient.>'¢ This is
logical as the classification of resections by
radicality or by residual tumour is based on
the surgeon’s intraoperative evaluation and
on the pathologist’s analysis of the operative
specimen.”2° This means that, in radical re-
section, the surgeon believes that no malig-
nant cell is left in the patient’s body (he is on-
ly aided by his vision, tactile sense and some-



74 Veingerl B / Early postoperative serum carcinoembryonic antigen levels

times intraoperative US), while the patholo-
gist’s evaluation is based only on the analysis
of the operative specimen and the investiga-
tion of its margins, rarely on additional biop-
sy done by the surgeon during the surgical
procedure. Hence, the evaluation of the resid-
ual tumour, i.e. malignant cells remaining in
the body, is only approximate.?*2 With the
aid of his senses and US during surgery, the
surgeon cannot exclude residual malignant
cells in the body, and the pathologist can on-
ly evaluate the tissue removed.3342

Radical removal of all malignant cells from
the body should result in a drop in CEA level
regardless of its half-life in the form of an ex-
ponential curve to normal levels.**%7 In the
patients in whom surgical treatment was not
so successful, such a serum CEA drop did not
occur because the residual malignant cells
kept on producing CEA which is reflected in
a slower drop of the serum CEA level.>”

CEA and curative resection

In the patients in whom the CEA level
dropped as expected, it is more likely that
curative resection was successful. In those in
whom the CEA levels were dropping more
slowly than expected, an earlier detection of
recurrence is possible by strict following up
or the delayed drop of CEA level could indi-
cate to carry out additional chemotherapy im-
mediately after surgery.

For easier work and comprehension, the
following new terms are recommended:

ceaR0 resection, ., R1 resection and
ceaR2 resection (Figure 1).

ceaR0 resection represents RO resection ac-
cording to surgical and histological evalua-
tion in which the expected drop in CEA level
- with regard to half-life - was noted in the
serum of patients after surgery for CC.

craR1 resection represents R0 resection ac-
cording to surgical and histological evalua-
tion in which a slower drop in CEA level than

Radiol Oncol 2003; 37(2): 73-8.

expected was noted in the serum of patients
after surgery for CC.

ceaR2 resection represents RO resection in
which no drop in CEA level was noted in the
serum of patients after surgery.

Follow-up of patients

The follow-up of patients after surgery for CC
is particularly advisable in view of the possi-
bility to detect curable recurrences of the dis-
ease in asymptomatic patients before they be-
come unresectable.’®! The major aim of
such follow-up after presumably curative sur-
gery is the detection of metachronous col-
orectal tumours and recurrences which are
radically resectable, such as local recurrences
or resectable liver and lung metastases.%®/62-64
Various protocols elaborated by expert
groups are an aid to the follow-up.386265 We
used the recommendations by the expert
group of the Ministry of Health for following
up the patients after surgery for CC.3

In most analyses in the literature, a signif-
icant prognostic sign of CC recurrence and of
survival is the preoperative serum CEA level
or the so-called initial CEA.%%7 But with re-
spect to the cut-off point, the data regarding
the serum CEA differ strongly. The difference
is most obvious when the cut-off point is set

TA0% g - m e
120%

100% 1 - -

80% —e— CEA RO
= CEAR1

—a— CEA R2

60%

40%

20%

0%

op. day5 day1l0 dayl4 monthl month2

Figure 1. Graphic presentation of serum C EA value in

cea RO, cpa R1 and -, R2 resections.
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at 20 ng/mL CEA in the serum and when it
decreases with the lowering of the cut-off
point.06:67

In the study, the measurement early post-
operative serum CEA levels proved to be a
significant prognostic sign for the disease re-
currence and for the survival of patient after
surgery for CC, confirming completely the ex-
pectations. In the literature, several studies
find the measurement of postoperative serum
CEA levels imperative, 3670 but with regard
to CEA half-life, only a few find it significant
to measure these levels soon after surgery.”!
Most studies classified the patients after sur-
gery for CC into different groups, and practi-
cally all found that, in such patients, the
postoperative drop in preoperatively in-
creased serum CEA levels to normal levels -
and remaining there (under 5 ng/mlL) - was a
significant prognostic sign of 5-year sur-
vival 586068697274 In the Maribor Teaching
hospital, statistically significant differences
were found between these groups as regards
the prognostic value of two-year survival as
well as disease recurrence. The results con-
firm that the -;,RO0 resected patients have an
excellent prognosis regarding the survival
and a lesser probability of recurrence. For
other patients, eventual adjuvant treatment
and a strict follow-up can be planned already
in the perioperative period.”!

The majority of our patients were operated
in the advanced stage of disease, more than
50% in Dukes C and 8.6% in Dukes D.
Although this is in accordance with the find-
ings of some other authors, 216237576 it is a
poor prognosis for total survival and curabili-
ty of patients after surgery. Various authors
describe 5-year survival after CC surgery for
Dukes A as approximately 80-90%, for Dukes
B 70-80%, for Dukes C 40-50% and for Dukes

D 10-30%, and total survival between 40 and
60%.1,2/4,6,7,19,66,67,70,75,76

Conclusions

The study performed in Maribor Teaching
Hospital proves that the results of early
serum CEA level measurement after surgery
for CC are good prognostic signs of the dis-
ease recurrence in the patients who are, ac-
cording to pathohistologic criteria, assumed
to be curatively operated on after having un-
dergone RO resection.”!

The method, apart from being economical,
is advantageous also because the patient is
not exposed to any additional investigative
methods, as the venous blood sample of sev-
eral ml can be obtained during a regular post-
operative hemogram check. Theoretically, on-
ly one measured postoperative serum CEA
level, between day 3 and day 10 following the
surgery, would suffice. Another advantage of
the method is the possibility of repetition of
measurements, if required.

The main disadvantage is that it is only
suitable for about half of the patients operat-
ed for CC. Many patients exhibit no preoper-
ative increase in the serum CEA level. In the
patients requiring larger amounts of trans-
fused blood the method is not applicable, ei-
ther. However, in these patients other widely
used methods would be inadequate as well.

A significant advantage of the method is
that it yields the results quickly after the op-
erative procedure is performed; giving the
possibility of planning eventual adjuvant
treatment and determining other methods of
follow-up, such as more frequent controls of
ceaR1 and -, R2 resected patients.

The results of different studies, including
ours, confirm the possibility of applying the
method in the search for those patients who
after presumably curative treatment require
adjuvant therapy and/or precise follow-up -
i.e. in the patients in whom we can most prob-
ably expect detecting recurrences, or metasta-
sizing, or metachondrous intestinal tumours
before they become unresectable, which is the
basic aim of postoperative follow-up.
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Prognostic outcome of local recurrence in breast cancer after
conserving surgery and mastectomy

Renata Soumarova!, Hana Horova!, Zuzana Seneklova!,
Ivana Horova?, Marie Budikova?

I Radiation Oncology Department, Memorial Cancer Institute Brno,
2 Department of Applied Mathematics, Masaryk University Brno, Czech Republic

Background. In our retrospective study we analysed local recurrences in breast cancer patients treated with
conserving surgery (CS) followed by adjuvant radiotherapy (RT) or mastectomy (ME) with or without ra-
diotherapy. We analysed the impact of local recurrence on overall survival.

Patients and methods. Between 1980-1995, 306 patients underwent conserving surgery and 1,193 pa-
tients were done mastectomy in Masaryk Memorial Cancer Institute. The patients lost to follow-up were ex-
cluded. After all, we analysed 236 patients who underwent conserving surgery (Group A), and 1,121 who
underwent mastectomy (Group B). All patients with CS received adjuvant RT of the breast with or without
regional lymph nodes. In 982 patients (87.6 %) with ME, we performed RT of the chest wall with or with-
out regional lymph nodes. Median age at the time of diagnosis was 48.3 years in Group A and 52.1 years
in Group B. In Group A, 149 patients (63.1 %) had T1 tumour, 86 (36.4 %) T2 and 1 (0.5 %) T3. In 24.2
% of patients, axillary node involvement was observed. In Group B, 316 patients (30.4 %) had T1 tumour,
607 (58.3 %) T2, 76 (7.3 %) T3, 33 (3.2 %) T4 and 9 (0.9 %) TX. In 46.2 % of these patients, we found ax-
illary node involvement. Invasive ductal carcinoma was histologically proved in 67.4% in Group A and 84%
in Group B. Systemic treatment was given to 133 patients (56.4 %) from Group A and to 857 patients
(76.4 %) from Group B.

Results. Median follow-up was 100.5 months in Group A and 121 months in Group B. In Group A, we
registered 22 (9.3 %) local recurrences, 5-year local control was 96.2% and median time to local recurrence
was 50 months. In Group B, we registered 65 (5.8%) local recurrences; 5-year local control was 96.6%. Five-
year local control in patients with T1, T2 tumours was 97.2%. In patients with adjuvant RT median time to
local recurrence was 48.5 months, and in patients without adjuvant RT 51 months. Thirteen patients (8.7 %)
who underwent mastectomy without RT had local recurrence . The impact of local recurrence on overall
survival was statistically significant in Group B (p = 0.002) and not exactly statistically significant in
Group A (p = 0.062). Patients who developed local recurrence had lover overall survival. Unambiguous lin-
ear dependence was confirmed between the time to local recurrence and overall survival.

Conclusions. The impact of local recurrence on overall survival was found statistically significant.
Probability of local recurrence and time to local recurrence was the same in the patients treated with CS or
ME. The overall survival increased with local disease free intervall.

Key words: breast neoplasms - surgery; mastectomy; neoplasms recurrence, local; prognosis; radiothera-
py, adjuvant; survival analysis
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Introduction

Significance of local recurrence after breast
conserving surgery (CS) or radical mastecto-
my (ME) has been discussed. Local recur-
rence after ME is supposed to have worse
prognosis than after CS. The role of postop-
erative locoregional radiotherapy (RT) (to the
chest wall or whole breast and regional
lymph nodes) has been evaluated in ran-
domised studies during the last 50 years. The
results confirmed the impact of locoregional
treatment on reduction of local recurrence,
but the impact on overall survival (OS) is still
not clear.! The impact on OS was proved on-
ly in the patients with positive lymph nodes
and systemic therapy.? Breast cancer is a sys-
temic disease. This new approach favoured
breast conserving surgery and application of
chemotherapy. The number of mutilating op-
erations thus decreased. Nevertheless, locore-
gional RT remains an important treatment
modality.

However, some questions have remained
unsolved. Further studies need to be per-
formed to explain the role of RT and its inte-
gration in multimodal therapy of breast can-
cer. CS followed by postoperative RT has be-
come standard treatment modality.
Prospective randomised trials have shown
that the number of local recurrences after CS
followed with RT is the same as after the mu-
tilating ME.>8 OS rate and the risk of distant
metastases development are equal in both,
ME and CS followed by RT.!3 Contra-
indications for RT are the same as for CS:
pregnancy, prior breast or chest irradiation
(i.e. mantle technique), collagenosis. Other

Radiol Oncol 2003; 37(2): 79-88.

known contraindications for CS are: multifo-
cal tumour, diffuse microcalcification, breast
and tumour size disproportion.* Patients’
opinion has to be respected.

The meta-analysis of 36 randomised stud-
ies compared the results of postoperative RT
in early breast cancer patients (17 273 pa-
tients.) and ME alone. A treble decrease of
risk of local recurrence was shown after adju-
vant RT. The difference in 10-year survival
was not significant.’> Fisher’s study shows
similar results.*

The prognosis of local recurrence is still
uncertain. The impact of local recurrence on
overall survival is not clear.

Patients and methods
Patients with breast conserving surgery (CS)

Between January 1983 and December 1994, a
total number of 306 patients underwent adju-
vant RT after CS at the Masaryk Memorial
Cancer Institute (Figure 1). Our report evalu-
ates the available data of 236 patients. For sta-
tistical evaluation, SPSS, Matlab, Gehan-
Wilcoxon (for survival analysis) and log-rank
tests were used. Local therapy (surgery + RT)
was followed by adjuvant chemotherapy or
hormonal therapy in 54%. Table 1 shows the
characteristic of patients. Figure 2 shows the
age range. Tumour size up to 2 cm (63.1%)
(Figure 3) and invasive ductal carcinoma

70 4
60 §
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Figure 1. Number of patients treated by conservative
surgery and radiotherapy.
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Table 1. Characteristics of patients treated by conser-
vative surgery (n = 236)

Age (years)

Mean 49.68+0.64
Median 48.29 (25.3-80.3)
Stage of tumour

T 149 (63.1%)
T2 86 (36.4%)
T3 1 (0.5%)

Histology @31 (L] (T3] @349] (9] (GEell (6L6T] (67731 (7379) years
Ductal 159 (67.4%) Figure 2. Age distribution of patients after conserva-
Lobular 23 (9.7%) tive surgery and radiotherapy.
Others 54 (22.9%)

Margins Stage of Number of pts.
Free 214 (90.7%) tumour
Positive 22 (9.3%) pT1 149 63, 1%

Axillary nodes
Positive 36 (24.2%)
Negative 118 (44.7%) pr2 86 36, 4%
Unknown 82 (31.1%)
Side pr3 1 0,5%

Left 124 (52.5%)
Right 112 (47.5%)

Quadrant '
Outer upper 168 (71.2%)
Outer lower 22 (9.3%)
Inner upper 37 (15.7%) ’
Inner lower 2 (0.8%)
Central 7 (3.0%)

(67.4%) were found in most cases. The mean
follow-up was 110.4 months (median 100.5
months).

Treatment

After the elimination of distant metastases,
wide local excision (23.7%) or quadrantecto-
my (76.3%) was performed. Axillary dissec-
tion was not performed and a limited number
of axillary lymph nodes were examined in
31.1% of patients. All patients received post-
operative RT to the whole breast, with or
without irradiation of regional lymph nodes
(axillary and supraclavicular). The mean in-
terval between surgery and RT was 23 days
(range 10-120, median 28.8 days). The entire

Figure 3. Stage of tumour in patients after conserva-
tive surgery and radiotherapy.

breast was included in the target volume. The
superior border lay at about the level of the
suprasternal notch medially and just bellows
the level of the abducted arm laterally. The in-
ferior border lay 1-2 cm below the breast. The
medial border was usually in the mid-line,
and the lateral border was in the mid-axillary
line. Two tangential fields were used for irra-
diation of breast. Four fields - two tangential
and two convergent - were used for irradia-
tion of the breast and regional lymph nodes.

Radiol Oncol 2003; 37(2): 79-88.
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The lymph nodes were irradiated in 169 pa-
tients (71.6%). Sixty-two patients (22.7%) were
treated with linear accelerator (photons 6MV)
and 174 patients (73.7%) with cobalt unit.
Electron beam of linear accelerator or cae-
sium unit were used as boosting to tumour
bed or axilla. The applied dose was prescribed
according to ICRU (International Commission
on Radiation Units and Measurements).

Systemic adjuvant therapy was given to
133 patients (56.4%). Hundred and nine pa-
tients (46.1%) completed 2-6 cycles of
chemotherapy. Eighty-three patients (35.2%)
received CMF regimen (cyclophosphamide,
methotrexate, and 5-fluorouracil), 11 patients
(7.6%) FAC regimen (5-fluorouracil, doxoru-
bicin, and cyclophosphamide), and 8 patients
had both regimens, CMF and FAC. Hormonal
therapy (tamoxifen 20 mg per day) was given
to 68 patients (28.8%). Twenty-nine patients
(11%) received chemotherapy and hormonal
therapy simultaneously.

All patients were routinely examined every
3-6 months. Once a year, they underwent ul-
trasonography of the breast or mammogra-
phy, lung X-ray, ultrasonography of the liver
and bone scintigraphy.

Patients with radical mastectomy (ME)

Between 1980 and 1995, a total number of
1,193 patients underwent ME at the Masaryk
Memorial Cancer Institute (Figure 4). We

130

120

100

0
80 81 8 8 84 8 8 8 8 8 90 91 92 93 94 95

Figure 4. Number of patients treated by radical mas-
tectomy in Masaryk Memorial Cancer Institute.
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Table 2. Characteristics of patients treated by radical
mastectomy, number of patients 1121

Age (years)

Mean 53.1
Median 52.1
Hormonal status
Premenopausal 488 43.5 %
Postmenopausal 633 56.5 %
Grade of tumours
T1 342 30.4 %
T2 647 57.7 %
T3 84 7.5 %
T4 39 3.5%
X 9 0.8 %
Mamma
Left 548 48.9 %
Right 573 51.1 %
Histology
Ductal 942 84 %
Lobular 111 9.9 %
Others 68 6.1 %
Axillary nodes
Positive 518 46.2 %
Negative 521 46.5 %
Unknown 82 7.3 %
Radiotherapy
Yes 982 87.6 %
Only on chest wall 392 39.9 %
No 139 12.4
Chemotherapy
Yes 466 41.6 %
No 655 58.4 %
Hormonotherapy
Yes 381 34 %
No 740 66 %

evaluated 1,121 patients. The patients lost to
follow-up were excluded. Table 2 shows the
characteristics of patients. Mean age at the
time of diagnosis was 53.1 years (median
52.1) (Figure 5). Tabel 3 and Figure 6 show the
size of tumours. Rare occurrence of T3, T4 tu-
mours is due to the exclusion of patients who
underwent neoadjuvant RT or chemotherapy.
Mean follow-up was 124.6 months (median
121).
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Figure 5. Age of patients after radical mastectomy.
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Figure 6. Stages of tumours after radical mastectomy.
Table 3. Patients after conservative surgery and radio-

therapy with local recurrence, number of patients 22
(9.3%)

Age (years) 49.1 (36-69.7)

Surgery
Partial mastectomy 12 (54.5 %)
Tumourectomy 10 (45.5 %)
Histology
Ductal 15 (68.2 %)
Lobular 1 (4.5 %)
Others 6 (27.3 %)
Source of RT
Cobalt Co-60 17 (77.3 %)
Linear accelerator 5 (22.7 %)
Nodes
Positive 8 (36.4 %)
Negative 6 (27.3 %)
Unknown 8 (36.4 %)
Treatment of local recurrence
Radical mastectomy 11 (35.3 %)
Exstirpation 4 (23.5 %)
Only systemic 7 (412%)

therapy (CT or HT)

Treatment

Radiotherapy to the chest wall with or with-
out regional lymph nodes was performed in
982 patients (86.6%) who underwent ME. The
patients were treated with linear accelerator
(photons 6MV). Two tangential fields were
used for the irradiation of the chest wall, two
convergent fields for the regional lymph
nodes. The lymph nodes were irradiated in
59.5% patients. Median dose of 44 Gy was
given to the chest wall, 40 Gy to the regional
lymph nodes. Systemic adjuvant therapy
(chemotherapy, hormonal therapy or both)
was applied to 817 patients (76.9%).

Results

Patients with conservative surgery (CS) and
radiotherapy (RT)

Till the date of evaluation (December 2001),
47 patients (19.9%) died, all of them due to
the progression of breast cancer.

Local recurrence occurred in 22 patients
(9.3%). Table 3 shows the characteristics of
patients. The mean time to local recurrence
was 63.4 months (range 5 - 168, median 50
months). The mean survival of patients with
local recurrence was 41.4 months (range 5 -
122). From 22 patients with local recurrence,
9 developed distant metastases (40.9%).
Distant metastases occurred simultaneously
or after local recurrence. The mean of follow-
up of patients with local recurrence was 101.8
months (range 41 - 187). Till the date of eval-
uation, 8 patients (36.4%) died. Local recur-
rence in the primary involved quadrant oc-
curred in 18 cases. Diffuse breast involve-
ment was described in 4 cases. Three patients
had lymphangioinvasion described in prime
histology; two of them developed diffuse lo-
cal recurrence. Five-year local control in the
whole group of patients was 96.2%. Nine pa-
tients (3.8%) had local recurrence within 5
years. Ten-year local control was 91.9%; in
217 patients, local treatment failure was not

Radiol Oncol 2003; 37(2): 79-88.
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observed within 10 years. The histology of lo-
cal recurrence corresponded to the histology
of primary tumour. Among 22 patients with
local recurrence, 6 patients were younger
than 40 years at the time of diagnosis. Local
recurrence had negative impact on survival, p
=0.06 (Figure 7).

Cumulative Proportion Surviving (Kaplan-Meier)
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Figure 7. Influence of local recurrence on overall sur-
vival in patients after conservative surgery.

Patients with radical mastectomy (ME)

Till the date of evaluation, 65 patients (5.8%)
developed local recurrence (Table 4). Five-
year local control was 96.6%; in the patients
with T1, T2 tumours it was 97.2%. There was
no difference in the time to local progression
in the irradiated patients (48.5 months) and
in the patients without RT (51 months). Local
recurrence developed in 13 patients (8.7%)
with ME without RT, 44.6% of them had
lymph nodes involvement. Lymph node in-
volvement and local recurrence developed in-

Table 4. Characteristic of patients with local recur-
rence after radical mastectomy, number of patients 65
(5.8%)

Histology
Ductal 56 86.15 %
Lobular 4 6.15 %
Others 5 7.7 %
Nodes
Positive 29 44.6 %
Negative 36 55.4%

Radiol Oncol 2003; 37(2): 79-88.

dependently. Higher number of local recur-
rences associated with lobular carcinoma was
not statistically significant. Patients with lo-
cal recurrence developed distant metastases
more frequently. The impact of local recur-
rence on OS was statistically significant
(p=0.002) (Figure 8). Of patients without local
recurrence, 12.9% died, and in the group that
locally relapsed 39.1% died. Significant linear
correlation between the time to local progres-
sion and OS was observed.

Cumulative Proportion Surviving (Kaplan-Meier)
© Complete + Censored

Time

Figure 8. The Influence of local recurrence on overall
survival in patients after radical mastectomy.

Discussion

In a French retrospective study of 528 pa-
tients with breast cancer, stages I and II, an
attempt was made to determine predictive
factors for local recurrence.'® A multivariante
analysis of this study showed 4 independent
factors most important for local control:
young age (up to 40 years), premenopause, bi-
focality and extensive intraductal component
(=25%).

The impact of local recurrence on OS is
not clear. Our study showed negative impact
of local recurrence on OS. The difference was
on the border of statistic significance in the
patients with CS (p=0.06) and significant in
the patients with ME (p=0.002). The analysis
of 4 prospective studies comprising more
than 2000 breast cancer patients tried to eval-
uate the role of isolated local recurrence.!”
The impact on OS and dissemination was
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proved. Elkhuizen reported similar conclu-
sion.18

A very important prognostic factor is the
interval between the time of diagnosis and lo-
cal recurrence.’ In our group of patients
(with CS and ME), the time to local progres-
sion was equal - 50 months. The patients with
longer time to local progression had longer
survival. The impact of histologic type of tu-
mour on local recurrence was not proved.
Lobular carcinoma, often multifocal and mul-
ticentric, was considered not to be conven-
ient for breast conserving surgery. The stud-
ies comparing the results of both carcinomas,
ductal and lobular, did not show any differ-
ence in local control or other parameters.2%%!
The patients with local recurrent ductal carci-
noma in situ had significantly better progno-
sis. Patients with lobular carcinoma in situ
have significantly higher risk of unilateral re-
currence.?? Tamoxifen seems to decrease this
risk. Histologic type of tumour did not have
any impact on local recurrence in our groups
of patients. Lobular carcinoma should not be
a contraindication for CS.

Till the end of 1970’s, postoperative RT
was given to all patients with ME. As the
knowledge about dissemination of tumour
cells advanced, the treatment strategy
changed accordingly. Positive outcome of RT
after ME must be compared to potential acute
and late effects of RT. Modern techniques of
RT reduce the doses to the heart and the large
vessels.

RT after ME is a standard in patients with
high risk of local recurrence: locally advanced
tumours - pT3, pT4, 4 or more axillary lymph
node involvement, extracapsular invasion.?24
The role of postoperative RT is not clear in
pT1, pT2, pNO tumours and 1 - 3 axillary lymph
node involvement. A Danish study evaluated
the role of postoperative RT.2 Combined sys-
temic treatment with RT and chemotherapy
alone (CMF regimen) were compared. OS and
disease-free interval significantly increased in
combined therapy. Janni’s retrospective

analysis evaluated the impact of RT given to
the chest wall on local recurrence rate and
0S.% The decrease of local recurrence and
positive impact on OS was statistically signif-
icant in the group of patients with RT.

Meta-analysis of 36 randomised studies
(Early breast cancer trialist’s collaboration
group EBCTCG) compared postoperative RT
and surgery alone in early breast cancer pa-
tients (17,273 patients with mastectomy). The
risk of local recurrence after adjuvant RT was
treble lower, but the difference in 10-year sur-
vival was not significant.!> No difference was
found between the patients with ME and the
patients with CS and RT. Fisher’s study re-
ported similar results.*

The above negative results do not correlate
with the results of other randomised studies:
Danish 82b and 82c trials, British Columbia
study.??42% Van de Steene tried to solve this
contradiction. He confirmed the impact of
postoperative RT on survival if modern tech-
niques and standard fractionation of RT were
used.?” Levitt's study showed the impact of
RT on OS in the patients with negative resec-
tion margin and negative lymph nodes.?8
Another meta-analysis of 6,367 patients veri-
fied that locoregional therapy of breast cancer
increases disease-free interval and OS.!

In our study, the impact of local recurrence
on OS was found statistically significant. We
did not see any benefit of postoperative RT.
Among 65 patients with local recurrence, 51
(78.4%) underwent irradiation of the chest
wall.

In primary operated part of the breast, 65 -
80% of local recurrences occurred.? In select-
ed group of patients, only tumour bed could
be postoperativelly irradiated. Brachytherapy
as a separate method of adjuvant treatment of
breast carcinoma was described in few re-
ports.3934 The studies showed that this treat-
ment was well tolerated and had good cos-
metic effect. Good cosmetic effect and reduc-
tion of treatment time are the main aim of
this method.

Radiol Oncol 2003; 37(2): 79-88.
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Conclusions

There was no difference in the time to local
progression found between our two groups of
patients. Median time to local progression
was equal - 50 months. Five-year probability
of local recurrence was equal for the patients
with CS (and RT) and patients with ME (with-
out RT) - 9.3%, 8.7% respectively.

Patients with CS who developed local re-
currence had equal over-all survival com-
pared to the patients with ME due to T1, T2
tumours with local recurrence (Figure 9).
Prognostic outcome of local recurrence after
CS or ME does not differ.
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Figure 9. The overall survival of patients with local re-
currence treated by conservative surgery or radical
mastectomy.
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Cathepsin L in human meningiomas

Miha Trinkaus!, Andrej Vranié?, Vincenc V. Dolenc?, Tamara T. Lah!

Department of Genetic Toxicology and Cancer Biology, National Institute of Biology, Ljubljana,
Slovenia, *Clinical Department of Neurosurgery, University Clinical Centre, Ljubljana, Slovenia

Background. Although meningiomas are considered as benign tumours, about 10% comprise a subgroup of
atypical meningiomas, classified as WHO grade II, with greater likelihood of recurrences and/or aggressive
behaviour, including the possibility of brain tissue invasion. The lysosomal cysteine endopeptidase cathep-
sin L plays a role in tumour cell invasion and malignant progression of cancer, and has been suggested as a
prognostic marker for certain types of tumours.

Results. In our study, we compared the expression of cathepsin L in 30 meningiomas with their clinical in-
vasiveness. Cathepsin L was determined by immunohistochemical analysis, quantitative real-time RT-PCR
and Northern blot. We showed that expression of cathepsin L protein was significantly higher (p=0.019) in
9 atypical than in 21 benign meningiomas. Within the group of benign meningiomas, expression of cathep-
sin L was significantly lower in the transitional histological subtype. We measured the levels of cathepsin
L A type of RNA splicing variants: LA, LAI and LAII, but not LAIIl and not the LB variant, the latter being
several times lower than the L A type. In contrast to protein levels, the levels of cathepsin L A, Al, AIl RNA
variants did not differ between histological subtypes or between benign and atypical meningiomas. The ex-
pression of total measured cathepsin L A, Al, AIl RNA variants in the samples, taken from the centre and
the periphery of the tumours, also showed no statistically significant differences.

Conclusions. These results indicate that cathepsin L protein over-expression may contribute to the devel-
opment of the aggressive and possibly invasive character of atypical meningiomas and that it may be up reg-
ulated at the translational level.

Key words: meningioma - pathology; cathepsin L; reverse transcriptase, polymerase chain reaction; neo-
plasm invasiveness
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apperances. However, of the 11 subtypes, the
three most common are meningothelial, fi-
brous and transitional meningioma.'?

Most meningiomas are benign and can be
graded into WHO grade 1. Certain histologi-
cal subtypes are associated with a less
favourable clinical outcome and correspond
to WHO grades II and III classification of his-
tological diagnosis of brain tumours. Atypical
meningiomas corresponding to grade II have
moderately high labelling indices of nuclear
proliferation index (PI) and have likely the
following features: frequent mitosis, in-
creased cellularity, small cells with high nu-
clear-cytoplasmic ratio and/or prominent nu-
cleoli, uninterrupted pattern-less or sheet-like
growth and foci of ‘spontaneous’ or geo-
graphic necrosis.! These criteria have been
shown to correlate with higher recurrence
rates. Anaplastic malignant meningiomas
(grade III) exhibit malignant histological fea-
tures in excess of the abnormalities noted in
atypical meningiomas. The latter constitute
about 6%, whereas anaplastic malignant
meningiomas account for between 1.0 and
2.8% of all meningiomas.?

Cathepsin L (EC 3.4.22.15) is a cysteine en-
dopeptidase belonging to the evolutionarily
well conserved clan CA/family CI proteases
(http://www.merops.co.uk). It is localised
mainly to lysosomes, mediating intracellular
protein turnover, but under certain physio-
logical conditions it also regulates the func-
tion of some cytosolic and extracellular pro-
teins. Cathepsin L gene is activated by a vari-
ety of growth factors and some oncogenes. In
NIH3T3 cells (mouse embryonal fibroblasts),
cathepsin L gene is activated by platelet de-
rived growth factor (PDGF), epidermal
growth factor (EGF), tumour promoter phor-
bol 12-myristate 13-acetate (PMA), cAMP and
oncogenes, including v-ras, v-src and v-mos.*
Enzyme activity is regulated specifically by
endogenous inhibitors of the cystatin family,
thyropins and p41 fragment of invariant
chain (li).>

Radiol Oncol 2003; 37(2): 89-99.

Gottesman® first reported an increased
synthesis and secretion of the so called »ma-
jor excreted protein, MEP« in NIH3T3 fibrob-
lasts on viral transformation, the protein later
being identified as cathepsin L.® Many subse-
quent studies have supported the hypothesis
that increased levels and eventual secretion
of cathepsin L are related to malignant trans-
formation. Increased expression of RNA, pro-
tein and activity of cathepsin L was found in
gastric7, colorectal, ovarian, breast, head and
neck thyroid, lung endometrial carcinomas
and gliomas.® It was shown that cathepsin L
is progressively expressed with increasing tu-
mour malignancy in breast’ and brain tu-
mours'®!! and has prognostic relevance for
some cancers.®!2 The role of cathepsin L in
the invasion process was confirmed in in vit-
ro invasion assays by the use of selective in-
hibitor Click-148, which also reduced in vitro
invasion of tumour cells’*! and reduced
bone metastasis in an in vivo mouse model.!
Collectively, this data suggests that cathepsin
L plays an important role in tumour invasion.

The present study is based on the hypoth-
esis that, due to the observed association of
cathepsin L with tumour progression and in-
vasiveness, this lysosomal endopeptidase
may be a biological marker for differentiation
between benign and the more aggressive
atypical meningioma. This suggested the fur-
ther question as to whether cathepsin L ex-
pression would be increased at the invasive
edge of meningiomas.

Materials and methods
Patients

Thirty patients (19 female and 11 male) with
diagnosed meningioma were selected ran-
domly for the study. They ranged in age from
26-80 years. Immediately after surgical re-
moval, samples from the centre and periph-
ery of the tumours were removed and snap
frozen in liquid nitrogen. The rest of the tu-
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mour tissue was fixed in formaldehyde and
embedded in paraffin. The histological slides
were analyzed and categorized according to
the WHO classification of brain tumours. The
study comprised 22 benign and 8 atypical
meningiomas (Table 1). The study was ap-
proved by the Ethics Committee at the
Ministry of Health of the Republic of
Slovenia.

Immunohistochemistry

Immunohistochemical labelling was per-
formed using standard techniques.'®
Paraffin-embedded tissue sections were de-
paraffinised and rehydrated. The sections
were boiled in 100mM EDTA buffer (pH 8.0)
for 5 minutes for antigen retrieval. The slides
were first blocked with an inhibitor of en-
dogenous peroxidase and then incubated
with primary anti-cathepsin L mouse mono-
clonal antibodies (CatLHLM1, clone N135)
purchased by Krka d.d.,, Novo mesto,
Slovenia, at 1:10 dilution of the stock concen-
tration of 100ug/ml for 26min at 40°C.
Subsequent IHC reaction was performed
with biotinylated goat anti-mouse secondary
antibodies, avidin with bound horseradish
peroxidase and diaminobenzidine as chro-
mogen. The immunohistochemistry and
counterstaining with haematoxylin, was per-
formed in an NexES IHC Staining Module
(Ventana Medical Systems, USA). The inten-
sity and frequency of immunostaining was
considered independently by two patholo-
gists for grading (0; 0.5; 1; 1.5; 2; 2.5; 3).

Table 1. Histological diagnosis of meningiomas

Proliferation index: immunolabelling with MIB-1
antibodies

Proliferation index (PI) in meningiomas was
determined by the IHC procedure, described
above, using MIB 1 antibodies (mouse anti-
human Ki-67, clone MIB-1, No 7240, Dako
Corporation). The MIB-1 solution (200ug/ml)
was diluted 1:20prior to use. Positive THC
staining indicated proliferating cells and was
counted under a microscope using the com-
puter program Lexica Q Product (Leica,
Germany). PI was calculated as the percent-
age of proliferating vs. all cells in the prepa-
ration.

Quantitative real time RT-PCR

A fluorescence-based real-time quantitative
RT-PCR method, developed by Perkin Elmer
ABI (TagMan), was used to measure cathep-
sin L RNA levels in meningioma tissue. For
each sample 1 ug of total RNA was reverse
transcribed in a 50ul reaction using a High-
Capacity cDNA Archive Kit (Applied
Biosystem, USA). After an initial step at room
temperature for 10 min, reverse transcription
was performed at 37°C for 2h. Quantitative
PCR reaction was carried out with a cDNA
equivalent of 2ng total RNA per reaction, us-
ing the TagMan Universal PCR Master Mix
(Applied Biosystems, USA): 1x TaqMan
Universal PCR Master Mix, 200nM of each
primer and 100nM TaqMan (final concentra-
tion) fluorescent probe in a 10 ul final reac-
tion volume. PCR reactions were carried out
in an ABI Prism 7900 PCR machine (Applied

Histological WHO No of tumours No of tumours
diagnosis grade analysed by IHC analysed by RT-PCR
Benign meningioma I

Fibroblastic I 6 6
Meningothelial I 6 6
Transitional I 8 6
Psammomatus I 1 1
Secretory I 1 1

Atypical meningioma I 8 7
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Biosystems, USA), with a step at 50°C for
2min for AmpErase UNG activity, hot start at
95°C for 10min, followed by 40 cycles with
denaturation at 95°C for 15s and anneal-
ing/elongation at 60°C for 1min. To normal-
ize the signal for cathepsin L A type variants,
amplification of 18S ribosomal RNA was per-
formed as an internal control in a duplex re-
action together with amplification of cathep-
sin L cDNA. Primers and probes for 18S
rRNA were purchased from Applied
Biosystem in Pre-Developed TagMan Assay
Reagent Control Kit.

We designed probe and primers to meas-
ure simultaneously cathepsin LA, cathepsin
LAI and cathepsin LAIl RNA splicing vari-
ants, but not LAIII RNA variant.!” The follow-
ing primers were synthesized (Laboratories
Eurobio, France): forward primer for cathep-
sin L A variants: AGC GTC TAC CCC GAA
CTC TG, located at bp 158-178 in exonl and
reverse primer for cathepsin L A variants:
TTG TGC ATC GCC TTC CAC T, located at
bp 372-387 in exon 2. The nucleotide se-
quence for cathepsin L A variants probe, la-
belled with FAM reporter molecule, ACT CAT
CCT TGC TGC CTT TTG CCT GG, is located
in exon 2 at bp 372-387. Cathepsin L B variant
does not have exon 1, therefore the forward
primer was located in intron 1, bp 161-186,
extending 4 nucleotides into exon 1, whereas
the reverse primers and the probe were the
same as for the cathepsin L A variants.

Northern blot of selected tumour samples

Total RNA was isolated with TRIzol (Gibco
BRL, USA) according to the supplier’s in-
structions. The RNA concentration was esti-
mated by A, . 20ug of total RNA per lane
was mixed with ethidium bromide and elec-
trophoresed on 1% formaldehyde-agarose gel
for 3h at 70V. Northern transfer was per-
formed overnight in 20x SSC (Standard
Saline Citrate, 3M sodium chloride, 0.3M
sodium citrate, pH 7.0) on a rapid downward
transfer system using the turboblotter appa-
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ratus and Nytran membrane (Schleicher and
Schuell, Germany). RNA was cross-linked to
the membrane by UV irradiation. The mem-
brane was photographed under UV light and
the photographs used for signal normaliza-
tion. The blots were pre-hybridized for 3h at
50°C in »high SDS« buffer (5x SSC, 2% block-
ing solution, 50mM sodium phosphate, 0.1%
(w/v) lauroylsarcosine, 7% (w/v) SDS, 50%
formamide) as suggested by the supplier of
the blocking solution (Roche, Switzerland).
Hybridization was performed overnight in
the same buffer containing 30ng/ml DIG-la-
belled full length cDNA probe. Blots were
washed twice with 2x washing buffer (2xSSC,
0.1%, w/v, SDS) and twice with 0.5x washing
buffer (0.5xSSC, 0.1% (w/v) SDS). All wash-
ing steps were performed for 10min at room
T. The signals were detected by chemilumi-
nescence using the CDP Star System (Roche,
Switzerland) according to the supplier’s in-
structions. The signals of cathepsin L RNA on
Northern blots were analyzed densitometri-
cally with program Lucia G 4.21 (Laboratory
Imaging Ltd, GB) and normalized to 18S
rRNA signal.

Statistics

For statistical calculation we used SPSS 10.1
for Windows (SPSS Inc, USA) program. The
differences in cathepsin L expression were
analyzed by the Mann-Whitney and Kruskal-
Wallis non-parametric test. The significance
of differences between histological subtypes
of meningiomas was given as p values.
P<0.05 was considered to be significant.

Results
Immunohistochemistry

Cathepsin L immunostaining was evaluated
in 30 meningiomas, characterised histologi-
cally (Table 1). Figures 1A and 1B show weak
(score 1.0) and strong (score 3.0) IHC staining
of cathepsin L in tumour cells of benign tran-
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sitional and an atypical meningioma, respec-
tively. No statistically significant differences
in cathepsin L levels were observed between
meningothelial and fibrous meningioma, but
significantly lower levels were observed in
transitional meningiomas (Figure 2A). When
all benign subtypes were grouped and com-
pared with all atypical meningiomas, we
found significantly higher (p=0.009) scores of
IHC staining in the more invasive atypical
meningiomas (Figure 2B).

Quantitative real time RT-PCR

Cathepsin L is encoded by four major RNA
species: cathepsin LA, cathepsin LAI, cathep-
sin LAIl RNAs, the newly discovered cathep-
sin L AIIl RNA, and cathepsin LB RNA."

Figure 1. Inmunohistochemical staining for cathepsin
L and proliferation index MIB-1di. (A) Benign menin-
gioma (transitional subtype). Cathepsins L is im-
munolabelled as dark brown dot, demonstrating its
lysosomal location (marked with arrow, 200x magni-
fication). (B) Atypical meningioma. Abundant lysoso-
mal labelling of cathepsin L, examples of IHC reaction
are marked with arrows (200x magnification). The
staining was performed as described in Material and
methods. (C) PI (MIB-1) IHC staining in atypical
meningioma. Nuclear location of the Ki 67 antigen
was observed and scored as described in Material and
methods. Haematoxylin counter- staining was used to
label the nuclei.

Cathepsin L RNA levels were analysed by
quantitative RT-PCR using specifically de-
signed probes, as described in Material and
methods. We found that the levels of cathep-
sin LB RNA in meningiomas were between 3
and 5 cycles less (average about 8 times low-
er) than with cathepsin LA RNA variants (not
shown), therefore the LB variant was not de-
termined in this study. The primers and the
probe which detects all previously mentioned
cathepsin L A type RNA variants, but not the
recently discovered cathepsin LAIIl splice
variant, were designed. No statistically signif-
icant differences were found in the amount of
cathepsin L A, Al, All type splice variants be-
tween different histological subtypes of
meningiomas (Figure 3). Also, no statistically

Radiol Oncol 2003; 37(2): 89-99.
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Figure 2. Immunohistochemical scoring of cathepsin L and PI in different histologycal subtypes of meningiomas.
(A) Comparison of the scores of cathepsin L within benign tumours: M-B meningothelial benign, F-B fibroblastic
benign and T-B transitional bening. (B) Comparison of mean IHC scores in all benign and all atypical menin-
giomas. IHC scoring was performed according to the frequency and intensity of cathepsin L labeling on a scale
from 0 - 3, as described in Methods. (C) Immunohistochemical scoring of PI within benign tumors: M-B
meningothelial benign, F-B fibroblastic benign and T-B transitional bening meningioma. (D) Immunohistochemical
scoring of PI in all benign and all atypical meningiomas, presented as mean scores. Results are presented as mean
+ standard error The stars indicate statistically significant diffferences (p<0.05) between the groups.

significant differences were found between
the expression of cathepsin LA RNA variants
in atypical and benign meningiomas. The
comparison between the samples taken from
the periphery and the centre of the tumours
revealed no difference in the amount of
cathepsin L A type variants (not shown).

Northern blot of selected tumour samples

To determine whether total cathepsin L
mRNA expression, using the cDNA probe of
cathepsin L, differs between histological sub-
types types and between the centre and the
periphery of the tumours, Northern blot
analysis was performed in two meningothe-
lial (samples 2,6), one fibroblast (sample 1),
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three transitional (samples 3,7,8) and two
atypical meningiomas (samples 4,5). Samples
from the centre and periphery of the tumours
were loaded separately (Figure 4A).
Expression in cathepsin L RNA samples
varies, even within the same subtype of tu-
mour, for example samples 2 and 6, which
are both classified as meningothelial subtype.
Densitometric analysis (Figure 4B) showed
slightly lower expression in fibroblastic and
transitional benign subtypes, but from this
we cannot deduce any significant differences
between these meningiomas. As observed
with cathepsin LA RNA variants, the expres-
sion is very similar in the centre and in the
periphery of the tumours.
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Figure 3. Cathepsin LA RNA variants determined by
real time RT PCR. The expression of cathepsin LA
variants was quantitated and related (normalized) to
the levels of 18S rRNA in different histological sub-
types of meningioma in the center (c ) and at the pe-
riphery (p) of the meningiomas: M-B meningothelial
benign, F-B fibroblastic benign, T-B transitional be-
nign, At-atypical. Results are shown as mean * stan-
dard error.

Correlation of cathepsin L measurements

Cathepsin L protein expression (IHC score)
and the expression measured by cathepsin L
A variants RNA (mRNA/18srRNA) levels cor-
related statistically significantly (p<0.02) re-
gardless of the location of the sample meas-
urements, i.e. tumour centre (r=0.45), tumour
periphery (r=0.43) or total tumour (r=0.48).

Proliferation index (PI)

The proliferation index indicates the rela-
tive (%) expression of antibodies labelling a
nuclear antigen, which is greatly increased in
all phases of the cell cycle, except in Go. It is
used as a histopathological marker indicating
the degree of cell proliferation (Figure 1C).
Our data confirm previous reports '® that PI
discriminates between benign and atypical
meningiomas, but not between different his-
tologies of benign meningioma (Figure 2 C,
D). It has been also reported to be good prog-
nostic marker for relapse of meningiomas. In
our study, PI correlated moderately (r =0.30),
although statistically significantly (p=0.003),
with the expression of cathepsin L protein.

Discussion

Meningiomas are among the most common
tumours encountered in neurosurgical prac-
ticel>1% and the incidence is estimated to
constitute between 13% and 26% of primary
intracranial tumours, with an annual inci-
dence of approximately 6 per 100 000 popu-
lation."2 Meningiomas are in 90% of cases be-
nign (WHO grade I), whereas 6-8 % are atyp-
ical, 1-2 % malignant anaplastic menin-
giomas, the rest comprising other types of
grade II and IIl meningiomas.! In spite of the
existence of certain morphological, histo-
pathological and a few biological parameters,
discrimination between clear benign, border
benign and atypical meningioma remains the
key problem.'®?! Therefore, new markers of
malignant progression of atypical menin-
gioma, which could lead clinicians towards a
more informed treatment of patients, are
needed.

Proliferation index is such a parameter
which has been clearly shown to distinguish
between benign and invasive atypical and
anaplastic meningioma'®, and this has been
confirmed in this study. It has been found to
correlate with cathepsin L antigen in atypical
vs benign, but not within the benign menin-
gioma group, suggesting that cathepsin L
may not be related to increased proliferation
rate.

Proteolytic enzymes have long been pro-
posed as prognostic factors for disease-free
and overall survival of cancer patients (re-
cently reviewed in 25), including those with
brain tumours?627.28 due to their role in inva-
sion processes and metastases. The metallo-
protease stromelysin was also suggested as a
marker for invasiveness of meningioma? and
the same was confirmed for lysosomal cys-
teine cathepsins in our previous study.?! We
analyzed the expression of cathepsin B and
cathepsin L in 67 benign and 21 atypical
meningiomas and found that the protein lev-
els of both cathepsins were significantly ele-
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vated in atypical tumours. Moreover, among
67 benign tumours, nine had certain features
of malignancy, classified as borderline benign
meningioma, and significantly higher expres-
sion of cathepsin B was also found in the bor-
derline benign tumours compared with clear
benign tumours. However, cathepsin L could
only discriminate between atypical and clear
benign tumours. This suggested that cathep-
sin L was a less selective diagnostic marker
for distinguishing between histomorphologi-
cally benign but invasive, and histomorpho-
logically clear benign tumours. However, sev-
eral recent in vifro studies have confirmed a
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Figure 4. Detection of total cathepsin L RNA by
Northern blot. The upper part of the figure indicates
the total RNA (20ug) loaded on the gel and separated
by electrophoresis in 28S and 18S rRNA bands.
Below, 1.6 kb cathepsin L hybridised with DIG la-
belled full length cathepsin L ¢cDNA probe, as de-
scribed in Material and methods. The samples repre-
sent: 1, fibroblastic benign; 2 and 6, meningothelial
benign; 3, 7 and 8, transitional benign; 4 and 5 atypi-
cal meningioma. Samples were loaded in pairs of tis-
sue from center (c) and periphery (p) of the tumors. (B)
The mean signal intensity of cathepsin L RNA from
center and periphery of the tumor normalized to 185
rRNA signal in histological subtypes of meningothe-
lial (M-B), fibroblastic (F-B), transitional (T-B) and
atypical (At) of 8 individual meningiomas, which were
analyzed by Northern blot experiment above (A).

close link between the invasive potential of
tumour cells and increased cathepsin L ex-
pression. In brain tumours, first reports that
cathepsin L may be related to brain tumour
invasion came from Sivaparvathi et al.?2, who
found that cathepsin L expression paralleled
increased malignancy of astrocytoma and
glioblastoma cell lines. Moreover, the authors
prevented glioblastoma cells from invading
Matrigel by using specific cathepsin L anti-
bodies. We have confirmed these results in
an astrocytoma cell line model, using differ-
ent extracellular matrices and a variety of
synthetic cathepsin B and L inhibitors.!!
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Recently, we have also demonstrated stable
transfection of an IPTP glioblastoma cell line
with whole length ¢cDNA of cathepsin L,
which resulted in significant, 80%, inhibition
of cell invasion in Matrigel compared with
control cells transfected with the vector-
GFP.? This was confirmed in other cell lines
by others.?*

In this study, protein expression of cathep-
sin L was significantly lower in transitional
benign meningiomas than in other benign
types of meningiomas. At present we cannot
explain this, since the transitional subtype
has features transitional between those of
meningothelial and fibrous meningiomas.
Strojnik et al.?! also found no variations in the
subtypes of benign meningioma. However,
the levels of cathepsins were more related to
their intracranial localisation and were the
highest in parasagittal and convexity menin-
gioma, which were also clinically more ag-
gressive.

In our previous study of glioblastoma inva-
sion, we detected high concentrations of
cathepsin B at the invasive edges of invading
tumours?’, confirming earlier reports that in-
tra-tumour and intracellular localisation of
cathepsins at the plasma membrane may be
important in facilitating lytic interactions be-
tween the tumours and surrounding stro-
ma.? In this study we failed to observe dif-
ferent expression of cathepsin L between the
centre and the periphery of the tumour, ei-
ther by immunohistochemistry, Northern
blot or RT-PCR methods. This suggests that
cathepsin L may not be directly involved in
degradation of extracellular matrix proteins
at the cell (tumour surface), but may play a
different role in the proteolytic events leading
either to tumour cell invasion and/or other
features of malignancy.

In the present study we found significantly
higher levels of cathepsin L protein in atypi-
cal (grade II) compared with benign menin-
gioma (grade I), indicating possible correla-
tion of cathepsin L with invasiveness and/or

clinical aggresiveness of grade II menin-
giomas. However, we have not succeeded in
demonstrating increased cathepsin L RNA in
atypical meningioma. Although total cathep-
sin L RNA was only assayed in a few menin-
giomas, the cathepsin L A splicing variants
(LA, LAI and LAII) measured in all 30 pa-
tients, also did not differ significantly be-
tween benign and atypical meningiomas.
Chauhan et al3? first reported two splicing
variants of the single cathepsin L gene, LA
and LB variants, expressed concurrently at a
similar ratio in several different cell lines, LB
variant being higher than LA. This is in con-
trast to our results in meningioma tissue,
where we found about 8 times lower L B vari-
ant and therefore did not quantify this vari-
ant. The discrepancy between messenger
RNA (L A variants) and protein levels of
cathepsin L can be explained either by an in-
creased rate of translation of cathepsin L pro-
tein in atypical meningioma or by the fact,
that we have not determined the LAIII splic-
ing variant. Abula et al.>! has recently demon-
strated that LAIII is predominant in all tis-
sues, including malignant tumours, and
showed the highest expression and transla-
tional rate in vitro and in vivo.'”3 It is possi-
ble, that this variant is also the most active in
atypical and possibly anaplastic malignant
meningioma, resulting in higher protein lev-
els of cathepsin L, as observed in this study
and previously.?! This needs to be further in-
vestigated.

Brain invasion may occur in histologically
benign, atypical or anaplastic malignant
meningiomas.! The presence of brain inva-
sion connotes a greater likelihood of recur-
rence with brain-invasive histologically be-
nign meningioma having clinical courses sim-
ilar to atypical meningioma.! This clearly in-
dicates that new markers of invasiveness,
such as cathepsin L, are needed to predict
malignant clinical behaviour of histologically
classified benign tumours.

In conclusion, we have demonstrated sig-

Radiol Oncol 2003; 37(2): 89-99.



98 Trinkaus M et al./Cathepsin L in human meningiomas

nificantly higher levels of cathepsin L protein
in atypical meningiomas. As cathepsin L is a
marker of invasion but not of cell prolifera-
tion of malignant tumours, we may hypothe-
size that atypical meningioma acquire inva-
sive behaviour. In contrast to protein, the lev-
els of cathepsin L (LA, LAI and LAII) splicing
RNA variants were not higher in atypical
meningioma, strongly suggesting that the
rate of RNA translation increased in atypical
compared to benign meningioma. Parti-
cularly, the level and translational rate of LAI-
II splicing variant, may be responsible for in-
creased protein concentration of cathepsin L
in atypical meningioma, what needs to be fur-
ther investigated. We confirmed our hypoth-
esis that cathepsin L is a biological marker for
differentiation between benign and the more
aggressive atypical meningioma and may be
used to predict clinically observed aggressive
behaviour of meningiomas.
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Effect of electroporation on radiosensitization with cisplatin
in two cell lines with different chemo- and radiosensitivity

Simona Kranjc, Maja Cemazar, Alenka Grosel, Ziva Pipan and Gregor Sersa

Institute of Oncology, Department of Experimental Oncology, Ljubljana, Slovenia

Aim. Radiosensitization with cisplatin can be enhanced by electroporation of cells and tumours. The aim of
this study was to extend our previous studies on two carcinoma tumour models with different chemo- and
radiosensitivity in order to evaluate whether this treatment is effective also on less chemo- and radiosensi-
tive tumour cells.

Materials and methods. This in vitro study was performed on carcinoma SCK and EAT-E cells. The cy-
totoxicity of three-modality treatment consisting of cisplatin, electroporation and irradiation was determined
by the clonogenic assay.

Results. The radiosensitizing effect of cisplatin on the two cell lines was greatly enhanced by electropora-
tion. By this combined treatment, less chemo and radiosensitive EAT-E cells were rendered as sensitive as
more chemo and radiosensitive SCK cells.

Conclusion. The enhancement of cisplatin-induced radiosensitization of cells by electroporation could be
beneficially used in the treatment of intrinsically less chemo- and radiosensitive tumours.

Key words: tumour cells cultured - drug effects; electroporation; drug delivery systems; cisplatin; radia-
tion tolerance

Introduction Thus, the enhanced drug delivery locally po-

tentiates chemotherapeutic drug effective-

Electrochemotherapy combines administra-
tion of non-permeant or poorly permeant
chemotherapeutic drug with the application
of electric pulses to the tumours in order to
facilitate the drug delivery into the cells.!
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ness at the site of electric pulses application.
So far, two chemotherapeutic drugs have
proved to be effective in electrochemothera-
py, bleomycin and cisplatin. Several fold in-
crease in bleomycin and cisplatin cytotoxicity
and several fold increase in antitumour effec-
tiveness have been shown in many preclinical
electrochemotherapy studies.>” The in-
creased drug delivery, both into the cells in
vitro and tumours in vivo, was shown to be a
predominant underlying mechanism.%10
Clinical trials were conducted also on the pa-
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tients with different malignancies in whom
electrochemotherapy proved to be effective in
local tumour control.’1?

Based on the data that cisplatin is a radia-
tion sensitizer when bound to DNA, several
studies have been conducted using different
drug delivery systems in order to increase the
amount of cisplatin in tumour cells.?*?” Our
group was the first to demonstrate that the
electroporation of tumours increases the ra-
diosensitizing effect of cisplatin in tumours.
Radiosensitizing effect of cisplatin increased
tumour cures from 72% to 92% when cisplatin
was combined with electroporation of EAT
murine tumours.?® The results of this first
study were additionally confirmed on anoth-
er tumour model, LPB fibrosarcoma in vitro
and in vivo.”’” When electrochemotherapy
with cisplatin preceded tumour irradiation,
tumour curability was enhanced by a factor of
1.6 compared to tumour irradiation alone,
and by a factor of 1.4 when compared to cis-
platin-induced radiosensitization of tumours
without tumour electroporation.?” Further-
more, in that study, we demonstrated that the
increased radiosensitizing effect of cisplatin
was due to the increased electroporation-me-
diated cisplatin delivery into the tumours.?”

The aim of this study was to extend our
previous study in two carcinoma tumour
models with different chemo- and radiosensi-
tivity, in order to evaluate whether this treat-
ment is effective also in less chemo- and ra-
diosensitive tumour cells. The study was per-
formed in EAT-E and SCK carcinoma cells
with different chemo- and radiosensitivity.

Materials and methods
Tumour cell lines

In the study, two mouse-tumour cell-lines
were used, SCK mammary carcinoma cells
and EAT-E (Ehrlich ascites carcinoma cells)
cells. SCK cells were grown in RPMI medium
(RPMI, Sigma, St. Louis, USA) supplemented
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with 10% heat-inactivated foetal calf serum
(FCS, Sigma). EAT-E cells were grown in
Eagle minimum essential medium (EMEM)
supplemented with 10% FCS. Both cell lines
were routinely subcultured twice per week
and were maintained in a humidified atmos-
phere with 5% CO, at 37°C.

Drug

cis-Diamminedichloroplatinum (II) (cisplatin)
was obtained from Pharmacia&Upjohn
S.p.A. (Milan, Italy) as a crystalline powder. It
was dissolved in sterile H,O at a concentra-
tion of 1 mg/ml. Final concentration was pre-
pared in EMEM. For each experiment, a fresh
solution of cisplatin was prepared.

Irradiation of cells

The cells were irradiated using Darpac 2000
X-ray unit (Gulmay Medical Ltd, Shepperton,
UK), operated at 220 kV, 10 mA, using 0.55
mm Cu filtration and 1.8 mm Al filtration.
Cells (1x10° cells/ml of EMEM) were irradiat-
ed in low attachment 24-well plates (Corning,
Badhoevedorp, The Netherlands) at a dose
rate 2 Gy/min with graded doses (2-8 Gy) and
thereafter plated in Petri dishes (Corning) for
clonogenic assay. D, values were used as the
measure of cell radiosensitivity. The data
were pooled from three independent experi-
ments and normalised to the control non-irra-
diated cells.

Electrochemotherapy protocol

To determine the survival of SCK or EAT-E
cells after the combined treatment with cis-
platin and electroporation, 90 ul of cell sus-
pension (2.2x107 cells/ml) was mixed with 10
(ul of cisplatin of different stock concentra-
tions, ranging from 4.0 to 800.0 ug/ml. One
half of the mixture was exposed to 8 electric
pulses with electric field intensity 1000 V/cm,
pulse duration 100 us, and frequency 1 Hz.
These parameters were optimal for electrop-
ermeabilisation of the two cell lines and were
determined by measuring the uptake of pro-
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pidium iodide used as a measure of electrop-
ermeabilisation and by determining the cell
survival after exposuring the cells to different
electric field intensities used as a measure of
electrosensitivity  (unpublished data).?®
Electric pulses were generated by Jouan GHT
1287 electroporator (St. Herblain, France).
Other half of cell suspension served as a con-
trol for cisplatin treatment alone. The cells
were then incubated for 5 min at room tem-
perature in low attachment 24-well plates, di-
luted and plated on Petri dishes for clono-
genic assay. The survival of EAT-E cells treat-
ed with electric pulses alone was 84.7+3.0%
and the survival of SCK cells after electropo-
ration was 79.7+3.0%.

Electrochemotherapy combined with irradiation
of EAT-E and SCK tumour cells

To evaluate whether electroporation increas-
es the radiosensitizing effect of cisplatin in
vitro, EAT-E and SCK cells were electroporat-
ed in the presence of cisplatin and then irra-
diated. After electrochemotherapy, the cells
were diluted in a fresh serum-free medium
and 5 minutes later exposed to irradiation (4
Gy) (Figure 1). For clonogenic assays, the
cells were plated in Petri dishes. The survival
of SCK cells and of EAT-E cells after electro-
poration combined with irradiation was
12.1+2.0% and 26.8+3.0%, respectively. All
data were pooled from three independent ex-
periments performed in triplicates. From nor-
malised survival curves, IC;; value (drug con-
centration required to reduce cell survival for
50%) was determined for each treatment

CDDP or dilution in fresh IR
EP or serum free medium
ECT
! : |
0 min 5 min 10 min

Figure 1. Treatment schedule in vitro. Cells were treat-
ed either with cisplatin (CDDP), electroporation (EP),
electrochemotherapy (ECT), and/or irradiation (IR).

group. The statistical differences, using t-test,
in sensitivity of cells to different treatments
were calculated at the I1C; level.

Results
Radiosensitivity of SCK and EAT-E cells

SCK and EAT-E carcinoma cells were irradi-
ated with graded single doses (2-8 Gy) and
the surviving fraction was determined by
clonogenic assay. From the survival curve D,
was determined (Figure 2). SCK cells were
more radiosensitive with D, = 1.2 Gy than
EAT-E cells where D, was 2.0 Gy. According
to the shape of the survival curves, SCK cells
were less prone to repair radiation damage
than EAT-E cells. Based on these results, a
dose of 4 Gy was chosen for subsequent stud-
ies to determine the effect of electroporation
on radiosensitization induced by cisplatin.
The treatment of SCK and EAT-E cells with 4
Gy reduced their survival to 31.8+6.0% and
53.9+6.0%, respectively.

0.7
0.5
0.3
0.2

0.1
0.07
0.05
0.03
0.02

Surviving fraction

0.01
0.007
0.005

0.003 L L L .
0 2 4 6 8

Dose of irradiation (Gy)

Figure 2. Surviving fraction of SCK and EAT-E carci-
noma cells was determined after graded doses of irra-
diation by clonogenic assay. Values are mean + SEM
(n=9).
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Radiosensitization with cisplatin

To determine the effect of electroporation on
radiosensitizing effect of cisplatin, the cells
were irradiated with 4 Gy following the pre-
treatment with different concentrations of
cisplatin alone or combined with electropora-
tion. SCK cells were more sensitive to the cy-
totoxic effects of cisplatin than EAT-E cells
(Figure 3,4, Table 1). More then 3-times lower
cisplatin dose was needed for the same cell
kill. When the cells were irradiated 5 minutes
after a 5-minute incubation with cisplatin, the
cisplatin cytotoxicity was equally enhanced
in both cell lines and was approximately 2-
fold.

Electroporation increased cisplatin cyto-
toxicity (electrochemotherapy) in both cell
lines. The survival curve was biphasic, which
is due to the electroporation of cells. SCK
cells were electroporated in 70.0+8.0%, EAT-E
cells in 80.0£9.0%. The reduction in cell sur-
vival was therefore steep, declining to the lev-
el of 0.3 in SCK cells and to 0.2 in EAT-E cells,
which is in accordance with the number of

=
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_

o
=)
G

Surviving fraction
=
j=3
N

0.01
0.005
—O— CDDP
0.002 L —&— CDDP+IR
—O— ECT
0.001 —&— ECT +IR
0.0005 I I I I I I I )

o

0 20 30 40 50 60 70 80
Cisplatin conc. (ug/ml)

Figure 3. Survival curves of SCK cells after treatment
with different cisplatin concentrations only (CDDP),
cisplatin combined with electroporation (ECT) or sin-
gle dose of irradiation (CDDP + IR) and combination
of all the three treatment modalities (ECT + IR).
Immediately after addition of cisplatin to cell suspen-
sion, cells were electroporated and 10 minutes later ir-
radiated. Values are mean =+ SEM (n=9).
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electropermeabilised cells. The remaining
part of the cell survival curve had the same
slope as the survival curve of cells treated
with cisplatin alone (Figure 3,4). At the cell
survival level of 0.5, the potentiation of cis-
platin cytotoxicity for SCK cells by electropo-
ration was approx 4-fold. In contrast, in EAT-
E cells this potentiation was more than 20-
fold, suggesting that the cell membrane is the
major barrier for cisplatin cytotoxic action.
Consequently, when the electroporation was
used as a drug delivery system for cisplatin,
IC,, was almost equal for both cells lines
(Table 1).

The cell survival curve of the cells treated
with electrochemotherapy and irradiation de-
clined to a lower level of survival in both cell
lines, thus proving the radiosensitizing effect
of cisplatin (Figure 3,4).

0.5

0.2
0.1
0.05

0.02
0.01

Surviving fraction

0.005
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0002} —e— CDDP+IR
ooo1 | —H ECT
—8— ECT+IR
0.0005 W L L L L L

0 10 20 30 40 50 60 70 80

Cisplatin conc.(ug/ml)

Figure 4. Survival curves of EAT-E cells after treat-
ment with different cisplatin concentrations only (CD-
DP), cisplatin combined with electroporation (ECT) or
single dose of irradiation (CDDP + IR) and combina-
tion of all the three treatment modalities (ECT + IR).
Immediately after addition of cisplatin to cell suspen-
sion, cells were electroporated and 10 minutes later ir-
radiated. Values are mean + SEM (n=9).
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Table 1. Cytotoxic effect of cisplatin, electric pulses,
irradiation and the combination of these three treat-
ments on SCK and EAT-E cells in vitro

Group IC,, (ug/ml)?
EAT-E SCK
CDDP? 48.5+1.5 14.8+1.0
ECT® 2.2+0.9 3.4+0.7
CDDP+IR? 22+2.0 8.0+0.9
ECT+IR® 0.9+0.3 0.9+0.2

°1C,, - Drug concentration to reduce cell survival for
50%.

PCDDP - Cisplatin. Survival of cells treated with cis-
platin was normalised to the untreated control cells.
CECT - Cells were treated with electroporation (EP)
and CDDP. Survival of cells in this group was nor-
malised to the effect of electroporation alone.
dCDDP+IR - Cells were irradiated with 4 Gy 10 min-
utes after incubation with CDDP. Survival of cells in
this group was normalised to the effect of irradiation
alone.

¢ECT+IR - Cells were irradiated with 4 Gy 10 minutes
after EP. Survival of cells in this group was normalised
to the effect of electroporation in combination with ir-
radiation.

Discussion

The results of this study show that the ra-
diosensitization of cisplatin in the two carci-
noma cell lines used was greatly enhanced by
electroporation. By this combined treatment,
the less chemo- and radiosensitive EAT-E
cells were rendered as sensitive as more
chemo- and radiosensitive SCK cells.

First reports on improvement of combined
modality therapy with cisplatin and radiation
using electroporation of cells and tumours
have already been published.?®? In our first
study we showed that the delivery of cisplatin
into the cells by electroporation of tumours
increased radiosensitizing effect of «cis-
platin.?® When electrochemotherapy preced-
ed irradiation of EAT tumours, the curability
rate of the tumours increased from 27% to
92%. This combined treatment was also better
than the cisplatin therapy combined with lo-
cal tumour irradiation, and irradiation com-
bined with application of electric pulses. This
study confirmed that cisplatin is a well

known chemotherapeutic drug with ra-
diosensitizing effect and that with increasing
cisplatin delivery into the tumour cells, ra-
diosensitizing effect of cisplatin also increas-
es.?® The improved therapeutic effect was
demonstrated in several studies, where intra-
tumoural drug solution in slow release device
or polymer implant were combined with irra-
diation of murine tumours.?%-?

In our second study, we showed that the
electroporation of tumours increased ra-
diosensitizing effect of cisplatin also in LPB
sarcoma and that the increased platinum de-
livery into the tumours with electroporation
was a predominant underlying mechanis.?”
This was a confirmation of previous observa-
tions that radiosensitization occurs only
when cisplatin is present in tumour cells in
sufficient amount.?® The study showed that,
when electrochemotherapy preceded irradia-
tion, tumour curability rate was increased
compared to irradiation only by EF=1.6, as
well as compared to radiosensitization of tu-
mours treated with cisplatin alone (EF=1.4).
Radiosensitization was demonstrated also in
LPB cells in vitro. Irradiation of cells pretreat-
ed with electrochemotherapy shifted the sur-
vival curve 2-fold further to the left compared
to electrochemotherapy treated cells.?”

In the present study, we extended our pre-
vious studies on two carcinoma tumour mod-
els EAT-E and SCK with different chemo- and
radiosensitivity, in order to evaluate whether
this treatment is effective also on less chemo-
and radiosensitive tumour cells. The results
of this study are in accordance with the re-
sults of previous study on LPB sarcoma
cells.?” We found that, when electroporation
is used as a drug delivery system, the same
cisplatin concentration yields the same cell
kill on different cell lines. Specifically cis-
platin concentration, when combined with
electroporation that caused 50% reduction in
cell survival for EAT-E cells, was 2.2+0.9
ug/ml, 3.4x0.7 ug/ml for SCK cells, and
4.0x0.5 ug/ml for LPB cells. Furthermore, the
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same effect was observed when irradiation
was combined with electrochemotherapy.
Electroporation-enhanced cisplatin-induced
radiosensitization was approximately the
same for all cell lines. If we take into account
that EAT-E (IC;, = 48.5+1.5 ug/ml) and LPB
(IC5, = 120.0+3.0 ug/ml) cells are less sensitive
to cisplatin than SCK (IC, = 14.8+ 1.0 ug/ml)
cells and that EAT-E cells are more radiore-
sistant (D, = 2.0 Gy) than LPB (D, = 1.6 Gy)
and SCK (D, = 1.2 Gy) cells, then we can con-
clude that the electrochemotherapy com-
bined with irradiation radiosensitizes the
cells to the approximately the same level, re-
gardless of the intrinsic sensitivity of cells to
cisplatin or irradiation.

In conclusion, by this combined treatment,
the less chemo- and radiosensitive EAT-E
cells were rendered equally sensitive as more
chemo and radiosensitive SCK cells.
Therefore, this enhancement of cisplatin-in-
duced radiosensitization by electroporation
of cells could be beneficially used for the
treatment of less chemo and radiosensitive
tumours.
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Telomerase in lung cancer diagnostics
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Background. Telomerase is a ribonucleoprotein that looks after the telomeric cap of the linear chromosomes
maintaining its length. It is over expressed in tumour tissues, but not in normal somatic cells. Therefore the
aim of this study was to determine the telomerase activity in lung cancer patients as novel marker for lung
cancer detection evaluating the influence of tissue/cell obtaining technique.

Material and methods. Using the TRAP (telomeric repeat amplification protocol), telomerase activity was
determined in material obtained from bronchobiopsy (60 lung cancer patients compared with 20 controls)
and washings from transthoracic fine needle aspiration biopsy performed in 10 patients with peripheral lung
tumours.

Results. Telomerase activity was detected in 75% of the lung cancer bronchobyopsies, and in 100% in
transthoracic needle washings.

Conclusions. Measurement of telomerase activity can contribute in fulfilling the diagnosis of lung masses

and nodules suspected for lung cancer.

Key words: lung neoplasms - diagnosis; telomerase; bronchoscopy

Introduction

Lung malignancies represent a repeated
problem in the respiratory clinics constantly
arousing attention due to the rapid evolution,
extremely bad prognosis and frightening
number of new patients every following year.
Lung cancer is the most frequent pathology
among all malignancies with more than
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1000 000/year, and the main cause of death in
29% in this pathology. The distribution shows
dominance in the developing countries with
61%, mainly due to the early presence of
smoking habits.l? The 5-year survival is the
lowest one, compared to the most frequent
cancers: (colon 63%, breast 83%, prostate can-
cer 93%).2? It remains alarmatic low: from 8%
in 1960 to 14% 2001. On the other hand there
is a dramatic difference in the 5-year survival,
related to the stadium of the disease. The lo-
calized form of the disease shows survival up
to 40% (IA=67% 1B=57%, I1A=55%, IIB=39%, II-
[A=23%), compared to the extensive form of
the disease -only 14%. The emergency need to
deal with this highly fatal disease pointed out
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that the main interest in this field has to be:
developing and using methods for early de-
tection of lung cancer such as sputum cytol-
ogy, native chest radiogram, spiral chest CT,
fluorescence bronchoscopy and molecular
markers for malignancy.>?

One of the most important factors in es-
tablishing the cellular integrity are the telom-
eres, specialized structures of the chromoso-
mal end in all eucariotic cells build of repeti-
tive short DNA sequences (TTAGGG) and as-
sociated combining proteins. They serve as
puffer zones against the chromosomal spend-
ing in the aging process and protectors in the
degradation and recombinant process during
the chromosomal junctions in the mitosis.
The shortening of the telomere is the signal
for stopping the cell division.** The enzyme
telomerase is a ribonucleic protein with func-
tion of resyntetising the telomeric DNA of the
chromosomal ends. It maintains the telomer-
ic length giving the cell the opportunity for
uncontrolled cellular division. Its quantity is
carefully regulated, but genetic mutation and
DNA damage can cause its activation or de-
activation. The main characteristics of the tu-
mour growth are avoidance of normal prolif-
erative control so the renewal of telomeric re-
peats by activating the enzyme telomerase
may be a path for the tumour cells to avoid
senescence and death. This enzyme is nor-
mally detected only in reproductive cells and
cells with self renewal capacity (bone mar-
row, lymphocytes, intestinal crypt cells, epi-
dermal basal cells), but it is undetectable in
normal somatic cell. The development of
highly sensitive PCR-based commercial kit
(TRAP) by Kim et al. in 1995 allows telom-
erase detection in various biosamples.”

The analysis of the telomerase activity in
lung tumours was evaluated predominantly
in surgical specimens (frozen samples of
proven tumour tissues), after the diagnosis of
lung cancer was already established.
Therefore this study was designed to evaluate
the role of telomerase in lung cancer diagnos-
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tics® in fresh specimens obtained by routine
lung cancer diagnostic sampling: bronchosco-
biopsy and transthoracic fine needle aspira-
tion biopsy.

Material and methods

The study involved 60 patients with central
lung tumour, and 20 pts with pneumonia as a
control group. All of the pts underwent bron-
choscopy and in cases of endoscopic lesion,
bronchobiopsy (I mm) was obtained for
TRAP analysis. The same was performed in
the control group taking Imm sample from
bronchial mucosa. Another 10 patients with
peripheral lung lesion were included, and
transtoracic fine needle aspiration biopsy
(FNAB) was performed. The mean smear was
sent to citopathology lab and the needle
washings were analysed for telomerase.
Analysis of telomerase was performed in total
of 80 samples of bronchial mucosa, 10 sam-
ples of FNAB.

Telomerase assay

Telomerase activity was qualitatively evaluat-
ed using the TRAP (Telomerase Repeat
Amplification Protocol) of Boehringer
Mannheim. Practically it is a four step
process: Telomerase, if present, adds multi-
ple 6-nucleotide telomeric repeats to a bi-
otinylated synthetic primer. Then the telom-
erase reaction product is amplified by PCR,
using a biotinylated primer. Denaturation fol-
lows and the PCR product hybridizes to a
digoxigenin-labeled probe specific for the
telomeric repeat. The last step is binding of
the DNA hybrid to a streptavidin-coated mi-
crotiter plate, and anti-digoxigenin-peroxi-
dase so TMB substrate generates a coloured
product measurable with a microplate read-
er.”11 Statistical analysis of the data included
method of clinical test evaluation (Bayesian
analysis).
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Results

Telomerase positively was detected in 45 out
of 60 (75%) of the positive lung cancer biop-
sies, compared with the controls of normal
mucosa 2/20 (10%). Statistical analysis for
telomerase in lung cancer biopsies showed
accuracy of 80% (Ac), sensitivity of 75% (Son),
specificity of 90% (Sp) positive predictive val-
ue of 95.7% (PPV) and negative predictive val-
ue of 40.4% (NPV).

Histology analysis showed predominance
of telomerase positivity in small cell lung can-
cer (SCLC), and the lowest activity in
metastatic deposits (Table 1). Telomerase ac-
tivity was analyzed in needle washings after
FNAB was performed in patients with pe-
ripheral lung tumour. Telomerase was detect-
ed in all 10 (100%) samples, compared to cy-
tology where malignancy was confirmed in 8
out of 10 (80%) samples.

Discussion

This study design was performed in order to
find out if the novel molecular marker of ma-
lignancy telomerase can be used in diagnosis
of lung cancer. This question revealed three
new points: how can we use telomerase, in
what way and what type of samples in lung
cancer diagnostics. The routine lung cancer
investigation usually starts with bron-

Table 1. Histology of lung cancer and telomerase activity

choscopy as a basic method for obtaining
samples for histopathology. On the other
hand up to 90% of the endobronhial lesions
are confirmed by histopathological analysis of
bronchobiopsy material, but sometimes we
have to repeat the procedure in order to ob-
tain sufficient sample for diagnosis. In our
study telomerase positivity was detected in
75% in lung cancer bronchobiopsies com-
pared to non-malignant tissue (10%).
Statistical analysis showed highly significant
value of ¢?=93.25 and p<0.0001 that proved
this method to be significant in separating ma-
lignant of non-malignant tissue. Several au-
thors such as Hiyama et al.1995'2, Yang et al.
19983, Lee et al.” 1998 Shay et al.1999'416 etc
reported very high telomerase activity in lung
cancer tissue 75-85%.!7 These results, includ-
ing those from our study impose the conclu-
sion that telomerase is one of the leading fac-
tors in development of lung cancer. Most of
the telomerase studies on lung cancer were
conducted on material obtained by surgical re-
section or lung cancer cell lines. Statistical
analysis pointed out that telomerase activity is
slightly higher in such material (increasing the
Sn, Sp, Ac), but the PPV is the same (Table 2).
This data suggests that in the clinical practice
in cases where modest endobronchial changes
lack histopathological conformation, and the
telomerase activity is detected, the diagnostic
procedure should be persistent and directed
in establishing the malignant disease.

Type (Total 60) Samples Telomerase/+/ Sn=TP/TP+FN
NSCLC 34 26 76.5% 76.5%
SCLS 15 12 80% 80%

MS deposites 11 7 63.6% 63.6%

Table 2. Telomerase activity in lung cancer: surgical sampling increases the Sn, Sp, and Ac of the method com-

pared with bronchobiopsy sampling

Sn Sp Ac PPV NPV
Hiyama et al./1998!2 80% 94% 96% 96% 89%
Sen et al./1999'8 87% 100% 88% 96% 84%
Kovkarova et al./2002 75% 90% 81% 96% 40%

Radiol Oncol 2003; 37(2): 109-13.
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In the analysis of peripheral lung lesions,
transthoracic fine needle aspiration biopsy is
a basic diagnostic method for tissue sam-
pling. Telomerase activity was determined in
needle washing after the preparation of mate-
rial for cytology analysis. Telomerase positiv-
ity was found in all of the samples (10/10),
compared to cytology were due to massive
necrosis malignancy was confirmed in 8 out
of 10 samples. Sen at al.'® and Naritoku et
al."! established telomerase sensitivity higher
then the cytology (Table 3). Naritoku stresses
the value of telomerase debating that this mo-
lecular marker finally determines the blurre
cytological report of rare atypical cells that of-
ten confuses the pulmonologist.!218

Second objective to the validation of the
telomerase activity was to establish any con-
nection with the histology type of the lung
cancer (Table 1). This analysis showed no link
to telomerase positivity in primary lung can-
cers, but the lowest rate of telomerase activi-
ty was detected in the metastatic type.

Some authors like Strovel'
Allbanell® the telomerase activity can be as-
sociated with the tumour proliferation rate,
response to therapy and final outcome.
Quantification of these markers according to
these authors can be used as valid prognostic
marker of lung cancer.

These results suggest that telomerase can
be used as a complementary tool in lung can-
cer diagnostics especially in cases where the
first line diagnosis is confuse and unprecise.
The studies that evaluate the telomerase ac-
tivity in more simple sampling such as spu-
tum or plasma can open a new field in early
lung cancer detection especially in high risk
population. On the other hand telomerase

and

Table 3. Telomerase activity in FNAB washings of
lung cancer: superior to cytology

TTAP

Sen et al./199918
Naritoku et al./199911
Kovkarova et al./2002

Telomerase/+/ Cytology
35/42 84% 68.4%
14/16 88% 68%
10/10 100% 80%

Radiol Oncol 2003; 37(2): 109-13.

can be used as a valid target for lung cancer
treatment. The pioneer attempts are already
in action, but one can not forget that the hu-
man body is very complex and therefore we
have to gain more experience and knowledge
in this field to achieve permanent success.
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Prostate IMRT fractionation strategies: two-phase treatment
versus simultaneous integrated boost

Pavel Stavrev and Dimitre Hristov

Medical Physics Unit, Montreal General Hospital & McGill University, 1650 Cedar Ave.,
Montreal, H3G 1A4, Canada

Background. The purpose of the study was to investigate the radiobiological effect of the number of frac-
tions, position uncertainties and clonogen spread (microscopic disease) on two different inverse treatment
planning alternatives: (a) 2-phase strategy; (b) simultaneous integrated boost (SIB).

Material and methods. The tumour control probability (TCP) and normal tissue complication probability
(NTCP) were calculated for the 2-phase strategy, which has well defined fractionation scheme and compared
to the TCP and NTCP for the SIB strategy calculated as a function of the number of fractions. For a 7-beam
IMRT prostate treatment, we have performed inverse treatment planning for the two different strategies fol-
lowing the above method.

Results. When the position uncertainties and clonogen spread were accounted for in the TCP calculation a
drop as large as 10% was found. A drop of 5-7% in the TCP was obtained for the SIB strategy, if delivered
in the same number of fractions as the 2-phased one.

Conclusions. The potential of inverse planning to design tight conformal dose distributions is fully revealed
in the SIB optimization process. The optimized SIB superior dose distributions require modification of the
delivered dose per fraction and therefore careful selection of the fractionation regime. Hence physically op-
timized SIB treatments may not always lead to better tumour control and tissue sparing.

Key words: prostatic neoplasms - radiotherapy; radiotherapy, conformal; radiotherapy dosage; dose frac-
tionation

Introduction

The availability of inverse planning and in-
tensity modulated radiotherapy (IMRT) tech-
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new treatment strategies with superior dose
distributions, namely tighter treatment mar-
gins and therefore better organ sparing.
Recently Mohan et al.,! and Wu et al.,?
have suggested a »simultaneous integrated
boost« (SIB) IMRT approach to head and neck
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cancer, leading to better conformity and su-
perior dose distributions in the organs at risk
compared to a standard way of radiation
treatment planning. The SIB strategy was
proposed as an alternative to the commonly
used two-phase radiation therapy. The idea it-
self, namely, - uniting the conventional 2-
phase treatment strategy in one, is not new, it
was considered by a number of authors be-
fore.>® The application of IMRT to it is the
important new development. In their study
this approach was applied to head and neck
cancer. In this paper we consider the SIB ap-
proach applied to the case of prostate cancer
taking the effect of position uncertainties and
possible clonogen spread into account.
Further development of the investigations of
Mohan et al.,! is conducted by more detailed
radiobiological analyses. While, the main
quantity under consideration in Wu et al.?
was the »normalized total dose« NTD (simi-
larly to Lebesque and Keus),® here we demon-
strate the application of tumour control prob-
ability (TCP) and normal tissues complication
probability (NTCP) models to evaluate the
SIB IMRT plans as a function of the number
of fractions. We demonstrate with this work
that the SIB IMRT physical optimization, al-
though leading to superior dose distributions
in physical terms - with respect to specified
dose and dose-volume criteria - may result in
lower tumour control or higher probability
for organ damage depending on the fraction-
ation strategy chosen.

Stavrev P et al. / Prostate IMRT fractionation strategies

Material and methods
Treatment strategies

A patient who had recently undergone radia-
tion treatment for the carcinoma of the
prostate in our centre was re-planned with in-
verse planning for the purpose of this study
(Figures 1a, b, c). The original treatment tech-
nique employed a four-field box arrangement
(Plan I) with 18 MV MLC-shaped conformal
beams to deliver a uniform dose of 44 Gy to
planning target volume I (PTV1) in 22 daily
fractions. In the second phase of the treat-
ment (Plan II), a three-field technique with
one anterior (gantry angle 0°) and two poste-
rior lateral fields (gantry angles 260° and
100°) was employed to deliver a boost of 26
Gy to planning target volume II (PTV2) in 13
daily fractions. PTV1 encompassed the gross
tumour volume (GTV) with a uniform 1.5 cm
margin to account for microscopic disease,
set-up uncertainties, and organ motion. PTV2
encompassed the GTV with a uniform 0.5 cm
margin to account for set-up uncertainties
and organ motion. In both phases the patient
was treated in supine position.

A 7-beam treatment technique (Figures 1b,
1c) was optimized with the Helios inverse
planning option of the CadPlan treatment
planning system (Varian Medical Systems,
Palo Alto, CA). For the two-phase strategy,
Plan I and Plan II were optimized separately
with the optimization parameters listed in
Table 1. In terms of target coverage and blad-
der/rectum sparing these parameters resulted
in dose distributions superior to the ones de-
livered by the original forward treatment

Table 1. Inverse treatment planning dose and priority prescriptions for the different treatment strategies

PTV1 PTV2 Bladder Rectum
D_..[Gyl D, [Gy] Priority D _, [Gy] D . IGy] Priority D__ [Gy] Priority D [Gy] Priority
Plan I 44 44 100 % 33.9 50 % 26.4 50 %
Plan I 26 26 100 % 20.0 50 % 15.6 50 %
SIB44 44 70 100 % 70 70 100 % 53.9 50 % 42.0 50 %
SIB55 55 70 100 % 70 70 100 % 53.9 50 % 42.0 50 %

Radiol Oncol 2003; 37(2): 115-26.
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technique. Note that, in relative terms, the
dose and the priority prescriptions for Plan I
and Plan I in Table 1 are identical.

For the single phase, simultaneous inte-
grated boost (SIB) strategy, both PTV1 and
PTV2 were included in the optimization
process and the prescription dose levels were
combined to reflect the goal of the treatment
in terms of total doses. Thus the SIB opti-
mization prescribes 70 Gy to PTV2 and given
the initial PTV1 objective of the 2-phase strat-
egy - a minimum of 44 Gy to PTV1 (Table 1).
However, after adding the two dose distribu-
tions optimized separately in the two-phase
strategy, the minimal dose to PTV1 was
found to be 55 Gy. Thus, two SIB plans with
different minimum dose prescriptions to
PTV1 were optimized (Table 1). Hereafter
these are referred to as SIB44 and SIB55.

Biological models

In order to estimate the biological effect of a
given dose distribution to the tumour or the
organs at risk, the biologically equivalent
dose was calculated. Based on it the TCP and
NTCP were calculated using the model func-
tions and the parameter estimates by.”-10

BED calculation

For each point (voxel) ijk from a certain struc-
ture the BED was calculated as:

ﬁdxk le
[1] BED =Duk(1+—/ ;oody = ——
a ny,

where o/f ratios of 10, 6 and 3.9 for the tu-
mour, bladder and rectum respectively,!!
were used. Following the recent suggestions
of Brenner et al.'>!3 initiating the discus-
sion!*17 about the possible low o/f ratio for
prostate, we have investigated the case of tu-
mour o/f of 2 Gy as well.

For the two-phased approach the BED is
the sum of:

vz P V2
I+ Bdy” ). P Dy P Dy
P = syt =
a m,

. dr 2
[2] seo, =D’TH(H/? i ]mﬁu.
a

I

where the index PTV1 refers to the dose dis-
tribution for the treatment of the larger vol-
ume accounting for the clonogen spreads,
PTV2 refers to the boost volume and m () and
kjare the number of fractions for both con-
secutive phases.

Because of the higher dose uniformity in
the tumour, Eq. [2] is identical to Eq. [1]:
nﬂ=mﬁ+kﬁ,’ Dyk-Df]’kT VI+DEIVZ. However, this
statement does not hold true when the nor-
mal tissue is considered due to the significant
dose heterogeneity throughout volumes of
normal tissues in the vicinity of the treated
targets. In this case each normal tissue voxel
has different dose per fraction, which
changes from phase-1 to phase-2.

It should be noted here that for the pur-
poses of the biological index estimation in the
2-phase strategy, the DVHs are rather useless
tool. This is why the TCP/NTCP estimation
was done on the bases of the BED distribu-
tions instead of BED DVHs. Some au-
thors!1® use NTD - the dose corresponding
to a standard df = 2 Gy dose per fraction
regime:

3] D =DW[(%—+dW)/(%—+dM)]

instead BED, for the NTCP calculations.
TCP and NTCP estimation

The TCP is calculated by the following for-
mula:

2V5() Di/‘k
[4] '_Eep{m2(_nj

TCP=0.5 R

The values of the parameters for prostate tu-
mours (T3 stage) are: g50=0.95, D50=46.3 , as
estimated in the work of Okunieff et al..’
There are several models for NTCP estima-
tion. Here, the Lyman phenomenological
model'® and the Critical Volume (CV) popula-
tion model'®29% are used. The Lyman phe-
nomenological model is given by:

[5] NTCP = @ Dej/_DS(! - P Defj_DSD
T by, mD s,
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where, the effective dose corresponding to a
given dose distribution is,

[6] Doy = (1\1,_2 M)n

This formula was first derived in an explic-
it form by Niemierko and Goitein?® and re-
flects a histogram reduction algorithm pro-
posed by Lyman and Wolbarst.” It was
shown by Niemierko and Goitein?® that this
reduction scheme is consistent with the
Critical Element model. It was also shown by
Niemierko and Goitein?®, that the Kutcher
and Burman reduction algorithm?®2° is close-
ly related to the Lyman and Wolbarst?” one.
Formula [5] was recently proposed by
Niemierko®® as a generalization of the equiv-
alent uniform dose notion.

In the above formulae D, denotes the
dose to the ijk-th voxel, N is the total number
of voxels in a structure. The values of the
NTCP parameters are n=.5;m=11;D,,=80 Gy
(bladder) and n=12;m=15D;,=80 Gy (rec-
tum).8 Recently, several authors have consid-
ered the dose delivered to the rectal wall on-
ly,1831-34 a5 a complication factor, introduc-
ing the usage of dose wall or dose surface
histograms (DWH and DSH). In those works
no parameter estimates are given and as far
as the Burman et al.3 parameter values were
calculated having in mind the dose to the
whole volume, rather than the wall volume,
here the NTCP are estimated based on the
whole rectal and bladder volumes.
Interestingly enough,'®3! report negligible
differences in the NTCPs estimated by
Lymans model and Burman et al.® parame-
ters based on the wall and whole rectal vol-
ume. Same results, for rectum, are obtained
by Ting et al.’? using the critical element
mode].2°

On the other hand we consider incorrect
the application of the parameters given by
Burman et al.® for estimations using the
DWHs because those parameters have been
obtained by fits to a »data set« that did not
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have such sophisticated tools to extract rec-
tum dose wall distributions.”

It should be emphasized that among the
parameters estimated by Burman et al.® there
are some sets, which are considerably unreli-
able, like those for rectum. If one examines
closely the dose-volume effects reported in
the »Emami data«®® it becomes obvious that
in this case there are only 2 points for rectum
and determining 3 parameter values from 2
data points is quite a long shot! Nevertheless
these parameter values are used by many au-
thors!18:31-33 and are found to produce rea-
sonable NTCP values.

For a comparison, we have also estimated
the NTCP for bladder using the critical vol-
ume (CV) population model'*?® given with
the following formulae:

[7] NTCP =@

S @, (7 DY D)) + In(=In g, ) J

O in(-tnu,)

1 Fs D,
[8] #u = 72 @ ( V2my Y In - )

FSU
DSU

The parameters for bladder, estimated
based on the »Emami data«,?® are taken from
Stavrev et al.!% and are p_ =0.26x0.11, O\er
0.07+0.03, DESU = 108 = 24 [Gy], 551 = 0.8
0.2. However, Stavrev et al.'? didn’t bring out
the parameter estimates for rectum due to the
lack of data for their determination. A claim
for CV model parameter estimation for rec-
tum is made in the work of Hartford et al.,3°
based on 41 patients. Unfortunately, the pa-
rameter values are not given in this work.

In the above-presented TCP and NTCP es-
timation models, the response of the tissues
to the variable fraction size is accounted for
by a substitution of the voxel doses Dy by the
biologically equivalent voxel doses BED;.

I+

Accounting for the position uncertainties and
clonogen spread

One of the reasons behind the two phase
strategy is that the slightly enlarged (in re-
spect to GTV) volume (PTV2) is to account for
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the position uncertainties, while the initial
target volume PTV1 is to account for both po-
sition uncertainties and possible clonogen
spread. The position uncertainties and the
way to account for them have been widely
discussed in the literature.”*! Following the
ideas described in the article of Stavrev et
al.3” one can define a reduced cell density - a
notion combining the initial cell density with
the position uncertainties. We presume the
initial cell density H (7)constant over the GTV
and the position uncertainties being de-
scribed by a 3D normal distribution G(7).
Here H is the Heviside step function being 1
in the GTV and 0 outside. Then the relative
reduced cell density is given as:

9] P (r) = [ G (r)H (r -06)d"$

—fp(?)e'“o(')dsﬁ »

[10] TCP = ¢ * = e X

The parameters &, N, could be calculated
directly from y,,, D;,.*> The possible clono-
gen spread may be modelled in a similar way.
One can presume that a clonogen could leave
its position and relocate at another one with a
given probability. If the probability is pre-
sumed normal, it could be shown that Eq. [9]
describes the process of migration as well.
Hence, both processes could be described as
convolutions of GTV with normal distribu-
tions with different standard deviations,
which is equivalent to one convolution but
the variance of the normal distribution is the
sum of the first ones.

The clinical practice guidelines in our in-
stitution determine the PTV2 as GTV with 5
mm margin and PTV1 as GTV with 15 mm
margin. Hence, having in mind the normality
(the 99 % of the possible values of the sto-
chastic variable lay in +-3SD interval) of the
position uncertainties and clonogen spread,
we deduce that the first process is described
with normal distribution with SD of ~1.6mm
and the second one SD=3.2mm. Figure 2

demonstrates the GTV (the solid body) and
the calculated reduced cell density, for the
case under consideration.

Results

Figure 1 demonstrates isodose distributions
for the 2-phased, SIB44 and SIB55 plans in
the axial plane containing the treatment
isocenter. Figure 3 illustrates the DVHs for
the GTV, PTV1, bladder and rectum, as ob-
tained for the 2-phased (solid line), SIB44

95%

80%

95 %

80%

50%

30%

Figure 1. Set-up for 7-beam prostate treatment tech-
nique and central slice isodoses for (a) two-phase
strategy, (b) - SIB 44, (c) - SIB 55. The PTV1 is denoted
as 7, PTV2 -2, GTV - 3, rectum - 5. The bladder is not
seen on this slice. The 95 % isodose line lies between
the PTV2 and PTV1 contours. The isodose distribu-
tions are normalized to 100 % at the treatment isocen-
ter.

Radiol Oncol 2003; 37(2): 115-26.
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Figure 2. Illustration of the reduced cell density, accounting for the clonogen spread and position uncertainties Eq.
[8]. The solid body represents the GTV surface on Figure (a), the reduced cell density »hallo« is shown for two per-
pendicular planes. On Figures (b), (c) and (d) cross-sections in three perpendicular planes (axial 2a, coronal 2b,
sagital 2c) with the GTV (the white object) and the reduced cell density are shown.

(doted line) and SIB55 (dashed line) strate-
gies. Both SIB strategies resulted in better
sparing of the critical organs while satisfying
the prescriptions with respect to the target
volumes.

2-phased strategy

For the 2-phased strategy we have calculated
the NTCPs for bladder and rectum using Eq.

Radiol Oncol 2003; 37(2): 115-26.

[2], [5], [6] and have obtained the following
values NTCP, 14, = 5.2% and NTCP .. =
45%. The last represent the Lyman model
NTCP estimates. An estimate of bladder
NTCP was also obtained based on the CV
model yielding the value of 8.25%. The TCP -
Eq. [4] - based on the GTV BED distribution
for the cases of a/ff =2 and 10 Gy respective-

ly is 93.1% and 84.2%. If the possible clono-
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Figure 3. DVHs for the three different treatments and different structures: (a) bladder, (b) rectum, (c) PTV1, (d)
GTV. The two-phase approach (solid line) prescribes 44 Gy to the first phase volume and additional 26 Gy to the
boost one. The actual delivered minimal dose to the first phase volume was 55 Gy. These prompted us to investi-
gate two SIB IMRT plans delivering minimal doses of 44 Gy (dotted line) and 55 Gy (dashed line) to the first phase

volume respectively.

gen spread and the position uncertainties are
taken into account using Eq. [9] and [10] one
gets TCPa/ﬁ: ,= 86% and TCPa/ﬁ: 10 = 74.4%.
The TCP and NTCP values for the 2-phased
strategy are shown as lines parallel to the x-
axes on Figures 4 a, b, c and d.

SIB strategy

The NTCPs for bladder and rectum, calculat-
ed again on the basis of Eq. [2], [5], [6], for
SIB44 and SIB55 correspondingly, as a func-
tion of number of fractions are presented on

Radiol Oncol 2003; 37(2): 115-26.
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Figure 4. Figures (a) and (b) show the influence of the fractionation on the bladder and rectum NTCPs for the SIB
treatment strategies. The horizontal line represents the NTCP for the two-phase treatment. Figures (c) and (d)
demonstrate the dependence of the TCP, accounted for clonogen spreads and marginal uncertainties, on the num-
ber of fractions for the two different SIB treatment plans. Again the horizontal line represents the TCP for the two-
phase treatment. The effect of a possible smaller a/f ratio (2 vs. 10 Gy) is demonstrated. Note the drop in the TCP
for SIB55 fraction treatment compared to the two-phased method. Considering the SIB55, reducing the number of
fractions to 25 (a/f =10 Gy) or 30 (0/f =2 Gy) in order to achieve the two-phase-equivalent-TCP will or will not re-
duce the bladder and rectum NTCPs below their values for the two-phase treatment (Figures 4a and 4b).

Figures 4a and 4b. Similarly the TCP, ac-
counting for the clonogen spread and posi-
tion uncertainties, as a function of number of
fractions, for SIB44 is shown on Figure 4c and
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for SIB55 on Figure 4d. The both different
curves on those plots correspond to the two
different o/f ratios.

In the case when the position uncertainties
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and clonogen spread are disregarded the TCP
change with the number of fractions become
negligibly small ~ 1.5% / 10 fractions.

Discussion and conclusions

First it should be said, that the TCP and
NTCP values and relationships calculated
here must be regarded more as relative num-
bers illuminating the interrelation of the
dose-volume effects and fractionation on one
hand and the biological outcomes on the oth-
er.

It is clear from the DVHs shown on
Figures 3a and 3b that the SIB strategy results
in smaller doses delivered to the organs at
risk. The dose delivered to GTV is equally
uniform for the 2-phase and SIB strategy.
Hence, from a point of view concerning the
physical dose delivery the SIB strategy results
in superior dose distributions. On the other
hand while the 2-phase strategy is strictly tied
to a given fractionation scheme, these is not
true for the SIB one. Because of the difference
in the dose distributions in PTV1 the impact
on the possible clonogen spread and position
uncertainty would be different. As it is seen
from Figures 4c and 4d there is considerable
drop (up to 7%) in the TCP when the SIB strat-
egy is applied in the same number of frac-
tions as the 2-phased one - 35 in our case. The
comparison between Figures 4c and 4d illus-
trates, as expected, that this difference is
smaller for SIB55 compared to SIB44, and al-
so for the a/p =2 Gy over o/p =10 Gy. Figures
4c and 4d also demonstrate the magnitude of
the o/ ratio impact over the TCP. The differ-
ence between the TCPs calculated for 2 Gy
and 10 Gy o/f ratios is about 15% for SIB44
and 11% for SIB55, almost independent of the
number of fractions. The same goes for the 2-
phased strategy. Thus the effect of the differ-
ent o/ ratios is very significant and although
more detailed studies may end up with dif-
ferent, than the one used here, model param-

eters, this would only shift up or down the
TCP values but the impact on the TCP differ-
ence will be negligible. Hence, this result
(Figures 4c and 4d) may be used as a hint of
support for Brener’s statement!>'3 in the light
of the findings of Logue et al.’® for relatively
high local control.

Let us presume all the model parameters
correctly estimated and consider the implica-
tion of the results shown on Figure 3. For the
case o/ff = 10 Gy and minimum of 44 Gy to
PTV1, Figure 4c shows that if the SIB IMRT
dose is delivered in 15 fractions it will result
in the same TCP as the conventional 2-phase
strategy. For the normal tissue, we get 24 and
21 fractions for bladder and rectum respec-
tively. Hence in this case, regardless of the
fractionation regime, either the TCP would be
lower than the 2-phased strategy TCP, or the
NTCP would be higher than the 2-phased
strategy NTCP. This is quite natural, because
the minimum dose to PTV1 in the conven-
tional therapy was 55 Gy, not 44 Gy. When
the optimization is done with the require-
ment - 55 Gy to PTV1, then one gets 24, 30
and 27 fractions for the tumour, bladder and
rectum, respectively in order to achieve the
same effect, as in the 2-phase strategy. In the
case 0/f = 2 Gy the situation is much better!
The SIB44 plan leads to equivalent TCP at 21
fractions, and SIB55 at 29 fractions. In both
cases, a 23 (or 29 for SIB55) fraction regime
would lead to almost similar TCP for the tu-
mour and NTCP for the bladder, while the
NTCP for rectum will diminish.

Now we should return to the question
which most probably the reader has already
asked himself - Why the value of NTCP for the
rectum is so high? The answer to this question
is simple - the parameter values of the
Lymans model®®® were calculated based on
the nominal dose and in this case the usage of
BED is improper. The use of Eq. [3] is equally
incorrect. The NTCP values for bladder and
rectum calculated using the nominal dose are
.02% and 4 % correspondingly - these num-
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bers are quite acceptable as expected NTCPs.
If calculated on the bases of Eq. [3] the NTCP
values are almost negligible. On the other
hand the fractionation effect could be ac-
counted for only if BED (or Eq. [3]) is used
with Lyman’s model. For the CV model the
use of BED is equivalent of directly applying
the LQ model of cell damage, when assessing
the Ppq,% a feature intrinsic to this model.

Figure 4a - NTCP for bladder as a function
of number of fractions - illustrates eloquently
the difference between the Lyman and the
CV model. The parameters for both models
were estimated from the »Emami data«, but
for the small probabilities (high number of
fractions) NTCP(, is slightly higher than
NTCF’Lyman and vice-versa for higher proba-
bilities (smaller number of fractions).

The potential of inverse planning to design
tight conformal distributions is fully revealed
when all relevant organs and targets along
with the corresponding dosimetric con-
straints (in terms of total doses) are consid-
ered in a single optimization process.
However, the delivery of such plans may gen-
erally require modifications of existing frac-
tionation regimes in order to assure similar
outcomes.

For the case of SIB prostate IMRT, ac-
counting for position uncertainties and possi-
ble clonogen spreads, we have estimated the
radiobiological effect of various fractionation
schemes using existing TCP/NTCP models.
Although, some of the model parameters are
not quite reliable, the models illuminate the
major TCP/NTCP interrelations as a function
of the number of fractions. It has been
demonstrated that the optimized SIB superior
dose distributions may not always lead to bet-
ter tumour control and tissue sparing and
therefore careful selection of the fractiona-
tion regime is required.

Radiol Oncol 2003; 37(2): 115-26.
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Radioactive sources in brachytherapy

Janez Burger

Institute of Oncology, Department of Radiophysics, Brachytherapy Unit, Ljubljana, Slovenia

Background. In modern brachytherapy, a great step forward was made in the 1960s in France with the in-
troduction of new radioactive isotopes and new techniques. These innovations spread rapidly across Europe,
though no single dosimetry standard had been set by then. In the new millennium, the advances in
brachytherapy are further stimulated by the introduction of 3-D imaging techniques and the latest after-
loading irradiation equipment that use point sources. The international organization ICRU (International
Commission on Radiation Units) worked out brachytherapy techniques and standardized them in 1985 and
in 1997. Due to rapid development of new techniques, the revision is required in order to set new interna-
tional standards in dosimetry and brachytherapy techniques that will fit to the changed conditions in ra-
diotherapy.

Conclusions. This is an outline of radioactive sources that are currently used in brachytherapy, such as Cs-

137, Ir-192, Sr-90, Ra-226, Rn-222, Co-60, I-131, I-125, Pd-103, Tu-106 and Cf-252.

Key words: brachytherapy; radioisotopes; radiation protection

Introduction

In brachytherapy, the radiation dose is ap-
plied to tumor by sealed sources. The sources
are implanted to the tumor tissue itself or in
its close vicinity. The institution in which the
therapy is being performed should follow the
rules of safe and accurate implantation of the
source; this implies that the therapy should
be carried out in compliance with interna-
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tional regulations on ionizing radiation,
thereby also assuring the accuracy of pre-
scribed doses. In all irradiation techniques,
the principles of ALARA (As Low As
Reasonably Achievable) should be observed, in-
dicating that the minimum exposure of the
personnel, which may be achieved by the in-
stitution at moderate costs, is allowed. In
brachytherapy, the patient can be irradiated
nonintermittently for several days if the ther-
apy is applied at low dose rate (LDR). Hence,
special concern should be focused on the ra-
diotherapists and nursing staff who care for
the irradiated patients. The measurements
showed that the doses to which the personnel
working in a brachytherapy unit is exposed
are higher than those that are considered as
average rates at other oncology departments.
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Techniques and materials

Radioactive sources Cs-137 and Ra-226, used
in brachytherapy, are coated with stainless
steel, whereas the iridium wire Ir-192 is coat-
ed with platinum alloy that covers the ra-
dioactive core. If a crack happens in this
shielding coat, there is a great risk of exten-
sive contamination; radioactive material may
enter the respiratory and alimentary canals of
anyone involved in the treatment process.
Therefore, special caution and attention are
required from the personnel in charge of reg-
ular control of mechanical and radiation
properties of the sources. Safety tests need to
be performed especially on the gamma-radia-
tion source as beta-rays are largely absorbed
in by the coat of the source while alpha-rays
are not applied in brachytherapy. Eye irradia-
tion applicators have beta-source Sr-90 and
are applied in the irradiation of superficial tu-
mors of the eye. In this case, a few millime-
ters of a substance with low atomic number
would serve as a protective shield against ir-
radiation. Alpha-particles, emitted by Ra-226
and Rn-222, are absorbed by the coat of such
source. Radioactive gas Rn-222 is being accu-
mulated in the source as waste product;
therefore, regular tests of Ra-226 sources
should be urgently performed. If the coat of
the source is damaged, the leakage of ra-
dioactive gas can occur. The Ra-226 source is
practically not in use any more and is re-
placed by Cs-137 and Ir-192. These sources
are implanted into the patients automatically
by remote control, thereby allowing the ap-
plication of high dose rate techniques at
higher activity. The high dose rate (HDR)
techniques are those that are performed at
dose rates over 12 Gy/h, whereas the low
dose rate (LDR) techniques are performed at
dose rates below 2 Gy/h. As the high specific
activity of the source is required, only Co-60
and Ir-192 can be applied as sources in HDR.
The required activity is as high as 370 GBq,
which speaks in favor of remote afterloading

Radiol Oncol 2003; 37(2): 127-31.

of the sources that should be performed in a
specifically protected room. In the recent
decades, sequential irradiation with Ir-192 as
point source, with the activity of 37 GBq, has
been widely investigated. This technique is
known as pulsed dose rate technique (PDR)
and is actually a type of hyperfractionation in
brachytherapy. Irradiation restarts every hour
for 10 minutes throughout 24 hours. The af-
terloading equipment allows the interruption
of irradiation when necessary, e.g. if patients
need nursing care or if they are having a visi-
tor. Statistic analyses have confirmed that the
nursing staff at the department where the af-
terloading irradiation equipment is installed
is receiving markedly lower doses. The oper-
ating instructions of the irradiation equip-
ment should be accessible to the users and
the equipment should be regularly tested for
safety reasons.

Irradiation with radioactive sources

The brachytherapy irradiation dose is defined
as the ratio between activity of the source, ir-
radiation time, and distance from the source.
The total air KERMA is computed from
the equation

K *t

a rz

dose

in which t denotes the irradiation time and r
the distance between the source and irradia-
tion point. Kr is the reference air KERMA
rate, measured in uGy/h at the distance of 1
m. Activity of the source is measured in MBq.
The effect of the source coating on the dosage
around the source is taken into account by
the correction factor. Photons get absorbed
also into the tissue of the irradiated patient,
which is expressed by the transmission fac-
tor, depending on the duration of transit pas-
sage of the photons through the tissue, on the
electron density of the tissue, and on the en-
ergy of gamma rays. Figure 1 shows a graphi-
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Figure 1. Transmission factors for concrete:
- y axis: transmission factor
- x axis: concrete (in cm)

cal presentation of the transmission factor of
concrete.* Transmission factor is the percent-
age of photons (axis of ordinate y) that reach
at a particular depth of a substance (axis of
abscissa x). An important data required for
radiation protection is half value layer (HVL).
This is the depth at which gamma ray looses
one half of its initial intensity. A similar defi-
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nition was adopted for tenth value layer
(TVL). This is the depth of the absorption
substance at which y-ray looses one tenth of
its initial intensity. Table 1 is a collection of
all key data 1 that are relevant for the radia-
tion protection against the isotopes most fre-
quently used in brachytherapy. The worker
who is in charge of the preparation of the

Table 1. Data relevant for radiation protection in brachytherapy

Nuclide Mean energy Half life First HVL TVL TVL
(in MeV) of in Pb in Pb in concrete
emitted photons (in mm) (in mm) (in cm)

198 Au 0.42 2.7 day 2.5 9 18

0Co 1.25 5.3 years 13 45 27

137Cs 0.66 30 years 6.5 21 22

1251 0.029 60 days 0.025 - -

103pq 0.021 17 days - - -

1921y 0.35 74 days 2.5 11 19

226Ra 0.78 1620 years 12 45 25

Radiol Oncol 2003;

37(2): 127-31.
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sources to be implanted into the patient must
strictly follow the following basic rules that
are imperative:
* to minimize as much as possible the time
spent in the area of radiation exposure;
* to maximize the distances from the sources;
* to minimize the activity of the sources
Even though the staff is capable of han-
dling the sources safely, the risk of contami-
nation at the department storing up and ap-
plying radioactive material is not excluded. If
it does happen, it spreads over the objects
and the staff. The most exposed parts of the
body are the skin, respiratory and alimentary
tracks. The contamination of other organs de-
pends on the chemical properties of the
source, e.g. Sr-90 affects the bones. The de-
contamination should be carried out strictly
according to the prescribed regulations. After
each application of radioactive sources, the ir-
radiation levels should be necessarily tested
by radiation detectors and remove eventual
residual radioactive substance in compliance
with the standards. Throughout the year, reg-
ular testing of the sources should be carried
out following manufacturer’s instructions.
Handling with radioactive sources should on-
ly be entrusted to specifically trained person-
nel, who have obtained the required knowl-
edge and skills of radiation protection and
who regularly attend refreshment courses on
radiation protection as prescribed by law.

Handling with radioactive sources

Radioactive sources are kept in safety box,
made from radio-protective material. At the
distance from the box of 10 cm, the exposure
should not exceed 1 uSv/h. The safety box
and the shelter where it is kept under lock
should be tagged with noticeable radiation
warning label. A record book, keeping
records of implanted and returned radioac-
tive sources, should necessarily be kept be-
side the safety box. The shelter in which the

Radiol Oncol 2003; 37(2): 127-31.

safety box is stored should be equipped with
ventilation system that provides good airing
to the room as gas products may be generat-
ed due to radioactive decay of the sources.
Regular checking and cleaning of the sources
should be performed in an area shielded by a
lead wall and using a system of mirrors in or-
der to avoid direct strike of photons on the
eye lenses. The sources should be transported
by special carriage under radiation protection
from the shelter to the patient. The eventual
leakage on the surface of the transport trolley
should not exceed the value of 2 mSv/h. If the
implantation of the source is not carried out
manually, but mechanically with the after-
loader, the radiation protection is much safer.
The source can be automatically removed out
of the patient whenever nursing personnel is
entering the room. The communication be-
tween the patient and nursing staff should be
provided through audiovisual media in order
to allow the patient to ask for help or for serv-
ice, whenever necessary. No visitors are al-
lowed during irradiation and the cleaning-up
of the patient’s room is reduced to a mini-
mum. After the therapy is completed, the
whole room, including bedclothes, should be
examined for eventual contamination with ra-
dioactive substance. The risk of contamina-
tion is particularly high if irradiation is per-
formed with unsealed radiation sources, such
as 1-131 that is administered in pills. The
sources permanently implanted into the
prostate, such as the seed sources I-125 and
Pd-103 5, do not require special protection be-
cause these are the sources with low energy,
viz. 29 keV and 21 keV, for I-125 and Pd-103,
respectively. Upon discharge from the hospi-
tal, the patients with implanted sources re-
ceive the necessary instructions on radiation
protection and are also warned that the first
few days after the implantation there is a risk
of losing the implanted source with the secre-
tion of the urine. If this occurs with the im-
planted I-125 with the half-life period of 60
days, special protection instruction should be
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followed. If the patient dies the first year af-
ter the implantation, cremation of the body is
not allowed. The isotope Sr-90 applied in the
irradiation of eye malignancies is currently by
and large replaced by beta-radiant, e.g. Ru-
106. The highest beta-energy that strontium
(Sr-90) emits is 2.3 MeV, which means that it
can penetrate 12 mm deep into the water. The
beta-energy generated by ruthenium (Ru-106)
amounts to 3.54 MeV; this implies that appli-
cation of Ru-106 requires more severe safety
measures. The safety containers are therefore
made of substances with low atomic number
in order to avoid braking radiation. Alpha-ra-
diants are not used in brachytherapy. If the
source emits them, as it is the case with Ra-
226 and Rn-222, their particles are complete-
ly absorbed in the wall of the safety coating.
Radium is a highly radioactive element with
an immensely long half-life period of 1620
years. The contamination with this isotope
poses a serious problem because decontami-
nation is very costly and demanding as all the
surfaces that were contaminated need to be
completely and permanently
Californium (Cf-252) is one of the few neu-
tron radiation sources whose application in
brachytherapy is still restricted as long we are
not able to yield a higher radiobiological ef-
fect in poorly oxygenated tumor tissues. In ra-
diation protection, particular concern should
be paid to neutrons as their biological effi-
ciency, at the same dose as in photons, is ten
times that of photons. Therefore, the contain-
ers where Cf-252 is kept should be extremely
carefully protected. Primary shielding should
be made of a substance with high atomic
number, e.g. lead (Pb), which is additionally
layered with a substance with low atomic
number, e.g. polystyrene.

removed.
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Natancna radioloska preiskava ozkega crevesa -
izkusnje na Klini¢cnem radioloskem institutu v Ljubljani

Kropivnik M, Jamar B

Izhodisca. Ozko crevo je del prebavnega trakta, ki ga je najteze pregledati. Najveckrat uporablje-
na radioloska preiskava je jejunoileografija, ki pa je pogosto narejena brez fluoroskopije in pri-
tiska na vse segmente ozkega crevesa. Rezultat preiskave je odvisen le od sprememb, prikazanih
na rentgenogramih. Namen na$e Studije je prikazati natancnejso radiolosko preiskavo ozkega
crevesa.

Bolniki in metode. Od aprila do septembra 2002 smo na naSem oddelku opravili 35 radioloskih
preiskav ozkega crevesa pri bolnikih, ki so jih napotili iz specialisticne gastroenteroloske ambu-
lante. Rezultate naSe preiskave smo primerjali s klinicnim potekom, endoskopskim izvidom in
izvidom operativnega posega.

Rezultati. V 33 primerih so bili rezultati nase preiskave potrjeni z drugimi preiskavami. V
2. primerih je bil rezultat nase preiskave lazno negativen. Senzitivnost preiskave je bila pri nasi
skupini pacientov 89,5% in specificnost 100 %.

Zakljucki. Natanc¢no opravljena radioloSka preiskava ozkega crevesa s fluoroskopijo in pritiskom
na vse segmente ozkega Crevesa je zanesljiva diagnosticna metoda.

Radiol Oncol 2003; 37(2): 73-8.

Dolocanje zgodnjega postoperativnega nivoja karcinoembrionalnega
antigena v serumu pri bolnikih, ki so bili operirani zaradi raka
sirokega crevesa in danke - nova metoda sledenja bolnikov

Veingerl B

Izhodisca. Pri bolnikih z rakom debelega crevesa in danke le kirursko zdravljenje omogoca njiho-
vo ugodnej$o prognozo. Potrebno je narediti radikalno resekcijo zajetega debelega crevesa ali
danke ter odstraniti pripadajoce limfne bezgavke in morebitne metastatske spremembe. Kljub
radikalnemu kirurskemu posegu, ki bi naj bil domnevno ozdravilen, pa taksno zdravljenje ne zago-
tavlja popolne ozdravitve. Pogosta je ponovitev bolezni in kakor kazejo razlicne analize, je 5-letno
prezivetje manjSe kot 50%. Tako je pri veliko bolnikih potrebno dodatno zdravljenje. Pri tem nam
pomagajo razlicni napovedni dejavniki, med njimi tudi nivo karcinoembrionalnega antigena (CEA)
v serumu, ki ga dolo¢imo takoj po operaciji.

Zakljucki. Vse bolnike, pri katerih je bila narejena radikalna RO resekcija, lahko glede na vrsto re-
sekcije in na njihov pooperativni nivo serumskega CEA (ob upostevanju razpolovne zivljenjske
dobe CEA) razdelimo v 3 skupine: -,R0, z,R1in - ,R2. Ob upostevanju stadija bolezni smo med
temi skupinami ugotovili statisticno znacilno razliko v prezivetju in pogostnosti ponovitve bolezni.
Razlika je bila najbolj ocitna pri bolnikih, pri katerih je bil kirurski poseg domnevno ozdravilen.

Radiol Oncol 2003; 37(2): 132-6.
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Prognosticna vrednost lokalne ponovitve bolezni pri raku dojke
po ohranitveni kirurgiji in mastektomiji

Soumarova R, Horova H, Seneklova Z, Horova I, Budikova M

Izhodiséa. V retrospektivni Studiji smo analizirali lokalne ponovitve bolezni pri bolnicah z
rakom dojke. Bolnice so bile zdravljenje z ohranitveno kirurgijo (CS), ki ji je sledila adjuvantna
radioterapija (RT) ali pa so bile zdravljenje z mastektomijo (ME) in nekatere od njih tudi z RT.
Ugotavljali smo vpliv lokalne ponovitve bolezni na prezivetje.

Bolniki in metode. Med leti 1980-1995 smo v nasi ustanovi zdravili 306 bolnic z ohranitveno
kirurgijo in 1193 bolnic z mastektomijo. Izkljucili smo bolnice, pri katerih nismo uspeli slediti
poteka bolezni. Tako smo analizirali 236 bolnic po CS (skupina A) in 1121 bolnic po ME (skupina
B). Vsem bolnicam s CS smo obsevali operirano dojko, nekaterim pa tudi regionalne limfne bez-
gavke. Pri bolnicah z ME pa smo le pri 982 (87,6%) obsevali dojko in nekaterim od njih tudi re-
gionalne bezgavke. Srednja starost v casu diagnoze je bila 48,3 let v skupini A in 52,1 let v
skupini B. V skupini A je imelo 149 bolnic (63,1%) tumor T1, 86 (36,4%) T2 in 1 (0,5%) T3. Pri
24,2% bolnic se je rak razsiril v pazdusne bezgavke. V skupini B je imelo 316 (30,4%) bolnic tu-
mor T1, 607 (58,3%) T2, 76 (7,3%) T3, 33 (3,2%) T4 in 9 (0,9%) TX. Pri 46,2% bolnic se je rak razsir-
il v pazdusne bezgavke. Invazivni duktalni karcinom je bil histolosko potrjen pri 67,4% bolnic v
skupini A in 84% v skupini B. Sistemsko smo zdravili 133 (56,4%) bolnic iz skupini A in 857
(76,4%) bolnic iz skupine B.

Rezultati. Srednji cas sledenja bolnic je bil 100,5 mesecev pri skupini A in 121 mesecev pri
skupini B. V skupini A smo ugotovili 22 (9,3%) lokalnih ponovitev bolezni, 5-letna lokalna kon-
trola bolezni je bila 96,2% in srednji ¢as do ponovitve bolezni je bil 50 mesecev. V skupini B smo
ugotovili 65 (5,8%) lokalnih ponovitev bolezni, 5-letna lokalna kontrola bolezni je bila 96,6%, pri
bolnicah s T1 in T2 pa je bila 97,2%. Bolnice, ki smo jih tudi obsevali, so imele srednji cas do
ponovitve bolezni 48,5 mesecev, bolnice brez obsevanja pa 51 mesecev. 13 bolnic (8,7%) z ME,
ki niso bile obsevane je imelo lokalno ponovitev bolezni. Vpliv lokalne ponovitve bolezni na
prezivetje je bil v skupini B statisticno znacilen (p = 0,002), v skupini A pa ne (p = 0,062).
Celokupno prezivetje bolnic z lokalno ponovitvijo bolezni je bilo tako nizje. Ugotovili smo lin-
earno odvisnost med casom do lokalne ponovitve bolezni in celokupnim prezivetjem.
Zakljucki. Vpliv lokalne ponovitve bolezni na celokupno prezivetje bolnic je bilo statisticno
znacilno. Verjetnost lokalne ponovitve bolezni in ¢as do ponovitve je bil pri bolnicah s CS in ME
enak. Celokupno prezivetje se veca ob daljSem casu brez lokalne ponovitve bolezni.

Radiol Oncol 2003; 37(2): 132-6.
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Katepsin L pri meningiomu

Trinkaus M, Vrani¢ A, Dolenc VV,Lah T T

Izhodis¢a. Ceprav so meningiomi benigni tumoriji, jih okoli 10% sodi v skupino atipi¢nih menin-
giomov, klasificiranih kot WHO stopnja II, ki imajo vecjo verjetnost recidiva in/ali bolj agre-
sivno obna3anje, vkljucno z vecjo verjetnostjo metastaziranja v mozganovino. Lizosomalna cis-
teinska endopeptidaza katepsin L igra doloc¢eno vlogo v invaziji tumorskih celic in v malignem
napredovanju raka in je prognosticen faktor za izid.

Rezultati. V tem delu smo primerjali izrazanje katepsina L v 30 meningiomih z njihovo klini¢no
invazivnostjo. Za dolocevanje katepsina L smo uporabljali imunohistokemijsko reakcijo, kvan-
titativno RT-PCR analizo in hibridizacijo Northern. Ugotovili smo, da obstajajo znacilne razlike
v vsebnosti proteina katepsina L (p=0.019) med 9 atipicnimi in 21 benignimi meningiomi.
Vsebnosti katepsina L v prehodnem tipu so bile niZje kot v ostalih vrstah benignih menin-
giomov. Merili smo tudi vsebnosti RNA cepitvenih razlicic katepsina L A vrst: LA, LAl in LAII,
ne pa tudi LAIII in ne LB razlicice, ki je v meningiomih nekajkrat nizja kot so L A,AI, All ra-
zlicice. V nasprotju s proteinsko koncentracijo, se skupne vsebnosti merjenih RNA razlicic
katepsina L A, Al, All med benignimi in atipi¢nimi meningiomi niso razlikovale. Ko smo primer-
jali skupne vsebnosti RNA katepsina L A razli¢ic med vzorci, vzetimi iz sredice in tistimi z roba
tumorja, se te tudi niso statisticno znacilno razlikovale.

Zakljucki. Ti rezultati nakazujejo, da utegne poviSana proteinska vsebnost katepsina L prispe-
vati k razvoju agresivnosti in morebitne invazivnosti atipiénih meningiomov in da se njegovo
izrazanje verjetno povisa na nivoju prevoda RNA v protein.

Radiol Oncol 2003; 37(2): 132-6.
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Ucinek elektroporacije s cisplatinom na radiosenzibilizacijo
dveh celi¢nih linij z razlicno obcutljivostjo za kemoterapevtike
in obsevanje

Kranjc S, Cemazar M, Grosel A, Pipan Z in Sersa G

Izhodisca. Z elektroporacijo celic in tumorjev lahko pove¢amo njihovo ob¢cutljivost za cisplatin.
Namen raziskave je bil razsiriti naSo predhodno raziskavo na dva tumorska modela karcinoma
z razlicno obcutljivostjo za kemoterapijo in obsevanje, ter ugotoviti, ali je takSno zdravljenje
ucinkovito tudi pri celicah, ki so manj obcutljive za kemoterapijo in obsevanje.

Materiali in metode. V in vitro raziskavi smo uporabili celi¢ni liniji karcinoma SCK in EAT-E.
Citotoksic¢no delovanje kombiniranega zdravljenja s cisplatinom, elektroporacijo in obsevanjem
smo dolocili s testom klonogenosti.

Rezultati. Z elektroporacijo se je radiosenzibilizirajoci uc¢inek cisplatina na testiranih celi¢nih
linijah zelo povecal. Manj kemo- in radio-obcutljive celice EAT-E so po kombiniranem zdravl-
jenju postale enako obcutljive kot celice SCK, ki so bolj obcutljive za kemoterapijo in obsevan-
je.

Zakljucki. Povecano obcutljivost celic za cisplatin po elektroporaciji lahko koristno uporabimo
tudi za zdravljenje manj obcutljivih celic za kemoterapijo in obsevanje.

Radiol Oncol 2003; 37(2): 109-13.

Telomerasa pri ugotavljanju pljuénega raka

Kovkarova E, Stefanovski T, Dimov A, Naumovski J

Izhodisca. Telomeraza je ribonukleoprotein, ki je prekomerno izrazen v tumorskem tkivu, ne pa
v zdravih somatskih celicah. Tako je bil namen te Studije dolo¢iti telomerazno aktivnost pri bol-
nikih z rakom pljuc, saj lahko telomeraza predstavlja nov oznacevalec pri ugotavljanju pljucne-
ga raka. Zeleli smo tudi ugotoviti, ali je telomerazna aktivnost razli¢na pri razli¢nih nacinih
odvzema materiala za raziskavo.

Material in metode. Material smo odvzeli z bronhoskopijo pri 60 bolnikih s pljucnim rakom in
pri 20, ki so bili v kontrolni skupini, pri 10 bolnikih, ki so imeli periferni pljuc¢ni tumor pa smo
naredili transtorakalno aspiracijsko biobsijo s tanko iglo. Uporabljali smo telomerni ampli-
fikacijski test (TRAP).

Rezultati. Telomerazno aktivnost smo ugotovili pri 75% bolnikov s pljucnim rakom, kjer smo
naredili bronhialno biosijo in pri 100% bolnikih, kjer smo opravili transtorakalno punkcijo.
Zakljucki. Merjenje telomerazne aktivnosti lahko prispeva k natancnosti diagnosticiranja tu-
morskih sprememb, ki so sumljive za pljucni rak.

Radiol Oncol 2003; 37(2): 132-6.
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Radiobioloska primerjava dveh optimiziranih nac¢inov
obsevanja (IMRT) prostate: obsevanja v dveh delih
in socasnega visokodoznega obsevanja na manjse polje

Stavrev P, Hristov D

Izhodiscéa. Namen raziskave je bil prouciti radiobioloski ucinek Stevila frakcij obsevanja,
natacnost namestitve bolnika med obsevanjem in klonogenost raka prostate glede na dva ra-
zlicna optimizirana nacina obsevanja: obsevanja v dveh delih in socasnega visokodoznega obse-
vanja na manjSe polje (simultaneous integrated boost -SIB).

Material in metode. Verjetnost kontrole tumorja (TCP) in verjetnost poskodbe normalnega tki-
va (NTCP) smo izracunali za obsevanje v dveh delih z natacno dolocenim frakcioniranjem obse-
vanja in ju primerjali s TCP in NTCP pri obsevanju s SIB nac¢inom, pri cemer smo upostevali
odvisnost od Stevila frakcij. Za oba nacina obsevanja smo uporabili metodo inverznega plani-
ranja in obsevali prostate s 7 polji (IMRT).

Rezultati. Ob upoStevanju natancnosti namestitve bolnika med obsevanjem in klonogenosti ra-
ka prostate smo izracunali, da se je TCP znizal za 10%. Ce smo pri obsevanju s SIB nac¢inom
uporabili enako Stevilo frakcij kot pri obsevanju v dveh delih, se je TCP zmanjsal za 5-7%.
Zakljucki. Pri obsevanju s SIB nacinom je razvidna prednost inverznega planiranja obsevanja za
dosego konformne dozne porazdelitve. Metoda pa zahteva spremembo doze na frakcijo in tako
tudi ustrezno prilagoditev frakcioniranja obsevanja. S fizikalnim optimiziranjem doze torej ne
dosezemo vedno boljSe kontrole tumorja pa tudi ne boljse ohranjanje zdravega tkiva.

Radiol Oncol 2003; 37(2): 127-31.

Uporaba radioaktivnih izvirov v brahiterapiji

Burger ]

Izhodis¢a. V moderni brahiterapiji je bil napravljen velik korak naprej v Sestdesetih letih v
Franciji z vstopom umetnih radioizotopov in novih radioterapevtskih tehnik. Nove metode so se
hitro razsirile po Evropi, cetudi uporaba doze 3e ni bila standardizirana. V novem tisocletju
brahiterapija dozivlja nov zagon z vstopom trodimenzionalnega (3D) nacrtovanja obsevanja in
novih obsevalnih aparatur, ki uporabljajo tockaste obsevalne vire. Mednarodna organizacija
ICRU je zaokrozila in standardizirala brahiterapevtske postopke leta 1985 in 1997. Zaradi hitre-
ga razvoja novih tehnik pa bo kalu spet potrebno priporocilo, ki bo mednarodno predpisalo
nacin predpisovanja doze in brahiterapijskih postopkov v novih razmerah.

Zakljucki. V clanku je podan pregled radioaktivnih izvirov, ki se danes uporabljajo pri obse-
vanju v brahiterapiji. Opisana je uporaba Cs-137, Ir-192, Ra-226, Sr-90, Ra-226 in Rn-222, Co-60,
1-131, I-125, Pd-103, Ru-106 in Cf-252.

Radiol Oncol 2003; 37(2): 132-6.
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Notices submitted for publication should contain a mailing address, phone and/or fax number
and/or e-mail of a Contact person or department.

Radiology

July 17-20, 2003

The seminar »11%" Annual Advanced Topics in
Multidetector-Row CT Scanning: The 2003 Edition«
will take place in Resort at Squaw Creek, Olympic
Valley, Lake Tahoe, CA, USA.

Contact Conference Coordinator, Office of Cont-
inuing medical Education, John Hopkins University
School of Medicine, Turner 20/720 Rutland Avenue,
Baltimore, Maryland 21205-2195, USA; or call +1 410
955 2959; or fax +1 410 955 0807; or e-mail cmenet@
jhmi.edu; or see http://www. hopkinsmedicine.org/
cme

Oncology

August 3-8, 2003

The »12th World Conference on Tobacco or Health«
will be offered in Helsinki, Finland.

Contact Ms. Aira Raudesoja, CongCreator CC Ltd.,
P.O. Box 762, FIN-00101 Helsinki, Finland; or call
+358 9 454 2190; or fax +358 9 4542 1930; or e-mail
secretariat@congcreator.com

Lung cancer

August 10-14, 2003

The »10™ World Conference of the International
Association for the Study of Lung Cancer« will be of-
fered in Vancouver, Canada.

Contact 10th World Conference of Lung Cancer,
c/o International Conference Services, 604-850 West
Hastings, Vancouver BC Canada V6C 1E1, or call +1
604 681 2153; or fax +1 604 681 1049; or e-mail
conference@2003worldlungcancer.org

Prostate cancer

August 31 - September 2, 2003
The ESTRO teaching course »Brachytherapy for
prostate Cancer« will take place in Kiel, Germany.
Contact ESTRO office, Avenue E. Mounier, 83/12,
B-1200 Brussels, Belgium; or call +32 775 93 40; or fax
+322 779 54 94; or e-mail info@estro.be; or see http://
www.estro.be

Radiotherapy

August 31 - September 4, 2003
The ESTRO teaching course »Physics for Clinical
Radiotherapy« will be held in Leuven, Belgium.
Contact ESTRO office, Avenue E. Mounier, 83/12,
B-1200 Brussels, Belgium; or call +32 775 93 40; or fax
+32 2779 54 94; or e-mail info@estro.be; or see http://
www.estro.be

Cancer immunology and immunotherapy

September 8-13, 2003

The European cancer immunology and im-
munotherapy summer school will be offered in Ionian
Village, West Coast of the Peloponese, Greece.

Contact Dr. M. Papamichail, Center for Immunolo-
gy, St. Savas Cancer Hospital, 171, Alexandras Ave,
Athens 115 22, Greece; or call +30-210-6409 624/5; or
fax +30-210-6409 516; or e-mail papmail@netor.gr

Radiotherapy

September 13-18, 2003

The 7™ Biennial ESTRO Meeting on Physics for
Clinical Radiotherapy / ESTRO Meeting on Radiation
Technology for Clinical Radiotherapy will take place
in Geneva, Switzerland.

Contact ESTRO office, Avenue E. Mounier, 83/12,
B-1200 Brussels, Belgium; or call +32 775 93 40; or fax
+32 2 779 54 94; or e-mail info@estro.be; or see http://
www.estro.be
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Oncology

September 21-25, 2003

The ESTRO 22 / ECCO 12 Meeting will take place
in Copenhagen, Denmark.

Contact FECS office, Av. E. Mounier, 83/4, B-1200
Brussels, Belgium; or call +32 7759340; or fax +32 2
7795494; or e-mail info@estro.be; or see http://
www.fecs.be

Radiobiology

October 12-16, 2003
The ESTRO teaching course »Basic Clinical
Radiobiology« will be offered in Santorini, Greece.
Contact ESTRO office, Avenue E. Mounier, 83/12,
B-1200 Brussels, Belgium; or call +32 775 93 40; or fax
+32 2779 54 94; or e-mail info@estro.be; or see http://
www.estro.be

Radiation therapy

October 19-23, 2003

ASTRO Annual meeting will be held in Salt Lake
City, Utah, USA.

Contact American Society for Therapeutic
Radiology and Oncology Office, 1891 Preston White
Drive, Reston, VA 20191, USA; or see http://www.
astro.org

Pleural mesothelioma

November 7-8, 2003

The international conference will be offered in
Como, Italy.

Contact ASK, International Conference Como 2003,
Via Tabacchi, 20, 21056 Induno Olona (VA), Italy; or
call +39 0332 840650; or fax +39 0332 204028; or e-
mail ask@skylink.it

Lung cancer

November 8, 2003

The international conference »Lung Cancer
Screening and Early Diagnosis« will be offered in
Como, Italy.

Contact ASK, International Conference Como 2003,
Via Tabacchi, 20, 21056 Induno Olona (VA), Italy; or
call +39 0332 840650; or fax +39 0332 204028; or e-
mail ask@skylink.it
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Radiation oncology

November 9-14, 2003

The ESTRO teaching course »Evidence-Based
Radiation Oncology: Methodological Basis and Clinical
Application« will take place in Lisbon, Portugal.

Contact ESTRO office, Avenue E. Mounier, 83/12,
B-1200 Brussels, Belgium; or call +32 775 93 40; or fax
+32 2779 54 94; or e-mail info@estro.be; or see http://
www.estro.be

Radiation oncology

March, 2004

The ISRO international teaching course on
»Radiation Oncology in the 21%* Century« will take
place in Cape Town, South Africa.

See http://www.isro.be

Surgical oncology

March 31 - April 3, 2004

The 12" ESSO Congress will be held in Budapest,
Hungary.

See http://www.fecs.be/conferences/ess02004

Oncology

April 15-17, 2004

The European Oncology Nursing Society EONS
Spring Convention will be held in Edinburg, UK.

See http://www.fecs.be/conferences/eons4

Brachytherapy

May 13-15, 2004

The Annual Brachytherapy Meeting GEC-ESTRO
will take place in Barcelona, Spain.

Contact ESTRO office, Avenue E. Mounier, 83/12,
B-1200 Brussels, Belgium; or call +32 775 93 40; or fax
+32 2779 54 94; or e-mailinfo@estro.be; or see http://
www.estro.be

Radiology

June 6-8, 2004

The UK Radiological Congress will be held
inManchester, U.K.

Contact Ms. Rebecca Gladdish, UKRC 2003 Secret-
ariat, PO Box 2895, London W1A 5RS, U.K,, or call
+44(0) 20 7307 1410/20, or fax +44(0) 20 7307 1414; or
e-mail exhibition@ukrc.org.uk; or see www.ukrc.org.uk
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Oncology

July 3-6, 2004
The 18" EACR (European Association for Cancer
Research) Congress will be held in Innsbruck, Austria.
See http://www.fecs.be/conferences/eacr18

Paediatric oncology

September, 2004
The International Society of Paediatric Oncology -
SIOP Annual Meeting will be held in Oslo, Norway.
See http://www.siop.nl

Lung cancer

September 23-25, 2004

The »9%" Central European Lung Cancer Conferen-
ce« will be offered in Gdansk, Poland.

Contact Conference Secretariat, »9"" Central
European Lung Cancer Conference«, Via Medica, ul.
Swietokrzyska 73, 80 180, Gdansk, Poland; or call/fax
+48 58 349 2270; or e-mail celcc@amg.gda.pl; or see
www lungcancer.pl

Radiation therapy

October 3-7, 2004

ASTRO Annual meeting will be held in Atlanta,
USA.

Contact American Society for Therapeutic Radio-
logy and Oncology Office, 1891 Preston White Drive,
Reston, VA 20191, USA; or see http:// www.astro.org

Therapeutic radiology and oncology

October 24-28, 2004

The 234 ESTRO Meeting will be held in
Amsterdam, the Netherlands.

Contact ESTRO office, Av. E. Mounier, 83/4, B-1200
Brussels, Belgium; or call +32 7759340; or fax +32 2
7795494; or e-mail info@estro.be; or see http://www.
estro.be

Medical oncology

October 29 - November 2, 2004

The 28th ESMO Congress will be held in Vienna,
Austria.

See http://www.esmo.org

Radiation oncology

November 25-28, 2004

The ISRO international teaching course on
»Practical Radiation and Molecular Biology with
Mayor Emphasis on Clinical Application« will take
place in Chiangmai Thailand.

See http://www.isro.be

Radiation oncology

March, 2005

The ISRO international teaching course on
»Palliative Care in Cancer Treatment« will take place
in Dar es Salaam, Tanzania.

See http://www.isro.be

Radiation oncology

September - October, 2005
The ISRO international teaching course on
»Rational Developments from developing to devel-
oped Contries« will take place in Lombok, Indonesia.
See http://www.isro.be

Oncology

October 30 - November 3, 2005

The ESTRO 24 / ECCO 13 Conference will take
place in Paris, France.

Contact FECS office, Av. E. Mounier, 83/4, B-1200
Brussels, Belgium; or call +32 7759340; or fax +32 2
7795494; or e-mail info@estro.be; or see http://
www.fecs.be

As a service to our readers, notices of meetings or
courses will be inserted free of charge.

Please send information to the Editorial office,
Radiology and Oncology, ZaloSka 2, SI-1000
Ljubljana, Slovenia.
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FONDACIA
DR. J. CHOLEWA

Activity of “Dr. J. Cholewa” Foundation for Cancer Research
and Education - A Report for the Second Quarter of 2003

The members of the »Dr. J. Cholewa Foundation« for Cancer Research and Education are con-
vinced that some of the new approaches in contacts and communications with future research
grants applicants, experts in the various fields of oncology, general public and prospective
donors may in the future contribute to the wider diffusion of information and knowledge about
cancer in Slovenian society. Some of these new ways are being considered by the Foundation
members and its Boards, and the Foundation’s activity may thus gain new and important impe-
tus. However, the overall goals of the Foundation’s activity remain the same and it is essential
that the members and all the people, whose activity is any way associated with the Foundation,
do not disgress from achieving these goals.

These new approaches are also believed to hopefully enable the Foundation’s members and its
Boards to achieve more important results with regard to the financial means needed in the fu-
ture. In this context, the ongoing changes in the circumstances and emergence of new and un-
expected problems, associated with maintaining regular contacts with the donors, have been tak-
en into consideration. These topics have now been regularly discussed by the Foundation’s mem-
bers and Boards. It is salutary to know that the results of cancer research, supported by the
Foundation, may have found its way to the practical application in hospital wards across
Slovenia in a significantly easier manner in recent years than before. In addition, the support of
the Foundation to present these research results on international meetings, conferences, sym-
posia and any other events of scientific importance will continue and receive further support and
encouragement. Most importantly, the Foundation will try to continue to support the publication
of the results from research it sponsored and supported in respectable international scientific on-
cology journals and in other, more novel forms of dissemination of scientific information.

It is commonly agreed among the members of the Foundation and its Boards, that cancer re-
search should be further encouraged in all parts of Slovenia where the interest for such research
exists. With this in consideration, the Foundation continues to support the regular publication of
»Radiology and Oncology« international scientific journal, which is edited, published and print-
ed in Ljubljana, Slovenia. The Foundation continues in its activity to promote cancer biology re-
search, research in cancer epidemiology and clinical cancer research. It is also active in promot-
ing cancer education in general and especially to increase its impact in general population and
among scientists with a particular interest in cancer research.

Borut Stabuc, MD, PhD
Andrej Plesnicar, MD
Tomaz Benuli¢, MD




Escherichia coli Proteus Pseudomonas Moraxella catarrhalis

obay-

ciprofloksacin
originalna Bayerjeva kakovost

(_ zlati standard med kinoloni )

Dokazano ucinkovito zdravljenje

hudih in zapletenih okuzb

- dihal (pljucnica, pridobljena v bolnisnici, ABEKB)
- secil

- intraabdominalnih okuzb

- koZe in mehkega tkiva

- kosti in sklepov

- febrilne nevtropenije.

Z originalnim Ciprobayem se je zdravilo
veC kot 350 milijonov bolnikov po vsem svetu.

Enterobacter

Klebsiella

http://www.bayer-pharma.si/zdravila

Staphylococcus

Podrobnejse informacije o zdravilu dobite pri proizvajalcu.

Haemophilus influenzae

Bayer

Bayer Pharma d.o.o.




PE: Stritarjeva 5, 4000 Kranj, Slovenija
tel.; (0)4/ 2015 050, fax: (0)4/ 2015 055
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IZDELKI ZA MOLEKULARNO BIOLOGIJO DOKUMENTACIJA PLASTIKA ZA CELICNE KULTURE

IN ANALIZA GELOV
ELGA

LABWATER

é) Invitrogen'

tife technologies

GISTA VODA ZA I.ABORATORIJ SKRINJE CELICNE KULTURE GELI

IN HLADILNIKI IN MOLEKULARNA BIOLOGIJA

- mincrva W LI COR,
E’Isl biolabs 4 A Biosciences

©__mLINE S

ELEKTRONSKE IN MEHANSKE AVTOMATSKE PIPETE DIAGNOSI' KA SEKVENATORJI
MIKOPLAZEM
IN LEGIONEL




zastopa naslednja podjetja

Kottermann (Neméija): INTEGRA BIOSCIENCES (Svica):
laboratorijsko pohistvo, ~laboratorijska oprema za mikrobiologijo,
varnostne omare za kisline, biologijo celic, molekularno biologijo
luge, topila, pline in strupe, in biotehnologijo

ventilacijska tehnika in digestorji CORNING (ZDA):

DAKO (Danska): specialna laboratorijska plastika
testi za aplikacijo v imunohistokemiji, ~ za aplikacijo v imunologiji, mikro-
patologiji, mikrobiologiji, virologiji, biologiji-virologiji, ipd., mehanske eno-
mono- in poliklonalna protitelesa in veCkanalne pipete in nastavki
SVANOVA Biotech (Svedska): EVL (Nizozemska):
Elisa testi za diagnostiko v veterini diagnostic¢ni testi za uporabo v

veterinarski medicini
NOVODIRECT BIOBLOCK (Francija):

kompletna oprema in pripomogki HURNER (Nemdéija):
za delo v laboratoriju ! ventilacijska tehnika
GFL (Nemcija): _ CSL - Biosciences:
laboratorijski aparati, omare in diagnostiéni testi za uporabo
skrinje za globoko zamrzovanje v veterinarski medicini
ANGELANTONI SCIENTIFICA (Italija): BIOMERICA (ZDA):
hladilna tehnika in aparati za laboratorije, hitri testi za diagnostiko,
transfuzijo, patologijo in sodno medicino EIA /RIA testi
EHRET (Nemdija): CHARLES ISCHI (Svica):
laminar flow tehnika, inkubatoriji, specialna oprema za testiranje izdelkov
susilniki, suhi sterilizatorji in oprema v farmacevtski industriji;aparati za

za laboratorijsko vzrejo zivali - kletke  procesno kontrolo in kontrolo kvalitete

ROSYS - ANTHOS (Avstrija):
fotometri, avtomatski pralni sistem za mikrotitrine plosce

LABORMED d.o.0. LABORMED, razstavni salon
Zg. Pirnice 96/c Bezigrajski dvor
SI - 1215 Medvode Periceva 29, Ljubljana
Tel.: (0)1 362 14 14 Tel.: (0)1 436 49 01

Fax: (0)1 362 14 15 info@labormed.si Fax: (0)1 436 49 05

w w w .l ab or mwed . s i
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=== epoetin alfa

“UGLED JE POVEZAN Z ZAUPANJEM”

“Iz Creda druibe Johnson & Johnson”:
“Prva je odgovornost do zdravnikov, sester in bolnikov”

Johnson & johnson, katerega najpomembnejsi
farmacevtski del je Janssen-Cilag, je
bil proglasen za najuglednejso med
16 najvecjimi farmacevtskimi
firmami na svetu.

ilaxoSmithKiine
Genentec -
Bz

iLilly

Merila:
ristol-Myers Squibhb - etika,
) 9" Novartis =» druzbena odgovornost,
0. Aventis = odlicnost firme,
Asiraleneca - dobrodelnost,
12. nnny_ﬁl horatories - delavnost,
!.3 I'Ilar,magla; ' = trZna ucinkovitost,

= firma izbora za

MOC UGLEDA

14. Schering:Plough
15. Roche

¢ sklepanje poslov,...
15. Wyeth

SKRAJSANO NAYODILO ZA PREDPISOVANJE b ne poveduje 23 najman;j 1 g/dl na mesec. ekaje lelem miokardnem infarktu ali cerebrovaskulamem
JME ZDRAVILA EPREX® ) i.e./kg Uikrat na teden, i.v. Odmerek pnlagaja 2 inault pri katerh je Eredviden vedji neurgenten ortogedski
Sestava: Epoetin alfa, natrijev d|hid«o?enfosfat dihidrat, 25 1.e./kq, trikrat na teden. Faza vzdidevatieda zdiaviienja v Kirurski roseg in niso vkljuceni v program aviolognega zbiranja
dinatrijev hidrogenfosfat dihidrat, natrijev Klorid, palisorbat 80‘ 2dr2ujemo aljno koncentracijo Hb. Odrasi bolniki 2 zmanjsamm i, bolniki, ki iz kateregakoli razloga ne morejo” prejemati
glicin, voda 2a injekcije. fedvltnim delovanjem, ki se 3e ne zdravijo 2 dializo Faza ustrezne trumb%proﬁlakse.
Indikacije: Zdravljenje anemije zaradi kronitne ledvitne  koreketje: 50 i.e./kg trikrat na teden, iv. Gdmerek Iaga{amo Neieleni utinki: Predvsem na zacetku zdravljenja se lahko
odpovedi prt otroch in odraslih na hemodializi, odraslih bolnikih postopno, za 25 1../kg, trikrat na teden. Faza vtmtvanega Eogavijo qripi_podabni simptomi. Porocali so o nespecificem
na pentonealni dializi ter odraslih bolnikih 2 zmanjSanim lduv"en;a; vaditujemo kancentracijo Hb 10 =12 g/d. oZnem izpuscaju in trombocitozi, ki je zelo redka. Najpogosteje
ledviénim delovanjem, ki se $e ne zdravijo z dializo. ldfavgeni‘e 0drasli bolriki 2 rakom, ki se zdravijo s kemoterapijo; 2atetni se pojavi od odmerka odvisno zvisanje krvnega tlaka ali
anemije in zmanjsanje potreb po transfuziji pri odrasth bolnileh, odmerek je 150 1e./kg, 3-krat na leden, s.c. Odmerek labsanje Ze obstojece hipertenéige._ Lahko™ se pojavi
ki prejemajo kemotefa?i}o. Povetanje 1zkoristka avlulugr':le prifagodimo na osnovi spremembe koncentracje Hb in St. nhipertenzivna kriza s simptomi, podobnimi encelalopalig in
kivi bolnikov, ki so vk{'uieni v Program shranjevanja kvi fetikulocit genetalizirani tonicno-kli krci. Pojavijo se lahko tromboze
ali zmanjianje ilgcstaﬂenosti alogenim krvi K ij arterijska i ijg, fistul. Pri bolnikih s kronicno ledviéng odfovedjo 50 po vet
prt odiaslih bolnikih pred vegjim ~elektivaim ortopedskim  preabutijivost za katero od sestavin zdravila, kontsaindikacsie  mesecihi ali letih zdravijenja z Eprex-om ali drugimi eritropoetini,
poseqom. V povezavi s grogramom avtolognega zbiranja kevi. Subkutano v zelo redkih primerih porocali o eritroblastopenji.
Odmerjanje in natin uporabe in&ran}e pri bolnikih s kronicno odpovedjo (edvic. Bofniki, pri  Posebna navodila za shranjevanje: Shranjujte zasciteno pred
Bolniki s kroni¢no ledvicno odpovedjo na hemodializ: 2drawilo  katerih se med zdravijenjem 2 epoetinom pojavi tista aplazija - svetiobo, pri temperaturi od 2° do 8 °C. Zdravila ne zamrzujte
injicirajte i.v. Ciljna koncentracija Hb: 16-12 g/dl pri odraslih in  eritrocitne vrste, bointki s hudo keronarno, cerebrovaskularno,  ali stresajte.

9,5-11g/d! pri atrocth. Odmerek povedajte, te se koncentracya  karotidno ali periferno  arterijsko  boleznijo, po nedavno

vir:).T. Resnick, A matter of reputation; Pharmaceutical EXecutive Magazine, Advanstar Publications, 200
ms posto

[EPO-SLO-A-019-060303
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Q 7
/ flukonazol
kapsule
raztopina za intravensko infundiranje

Kontraindikacije: Preobtutljivost za flukonazol,
pomozne sestavine zdravila in za druge azole. So¢asno
jemanje flukonazola s terfenadinom ali cisapridom.

Stranski uinki: Lahko se pojavijo slabost, napenjanje,
bruhanje, bolecine v trebuhu, driska. Mozni so glavobol,
kréi in alopecija. Zelo redke so preobcutljivostne
reakcije. Pri bolnikih s hudimi glivi¢nimi obolenji lahko
pride do levkopenije, trombocitopenije, povecane
aktivnosti jetrnih encimov ter hujse motnje v delovanju
jeter.

Oprema in natin izdajanja: 7 kapsul po 50 mg,
28 kapsul po 100 mg, 1 kapsula po 150 mg - samo na
zdravni§ki recept. 1 viala s 100 ml raztopine za
intravensko infundiranje {200 mg/100 ml} ~ uporaba
samo v bolnignicah.

Datum priprave besedila: marec 2003

e sistemske kandidoze

e mukozne kandidoze

e vaginalna kandidoza

o kriptokokoze

'« dermatomikoze

e preprecevanje kandidoze

Utinkovit antimikotik,
ki ga bolniki
dobro prenasajo.




Radiology and Oncology

Instructions for authors

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 information,
book reviews, letters, etc.) pertinent to diag-
nostic and interventional radiology, computer-
ized tomography, magnetic resonance, ultra-
sound, nuclear medicine, radiotherapy, clini-
cal and experimental oncology, radiobiology,
radiophysics and radiation protection. The
Editorial Board requires 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 there-
fore cannot be published elsewhere without
written permission from the editorial board.
Papers concerning the work on humans, must
comply with the principles of the declaration
of Helsinki (1964). The approval of the ethical
committee must then be stated on the manu-
script. Papers with questionable justification
will be rejected.

Manuscript written in English should be
submitted to the Editorial Office in triplicate
(the original and two copies), including the il-
lustrations: Radiology and Oncology, Institute of
Oncology, Zaloska 2, SI-1000 Ljubljana,
Slovenia; (Phone: +386 1 432 00 68, Tel./Fax:
+3861 433 7410, E-mail: gsersa@onko-i.si).
Authors are also asked to submit their manu-
scripts on a 3.5" 1.44 Mb formatted diskette.
The type of computer and word-processing
package should be specified (Word for
Windows is preferred).

All articles are subjected to editorial review
and review by independent referee selected by
the editorial board. Manuscripts which do not
comply with the technical requirements stated

herein will be returned to the authors for cor-
rection before peer-review. Rejected manu-
scripts are generally returned to authors, how-
ever, 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 re-
quests for reprints will be charged to the au-
thors.

General instructions+ Radiology and Onco-
logy will consider manuscripts prepared accor-
ding to the Vancouver Agreement (N Engl |
Med 1991; 324: 424-8, BM] 1991; 302: 6772; JA-
MA 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 stylisti-
cally correct language. Avoid abbreviations
unless previously explained. The technical da-
ta should conform to the SI system. The man-
uscript, including the references may not ex-
ceed 15 typewritten pages, and the number of
figures and tables is limited to 4. If appropri-
ate, organize the text so that it includes:
Introduction, Material and methods, Results
and Discussion. Exceptionally, the results and
discussion can be combined in a single sec-
tion. Start each section on a new page, and
number each page consecutively with Arabic
numerals.

Title page should include a concise and in-
formative title, followed by the full name(s) of
the author(s); the institutional affiliation of
each author; the name and address of the cor-
responding author (including telephone, fax
and e-mail), and an abbreviated title. This
should be followed by the abstract page, sum-
marising in less than 200 words the reasons



for the study, experimental approach, the major
findings (with specific data if possible), and the
principal conclusions, and providing 3-6 key
words for indexing purposes. Structured ab-
stracts are preferred. If possible, the authors are
requested to submit also slovenian version of
the title and abstract. The text of the report
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 essential
references and stating the aim of the study.

Material and methods should provide enough
information to enable experiments to be re-
peated. New methods should be described in
detail. Reports on human and animal subjects
should include a statement that ethical ap-
proval of the study was obtained.

Results should be presented clearly and
concisely without repeating the data in the ta-
bles and figures. Emphasis should be on clear
and precise presentation of results and their
significance in relation to the aim of the inves-
tigation.

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

Mlustrations and tables must be numbered
and referred to in the text, with appropriate
location indicated in the text margin. Illu-
strations must be labelled on the back with
the author's name, figure number and orien-
tation, and should be accompanied by a de-
scriptive legend on a separate page. Line
drawings should be supplied in a form suit-
able for high-quality reproduction. Photo-
graphs 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
identities of the patients. Tables should be
typed double spaced, with descriptive title
and, if appropriate, units of numerical meas-
urements included in column heading.

References must be numbered in the order
in which they appear in the text and their cor-
responding numbers quoted in the text.
Authors are responsible for the accuracy of
their references. References to the Abstracts
and Letters to the Editor must be identified as
such. Citation of papers in preparation, or sub-
mitted for publication, unpublished observa-
tions, and personal communications should
not be included in the reference list. If essen-
tial, such material may be incorporated in the
appropriate place in the text. References fol-
low the style of Index Medicus. All authors
should be listed when their number does not
exceed six; when there are seven or more au-
thors, the first six listed are followed by "et
al.". The following are some examples of refer-
ences 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 radiolog-
ical procedures. London: Bailliere Tindall; 1986.

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

Page proofs will be faxed to the correspon-
ding author whenever possible. It is their re-
sponsibility to check the proofs carefully and
fax a list of essential corrections to the editori-
al office within 48 hours of receipt. If correc-
tions are not received by the stated deadline,
proof-reading will be carried out by the edi-
tors.

Reprints: Fifty reprints are free of charge,
for more contact editorial board.

For reprint information contact: International
Reprint Corporation, 287 East "H" Street, Benicia,
CA 94510, USA. Tel: (707) 746-8740; Fax: (707)
746-1643; E-mail: reprints@intlreprints.com
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Parenteralno zdravljenje
zasevkov neoplazem v kosteh, ki
povzrocajo predvsem osteolizo,
multiplega mieloma,
hiperkalcemije zaradi neoplazme
in parenteralno zdravljenje
Pagetove bolezni.
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