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Complementariness of the radiological finding
and transbronchial lung biopsy
for definitive diagnosis of diffuse interstitial lung
diseases

Ivica Mazuranié and Zlata Ivanovi-Herceg

Clinical Institute for Thoracic Radiology, Clinical Hospital for Lung Diseases — Jordanovac,
Zagreb, Croatia

In this study 52 patients admitied to hospital for transbronchial biopsy of the lungs (TBB) due to ana-
mnestically, clinically and radiologically suspected diffuse interstitial lung disease (DILD) were examined.
Using classical radiological symptomatology tele radiograms were recorded (F-F 180 cm) of the chest PA
and profile, by high voltage technique (125 kV). The patients were selected with regard to contraindications
Jor general anaesthesia, and TBB. TBB was carried out under general anaesthesia with combined use of a
rigid and [lexibile bronchoscope, without radiological control. The percentage of adequate biopsy findings
was very satisfactory (94 %), as was also the case with regard to sufficient pathoanatomic (51 %) and
radiological (42 %) findings, by which a definitive clinical diagnosis can be made without the need for other
tests. In the same way the percentages of adequately sufficient pathoanatomic (16 %) and radiological
(39 %) findings were very statisfactory, by which, combined with other tests, definitive clinical diagnosis can
be concluded. In no single disease were both findings insufficient, which indicates their complementariness,
and in this way they are sufficient judging by the clinical status, BAL and biochemical findings, with regard to
the final clinical diagnosis.

Key words: lung diseases, interstitial-pathology; biopsy; thoracic radiography

Introduction terstitial lung fibrosis damage the lung parenchyma,
leading to impairment of gas exchange and ventila-
tion. This diverse group of approximately 125 dis-
cases has many common characteristics, including
similar clinical symptomatology, graded radiologi-

Interstitial lung diseases are a heterogeneous group
ol diseases characterized by damage to the support-
ive structure of the lung units for gas exchange,

periaveolar and alveoral tissue. In the acute phase
alveolitis occurs, accompanied by prolonged, unre-
strained inflammation ol neighbouring parts of the
interstitium and blood-vessels, and after a long pe-
riod the inflammatory changes and consequent in-

Correspondence to: Ivica Mazuranié, M.D., M.Sc., The Cli-

nical Institute for Thoracic Radiology, Clinical Hospital for

Lung Diseases Jordanovac, Jordanovac 104, 41000 Zagreb,
Croatia.

UDC: 616.24-002.17-076

cal findings, consistent alterations in lung functions
and typical cytological and histological appearance.

Bronchoscopy demonstrated its great value by
facilitating the use of biopsy forceps to take tissue
samples for histological and cytological analysis.
Probably no other diagnostic or therapeutic tech-
nique changed pulmological work so radically in
such a short time.

Interstitial disease have recently become the sub-
ject of great interest for radiologists. On the chest
X-rays and imaging techniques this special group
of diseases is characterized by multiple diffusely
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distributed lesions. According to these radiological
criteria, complex clinical symptomatology, consist-
ent changes in lung function, bronchoalveolar lavage
(BAL), approximate pathoanatomic diagnosis can
be made. The interstitial sample is an antithesis for
the consolidatory alveolar process. It is a disorder
within the lung architecture caused by an abnormal
accummulation of tissue in the parenchymal lung
interstitium.

In this study we compared the findings of trans-
bronchial lung biopsy (TBB), which is accepted as
suitable in histopathological diagnosis of diffuse
interstitial lung diseases (DILD), with the radio-
logical finding. The aim of the study was to deter-
mine the specific diagnostic value of each method
separately and the possible additional benefit when
both methods are interpreted simultaneously.

Patients and methods

In this investigation 52 hospitalized patients were
examined (27 women and 25 men, range 16-76
years) in the Bronchoscopy unit at The Clinical
Hospital for Lung Diseases — Jordanovac.

The patients were admitted for bronchological
examination with transbronchial lung biopsy (TBB)
because of anamnestically, clinically and radiolo-
gically suspected disease of the lung interstitium.

Teleradiograms (F-F 180 ¢m) of the chest PA and
profile were recorded by high voltage technique
(125 kV) on a Thoramat Siemens aparatus and,
when necessary, tomography was performed. Such
a radiological technique facilitated the taking of a
biopsy sample in the area of the pathological pro-
cess, with maximum accuracy, and without the use
of a discope. As patients with DILD are regularly

Muazuranic I and vanovi-Herceg 7

followed up long-term, it is essential to reduce the
dose of exposure to ionizing radiation. Namely, dur-
ing one minute of diascopy patients receive a dose
which is equivalent to one hundred chest X-rays.

Although unrelated to ILO classification, the in-
terstitial lesions were considered as patognomonic
for certain diffuse interstitial lung disease.

Prior to bronchoscopy the following tests were
carried out: gas analysis of arterial blood, coagulo-
gram, haemogram, electrolytes, urea, creatinine cle-
arence and an ECG.

The patients were selected with regard to contra-
indications for this examination (pulmonary hyper-
tension, hemorrhagic diathesis, asthma, hypoxia
where pO2 is less than 8,7 kPA inspite of oxygen
administration, acute hypercapnia where pCO2 is
more than 6 kPA, severe arhithmias, status within 3
months after the myocardial infarction, bad general
condition, haemogram, electrolytes, local finding
of the bronchial mucosa).

Following premedication with 0.8—-1 mg Atropin,
the anesthesized (narcotic, hypnotic and depolariz-
ing muscle relaxants) patient was intubated with a
rigid bronchoscope (“Wolf”). During the broncho-
scopy the patient was ventilated according to Ven-
turi’s method, and a fiberbronchoscope (Olympus
BS 107) was then introduced by which 2-3 biopsy
samples were taken (by a standard technique) of
TBB from the pathologically changed lung paren-
chyma, without using radiological control. The bi-
opsy sample was placed in 10 % formalin and sent
to the Institute for Pathology, Clinical Hospital Cen-
tre Rebro for pathoanatomical analysis. After the
procedure the patient rested for 25 hours, with an
obligatory control X-ray within 8 hours of the pro-
cedure.

Table 1. Dependence of succesful TBB on examination techniques. Comparison of the results of this study with the results

of other authors.

Authors Attempted biops.
N

Adequate biops.
N

Examination techniqe
%o

Anderson i

Fontana 450
R. Petit 66
J. Malenié 66
Wal 53
Own results 52
Levin 22

378
47

59
50

49

Fiberbronchoscopy + dia.

84 + local anaesthesia

71 Fiberbronchoscopy + dia.
+ local anaesthesia

89 Combined + dia.
+ general anaesthesia

94 Fiberbronchoscopy + dia.
+ local anaesthesia

94 Combined without dia,
+ general anaesthesia

9S Fiberbronchoscopy + dia.

+ local anaesthesia

Mean (apart from own results)
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Table 2. Complimentariness of radiological and pathoanatomic findings in the diagnostics of DILD.

Pathoanatomic finding

Radiological finding

T Yo
Sufficient 25 Sl 21 43
Adequately sufficient 8 16 19 39
Insufficient 16 33 9 18
Total 49 100 49 100
Table 3. Complimentariness of radiological and pathoanatomic findings in the final diagnosis of DILD.
Final Sufficient Adequately sufficient Insufficient
dg. DILD N PA RTG PA RTG PA RTG
Fibrosis 20 16 S 2 9 2 6
Sarcoidosis 16 5 11 2 4 9 I
Pneumonia
interstitial 2 2 2
Vasculitis
necrotisans 2 I I 1 I
Hypersensitive
pneumonitis 2 | 2 !
Microlithiasis | 1 !
Granulomatosis
Wegener | | |
Granulomatosis
Lymphomatoides 1 | !
TBC milliaris I |
TBC +
sarcoidosis I 1 1
Silicosis [ | |
Asbestosis 1 | 1
Total 49 25 2] 8 18 17 9

Results

By simultancous use of priliminary radiological di-
agnostic treatment and combined TBB technique,
the number of satisfactory samples was very high,
up to 94 %. This result is comparable with the per-
centages ol other techniques (broncholiberscopy
with radiological control, combined techniques with
radiological control) in approximately the same
number of cases (Table 1).

The percentages ol sulficient interpretations of
pathoanatomic (51 %) and radiological findings
(43 %) were very satisfactory and would enable a
definitive diagnosis, without other clinical data, and
also adequately sufficient pathoanatomic (16 %) and
radiological findings (39 %) with which, together
with clinical data, the final diagnosis could be made.
The percentage of insufficient pathoanatomic find-
ings was higher (33 %) than radiological findings
(18 %) (Table 2).

As to the pathoanatomic criteria, the initial dif-
fuse interstitial fibrosis is a dominant finding. Pul-
monary fibrosis, which is in fact compatible with
the definitive stage of other interstitial diffuse lung
diseases, was found in 18 patients, while radiologi-

cal findings ol sarcoidosis was found in 15 patients.

In interstitial pneumonia the radiological linding
was sufficient while the pathoanatomical finding
was not. Both the pathoanatomic and radiologic
findings were sufficiently adequate in pulmonary
alveolar microlithiasis. as well as sulficient in as-
bestosis. In hypersensitive pneumonitis only the ra-
diological finding was suflicient. In other diagnoses
both pathoanatomic and radiological findings were
adequately sufficient and therefore in no discase
were they both insufficient, which indicates their
complementariness (Table 3).

Discussion

Interstitial lung diseases are currently the object of
lively interest because of their great frequency, both
due to air pollution and other harmful elfects in the
environment and because of the increasing number
of circulating harmful agents. They have become a
great health problem because of their acute sta-
dium, different dynamism and response to therapy
and [linally their chronic forms, with regard o inva-
lidity, i.e. remaining work ability.'
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The protective reaction of the lungs which can
include all types of immunological responses, can
occasionally lead to one of many diffuse diseases of
the lung interstitium.** Diffuse diseases of the lung
interstitium are more frequent in their final stadium
of pulmonary fibrosis with lung function impair-
ment of prognosis. They are extremely difficult to
classify as there are approximately 125 different
diseases, the features of which are often common.

Diseases can be classified into known and un-
known etiology. Of the diseases of known etiology
the largest group comprises occupational diseases
due to exposure to atmospheric pollutants. In the
case of diseases of unknown etiology the largest
group includes idiopathic lung fibrosis, collagen-vas-
cular diseases (CVD), and granulomatous sarcoidosis.
In many diffuse diseases ol the lung interstitium
similar conditions are present during their immuno-
pathological course. They are judged by the clinical
status, characteristic radiological finding, histological
samples, bronchoalveolar lavage, scintigraphy with
Ga-67 and biochemical findings.%-'?

By using bronchoscopy it is possible, by a special
technique, to obtain a sample of the lung paren-
chyma, avoiding open-lung biopsy.'* Transbronchial
lung biopsy was first carried out by Andersen' in
1965 an later in 1975. It was improved by Zavala
and became the most modern technique in the diag-
nostics of DILD.¥ Current research in this field has
shown that the piece of tissue obtained by TBB is
usually small, and there is a possibility that wide-
spread changes are not always gripped by the bi-
opsy forceps. Consequently the biopsy sample is
frequently taken 3 to 6 times, compared to only 2 to
3 times in our patients. The greater the number of
pieces of tissue taken increases the chance ol a
sucessful diagnosis.'®'"7

Pneumothorax is the most frequent complication
of the lung biopsy, (1-5 %. Herf, Zavala)." " In
our series. there were two cases of pneumothorax
(3,8 %), which required a conservative treatment.
Significant hemorrhage (more than 50 ml of blood)
is the second most frequent complication (1.3 %
Herl, 5-9 % Zavala)."*'¥ We had a moderate hemorr-
hage, which ended spontaneously, in two patients.

Interstitial diseases are also currently the object
of lively interest of radiologists. According to ra-
diological criteria this particular group ol diseases
differs with regard to the multiple diffusely dis-
seminated lesions on the chest X-rays and imaging
techniques, and within the complex of clinical
symptomatology, consistent changes in lung func-

tion, bronchoalveolar lavage and cell study approxi-
mates pathoanatomic diagnosis. These diseases may,
primarily, be lung diseases or they may be a “re-
flection” of systemic diseases. They were initially
described as milljary diseases, because the lesions
were the size of a grain of millet,” ?' later as “dif-
fuse disseminated”,”" or “nodular and reticular”.??
They are currently known as interstitial diseases.
However, as these diseases encompass occasionally
histologically determined both the interstitium and
alveolar area some authors consider that “chronic
diffuse infiltrative disease” is more appropriate. Ra-
diological criteria for these anatomic locations was
developed by Felson and later Fraser and Pare as
alveolar or acinous lesions, and interstitial lesions. >
The finest interstitial pattern is “ground-glass”, con-
sisting of discretely swollen connective structure
and inflammatory infiltration  without bronc-
hiectasis, not covering the outline of the blood ves-
sels. Nodular opacities are interstitial, 1-2 mm in
size, which cover the outline of the blood vessels
(apart from the interstitium they can also be in the
alveolars and bronchioles). The reticular pattern re-
lates to swollen interlobular septa with exudation —
early stage of fibrosis — chronic stage. The linear
pattern — honey combing — typical areas 5-10 mm
in diameter. The reticulonodular pattern corresponds
to the size of the nodular opacities and is character-
istic for granulomatosis.* Theve have been many
classifications, particularly for sarcoidosis, since
1940, King.?* Wurn, Reindell and Heimeyer, classi-
fied sarcoidosis in three radiological stadia, taking
into account the course and prognosis of disease,
which was the case in our patients.”’

As there is in act no correlation between differ-
ent parameters with regard to disease activity (lung
function tests, BAL, ACE, scintigraphy with Ga-67)
the radiological stage remains the most sensitive in
the prognostics ol these diseases.?”

Because of the need to systematically evaluate
radiological changes caused by inhalation of silicia
dusts in various parts ol the world the first Interna-
tional Classification for Pneumoconiosis was pro-
duced in 1930 by the International Bureau for Work
in Geneva and reviewed in 1955, 1958, 1968, 1971
and 1980.% The ILO classification with standard
proposals is clearly written and does not adopt pa-
thoanatomic hypotheses. It only describes the round
and irregular opacities according to size and profu-
sion and does not go into the morphology of lesions
which can be misleading.? * McLoud et al. were
the first to apply the modified ILO classification to



Diagnosis of diffuse interstitial lung disease 93

other diffuse discases of the lung interstitian, added
as a description of reticulonodular pattern, charac-
teristic for granulomatosis.* In our patients reticular
and reticulonodular patterns were dominant in the
radiograms, although without ILO classification of
lesion.

In our investigation the percentage of salisfactory
biopsies during which an adequate sample was ob-
tained, was very high (94 %). As such biopsy mate-
rial contains at least one picce of tissue with diffuse
pathological changes of the lung, this sample was
considered representative. This percenlage agrees
with the tests performed by the techniques of other
authors'* 3% with approximaltely the same number
ol patients with an average (apart from individual
results) of 85 % (Table 1).

The same percentage ol reliable pathoanatomic
(51 %) and radiological (43 %) lindings (39 %) com-
pared to adequately sufficient pathoanatomic find-
ings (16 %) and greater percentage of insuflficient
pathoanatomical findings (33 %) compared to in-
sufficient radiological findings (18 %) (Table 2).

The most frequent were definitive clinical diag-
noses of interstitial lung fibroses and sarcoidosis.
Both pathoanatomically and radiologically reliable
findings were of the same ctiology. Pathoanato-
mically reliable findings were most frequent in in-
terstitial lung fibroses (18 patients) and radiolo-
gically reliable findings in sarcoidosis (15 patients)
(Table 3). In no single discase were they both insuf-
ficient, which indicates their complementariness,
and they are therefore sufficient judging by the
clinical staws, BAL, and biochemical finding, with
regard to the final clinical diagnosis. With respect
to immunopathogenesis, in many diffuse discases
of the lung interstitium similar conditions are com-
bined in their immunopathological course, which is
another complicating factor in their differentiation.
Definitive evaluation of the evolutiveness of DILD
is facilitated by bronchoalveolar lavage (BAL) and
cell analysis, and in the complex of clinical sympto-
matology and consistent changes of lung functional
findings it is possible to make an approximate patho-
anatomic diagnosis, and thus TBB, in this case, is
an inferior test.
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Effects of nonionic radiographic contrast media on renal function
after cardiac catheterisation

Doroteja Drobnié-Kovaé', Andreja Cerne', Igor Kranjec!, Mateja Globokar-Zajec?

"Department of Cardiovascular Diseases, University Medical Centre, Ljubljana, Slovenia
“Department of Internal Medicine, General Hospital, Novo mesio. Slovenia

Purpose: The present study was undertaken to elucidate the effects of nonionic radiographic contrast media
on systemic and renal function after routine cardiac catheterisation.

Materials and methods: In 108 consecutive patients, undergoing elective diagnostic or interventional cardiac
catheterisation, several clinical and laboratory parameters were determined at baseline and 24 hours after
the contrast study.

Results: The baseline serum creatinine level was 94.99 = 19.44 mmol/l and increased to 96.33 = 21.08
mmol/l (P = 0.72). Acute renal failure occured in only 1.9 percent of patients. The increase in serum
creatinine level depended on the dose of the radiocontrast administered (P = 0.061), but was not predicted by
gender; pre-existing renal insufficiency, hypertension, diabetes mellitus or congestive heart failure. In
addition, a marked decrease in body weight was observed (from 78.8 = 12.7 kg 10 78.4 = 12.9 kg, P= 0.001).
Conclusion: The use of nonionic contrast media for cardiac catheterisation appears to be safe and is
assoctated with a low incidence of acute renal complications. No predicting fuctors of nephrotoxicity were
observed. However, the increase in the serum creatinine and serum creatinine clearance 24 hours after the
procedure depended largely on the dose of radiocontrast agent. We also observed a significant decrease in
body weight and concluded that prophylactic pre-hydration is necessary to prevent the nephrotoxic effect of

radiocontrast agents.

Key words: heart catheterization, contrast media; kidney function tests

Introduction

The administration of radiographic contrast media
continues to be a common cause of hospital-ac-
quired acute renal failure.'? Buring the past dec-
ade, nonionic (low-osmolality) contrast media have
been increasingly employed in radiographic pro-
cedures, using intravascular contrast media, as they
are associated with a decreased incidence of sys-
lemic and organ toxicity compared to conventional
ionic (high-osmolality) contrast agents™*. A vari-
ety of underlying conditions (renal insufficiency,
diabetes mellitus, congestive heart lailure, hyper-
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tension and a high dose ol contrast medium) have
been incriminated for the increased risk of renal
toxicity alter the administration of radiographic
material. It is still unknown, however, whether
these same predisposing factors can predict com-
plications occurring after the use of nonionic con-
trast media.*!"

Although the pathogenesis of acute renal insuffi-
ciency induced by radiocontrast media is not fully
understood, it appears to be due to medullary ische-
mia caused by reduced renal blood flow, resulting
from an imbalance between vasodilative and vaso-
constrictive factors.'>" In keeping with these obser-
vations, some recent studies have demonstrated a
prophylactic effect of saline pre-hydration, espe-
cially in patients with increased risk for renal dys-
function after cardiac catheterisation.'>"

The role of nonionic contrast media on systemic
and renal function in patients investigated in our
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catheterisation laboratory has not been evaluated

yet. We therefore designed a prospective study of

possible complications after routine cardiac cath-
eterisation in 108 consecutive patients.

Material and methods

One hundred and eight consecutive patients, under-
going clective diagnostic or interventional cardiac
catheterisation at the Department of Cardiovascular
Diseases, Univesity Medical Centre were enrolled in
the prospective study between January 23 and June
20, 1995. The indications for angiography were de-
termined by each patient’s cardiologist. Most pa-
tients were studied because of symptomatic coronary
ishemia. All interventional procedures involved per-
cutaneous transluminal coronary angioplasty were
performed separately after diagnostic angiography.

One hour before, catheterisation hydration status
was clinically assessed (central venous pressure,
turgor, peripheral oedema). All patients were se-
dated (oral diazepam 10 mg), while antibiotics (oral
amoxycillin 3 g or clindamycin 600 mg) were given
only to patients at high risk for infective endo-
carditis.  All catheterisation procedures were per-
formed using the femoral approach. During the di-
agnostic or interventional catheterisation all inserted
catheters were perfused with heparinised isotonic
saline. The fluid intake before or during the proce-
dure was not monitored. Nonionic contrast media
iopamidol (lopamiro 370, Bracco. Milano, ltaly) or
iohexol (Omnipaque 350, Nycomed Imaging, Oslo,
Norway) were used exclusively in our contrast study.
The average amount of nonionic contrast medium
was 1327 £ 72.8 ml (range 40 to 440 ml).

All blood and urine specimens were obtained one
day belore and 24 hours alter cardiac catheterisa-
tion. Hematocrit, the serum concentration of so-
dium, potassium, creatinine and urca were deter-
mined in the Central laboratory, University Medical
Centre. The content of protein in the urine and the
sediment were also analysed. Creatinine clearance
(ml/s) was calculated using the equation by Cock-
croft and Gault:"

(140-age) x weight / 0.81 x serum creatinine

A radiocontrast-induced decrease in renal [unc-
tion was delined as an increase in the baseline serum
creatinine concentration ol = 44 gmol/l (0.5 mg/dL)
within 24 hours of the administration of radiocon-
trast medium.?

All numeric continuous data were analysed as the
mean = | standard deviation (SD). Descriptive sta-
tistical parameters were expressed as proportions.
Continuous pairwise variables were assessed by
the two-tailed paired t-test. The differences among
subgroups were obtained by the analysis of vari-
ance. The influence of clinical and laboratory pa-
rameters, and the effect of the amount of radio-
contrast medium on the decrease in renal function
were assessed using the Spearman correlation coef-
ficient. The obtained differences were considered
significant at P < 0.05. All analyses were performed
with the SPSS release 6.0 statistical package.

Results

In 108 consecutive patients undergoing elective
diagnostic or interventional cardiac catheterisation,
no serious events, such as acute myocardial infarct-
ion, aggravation of congestive heart failure, major
arrhythmias or extensive peripheral bleeding, de-
manding blood transfusion, were observed neither
during the procedure nor 24 hours afterwards.

The mean age ol patients was 56.3 = 10.4 years
(range 23 to 78 years). Seventy-lfour percent ol pa-
tients were males. Arterial hypertension was present
in 66 (61.1 %) patients, pre-existing renal insuffi-
ciency (serum creatinine level above 132 mmol/l)
in 4 (3.7 %), diabetes mellitus in 22 (20.4 %) and
history of congestive heart failure in 22 (20.4 %)
patients. Normal turgor was noticed in 106 (98.1 %)
patients and peripheral oedema in 3 (2.8 %) pa-
tients. The mean central venous pressure was 7.8 =
2.2 e¢m HO.

Table 1. Clinical and laboratory characteristics (mean +
SD) at baseline and 24 hours after cardiac catheterisation
with nonionic contrast media (P, two-tailed paired t-test).

baseline after 24 h P
(mean + SD) (mean + SD)

paramelers

weight (kg) 78.80 £ 1270 7840 =12.90 0.00]

+

hematocrit 042 £ 0.04 041 £ 004 0.058
Nat(mmol/l) 142,12 £ 3.09 141.69 = 2.51 0.140
K* (mmol/l) 446 = 0.33 431 = 0.32 0.0001
urea (mmol/l) 655 = 1.73 645 = 1.78  0.540
crealinine
(mmol/1) 9499 + 1944 96.33 £21.08 0.720
crealinine
clearance
(ml/sec) 89.79 = 2381 8843 £2329 0210
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Clinical and laboratory data observed before and
24 hours after cardiac catheterisation with nonio-
nic contrast media, are presented in Table 1. The
baseline serum creatinine levd was 94.99 =
19.44 mmol/l and increased 10 96.33 = 21.08 mmol/I
(P = 0.72). Twenty-four hours after the administra-
tion of contrast a slight decrease in the creatinine
clearance, serum urea concentration and sodium
was observed, but the dilferences were not statisti-
cally significant (P = 0.21, P = 0.54, P = 0.14,
respectively). A trend of hematocrit reduction was
also detected (P = 0.058). The decrease in the se-
rum potassium from the baseline level was statisti-
cally significant (84.46 = 0.33 mmol/ to 431 =
0.32, P = 0.0001). No change in proteinuria or
urinary sediment occurred after the administration
of radiocontrast agent.

A rise in serum creatinine = 44.2 mmol/l oc-
curred in only two patients (1.9 %). Neither of them
had pre-existing renal insufficiency, congestive heart
failure or diabetes mellitus. In one patient, who
received 210 ml of nonionic contrast agent, the
serum creatinine level increased from 78 mmol/l to
136 mmol/l. In another, the administration of 370 ml
of contrast medium, resulted in the elevation of se-
rum creatinine level from 103 mmol/l to 148 mmol/l.
No patient developed anuria or oliguria, or needed
treatment by haemodialysis.

The studied subgroups did not dilfer significantly
as concerns the increase in their serum creatinine

. (Table 2). Most notably, the gender, congestive heart
failure, arterial hypertension, diabetes mellitus, un-

Table 2. Increase in serum creatinine (imean + SD) 24 hours
after the administration of radiocontrast by specific sub-
groups ol patients (P. analysis ol variance).

subgroups N (%) mean + SD P

gender M 80 (74.1) 12 =119 077
F 28 (25.9) 04 = 141

congestive

heart failure Y 22 (204) -12 += 119 0.36
N 86 (79.6) 1.6 = 12

arterial

hypertension Y 66 (61.1) 19 = 3.1 0.36
N 42(389) 04 =+ I1.5

diabetes mellitus Y 22(204) -28 = 84 0.11
N 86 (79.6) 1.9 + 132

renal insufficiency Y 4(3.7) 47 + 13.6 0.54
N 104 (96.3) 0.9 = 12.5

diuretic therapy Y 29(269) ~1.0 £ 96 084
N 79(73.1) -1.5 %= 11.7
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derlying renal insufficiency and chronic diuretic

therapy did not predict a rise in serum creatinine.
The correlations between the dose of radiocontrast

(ml/kg body weight) and some laboratory indica-

Table 3. Correlations between the dose ol radiocontrast
(ml/kg body weight) and some laboratory indicators of re-
nal function in patients undergoing diagnostic or interven-
tional cardiac catheterisation (P. R = Spearman correlation
cocefficient).

paramelers R P
serum creatinine after 24 h 0.02 0.846
difference in serum creatinine 0.18 0.063
creatinine clearance after 24 h -0.17 0.086
dilference in creatinine clearance -0.05 0.579
serum urea after 24 h 0.11 0.247
difference in serum urea -0.09 0.350
tors of renal function, are shown in Table 3. A

positive correlation between the radiocontrast dose
and the increase in serum creatinine was observed
(R=0.18, P=0.061) (Figure 1a). A negative asso-
ciation between the dose of radiocontrast and creati-
nine clearance 24 hours after cardiac catheterisa-
tion was also detected (R = -0.17, P = 0.086) (Fig-
ure 1b).
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contrast agent.
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ance 24 hours alter the administration of radiocontrast agent.
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Before the administration of radiocontrast media
the mean body weight was 78.8 + 12.7 kg and it
decreased significantly to 78.4 = 12.9 kg (P = 0.001).
In 29 (26.9 %) patients receiving diuretic therapy,
the changes in body weight 24 hours after angio-
graphy were less expressed than in patients without
it (-0.2 = 0.9 kg versus -0.4 + 1.0 kg), but the diffe-
rence was not statistically significant (P = 0.34).

Discussion

Nephrotoxicity due to administration ol contrast
material is reported to be one of the most common
causes of acute renal failure acquired in hospital.'2
In recent studies, the incidence ol nephrotoxicity of
contrast agents has shown wide variability (ftom
2 % to about 50 %)."""" The role of newer and much
more expensive nonionic and lower osmolality con-
trast media remains to be defined. We therelore
designed a prospective study involving 108 con-
secutive elective patients in order to investligate
eventual systemic and renal complications occur-
ring 24 hours alter a routine diagnostic and inter-
ventional cardiac catheterisation.

Prospective studies have shown that a small rise
in the plasma creatinine concentration (18 mmol/l)
is a common occurrence after a radiocontrast study.’
However, a more marked decline in renal function
can occur by mechanisms which are not well under-
stood. Contrast media are powerful renal vasocon-
strictors, causing intense, though usually transient,
reductions in renal blood flow.'> 22 At sufficiently
high concentrations they appear to be toxic (o iso-
lated kidney cells studied in vitro. Furthermore,
they can produce tubular obstruction and immuno-
logic reactions.?? The renal lailure induced by con-
trast media typically begins immediately after its
administration.'> 2 In most patients, the serum crea-
tinine usually begins to increase within the first 24
to 48 hours of the administration of contrast agent.”
We therefore assumed that our short term sampling
protocol was appropriate.

This study has clearly shown that cardiac cath-
elerisation using nonionic contrast media has little or
no nephrotoxic potential. Acute renal failure, defined
as an increase in serum creatinine level ol = 44
mmol/l, was observed in only 2 patients (1.9 %),
which is in agreement with some previous studies.**7
Neither did we detect any other laboratory param-
eters ol contrast induced nephropathy, such as sig-
nificant changes in serum urea level, creatinine clear-
ance, urinary sediment or proteinuria.

We were unable to define any factors that would
predict acute renal lailure alter the administration
ol nonionic contrast media. There was no signili-
cant difference in the serum creatinine increase in
patients with pre-existing renal disease, congestive
heart failure, hypertension and diabetes mellitus.
Several investigators have found that pre-existing
renal insufficiency alone or combined with diabetes
mellitus significantly increases the risk of acute
renal failure® 7" The discrepancy between our
study and the earlier investigations is most likely
due to the differences in the sample size and study
design. In our group ol 108 nonsclected patients,
the number of subjects with pre-existing renal in-
sufficiency or other risk factors was considerably
small.

The low osmotic pressure of solutions, the nonio-
nic nature of the molecule and its inherently low
chemotoxicity contribute to the exceptionally good
local and systemic tolerability of nonionic contrast
media. Some, but not all studies, have demonstrated
a dose-dependent risk of renal dysfunction, with
lower doses being safer, bul not necessarily
safe.* %% " Though we did not observe a significant
rise in serum creatinine after cardiac catheterisa-
tion, the increase in serum creatinine and creatinine
clearance 24 hours alter the radiocontrast study cor-
related with the dose of radiocontrast. Thus, we
concluded that the dose of radiocontrast medium
used in our study was maintained within the range
of relative salety.

In addition, the present study showed a signili-
cant decrease in body weight in patients 24 hours
after cardiac catheterisation (P = 0.001). This find-
ing may be due to osmotic diuresis caused by the
administration of contrast agent. Intravenous fluids
given before the administration ol contrast agents
may be benelicial by correcting plasma volume de-
pletion, which leads to renal vasoconstriction and
active sodium reabsorption, and by minimizing the
consequences ol osmotic diuresis alter the adminis-
tration ol contrast agents.” Some up-to-date studies
have demonstrated a prophylactic effect of saline
pre-hydration, especially in patients at increased
risk of developing renal dysfunction after cardiac
catheterisation.!™ '*'% So far we have not used spe-
cial hydration methods before cardiac catheterisa-
tion. In view of the above mentioned observations it
would be resonable to introduce a preventive hydra-
tion protocol with 0.45 percent saline in our cath-
clerisation laboratory, especially in patients with
chronic renal insufficency.
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Surprisingly, our study showed a greater, yet not
significantly greater, decrease in body weight in
patients receiving no diuretics compared to patients
on long-term diuretic therapy. Although we can not
exactly explain this finding, it may be that patients
on diuretic therapy were initially less hydrated than
patients receiving no diuretics.

In summary, the use of nonionic contrast media
in cardiac catheterisation appears to be a safe met-
hod, associated with a low incidence of acute renal
complications (1.9 %). In contrast to previous stud-
ies, we lailed to define any predisposing factors,
such as pre-existing renal insulficiency, hyperten-
sion, diabetes mellitus or congestive heart failure,
that would predict acute renal failure secondary to
the use of nonionic contrast media. However, the
increase in serum creatinine level and serum crea-
tinine clearance 24 hours after the procedure were
well correlated with the dose of radiocontrast. In
addition, our study demonstrated a significant de-
crease in body weight, which might be due to os-
motic diuresis, caused by the administration of con-
trast agent. We therefore strongly recommend the
use of preventive saline hydration and careful con-
trol of body fluid balance before and during the
catheterisation procedure.
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Percutaneous drainage of a pancreatic pseudocyst into the
stomach

Marko Sever!, Franc Jelenc!, Milo§ Surlan?, Dubravka Vidmar?
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This paper reports on a patient who had a pancreatic pseudocyst, drained externally operatively in May

1995. The pseudocyst wall was too thin to make

pseudocystogastric internal anastomosis. Since this

treatment failed, a percutaneous cystogastric double pigtail catheter was introduced with the assistance of
ultrasound and gastioscopy. Two days after intervention the patient left the hospital without troubles. We
Jollowed him every month by clinical, biochemical, and US control. At first US control the pseudocyst was
not seen. Percutaneously US guided internal drainage is an elegant and less traumatic alternative method

to the patient compared with surgical procedure.

Key words: pancreatic pseudocyst; drainage; stomach

Introduction

Pancreatic pscudocyst is localized collection of [lu-
id retroperitoneally confined by fibrous membrane
without endothelial lining. It appears in 2 to 8 per-
cent after acute pancreatitis. The patient complains
of upper abdominal pain, early satiety and vomit-
ing. Clinically there is a palpable mass in cpiga-
strum. Diagnostic accuracy of ultrasonography is
over 90 per cent. There are three nonsurgical alter-
native methods of drainage:

a) percutaneous external drainage

b) endoscopic internal (cystogastro-, cistoduode-
no) drainage

¢) internal cystogastric drainage with double “J”
catheter (see Figure 1).

Cystogastric drainage with double pigtail cath-
eter under ultrasonographic and gastroscopic con-
trol in selective cases is less traumatic to the patient
and more comfortable than external drainage. There
Correspondence to: Marko Sever, M.D., Ph. D. Department
of Gastroenterologic Surgery, University Medical Centre

Ljubljana, Slovenia.

UDC: 616.37-006.2-089.48

is greater intraluminal pressure of pseucocyst that
enables flow of its contents through catheter to
stomach or duodenum. This method was publishecd
by Hancke in 1985." Nowadays interventional radli-
ology developed many procedures alternative to
classical, patient less friendly surgical procedures.
Cooperation between different medical disciplines
facilitates less aggressive procedures.

Case report

A 58-year-old man (P.J.) was operated earlier due
to gallbladder stones.

In August 9" 1994 he was operated due to acute
pancreatitis in another hospital. Postoperatively the-
re was pancreatic fistula, and secretion spontane-
ously stopped. Control US showed collection of
fluid 6.1 x 5.5¢m area in October 10" 1994. In
January 11" 1995 control US due to abdominal
pains confirmed 14 X 9cm great pseudocyst. Per-
cutaneous US guided punction was not successful,
and the patient was operated on May 12" 1995. The
wall of pseudocyst was too thin to perform pse-
udocystogastroanastomosis. It was drained exter-
nally through mesocolon. Twelve days after opera-
tion the patient left the hospital. One month later
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I'igure 1. Schematic ilustration of introducing percutancous
cystogastric double pigtail catheter.

the pains returned with palpable resistance in epi-
gastrium. Control US showed [luid collection in
bursa omentalis (see Figure 2). Our radiologists
decided to make percutancously US guided internal
cystogastric drainage with double pigtail catheter
and endoscopic assistance.

The purpose and the manner ol performing the
procedure was explained to the patient in detail, so
that the patient’s consent was obtained and the pa-
tient was reassured. The procedure was performed
in an intervention-radiology room. The patient was
lying supine on an X-ray table. Prior to the proce-
dure, the patient was re-examined using ultrasound
in order to determine the location and direction of
access. The patient was then given 5 ml ol nora-
minophenazone and 5 mg of diazepam i.v.. A flex-
ible gastroscope was introduced into the patient’s
stomach. The chosen arca in the epigastric region

I'igure 2. Ultrasonogram (US) of fluid collection in bursa
omentalis.

was washed sterile and lined with sterile surgical
sheets.  The location and direction ol puncturing
were finally determined with a sterile-enclosed 3.5
MHz probe with an attachment for puncturing. The
skin on the anterior abdominal wall was inliltrated
with 10 ml ol 2 % Xylocaine and a small incision
was made. Puncturing was performed with a 20 cm
long 18-gauge needle with mandrel. The penetra-
tion of the needle into the pseudocyst through the
anterior and posterior stomach walls was observed
on an ultrasound monitor and through a gastroscope.
Gastric access is a condition for the connection ol
the pseudocyst with the stomach through a double-
pigtail catheter in order to allow drainage. The suc-
cess ol puncturing was checked by aspiration of
cystic contents and a short fluoroscopic control al-
ter the administration ol the contrast medium, while
its passage through the stomach was checked with a
gastroscope. A J-type 0.035" tephlon guide wire
was introduced through the needle cannula. The
cannula was removed and dilation ol the channel
was performed with 7F and 8F plastic dilators. A
double-pigtail catheter (8.5 F thick and 8 cm long)
with side openings at both ends was introduced. It
was placed at the tip ol a 35¢m long needle with
16-gauge thick mandrel. On the needle behind the
pigtail is a pusher with which the tip of the pigtail
catheter was pushed from the cannula into the pse-
udocyst, while its base remained in the stomach.
The needle cannula, the wire and the thread which
serves [or the regulation ol the position (depth) of
the drainage catheter, and the pusher were removed.
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Figure 3. () US shows smaller pseudocyst diameter after percutancous drainage and (b) linal position of the drainage

catheter seen on US, and (¢) Xray.

The position of the pigtail catheter is monitored
with an endoscope and adjusted, and the thread is
cut il its spontancous removal is impossible. Ultra-
sonography revealed rapid drainage ol the pscu-
docyst (sce Figure 3a). The position ol the drainage
catheter could be seen on an X-ray taken after the

Figure 4a, b. The pseudocyst is not visible on US ane
month after the procedure.

completion of the procedure (see Figure 3 b, ¢).
One month after the procedure the pseudocyst was
not visible on ultrasonography (see Figure 4 a, b),
and the patient showed no clinical symptoms.

Discussion

In the past pancreatic pseudocyst was treated only
operatively. The introduction of ultrasonography and
various catheters enabled other less invasive meth-
ods of treatment. Percutaneous catheter external dra-
inage is less comfortable to the patient than endo-
scopic drainage (cystogastro - or - cystodudeno - )
or internal cystogastric drainage with double “J”
catheter. Percutancous double pigtail catheter inter-
nal drainage of pancreatic pseudocyst o stomach
with ultrasonographic and gastroscopic guidance de-
scribed [lirst by Hancke' is less traumatic to the
patient, than operative procedure by laparotomy.’
There must be proper selection of patient: the cyst
must be mature (6-8 weeks old to get thick wall)
and in close contact with duodenum or stomach. Too
small residual of stomach following surgery and
bleeding to pseudocyst or infection of its contents
does not permit double “J" catheter drainage. The
diameter of pseudocyst must be at least 5 cm. This
selection is possible by US examination. High con-
centration of amilase and lipase of pseudocyst con-
tent prevents occlusion ol catheter lumen.

This procedure is reported to be tolerated by pa-
tient better than external drainage.® The condition
ol success is good cooperation between interven-
tional radiologist and endoscopist.* There are re-
ports of worth results in infected pseudocyst and
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immature pseudocyst.™® After the procedure we con-
trol the patient every month (blood amilase, clinical
status, US). The drain is usually removed by gastro-
scope after 1-6 months.

The results are good if there is a proper selection
of patients. There are reports of reacutisation of
inflammation, due to alcohol drinking that demand-
ed earlier extraction of catheter, which stimulated
inflammation as a “foreign body™.

Internal drainage with double pigtail “J” catheler
is minimal invasive method which can be made in
local anaesthesia, especially in patients with pro-
hibitive operative risk.

Surgical treatment should be performed when en-
doscopical and percutanecous procedures are impos-
sible or if malignancy is suspected.
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Insulin dependency of F-18-fluorodeoxyglucose accumulation in
breast carcinoma cells compared to T1-201 uptake

Heike Wolf, Winfried Brenner, Volker Stein, Stephan Tinnemeyer,
Karl Heinz Bohuslavizki, Ulrich Teichert, Malte Clausen, Eberhard Henze

Clinic of Nuclear Medicine, Christian-Albrechts-University of Kiel, Kiel, Germany

The effect of euglycemic hyperinsulinism on 'SF-fluorodeoxyglucose (FDG) uptake in cultwres of breast
cancer was determined, in comparison to *"'TI. Measurements of both tracers were performed on 168 cell
culture tubes, with incubation intervals ranging from 1 to 240 min. Linear accumulation of FDG over time
was observed both with and without insulin. A significant increase fiom 3.52 = 0.74 % to 5.10 % 0.32 % over
240 min was attained after adding insulin. In contrast, *Tl revealed only a slightly significant increase after
insulin. By extrapolating these results to FDG PET tumor imaging, a markedly improved tumor targeting
might be obtained by providing a state of euglycemic hyperinsulinism, i.e. replacing the commonly used
single FDG injection by a continuous FDG/glucose/insulin infusion. An optimum imaging period of 150 min
after starting the infusion can be derived from owr data, considering the decay of 'SF

Key words: breast neoplasms; tumor cells, cultured; euglycemic hyperinsulinism; deoxyglucose, "F-fluo-
rodeoxyglucose; thallium radiosiotopes, *'Tl

Introduction conjunction with the cell’s metabolic activity, the-
reby confirming that it might also reflect tumor

Increased glycolysis is an important characteristic . .
¢ glycoly € PO o growth rather than just tumor perfusion.'

of cancer cells." 2 Positron emission tomography
(PET) with [%F]-2-fluoro-2-deoxy-D-glucose (FDG)
is used as a suitable indicator of the glycolytic
activity of tumors. FDG is rapidly transported into
the tumor cells and phosphorylated by hexokinase
to FDG-6-phosphate, but is not further metaboli-
zed,* meanwhile the physiologic substrate glucose
enters the glycolytic pathway. Increased FDG up-
take imaged by PET has been reported in many
types ol human tumors, e.g., head and neck cancer,’
lung.® colon,”* liver” 'Y and breast cancer.'" '>

WIT] SPECT imaging might work as well as FDG
PET in the detection of viable tumor tissue based
on the relatively enhanced tumor blood supply. In
neoplastic cell cultures the ' Tl uptake increases in
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In the in-vivo and in-vitro studies so far avail-
able® '> -1 controversial eftects of plasma insulin
and/or glucose levels on FDG tumor targeting have
been reported. Agreement consists in most studies
that elevated cold glucose levels seem to compete
with FDG, thus hampering FDG accumulation.

The purpose of this study was to determine the
effect of euglycemic hyperinsulinism on the cellu-
lar uptake of FDG in cultures of breast cancer cells,
and to compare it with the uptake of *'TI under
identical conditions, since insulin effects on 2Tl
tumor accumulation are also hardly known.

Materials and methods

Radiopharmaceuticals

FDG (BTZ Beschleuniger und Tomographiezen-
trum Hamburg, Germany) was obtained with a ra-
diochemical purity higher than 98 %. Impurities
like ethanol, acetonitrile and acetone were less than
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0.06 mg/ml and the glucose concentration was less
than 0.6 mg/ml.

A commercially available *'TI thallous chloride
was used (Mallinckrodt, Hennef, Germany) as a
reference tracer.

Cell cultivation
The human breast carcinoma cell line (MCF 7, dkfz
— Tumorbank, Heidelberg, Germany) chosen for ex-
amination was maintained in a medium containing
5 mmol/l glucose, supplemented with 10 % fetal
call serum (Bocehringer Mannheim, Mannheim, Ger-
many), 0.5 % L-glutamine 20 mmol/I (Biochrom,
Berlin, Germany) and Iml gentamycin 0.1 mg/ml
(Merck, Darmstadt, Germany). The cell line grew
well in vitro as a monolayer and had a doubling
time ol approximately 40 h. A Fuchs-Rosenthal
counting chamber was used for cell counting and
the trypan blue exclusion method for viability de-
termination was conducted using an inverted Leitz
microscope.

The total number of cells ranged from 7.9 to 9.2
million cells per tube with a median ol 8.5 million.
Cell viability was higher than 90 %.

Uptuke measurements

30 MBq FDG and 3 MBq *'TI were added to 250
ml medium, thus maintaining a continuous supply
during the whole incubation period. For each tube,
3 ml medium was used, and the exponentially grow-
ing cells were incubated with FDG and *'TI at
37 °C. Influx was stopped at different incubation
intervals ranging from | minute to 4 hours, by
removing the medium. Subsequently, cells were wa-
shed rapidly 3 times with 4 °C saline solution for a
total of 15 seconds and harvested with trypsin-EDTA
(Sigma Chemie, Deisenhofen. Germany).

The radioactivity was measured with a gamma
well counter in a definite geometry. Total activity
per culutre tube was attained by measuring the tube
before removing the medium. The cellular uptake
was determined after the washing phase. FDG mea-
surements were performed first and samples ol me-
dium and cells were stored for two days to deter-
mine the **TI uptake, alter the complete decay of
BE. All results were corrected for physical decay.

To assure adequate measurement statistics, six
tubes per exposure period were used, totaling 84
culture tubes in all. The experiment was repeated
exactly under the same conditions, but with an ad-
ditional administration of insulin, in a quantity of
0.5 U to the medium, i.e. 2 mlU/ml, providing a
complete receptor saturation.

Uptake results are presented as the percentage ol
the activity accumulated within the cells, related to
the activity added in each tube normalized to |
million cells, and expressed as mean * | s.d. For
statistical comparison, Student’s t-test for unpaired
data was used.

Results

As shown in Figure |, linear accumulation of FDG
over time was observed in nearly all the exposures,
up to a maximum ol 240 min. With the longest
exposure period ol 240 min an uptake of 3.52 +
0.74 % was measured under baseline conditions. A
further significant increase of up to 5.10 = 0.32 %
was attained alter adding insulin, with p < 0.02
already beginning alter an incubation time ol 20
min.
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Figure 1. Cellular uptake of ¥FDG expressed as % of me-
dium activity per I million breast carcinoma cells with and
without insulin (0.5 mlU/ml medium) at various incubation
lime intervals. Results are given as mean of 6 culture tubes
+ | SD. Additional insulin: filled squares; without insulin:
open circles.

In contrast, Tl accumulation occured at a high
rate during the first 10 to 20 min and then reached a
plateau. Adding insulin did not induce such marked
cffects, as illustrated in Figure 2.

By lumping all the tubes, with and without insu-
lin, together, the groups differ with 0.33 £ 0.06 %
and 0.25 * 0.05 %, respectively. Significant differ-
ences with p < 0.02 might be obtained in the initial
phase, such as at 10, 30, 45 or 90 min, while alter a
150 min exposure time, both curves converge on
cach other.
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Figure 2. Cellular uptake of 2"'Tl expressed as % of me-
dium activity per I million breast carcinoma cells with and
without insulin (0,5 mIU/ml medium) at various incubation
time intervals. Results are given as mean of 6 culture tubes
= | S®. Additional insulin: filled squares; without insulin:
open circles.

Discussion

Tumor targeting and quantitative evaluation of tumor
tissue viability with FDG and PET have shown en-
couraging results, with high tumor/background ra-
tios. Attempts have been made to further increase
FDG accumulation in tumor tissue for even better
scintigraphic tumor delineation, mainly by using
additional glucose administration on induce a state
of hyperglycemic hyperinsulinism."*~'7- % In agree-
ment with in-vitro studies, examing the same issue,
FDG accumulation mainly decreased with elevated
plasma or media glucose concentrations'> " 2! ex-
cept in brain tumor imaging."” This was interpreted
as a competing effect between cold and labeled
glucose leading to the conclusion that FDG tumor
imaging ought to be performed under conditions of
food abstinence.'* 1> 1%

The purpose and the results of this study have to
be seen in that context. Because of the obviously
hampering FDG accumulation at increased plasma
glucose levels, the approach was different to all
previously performed studies. The experimental de-
sign simulated a state of euglycemic hyperinsu-
linism in conjunction with a relatively constant sup-
ply of FDG, maintained for up to 240 min. Provid-
ing this environment to breast cancer cells a signili-
cant increase of FDG uptake in tumor tissue was
observed as seen in Figure 1. This result seems to
support the above cited hypothesis of competition
between cold and labeled glucose.

Wolf H et al.

The effect of the same study design on *'TI cell
accumulation was considerably less, and completely
concomitant to recent results.'” Particularly during
the initial exposure period of up to 150 min, how-
ever, insulin increased the *'Tl uptake by 50 %.
Provided this also holds true for in vivo scintigraphy,
an increase ol the tumor/background ratio by a fac-
tor of 1.5 would still represent a great progress in
scintigraphic tumor targeting.

Based on this data it seems thus justified to pro-
pose a modilied application protocol for both *'TI
and FDG tumor imaging, suggesting euglycemic
hyperinsulinism and maintaining constant tracer sup-
ply for a longer period of time. In the case of *' T}, an
approximately 60 min infusion might be suggested,
which causes no additional problem, since insulin
clamping requires a continuous infusion anyway. In
the case of FDG, the short tracer half life has to be
considered. As seen in Figure | constant tracer sup-
ply results in linear accumulation, if corrected for
physical decay. Considering 'F decay an accumula-
tion type of curve is obtained, as shown in Figure 3,
with maximum tracer concentration and, thus, a pos-
tulated optimum for imaging, at approximately 150
min after starting the FDG/insulin infusion. The dose
of insulin should be moderate, i.e. 20-30 1U/h, so as
not to induce significant hypoglycemia and/or clini-
cal symptoms, but to raise the plasma insulin level.

Clinical trials are needed to validate this postu-
lated approach. The outcome of such trials is diffi-
cult to predict, since the effect of euglycemic hyper-
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Figure 3. Cellular uptake of ""FBG with (filled squares) and
without (open circles) insulin considering physical decay
of "F, as calculated from the regression curves of Figure 1.
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insulinism on both the tumor and the surrounding
lissuc in vivo is uncertain because of the various
distribution of the, at least five different, glucose
transporting molecules, and the unknown magni-
tude as to whether these glucose transporters are
involved in the facilitated transmembrancous gly-
colytic flux. ' v

Conclusion

The accumulation of FDG and, to a lesser extent,
that of #'TI, in breast carcinoma cells can be sig-
nificantly increased by insulin and euglycemia. The
potential improvement of PET and SPECT tumor
largeting ought to justify further clinical testing.
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Positron emission tomography (PET) in ischemic heart disease

Karl Heinz Bohuslavizki, Winfried Brenner, Malte Clausen, Eberhard Henze

Clinic of Nuclear Medicine, Christian-Albrechts-University, Kiel, Germany

The key substrates of any biochemical pathway may be labelled by positron emitting nuclides, without
interfering with their biological behaviour: These nuclides desintegrate with two gamma rays in opposite
directions. Different kinds of PET cameras, their advantages and disadvantages are discussed in terms of
geometric resolution, nuclides useable, costs, and logistic problems. Latest camera technology deals with
SPECT camera capable of coincidence detection, thus allowing to perform PET images without large
expenses for dedicated PET systems. This could nwn FDG imaging towards just another simple nuclear
medicine procedure. The main clinical benefit of this method lies in the proof of tissue viability in akinetic,
hybernating myocardivun prior to therapeutic interventions. Thus, for patient management PET will help 1o
select the appropriate therapeuwtical procedure and thereby will increase the benefit-risk ratio for the
patienis.

Key words: myocardial ischemia; tomography, emission-computed, positron emission tomography, PET;
myocardial metabolism

Introduction fore their metabolism is somewhat unphysiological.

. . o Thus, the challenge for the radiochemist with sin-
Imaging procedures in nuclear medicine tend to be - R ) L
. gle-photon emitting nuclides is to produce radio-

non-invasive, simple to perform once the equip- : : : S .
¢ ’ | ! un pharmaceuticals, which despite of their unphysio-

ment is available, and they produce a macroscopic : : . T
i LT y produce a me ! logical nature will detect clinically useful signals.
display ol the organ under investigation with a some- This is the main limitine factor in the development
hat limited geometric resolution. The key mes . ) = I
<0 > S Y of new tracers for conventional gamma camera tech-
sage ol nuclear medicine is visualizing both (patho-)

physiology and metabolism.
In order to image pathophysiology and to cha-

niques in nuclear medicine.

In contrast, with positron emitting nuclides com-
e the lor i L | pletely physiological tracers may be developped. as
raclarize the tissue under investigation small amo- A
A T = o shown in this paper.
unts of radioactive substances are incorporated into
the patients and their distribution in the body is
detected and analyzed over time. Single-photon emit- Positron emitters
ters like technetium-99m, thallium-201, iodine-131, . . . . .
o o ) The main advantage of these positrons radiated from
iodine-123, and indium-111 are the most often used . e .

. ; . . the nucleus is their fate in tissue. Within a very
radionuclides for labelling procedures. Once these
nuclides are bound to a carrier the physicochemical
properties of these carriers are altered, and there-

short distance of about I mm the positrons collide
with an electron and both corpuscles annihilate,
vanishing completely. Their energy is transformed
Lo electromagnetic radiation in a characteristic pat-
Correspondence to: Dr. Karl H. Bohuslavizki, Clinic of Nu- tern. Two photons of exactly 511 keV ecach radiate
clear Medicine. Christian-Albrechts-University of Kicl, Ar- from the site of collision in almost opposite direct-
nold-Heller-Str. 9, D-24105 Kiel, Germany, Tel.: +49 431

597-3061. Fax. +49 431 597-3150. ions. (To be more precise, the angle between the

two photons is about 179 degrees. This fact together
UDC: 616.127-005.4-073.756.8 with the average length of radiation of the positrons
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define the lowest possible limit of geometric reso-
lution for physical reasons to about 2 mm). This
allows fer comparatively high resolution metabolic
imaging with positron emission tomography (PET).
Full width at half maximum is S mm flor PET stu-
dies. In comparison, realistic data on (ull width at
hall maximum in SPECT studies is some 15 mm.

The most widely used positron emitting nuclides
in PET-centers are given in Table 1. Obviously,
positron emitting nuclides [rom nitrogen, oxygen
and carbon are ideally suited (or the design ol radio-
pharmacecuticals with completely physiological be-
haviour (“make as small a change in the molecule
Lo be traced as possible”). This opens tremendous
possibilities for non-invasive, in-vivo autoradiogra-
phic analysis. In a specialized radiochemical labo-
ratory any organic substrate ol interest might be
labelled, e.g. metabolites including analog substan-
ces, receptor ligands and drugs will react chemi-
cally and biologically in exactly the same way as
their non-radioactive counterparts, due to their iden-
tical physico-chemical propertics.

Table 1. Half-life of positron emitting nuclides commonly
used.

Nuclide half-life [min]
Rb-82 1.26 min
O-15 2.07 min
N-13 9.96 min
C-11 20.40 min
F-18 109.70 min
Rb-81 274.80 min

A characteristic feature ol positron emitting nucli-
des is their short half-life in the range of minutes as
depicted in Table I. Therelore, for [ull utilisation of
the PET technology an onsite cyclotron for the gen-
eration of short-lived nuclides and a radiochemical
laboratory are required. The radiochemistry needed
may be characterized by extremely [ast synthesis

Table 2. Positron emitting nuclides in cardiology.

and labelling techniques, essential for these (ultra-)
short-lived tracers. Because ol these expensive in-
stallations, costs have been reduced tentatively by
supplying several tomographs by one cyclotron only.
However, the main benefit of this shipment ol short-
lived nuclides might be for the inital phase ol a
newly installed PET-center.

On the other hand, the short half-life of these
positron emitters puts a very small radiation burden
on the patient, and investigations may be repeated
in a short time before and following medication or
therapeutic interventions.  This fact is ol special
interest in diagnostic and therapeutic procedures in
cardiology. By applying dilTerent tracers myocardial
perfusion and blood pool, fatty acid metabolism,
glucose utilisation (a marker of ischemia plus myo-
cardial vitality) and the receptor status may be visu-
alized successfully as shown in Table 2. An ideal
tracer should clear fast from the background, should
have a high myocardial uptake of sufficient dura-
tion for imaging, and shoult not influence meta-
bolic pathways.

Competing PET technologies

The common axis of the two photons of 511 keV
may be seen by scintillation detector blocks with
clectronics, which is able to detect the correspond-
ing pair of counts by their coincidence. These emit-
led projection data is then backprojected in a simi-
lar way as is done in X-ray computed tomography.
Morcover, both machines look quite similar.

In modern PET systems a series ol detector rings
acquire three-dimensional data with high sensitiv-
ity, i.e. within a given angle any part ol any ring
may interact with any other part ol any other ring
for the coincident detection of the paired gamma
rays. This technique will acquire simultancously all
data to cover an organ like the heart. Transmission

Circulation N-13 NH; (ammonia) blood flow

Rb-82 blood flow

0-15 H,0 blood ow

O-15and C-11 CO blood pool
Metabolism C-11 palmitate lipid acid metabolism

FF-18 deoxyglucose
C-11 acetate

C-11 amino acids
N-13 amino acids

glucose uptake
Kreb’s cycle / oxygen consumption
protein synthesis
protein synthesis

Neuronal receptors C-11 quinucyclidine
F-18 metaraminol

C-11 hydroxyephedrine

B-receptor ligand
adrenergic innervation
adrenergic innervation

Varia F-18 misonidazol
Rb-81

detection of hypoxia
potassium pool
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Table 3. Comparison of tomographic systems in nuclear cardiology.

PET SPECT + coincidence SPECT
Tracer physiological physiological non-physiological
Nuclides short-lived short-lived long-lived
Nuclide distribution restricted restricted widespread
Repeated studies within hours within hours next day
Acquisition time (heart) 10 min 40 min 20 min
Whole body capability yes no limited
Resolution (FWHM) Smm 5 mm 15 mm
Quantitation precise poor poor
Availability restricted potentially widespread widespread
Installation 10 Mill US$ 1 Mill US$ 1 Mill US$

Costs per investigation 1200 US$

600 US$ 300 US$

data are acquired for physically exact absorption
correction. This allows to display the tracer distri-
bution in Becquerel per volume and, therefore, ser-
ves as a basis for the calculation of quantitative
physiological parameters.

In contrast, this is quite different in SPECT meas-
urements. With single photons the count distribu-
tion correlates poorly with the activity distribution,
and proves by experience only to be clinically use-
ful as given in Table 3. However, the latest genera-
tion of multi-headed SPECT systems makes it pos-
sible to acquire transmission data as well. This SPECT
transmission system allows for sufficient absorp-
tion correction while scatter remains a major prob-
lem. Superb images have been shown, but the clini-
cal value of absorption correction in SPECT still
remains to be evaluated.

Positron emission tomography is now around for
about 15 years. However, the limited number of
PET centers currently installed will not allow rou-
tine patient management on a broad basis. The high
costs of the systems are due to rather sophisticated
hardware required, especially when combining an
on-site cyclotron and a radiochemistry with the PET
scanner. The initial investment of a complete PET
center will require 68 Mill US$ and the reimburse-
ment for one investigation will approximate 1200
USS. These financial considerations will limit the
technology to clearly defined clinical problems and
especially to cardiological and brain research. To
overcome these limitations, a new generation of
low cost PET scanners are introduced by industry,
e.g. ART-PET, which may change the benefit-cost
ratio towards PET in the near future.

The latest camera technology came up with a
machine in a somewhat intermediate position be-
tween PET and SPECT.! A double head gamma
camera designed for excellent SPECT studies was
equipped with high countrate capability and coinci-
dence detection. Thus, PET and SPECT are achiev-

able in a single gamma camera. After a potentially
widespread installation this may allow tomographic
examinations with physiological PET-tracers, i.c.
fluordeoxyglucose (FDG), with the intrinsic good
geomeltric resolution but without huge expenses ne-
cessary for dedicated PET centers. Since neither
transmission measurements and consecutive quan-
tification nor whole body imaging are feasable so
far this system may become a worthwhile alter-
native in imaging of small organs as the heart and
the brain.

In these organs, SPECT cameras equipped with
high energy 511 keV collimators have been used.
However, these images lack quality due to the rather
limited geometric resolution of this system, with a
possible role in cardiac studies only.

Ischemic heart disease

Up to now only in a few PET centers worldwide
basic research on myocardial ischemia in animal
models has been performed. Subsequent clinical
work has concentrated on myocardial ischemia and
cardiomyopathies.> * Conclusive results using PET
in ischemic heart disease are available only for the
last two years with about 20-30 original papers
based on studies with less than 200-300 patients in
total, mostly performed in the US.

Normal myocardium utilizes fatty acids for its
energy requirements during rest. At stress lactate
acid from the skeletal muscle is taken additionally.
During lasting state there is delinitely no uptake of
glucose in the myocardium. In contrast, the post-
prandial endogenous insulin load will result in glu-
cose uptake of the myocardium as well. This pat-
tern changes quite dramatically during ischemia.
Even in the fasting state myocardial cells will switch
towards anerobic energy production using glucose.
This glucose uptake signals ischemic, but still vi-
able myocardium. On the other hand, in scar tissue
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there is very little uptake of any tracer because of
its bradythophic metabolism.

In patients with ischemic heart disecase PET may
image non-invasively blood flow and metabolic pa-
rameters.” During hypoxia latty acid metabolism is
stopped and subsequently switched over to acrobic
and anacrobic glycolysis, as desribed above. Using
F-18 labelled FDG, increased glucose utilization
may be detected in regional myocardial ischemia.
This metabolic imaging may be combined with blood
flow studics. Rb-82* and N-13-ammonia are com-
monly used blood flow tracers. With a double tracer
technique of FDG and N-13-ammonia it seems pos-
sible to differentiate normal, scarred, and ischemic
myocardium. In the latter there is decreased uptake
ol blood flow tracer while glucose utilization is
enhanced, thus a “mismatch” between the two tracer
patterns occurs. Infarcted myocardium may be iden-

tified by FDG (and C-11-palmitate) as a region of

abolished metabolism.

Myocardial vitality

Unexpected and partially spectacular results con-
cerning demonstration of remaining vitality in aki-
netic myocardial regions, where no TI-201 uptake
could be shown in SPECT studies, have been re-
ported. In one study, up to 58 % ol persisting TI-
201 stress and rest perfusion defects interpreted as
scar tissue showed metabolic residual activity with
FDG in PET studies.” According to these results
PET seems to allow prognostic statements concer-
ning the prediction ol contraction function ol akinetic
but still vital myocardial tissuc after revasculariza-
tion. This prediction was true in one study for 85 %
ol the patiens, whereas regions identified as scar
tissue by N-I13-ammonia and FDG-PET showed
functional improvement in 8 percent only.” There-
fore. the specificity for scar detection is high for
PET, quite in contrast to SPECT studics perfermed
with TI-201.

However, two principal drawbacks underlying
FDG-PET should be mentioned. There is no way Lo
differentiate acrobic from anacrobic glycolysis, i.c.
postprandially even normal myocardium shows FDG
uptake. This has led to a varicty of different acqui-
sition protocols with no commonly accepted pro-
cedure so lar. Furthermore, following myocardial
infarction a solid block ol scar tissue may be missing.
Histologically, a mixture ol scar libres and still
viable myocardial cells is demonstrated in these

patients. Although these cells will show an increased
FDG uptake, they remain immobilized by surroun-
ding scar tissue. Therelore, following revasculariza-
tion cardiac contraction will not be enhanced. Be-
side this clearly defined value for patients with
ischemic heart discase in cardiological diagnostics,
PET has a unique importance for clinical research
due to the ncarly unlimited possibilities of non-
invasive in vivo investigations.®

Ventricular tachycardia following myocardial
infarction

One example will be given for current PET research
in paticnts with ischemic heart disecase. Following
myocardial infarction some patients develop high
risk ventricular tachycardias. The site of the arrhyth-
mogenic substrate may be delineated by PET in two
different ways. First, at the border of a myocardial
scar ischemic myocardium is sometimes found.
These arcas are characterized by a perfusion — me-
tabolism mismatch, i.c. reduced perfusion and cn-
hanced glucose uptake. In exactly these areas, lo-
calized by PET, the clectric focus during episodes
ol venticular tachycardia could be conflirmed by
clektrophysiologic studies.” Second, in a more spe-
cific approach the reuptake of adrenergic substances
in nerve fibres of the myocardium may be documen-
tated by PET." Disturbances ol this rcuptake of
adrenergic substances may signal membrane insta-
bilities and, thus, a tendency towards arhythmia. In
carcfully controlled clinical studies it may be possi-
ble to link these findings ol scintigraphically proven
cardiac neuropathy with ventricular tachycardias and
with the problem of sudden cardiac death.

Conclusions

The main clinical benefit of PET in cardiology is to
facilitate the prognosis ol the success ol any re-
vascularization. By using a glucose derivate the vi-
ability of hybernating myocardium and thereby the
curability may be proven. Otherwise, the impact ol
PET technology is concentrated mainly on basic
rescarch.
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Papillary thyroid cancer in two sisters
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Cuase reports on two sisters with histologically confirmed papillary thyroid cancer are presented. Gastro-
enterological examinations were normal in both patients, Gardner’s syndrome excluded. It was concluded
that family history, clinical presentation free of underlying cancer syndrome, and histopathologic examina-
tion are not adequate for reliable differentiation between occasional and familial forms, unless genetic

markers are avatlable.

Key words: thyroid neoplasms; Gardner's syndrome, thyroiditis, autoimmune

Introduction

In contrast to medullary thyroid carcinoma (MTC)
which, in part, shows familial occurrence as a part
of multiple endocrine neoplasia syndrome type 2
(MEN 2), the nonmedullary forms of thyroid cancer
are not generally thought to present familial occur-
rence. However, evidence from literature'-* on thy-
roid cancer associated with familial adenomatous
gastrointestinal  polyposis (Gardner’s syndrome)
suggests possible inheritance. In a majority of fa-
milial cases, papillary cancer has been described,
almost exclusively in young females, as being twice
more often multicentric in origin, affecting both
lobes of the thyroid gland, diagnosed before the age
ol 30, and with excellent outcome.**

In this case report, we present two sisters with
papillary thyroid cancer. The aim ol evaluation was
to determine whether these cases could be consi-
dered a familial disease.

Case report 1

In 1982, PA, a 42-year-old woman, presented at
our Department for suspect hyperthyroidism. The
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patient’s mother had died from leukemia. There
were no other severe diseases or patients with ga-
strointestinal disease in the family.

The patient complained of palpitations, nervous-
ness, inappetence, nausea, diarrhea and weight loss.
She was not aware of thyroid gland enlargement.
On physical examination, a solitary 1.5x 1.5 c¢m
palpable nodule was found in the left thyroid lobe.
The right thyroid lobe was enlarged but free of any
palpable nodules. Scintigraphy using Tc-99m and
[-131 showed the palpable nodule to be a “cold”
one. Ultrasonography of the thyroid was not per-
formed. Serum thyroid hormone values were nor-
mal, thyroglobulin and thyroid microsomal auto-
antibody levels were negative. Fine-needle aspira-
tion biopsy (FNAB) of the nodule was cytologically
diagnosed as papillary carcinoma. The cytologic
finding indicated surgical ablation of the left thy-
roid lobe. Histologic examination of the surgical
specimen showed macroscopically a peripheral gray
solid tissue, 1.8 ¢m in diameter, with an encapsu-
lated nodule of 1.6 ¢m in diameter. Microscopi-
cally, tumorous tissue was found to be composed of
papillae with thin fibrovascular core, covered with
one layer of tumor cells with ground-glass nuclei.
The nemerous follicles were covered with large
cells with cytoplasmic pseudoinclusions. After one
month, surgical ablation of the right lobe was per-
formed. Hystology showed no malignant elements.
There was no infiltration of the lymph nodes either.
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Alter total thyroidectomy, an ablative dose ol io-
dine-131 ol 1.85 Gbq (50 mCi) was administered.
In 1984, total body imaging showed enhanced accu-

mulation of iodine-131, located in the projection of

the right thyroid lobe, which was considered a local
recurrence. An ablative dose of 4.44 GBq (120 mCi)
ol iodine-131 was administered.

In 1987, her sister (Case 2) was examined at our
Department. She had enlarged thyroid gland and a
cytologic finding suspect ol medullary thyroid car-
cinoma. In view ol the possibility ol familial med-
ullary thyroid cancer also considered in the former
patient, histologic findings of both surgical speci-
mens were demanded again. However, papillary car-
cinoma was verified on reexamination. Serum cal-
citonin levels measured before and after stimula-
tion with ethanol were normal.

Other close family members were also examined.
In a third sister, a discretely enlarged thyroid gland,
normal concentrations ol tritodothyronine and thy-
roxine, and positive titres ol microsomal autoanti-
bodies were found. Iodine-131 scintigram showed a
homogenous activity distribution, while FNAB poin-
ted to chronic lymphocytic thyroiditis. Gastroentero-
logical examination was also performed [or possi-
ble association with Gardner’s syndrome. Gastro-
scopic and colonoscopic findings were normal in
all the three sisters.

Case report 2

S.A., a sister 7 years younger than the latter patient,
presented at our Department at the end of 1984, with
enlarged thyroid gland. During the preceding four
years, she had elevated blood pressure reaching 220/
130 mmHg, irregularly treated with antihyperten-
sives, accompanied by hot flushes. She often suf-
fered [rom nausea, vomiting and diarrhea, regardless
ol the food taken. On physical examination. an enlar-
ged left lobe and isthmus were found, with no mark-
edly palpable nodules. Scintigraphy with Tc-99m
and I-131 showed an inhomogeneous activity dis-
tribution in the silhouette of the enlarged gland.
Ultrasonography of the thyroid was not performed.
The FNAB cytologic finding was suspect of medul-
lary carcinoma. Total thyroid hormone levels were
normal, and thyroglobulin and thyroid microsomal
autoantibody levels were increased. The basal se-
rum calcitonin level was normal, whereas alter sti-
mulation with ethanol and pentagastrin it was twice
above the baseline. Surgery was advised, but she
refused operation. She did not present at the De-

partment until 1986. At that time, an enlarged thy-
roid was lfound, with two separate palpable nodules
in the left lobe and isthmus, sized 1.5x2.0 ¢cm
cach, but not “cold” on scintigraphy,Repeated FNAB
was suspect of medullary carcinoma again. Rep-
cated measurements ol serum calcitonin level be-
fore and after stimulation with pentagastrin and
ethanol were normal. As medullary thyroid cancer
was cytologically suspected, and considering the
possibility of MEN 2 syndrome, further evaluation
was undertaken The urinary excretion rate of
vanillylmandelic acid value measured in a 24-hour
collection was normal. Computed tomography scan-
ning of the abdomen was nommal Total
thyroidectomy was performed in 1987. The histo-
logic section showed two nodules, 1.5x2.0x 1.0
cm and  3.0x3.0x3.0cm in  dimension.
Histologically, the both were tumorous tissue of
papillary structure, the papillac were covered with
one layer ol cylindrical epithelial cells with light
and bullous nuclei. In the right lobe, numerous fol-
licles of different size were found, covered with
one layer of epithelial cells filled with dense
cosinophilic colloid. A lymphocytic infiltration
with numerous germinative centers was observed,
and follicles in these areas were destroyed. Alter
the surgery, an ablative dose of 3.7 GBq (100 mCi)
ol iodine-131 was administered.

Both sisters presented for clinical examination
every 6 months, with annual chest x-rays and whole
body iodine-131 scans. Until 1995, control exami-
nations did not show any sign ol propagation ol the
disease in either of them. Thyroglobulin levels mea-
sured annually were normal. Hypothyroidism was
oversubstituted with 200 pg of L-thyroxin daily in
order to completely suppress TSH secretion.

Discussion

The diagnosis of papillary thyroid cancer was un-
doubtedly confirmed histologically after thyroid-
ectomy in both sisters. Due to lamilial occurrence
ol thyroid cancers, the patients were examined for
hereditary MTC, which is the best known form of
familial thyroid cancer. When MTC was excluded,
the familial non-medullary form ol the discase was
established. Review of the literature suggested that
there may be two groups ol familial non-medullary
thyroid cancer: one in which association ol non-
medullary thyroid cancer with inherited cancer syn-
drome (Gardner’s syndrome and Cowden’s disease)>”’
could be documented, and another one in which
familial papillary cancer is independent ol the un-
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derlying syndromes.®'* The incidence ol papillary
carcinoma in Gardner’s syndrome is estimated 1o
be 160-fold that in normal population.® The asso-
ciation of papillary carcinoma and possible heredi-

lary cancer syndrome was not confirmed in our
patients. As DNA analysis was not performed in our

patients, it was difficult to conclude that our cases
had a hereditary basis independent of the associa-
tion with the underlying syndrome.

At the time of making the diagnosis, both sisters
were middle-aged, while in other studies of familial
occurrence of papillary carcinoma the patients al-
most exclusively were younger females. The malig-
nant disease did not affect the contralateral thyroid
lobes in our patients, although other authors found

dissemination into both lobi of the gland in cases of

familial papillary carcinoma.**7 There were no dis-
lant metastases or increased thyroglobulin levels
during the postoperative follow-up, suggesting a
¢ood outcome, which is consistent with other re-
ports.>**7 In one sister, chronic lymphocytic thy-
roiditis was found. It was also diagnosed in the
third sister. Lote and al. examined the thyroid sur-
rounding tissue in their patients with familial papil-
lary thyroid cancer, looking for possible focal thy-
roiditis with no confirming results.'> On the other
hand, others report on a significantly increased in-
cidence of primary hypothiroidism in families with
a familial form of papillary thyroid cancer, as a
consequence ol chronic lymphocyte thyroiditis.? '3 16

We accept suggestions of most authors that ex-
aminations should also include other close relatives
when two or more members of the family have
papillary carcinoma.* * Y Families with papillary
thyroid cancer should also be gastroenterologically
examined in order to find possible associated poly-
posis, and vice versa, familial gastrointestinal poly-
posis should be examined for possible associated
papillary thyroid cancer.

We conclude that family history, clinical presen-
tation without underlying syndrome, and histopatho-
logic examination are not adequate for reliable dif-
ferentiation between occasional and familial forms,
unless genetic markers are available.

N~
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Effect of the type of application of Newcastle disease virus
on the Ehrlich ascites tumor

Tomaz Milanez, Robert Kosak, Anton Cerar
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Newcastle disease virus (NDV) has been shown to have an inhibitory effect on the tumours. Most authors use
peritumoral application of virus. The purpose of our study was to compare the effects of the ip in contrast to
sc application of the virus on the ip and sc transplanted Ehrlich ascites wunor (EAT) in CBA/H mouse. We
measured the length of survival, the tumor cure rates, the metastatic rate, and the frequency of ascites and sc
twmors in the site of ip EAT injection. ‘

Prolongation of survival after the therapy with NDV in ip transplanted EAT was found. The average time of
survival in control group was 70.5 days, and 107 and 79.9 days with ip and sc NDV virus therapy
respectively. The differences were significant only between control group and the group treated with ip
application of NDV. Tumor cure rates were: ipNDV group 30%, scNDV group 20 % and control group 5 %.
NDV therapy in sc transplanted EAT prolonged the time of survival; in control group it was 63.3 days, and
75.2 and 65.9 days with ip and sc NDV therapy respectively.

NDV therapy inhibited metastatic rate of ip transplanted EAT. Inhibition was more effective with ip applica-
tion of NDV. Virus therapy also lowered the frequency of appearance of ascites and sc nunour in the site of ip
EAT injection. In sc transplanted EAT ip application of NDV inhibited the metastatic rate while in sc applied
NDV some stimulation of metastasation was found.

Ip application of NDV was found to be superior in contrast to sc application in all its therapeutic effects
against EAT. Our results show that the wumor inhibition of NDV, in the system we used, has the characteristics
of the biological response modifiers.

Key words: Carcinoma, Ehrlich tumor; Newcastle disease virus; survival rate; mice

Introduction incidental infection,® or in therapeutic trial.** Rei-
chard et al.® have found the selective effect on tumor
in contrast to normal cells of live NDV in vitro.

In in vivo experiments the authors use various
modes of virus application but no study compares
the effect of different modes. In our experiment we

Newcastle disease virus (NDV) is a paramyxovirus
pathogenic to birds and only slightly to men."? As
an inhibitor ol tumor growth it has commanded
continuous attention ever since the '50s until re-

cently. The tumour inhibition was found in in vitro
systems, on experimental animals, and in men alter
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tried to find out if there is a difference in the effect
between sc and ip virus application on sc and ip
transplanted EAT ol mouse. In the case that the
differences in the effect are found it would to some
degree explain the mechanism of NDV’s tumor in-
hibition.

Materials and methods

Experimental animals

We used 120 inbred mice, 8 to 10 weeks old, males
of CBA/H strain, which were obtained from the
Institute Ruder Boskovi¢, Zagreb. The animals were
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provided pelleted Knapka food and tap water ad
libinun. The light regime was natural.

Experimental tunor

We used EAT, composed of predominantly hyper-
diploid cells, in ascitic form. EAT was transplanted
ip to a donor animal 14 days before. Tumor cells
were counted in a hemocytometer with Trypan blue
exclusion test.

The same number of tumor cells was implanted
in both experimental and control groups. For ip
transplantation we used 7.9 x 10*cells in 0,5 ml of
sterile 0.9% NaCl while for sc transplantation we
used 18.9 x 10* cells in 0.3 ml of sterile 0.9% NaCl
per animal. Tumor cells were inoculated into the
right inguinal region.

Virus

Wild type NDV strain was used. Virus was obtained
and titrated by the Viral laboratory, Faculty of Vet-
erinary Medicine, Ljubljana. It was cultured in cho-
rioallantoic fluid of 10-day old embryonated SPF
chicken eggs, EIDso was 1073, It was stored at -70°C
until application. Before application it was diluted
in Hanks’ solution in the ratio 1:15. For ip and for
sc application 0.2 ml of viral solution was used. Sc
application in scEAT groups of animals was in the
peritumoral region.

Experimental course

We used 120 mice which were divided in 6 groups,
cach consisting of 20 animals. EAT was transplanted
ip to group I, 2 and 3 and sc to group 4, 5, and 0.
The first and the fourth group were control, and the
other 4 were experimental groups, which received
NDV either ip or sc (Table 1).

The therapy of the groups with ipEAT started on
the 7" day after transplantation, and of scEAT groups
when the tumor reached the average diameter of 8
mm. The therapy was applied twice a week, during

the total length of the experiment. Mice died spon-
taneously until 149" day when we finished the ex-
periment. The animals which survived were sacri-
ficed by the method of cervical dislocation.

Morphological  Technigues

All the animals were autopsied to check the pres-
ence, site, and location of the tumor growth and
presence of ascitic fluid. The organs, except the
brain, were removed and fixed in 10% bulfered
formalin for macroscopic evaluation of tumor
growth in fixed tissues and for the histologic exami-
nation. The presence of tumor tissue was confirmed
histologically in all animals in at least one speci-
men. In the cases where animals were sacrificed
and the tumor was not found macroscopically, we
examined histologically all the organs.

Statistical Methods

The result were statistically evaluated with compu-
ter statistical package SOLO (BMDP), and Log-
rank test.

Results

The effect of the site of NDV application on
survival

In ipEAT groups evident differences in survival of
animals were found (Fig.1). In control group the
average survival was 70.15 days, in ipNDV group
106,15 days and in scNDV group 79.9 days. The
difference between control group and ipNDV group
is statistically significant (p=0.008), but there is no
such difference between control group and scNDV
group (p=0.36).

The influence of application site is also reflected
in the number of animals which survived the whole
length of experiment (149 days) and no tumor was
found at morphological analysis: there were 30%
such animals in ipNDV group, 20 % in scNDV
group and 5 % in the control group.

Table 1. Groups of CBA/H mice and experimental design of NDV treatment.
* 7.9 x 10* EAT cells forip and 189 x 10" EAT cells for sc transplantation were used per animal. The original virus titer was
EID 10™%; 0,2 ml of NDV diluted 1:15 with Hanks’ solution was applied per animal twice weekly.

Group No., Mode of EAT Solution Mode of solution
(20 mice in each) transplantation applied application
| (control) ip 0,9% NaCl ip
2 ip NDV ip
3 ip NDV ¢
4 (control) SC 0,9% NaCl SC
5 SC NDV s¢
6 SC NDV ip
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Figure 1. Survival of ipEAT groups (group l-control, group
2-ipNDV, group 3-scNDV). The animals that survived 147"
day were sacrificed and showed histologically no tumor
growth. 7,9 x 10* EAT cells were transplanted per animal.
The original virus titer was EID 107% 0,2 ml of NDV di-
luted 1:1S with Hanks’ solution was applied per animal
twice weekly.
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Figure 2. Survival of scEAT groups (group 4-control, group
S-ipNDV, group 6-scNDV). The animals died spontane-
ously. 18,9 x 10" EAT cells were transplanted per animal.
The original virus titer was EID 10™5; 0,2 ml of NDV di-
luted 1:15 with Hanks’ solution was appliecd per animal
twice weekly.

Among scEAT groups the differences in survival
were smaller than in ipEAT groups (Fig. 2). The
average time ol survival in control group was 63.3
days, and in ipNDV group 75.2 days and in scNDV
group 65.9 days. The diflerences are not signifi-

cant. All the animals died spontaneously with tu-
mour by 103" day of the experiment.

The effect of the site of NDV application on the
number of metastases

In ipEAT the greatest number ol tumors was found
in mesentery, pancreas and respiratory diaphragm,
and smaller number in organs of small pelvic cav-
ity, kidneys, suprarenal glands and liver. Metastases
outside abdominal cavity were found in the lungs,
and the lymph nodes (inguinal, axillary). The total
number of tumors and metastases found by groups
was: control 44, ipNDV 25 and scNDV 34. Ascitic
fluid was found in 60 % of animals in the control
group and in 25 % and 45 % ol animals in ipNDV
and scNDV group respectively. The sc tumor in the
place of ip EAT injection was found in 70 % of
animals in control group and in 45 % and 60 % of
animals in ipNDV and scNDV group respectively.
In scEAT groups most of the metastases were in
the abdominal organs, while in lungs and lymph
nodes they were rare. The total number ol metastases
per groups are: control 22, ipNDV 16 and scNDV 32.

Discussion

The in vivo tumor therapeutic effect of live NDV
has been found to depend on many lactors ol which
the virus dose, the virus strain, the regime ol appli-
cation, and the tumor mass seem most known. The
authors have also found that the tumor inhibitory
effect was best il the NDV was injected into the
tumor.”

The mechanism ol tumor inhibition by NDV has
been studied quite extensively. One of the first ideas
was that virus incorporates into the membranes ol
tumor cells in the process ol budding and in this
way changes antigenicity of tumor cells.” On the
other hand, there is no objective evidence, except in
tumor-adapted NDV strain,* that NDV multiplies in
tumor cells. The most argued lindings are NDV’s
effects on the immune system generally through
interferon induction,” TNF induction and the sen-
sibilization of tumor cells to TNFE.! Some authors
have found a selective cytotoxic effect of NDV on
tumor cells in vitro.

Usually a few millions of cells are used in the
experiments with ipEAT. We used only a few thou-
sands ol cells to prolong survival, to allow appear-
ance ol more metastases and to obtain a more sensi-
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ble model for therapy testing. The regime ol NDV
application was that proposed for the biological
response modifiers (BRM),"" because viruses are
also treated as BRMs."”

Our finding is that ip NDV application has stron-
ger tumor inhibitory effects than sc application.
Because virus is a diffusible particle, which is ab-
sorbed after application by mesothelial pores and
endothelial capillary cells into blood system, and

the blood supply area ol peritoneum is much larger

than subcutancous area, we can expect that in ip
application there is much higher concentration of
virus in the blood. This is probably why the influ-
ence on the involved mechanisms of tumor inhibi-
tion is stronger.

The length of survival of experimental groups in
ipEAT was longer than in scEAT. This is most prob-
ably a consequence of bigger tumor masses in the
begining of the virus therapy in scEAT groups. Other
authors have found the same effect of tumor mass,
using NDV* or TNF therapy.'* It is also the guide-
line for the use ol BRMs that they should not be
used for advanced neoplastic diseases.™

According to our results, NDV inhibits tumor
melastatic rate which is also reflected in the re-
duced incidence of ascites appearance. Both could
be the consequence ol the reduced tumor mass on
the peritoneal surfaces, as a consequence of NDV
influence. It was found in vitro that NDV activates
peritoneal macrophages which showed a strong
cylostatic elfect against tumor cells.™ ¥ It was also
found that the reduction of ascites appearance is an
effect of increased immunologic potency.' In the
ScEAT group we found increased metastatic rate
after scNDV. This is probably the result ol repeated
peritumoral injections where we pricked the tumour
cells and introduced them into the vessels.
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Cathepsins and their endogenous inhibitors in clinical oncology

Primoz Strojan

Institute of Oncology, Ljubljana, Slovenia

The invasion and metastasising of tumor cells is closely connected with the disintegration of  basement
membranes and extracellular matrix. The carriers of these processes are different proteolytic enzymes,
among them also cathepsins — a group of ubiguitous lvsosome proteinases. A correlation between the
changed concentrations and/or activities of cathepsins in the tumor tissue and metastatic potential of tumnors
was demonstrated on different experimental models in vitro and in vivo. The prognostic relevance of
cathepsin D, particularly in breast cancer; and to a lesser extent also of cathepsin B, is nowadays widely
studied in clinical oncology. The cells releasing cathepsins also produce their inhibitors.  Stefins, cystatins
and kininogens are endogenous inhibitors of cathepsin B. Their clinical relevance, cither as therapeutic
agents or prognostic factors, still remains unknown. For cathepsin B, an endogenous inhibitor has not been

Jound yet.

Key woids: neoplasms; prognosis; cathepsins

Introduction

The behaviour of malignant tumors is typically de-
termined by their ability to invade the surrounding
tissues as well as by their potential to form me-
tastases in different parts ol the body, at a distance
from the primary tumor. Both features are the result
of a dynamic and complex process, known as me-
tastatic cascade, i.e. the sequence of interrelated
events including numerous interactions between the
tumor and its host-organism.' In order to be able to
form a new metastatic colony, an individual tumor
cell or a group of these should successfully pass
through each individual stage of the cascade; it
should 1) leave the primary tumor, 2) invade the
adjoining normal tissues, and 3) enter the blood
circulation, which then can take it to the most dis-
tant parts of the organism. Once inside the target
organ, tumor cell or a group of them must again
pass through the vessel wall in order to enter into
its new habitat and form a new, secondary colony.?
In this transition, the cell crosses different tissue
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compartments which form a mammalian organism.
These are separated from one another by two types
of extracellular matrix, which pose a few natural
tissue barriers to the invading cell, i.e. the basement
membranes and the interstitial connective tissue.
The basic constituents of these structures are differ-
ent proteins — particularly collagen, adhesive glyco-
proteins and proteoglycans.? .
Disintegration of the extracellular matrix and the
ensuing transition of tumor cells through it occur as
a result of the activity exerted by different types of
proteolytic enzymes which are produced and re-
leased onto the surface of cytoplasmic membrane
or into its surroundings by the invading tumor cells
as well as by host-cells.* Proteinases, i.e. the en-
zymes with endopeptidase activity, which are asso-
ciated with these disintegration processes, are gro-
uped into four classes with respect to the chemical
nature of the groups responsible for the catalytic
activity. These are 1) serine proteinases, 2) cysteine
or thiol proteinases, 3) aspartic proteinases and 4)
metallo-proteinases. The same cells that make up
these enzymes also produce their inhibitors (Table 1).}
In a normal, non-malignant tissue, the activity of
individual enzymes and their endogenous inhibitors
is organised in the proteolytic cascade involved in
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Table 1. Major classes of proteinases.

Class EC Examples pH range Examples of
number* for activity protein inhibitor(s)
Serine 3.4.21.- trypsin 7-9 PAls
chymotrypsin a2-antiplasmin
plasmin a2-macroglobulin
plasminogen activator
thrombin
clastase
cathepsin G
Cysteine 3.422.- cathepsin B 3-3 stelins
or thiol cathepsin H cystatins
cathepsin L kininogens
Aspartic 3.4.23.- pepsin 2-7 pepstatin
cathepsin D
Metallo- 3.4.24.- collagenases 7-9 TIMPs
gelatinases neutral
stromelysins neutral

*#Based on the Nomenclature Committee of the International Union of Biochemistry (1992).
PAT - plasminogen activator inhibitor; TIMP - tissue inhibitor of metallo-proteinases.

numerous physiological processes such as tropho-
blastic implantation, embryo morphogenesis, angio-
genesis, wound healing, pathologic baclerial and
parasitic invasions. elc.? The cascade activation is a
complex process involving numerous interactions
between enzymatically inactive pro-enzymes, ac-
live proteinases of different classes, and their in-
hibitors (Figure 1). Contrary to that, in tumor tissue
the regulation of this cascade is altered: it is either

pro-CATHEPSIN D

autoactivation

CATHEPSIN D

’ — CYSTATINS
pro-CATHEPSIN B, L —0—> Icm-um»sm B, L Qe Graiine

pm*uPl\—lé WPA G — PAls
-

PLASMINOGEN —p» PLASMIN ] 42HMACROGLOBULIN

pro-COLLAGENASES ——J» COLLAGENASES <}—-~ TIMPs

Figure 1. Activation of tumor associated proteinases: a
complex pattern of events forming proteolytic cascade which
involves enzymatically. inactive pro-enzymes and active
proteinases. Their action is counter-balanced by specific
inhibitors (limited proteolysis).

uPA - urokinase-type plasminogen activator; PAI - plas-
minogen activator inhibitor; TIMP - tissue inhibitor of me-
tallo-proteinase.

incomplete or wrong. This occurs as a result of the
modulation of one or more mechanisms regulating
the synthesis, transport and release of the involved
enzymes and inhibitors, which further leads to chan-

ges in their cell distribution and/or concentrations
or activities, ending in the establishment of new,
bizarre interrelations between them?

Cathepsins

Cathepsins are ubiquitous lysosome proteolytic en-
zymes. They were named after the Greek word
“Kathepsin”, which means “to digest’” by Willstitter
and Baumann in 1929. Cathepsins are present in all
cells of mammalian organisms. Their concentrations
varies with respect to individual types of cells and
tissues, being particularly high in macrophages and
in organs such as the kidney, spleen and liver. As Lo
their chemical composition, these substances are
glycoproteins, which — but for few exceptions — all
belong to the group of endopeptidases. They take
part in numerous physiological processes, such as
e.g. intracellular protein turnover and posttranslation
processing ol some biologically important protein
precursors (e.g. insulin and endorphin), as well as
in the etiology ol several pathological conditions,
such as muscular dystrophy, arthritis, emphysema.
multiple sclerosis and cancer.®

The synthesis ol cathepsin precursors occurs on
the membrane-bound ribosomes, wherefrom they
are transferred cotranslationally into the lumen of
endoplasmic reticulum, and proceed into Golgi ap-
paratus where glycosylation takes place. Alter pro-
tein and carbohydrate parts of molecules have been
modified, they are transported into lysosomes by
means of receptors which recognise mannose-6-
phosphate residues present on the precursor of lyso-
somal enzymes.®’
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In cells, these enzymes are present prevailingly
inside lysosomes. Beside proteinases, the lysoso-
mes, in their acidic environment with pH ranging
between 4.0 — 5.0, also contain a number ol other
hydrolytic enzymes such as nucleases, glycosidases,
lipases, phospholipases, phosphatases and sulphata-
ses. Their major function is to be involved in the
controlled degradation of macromolecules, which
may be of cellular or loreign origin.®

By now, there are |1 different cathepsins known,
which differ from each other by their catalytic and
molecular properties. They are assigned by letter
designation from A to T. Due to the lack of firm
evidence, the existence ol cathepsins F, 1. J, K, M,
N, P and R is questionable.’ The majority of cathepsins
are active in acidic pH range whereas in neutral and
alkaline pH values they are unstable. The molecular
weight ol active enzymes amounts to 14-650 kDa
(Table 2).°

Table 2. Classification of lysosomal cathepsins.

models, both in vitro and in vive.* On the other
hand, the clinical relevance ol these enzymes is
much less investigated. In terms ol their value as
prognostic factors in cancer patients, the most thor-
oughly studied are cathepsins D and B.

Cathepsin D

Cathepsin D is an aspartic endoproteinase with two
asparagine groups positioned in its active site. In
normal mammalian cells, it is initially synthesised
as a precursor 52 kDa protein (pro-cathepsin D),
which is transported prevailingly into lysosomes
and processed through intermediate 48 kDa lorm to
mature two-chain molecules, each with 34 kDa and
14 kDa respectively. There is only a negligible amo-
unt of pro-form accumulated or released from these
cells. Inside lysosomes, cathepsin D is involved in
the catabolic degradation ol numerous intracellular
and endocytotically imported proteins.'” In the ran-

Cathepsin® EC B M
number classification
A 3.4.16.1 Exopeplidase 100-400.000

B 3.4.22.1
B, 3.4.18.1
C 34.14.1
D 3.4.235
E 3.4.23.34
F 3.4.99.-
G 3.4.21.20
H 3.4.22.16
L 3.4.22.15
S 3.4.22.27
T 3.42224

(serine type carboxypeptidase)

Endopeptidase
(cysteine Lype)
Exopeptidase

(cysteine type)

Exopeptidase-dipeptidyl

Endopeptidase
(aspartate type)
Endopeptidase
(aspartate type)
Endopeptidase
Endopeptidase
(serine type)

Endopeptidase
(cysleine type)
Endopeptidase
(cysteine type)
Endopeptidase
(cysteine Lype)
Endopeptidase
(cysteine Lype)

25-29.000

200.000
48.000

100.000

50-70.000
27-30.000

26-28.000

23-29.000

14-30.000

34.000

*Cathepsins F 1L J, KO M, N, P and R have not been cassified by the International Union of Biochemistry Committee on
Nomenclature (1992). There is no substantional evidence that they exist.

The involvement of cathepsins in the proteolytic
processes of extracellular matrix decomposition, as
well as an association between changes in their
concentrations, activities or distribution and the ma-
lignant potential of tumor cells have been confirmed
by several studies carried out on dilferent tumor

ge of pH 2.8 — 5.0, cathepsin D can eflectively
degrade denatured proteins while its activity against
native molecules and synthetic low-molecular-
weight substrates is limited. [t has little or no enzy-
matic activity at a pH 7.0 or more, and its isoelectric
point is between 5.5 — 6.5.% Unlike cysteine protei-
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nases. cathepsin D is not affected by thiol com-
pounds and thiol blocking reagents: it is clfectively
inhibited by pepstatin, a potent synthetic inhibitor
ol aspartic proteinases while endogenous protein
inhibitor ol cathepsin D in man has not been lound
yet 10

In malignant cells the processing and resulting
compartmentization ol cathepsin D is delayed and
is dilferent than in normal cells. This may be duce to
the decreased activities ol processing proteinase(s)
involved in cathepsin D maturation procedure and/
or to differences in the structure ol pro-cathepsin D:
namely, 52 kDa pro-cnzyme released [rom tumor
cells contains more acidic isoforms than that from
normal cells, despite its almost identical amino acid
sequence, and has a more acidic isoclectric point."!

This could explain cytoplasmatic accumulation of

pro- and intermediate enzyme forms by tumor cells
as well as markedly increased proportion ol sc-
creted pro-cnzyme. reaching up to 50 %. On the
other hand. the increased sceretion could be simply
due to the increased cathepsin D gene expression,
which saturates the limited number ol manosa-6-
phosphate receptor sites available, resulting in dis-
ruption ol pro-enzyme molccule transport into lyso-
somes. "2 Generally, breast cancer cells produce
2-30-fold more cathepsin D than normal mamma-
lian cells growing with the same rate.”

In human genome. cathepsin D gene is located at
the extremity ol the short arm ol chromosome 11,
close to the H-ras oncogene."™ Its expression in
estrogen receptor positive breast cancer cell lines is
regulated by estrogens and growth lactors.'® This
regulation is tissuc-specific: in normal human endo-
metrium, in rat uterus and in the Ishikawa human
cndometrial cancer cell lines. all ol" which contain
functional estrogen and progesterone receptors in
the same way as breast cancer cells, estrogens are
unable to stimulate cathepsin D expression.'™! In
i vitro conditions, both pro-cnzyme as well as its
mature forms stimulate the growth ol hormone de-
pendent estrogen-deprived cells ol breast carcino-
ma. "% This autocrine mitogenic activity ol ca-
thepsin D, however, does not imitate completely the
stimulatory cflect ol estrogen, suggesting that other
autocrine growth lactors are also required. It can be
cither due to the direct cffects of cathepsin D as a
peptide growth factor™* or duc o its cnzymatic
activity. By its proteolytic activity, cathepsin D co-
uld play a role in the release of growth lactors [rom
precursors or from extracellular matrix and/or acti-
vation ol their intra- or extracellular receptors, or it

could participate in supplying the cells with amino
acids available for the formation ol new protein
molecules.?" In a similar way, cathepsin D could be
involved in the degradation ol basement membrane
and extracellular matrix components,?? as well as in
the processing and activation ol cysteine prote-
inases, and thereby also in the initiation ol pro-
teolytic cascade.?* Auto-activation of the sccreted
inactive 52 kDa pro-enzyme has only been demon-
strated in in vitro conditions, at an acidic pH va-
lue.'12 Since in vivo, an acidic microenvironment
is more frequently encountered within the cell (i.c.
in endosomes and lysosomes) than out ol them, it
scems that the activation ol the scereted pro-cathep-
sin D is associated with the internalisation ol pro-
cnzyme molecules, together with its substrate, in
the process ol endo- or phagocytosis. This hypoth-
csis is supported by the finding of large acidic vesi-
cles, containing both mature cathepsin D molecules
and cendocytosed extracellular matrix. which were
present in a much higher concentration in breast
cancer cells than in normal breast tissue cells.?
With respect to its proteolytic and mitogenic prop-
erties, cathepsin D was widely studied as a marker
with potential prognostic value. Since then, a num-
ber of clinical studics trying to establish a possible
correlation between cathepsin D content in tumor
tissuc and patients survival have been published.
The prevailing majority ol these arc concerned with
breast cancer patients and have been carried out - or
arc under way — independently in several different
countries (Table 3).2% Despite the lact that assay
types and methodology used for the determination
of cathepsin D content in tumor tissue varicd from
one laboratory to another, the results obtained indi-
cate that high enzyme concentrations are related to
poor prognosis. The only exception in this respect
is a study by Henry er al. which suggests a differ-
ent, protective role ol cathepsin D.* Furthermore,
the majority ol authors state that cathepsin D is a
parameter, independent from other prognostic lac-
tors (tumor size, steroid receptor status, axillary
lymph node involvement, pathohistological grade,
S-phase). Cathepsin D was found to be more corre-
lated with metastasising than with cell prolileration
or local tumor invasion. Besides, there is also a
cathepsin D assay, commercially available on the
market, which is casy to perform and reproducible
with a satisfactory degree ol quality control. This is
a solid-phase “‘sandwich” immunoradiometric as-
say (IRMA), developed at the University ol Mont-
pellier, France (ELSA-CATH-D kit, CIS bio inter-
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national, GIF-sur-Yvette, France).* It quantifies the
total enzyme concentration (52kDa, 48kDa and 34
kDa forms) present in cytosols of tissue samples.
The latter is also used for the determination of
steroid receptor concentrations; this altogether pro-
vides a more detailed information on biological
properties of tumors. Regarding the above men-
tioned. cathepsin D already fulfils most of the crite-
ria that should be considered in introducing a new
prognostic marker for routine clinical use. How-
ever, a number of questions and dilemmas are still
open, among them also some which have been posed
only recently, by studies just completed: 1) an opti-
mal cut-off value should be selected, which would
reliably distinguish between patients with favour-
able and those with poor prognosis; 2) to find out
which form of enzyme is the most potent marker
for survival; 3) to establish which type of cells in
the tumor is actually overexpressing the cnzyme;
and 4) to determine its prognostic relevance with
respect to menopausal status, steroid receptor status
and axillary lymph node involvement. Similarly, it
should be investigated how tumors with high cathep-
sin D concentrations respond to adjuvant therapies:
the controversial results reported in the literature,
referring to the subpopulation of patients with nega-
tive axillary lymph nodes. may be due to different
implementation of adjuvant therapies. Only well-
controlled randomised clinical studies using an ac-
curately defined and standardised methodology will
be able to provide answers to the questions posed.
Until then, the routine use of cathepsin D as a
prognostic marker with decisive influence on the
selection of type or aggressiveness of treatment in
individual patients remains unjustified and contro-
versial, despite the promising results obtained so far.

Concentration and/or activity of cathepsin D was
also measured in other types of cancer. However, its
prognostic significance was generally not studied.
A higher concentration of cathepsin D (from 1.5 to
3-fold) was established in laryngeal carcinoma tis-
sue'’ as well as in other types of head and neck
tumors™* or their regional melastases,’ as com-
pared to the adjoining normal tissue ol the same
patients. None ol these studies was able to confirm
a correlation between tumor concentrations of the
enzyme and the already established clinical and
pathohistological prognostic factors. Métayé et al.
reported a 3-fold higher concentration of cathepsin
D measured in 14 samples ol thyroid carcinoma
tissue than in 7 samples of normal glandular tissue
and in 6 samples of benign thyroid nodules. The

level of cathepsin D in primary tumors correlated with
their size. A similar increase in the enzyme concentra-
tion was observed in the tissue of toxic adenomas (8
samples) and in the tissue samples from 7 patients
with Grave’s discase.™ Letlo er al. assessed the level
of cathepsin D activity in 67 surgical samples of
colorectal carcinoma and in matched paired sets of
normal mucosa; the enzyme activity measured in
tumor tissue were 1.3-fold higher that in normal
mucosa of the same patients.* The enzyme activity
values found by Tumminello er al in tumor tissue
samples from 21 patients with colorectal carcinoma
were 1.6-times higher than the respective values meas-
ured in normal mucosa ol the same patients. A higher
activity was observed in the tissue of Dukes’ stage A
tumors compared to Dukes” B and C, as well as in
tumors smaller than 5 cm. There were no dilferences
in cathepsin D concentration between tumor tissue
and paired normal mucosa* Cytoplasmic expression
of cathepsin D in the cells of gastric adenocarcinoma
was studied immunohistochemically in 62 patients by
Theodoropoulos et al.. Increased expression corre-
lated with carly tumor stages (I and II), well- and
moderately differentiated carcinomas, positive status
of estrogene receptors and a better survival of patients
at 36 month.” Increased plasma concentrations of
cathepsin D assayed in 20 patients with primary
hepatocellular carcinoma as well as in 7 patients with
liver metastases were reported by Brouillet er al.. The
values were significantly higher than those established
in a group of 56 healthy controls or in 48 breast cancer
patients.® In a group of 72 patients with primary
ovarian carcinoma, Scambia and co-workers reported
a worse 3-year progression-free survival for patients

with high tumor concentrations of cathepsin D. In 12
patients with metastases in the omentum, the enzyme
concentrations measured in the metastatic deposits
were 2-fold higher than those found in the primary
tumors. Cathepsin D status retained an independent
prognostic value for progression when assessed in the
multivariate analysis.* A correlation between cathepsin
D concentration. the grade ol tumor dilferentiation,
and the depth of myometrial invasion was also ob-
served in 26 patients with endometrial carcinoma: a
significantly higher increase in enzyme level was as-
sociated with a higher pathohistological grade and
deeper invasion.™

Cathepsin B

Cathepsin B belongs to the class of cysteine or
thiol proteinases. It has cysteine as essential cata-
50

lytic group bound to its active site.” Human gene
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for cathepsin B is localised on the chromosome 8.%?
As all known proteinases, it is first synthesized as a
high-molecular-weight inactive precursor with a
molecular mass ol 37 kDa, which changes into its

enzymatically active mature ferm in the course of
posttranslation processing. The molecular mass of

the latter ranges between 23-28 kDa; it is found in
the cell = depending on species and tissue ol origin
- as a single- (28 kDa), double- (23 kDa and 5 kDa)
or as both single and double chain forms.™" It is
optimally active at a pH of about 6.0 and is poorly
active or inactive within the range of neutral and
alkaline pH values, depending on the nature of the
substrate™ and the stage of enzyme maturity.” As
endopeptidase, it exerts an effect on numerous
proteinic substrates ~ also on the components of the
extracellular matrix,* and has the potential ol acti-
vating the precursors of some collagenases™ and
urokinase-type plasminogen activator®® Thiol rea-
gents and chelators are required for its activation,
but it can be activated also by pepsin.® cathepsin
D** and metallo-proteinases. ™7 It has been dem-
onstrated that enzyme activation can also occur as a
result of its autocathalytic activity.™ Cathepsin B is
irreversibly inhibited by thiol blocking reagents,
and reversibly by leupeptin and other peptide alde-
hydes, «2-macroglobulin and members ol cystatin
superfamily (i.e. stefins, cystatins and kininogens).
The homology of amino acid sequences suggests its
common evolutionary origin with other cysteine
proteinase class members.”!

Unlike in normal cells, where cathepsin B mol-
ccules are found prevailingly in lysosomes, in tumor
cells a great proportion ol the enzyme is found on
the cytoplasmic membranes.”®* As pro-enzyme, it
can also be released into the slightly alkaline sur-
roundings ol the extracellular space, and once acti-
vated extracellularly. it may be stable in its active
form due to the presence ol large protein substrates
such as extracellular matrix proteins.™ Correlation
between the enhanced activity, mRNA level. the
rate ol membrane-bound cathepsin B and/or the
quantity of high-molecular-weight enzyme forms
released into the surroundings on one side, and
malignancy ol different tumor types of epithelial as
well as mesenchymal origin on the other, has been
proved in different in vitro and in vivo experimental
models. It seems, however, that this correlation is
of qualitative rather than quantitative nature.* Fur-
thermore, the reduced inhibitory capacity ol human
sarcoma derived stefin A, an important intracellular

inhibitor of cathepsin B from cystatin superfamily,
has been demonstrated too, as a probable result of
changes in its structure.® This indicates that the
activity of cathepsin B in malignant tumors is regu-
lated at many different levels. Its alterations could
be attributed to the modulation of synthesis, activa-
tion, processing and intracellular transport of en-
zyme molecules and/or changes in the inhibition by
endogenous inhibitors.?!

An increased concentration and/or activity ol cat-
hepsin B molecules was measured in various types
of human malignant tumors: carcinomas ol the
breast,7 colon and/or rectum, ¥ stomach,™
liver,”? ung,”™% uterine cervix,” head and neck car-
cinomas,* gliomas,” and tumors of the hypophy-
sis.™ There has been a correlation established be-
tween the measured tumor concentration and/or
activity ol cathepsin B, and individual clinical and
pathohistological tumor properties; in some tumors,
a correlation with treatment outcome and/or sur-
vival was found as well. It should be pointed out
that the results ol these studies are much less estab-
lished and conclusive than those referring to cathep-
sin D and the survival of breast cancer patients.

Lah ¢t al. have reported 18.5-times higher cathep-
sin B activity measured in the breast cancer tlissue
ol 50 patients as compared to the relevant values
measured in normal breast tissue ol the same pa-
tients. There has been no correlation established
with pathohistological grade, axillary lymph node
involvement, hormone receptor status, and relapse
free survival.” Similar results of cathepsin B activ-
ity measurements in 90 matched pairs of breast
carcinoma and normal breast tissue samples were
reported by GabrijelCi¢ et al.. Besides the enzyme
activity, authors also measured total enzyme con-
centration in the serum and tissue cytosol: the latter
was found to be approximately 3.3-fold the concen-
tration measured in the serum of healthy controls,
while the relevant cytosol concentrations were 8.8-
fold higher, respectively. Higher enzyme concentra-
tions were found in the tumor tissue cytosols [rom
patients without axillary lymph node involvement
and a higher pathohistological grade. In this study,
patients’ survival was not considered among the
parameters observed.®® A similar negative correla-
tion between cathepsin B concentration in tumor
cytosols ol 62 breast carcinoma patients and their
lymph node status, as well as the status of hormone
receptors, was reported by Budihna er af.. Besides,
patients with cathepsin B tumor concentrations up
to 23 mg/g proteins were found to have worse re-
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currence-free survival at 54 months than those with
higher tumor concentrations. In the multivariate
analysis, besides axillary lymph node status, only
cathepsin B proved to be an independent prognostic
factor.”™ On the contrary, Thomssen et al. reported a
better S-year recurrence-free survival in patients
with lower cathepsin B concentrations (< 1092 ng/mg
proteins). In this study ol 167 breast cancer patients
tumor concentrations of cathepsin B were 11.3-lold
higher than those measured in benign breast lissue,
and no correlation to established prognostic lactors
were found. The relevance of cathepsin B as inde-
pendent prognostic lactor for recurrence-free or ove-
rall survival ol those patients was not conlirmed by
the multivariate analysis.™

Analysing cathepsin B activity in paired tissue
samples from 27 patients with colorectal carcinoma,
Sheahan et al. registered 1.4-fold higher activity in
tumor tissue as compared to the adjoining normal
mucosa. The highest enzyme activity was estab-
lished in a group with Dukes A stage of the dis-
case.”® Similar findings were reported by Leto et
al.: cathepsin B activity measured in carcinomatous
tissue from 67 patients was |.4-fold higher than
that found in normal mucosa, the increase being
evident in patients with Dukes A stage ol discase
only. There was no correlation with either clinical
or pathohistological prognostic factors established
Contrary to that, Campo et al. found that the el-
evated cathepsin B expression correlated with ad-
vanced stages of discase. The expression of enzyme
was found to be negative in all 15 samples ol nor-
mal mucosa and 17 samples ol benign adenomas.
However, in a group of 28 patients with carly. non-
melastatic tumors (stages I-11). the expression was
negative in 6, low in 17 and high in 5 patients. In 41
patients with advanced, metastatic carcinomas (sta-
ges HI-1V), the expression was negative in 3, low in
17 and high in 21 patients. Lower overall survival at
84 months of follow up correlated with high cathep-
sin B expression in all cancer patients, whereas
alter stratification by stages. the correlation was
established only for those with advanced discase.®

Alter having compared 33 match pairs of gastric
carcinoma and the adjoining normal mucosa, Wata-
nabe er al. measured 3-fold higher cathepsin B ac-
tivity in tumor tissue samples. The enzyme activity
was signilicantly, i.e. 1.9-fold higher in poorly dif-
lerentiated adenocarcinomas than in well or moder-
ately dilferentiated tubular adenocarcinomas.”™ Ple-
bani et al. reported the results of their cathepsin B
measurements in paired tissue samples of 25 pa-

tients with gastric cancer. The concentrations found
in tumor tissue were twice as high as thosec meas-
ured in normal mucosa. Higher enzyme concentra-
tions were also found in the tissue ol patients with
regional or hepatic metastases vs. those without
metastases, in poorly or moderately differentiated
vs. well differentiated tumors, and in diffuse vs.
intestinal tumor types. At 27 months, the survival of
patients with cathepsin B tumor concentrations be-
low the cut-ofl value of 265 ng/mg proteins was
better than of those with higher enzyme concentra-
tions.™

Ebert er al. have established a 4.5-fold higher
cathepsin B activity in 65 lung tumor tissue sam-
ples as compared to the normal lung parenchyma.
The activity was found to be insignilicantly higher
in adenocarcinomas than in other histological tumor
types. The highest cathepsin B activity levels were
measured in lung metastases. There was no correla-
tion with stage ol discase or pathohistological grade
established. Elevated activity above the cut-off value
of 1674 wU/mg proteins was related to lower sur-
vival rates of the patients at 8§ months.” Higher
cathepsin B activity found in the tissue of lung
adenocarcinomas as compared to squamous cell car-
cinomas was reported by Krepela er al™ and by
Liithgens et al. who compared adenocarcinoma ca-
thepsin B activity to the activity measured in squa-
mous cell and small cell carcinomas.™ In the group
ol 142 patients with primary lung adenocarcinoma,
lnoue er al. registered immunohistochemically in-
creased cathepsin B expression in the tumor tissue
ol cases with stage I and 1V of disease as com-
pared to that in cases with stage 1, which also corre-
lated with worse overall S-year survival rates. In a
multivariate analysis, cathepsin B expression proved
to be an independent prognostic factor associated
with death due to disease.®

After having compared 53 matched pairs ol head
and neck carcinoma and adjacent normal tissue,
Kos et al. found 5.4-fold higher cathepsin B con-
centration in tumor tissue samples. There was no
correlation with clinical and pathohistological prog-
nostic factors established, whereas patients’ sur-
vival was not included among the parameters ob-
served.*

In a study by Hirano ¢t al., serum cathepsin B
levels and its urinary excretion were reported to be
significantly higher in a group of 7 patients with
distant metastases from a variety of cancers than in
the control non-cancer patients (11 samples) or in
cancer patients without distant metastases (7 sam-



ples). Six weeks alter completed radical curative
operation the enzyme concentration in the group
without distant metastases decreased to the control
values. However, in the group ol cancer patients
with distant metastases after resection of primary
tumor, both serum and urine enzyme concentrations
were still high - as before surgery. In the group
without distant metastases, for all ol the resected
specimens of cancer tissue, cathepsin B concentra-
tions were significantly, 1.8-times higher than those
in normal tissue.*

Endogenous cathepsin inhibitors

Endogenous, i.e. physiological inhibitors ol pro-
leinases naturally present in tissues, appear always
o be proteins. They are involved in the control
mechanisms responsible for intra- and extracellular
protein breakdown, thus protecting the cell against
adverse endo- and exogenous proteolysis. The com-
pilation of new knowledge and information on these

substances contributes to better understanding of

their role and importance in the process ol tumor
rise and its consecutive spread. By preserving the
delicate balance that exist between tumor cells,
extracellular-matrix-bound growth factors and cyto-
kines, and constituents ol the matrix, these inhibi-
tors may exert a marked cytotoxic effect on the
primary tumor as well as on the existing metastatic
lesions. This ability assigns them the role of poten-
tial therapeuticals and/or prognostic indicators in
all conditions where proteolytic degradation repre-
sents the pathophysiological basis for clinical mani-
festation of disease, thus also in cancer.™ It seems,
however, that it will take long before these sub-
stances become a part ol the routine therapeutic
Lools for cancer treatment, considering that all the
studies are still carried out at a preclinical, i.e.
laboratory level. The same applies to their prognos-
tic value, since until now no reports on this issue
could be found in the available literature.

Probably, in view of [uture clinical use, the most
promising ol endogenous inhiibitors are those which
suppress the activity ol cathepsins B and D. Con-
sidering that an endogenous inhibitor of cathepsin
D in man is not known yet. these are — for the time
being — restricted only to the inhibitors of cysteine
proteinases. Based upon the evolutionary and struc-
tural similarities, they constitute a single protein
superlamily ol cystatins. This is subdivided into
three families: stefins (family [), cystating (family
I1) and kininogens (family I1I). There is yel a group
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of non-inhibitory proteins (family 1V) including hi-
stidine-rich - glycoproteins and  a2H-glycoproteins
(Table 4). The members of the first three families,

Table 4. Cysteine proteinase inhibitors of cystatin super-
family in human.

Family Examples Distribution M,
Name No.
Stefins 1 stefinA intracellular - 11.000
stefin B
Cystatins 11 cystatin C extracellular  13.000

Kininogens 11l HMW-kininogen extracellular 120.000
LMW kininogen 68.000

HMW — high molecular weight; LMW — low molecular
weight.

capable of inhibitory activity, differ from one an-
other with regard to their binding affinity and bind-
ing ratio for different cathepsin molecules; in all of
them binding is strong though competitive and
reversible. Contrary to kininogens and cystatins,
which occur at relatively high concentrations in
various biological fluids, stefins can be found pre-
vailingly inside the cells. The presence ol the mol-
ecules of cystatin superfamily inside as well as
outside the cells renders them to serve as a ‘‘reser-
voir” for cysteine endopeptidases: they bind the
enzymes when released from lysosomes in order to
transport and deposit them at other sites in the cell
or organism. -

The measurements ol the concentrations and/or
activities of cysteine proteinase inhibitors gave con-
troversial results, and the existing literature on these
lopics is very scarce. Thus, the total activity of
inhibitors measured in tumor tissue was found to
be either lower,”” equal®® or higher*” than in the
adjoining normal tissue. This variability indicates
that it is indispensable to determine the contribu-
tion of each individual member of cystatin super-
family to their total inhibitory potential. While the
role of cystatins and kininogens in the process ol
the development and spread of malignant tumors
has not been extensively studied yet, the involve-
ment of stefins in these processes is more investi-
gated.

In man the stefin family comprises stefin A and
stefin B. These are small single-chain non-glyco-
silated proteins with a molecular weight of about
I'l kDa* Genes for family 1 proteins are located
on human chromosome 3% and do not include
secretory signal sequences.® This is consistent with
the fact that stefins are generally found in the cell
cytoplasm,®™? although they have also been iso-
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lated from the extracellular fluids.”® They are heat
resistant and stable in neutral and alkaline pH range.
Although quite similar structurally ~ 51 % ol stefins
A and B structure is identical, they differ from one
another with respect to their immunological proper-
ties which enable immunohistochemical studies of
their cellular and tissue distribution.™ While the
presence of stefin B in different tissues is relatively
uniform, ™+ gtefin A is abundant primarily in vari-
ous types ol epithelial cells and in some cell types
of the lymphoid tissue.”'"* This suggests a possible
role of stefin B as the protector of cells against
uncontrolled activities ol endogenous cysleine pro-
teinases, and the involvement of stefin A in the
immunological processes protecting epithelial and
lymphoid tissues [rom invading bacteria and para-
sites or their (i.e. external) cysteine proteinases™“>*
Functional differences between both stefins, which
may also be ol physiological importance, lye in
their inhibitory capacity for individual cathepsins,
as well as in their resistance to proteolytic degrada-
tion by aspartic proteinase cathepsin D: stefin A is a
better inhibitor of cathepsin B than stefin B is. and
shows a higher resistance to cathepsin D. Both ste-
fins exert a stronger inhibitory effect on the mole-
cules of cathepsins L and H than of cathepsin B.#-10%1%4

There are several findings implicating stefin A in
the process of malignant progression more than any
other member of the cystatin superfamily. When
determining the total activity of cysteine proteinase
inhibitors in 50 matched pairs of breast carcinoma
and normal breast tissue, Lah ¢t al. found lowered
inhibitor activity in carcinoma as compared to nor-
mal tissue in two thirds of their patients. In this
group, a correlation was established between lower
inhibitor activity, higher pathohistological grade and
negative hormone receptors, as well as significantly
higher relative increase in Cathepsin B and L spe-
cific activity between tumor and normal tissue than
in the group with unchanged or elevated activity of
the inhibitors studied. In the same study, lower
mMRNA concentrations ol stefin A were measured
in carcinomatous than in normal breast tissue sam-
ples and correlated with the total activity ol cysteine
proteinase inhibitors.®”” Reduced immunohistoche-
mical staining for stefins A and B in lymphoma and
esophageal carcinoma tissue was reported by Jirvi-
nen et al.;** in the latter it could be associated with
the dedifferentiation and malignant transformation
of epithelial cells. A similar observation applies to
squamous cell carcinomas of the human uterine
cervix, ™% gkin 197 Jung,'™ as well as for prostatic

adenocarcinoma;" there also, stefing A expression
was related to cell proliferation and dedifferentia-
tion, suggesting to be an important factor in main-
taining cell differentiation. In the case of prostatic
adenocarcinoma, the authors even suggest stefin A
to be used as a marker in histologic differential
diagnosis of malignant and benign lesions, espe-
cially in the detection of small carcinomatous foci
in the prostate.'™ A high concentration of stefin B
along with an unusually low concentration of stefin
A — approximately 20-times lower that that found
in normal epithelial tissue — was measured in ovar-
ian carcinoma tissue by Kastelic et al.. The authors
hypothesise that stefin A is down-regulated in ma-
lignant ovarian carcinoma.' A reduced inhibitory
capacity of human-sarcoma-derived stefin A against
different cysteine proteinases was reported by Lah
et al. 1t appears to be due to a higher inhibition
constant of stefin A for the inhibition of these en-
zymes, which indicates that endogenous inhibitors
ol tumor origin exert different inhibitory properties
than those originating from normal tissues.*

Conclusion

Introducing of new prognostic markers into rou-
tine clinical practice enables us to differentiate more
precisely between prognostically more and less fa-
vourable forms of disease, and thus also influence
treatment planning. It is important that patients with
favourable prognosis are spared from too aggres-
sive therapy, and vice versa, that those with worse
prognosis receive sufficient treatment. The role of
cathepsins and their endogenous inhibitors in the
development of cancer is indicated particularly from
their involvement in the proteolytic processes lead-
ing to invasion and dissemination of tumor cells.
Their concentrations and/or activities in tumor tis-
sue or body fluids can also be of prognostic value.

By now, it has been generally accepted in clinical
oncology that high cathepsin D concentrations in
breast cancer tissue should be regarded as indicator
ol worse prognosis. The prognostic relevance of the
enzyme in different subgroups of these patients, as
well as in patients with tumors of other sites, is less
clear. Likewise, the prognostic value of cathepsin B
has also been unclear, while that of other cathepsins
has not been extensively studied at all.

The role of endogenous cathepsin inhibitors —
cystatins in clinical oncology could be double: they
could function as therapeuticals and/or prognostic
factors. In view ol the fact that most studies in this
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field have been carried out on different experimen-
tal models only, while clinical trials — rare as they

are

— involve small series of patients, the question

of clinical importance of these inhibitors remains to
be solved.
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Langerhans cell histiocytosis. Five new cases and review of the
literature

Eftichia Stiakaki, Evangelia Lydaki, Irene Bolonaki, Alexandros Kambourakis,
Panayiotis Kanavaros, Christina Giannakopoulou, Maria Kalmanti

Department of Pediatric Hematology-Oncology, University Hospital of [raklio University of Crete
Medical School, lraklio Crete, Greece

Five cases of LCH diagnosed and treated in our department the last two years are described. The first case
concerns an 8 year old boy with a history of back pain, collapse of the Sth lumbar vertebra and lytic lesions
in the skull. The second concerns an 8 month old male with symptoms of chronic otitis media, persisting
diaper rash, seborrhoeic dermatitis of the skull and organs’ dysfunction. The third case concerns an 8 month
old boy with diaper and vesicular rash with remissions and exacerbations of 3 month duration. The fourth
case concerns a 3 year old girl with a history of claudication of the left leg and painless nodules over the
head. The [ifth case concerns a female infunt born with necrotic dermatitis and skin nodules. Biopsy
established the diagnosis with S-100 and CD1 positive histiocytes in all cases. Treatment ranged frem simple
observation to systemic therapy including steroids and Vinblastine or Etoposide. The atypical clinical
presentation of LCH and the treatient policy in each case are discussed.

Key words: histiocytosis, Langerhans-cell

Introduction collapsed body of Sth lumbar vertebra and lytic
lesions in the skull. The physical examination and
the laboratory tests did not show other organs to be
alfected. The diagnosis was established by biopsy
of Iytic lesion of the skull which revealed, infiltra-

Langerhans cell histiocytosis is a disease which
frustrates both clinicians and scientists. Its aetio-
logy is unknown, its pathogenesis is ill understood
and the clinical course is unpredictable. LCH can

appear at any period of life ranging from birth to
old age with a peak between 1-3 years.! The inci-
dence in the pediatric range has been estimated at
3—4 per million with males alfected twice as com-
monly as females.? The disease has a wide clinical
spectrum and prognosis varies accordingly. Five ca-
ses of LCH diagnosed and treated in our department
the last two years are described.

Case 1

An eight year old boy, the second child of healthy

parents was admitted with a history of back pain of

a month duration. The X-rays and CT scan revealed

Correspondence to: M. Kalmanti M.D.. University General
Hospital, Dept of Ped Hem/One. P.O.Box: 1352, Iraklio
71110, Crete, Greece,

UDC: 616.379-006

tion comprising a mixed population of lymphocytes,
occasional eosinophils and large pale cells with a
central folded nucleus. Occasional multinucleate cells
were present. Immunostaining showed these cells
to be S-100, “peanut” agglutinin and CDI antigen
positive. Simple observation and analgesic drugs
were the only treatment and at the present time, two
years after diagnosis, the patient is in complete
remission.

Case 2

An eight month old boy, who was born to healthy
unrelated parents, was acdmitted with symptoms of
chronic otitis media, persisting diaper rash and se-
borrhoeic dermatitis of the skull not responding to
multiple local treatment.

The clinical examination revealed hepatospleno-
megaly and the laboratory tests liver dysfunction
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and pancytopenia. X-rays showed dilTuse mottling
of both lungs fields and infiltration ol mastoid.
Diagnosis was conlirmed by biopsy ol skin lesion
which showed infiltration of histiocytes S-100 pro-
tein and CD1 antigen positive. Despite aggressive
chemotherapy with methylprednisolone, Vinblastine
and Etoposide, the patient succumbed to the discase
three months later.

Case 3

An 8 month old male was admitted with persisting
diaper rash and reddish brown maculopapular. ve-
sicular rash ol the trunk, extremities and the skull,
ol six months’ duration with exacerbations and re-
missions. The diagnosis was established by biopsy
of the skin lesions (Figure 1) which showed inlfiltra-
tion of histiocytes S-100 protein and CDI antigen
positive. There was no anacmia, lymphadenopathy
or hepatosplenomegaly and his nutrition was excel-
lent. The bone marrow aspiration showed the pre-
sence ol 8 % histiocytes. The X-rays did not reveal
bone lesions, and the laboratory tests no organs’
dyslfunction. The patient was treated with methyl-
prednisolone 30 mg/kg for 3 days, following by
weekly Vinblastine 6 mg/kg for 24 weeks, accord-
ing to the LCH I treatment protocol ol Histiocyte
Society, but also with local application ol Nitrogen
mustard on the skin lesions. The patient is in remis-
sion 15 months after completion of the treatment
protocol.

Case 4

This case concerns a 3 year old girl with a history
ol claudication of the left leg, painless nodules over
the head and acute torticollis. X-rays revealed lytic
lesions of the skull (Figure 2) and collapse ol 8th
thoracic vertebra. The diagnosis was confirmed by
biopsy ol bone lesion which showed infiltration ol
Langerhans histiocytes on light microscopy and de-
monstration ol CDI positivity and S-100 protein
immunohistochemically. The bone marrow aspira-
tion did not reveal infiltration of the bone marrow.
There was no anaemia, lymphadenopathy, hepatos-
plenomegaly or organs’ dysfunction. This patient
was also treated according to the LCH T protocol,
Am A, with methylprednisolone and Vinblastine
for 24 weceks. During therapy, the number and the
size ol the skull lesions decreased, but two new solt
tissue masses ol the skull appeared and later dis-
sappeared. Three months alter the treatment proto-
col was completed, the clinical examination revealed
a solt tissue mass ol the left jaw and X-rays and
MRI showed a lesion of the mandible.

Case §

The fifth case concerns a female infant born to
healthy unrelated parents with necrotic lesions and
nodules in the skin. The diagnosis ol LCH was
made by skin biopsy which showed diffuse infiltra-
tion ol histiocytes with large pale cytoplasm and
central folded nucleus. The demonstration ol both
CDI antigen and S-100 protein was positive. There

I'igure 1. Diffuse proliferation of Langerhans cells in a skin
biopsy (Hematoxylin-Eosin x 400).

Iigure 2. Bone lesions of the skull.
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was no anaemia, lymphadenopathy or splenomegaly
but the liver was palpable 2 cm. Liver function was
normal but the LDH = 350U/1. Skeletal survey sho-
wed no lytic lesions but chest X-rays and MRI
revealed dilfuse mottling (Figure 3) ol both lung

Figure 3. Multiple pulmonary nodules of both lungs fields
on chest MR1L

ficlds. Bone marrow aspiration showed the pres-
ence ol histiocytes = 6 %. The baby was decided to
be treated with prednisolone 1 mg/kg and she re-
sponded well with increase of her body weight.

Discussion

Langerhans cell hystiocylosis, previously known as
histiocytosis X, is a reactive proliferative discase,
characterized by the accumulation of abnormal hi-
stiocytes that form infiltrates typical for the dis-
case. The ectiology ol LCH is unknown and the
pathogenesis is not exactly understood.™ For de-
cades the disease has been widely accepted to be a
reactive immunologic process rather than a malig-
nancy.>’ Recent laboratory studies have demonstra-
ted that the cells in all forms ol LCH are clonal
exprasions ol Langerhans cells or their precursors
in the bone marrow and other organs.™* However
clonality does not necessarily indicate a malignant
process.' LCH includes a wide range ol clinical
presentations which reflect different facets of the
disease. The course of the discase is unpredictable.
Patients with localized disease, in general have a
good prognosis.'' Bone is the most common organ
alfected. Three ol the five reported cases here, had
bone lesions from skeletal survey while two of them
(1st, 4th) had no other organ or altected systems.
The first case, a 8§ year old boy with collapse ol the

Sth lumbar vertebra and lytic lesions in the skull,
did not receive any treatment except analgesic drugs
and simple observationl. The patient is in complete
remission two years following inital diagnosis. In
older children “single system” discase, usually al-
fecting bones, is a common presentation and may
spontancously regress or require minimal treatment. ™

Two of the patients described in this report were
alfected with multisystem discase, and one of them
had also organs’” dyslunction. This patient, despite
aggressive chemotherapy, succumbed to the dise-
ase. The other infant has been treated with pred-
nisolone for two months now and is responding
well. In very young babies, the most common pres-
entation is that ol multisystem disease™"> with so-
metimes organ lailure also. Skin rash is particularly
common in infants and it is difficult to dinstinguish
it from seborrhoeic eczema.'™'7 The 8 month old
male was presented with diaper and vesicular rash
with remissions and exacerbations of 3 month dura-
tion without other affected organs, except lor the
presence of 8 % histiocytes in the bone marrow.
This patient is in complete remission 15 months
following the completion of treatment protocol.™ ¥
His inital presentation points out that persisting
diaper rash should be investigated for LCH. The
difficulty in diagnosing LCH is more often the re-
sult of a lailure to consider the diagnosis, rather
than a lailure to distinguish it from other discases.

The fourth patient who had multiple bone lesions
and solt tissue masses in the skull relapsed three
months alter the completion of the treatment proto-
col. Since the patient is in an excellent condition,
she remains under observation before any other treat-
ment is decided upon.

In all cases the diagnosis was based upon histo-
logical features from the biopsy ol the lesion and
was conlirmed by the typical characteristics ol LCH
on light microscopy, as well as the additional de-
monstration of CDI antigen positivity and S-100
protein immunohistochemically. LCH cells and nor-
mal Langerhans cells (LCs) constituvely express a
number ol phenotypic markers. Most important are
class I MCH molecules and CDla complex A
number of markers are used to identify LCs in
tissue specimens but detection of CDla glycoprotein
and identification of Birbeck granules are the two
most specilic tests. The Birbeck granule can only
be identified directly at the ultrastructural level. Sur-
face ATPase is uscful in frozen tissue and S-100 in
parallin embedded tissue but neither is specilic for
LC. Expression of CDla has been identified by the
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Writing Group of the Histiocyte Society (1987) as a
feature which establishes a delinitive diagnosis in
LCH. Three markers, placental alkaline phosphatase
(PLAP), peanut agglutinin (PNA) and the interferon
gamma receptor, are especially valuable in differ-
entiating normal Langerhans Cells from LCH cells.
The Histiocyte Society have also established “con-
fidence levels™ for the diagnosis ol LCH.' Presump-

tive diagnosis is permitted when examination of

conventionally-processed tissue reveals lesions con-
sistent with those defined in the literature. A higher
level of diagnostic confidence, referred to as “diag-
nosis”, is justified when these findings are supple-
mented by the presence of at least two ol the lol-
lowing positive stains: S-100 protein, ATPase, a-D-
mannosidase or peanut lectin binding. “Delinitive
diagnosis™ requires the demonstration either ol Bir-
beck granules in lesional cells by electron micro-
scopy, or ol CDI1 a antigenic determinants on the
surlace of lesional cells.

The outlook for patients with single system dis-
case is excellent with minimal long term sequelae
so long as treatment is conservative.® For very young
infants with bone marrow failure and/or liver dys-
[unction, mortality ol 30-50 % regardless ol treat-
ment is reported' "> and this bad prognosis occur-
ed in the 2nd patient, who had organ dyslunction.
Most patients have multisystem disease without or-
gan dysfunction and 50 % suffer long term sequelac
including small stature, growth hormone deliciency,
diabetes insipidus, partial deafness. cerebellar ata-
xia, loss ol dentition, orthopaedic problems, pul-
monary fibrosis and biliary cirrhosis, '’ 17

Although complications of some types of thera-
pics are now well known, the salest and most effec-
tive treatment for LCH has not yet been established.
The risk: benelit ratio of using chemotherapy and/
or radiotherapy, and the manner of their use, need
to be weighed carefully.

The continuously changing aspects ol the etiology
ol the disease, the heterogenicity ol clinical presen-
tation and the phasma of treatment modalitics make
LCH a continuous challenge not only to the clini-
cian but also to the scientists.
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Ionization gradient chamber in absolute photon and electron
dosimetry

Corey Zankowski and Ervin B. Podgorsak

McGill University, Department of Medical Physics, Montreal General Hospital,
1650 avenue Cedar; Montréal, Québec H3G 1A4

A variable volume parallel-plate tonization gradient chamber was built to determine the absorbed dose in a
polystyrene phaniom. The sensitive volume of the gradient chamber is controlled by moving the chamber
piston by means of a miciometer mounted to the phantom body. The displacement of the piston is monitored
by a calibrated distance travel indicator which is accurate to within 0.01 mm. Irradiations were carried out
with cobalt-60 ganuna rays, photon beams ranging from 4 MV 10 18 MV, and electron beains between 5 MeV
to 18 MeV.

With the ionization gradient chamber the calculation of the absoluie dose at a given depth in phanton is
simple and based on first principles using the slope of the measured ionization as a function of the electrode
separation, i.e., the sensitive air volume. The discrepancies between the doses determined with owr uncalibrat-
ed gradient chamber and those obtained with a calibrated standard chamber are at most 1.08 % and 0.63 %
SJor photon and electron beams, respectively, at all clinical energies, indicating that the gradient ionization
chamber can be used as an absolute dosimeter:

Key words: radiation dosage; polystyrene; photons; electrons; absolute dosimetry

Introduction various correction factors, which are used to ac-

o . count for effects of chamber dimensions and wall
An accurate determination of the absolute dose rate

produced by photon or electron machines is one of
the most important components of modern radio-
therapy. Radiotherapy clinics most commonly de-
termine the absolute absorbed dose with parallel-

materials as well as disruptions in the photon and
electron fluence caused by the chamber. These cor-
rection factors make the dose determination cum-
bersome and introduce uncertainties in the final

plate or cylindrical ionization chambers which are result.
first calibrated at, or trace their calibration factors he basic Bragg-Gray and Spencer-Allix cavity
to, a national standards laboratory. The dose is cal- relationships for the dose Dued in medium are:

culated from the measured ionization in air using
the chamber calibration factor and following one of
several available protocols (e.g., ICRU.! AAPM-

TG21:* AAPM-TG25;* IAEA-WHO:* etc.) These Duea = I—% Wair S (1)
protocols are based on the standard Bragg-Gray™°
or Spencer-Attix” cavity theories and incorporate and

D d = Q W i T med , 2
Correspondence to: Prof. Ervin B. Podgorsak, Ph. D., FCCPM, e m )

Director. McGill University, Departiment of Medical Phy-

sics. Montreal General Hospital. 1650 avenue Cedar, Mon-

ucal. Québec H3G 1A4; Phone: +1 514 934 8052; Fax . .

+ 1514934 8229 respectively, where @ is the charge collected under
saturation conditions in the sensitive chamber air

UDC: 539.160.08 mass 1, W = 33.97 eV* is the mean energy re-
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Cmed

quired to produce an ion pair in air, and Si and
wed are the ratios of unrestricted and restricted
collisional stopping powers, respectively, for the
medium and air for the electron spectrum at the
position of the cavity. Both the Bragg-Gray and the
Spencer-Attix formalisms assume that the air cav-
ity within the medium is sufficiently small such
that it does not alter the electron fluence in the
medium. The Bragg-Gray formalism uses unrestrict-
ed stopping powers averaged over the slowing-down
spectrum of only the primary electrons, while the
Spencer-Atlix formalism uses restricted stopping
powers averaged over the slowing-down spectrum
of all generations of electrons.
It is evident from Equations (1) and (2) that the
dose in medium is proportional to the measured
ratio (O/m which in principle should be straight for-
ward to determine. In actuality, Q is easy o meas-
ure accurately in clinical beams, however, m is al-
most impossible to determine with an accuracy of
better than 1 % required for clinical use, precluding
the direct use of Equations (1) and (2) in absolute
dosimetry. The standard method lor obviating this
problem is to. calibrate the cavity chamber response
in a known reference radiation field which has been
calibrated previously with a standard free air ioni-
zation chamber. This determination of the chamber
calibration factor is actually an indirect means of
determining the mass of air in the chamber sensi-
tive volume. The chamber calibration factor in con-
junction with various troublesome correction fac-
tors is then used to determine the dose o the me-
dium.

Investigation of  Equations (1) and (2) has re-
vealed that at least for small s the ratio ol (/e is a
constant allowing its replacement with the derivate
dQ/dm, resulting in the following modified Bragg-
Gray and Spencer-Atlix relationships for the dose
in medium:

Dues = 4L 7, 50 3)
dm
and
Dues = 1L 0, L ©
dm

The advantage to this approach is that, in contrast
W Q/m, dQ/dm is relatively easily measured accu-
rately making the modified Bragg-Gray and Spen-
cer-Altix relationships directly applicable in abso-
lute dosimetry. Similarly to Klevenhagen,” we have

developed an uncalibrated, variable volume, ioniza-
tion gradient chamber (1GC) capable of measuring
the absorbed dose directly in an absolute manner.
The chamber developed by Klevenhagen was made
of Lucite and required the use of a water tenk for
dose measurement; therefore, corrections for the
density and fluence differences between Lucite and
waler had to be considered. Our chamber material
is the same as the phantom material (polystyrene);
consequently, there is no need lor such corrections
1o the measured signal when determining the ab-
sorbed dose in polystyrene. The determination of
the absolute absorbed dose for clinical photon and
electron beams at a given depth in phantom with
the 1GC is based on first principles, is simple to
evaluate, and agrees well with results obtained with
standard calibrated ionization chamber techniques.

Materials and methods

A 7 cm diameter polystyrene piston was fashioned
Lo move inside a cylinder bored along the center of
a 30x30x8 cm? polystyrene phantom. Graphite
dag was painted on the top surface ol the piston,
and a 1.5 mm deep and 0.04 mm wide groove was
cut through the graphite surface into the piston to
form the 2.004 (1 £ 0.001) ¢m inner diameler meas-
uring electrode and the guard ring of the chamber.
The measuring electrode and the guard ring are
both connected to ground (the measuring electrode
through an clectrometer) with electronically shield-

air ga polystyrene entrance window
K / polarizing electrode

z 11+

measuring electrode
guard electrode

polystyrene phantom

- polystyrene
=T mobile piston

piston housing

micrometer head

Figure 1. Schematic diagram of the ionization gradient
chamber,

ed cables. The polarizing electrode consists ol a
0.5 mm thick polystyrene disk painted with graph-
ite dag and fastened to the top of the large phantom.
The electronic potential of the polarizing clectrode
is maintained at 400 V with respect to the collecting
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electrode. The separation between the polarizing
and measuring electrodes can vary between 0.5 mm
and 10 mm, and is controlled by a micrometer
mounted to the phantom body. The movement of
the piston (i.¢., change in the air sensitive volume)
is monitored by a calibrated distance travel indicator
which is accurate to within 0.0 mm. In Figure 1 we
show a schematic diagram of the IGC. Irradiations of
the gradient chamber were performed with a cobalt-
60 gamma source, photon beams in the energy range
from 4 MV to 18 MV, and electron beams in the
nominal energy range from 9 MeV to 18 MeV.

Results and discussion

The specific design of our IGC allows us to deter-
mine dQ/dm of Lq. (4) with relative ease and a high
degree of accuracy. Since dm is directly propor-
tional to the change dz in electrode separation, we
can write [Lq. (4) as follows:

_ 1 dQ polv
Duea = i & W LES™ (5)

with p the density of air at the ambient temperature
and pressure, and A the area of the measuring elec-
trode.
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Figure 2. The response of the ionization gradient chamber
as a lunction of electrode separation. The chamber was
exposed (o cobalt-60 radiation (field-size: 10 x 10 cm?;
source-surface distance: 80 cm; dose rate: 86.7 ¢cGy/min).
The buildup region consisted of 3.7 mm ol polystyrene.

As shown in Figure 2, the response of our ioniza-
tion gradient chamber to cobalt-60 radiation varies
linearly with electrode separation (correlation coel-
ficient > 0.9999S5), with dose (irradiation time) a
parameter. The chamber response is represented by

the measured change @ corrected for the chamber
collection efficiency!® ' at the polarizing voltage of
400 V and given electrode separation z. All ioniza-
tion response curves for positive and negative cham-
ber polarities intersect at the same location on the
x-axis indicating the true zero electrode separation.
We purposely did not calibrate our electrode sepa-
ration to this intersection point in order to empha-
size that there is no need to determine the separa-
tion in an absolute manner: only the relative varia-
tion in- electrode separation is required in Lg. (3)
The slopes dQ/dz obtained for the given doses in
Figure 2 depend linearly on the dose as shown in
Figure 3. Similar results were obtained in pulsed

50 ; : : Py
/

positive polarity

lonization gradient (dQ/dz)
(nC mm'™)
o

negative polarity

50 boce | ; ; ; -
0 1 2 3 4 5 6

Irradiation time (min)

Figure 3. lonization gradient dQ/dz as a function of the wradia-
tion time. (dQ/dz was determined from data of Figure 2.).

photon and electron beams showing that (i) the
chamber response is linear with dose and (ii) ¢Q/dz
may be measured with a high degree of precision.

In Tables I and 2 we show how the ionization
gradient chamber meets its main objective: the ab-
solute dose determination in clinical photon and
clectron beams, respectively. Doses determined at a
given depth in polystyrene with a calibrated Farmer
chamber and the AAPM-TG21 protocol for photon
beams and AAPM-TG25 protocol for electron
beams are compared with doses determined at same
depths in phantom with our polystyrene ionization
gradient chamber. Tables | and 2 also give other
relevant parameters used in the absolute dose meas-
urements with the ionization gradient chamber. The
discrepancies between doses determined with our
uncalibrated gradient chamber and those obtained
with the calibrated Farmer chamber are at most
1.08 % and 0.63 % for photon and electron beams,
respectively, at all clinical energies indicating that
the ionization gradient chamber can be used as an
absolute dosimeler.
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Table 1. Mcasurement of photon dose with the ionization gradient chamber.

| 2 3 4 5 6 7
Photon Depth Lo dQ/dz Dose (IGC) Dose (TG 21) %
beam (mm) (nCnuni’) (cGy) (cGy) difference
Co-60 3.7 1.113 8.274 83.41 83.18 +0.27
4 MV 10.1 1.108 9.640 97.26 96.79 +0.49
6 MV 50.1 1.103 8.313 83.81 84.23 -0.49
10 MV 50.1 1.094 8.886 88.11 88.36 -0.29
18 MV 50.1 1.078 9.397 92.56 93.57 - 1.08

(1) photon beam energy; (2) depth « in phantom; (3) ratio of restricted stopping powers® (A = 10 keV); (4) measured
ionization gradient averaged over positive and negative polaritics and corrected for charge recombination; (8) dose measured
with ionization gradient chamber; (6) dose determined with the AAPM-TG21 protocol?; (7) percent difference between (5) and

(6).

Table 2. Measurement of electron dose with the ionization gradient chamber,

I 2 3 4 5 6 7 8 9
Electron E, Depth E(d) Lt dQ/dz Dose (IGC)  Dose (TG 25) %
beam (MeV) (mm) (MeV) (nCunn*) (cGy) (cQy) difference
9 MeV 8.1 15 5.24 1.017 10.469 95.56 96.01 - 0.47
12 MeV 10.8 15 7.96 0.988 10.825 95.83 96.44 -0.63
1S MeV 13.5 10 11.60 0.964 11233 97.74 98.21 -0.49
18 MeV 16.1 10 14.42 0.952 11.484 98.94 98.51 +0.44

(1) electron beam nominal energy; (2) mean electron energy at phantom surface; (3) depth d in phantom; (4) mean clectron
energy at depth ; (5) ratio of restricted stopping powers? (A = 10 keV) at £(d), (6) measured ionization gradient averaged
over positive and negative polarities and corrected for charge recombination; (7) dose measured with ionization gradient
chamber; (8) dose determined with AAPM-TG2S protocol®; (9) percent difference between (7) and (8).

(S8

. Task Group 21, Radiation Therapy Committee, Ameri-
can Association of Physicists in Medicine. A protocol for
the determination of absorbed dose from high-energy
photon and electron beams. Med Phys 1983; 10: 1-31.

Conclusions

Uncalibrated ionization gradient chambers built as
part of the phantom in which the dose is measured

) ) L 3. Task Group 25, Radiation Therapy Committee, Ameri-
behave as Bragg-Gray cavities and can be used

can Association of Physicists in Medicine. Clinical clec-

reliably in the determination of absolute dose. In tron-beam dosimetry. Med Phys 1991; 18: 73-109.

contrast to the dosimetry with calibrated chambers, 4. International Atomic Energy Agency. Absorbed dose
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Book review

Epithelial hyperplastic lesions of the larynx

Vinko Kambi¢ and Nina Gale

Elsevier Science B.V., Amsterdam, 1995. Pages: 265; Illustrations, Tables, Hard cover.
ISBN 0-444-82273-9. Price: 300 DEM

This book is the result of at least 3 decades’ con-
tinuous clinical work and research at one institution
and can be said to present the life experience of an
eminent otolaryngologist. Its stated aim — to ad-
vance our understanding of laryngeal hyperplastic
lesions — has been admirably served in several ways.

The author’s own classification of these lesions,

introduced in 1971, is similar to the current one of

the WHO but clearer in some points with more
logical terminology. The introduction of newer tech-
niques, such as histochemistry, imunohistochemi-
stry, morphometry, electron microscopy, flow cyto-
metry, molecular pathology, etc. has made possible
a far more exact classification of these lesions. This
way, precancerosis can be and is clearly delined as
atypical hyperplasia, and is also clearly separated
from cancer in situ, while, on the other hand, sim-
ple hyperplasia and abnormal hyperplasia are clearly
defined as benign lesions.

Own studies of “normal” distribution of ciliary
and stratified squamous epithelium of the larynx is
presented, showing no common pattern and marked
variation. Own studies on distribution of cytokera-
tins within laryngeal epithelium and on smoking-
and alcohol-connected hyperplasia are presented,
as is the author’s original finding of laryngeal as-
bestosis.

Strict terminology is advocated throughout, ren-
dering obsolete such favored terms as “hyperkera-
tosis” and “epidermization” and casting doubt on
the term “‘dysplasia”.

Based on this clear classification, the whole ga-
mut of laryngeal epithelial hyperplastic lesion is
presented as clinical entities, corroborated with at
least 15 years” own experience in each case and this
is what, makes this book such a gem: intertwining

the deepened understanding of pathology with clini-
cal work in a continuous process through decades
and then presenting the results in a comprehensive,
orderly, elegant fashion. This clearly would not be
possible without closely involving an accomplished
pathologist from the very beginning. This book may
be taken as an example of how rewarding can be the
results of such co-operation.

The illustrations are numerous and high quality
throughout, the bibliography comprehensive.

One is really hard put to find an inadequacy in
this work, which ought to become a classic in its
field. Perhaps, a diagnostic and treatment algorithm,
to be used in difficult cases, would be helpful?

Marjan Jereb, M.D., Ph.D., Institute for Respiratory Dis-
eases, Golnik, Slovenia

Prof. Berta Jereb, M.D., Ph.D., Institute of Oncology,
Ljubljana, Slovenia
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RSNA news

Radiology grant recipients continue careers in research, academic
medicine

Chicago — The Research and Education (R&E) 93) were successlul in obtaining funding. The per-

Fund of the Radiological Society of North America
is proceeding well toward its goal of attracting
young researchers to careers in radiological research
and academic medicine and helping to fill the gap
left by cutbacks in government and other unre-
stricted funding, according to a survey of grant
recipients.

A survey of the 147 researchers awarded grants
over the past 10 years through the R&E Fund re-
ports that more than 80 percent of respondents hold
a faculty appointment in a medical school and more
than 70 percent have continued in research, apply-
ing for additional funding.

The R&E Fund was established by the RSNA
Board of Directors in November 1984. The first
grants were given in 1986. The R&E recipients

survey was [ielded by the Society in the summer of

1995 to evaluate whether the R&E Fund was meet-
ing its goals and to determine the extent to which
past R&E Fund recipients have applied for and
received funding to conduct additional research in
radiology.

The findings are based on a response rate of 89
percent, or 131 of 147 past RSNA grant recipients.
Highlights include:

* More than 80 percent of survey respondents
(108 of 131) currently hold a faculty appointment
in a medical school.

= 71 percent (93 of 131 respondents) of past RSNA
grant recipients have continued their careers as re-
searchers and applied for additional funding. The
number of applications submitted per applicant
ranged Irom 5.1 to 2.6.

« Of past RSNA grant recipients applying for
funding for additional research, 773 percent (68 of

[Editor's Note: Individuals interested in donating (o or ob-
taining information about the R&E Fund can contact
Jennifer Boylan at the RSNA, 708/571-7868.

centage was higher among individuals who had re-
ceived RSNA grants before 1994; 78 percent suc-
cessfully obtained additional funds.

* The 68 recipients who obtained funding for
additional research since their RSNA grant gener-
ated 190 research projects and were the principal
investigator in nearly 3 out of every 4 (74 percent)
funded projects.

* RSNA grant recipients requested a total of
$ 151.4 million for additional research over the 10-
year period. More than 34 percent, or $ 52 million,
of the requested amount was awarded.

* Between 48 and 84 percent of each category of
RSNA grant recipients applied for funding for addi-
tional rescarch: nearly 84 percent of scholars; 77
percent of seed grant recipients: 62 percent of fel-
lows; and 48 percent of residents.

The RSNA Research and Education Fund was
established with an initial gift of $ 1 million from
the RSNA. The RSNA makes a donation equal to
the administrative expenses of the fund each year
so that every dollar donated supports programs. To-
day, there are nine grant programs: Scholars Pro-
gram; Fellows Program, Research Resident Program;
Seed Grants; Medical Student/Scholar  Assistant
Award; Medical Student Award; Roentgen Centen-
nial Fellow; Roentgen Resident/Fellow Research
Award; and Outstanding Researcher Award.

The RSNA is an association of 30.000 radiolo-
gists and physicists in medicine dedicated to educa-
tion in the science of radiology. The Society's head-
quarters are located at 2021 Spring Rd., Suite 600,
Oak Brook, Illinois 60521.
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Notices

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

Radiotherapy

September 1-5, 1996.
The ESTRO teaching course “Radiation Physics for
Clinical Radiotherapy” will take place in Lueven, Belgium.
Contact the ESTRO office, Radiotherapy Department,
University Hospital Gasthuisberg, Herestraat 49, B-3000
Leuven, Belgium; or call +32 16 34 76 80; or fax +32 16 34
76 81.

Esophagology

September 3-7. 1996.

The “*Sth Polydisciplinary World Congress” organised by
0.E.S.O. will be held in Paris, France,

Contact Michele Liegeon, O.E.S.O., 2. boulevard
Montparnasse, 75015 Paris; or call +33 1 45 66 91 15; or
fax +33 1 45 66 50 72.

Gynaecological Oncology

September 15-21, 1996.

The advanced course will take place in Amsterdam, The
Netherlands.

Contact European School of Oncology, Via Ripamonti,
66, 20141 Milan, ltaly; or call +39 2 57 305 416: Fax: +39
257 307 143.

Medical Oncology
September 19-21, 1996.
The advanced course will be offered in Milan, ltaly.
Contact European School of Oncology, Via Ripamonti,
66, 20141 Milan, Italy; or call +39 2 57 305 416: Fax: +39
2 57 307 143.
Leukaemia

September 19-21, 1996.

The advanced course “New Trends in the Treatment of

Acute Leukaemia” will be offered in Briuni Islands.

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

Please sent information to the Editorial office, Radiology
and Oncology, Viazov trg 4, 1105 Ljubljana, Slovenia.

Contact European School of Oncology, Via Ripamonti,
66, 20141 Milan, ltaly; or call +39 2 57 305 416; Fax: +39
257 307 143.

Medical Physics

September 22-26, 1996.

The “EFOMP (European Federation of Organisations for
Medical Physics) Meeting” will be offered ar September;
1996.

Contact Dr. W.W. Secelentag, Klinik fuer Radio-
Oncologie, Kantonsspital, CH-9007 St. Gallen, Switzerland.

Leukaemia

September 23-25, 1996.

The “2nd Educational Forum on Leukacmia”will take
place in Bergamo, Italy.

Contact European School of Oncology, Via Ripamonti.
66, 20141 Milan, ltaly; or call +39 2 57 305 416; Fax: +39
2 57 307 143.

Radiotherapy

September 23-26, 1996.

The “I5th Annual ESTRO Meeting” will be offered in
Vienna, Austria.

Contact the ESTRO office, Radiotherapy Department,
University Hospital Gasthuisberg, Herestraat 49, B-3000
Leuven, Belgium; or call +32 16 34 76 80; or fax +32 16 34
76 81.

Radiotherapy

September 23-26, 1996.

The “3th Postgraduate Teaching Course”, organised by
ERTED (European Radiotherapy Technologist Education
Development Group) will be held in Vienna, Austria, at the
time of the 15th Annual ESTRO Meeting.

Contact the ESTRO olffice, Radiotherapy Department.
University Hospital Gasthuisberg, Herestraat 49, B-3000
Leuven, Belgium; or call +32 16 34 76 80; or fax +32 16 34
76 81.
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Medical Oncology

September 26-28, 1996.
The advanced course will take place in Milan, Italy.
Contact European School of Oncology, Via Ripamonti,
66, 20141 Milan, ltaly; or call +39 2 57 305 416; Fax: +39
2 57 307 143.

EORTC Studies

September 27, 1996.

The advanced course “One Day Introduction to EORTC
Studies” will be organized in collaboration with ESO and
will take place in Brussels, Belgium.

Contact EORTC Education and Training Division, Av. E.
Mounier 83, 1200 Brussels, Belgium: or call +32 2 772
4621; Fax: +32 2 772 6233.

Paediatric Oncology

September 27-28. 1996.

The ESTRO teaching course “Pacdiatric Oncology” will
take place in Vienna, Austria.

Contact the ESTRO office. Radiotherapy Department,
University Hospital Gasthuisberg, Herestraat 49, B-3000
Leuven, Belgium; or call +32 16 34 76 80; or fax +32 16 34
76 81.

Paediatric Oncology

September 29-30, 1996.
The training course will take place in Vienna, Austria.
Contact European School of Oncology, Mrs. D. Gollubics
c/o Arztekammer fuer Wien, Fertbildungsreferat, Weihburg-
gasse 10-12, 1010 Vienna, Austria; or call +43 1 515 012
93; Fax: +43 1 515012 40.

Cancer Clinical Trials

October. 1996.
The advanced course will be organized in collaboration
with ESO and will take place in Brussels. Belgium.
Contact EORTC Education and Training Division, Av. E.
Mounier 83, 1200 Brussels, Belgium; or call +32 2 772
4621; Fax: +32 2 772 6233.

Lymphomas

October; 1996.
The training course will be offered in Vismir, Greece.
Contact European School of Oncology, c/o Egnatia Epi-
rus Foundation, 9 Hatziyianni St., 115 28 Athens, Greece;
or call +30 1 724 3144: Fax: +30 1 724 3145.

Breast Reconstructive Surgery

October 3-5, 1996.
The advanced course will be offered in Milan, ltaly.
Contact European School of Oncology, Via Ripamonti,
66, 20141 Milan, ltaly; or call +39 2 57 305 416; Fax: +39
2 57 307 143.

Psycho-Oncology

October 4-6, 19906.

The MSKCC course will be organized in collaboration
with ESO and will take place in New York, USA.

Contact Ms. L. Popoff, CME Office New York; or call +1
212 639 6754; Fax: +1 212 772 6233.

Neuro-Oncology

October 6-9, 1996.

The “2nd Congress of the European Association for Neu-
ro-Oncology EANO II” will be held in Wuerzburg, Ger-
many.

Contact Secretariat IMEDEX, Bruistensingel 360 , P.O.
Box 3282, 5203 DG’s Hertogenbosch, The Netherlands; or
call +31 73 6 429 285; or fax +31 73 6 414 766.

Breast Cancer

October 7-9, 1996.

The advanced course “Breast Cancer and Breast Recon-
structive surgery will be offered in Milan, ltaly.

Contact European School of Oncology, Via Ripamonti,
66, 20141 Milan, ltaly; or call +39 2 57 305 416; Fax: +39
2 57 307 143.

Head and Neck Cancer

October 10-12, 1996.
The training course “Head and Neck Cancer, Including
Thyroid Cancer” will take place in Vienna, Austria.
Contact European School of Oncology, Mrs. D. Gollubics
c/oArztekammer fuer Wien, Fortbildungsreferat, Weihburg-
gasse 10-12, 1010 Vienna, Austria; or call +43 1 515 012
93; Fax: +43 1 515 012 40.

Chest Tumours

October 15-18, 1996.
The advanced course will take place in London, U.K.
Contact European School of Oncology, Via Ripamonti,
66, 20141 Milan, ltaly; or call +39 2 57 305 416; Fax: +39
2 57 307 143.
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Transplantation

October 18-20, 1996.

The training course “Stem Cell Transplantation and Solid
Tumours” will take place in Vienna, Austria.

Contact European School of Oncology, Mrs. D. Gollubics
c/o Arztckammer fuer Wien, Fortbildungsreferat, Weihburg-
gasse 10-12, 1010 Vienna, Austria; or call +43 1 515 012
93: Fax: +43 1 515012 40.

Radiotherapy

October 20-24. 1996.
The ESTRO teaching course “The Role of Radiotherapy
in Integrated Cancer Care” will take place in 7777,
Contact the ESTRO office, Radiotherapy Department.
University Hospital Gasthuisberg, Herestraat 49, B-3000
Leuven, Belgium; or call +32 16 34 76 80; or fax +32 16 34
76 81.

Gastroenterology

October 22 - November 1, 1996.

The symposium “Gastroenterology Week Freiburg” will
take place in Freiburg, Germany.

Contact FF ¢.V., P.O. Box 6529, D-79041 Freiburg/Br.,
Germany; or call +49 761 130 3425.

Radiobiology

October 27-31, 1996.

The ESTRO teaching course “Basic Clinical Radiobio-
logy” will take place in lzmir, Turkey.

Contact the ESTRO office, Radiotherapy Department,
University Hospital Gasthuisberg, Herestraat 49, B-3000
Leuven, Belgium; or call +32 16 34 76 80; or fax +32 16 34
76 81.

Radiation Oncology

October 28 - November 1. 1990.

The “Annual Meeting of American Society fer Thera-
peutic Radiology and Oncology ASTRO” will take place in
Los Angeles, CA, USA.

Contact American Society Therapeutic Radiology/Onco-
logy, 1101 Market Sureet, 14th Floor, Philadelphia, Pa
19107-2990, USA; or call +1 215 574 3180; or fax +1 215
928 0153

Medical Oncology
November 2-5, 1996.

The “21th ESMO Congress” will be held in Vienna,
Austria.

Contact ESMO Secretary, Via Soldino 22, CH-6900 Lu-
gano, Switzerland; or call +41 93 61 31 70; or fax +41 93061
3172

MRI and CT

August 1-4, 1996.

The Gold Coast MRI & CT Conference Royal Pines
Resort, Queensland. Australia.

Contact: Dr Peter Scally. Mater Hospital, South Brisbane,
Australia. 4101. Telephone +61 7 3266 3871; Fax: +617
3266 9087.

US in Medicine

September 5-8, 1990.

Australasian Society for Ultrasound in Medicine, 26th
Annual Scientific Meeting, Brisbane.

Contact: Dr Peter Scally. Mater Hospital, South Brisbane,
Australia. 4101, Telephone +61 7 3266 3871: Fax: +61 7
3266 9087.

Radiology

October 5-11, 1996.

Royal Australasian College of Radiology, 47th Annual
General and Scientific Meeting. Burswood Convention Cen-
tre, Perth, Western, Australia,

Contact: Dr Peter Scally. Mater Hospital, South Brisbane,
Australia. 4101. Telephone +61 7 3266 3871: Fax: +61 7
3266 9087.

Medical Registration

October 28-30, 1996.

2nd International Conference on Medical Registration
World Congress Centre, Melbourne, Australia.

Contact: Dr Peter Scally. Mater Hospital, South Brisbane,
Australia. 4101. Telephone +61 7 3266 3871; Fax: 4617
3266 9087.

Competence in Medicine

October 31-November 2, 19906.
Assessment of Clinical Competence in Medicine, a Work-
shop based Conference, Customs House, Brisbane, Australia.
Contact: Dr Peter Scally. Mater Hospital, South Brisbane,
Australia. 4101, Telephone +61 73266 3871; Fax: +61 7
3266 9087.

Breast Cancer
November 13-17, 1990.

Third International Leura Breast Cancer Conference, co-
vering all aspects of breast from molecular biology, through
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screening, treatment and the management of advanced di-
sease. Fairmont Resort, Leura, New South Wales, Australia.

Contact: Dr Peter Scally. Mater Hospital, South Brisbane,
Australia. 4101, Telephone +61 7 3266 3871; Fax: +617
3266 9087.

US in Medicine

March 1997.

Australasian Society for Ultrasound in Medicine, 12th
Vascular Workshop, Sydney.

Contact: Dr Peter Scally. Mater Hospital, South Brisbane,
Australia. 4101. Telephone +61 7 3266 3871; Fax: +617
3266 9087.

Radiology

September 11-15, 1997.

Royal Australasian College of Radiology 48th Annual
General and Scientific Meeting, Adelaide Convention Cen-
tre. South Australia.

Contact: Dr Peter Scally. Mater Hospital, South Brisbane,
Australia. 4101, Telephone +61 7 3266 3871; Fax: +61 7
3266 9087.

US in Medicine

September 18-21, 1997.

Australasian Society for Ultrasound in Medicine, 27th
Annual Scientific Meeling, Tasmania.

Contact: Dr Peter Scally. Mater Hospital, South Brisbane,
Australia. 4101, Telephone +61 7 3266 3871; Fax: +61 7
32669087,

Radiology

October 15-19, 1998.

Royal Australasian College of Radiology 49th Annual
General and Scientific Meeting. Brisbane Convention Cen-
tre, Queensland.

Contact: Dr Peter Scally. Mater Hospital, South Brisbane,
Australia. 4101, Telephone +61 7 3266 3871; Fax: +617
3266 9087.
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FONDACIA
DR. ]. CHOLEWA

Activity of “Dr. J. Cholewa Foundation’ for cancer
research and education — report for the first and second
quarter of 1996

“Dr. J. Cholewa Foundation” for cancer research and education continues its activity in the
first half of 1996 as it was outlined at the meetings of the executive and scientific councils of
the Foundation at the end of 1995.

The two researchers that were bestowed research grants in 1995 successfully concluded their
basic oncological research studies in reputed cancer research institutions in The United
States of America and France.

As mentioned in the previous issue of “Radiology and Oncology”, the Foundation invited all
the interested individuals to submit their applications for the research grants for scientific
work in oncology. Public announcement was made in a major national daily newspaper, and
research grants were awarded to four of the applicants, three from Ljubljana and one from
Maribor.

The Foundation supported the organisation of a symposium titled “Diagnostic Algoritms in
Malignant Disease” that took place in Lasko in May, 1996.

At the meeting between the representatives of “Dr. J. Cholewa Foundation” for cancer
research and education and “Slovenian Scientific Foundation” (Slovenska Znanstvena
Fondacija) the ways of possible future collaboration were explored.

“Dr. J. Cholewa Foundation” for cancer research and education will participate in the
sponsorship of the “International Conference on Epithelial Lesions of the Larynx”, to be
held on October 28-30th, 1996, in Ljubljana, Slovenia.

Collaboration with European School of Oncology from Milan will be extended. Specific
points and goals of this collaboration will be discussed with high level officials of the
European School of Oncology in the near future.

A decision was taken that the general assembly of “Dr. J. Cholewa Foundation” for cancer
research and education will take place in the middle of June, 1996. It is expected the names
of new members of the executive council of the Foundation will be proposed on this
occasion.

From the past and present activity of the Foundation it is clear that it continues to follow its
goals.

Andrej Plesni¢ar, MD
Tomaz Benuli¢, MD
Borut §labuc, MD, PhD




13" ANNUAL MEETING of the
EUROPEAN SOCIETY FOR MAGNETIC
RESONANCE IN MEDICINE AND BIOLOGY
ESMRMB 96

Conference Dates:  September 12-15, 1996
Prague, Czech Republic

Administrative and Scientific Secretariat:
ESMRMB-Office
Neutorgasse 9/2a
A - 1010 Vienna/Austria

Telephone # (+43/1) 535 13 06

Fax # (+43/1) 533 40 649

E-mail milan.hajek@medicon.cz

WWW: http://www.medicon.cz/esmrmb.html
President (Congress): Dr. Milan Hajek

President (Society): Prof. Dr. Patrick J. Cozzone

Estimated Attendance: 1.500
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1. KONGRES RADIOLOGOV
SLOVENIJE

z mednarodno udelezbo

1ST CONGRESS OF SLOVENIAN
RADIOLOGISTS

with international participation

10.-12. oktober 1996

CONVENTION CENTER
GRAND HOTEL EMONA
PORTOROZ

INSTITUT ZA RADIOLOGIJO
TAJNISTVO KONGRESA

Secretariat of the Congress

G. Jana SCHIRO, ¢. Bibijana MANDEL in g. Majda PETERLIN,
Indtitut za radiologijo KC Ljubljana,

Zaloska 7, 1525 Ljubljana

Tel. (+386 61) 323 556 alifor 325 570

Fax: (#3806 61) 1331 044

Unabridged articles which should be submitted in triplicate to the Organizing

Committee by the beginning of the Congress will be published in No. 4/96 of
RADIOLOGY AND ONCOLOGY.




SALZBURG

AUSTRIA
November 8-9, 1996

Second Announcement

EUROPEAN SOCIETY
OF MUSCULOSKELETAL RADIOLOGY
(ESSR)

THIRD ANNUAL MEETING

Patronage

Dr. Hans KATSCHTHALER
Governor of the Province of Salzburg

Dr. Josef DECHANT
Mayor of the City of Salzburg

Austrian Rontgen Society (ORG)

together with

AUSTRIAN SOCIETY FOR BONE AND MINERAL
RESEARCH (ASBMR)

Friday, November 8, 1996, 14.00-17.00
Humboldt-Room

ANNUAL MEETING OF THE
AUSTRIAN ASSOCIATION OF RADIOLOGICAL TECHNICIANS

Friday, November 8, 1996, 9.00-12.30
Humboldt-Room




Symposium on

ORGAN SPARING
TREATMENT IN ONCOLOGY

Ljubljana, Slovenia
19-21 June 1997

Organized by:
Institute of Oncology, Ljubljana, Slovenia
Under the auspices of:
Alps Adriatic Working Community

Design and Content

The Symposium is designed for medical doctors and other specialists
involved 1n cancer treatment who wish to exchange experiences with
oncologists and to contribute to upgrading the knowledge in organ sparing
treatment. It will cover the following topics:

* Breast Conserving Therapy
* Bladder Sparing Treatment in Muscle Invasive Bladder Carcinoma
* Organ Sparing Treatment in Head and Neck Carcinoma
* Organ Sparing Treatment in Soft Tissue Tumors
* Quality of Life after Organ Sparing Treatment

Mailing Address

Organizing Committee
[nstitute of Oncology
ZaloSka 2, 1105 Ljubljana
SLOVENIA
Phone: +386 61 131 42 25
Fax:  +38661 13141 80
E-mail: mcaks@mail.onko-1.s1
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Piracin®

pirarubicin

e u€inkovit pri zdravljenju karcinoma na dojkah
e pomembno manjSa pogostost alopecije

e za kakovostnejse zivljenje bolnic
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Instructions to authors

The journal Radiology and Oncology publishes ori-
ginal scientific papers, professional papers, review ar-
ticles, case reports and varia (reviews. short communi-
cations, professional information, ect.) pertinent to
diagnostic and interventional radiology, computerised
tomography, magnetic resonance, nuclear medicine,
radiotherapy, clinical and experimental oncology, ra-
diobiology. radiophysics and radiation protection.

Submission of manuscript to Editorial Board implies
that the paper has not been published or submitted for
publication elsewhere: the authors are responsible for
all statements in their papers. Accepted articles become
the property of the journal and therefore cannot be
published clsewhere without written permission from
the Editorial Board.

Manuscripts written in English should be sent to the
Editorial Office: Radiology and Oncology. Institute of
Oncology, Vrazov trg 4, 61000 Ljubljana, Slovenia;
Phone: + 38661 1320068. Fax: 38661 1314 180.

Radiology and Oncology will consider manuscripts
prepared according to the Vancouver Agreement (N
Engl ] Med 1991: 324: 424-8: BMJ 1991: 302: 6772.).

All articles are subjected (o editorial review and
review by two independent referees sclected by the
Editorial Board. Manuscripts which do not comply with
the tehnical requirements stted here will be returned to
the authors for corrrection before the review of the
referees. Rejected manuscripts are generally returned
to authors, however, the journal cannot be held respon-
sible for their loss. The Editorial Board reserves the
right to require from the authors to make appropriate
changes in the content as well as grammatical and sty-
listic corrections when necessary. The expenses of ad-
ditional editorial work and requests for reprints will be
charged to the authors.

General instructions:  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 grammati-
cally and stylistically correct language. Avoid abbrevia-
tions unless previously explained. The technical data
should confirm to the SI system. The manuscript,
including the relerences may not exceed 15 typewritten
pages, and the number of figures and tables is limited to
4. If appropriate. organise the text so that it includes:
Introduction, Material and methods, Results and Dis-
cussion. Exceptionally, the results and discussion can
be combined in a single section. Start each section on a
new page and number these consecutively with Arabic
numerals. Authors are encouraged to sumbit their
contributions besides three typewritten copies also on
diskettes (5 1/4”) in standard ASCII format.

First page:

— name and family name of all authors,

— a brief and specific title avoiding abbreviations
and colloquialisms,

- complete address of institution fer cach author,

— in the abstract of not more than 200 words cover
the main factual points of the article, and illustrate
them with the most relevant data, so that the reader may
quickly obtain a general view of the material.
Introduction is a brief and concise section stating the
purpose of the article in relation to other already pub-
lished papers on the same subjects. Do not present
extensive reviews of the literature.

Material and methods should provide enough infor-
mation to enable experiments to be repeated.

Write the Results clearly and concisely and avoid re-
peating the data in the tables and ligures.

Discussion should explain the results, and not simply
repeat them, interpret their significance and draw con-
clusions.

Graphic material (figures and tables). Each item
should be sent in triplicate, one of them marked origi-
nal for publication. Only high—contrast glossy prints
will be accepted. Line drawings, graphs and charts
should be done professionally in Indian ink. All letter-
ing must be legible after reduction to column size. In
photographs mask the identities of patients. Label the
figures in pencil on the back indicating author's name,
the lirst few words of the title and figure number: indi-
cate the top with and arrow. Write legend to figures and
illustrations on a separate sheet of paper. Omit vertical
lines in tables and write the next to gables overhead.
Label the tables on their reverse side.

References should be taped in accordance with Van-
couver style, double spaced on a separate sheet of pa-
per. Number the references in the order in which they
appear in the text and quote their corresponding num-
bers in the text. Following are some examples of
references from articles, books and book chapters.

I. Dent RG. Cole P. Inn vitro maturation of monocytes
in squamous carcinoma of the lung. Br J Cancer 1981,
43: 486-95.

2. Chapman S. Nakielny R. A guide 1o radiological
procedures. London: Bailliere Tindall, 1986.

3. Evans R. Alexander P. Mechanisms of extracellu-
lar killing of nucleated mammalian cells by macro-
phages. In: Nelson DS ed. Immunobiology of macro-
phage New York: Academic Press. 1976: 45-74.

For reprint information in North America Contact:
International reprint Corporation 968 Admiral Callag-
han Lane, # 268 P @. Box 12004, Vallejo; CA 94590,
Tel: (707) 553 9230, Fax: (707) 552 9524.
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