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Use of computed tomography as an aid to hepatic resections 

Goran Roic\ Franjo Šmit2, Mladen Škrgatic2 

'Children's Hospital u1greb, 2Polyclinicfor Medica! Diagnosis, lllgreb, Croatia 

The clinical interest in hepatic tumor resection has increased the importance of knowing the segmenwl 
anatomy of the /iver. C/assical descriptions of the gross anatomic divisions of the !iver were based solely 011 
swface structures. These classica/1 divisions of hepatic anatomy are of little help to the surgeon hecause the 
swface anatomy poorly reflect.1· the organ 's interna! vascular structure. A »surgical vascular subdivision« is 
a valuable 1eclmique .fbr showing almor111ali1ies of the !iver whether d(lji,se or focal. 

Cross-sec1io11a/ imaging of 1he /iver with CT provides excellent demonstration of the hepatic vasculature mul 
<d' the lesions to he removed'-3 allowing surgeons to plan resections according to anatomic principles. 

Key words: liver neoplasms-surgery; tomography, x-ray computed 

Repatic anatomy 

Traditionally, the !iver was divided into four lobes 

right, left, caudate, and quadrate, based on the ex­

ternal configuration of grooves on the visceral sur­
face of the !iver. The falciform ligament divides the 

right lobe from the left lobe. Some authors general­

ized even further and used the falciform ligament to 
divide the right lobe from the left lobe. Thus, the 

»right lobe« includes the right, quadrate, and cau­
date lobes.

However, logic and surgical need dictate divid­

ing the liver on the basis of the vascular anatomy 

and not external configuration. Two commonly used 
hepatic segmenta! nomenclatures based on the bran­

ching of the portal triad have been developed. The 

one usually used in the American and English lite­

rature has been outlined by Goldsmith and Wood­

burne.4 Based on this functional system of hepatic 

division, known as »American system«, the liver is 
divided into the right, left, and caudate lobes. The 

right lobe of the !iver is furlher divided into anteri­

or and posterior segments and left lobe into medial 

Correspondence to: Goran Roic, M.D., Department of radi­
ology, Children's Hospital Zagreb, Klaiceva 16, 10 000 
Zagreb, Croatia. 

UDC: 616.36-073.756.8 

(formerly known as the quadrate lobe) and the lat­

erni segments (formerly known as the left lobe) 
Figure I a). The caudate lobe occupies much of the 

posterosuperior surface of the !iver and is bounded 
posteriorly by the fossa of the inferior vena cava 

and anteriorly by the fissure of the ligamentum 

venosum. It is considered a separate and distinct 

lobe, since it receives its vascular supply and bi­

liary drainage from both the right and left lobes. 

Couinaud developed another system of hepatic 
anatomical description, and the French surgeon Bis­

muth demonstrated the practical utility of this sys­

tem (»Couinaud's system«):1 According to Couin­

aud's description, the three main hepatic veins di­

vide the liver into four sectors. He terms the planes 
through which the hepatic veins course the porwl 
scissurae. The right, main and left portal scissurae 

define the four sectors, each of which receives a 

portal pedicle (Figure I b). The main portal scissura 

divides the !iver into right and left livers. The right 

portal scissura divides the right liver into anterior 

and posterior sectors. Each of this sectors contains 

two segments. The anterior sector has segment V 

inferiorly and segment VIII superiorly. The posteri­

or sector contains segment VI inferiorly and seg­

ment VII superiorly. The left portal scissura divides 
the left !iver into superior and posterior sectors. 

The umbilical fissure divides the anterior sector 
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Figure l. Segmenta! anatorny or the !iver a) »American 
systcrn«, b) »Couinaud's systern«. 

into two segments, medially segment IV and later­
ally segment lil. The posterior seetor has only one 
segment, segment 11, thas forms the posteri<ir part 
of left lobe. The eaudate lobe eomprises segment I, 
whieh is vaseularized independently from portal 
clivision, reeeiving branehes from bolh right and 
lei't portal vein ancl hepatie arteries. lts hepatie veins 
drain direetly into the vena eava. The portal vein 
and hepatie arterial branehes eorrespond to seg­
mented anatomy. Likewise, the bile duets provide 
segmenta! clrainage. 

Cross-sectional imaging 

Cross-seetional imaging of the !iver with eomputed 
tomography provides exeellent demonstration of 
eight hepatie segments (aeeording to Couinaud's 
system) on the basis of the vaseular anatomy. Thcy 
are definecl prineipally on the position of the three 
major hepatie veins (right, middle and lert), and are 

numbered spirally from the eaudate lobe (seg­
ment 1). From these boundaries multisegmental re­
seetions can be performed. A CT study of the !iver 
entails imaging of the entire organ from its superior 
border at the dome of the diaphragm to its eaudal 
tip. Contigious I O mm thiek sliees are obtained, 
usually before and M'ter intravenous injeetion of 
eontrast medium. On CT the unenhaneecl normal 
!iver is homogenous in density (50-70 HU) exeept
for the portal veins, identifed as linear or eircular
structures 01· lower attenuation. The porta hepatis is
visible as a fat containing horizontal cleft on the
medial border of the right lobe of the !iver with the
quadrate lobe anteriorly and cauclate lobe posterior­
ly .5 Following intravenous contrast enhaneement,
attenuation values of !iver parenchyma rise to 60-90
HU.4

The right and left !obes of the !iver can be indi­
cated by projeeting a line from the gallblaclder fos­
sa to the inferior vena cava. The portal vein braneh­
es are largest at the leve! of the porta hepatis where­
as the hepatic veins are larger in the more cephalad 
seetions and are recognizable by their relationship 
to the normal inferior vena cava:1 Normal ealibre 
intrahepatie bile ducts are not demonstrable; only 
the major biliary radicles at the porta hepatis are 
identifiable as discrete structures. The eommon bile 
duet is situated anterolateral to the portal vein 
throuhgout its length.5· 6

The larger blood vessels ean be seen in nor­
modense, noncontrasted hepatic tissue as hypodense 
structurcs with a typical configuration. They may 
be invisiblc on CT seans when parcnehymal density 
is even slightly recluced (eg. fatty infiltration) bul 
they appear hypcrdensc as fatty infiltration increas­
es.7 Bolus administration of contrnst medium en­
sures reliable demonstration of even small portal 
venous radicles whieh can be distinguished from 
parallel biliary ducts, particulary if the latter are 
clilated. The variable shape of the porta hepatis is 
extensively filled out by the vaseular band of the 
portal vein, whieh is aecompanied by the hepatic 
artery and by the common bile duet. This triad 
relationship is also seen in the further branehes 
located in the !iver periphery. The supply areas of 
tertiary rami correspond to the eight hepatie seg­
ments (aeeording to Couinaud's system) which ean 
be localized via computed tomography (Figures 2, 
3 and 4). The three main branches of the hepatie 
veins clrain below the diaphragm (stellate pattern) 
into the inferior vena eava. Therefore, left (C), mid-
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Figure 2. Lines A to D indicale lhe anatomic levels of 
images shown in Figs. 3. and 4.; A) on the leve! just below 
venous angle in the !iver, B) directly above lhe bifurcation 
of the portal vein, C) on lhe same leve! as the bifurcalion, 
D) below lhe bifurcation of lhe portal vein.
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Figure 3. Segmenta! anatomy of the !iver in transverse 
section. The interscgmental veins join into three cranial 
trunks, the right (a), middle (b), and left (c) main veins, 
which divide the !iver into four sectors (modified according 
to relerences 7 and 8). 

dle (B) and right (A) main hepalic veins can usually 

be demonstrated on one section. They divide the 

!iver into four sectors. These sectors are subdivided

horizontally by the plane in which the portal vein

branches into rissure that cannot be seen on the sur­
face of the !iver and Lhat contains a 1rntjor hepatic

vein (Figure 2). The right main hepalic vein divides

the right lobe of the !iver on the one sille into anterior

segments V and VIII, as well as into dorsally located

posterior segments VI and Vil. Segments VII and

VIII form the <lome of the !iver. The caudate lobe

comprises the first !iver segment, which drains via

smaller veins directly into infcrior vena cava.7· x

4a '4b 

4c 4d 

Figure 4. Hepatic segments in CT (same levels as Figure 3 
and 4) (modi!Ied according to relerences 7 and 8). 

1-8 = hepatic segments 
LV= left main vein of the !iver (plane C)
MV= middle main vein of the !iver (plane B)
RV = right main vein of the !iver (plane A)
P = p01tal vein 
IVC = inlerior vena cava
Rp right main branch of the portal vein 
Lp = left main branch of the portal vein 

Resectability of the !iver lesions 

The indicalions for major !iver surgery, parliculary 

resection, continue to include predominantly focal 
parenchymal diseases. The decision of when and 

upon whom to perform major !iver resection de­

pends on the disease, the certainty of its diagnosis, 

the overall ritness of the patient to withstand major 

surgery, and, of course of the location and extent of 
the disease. The simpliest hepatic resection is wedge 

excision which consists 01· nonanalomic removal or 

a small amount of superl'icial hepatic tissue. The 

procedure is referred to as nonanatomic because the 

tissue removed does not correspond to a hepatic 

segment. Wedge excision can be performed suc­
cessfully only if the vascular and biliary slructures 

supplying thc remaining hepatic parenchyma are 

lert intact." Thus, nonanatomic wedge excisions are 

performed only in the hepatic perifcry, usually to 

rcmove small tumors. 10 

The more commonly performed hepatic resec­
tions are procedures in which one, two, or Lhrec 

hepalic segments are removed. The righl lobe of the 

!iver is frequently removed in a resection termed a

right lobectomy.11 The meclial segment of the lefl

lobe may be resccted along with lhe right lobe, as

described by Starzl in 1975. 11 This procedure is

termed right trisegmentectomy, since the posterior,

anterior, and medial hcpatic segments are removed.
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It is possible to remove the posterior segment of 
right hepatic lobe (posterior segmentectomy). How­
ever, this procedure is tehnically difficult and is 
rnrely performed. A left lobectomy consist of re­
moval of the medial and laterni segments of the left 
lobe.'' The caudate lobe may be left in place or 

removed along with the left lobe.11 The left laterni

segment can be readily removec.J in procec.lure ter­

med laterni segmentectomy.•· 11 In 1982 Starzl de­

scribec.J the left trisegmentectomy, in which both 

segments of the left lobe are resectec.J along with 

anterior segment of the right lobe.12 In general,

hepatic lesion are resectable if it is tecnically feasi­

ble to remove ali gross hepatic lesions anc.J to leave 

a sufficient volume of viable !iver parenchyma in 

situ to support life. 13 In order for the remaining 

hepatic tissue to be viable, its vascular supply and 

venous anc.J biliary drainage must remain intact." 

Lesions in the !iver are easily resectable if they 

spare the porta hepatis are confinec.J to the area of 

one of the five major resections.1• A lesion is gener­

ally considerec.J unresectable if it encases or invades 

the main portal vein, the proper hepatic artery, both 
intrahepatic ducts or the major branch of any of 

these structures contralateral to the hepatic lobe in 

which the lesion originates.1•· 1.s Continuity of tumor 

with vessel wall c.Joes not necessairly mean the ves­

sel has been invated, the attainability of a tumor­

free margin in such case frequently cannot be pre­
dictec.J by computec.J tomography.3 In patients with

severe hepatic parenchymal c.Jisease and limitec.J he­

patic reserve, hepatic tumor frequently cannot be 

resectec.l unless the amount of resectec.J tissue can be 

minimizec.1.1;· "'

Conclusion 

Hepatic resections are technically c.lemanc.Jing pro­

cedures that require accurate knowlege of interna! 

hepatic vascular anatomy which is not reac.Jily ap­

parent to the surgeon on inspection of its surface. 

Cardinal rule of 1mtjor hepatic resection is that the 

vascular supply anc.J the hepatic venous and biliary 

drainage must remain intacl. Classically, the !iver 

is anatomically dividec.J into right and left !obes by 

the falcirorm ligament anc.J fissure for the ligamen­

tum teres. This classical division is not particularly 

helpful for surgical planning because resection has 

to follow the vascular distribution. Computed to­

mography can detect the normal anatomy of the 

!iver and can identify with precision focal masses.

Consequently, this imaging technique play a crucial
role in the resection of hepatic lesions allowint

surgeons to plan resections according to anatomic

principles, making the resection technically easier.
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Technetium labeled autologous polyclonal immunoglobulin G 

(lgG) f or scintigraphy of inflammation 

Nataša V Budihna, Silvester Kladnik, Tomaž Benulič 1, Metka Milčinski 

Nuclear Medicine, University Medica! Center, 1 lnstitute r�l Oncology, l)ubljana, Slovenia 

Backgrowul: Radiolaheled he!erologous polyclonal hu111an ga111111a g/olmlins (HIG) have been used Jc;r 
detec/ion <J i11fla11111w1ion. A11tologo11s i111111w10g/olmlins have been succes,\fidly used _fr;r deiection o/ i11f/w11-
mation in animals. 
Aim of our study was to assess feasihility <!f" directly labeled cuttologous lgG, separated fiwn patients' sera, 
for imaging <i it(/ection. 
Methods: (lllfologous lgG were sep(lrct/ed fim11 patients' sera using fc1st protein liquid chromatography 
( FPLC) and directly mdiolaheled with """'Te. Pfwwr scintigraphy was perfcmned in 18 patients with 
suspected i11fla111111([/ion. 
Results: sensitivity c!f" wt10/ogo11s lgG scintigraphy was 66 % and spec!ftcity 80% when compared ,vith other 
investigations and Jtnal diagnosis. 
Conc/11sion: The 111ethod seems promising fbr detection c!f" i11fla111111atio11 although st11die.1· comparing radio­
/(lbeled (ll(/O/ogo11s lgG co111p(lred to heterologous are necessan• to prove superiority ()l either 111ethod. 

Key words: autologous lgG, Tc-labeled scintigraphy of inllammation - radionuclide imaging; lgG - diagnos­
tic use; technetium - diagnostic use 

Introduction 

Radiolabeled heterologous polyclonal human gam­
ma globulins (HIG) have been used severa! years 
for detection of intlammation 1--1 and accuracy to 
detect infection is excellent in selecte<l patients.5

Uptake of IgG in some tumors was shown as well.2

HIG are easy to prepare and tlms useful for routine 
clinical work although ra<liolabele<l leukocytes are 
superior in the <liagnosis of focal purulent <lisease.'' 
Distribution of various HIG preparations in vivo 
<loes not always follow i<lentical pattern, as shown 
in baboon experiments. Louw et al. believe that it 

Correspondence to: Prof. Nataša V. Budihna. M.D., Ph.D., 
Department of nudear medicine, University medica! center, 
Zaloška 7. 1000 �jubljana. Slovcnia. Phonc: +386 61 316 
8.55. Fax: +386 61 132 72 72. The work was in pari sup­
ported by research grant no. B-6208-312-94, Ministry of 
Science and Technology, Slovenia. 

UDC: 616-002.182-07-097 

<lepen<ls on <legree of damage of commercially 
available lgG cause<l <luring the preparation.7

Dormehl an<l coworkers8 showe<l foci of inllam­
mation with autologous labeled lgG in baboon ex­
periments. They consi<ler autologous lgG most clo­
sely relate<l to intact lgG. Labeled autologous lgG 
are even less likely to cause allergic reaction in 
recipient than the heterologous ones an<l could there­
fore be useful for repeated investigations in humans. 

Aim of our study was to evaluate the feasibility 
an<l possible contribution of autologous IgG, sepa­
rate<l with rast protein liquid chromatography 
(FPLC) an<l direclly labele<l with 99"'Tc, for scintig­
raphy in patients with inflammation. 

Patients mul methods

Separation of Ig G 

Five to 10 ml of patient's bloo<l were with<lrawn 
and serum was separate<l. Serum was exposed to 
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0.3 % sodium cholate (Merek) for 24 hours before 
further manipulation to prevent contamination of 
the chromatographic system.'1 

For separation of Ig from the serum, 3.0 ml of 
serum were precipitated with 3.0 ml of cold saturat­
ed ammonium sulfate solution. The resulting sus­
pension was incubated and mixed during next 30 
minutes. Centrifugation at 2000 g and 4° C for I 5 
minutes followed. The supernatant was discarded 
and the precipitate redissolved in 1.0 ml of 0.15 
Mol/L and pH 6.5 phosphate buffer. The resulting 
solution was precipitated with 1.0 ml of saturated 
ammonium sulfate and centril'uged under the same 
conditions again. The precipitate was redissolved in 
1.0 ml of phosphate buller and passed through a 
0.22 pm Millipore filter. 

Second step or the separation procedure was IgG

separation. The method was originally used for lgM 
isolation from human serum.10 Our modification is 
described in detail elsewhere. 11 In short, slower flow 
rate than the originally proposed resulted in im­
proved separation of lgG i'rom lgA. For this pur­
pose, FPLC using strong anion exchange column 
Mono Q HR 5/5 (Pharmacia), HPLC Gradient Pump 
2249 (LKB), ultraviolet light (UY) detector Uvi­
cord SO 251 O (LKB), Rheodyne injector, fraction 
collector RediFrac (Pharmacia) and recorder REC-
481 (Pharmacia) were used. 

Sample of 200 ml autologous Ig solution was 
used with FPLC. Following solutions were used: 
0.15 Molil phosphate buffer pH 6.5 (buffer A) and 
0.30 Molil phosphate bu!Ter pH 6.5 (buffer B). Mo-
110 Q HR 5/5 was rinsed with 20 % ethanol and 
equilibrated with bulTer A before use. First elution 
was performed with buffer A for I O minutes, the 
second elution with bulTer B for 15 minutes at flow 
rate of 0.5 ml/min. 

Different immunoglobulin classes were detected 
with measurement 01· UV absorption and separately 
eluted. lgG were detected at UV wavelength 277 
nm and at absorbancy range 1.0 AUFS (absorbance 
units full scale, as defined by manufacturer). lgG 
were eluted at the first, lgA at lhe second and Ig M 
at the third UV absorption peak. 

Confirmation of lgG was accomplished with im­
munoelectrophoresis. The first rraction of the elu­
ate, containing IgG, was collected separately and 
its total volume or approximately 0.4 ml was used 
for direct radiolabeling. 

Direct /abeling c!f' /gG with w,"Tc 

The labeling was accomplished using the method of 
Pettit 12 with stannous tartrate as reducing agent for 

perteclrnetate. lgG solution was preincubated for 20 
minutes at room temperature with 50 ml 9f 2.1 x 
]()·3 Mol/L stannous tartrate solution (Sigma) and
500-800 MBq '1<Jn'TcO, were added in a voltune as
small as possible. lncubation at 40" C for I O min­
utes followed. I 00 pl of saturated NaHCO

3 
were

added thereafter and incubated again at 40" C for 20
minutes. The solution was passed through a 0.22 pm
Millipore filter.

Qualitv contro/ 

The quality control of radiolabeled lgG was per­
formed in two systems of ascending instant thin­
layer chromatography (ITLC) using silica gel strips 
(Gelman) of I x 12 cm size. Methanol (85 %) was 
used as solvent in the first ITLC system. Free per­
technetate moved within the solvent front, while 
the radiolabeled lgG and colloidal forms of techne­
tium remained at the start. 

Silica gel strips were soaked with serum albumin 
(5 g/L), rinsed in deionized water and allowed to 
dry. They were used in the second ITLC system as 
a supporting phase while the mixture of solvents 
(C,H,OH: NH,OH: H,O in 2: 1 :5 ratio) served as a 
mob(Ie phase. The colloidal forms of technetium 
(hydrolyzed or recluced technetium) remainecl at 
the start, while the labelecl lgG and free pertech­
netate moved with the solvent's front. 

The percentage of free pertechnetate was calcu­
lated i'rom the radioactivity of the solvent's front in 
the i'irst ITLC system. The radioactivity at the start 
of the second ITLC system represented the colloi­
dal t'orms of technetium. 

The difference betwecn distribution of radioac­
tivity in the firsl and in the seconcl ITLC system 
gave the estimation of radioactivity bound to IgG. 1' 

Radiolabeled IgG was incubated in autologous 
serum at 37" C for 18 hours to test in vitro stability 
or radiolabeled autologous lgG. 

Pcaients 

The study protocol was approvcd by the national 
ethical committee. Ali patients gave informed con­
sent before entering the study. 

Eighteen nonselected patients with proven or sus­
pected infection werc included. Blood sample was 
withdrawn one day before the scintigraphic investi­
gation. 

Autologous immunoglobulins were labeled with 
technetiurn-99111 (500 - 800 MBq) on the following 
day and reinjected intravenously. Acquisition of 
scintigraphic data followed. 
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Scintigraphy 

Planar spot view scintigrams or the whole bocly 

were acquirecl in anterior ancl posterior projections 
with a large field of view gamma camera (Siemens 

Basicam), equipped with LEAP collimator and con­

nectecl to a computer (Mclntosh llfx, McLear soft­

ware for nuclear imaging), at 30 minutes, 3-6 hours 

ancl 17 hours arter intravenous injection of autolo­

gous radiolabeled IgG. 

Dala a11alysis 

Scintigrams were analyzed by two experiencecl ob­

servers, blincled to the clinical dala. The lesion to 

background uptake of 9'J"'Tc IgG was evaluatecl vis­
ually and the uptake intensities comparecl. Accu­

mulation of labeled IgG in !iver, kidneys, spleen 

and bone marrow as well as in the blood pool in the 

first phase after application was consiclerecl normal. 

The uptake in organs and tissues higher than the 

normal background was consiclered abnormal. Stu­
dies with nonconclusive accumulation in organs 
other than the normal distribution were reported as 

equivocal. Fina! decision was made by consensus 

in case of disagreement or separate reaclings of the 

t wo observers. 

The results of scintigraphy with ')'!,,'Te IgG were 
compared with fina! diagnosis and with rindings or 

all available investigations as bone scan, radio­

grams, computed tomography, ultrasound, erythro­

cyte sedimentation rale and white blood celi count. 

Scintigraphy was validated using sensitivity and 

specificity or the new method compared with the 
fina! diagnosis for ali studies. False positive or 

negative results were analy,.ed in detail. 

Results 

lgG sepamlion wul laheling 

IgG were completely separated from other immu­

noglobulins in ali sera as confirmed with chroma­

tography. The labeling e!Ticiency of isolated autol­

ogous lgG was above 95 %. Labeled 'J'i"'Tc-IgG were 
stable in vitro. Only 2.5 % of free pertechnetate and 

4.6 % of colloid was detected aftcr 18 hours' incu­

bation at 37 "C. 

Pct1ie111s 

No adverse reaction was observcd al"tcr intravenous 

application of autologous ''''"'Tc-lgG to the patients. 

Seven men and 11 wornen, in average 46 (±15.6) 
years old, ali with suspectecl inllarnmatory lesions 

were inclucled. Two patients had spondylodiscitis, 

single patients hacl discitis and paravertebral ab­

scess, cliscitis and psoas abscess, paravertebral, sus­

pected pancreatic, gluteofernoral and paranephric 

abscess. Osteomyelitis was suspectecl in four pa­
tients, pulmonary sarcoidosis in 2 and 4 patients 

were investigatecl ror suspected myocarditis (Table 

1 ). A verage duration or inflammation in patients 

(except in patients with sarcoidosis ancl myocardi­

tis) was 2.8 (± 3.1) months. Most patients were 

treated with antibiotics at the tirne of scintigraphy. 

Only 2 patients with suspected osteomyelitis, 2 with 

sarcoiclosis and 3 with myocarditis clicl not have 

antibiotic therapy. 

Eight suspected inflammatory lesions were true 

positive and 4 true negative. In one patient with 

suspected inllammation in recent bone fracture the 

lesion was false positive. False negative were 3 

lesions in patients with psoas or paravertebral ab­

scesses ancl in one patient with spondylodiscitis in 

previously irradiated area. Results of scintigraphy 

in two patients with dilatative cardiomyopathy after 

myocarditis and in one patient with sareioclosis were 

equivocal. 

Eight of 17 lessions in suspected inflammation 

were true positive, 4 were true negative, 4 were 

false positive ancl I false negative: calculated sensi­

tivity of our methocl (without the three equivocal 

cases) in cletection of inflammation is 66 % and 

specificity 80 °/o. 

Diseussion 

Detection of inriammation with heterologous poly­

clonal human gamma globulins (HIG) is well ac­

cepted. As autologous IgG are considerecl to be 

most closely related to the intact IgG,' they might 

also have more specific affinity for patient's anti­

gens than the heterologous ones and could therefore 

be suitable for investigations in humans. Radiola­

belecl autologous IgG are not likely to cause aller­

gic reaction in the recipient than heterologous poly­

clonal HIG. 

Autologous technetium labeled lgG coulcl be the­

refore useful for detection and follow-up of patients 

with inflammation or tumors without risk of immu­

nologic reactions and with low racliation exposure. 

Our study was planned to evaluate feasibility of 

autologous lgG, separated with fast protein liquicl 
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chromatography (FPLC) and directly labeled with 

"""'Te, for scintigraphy of intlammation. Modified 

tlow rate with FPLC allowed complete separation 

of IgG from other serum proteins. In vivo instabili­

ty of technetium labeled IgG was shown to be a 

problem with direct labeling via stannous ion re­

duction. 14 Hnatowich and coworkers found evidence

of in vivo transcheiation of 'l'l111Tc to cistein as a 

cause of high renal radioactivity. They also ob­

served IgG fragmentation after stannous ion reduc­

tion. Fragments can be excreted via kidneys as well. 

Our studies in vivo11 demonstrated high radioactivi­

ty in kidneys and in urinary bladder but not in the 

thyroid, what is consistent with stable binding of 

technetium. Stability of directly labeled """'fc-IgG 

complex was in our study proved in vitro. Concen­

tration of radioactivity in lesions was high enough 

to allow scintigraphic visualization of most inflam­

matory lesions in spite of shortcomings of direct 
labeling of autologous IgG with '1'1u•Tc.

The mechanism of IgG accumulation in intlam­

matory and neoplastic lesions is not entirely under­

stood. One of the most important reasons for IgG 

uptake in intlammatory lesions is increased vascu­

lar permeability and the diffusion at the site of 

intlammation." Some authors suppose that the at-, 

traction between Fc region of lgG and Fc receptors 

on the leukocytes and bacteria allows accumulation 

of labeled substances. 1"-
18 The type of immunoglobu­

lin was shown to play a role in accumulation at the 

site of inflammation.1'1

The results of scintigraphy in our patients with 

infection were comparable to the results of studies 

with heterologous technetium labeled Igo.➔-20 Au­

tologous "',."Tc-lgG are not equally successful in 

detection of ali types of intlammation. Satisfactory 

results were achieved in patients with spondylodis­

citis (Figure 1 ). The fact that labeled leucocytes 

have limitations for scintigraphy of inflammation 

in spina! region5• 12 warrants further study of this

specific application of radiolabeled '1'1111Tc-lgG. On

the other hand, because of high blood pool activi­

ties the results in patients with myocarditis and 

sarcoidosis were equivocal. False negative autolo­

gous 'l'l111Tc-lgG scintigram in paravertebral or psoas 

abscesses was the rute in our study. It was probably 

due to high background of the spine, !iver and kid­

neys in comparison with the uptake in the abscess. 

The false negative scan in spondylodiscitis in a 

patient with previously irradiated spine was proba­

bly due to low bone metabolism and lowered per­

fusion of that area. False positive uptake in a recent 

unhealed fracture and in some osteoarthritic joints 

showed the low specificity of the new method. The 

results of our study are encouraging in patients with 

spondylodiscitis. Larger group of patients should 

be studied for more reliable evaluation of sensitivi­

ty and specificity of scintigraphy with autologous 
9'1u'fc-IgG. Furthermore, tomographic teclmiques 

would improve diagnostic accuracy of our method. 

Studies comparing technetium labeled autologous 

with heterologous IgG are necessary to prove possi­

ble differences between the two methods. Newer 

direct labeling techniques12 probably have advan­

tages for scintigraphy with autologous and hetero­
logous polyclonal IgG. 

Figure l. Scintigram with autologous [gG labeled with 
technetium-99111 in a patient with discitis in the lumbar 
spine. High uptake of technetium-99111 labeled autologous 
lgG is shown in 4th and 5th lumbar ve1tebrae. 

Condusions 

The present study proves safe and feasible use of 

autologous lgG, directly labeled with technetium, 

for scintigraphy in patients. Convincing uptake of 

autologous 'l'l"'fc-IgG was shown in intlammatory 

lesions like spondylodiscitis. It is suitable for re­

peated use because there is no danger of allergic 

reaction in the recipient. The method of separation 

and labeling is to complicated to be used unselec­

tively in routine clinical practice. 
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Follow-up study of autonomous thyroid adenoma treated with I-131 
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Isak S. Tadzer 
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Twenty seven Jllllients with a11tono111011sly Jiu1ctioning thyroid C1deno111C1 (AFTA), clinically llnd laboratorv 

euthyroid were treated with 1-131. A acriterion jrH the thera11y was the scintigraphic appearance of AFTA 

"/101", wul suppressed TRH response rf the patients. The mean weight rij' AFTA was 50.03 ± 28.5 g, 

administaed radioactivity was 73.3 ± 6.1 MBq per g tissue, and estimated radiation was 262.2 ± 129.9 Gy. 

Excuninations in the jr1//ow-up period rij' 2-36 1110nths included clinical and laboratory testing, TRH test and 

thyroid scintigraphy. 

A.fier thl' therapy. AFTA became unpalpahle in 14 (51.8 %) patients, decreased in 7 (26.0 %) and did not

change in 6 (22 %). Ali patients re11wined euthyroid by a/1 criteria, with normal TRH test in 26 (96 %) r!{

them. Two 111011ths qfier the therapy, transitorv suppression or exaggeralio11 r!l TRH test, WC/S found in 3 and

7 patienl resp., but spontaneous rl'slilution occurred later in ali but one, where TRH rl'mained suppressed

(3.7 % o{a/1). AFTA appeared cold 011 the sclln r!f'92.6 % r
f

the treated patil'nts. There WC/S 110 hypothyroidism

cifier the therapy. This and 1he achievement r!f' C1b!ation or reduction r�l the nodules in most rf the patients,

support the opinion that patients with AFTA and suppressed TRH test, even when euthyroid, should be

treated with 1-137.

Key ,vords: thyroid neoplasms: adenoma-therapy: iodine radioisotopes: follow-up studies 

Introduction 

Plummer's disease is a thyroid disorder in which a 
part of the tissue is functioning autonomously and 
the rest of the gland is normally rcsponding to 
fcedback mechanisms. It is prescnted by a spectrum 
of structural and runctional abnormalitics which 
include solitary or multiplc nodulcs, or numerous 
autonomous centers, and autonomous production of 
hormoncs in normal or cxccssive quantity.1•2 The
last is crucial for the clinical prcsentation of the 
disorder. When an autonomously functioning thy­
roid adenoma (AFfA) produces clinically overt 
hyperthyroidism, the therapy should be radically-
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surgical or with radio iodine, sometimes after a 
short-lasting medicamentous treatment.2

The treatment of AFr A in euthyroid patients ris­
es many questions: is it nccessary, in which cases 
and when, and what kind of therapy? Euthyroid 
clinical picture may be associated with different 
biological behavior of AFrA: compensated or de­
compensated, i.e. scintigraphically presented as iso­
fixant or hiperfixant - "warm" or "hot" nodule, 
comparing to surrounding tissue.) Normal serum 
levcls of T4, T3 and cven TSH, may be associated 
with a suppressed response to TRH stimulation as a 
first sign of disorder.) Kecping in mind the slow 
evolution of AFrA and the possibility of spontane­
ous destruction of adenomatous tissue45 many cli­

nicians hesitate to choose a radical therapy. But the 
follow-up studies of many cascs show steady pro­
gression of the disease in some patients, which may 
cause heart damage,s.r, and Belfiore et al.7 found 
that it happened in a higher pcrcent of patients from 



256 Do/gova-Korubi11 Vet al. 

iodine deficient regions than in those from other 

regions. 

Here we present results of radioiodine treatment 

of euthyroid patients with AFf A and our attitude to 

that problem. 

Material and methods 

The study includes 27 patients with AFfA, clini­

cally, euthyroid, who were treated with 1-131 and 

subsequently followed -up. The <liagnosis of AFfA 

an<l evaluatiion of clinical status were based on 

clinical, laboratory and scintigraphic examinations. 

Biologic behavior of AFf A was assessed by TRH­

test response, as the serum thyroxine (T4) an<l triio­

<lothyronine (T3) were in normal range. The thera­

PY was accomplishe<l by oral application of ra<lio­

iodine <lose, calculate<l accor<ling to the weight of 

AFf A and 24h-uptake of 1-13 l. Follow-up evalua­

tion include<l clinical an<l laboratory estimation of 

the thyroi<l function (T4 an<l T3 <letermination, TRH

response). as well as scintigraphy of the gland. 

A group of 20 patients who were healthy an<l 

with palpatory and scintigraphically normal thy­

roid, were tested for TRH response. They were 

considerc<l as a control group in this study. 

T4 and T3 wcre <leterminc<l with RIA (kits pro­

duced by "Vinca", thyrotropinc (TSH) in serum 

was <letermine<l with IRMA (CIS) (first genera­

tion). Normal values for T4 in T3 serum concentra­

tions: 64-160 nmol/L resp. 1.5-3,4 nmol/L. Thy­

roid scintigraphy was performe<l mostly with 1-131, 

after 24h 01· an oral dose of 1850 KBq, or with 800 

MBq of Tc-99 m, 30--40 minutes after i. v. applica­

tion. The weights 01· the nodules were determined 

by calculating their volumes as ellipsoi<ls (diarne­

ters were measure<l by the scintigraphic imaging of 

the gland). This metho<l had been proven by com­

paring the weights of operate<l no<lules with calcu­

lated oncs by their scans8 (before intro<luction of 

ultrasound measurement). TRH test was performe<l 

by i.v. application of 200 µg Relefact TRH (Hoechst, 

AG) and serum TSH was determine<l in 0,30 and 60 

min. after the application. 

Results 

Only two of the patients with AFfA were men 

(7 % ), so that women/men ratio was 12,5/ l .  Age of 

the patients was 36-72 years, mean 53.48 ± 7.96, 

and the age of the control patients 40.38 ± 10.89 

years. In 23 (85 %) patients there was a solitary 

no<lule an<l in 4 ( 15 % of ali) there were 2 nodules. 

The no<lules in ali patients were "hot" by scintigra­

phy and surrounding tissue was completely sup­

pressed. Most of the patients were clinically normal 

and some of them only with mild and common 

complaints, as slight nervousness of fatigue. T4 na 

T3 serum levels were in normal range. but their 

mean values were statistically higher that in cont­

rols (Figure 1 ). TSH values were in normal range as 

well, ranging 0.5-0.4 µU/ml. TRH test was abnor­

mal - unresponsive in ali: no increase of TSH se­

rum leve! was recorde<l after 30 or 60 min. of TRH 

injection, or the increase was minimal, not exceed­

ing 1.5 µU/ml over basal leve! in 13 patients. As a 

normal response to TRH stimulation (positive re­

sponse) it is consi<lere<l an increasing of TSH leve! 

after 30 min. or more than 3 but less than 25 µU/ml, 

a criterion accepted by many authors.3· "· 9· 10 TRH

test in the contol group showed an average eleva­

tion of TSH of 10.81 ± 4.2 µU/ml. 

nmol/1 

T4 T3 150 

135 
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1.8 

1.4 
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p<0.05 p<0.01 

1 - Controls. 2 - Before treatment. 3 - After treatment 

Figure l. T4 and T3 in CONTROLS and in AFTA 
BEFORE ANO AFfER 1-U I TREATMENT 

The <lata on the weights of AFf A an<l the applie<l 

rac.liotherapy are given on Table 1. The follow-up 

period after the therapy was 2-36 months (mean 

14.J ± 12.0).

Table l. I-131 Treatment of autonomously functioning 
thyroid adenoma (AFT A). 27 patients. 

Weight of AFT A (g) 
24h 1-13 1 uptake 
Dose of 1-131 (MBq) 
1-131/g AFTA (MBq)
Radiation in AFTA (Gy/g)

Mean±SD 

50.0 ± 28.5 
44.5 ± 12.1 
1090.8 ± 244.2 
12.1 ±6.1 
262.2 ± 129.8 

Range 

19-32
27-78
740-1850
3.4-23
73.5-508
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The clinical state in ali patients remained euthy­
roid. Thc changc of the size and scintigraphic ap­
pearance of AFfA is presented on Table 2. T4 and 
T3 levels decreascd and although remained in nor­
mal range, thcir mean valuc, did not differ signifi­
cantly from that of the control group (Figure 1 ). 

Table 2. f'ollow-up or 27 patients with AFT A: findings of 
palpation. thyroid seintigraphy and TRH test (al"ter the 
therapy). 

Nmnber of % of alipatients 
Reduction of AFTA size (by palpation): 

Not palpable any more 
Redueed in size 
Remained unehanged 

Seintigraphic appearanee: 
Cold nodule 
lsofixant nodule 
Hot nodule 

TRH Test: 
(Elevation ofTSH levels 30 min.) 
Normal (3-25 µUlm!) 

___l'Jegative (3 µU/1111) 

14 
7 
6 

25 
2 
o 

26 
1 

51.8 
26.0 
22.2 

92.6 
7.4 
o 

96.3 
3.7 

TRH test was performed in the follow-up period 
in ali patients, at different times. It was normal in 
22 of them and abnormal in 4: in 3 it was negative 
(increase of TSH less than 3 µU/ml at 30 min.), and 
in one, basal TSH was elevated and the test was 
exaggerated (Table 3). These patients were tested 
two months after the therapy, as werc other 9 pa­
tients whose TRH test was normal. Repeated test­
ing of those with abnormal test after 4-36 months, 
did not show abnormality in three of them and only 
one patient had a suppressed TRH responsc, even 
after 36 months. The nodule of the patient weighted 
132 g and it received a lower radiation doses (86.5 
Gy), but in spite of that, the nodule became unpalp­
able and "cold" on scan. 

Table 3. Patients with abnonnal TRH response two months 
after 1-131 therapy. 

Pat. No. 1-l31 dusi1-i Radiati\\11 No. nw11th TRH tc.�t TSH (pU/1111) 

artcr 1-Ul 

(�lllq/g) (Gy/gl B�1sal 30 min. Ml min. 

J.D. 10.5 227.0 2 0.5 3.4 1.9 
22 3.2 10.4 8.1 

M.A.+ 4.0 86.5 2 0.5 0.6 0.6 
36 2.3 3.8 3.3 

J.S. 3.6 77.9 2 2.4 5.1 4.5 
15 1.6 12.7 9.7 

G.S. 14.3 309.0 2 16.0 46.0 40.0 
36 0.5 11.8 8.8 

+ - the patient with persistent suppressed TRH response

Discussion 

It is generally accepted that AFf A which causes 
hyperthyroidism should be treated radically - by 
surgical or radioiodine treatment. The data of many 
studies show that relapses and hypothyrosis after 
thc treatment are very mre, in contrast to Graves· 
disease, where thcy occur in much higher per­
cent.'-5·'0·'' The treatment of cuthyroid patients with 
AFfA (solitary or multiple) is a mattcr of individu­
al consideration, dcpending on diffcrent factors.12

Since the carly and later application of TRH test, 
has shown that it can discover subclinical hyperthy­
roidism"·"·'" and so to help in decision-making for 
therapy. Discovering a disturbed thyroid function at 
its very beginning by TRH-tcst, is not of pure aca­
demic interest. Corrccting it, an overi thyrotoxico­
sis may be prevcnted (which in older age is usually 
oligosymptomatic, manifested as a heart diseasc). 
Although progression of euthyroid AFfA to toxic 
nodule and hyperthyroidism is slow and not very 
frequent/" we observed it in 35 out of 181 cuthy­
roid patients, followed-up during a period of 0,5-15 
years, with statistical probability of 6,65 % to be­
come hyperthyroid.5 At last, one can not exclude 
the possibility of "Tissuc hyperthyroidism" although 
not proved by laboratory findings. 

Ali of our patients were cuthyroid, with serum 
concentrations ol' T4, T3 and TSH in normal range 
(although statistically higher than in controls), but 
TRH test and scintigraphy rcvcaled abnormal bio­
logical behavior of AFf A. Even in that case one 
may pose thc question of the rcason for therapy. 
Treatment of clinically and lahoratory euthyroid 
patients if they are not young and their AFfA is 
largc, is recommend by McConahey.12 Our choice
of radioiodine treatment for these patients was not 
wrong by our consideration. which could be sup­
ported by the results of thc therapy: 

- ali treated patients remained cuthyroid, with
rcstitutcd physiological regulation of the thyroid, 
but one. None of the patients bccame hypothyroid. 
One patient who showcd a transitory, subclinical 
hypothyroidism (exaggerated TRH rcsponse). rc­
covcred spontaneously. 

- ablation ol' AFfA was achieved with lower
doscs of 1-131 than thosc wc5 or othcr authors 1 1.i) 

usualy use for trcatment of AFTA in hypcrthyroid 
patients. 

- the percentagc of markedly reduccd nodules is
very high (77.8 % of ali), so that this therapy offers 
also an esthctic effcct and possiblc relief of com-
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pressive effect of AFTA (if it were present). So, 
thcse clTects, otherwise cxpected from surgical 
treatment, may be achieved by radiothcrapy, with­
out surgical risks. 

A support of our approach to radioiodine treat­
ment of euthyroid palients with AFTA, we found 
also in the excellent study of 87 thyroidectomized 
patients wilh Plummer's disease by WienerY He 
found in lhe follow-up period an unexpectedly high 
percenl of postoperative thyroid autonomy in the 
residual tissue and this suggested that radioiodine 
treatment could be more elTective that surgical treat­
ment. 

The amount of administered radioactivity is a 
matter 01· consideration in many sludies. Although 
there is some relation between the dose and the 
success of lhe therapy (i.e. the incidence of hy­

pothyroidism and failure or the therapy,11-tJ.15 many 
authors,11.12-

10 found that the incidence of hypothy­
rosis is not related to the dose per gram of nodular 
tissue. By their experience, for its prevention is the 
most important: the scintigraphic appearance of"the 
extra nodular tissue before the administration of 
1-131 should be sufficienlly suppressed, with mini­
mal iodine uptake. We agree wilh them and ali
of our patients were scanned shorlty before the
therapy.

The finding of ternporary exaggerated TSH res­
ponse after the therapy in one patient, was surpris­
ing. It rnay be supposed that the suppressed extra­
nodular tissue which was functioning below its nor­
mal capacity before the therapy, necel more tirne for 
its functional recovery. There is a possibility that 
extranodular tissue was moderately irradiated and 
is in temporary hypofunction. These both possibili­
lies do not exclude each other. 

It is more difficult to explain the persistence of 
suppresscd TSH response after thc thcrapy. At two 
months aftcr thc therapy maybc thc clTccl of radi­
ation was not complelcd yet, but in the case whcn 
thc nodulc became cold, long tirne after lhe thcrapy 
thc finding is unusual. As a coincidencc of Gravc's 
discasc and AFT A in lhe same gland has becn re­
ported t" it may bc supposcd that a thyroid autono­
rny of surrounding lissuc developcd during post­

trcatrncnt period. 
Our cxpcricncc frorn this study is that cxami­

nations of clinically euthyroid patienls with AFT A 
should bc complctcd with TRH-tcst (or ultrascnsi­
tivc measurcmcnt of TSH which is in usc nowa­
days) and if it is suppresscd the thcrapy may bc 
takcn in considcration. 

Conclusions 

1. AFTA decompcnsatcd on scan could be treated
if TRH test is negative, in spite of euthyroid clini­
cal and laboratory findings. 

2. Radioiodine therapy is effective in curing the
autonomy and very often in reducing the sizc of the 
nodules in doses of 3.4-23.0 MBq per g AFTA 
tissue. 

3. About two months after the therapy a normal
TSH response is achieved in most of the treated 
patients. Only in few patients it restores later and 
for evaluation 01· therapeutic elTect TRH-test should 
be repeated. 

4. Hypothyroidisrn after 1-131 treatrnent of Plum­
rner's disease is very rare, even in euthyrotic pa­
tients with AFTA. 
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Current approaches to gene therapy in oncology: Construction of 

tumor vaccines 
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Current conventional treatment c!f" malignancies is hasecl predominantly on the 11se c�f" radio- and chemo­

therapy. The mentioned therapies are not directed against cancer tis.rne 011/y and lwve severe dose-/imiting 

toxic side e.ffecls accompanied with a s11ppressive e.ffect on the patient'.1· imm1111e system. On the other hand, 

immunotherapy, and especially gene therapy, try to be more selective and less aggressive, having the 

pw11ose o( triggering a specific i1111111111e response against tumor cel/s. Therefore, differer// approaches to the 

creation and application 1!{ gene thempy in oncology have been ./(Jrmed in the past.few years, yet the aim o( 

a/1 c�f" them is the same: to use e.rtended knowledge ahout molecular mechanisms of the disease in order to 

devise a more specific mode c;f" treat111e11t. The major approach to present-day gene therapy of cancer is the 

generalion c;f" 1u11wr vaccines as CI pussible .fi1t1tre categmy c;f" cancer treatmenl. The 1nupose of this article is 

to provide a brief overview on creation and potential applications qf" t11mor vaccines as well as qf" some 

mode.1· c�j" gene therapy in oncology. 

Key vvords: neoplasms-therapy; gene therapy; tumor vaccines 

Introduction 

Owing to unspecific activities of conventional ther­
apies against cancer (radiotherapy, chemotherapy) 

a treatment of this kind is quite ol'ten accompanied 

with unrecoverable damage of the normal tissue. 

The tremendous increase of knowledge in immu­

nology as well as the exponential devclopment of 

recombinant DNA tcchnology conditioned the re­

newal of interest for creation 01· different immuno­

therapies that were supposed to be more effective, 

more specific for tumor cells, and cause no or neg­

ligible toxic side effects. The goal or each immu­

nomodulatory treatment is to stimulatc (enhance) 

immune response and in this way alter the dynam­

ics of host-tumor relationship to therapeutic advan­

tage. At the same time. this treatment modality has 
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to prevent the development of tumor celi resistance 

to such treatment, and cause no toxic deposition in 

the normal tissue. Therefore, for successful crea­

tion of immunotherapy, it is important first to un­

derstand the relationship between the host and spe­

cific tumor cells in orcler to choose the most appro­

priate approach. To incluce tumor immunity more 

specifically and effectively, various methods of im­

munotherapy have emerged using different biologi­

cal agents such as monoclonal antiboclies, cytokines. 

tumor antigens, hormones, activated killer cells. 

immune T cells. DNA and others. 1-x 

Vaccination against cancer 

The idea of vaccination against tumor cells has 

been a distant goal of immunologist for many years, 

ever since 1909, when Paul Ehrlich suggested that 

tumors might cxpress antigens that coulcl be targets 

of immune system.'' Certainly, at that time there 

was hardly anything known about tumor-associat-
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ed antigens, B and T lymphocytes, a11tigen-specific 
receptors on lymphocytes, immunoregulatory cy­
tokines elc. However, the observations that there is 
a· difference in the velocity of tumor growth, and 
that some tumors stagnale for a longer period of 
Lime (even some years), indicale lhat organisms 
possess powerful regulation mechanisms (i.e. im­
mune syslem) for tumor growlh conlrol.' And stili, 
quile oflen tumor cells eseape the conlrol and do 
not trigger the immune response. Tumor vaccines 
were thus ereated wilh lhe inlention to rebuild or 
retrigger the immune system and induce syslemic 
immunily against tumor cells. Por this purpose, 
irradiated autologous or allogeneic tumor cells, lysa­
tes 01· tumor cells, and occasionally, virnlly infected 
tumor cells were used as tumor vaccines. To inten­
sify additionally lhe immune response, nonspeeific 
immunoslimulalors (e.g. Cory11ehact<'l'i11111 parvwn 

or Bacil/11s Ca/111e11e-G11eri11) were added to most 
of lhe above menlioned preparalions. 11-14 The basic 

working guide of all lhese experimenls was lo achie­

ve an enhanced expression of MHC antigens on 
tumor cells and to increase lhe cytokine production. 

Only the exponential developmenl of molecular 
genetics and monoclonal anlibody reagenls, as well 
as lhe results of lhe !atest investigalions, provided 
enough information to allow speculation that di­
minished responsiveness or complete unresponsive­

ness of lhe immune system could hc predominantly 
a consequencc of the changes of tumor cells al lhe 

moleeular leve!. Among thc most imporlanl chang­
es which cnabled tumor cells to cscape immune 
control researchers classi ficd lhe following: "·"' 

• inadcquale expression of MHC (major histo­

compatibility complex) anligens, 

• prevcntion of tumor specific antigen presenta­

tion to T lymphocytes, 
• absence of adhesion molecules which are im­

porlanl for the activalion of immune system, and 
• production of various t'actors (by tumor cells)

which influence (change) thc host immune syslem. 

Gene therapy and tumor vaccines 

The "gene lherapy" term has become a new para­

digm, associated wilh any kind of disease where lhe 

origin can be connected wilh the derined genes. 

Gene lherapy involves a variety of new lechniques 

for gene transfer, gene replacemenl, gene repair or 
gene delction. 

Although the idea of vaccination against tumor 

cells dates in the beginning of 19th century, the 
modem tumor vaccines represent just one of the 
approaches (major) to gene therapy of cancer. In 
other words, modem tumor vaccines are a form of 
gene therapy where, by use of different vectors, 
genes of interes[ are transferred into the tumor cells 
or into immunocompetent cells. This can be achiev­
ed by direct DNA transfer or by using vira! veclors. 
The most prevalent nonviral techniques used for 
gene transfer are calcium phosphate transfection, 
micro1nJection, electroporalion, liposomal gene 
transfer, injection of naked DNA, and receptor me­
diated gene transfer. 11-22 Among lhe biological de­
livery systems for gene transfer the cardinal ones 
are retroviral vectors, adenoviral vectors, adeno­
associated virus vectors and other vira! vectors-2' 

The first studies wilh genetically transformed tu­
mor cells (llrnt were used as tumor vaccines) con­
firmed that bolh classes of MHC antigens (MHC 1 

and MHC II) play an important role in the proccss 

of triggering of the immune response and thal lhe 
antitumor activity is predominantly a consequence 

of activation of cellular immunity.24 Class I MHC 
anligens are recognized by cytotoxic lymphocytes 
(CDS+) and their presencc is obligatory for the 
activation of these cells. On the other hand, class II 
MHC antigens (they are presenled by antigen-pre­
senting cells in lhe form of endosomes or lyso­
somes, respectively) take part in the activation of 
helper T lymphocytcs (CD4+ ), cells which are clas­
sified as basic producers of dit'ferenl cytokines. 
Exaclly, the defect in lhe helper arm (i.e. cylokine 
producing pari) of lhe immune system is often lhe 
cause 01· inadequate immunogenicity 01· tumor cells: 
namely, lhe development of cellular immunity will 
fail in the case of inadequate cylokine production, 
regardless of the fact that MHC I antigens are nor­
mally expressed and aclive.2' 

Considering those facls, tumor vaccines were cre­

ated predominatcly to achicve: 
• enhanced production of various cytokines that

participate in immune processes (IL-2, GM-CSF, 

IFN-u, TNF-u), 

• expression of allogeneic human leukocyte anti­

gens (HLA antigens) or 
• enhanccd concentration of products that are re­

sponsible for the expression or the activities, re­

spectively, 01· oncogenes (e.g. or the product or p53 
suppressor gene). 

Therefore, depending on lhe manner chosen to 

fight tumor cells, quite a few di!Terent approaches 
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to creation of gene therapy and tumor vaccines 
have been established. This review will deal with 
some of them, i.e. those that have becn found most 
promising and attractive. 

Prepamtion o{ twnor vaccines with insertion qf" 
gene.1· coding for allogeneic le11kocyte a11tige11.1· 
into w1tologo11s lwnor cel/s 

The purpose of such preparation 01· tumor vaccines 
is the transfer of gcnes encoding certain antigens 
(usually present on the surface of antigen-present­
ing cells) into tumor cells. B7 antigen is a molecule 
that normally funclions as an activalion molecule 
on antigcn-presenting cells (macrophages. B lym­
phocytes. dendritic cells). B7 antigen represents a 
ligand for two types of T lymphocyte receptors i.e. 
for CD28 (present on CD4+ and CDS+) and CTLA4 
(present only on CDS+) receptors. Thc role of CTL4 
has not been determincd yet, while on the other 
hand CD28 is well known to be the cardinal recep­
tor for activation of T lymphocytes and for stimula­
tion of cytokinc production."' Thcsc data led to 
formation of a hypothesis about the transfer of a 
gene coding for B7 antigen into the tumor cells and 
about thc potenlials of such tumor vaccine to lrig­
ger systemic antitumor immunity. So Chen et al.. 1

) 

as well as Townsend and Allison.27 demonstrated 
that rejection of malignant melanoma cells express­
ing B7 ligand rcsulted from the aclivity of CDS+ T 
lymphocytes. Besides. in these expcrimcnts sys­
temic immunity developed (in experimental ani­
mals) even against genetically unchanged melano­
ma cells (which were thus not expressing B7 lig­
and). On the basis of the cited studies we can con­
clude that tumor vaccines, created by transferring 
of B7 gene into autologous tumor cells, activate 
cytotoxic T lymphocytes and stimulate cytokine 
production in helper T lymphocytes, thus elTective­
ly triggering the development of systemic antitu­
mor immunity. On the other hand. thc best results 
with this kind 01· vaccines can be obtained (owing 
to the costimulatory mode of action of B7 on CDS+ 
and CD4+ T lymphocytes) only in tbc presence of 
MHC class I and class II antigens on tumor cells. 

Vaccines created wilh insertion ,!( gene.1· coding 
for difTerenl C\'/okines inlo alllologo11s t11111or ce//.1·

lnsertion of genes coding for dilTercnt cytokines 
might play a role in "ovcrcoming" lhe unrespon­
siveness of immune system that derives from ina­
bility for normal cytokine production which is actu­
ally a consequence of complete absence or inade-

quate expression of MHC II antigens. In contrast to 
the activities of exogenous cytokines. tbe cytokines 
produced in genetically changed autologous tumor 
cells mimic the activities of natura! endogenous 
cytokines (underlie to some extent the control mech­
anisms of tbe organism), whicb on one band im­
proves their effectiveness and on the otber band 
minimizes tbeir toxic side effects. Wben preparing 
tumor vaccines, dilTerent researchers introduced 
genes for numerous cytokines or growth factors 
(IL-1, IL-2, IL-3, IL-4, IL-6, IL-7, IL-1 O. IFN-a, 
TNF-a, GM-CSF and G-CSFJ, respectively, into tu­
mor cells.2x-)2 The effectiveness of vaccines tested
on animal tumor models depended upon the type or 
cytokine produced by tbe cells. upon the abundance 
of cytokine synthesis and upon the type of tumor 
used in the study. Fearon et al. demonstrated that 
transfection of poorly immunogeneic mouse colon 
carcinoma cells witb IL-2 gene results in reduction 
of tumorigenic potential of tumor cells and triggers 
the development of systemic immunityY They con­
firmed tbat the phenomenon of systemic immunity 
results from the inlluence of IL-2 on CD4+ and 
CDS+ T lymphocytes (activation of T lymphocytes). 
Similar conclusions were made by Gansbacher et 
al. arter the transduction 01· IL-2 gene into mouse 
fibrosarcoma cells (in syngeneic mice) and into 
human melanoma or renal carcinoma cells (in nude 
mice). ).u; The facl that IL-2 triggers the develop­
ment of systemic immunity through its action upon 
T lymphocytes was also confirmed by Rusell et al. 
in experiments with rat tumor model.''' Namely, 
they lransplanted transfected ral sarcoma cells ei­
ther into syngeneic rats or into immunodeficient 
nude rats. The effect of vaccine in syngeneic rats 
with normal T lymphocyte production was highly 
superior to the one in nude rats. On the other hand, 
partly dilTerent results were obtained by Cavallo et 
al. )7 In agreement with other authors they demon­
strated that vaccines prepared by IL-2 gene trans­
duction are capable of challenging the immune re­
sponse, which (according to Cavallo et al.) predom­
inanlly depends upon neulropbils activated with IL-
2. Allione et al. created tumor vaccines with
transfection of adenocarcinoma cells using genes
encoding various interleukins (IL-2. IL-4, IL-7, IL-
10), IFN-a, TNF-a or GM-CSF. The best antitumor
protection was achieved with inoculation of tumor
cells producing interleukins and IFN-, while tile
treatment outcome after application of tumor cells
producing TNF-a was less favourable.)x Quite inter­
esting was also the comparison of the effectiveness



Currenl approacl!e.,· /II gene tl!ernpy in oncology: Construction o( 1t111wr vaccines 263 

of the therapy with genetically changed cclls, to 

therapy with tumor cclls admixcd with Corynebac­

leriwn parvwn. Namcly, the authors established that 

the antitumor activity of lhe mixlurc of tumor cells 

wilh Cory11ebacleri11111 pan1w11 approximated in its 

degree lhc anlitumor activity of therapy with genet­

ically modified cclls. Similar results were observed 

by Hock cl al., who demonstrntcd that tumor vac­

cincs prepared by mixing of tumor cclls with non­

speciric immunostimulalors cxerl an antilumor ef-

1ect which is comparable to lhc effcct of tumor 

vaccines crcatcd of genclically transl'ormed cells.1''

In contrnst to lhc aulhors, who achicved rclativcly 
modest rcsulls with tumor vaccines containing gene 

for TNF-(,(, Blankenslcin presented encouraging oul­

comes (his own and 01· other authors) using lhe vcry 

same vaccines.40 The anlilumor aclivities of such

vaccincs were supposed to be based predominantly 

on an indirccl elTcct mediated through slimulation 

of immune system and to a lesser extent on the 

direet antilumor ellect or TNF-(,(. This kind of slimu­

lation or immune system includes the activation or 

macrophages, as well as CD4+ and CD8+ T lym­

phocytes. Vaccines bearing TNF-(,( gene are also suc­

cessful in thc case or inhibited T lymphocyle pro­
duction, bul anyway, the prescncc of these cells 

enhances the antitumor effect or such trealment. 

The best proteclion from challenge wilh wild type 

tumor cells, as wcll as the most pronounced antilu­

mor activity against formed tumors, has been as­

cribed to vaccines created of tumor cells bearing 

gene for GM-CSF. Mulligan and Pardoll studied 

the elTectiveness or vaccines bearing genes for var­

ious individual cylokines or i'or combination or cy­
tokines.41 The most promising results were achicved 

with GM-CSF (in the group or vaccines bearing a 

gene ror a single cytokine), while the most effec­

tive combination 01· genes for preparntion of tumor 

vaccines comprised genes ror IL-2 and GM-CSF. 

DranolT et al. quite early discovered thal tumor 

vaccines wilh GM-CSF gene are superior to vac­

cines prepared with genes encoding other cytokines 

in the case or slimulation of the antitumor immune 

response.10 However, the activation of CD4+ and

CD8+ T lymphocytes was obligatory ror the devel­

opmenl of systemic immunity also with vaccines 

bearing GM-CSF gene, regardless or the MHC II 

antigen expression on tumor cells. The ellective­

ness or tumor vaccines with GM-CSF gene was 

finally confirmed by Golumbek et al.. since in their 

experiments not a single experimental animal im­

munized with lhe vaccine developed a tumor afler 

challenge with highly tumorigenic wild type tumor 

cells:12 The e!Tect of vaccines with enhancecl ex­

prcssion of GM-CSF gene is being ascribecl to the 

stimulation of diffcrenliation or the precursor blood 

cells and dendrilic cells (imporlanl antigen-present­

ing cells for T lymphocytes). 

Thus, the basic conclusions of these stuclies coulcl 
be the following: 

• even low concentrations or cytokines produced

by transformecl cells are capable of stimulating the 

antitumor immune response (comparable results we­

re achieved afler systemic high dosage cytokine 

therapy which is orten accompanied with numerous 

loxic side effecls): 

• imporlanl role of cytokines in the process or

activation 01· nonspecific leukocytes e.g. granulo­

cytes and macrophages; 

• cooperation belween granulocytes, macrophag­

es, lymphocyles, l'ibroblasls and endolhelial cells 

represents the basis 01· immune reactions triggered 

by genelically lransformed cells; 

• degree or anlitumor activity depends upon the

tumor type, the type of cytokine producecl by tumor 

cells, and upon the abundance or cytokine produc­

lion; 

• T lymphocyte aclivity is supposecl to clepend

indireclly upon aclivation or macrophages and olh­
er anligen-presenling cells, as well as upon second­

arily induced cytokines (which play an importanl 

role in the aclivalion 01· T cells); 

• sublethally irradiated genetically changed cells

are capable of challenging lhe immune response, 

yel a less pronounced one in comparison to lhe 

immune response triggered by proliferating cells, 

since sublethally irradiatecl cells produce cytokine 

only during a limited period of tirne ancl because 

lhe abundance or lumor-associalecl antigens is in­

su fficienl; 

• inserlion of GM-CSF gene inlo lllmor cells does

not change their tumorigenic polenlial, yet cells 

moclifiecl in this way and aflerwards sublethally 

irradiated, incluce the clevelopment of a long lasting 

immune memory. 

Application (
l 

/umor spec!f1c a111ige11s as vaccines 

The idea is to use specific antigens only, instead of 

intact tumor cells (as carriers 01· usually ill-clefined 

tumor antigens), for the creation of tumor vaccines. 

In this case specific immunily can be enhanced 

(owing to the usage of specific antigens), and also 

whole work wilh gene lransfcction becomes sur-
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plus. Thc basic condition for a successful applica­

tion of vaccinc is that the choscn antigen has to be 
expressed exclusively on the specific type of tumor 
cells and by no means on healthy normal cells. We 

are witncssing at present the identification of the 
first gencs coding for human melanoma-associated 

antigens that are specifically recognizcd by autolo­
gous cytotoxic T Iymphocytes. Mage-1 antigen rcp­

resents an example of this kind. the antigen that 
cannot be found on normal cells of adults, but can 
be detected on approximately 50 % of human rna­

lignant melanoma cells.•) 

/11sertio11 oj" ge11e.1· coding .fi;r .rnhstan,·es tlim make 
111111or cel/s .rnsceJJlihle to che111othera1Je11tic dr11g.1· 

The use of tumor "suicide" gcnes offers an addi­

tional approach to the treatment of malignant dis­
ease. Thc idea is to modify genetically tumor cells, 

and to rcnder thcm vulnerable to therapy with sys­
temically delivered chemotherapeutic drugs. This 
kind of application of genetic cngineering in cancer 

treatment rcpresents gene lherapy in a classical sen­
se. Moollen et al. quite early formcd an idea of 

transferring the classically described "suicide" gene, 
herpes virus thymidine kinasc (HSVTK) gene, into 
tumor cclls to make them sensitive to ganciclo­

vir.••- ➔5 Their starting point was lhe fact that normal 
mammalian cells are inscnsitive to ganciclovir ow­
ing to incapability of kinases (prescnt in normal 
cells) to phosphorylate ganciclovir into toxic me­

tabolites. On thc othcr hand. HSVTK phosphor­
ylates ganciclovir and its toxic metabolites inhibit 
DNA polymerase, thus impeding the clongation of 

DNA moleculc. Therefore, the accumulation of tox­
ic metabolites interferes with DNA synthesis, re­

sulting in apoplosis and celi death. The mechanism 
of action in tumor cells may be analogous to the 
one in virally infected cells, yet lhc cffect of toxic 

metabolites sprcads out also on gcnetically unchang­
ed (not producing HSVTK) tumor cells - i.c. by­

stander ellect. The exact mechanism of byslander 

cffect remains queslionable, bul anyway, there is a 

hypothesis that toxic metabolites nrny be released 

from lhe cells (wherc they were produced) in form 
of lyposomes to entcr genetically unchanged cells 
and affect them as described above. Besides, the 
antitumor activity also may be achicved through 

indirecl mechanisms that include the aclivation 01· 
immune system. An allirmation derivcs from the 
observation that the cllect of lherapy with tumor 

vaccines (prepared with gene coding for HSVTK) 

followed by ganciclovir treatment is less pronounc-

ed in immunosuppressed animals (athymic nude 
mice)Y Short et al., as well as Culver et al., dem­

onstrated the cffectiveness of such system on in­

tracranial tumors in experimental animals.•1•- ➔7 Na­

mely, they transfcrred in vivo HSVTK gene directly 

into tumors using vectors (fibroblasts) and after­

wards treated the animals with ganciclovir. Even 
though they demonstrated that only a small number 

of tumor cells incorporatcd HSVTK gene, ganci­

clovir successfully destroyed both the transfected 

and the nontransfected cclls. 

Clinical trials and prospects 

Preclinical studies have demonstrated that gene ther­
apy represents a new and provocative mode of treat­

ment with great therapeutic potentials. The insight 
into the rnechanisms of growth and growth regula­

tion of tumor cells has offered multiple potential 
methods for genetic intervention. Up till now, more 

than I 00 trials with genetically alterecl tumor vac­
cines or gene therapy studies have receivecl approv­
al in humans. Most of them are using autologous 
tumor cells transfected with genes encoding differ­
ent cytokines. 

One of the first tumor vaccines applied in hu­
mans was Rosenberg's vaccine using tumor infil­
trating lymphocytes stirnulated in vitro with IL-2 

and infusing them to the patient with malignant 
melanoma, along with additional IL-2.•x In this case 

genetic manipulation was not included in the prepa­
ration 01· thc vaccine, but exogcnous biological re­
sponse modifiers were applied to augment the im­

mune response against tumor cells. 
Another variant of creation or tumor vaccines 

was presentcd by Schirrmacher et al., who were 
employing a two-component human cancer vac­

cine. Thc purpose of such a vaccine was simply to 
challenge the immune system by inserting some 

vira! antigens into tumor cells, thus rendering the 

cells much more immunogeneic. The idea was based 
on the analogy with virally induced tumors which 

are known to be the most immunogeneic tumors in 
humans. As the specific cornponent (bearing spe­
cific antigens) they used the closest possible match 

to an individual cancer or a patient, namely autolo­

gous canccr cells from rcsccted primary tumor or 

metastases. The non-lytic virus NOV (Newcastle 

Disease Virus) was applied as the second, non­

specific component for infection of tumor cells. In 
two clinical studics the vaccines were applied 
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postoperatively in patients with no macroscopic 
remnant of tumor, but with a high risk of develop­
ing rccurrent discase (colorectal carcinoma and 
breast cancer), while in another thrcc studies the 
vaccines were applied in combination with biologi­
cal response modifiers to patients with remaining 
metastatic disease: renal carcinoma, mctastatic brcast 
carcinoma, and rnetastatic ovarian carcinoma.4''

As it was postulated before, prescntly therc are 
many clinical trials with tumor vaccincs going on 
and thc studics of Rosenberg and Schirrmacher are 
the illustrations or only two di!Terent approaches to 
creation of tumor vaccincs. Also it is worth mcn­
tioning thal lately Rosenberg modified his conccpt 
for generation of tumor vaccines by introducing 
genes coding for IL-2 or TNF-a into tumor-infil­
trating lymphocytes.-"' 

I-lowever, the transfer 01· preclinical knowledge
and teclrnology into clinical practice is accompa­
nied with certain dilliculties. For now thc major 
concerns with tumor vaccines are inappropriate ex­
pression of the transferred gene, as well as J'rcquenl 
adverse irnrnunological reactions 01· lhc organism 
against genetically transf'ormed cells. Certainly, it 
would bc highly desirablc if gene exprcssion could 
be regulated in tirne, quantity and place, yet with 
the currcnt vectors this is impossible. Newer deliv­
ery systems should incorporate reatures that permit 
tissue/cell specific expression and allow tile leve! 
01· gene expression to be regulated hy exogenous 
small molecules administered as a conventional 
pharrnaccutical agent. 

I n  addition, when autologous lllmor vaccines are 
used, another group of questions, which have to be 
solved, comes to light. Namely, the hasic term for 
developmenl 01· human autologous tumor vaccines 
is to establish primary celi cultures from palient's 
tumor specimens. Since this is a procedure, which 
is labour and tirne consuming, there was an idea to 
use allogeneic cells, slably transfected with cDNA 
of choice, instead or autologous tumor cells." Al­
though the idea is attractive, conventional immu­
nology stili dictates that autologous cells are far 
better for triggering an effective MHC-restricted 
immune responsc than allogeneic cells. 

Finally, we also have to bear in mind that I-lock 
et al. prepared a potcnt tumor vaccine without any 
kind of gcnetic manipulation to tumor cells.1'' Na­
mely. in his experiments sublethally irradiated tu­
mor cells admixed with Corynehactl'l'iu111 parvu111 
had an immunogeneic activity by ali means compa­
rable to thc one of gcnetically transformed cells. 

Conclusion 

This article is dealing with a ficki of great impor­
tance, extremely fast developing, and extremely wi­
de - a fact that makes every general conclusion 
(become) obsolete in a very short period of tirne. 
Anyway. il

. 
we try to stress thc major points, we 

have to admit that new biological approaches to 
treatmenl of cancer are of central importance not 
only for the treatment. bul also for understanding or 
some basic rules governing antigen immune recog­
nition, cancer metastasizing, bystander effect etc. 
Apart from some classical methodological prob­
lems that remain to bc sol ved bef'ore fina! assess­
ment of gene therapy and tumor vaccines validity 
will bc given, there are also some social convcn­
tions that have to be changed. Namely, quite oftcn 
are attractive ideas for biotherapy 01· cancer re­
ceived with scepticism by established oncologists, 
and in the majority of cases, such therapy is accepl­
able only for a patient who has failed every conven­
tional treatmenl. Such patients are by no means the 
best candidates for establishing an active immune 
response, and studies 01· this kind can hardly prove 
the validity of immune therapy. 
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Sarcomatoid carcinoma of the thymus - a case report 
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A 20-year-old female with a sC1rco111aloid carcinoma ol lhe 1hy111us invading the leji upper lobe c>f' the lung 
was lrealed with surgical resectiun C111d acUuvant radiutherapv. We repurt CI ca.1·e ur this mre histologic 

variant ur thymic carcino111a and review the li1erature. 

Key words: thymus neoplasms; carcinosarcoma; sarcomatoid carcinoma. 

Introdudion 

Sarcomatoid carcinoma of the thymus is a rare his­

tologic variant 01· thymic carcinoma. which was 

named by Snover et al in 1982. 1 That group also 
suggested that a thymic carcinorna should fulfill the 
following criteria: ( 1) anterior mediastinal location 
and (2) absence of another primary tumor. We have 

reported 20 consecuti ve cases or thyrnic carcinoma 

in a 10-year period at our institute.' Among these 

20 cases. no histologic variant 01· sarcomatoid car­
cinoma has been disclosed. We hereby describe a 

case od sarcomatoid carcinoma or the thymus that, 

microscopically, contains both a malignant epithe­

lial component and a sarcomatoid component. The 

expression of cytokeratins and epithelial membrane 

antigen (EMA) in tumor cells could dillerentiate it 
from true sarcomas which do not stain for these 

markers.' 

Case report 

A 20 year old remale presented with a six 111011th 

history of increasing dyspnoea and lcft chest pain. 

Correspondence to: N.Y. Hsu. M.D. Division ol' Thoracic 
Surgery, Depl. or Surgery, Taichung Veterans General Hos­
pital, No. 160, Scction 3. Taichung-K,mg Road. Taichung. 
Taiwan, Republic of China. 

UDC: 616.438-006.68 

On admission. physical examination revealed de­

creased breath sounds in her lert upper chest. No 

lymphadenopathy was found. The full blood count 

revealed a haemoglobin of 13.7 g/dl, a white celi 

count of 7.8 x 10"/1 (neutrophils 7.2, eosinophils 
0.2, lymphocyte 1.7), and a platelet count or 371 x 
10'1/I. A chest radiograph demonstrated a big mass 
in the anterior aspect of the lert lung. A computed 

tomographic (CT) scan or the chest showed a big 

necrotic tumour, measuring 14 x 12 x 12 cm in size. 

arising from the anterior mediastinum and invading 
to the left upper lung field (Figure 1 ). The serum 

litre of beta-choriogonadotropin (beta-HCG), alfa 

fcto proteim (AFP) and carcinoembrionic antigen 

Figure l. CT scan or the chest demonstrating a big rnass 
arising frorn the anterior mediastinum and invading thc lcl't 
upper lung lield. 
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(CEA) were within normal limit. Sono-guided aspi­
ration of the tumour was performed, ,llld a cytologi­
cal examination showed spindle celi Lumour. 99111 

Tc-MDP whole body bone scanning and ]iver sonog­
raphy showed no evidence or metastatic foci. 

An operalion was performed via standard postero­
lateral thoracotomy. While the Lumour occupied the 
whole anterior mediastinum. ils left laterni sile in­
vaded the lefl upper lobe of Lhe Jung. Removal of 
the mediastinal turnour with a left upper lobectomy 
of Jung was performed. The postoperative course 
was uneventful, and Lhe inlercostal drain was re­
moved on the fifth postoperative day. 

Histopathological examination of the tumour re­
vealed a custers of epithelial cells rnixed with the 
strap-like spindle cells (Figure 2). An irnmunohis­
tochemical study showed a positivc staining for 
cytokeratin in the epithelial area and in some spin­
dle cells (Figure 3). The patient then received radio­
therapy with a 6000 Gy tumour dose. There was 

Figure 2. Clusler ofthymic cpithelial cclls rnixccJ with strap­
likc spindle cells (hernatoxylin-eosin. x400). 

Figure 3. Sarcomaloid carcinorna or Lhe thymus sh,J\\ 111g 
dark colouration in lhe cpithelial arca and in some spindle 
celi s (peroxidasc-antiperoxidasc [ PAPJ slaining with cylo­
keratin) (original magnification x400). 

subjective improvement of dyspnoea and chest pain, 
and the palienl is currently ali ve I O months after 
surgery with no evidence of Lumour recurrencc or 
melastasis. 

Discussion 

Thymic carcinoma per se is a relatively rare tu­
mour. with distinct pathological and clinical char­
acteristics. There were eight histological variants of 
thymic carcinoma, reporled in the literatures with 
sarcomatoid type among them.,. 4 Various tumours
showing the histological features of sarcomatoid 
carcinoma are seen also in other organs such as: 
Jung/ pancreas.'' kidney,7 breast.8 and urinary blad­
der.9 However. sarcomatoid carcinoma of the thy­
mus, as one of the histological variant of thymic 
carcinoma, has seldom been reported. The clinico­
pathologic features of the reported cases are sum­
marized in Table 1. Clinically. this tumour mostly 
occurs in middle or in old age. similarly to the other 
variants of thymic carcinoma. To our knowledge. 
this is the youngest case reported in the literature. 

In our previous study of 20 cases of thymic carci­
noma, we found that invasion of the mediastinal 
stuctures is almost always present, including the 
inominate vein, mediastinal pleura, perieardium, 
and lung.2 As compared with thymoma, thymic car­
cinorna has a more invasive tendency on computed 
tomographic scan examinations, and most of the 
patients have clinical symptoms caused by tumour 
compression of the mediastinal vi tal structures.2· s

In general. thymic carcinoma are immunoreac­
tive to EMA and cytokeralin, but not reaetive to 
AFP, beta-HCG, placenta! alkaline phosphatase. or 
common leukocyte antigens. 11-13 S no ver et al su­
ggest that the presence of keratin within the spindle 
celi component can justify the use of the term "sar­
comatoid carcinoma".2

In one case, initially, germ celi Lumour was high­

ly suspected, bul a subsequent study of a series ot· 
turnour markers disclosed no elcvation serum titre 
of beta-HCG, AFP and CEA. 

During operation, we found that the space-occu­
pied mediastinal tumour invaded the left upper lobe 
or the Jung. but fortunately, the hilar struetures such 
as the left upper !obar bronchus, superior pulmo­
nary vein, and pulmonary artery branches to left 
upper lobe of Jung were pushed laterally by the 
tumour, and lota! removal of the tumour with a 
lobectomy could be performed withoul difficulty. 
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Table l. Reported cases of sarcomatoid carcinoma of the thymus. 

Year/ Author 

1982/Snover et al '"'· ' 

1982/Wick et al"''" 

1992/Morita et al""'- 10 

1996/Hsu et al 

Age/Sex Symptoms 

64/M Asymptoms 

53/M Chest pain, 
dysphagia, SVC 
syndrome 

53/M Asymptoms 

20/F Chest pain, 
dyspnoea 

Location/Size/lnvasion 

Ant. rnediastinal/ 
6x5x4.4 cm/-

Ant. mediastinum/?/SVC 

Ant. mediastinum/? 
lung, pericardium 
Ant. mediastinum/ 
l4xl2xl2 cm/
lung 

Therapy Follow-up 

Excision died with 
metastasis at 13 
months postop. 

RT&CT died with 
metastasis at 28 
rnonths postop. 

Excision ? 

Excision + ali ve I O months 
RT postop. 

SYC - superior vena cava. RT - radiotherapy, CT - chemotherapy 

There is stili a limited experience in the manage­

ment of thymic carcinoma. Complete resection of 

these tumours is sometimes difficult because of the 

presence of invasion of the mediastinal structures. 

However. surgical resection should be attempled 

whenever possible to decrease the tumour burden. 

The role of postoperative irradiation in the treat­

ment of sarcomatoid carcinoma of the thymus is 

unknown because of limited experience in this field. 

In our previous study of thymic carcinoma, we 

showed that pathological stage, type of resection, 

postoperative radiotherapy, and celi type did not 

indicate a significantly favorable result.2

We presented a 20-year-old patient with a giant 

tumour, biphasic histology and with evident disease 

after surgery. She was believed to be at high risk of 

recurrence. Hopefully, complete resection and ad­

juvant radiotherapy in this patients can lead to a 

more favorable outcome. 
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sion of cancer 
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In the lastfew years, lwmwne replacm1ent therapy (HRT) lws become widely used eve,ywhere in the world. 
Apart .fimn favourable effects of HRT, .rnch as a significant decrease in the psycho-physical 111e11opause­

related dif/iculties, lower 111ortality due to cardiovascular diseases and lower incidence C!( osteoporosis, 

some lfll<'Stions related to possihle association between the use o
f 
this therapy and the rise, recurrence mul 

progression of' cancer have not heen rl'solved yet. According to the mqjoritv c!f'studies puh/ished so far, HRT 

is 1101 associared with an increased risk c!l the onset, recurrence and progression o/ cancer. Moreover, some 

.findings even indicate the possihility that HRT might exert a protective e_ffect against the rise, recurrence 

and progression 1<f' cancer. 

Key words: estrogen replacemenl therapy; neoplasms, breast-neoplasms; menopause 

Introduction 

In the 60's, the use of hormone replacement thera­

PY was found to have increased considerably. How­

ever, in the 70's, this treatment again became less 

popular, when it was established thal the use of 

exogenous estrogens was associated with 3-4 times 

higher risk of endometrial carcinoma. Later on it 

was found that no such risk was present when exog­

enous estrogens were combined with progestagens. 

In view of these new findings. the use of HRT is 

such a combined form underwent another increase 

in the 80's. Copious (also conlroversial) informa­

tion provided by reccnl studies pointcd out thal 

possible correlalion belwcen HRT and the onsel 

and progression of cancer should be sludied in de­

tail. Therefore, to our knowledgc, the first intcrna­

tional seminar dedicated to this pressing issue was 

organized in 1()()5 in Budapesl. 1 

Our report deals with the cffectivcncss of HRT 
and lhe rindings on ils prcsumed influence on the 
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recurrence and progrcssion of cancer. The critical 

review has been completed with a preliminary rc­

port of our own findings, as well as with thc !atest 

recommendations related to the use of exogenous 

sex hormoncs. 

The influence of HRT on the recurrence and 

dissemination of cancer 

In womcn lreated for cancer, HRT in menopause is 

associated with two hormone-dependent entities 

which are important in oncology, i.e. the influence 

of prcgnancy on the recurrcnce and progression of 

cancer, and the inlluence of oral contraceptives on 

cancer occurrence. In bolh instam.:es, lhe concentra­

tions of sex hormones in the blood of affccted wo­

rnen exceed normal values (averagc cut-off valucs). 

It had long been believed thal both situations cn­
tailed a particular danger: thus, pregnancy in wo­

rnen treatcd for cancer could accelerate an onset of 

recurrence and progression while oral contraceptive 

use wcre associated with a greater probability of 

cancer occurrence, partieularly that of the breast. 

However, many studies publishcd so far have dis­

carded lhese hypolheses.2



272 Urii?- \lr.ffaj M and Bebar S 

Despite the scarce data. the influence of HRT has 

been most extensively studied in patients treated 

for breast cancer. It is an indisputable fact that 

breast cancer is the most frequent cancer in fe­

males. Apart from that, it is also well known that 

early psycho-physical symptoms of menopause, 

such as depression, phobias and psychic instability, 

which ali may lead to severe disharmony in the 

patient's family and surroundings, as well as blush­

ing ancl night sweating, are frequcntly more appar­

ent in breast canccr patients than in those with other 

types of cancer.> It is bclieved that the more severe 

menopausal changes seen in patients who have un­

dergone surgery for breast cancer could be attribut­

able to the loss of this psychologically important 

ancl typically female external organ. We presume 

that thesc patients had more frequendy psyhyatrical 

treatment than others. 

Considering the fact that elsewhere also HRT

was indicated only in patients with severe climac­

teric prohlems, mostly owing to the suspected risk 

for cancer progress. The scientific evidence collect­

ecl so far is relatively scarce. None or the retrospec­

tive studies published has been able to associate an 

increased risk of cancer recurrence or progression 

with the use of HRT.• Moreover, in thc most recent 

report by Eden et al. published in 19%, it has been 

suggested that HRT might even exert a protective 

effect in this respect.5

Some epidemiological data indicate that despite 

- the risk associated with a greater number of

menstrual cycles and the related events, 

- laboratory evidence on the inlluence of estro­

gens on the accelerated growth of mammary cells, 

and 

- clinical elTectiveness of tamoxifen (a selective

estrogen antagonist) in patients with metastatic 

breast cancer, 

The following facts should not be ignored: 

not ali postmenopausal breast cancer patients 

have a better prognosis than premenopausal ones, 

- after completed chemotherapy. the prognosis

of premenopausal breast caneer patients with regu­

lar menstrual cycles is not worse than that of those 

without reslored ovarian function; 

- after two months of tamoxil'en therapy, pre­

menopausal patients present with elevated serum 

estradiol levels; 

- among premenopausal breast cancer patients

OC users do not survive worse than non-users of 

oral contraceptives. 

It has been established that some stromal. fatty 

and carcinoma cells of the breast have the potential 

of synthesising estrogens locally from androgens, a 

pre-stage of estrogens. We presume that the leve! 

of local estrogens in the breast is independent of 

serum estrogens. The very local values of estrogens 

seem to be most relevant for the onset and metasta­

sizing of breast cancer. It is also believed that tamo­

xifen reduces the levels of estrogens in the breast 

and metastatically changed cells, mainly through 

the competitive binding to estrogen receptors. Ta­

moxifen reduces celi proliferation. Given in low 

doses, it excrts a cytotostatic elTect (increased G 1 

phase of the celi cycle resulting in a prolongation of 

celi division phase) while in high doses it is cyto­

toxic (arrest of G I phase and cessation of celi divi­

sion). We presume that the antiproliferative elTect 

of Tamoxifen is also expressed through growth fac­

tors or C protein kinase inhibition.2 Besides being

estrogen antagonist, Tamoxifen is also estrogen ag­

onist prevailingly active in the !iver, bones and 

endometrium. While Tamoxifen reduces the risk of 

the onset 01· thromboembolic conditions and oste­

oporosis, it does not alleviate menopausal vasomo­

toric disorders. Moreover. it has been found that in 

15-20 % of cases Tamoxifen might even worsen

these symptoms. The results 01· some studies have

shown that a long-term use of Tamoxifen may in­

crease by 3-5 times the risk of endometrial earcino­

ma.•

We stili cannol provide a conclusive answer to 

the question about the role of hormone receptors in 

breast cancer patients. Also, the treatment of pa­

tients with melastatic breast cancer hides many un­

resolved questions. The fact is that an equally long 

30 % remission of the disease can also be obtained 

by adding some estrogens and progesterones in post­

menopausal patients with positive estrogen recep­

tors.1 

The least known. but - according to some reports 

- perhaps very important is the effect of progester­

one on the breast."· 7 We suspect that the effect,

which is believed to play a protective role in the

rise of breast cancer, is very complex and depencl­

ent on severa! factors such as the type, dose and

duration of progestagen use. While a short lasling

progestagen use should exerl a cell-proliferative

ellect, a long-lasting or continuous use should re­

sult in antiestrogen, antimitotic and antiprolifera­

tive elTect. ➔ Most investigations are centred partic­

ularly on this. 
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So, let us conclude our report on hormone re­

placement therapy in patients treated for breast can­

cer with the statement madc by thc Breast Cancer 

Committee of the East Oncology Group: There are 

many facts which speak in favor of the belief that 

estrogen. therapy in breast cancer patients is safe. 

Thereforc. the tirne has come for a change! 1 

There are but fcw reports on the use of HRT in 

patients treated for other cancers. and therefore any 

critical conclusions in this respect would be prema­

ture. According to the scarce preliminary reports, 

HRT is not associated with an increased risk of 

cancer dissemination; moreover. some of the re­

ports even indicate a protective eilcct of HRT, 

which is rellected in a lower rale of progression and 

better survival results.' 

HRT in patients treated for cancer at the 
Institute of Oncology in Ljubljana. Preliminary 

results. 

In our patients treated for cancer, HRT was indicat­

ed only when menopausal problems were so severe 

that they were regarded as life threatening. 

A revision of the dala on patients treated for 

cancer at the Institute of Oncology. and receiving 

HRT was started in February 1996. Up to now. 

complete data have been collected for 25 patients. 

The average duration of HRT treatment was 38 

months (4-120). In 22 cases both hormones, i.e. 

estrogens and progesterones. were used in accord­

ance with the well known protectivc role of pro­

gestagens. In 21 patients, HRT (Cyclomenorrete, 

Trisequens, Trisequens f tablets) was applied in 

four week intervals. while the remaining patients 

received hormones (Gynodian depot injection and 

Dabroston tablets) in 6-8 week intervals or even 

less frequently. The uterus was surgically removed 

in 15 patients. Twenty-four patients were free of 

recurrence. Progression of the discasc was estab­

lished six months after HRT in one patient only: 

she had a highly malignant leiomyosarcoma of the 

uterus. With respect to the histologically verified 

highly malignant tumor, the progression was ex­

pected, and was therefore detected relatively early. 

when thc patient was stili asymptomatic. In this 

patients HRT was given in 6-8 week intervals. Af­

ter the diagnosis of recurrence, the patient was re­

operated. and has been wilhoul evidence of the 

disease 10 months since the primary lherapy. She 

was further maintained on HRT because of severe 

menopausal problems. 

Eight of 25 patients were treated for breast can­

cer. Two had metastases in the axillary lymph no­

des, 5/7 had negative hormone receptors while in 

two patients these were positive: one patient had 

estrogen- and the other one progesterone receptors. 

Ali those 8 patients received estrogen & progester­

one based HRT in the duration of 2 years on aver­

age. The mean delay from breast surgery to the start 

of HRT was 4 years, after a non-hormonal treat­

ment had failed and the menopausal problems got 

progressingly worse. 

Other patients who received HRT had been pre­

viously treated for cancer of the reproductive or­

gans. Hodgkin's disease. NH lymphoma or carcino­

mas of the thyroid and rectum. 

So far, none of the patients followed up for 4-120 

months has presented with progression. 

Conclusion and recommendations 

Recommendations for HRT in women at an increas­

ed risk of cancer, and in patients treated for cancer. 

1) In women who are believed to be at a higher

risk 01· cancer than the rest of normal female popu­

lation. HRT is indicated only in the presence 01· 

menopausal problems, and not as prevention of 

thromboembolic conditions or osteoporosis. 

2) In menopausal patients treated for cancer, HRT

is indicated only in the case of severe menopausal 

problems. 

3) In accordance with internationally accepted

guidelines, HRT with estrogen alone is indicated in 

patients who have undergone hysterectomy or had 

lheir uterine mucosis destroyed by radical irradia­

tion. In ali others estrogen & progesterone based 

HRT should be used. 

4) Prior to the administration of HRT, the patient

should undergo a gynecological check, clinical 

breast examination and mammography. Regular fol­

low up, including gynecological check and clinical 

examination of the breast, should be carried out 

every six months, while control mammographies 

should follow the routine set by the accepted guide­

lines for early detection of breast cancer. 

5) In order to get a more comprehensive over­

view of the state of the art regarding HRT, further 

studies are also required in Slovenia, which would 

hopefully yield results that could prove useful at a 

national as well as international leve!. 
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Metastases to the breast from melanoma: a rare manif estation of 

an unpredictable malignant disease 

Viljem Kovač and Andrej F. Plesničar 

Institute r,f' Oncology, Ljub(iana , Slovenia 

Cancer 111etastases to the breast are not fi·eq11ent. The most common among them are those originating Jiom 
melanoma. 

The course of this disease is <�/ten 1111predictable, bw the clwnges in the menstrual status may in some 
patients ind11ce /oca/ changes in the hreast that facilitate the grmvth 1�( melanoma metastases. These changes 
are prohably caused hy physio/ogical dwnges in serum estrogen leve/s, with the causes behind trci[ftcking <�f 
melanoma cel/s to the hreast remaining unclear. Patients with melanoma metastases to the breast will be 
encountered more fi·equently, as the incidence rate of melanoma inc:reases worldwide. 
These 111l'lastases us11C1l!y 111w1ifes1 themse/ves as palpable 111obile masses. Mammographic findings are of 
one or more ro1111ded, well-circu111scrihed lesions with slightly irregu/ar margins. The palpahle and the 
mamnwgraphic di111ensions 1!{ these lesions are usually closely correlated. Fine needle aspiration cytology of 
described lesions is a quick, sc(/1' wul highly accurate diagnostic procedure. 
Surgical excision is the appropriate treatment that provides /ocal control ,vith or witho11t adjunctive chemo­
wul i11111umotherapy. Although masteclomv has not improved survival, it is so111eti111es required if the tumor is 
lm/ky, deep-seated, or pailifit!. 

Key words: breast-neoplasms-secondary; melanoma, melanoma-secondary; carcinoma-diagnosis; carcinoma­
treatment 

Introduction 

Cancer metastases to the breast are not frequent, 
with the cxception of those from contralateral breast.1 

They represent 2.7 % of ali malignant breast tumors.2

In a serics of wornen treated for breast turnors, less 
than 1 % had rnetastases to the rnammary gland from 
other primaries.1- ➔5 whereas in aulopsy studies the

overall frequency of cancer rnetastases to the breasl 
ranged bctween 1.7 and 6.6 %.1.r,

Melanomas are among the most common prirna­
ry sites.1- ➔5.7-11 As the incidcncc or melanoma is

increasing ali over thc world,12•1; and as approxi-
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stitute of Oncology. Zaloška 2. I 105 Ljubljana. Fax: +386 
61 1314 180. E-mail: vkovac(i'Dmail.onco-i.si 

UDC: 61 R. l 9-006.6:616-006.8 l 

mately 20 % of patients will eventually develop 
metastases,15 an increase in the incidence of melano­
ma metastases to the breast can be expected. 

It is surprising lhat melanoma which originates 
in the skin and disseminates widely throughout the 

body, oftcn predominantly in the skin, rarely me­
tastasizes to the parenchyma of the breast which is 
a skin appendage.11 

Natura! history of disease 

Rapid growlh is an irnportanl characteristic of can­
ccr metastascs in the breast. 1.1C, Furthermore, cancer
mctastases to the breast are generally a harbinger of 

widc dissemination and fulminant course of the 
disease. Such patients thus show very short surviv­

al, usually lcss than I yearY-'w.ix
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The nature of malignant melanoma is orten un­
predictable and no other tumor is considered so 
capricious in its dissemination. 11 No clear predis­
posing factors correlating with the dcvelopment of 
melanoma metastases to the breast have becn iden­
tified.'J It is not clear, whether hormonal ractors 
havc any inllucncc on the natural history or the 
disease. On the other hand. some rcports suggest 
that the changes in the menstrual status may induce 
some local changes in the breast that facilitate the 
growth of the melanoma melastases siluated the­
re. 17·1� These changes are probably caused by physi­
ological changes in serum estrogen lcvels. 

It is interesting to note that estrogen therapy for 
advanced carcinoma of the prostate n1ay also cause 
the growth or metastases in the breast and nip­
ple.1"·20 Some data suggcst that changcs in hormo­
nal factors correlate with the dcvelopmcnt of breast 
metastascs in males with various cancers4 and in 
young females with rhalxlomyosarcoma. 21

However, it was reported that the patients with 
melanoma metastases to thc breast were mostly 
premenopausal women and some of them were preg­
nant.4·11-" Together with the dala that low levels of
estrogen receptors have bcen someti mes observed 
on melanoma cells.22·24 these reports additionally
suggesl that there may he some hormonal influence 
involved in the tra!Ticking of melanoma cells to the 
breast as well. 

The role of estrogens and other hormoncs in the 
natural history of melanoma remains controversial. 
Extremely poor prognosis was reportcd for patients 
with melanoma devcloped during pregnancy2' and 
in postmenopausal period. "'·27 On the other hand,
some recent studies show thal pregnancy does not 
activate cutaneous melanoma or talent melanoma 
metastascs as well.'"·2', Possible advcrsc or bencfi­
cial elTects 01· oral contraccptives, estrogen and pro­
gesteronc on the history or melanoma wcre evaluat­
ed,22·10·12 hut the results of clinical trials wilh hor­
mone thcrapy werc disappointing.21·2411 Additional­
ly, it sccms that thc better prognosis or females 
with melanoma, especially or prcmcnopausal pa­
tients,2''·14 cannot simply be cxplained by the pres­
ence of stcroids receptors, since they were found in 
male patients as well.22

A higher proportion or thin melanoma lesions in 
womcn may contribute to an overall better progno­
sis for them. Nevertheless, survi val rates for wom­
en were stili higher than for men, cven when prima­
ry lesions were of similar thickness. But, when 
premenopausal womcn were matched with men by 

age and location and thickncss of primary lesion, a 
marketi remale superiority still exists only for those 
patienls with very thick lesions.27

Despite the fact that patients with melanoma me­
tastases to the breast are mostly premenopausal 
women, their prognosis remains poor. There seems 
to bc a certain barrier against metastatic dissemina­
tion in premenopausal women,'' bul it seems it is 
no more elTective when melanoma metastases to 
the breasl are observed in these patients. 

The occurrence of melanoma in children is un­
common. 14·><• In the report on a 14-year-old girl with
melanoma metastases to the breasl ancl brain thcre 
is no record about her menstrual status.1<' It can be 
presumed lhat her pubertal period was connected 
with changes in her hormona! status that may have 
had some influence on the course of the disease. 
But, the rarily of melanoma before puberly may 
simply rellect absence or a carcinogenic stimulus 
and a long latent period. 

Long median intervals between the initial diag­
nosis of primary melanoma and involvement of 
breast have usually been observed1·1x and the long­
est interval of 11 years was registercd in a patient 
who was pregnant at the tirne of diagnosis. 18 

The most common primary sites or melanoma 
associated with breast involvement are on the arms 
and lrunk. This is contrary to the most common 
sites in premenopausal women, namely the lower 
extremities. Thcre my be a direct lymphatic and 
vascular drainage from these sites to the breast and 
this can be regarded as one of thc factors that influ­
ence the natura! course of this disease. ,x.n.17

The factors bchind the occurrence of the melano­
ma metastases to the breast remain more or less 
unclear, bul it is possible that patients with this 
type or metastatic dissemination will be scen more 
rrequcncy as the incidcnce of melanoma increases 
worldwide.12·'1

Diagnosis 

Most patients have a known diagnosis of carcinoma 
al the tirne or presentation with breast metastas­
es.',·"'-17 Occasionally, a breast metaslasis is the first
manil'estation of an occult primary lesion.1.1A.s.Jx.J,,

Metaslases to the breasl usually manifest them­
selves as palpable mobile breast masses that are 
sometimes adherent to thc skin. 15 Diffuse skin in­
volvement or associated subcutaneous nodules can 
also occur.x The metastases may be multiple and 
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can bc obscrvcd in both brcasts. J.; Tumor dimcn­

sions do not help to distinguish between primary 

and metastatic canccr. Although it is claimed that 

metastases are usually smaller than pri111ary tumors, 

metastases may eventually beco111c huge in size_)') 

The classic mammographic rinding (Figure 1) 
consists 01· one or more rounded, well-circu111scribed 
masses with slightly irregular margins.''·1''··l0.-II Mi­

crocalcirications are unusual,'-'' bul it should be 
stressed that thc presencc or micrncakifications 
docs not rulc out a metastasis. ''' Sincc a metastatic 

lesion does not causc a surrounding desmoplastic 

rcaction in adjaccnt nor111al brcast, thcrc is typical­
ly a closc corrclation bctwccn thc palpable size or 

thc 111ass and its 111a111mographic sizc. 1-''·
1

'' Howevcr,

thc sa111c sizc scen in clinical cxamination or brcast 
metastases and mammography could lcad to a dilTi­
cult di!Tcrential diagnosis with benign breast lc­

sions such as cysts or ribroadcno111as. This con­
trasts with pri111ary carcino111a or thc hreast, in which 
thc mammographic abnormality is often s111allcr 

than thc palpablc mass. 

Figure l. Patienl with melanoma metasta:-.is to the brcast. 
Craniocaudale view of lhe lert breast rcveals two well­
defined masses. 

Thcrc is no doubt that mam111ography is thc pri­
mary 111cthod to image breast tissuc and cvaluatc 

specific brcast lcsions. As a pri111ary tcchnique for 

brcast imaging, computed tomography (CT) com­

parcs poorly to mam111ography."2 But. on occasion,
brcast lcsions may be bctter visualizcd by CT than 
by mammography if thc brcasts are dcnsc, or if thc 
lcsion is located adjaccnt to thc chcst wall.•J Thc 

supcrb contrast resolution of CT allows a charncter­

ization or thc dcnsity or the brcast lesion and may 

augment the diagnostic possibilitics. However, in 

most cascs a recognition or a CT abnormality or thc 
breast suggests the need for mammographic corrc­
lation."2 

In young women ultrasound cxamination of breast 
should bc done. We can usually sec mctastases to 

thc brcast as hypoechogcnic nodules of diffcrent 

sizes, with rcgular margins and postcrior attcnua­
tion or the posterior ultrasound bcam.00

Particularly when thc clinical evaluation is sug­
gestivc or metastalic disease, diagnostic fine nccdlc 
aspiration hiopsy may be confirmatory (Figure 2 
and 3). Thc celi pattcrn in metastases or melanoma 
is gcnerally plcomorphic."·1 Special stains (HMB45,
S 100, Warthin Starry) 1

'··
1
"-"' and clectron microsco­

PY may bc applied to this material as wcll to pro­

vide additional diagnostic information. Duc to high 
diagnostic accuracy, fine necdle aspiration cytolo­
gy should bc routincly practiscd as a quick and safc 

diagnostic procedure. It should bc a very reliable 

method or distinguishing primary carcinoma rrom 
metastatic melanoma. Sometimcs ultrasouncl guid­
cd and stcreotactic fine needle aspiration hiopsy 

should bc applicd ir metastatic lcsion is very small 
and not palpable. 

Figure 2. Fine needlc aspiralc or 111cla110111a rnelastasis 10 
the brcast epythcloid lypc (Gie111sa, objcctive 40). 

Figure 3. Fine ncedlc aspiralc or melanoma mctastasis 10 
the breast - rusoccllular type (Giemsa. objeetivc 40). 
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Open biopsy is rarely required for diagnosis if a 
primary breast tumor is not confirmed by the fine 
needle aspiration biopsy."·11'·1'1A1,-;x Unlil some years
ago, the most helpful finding for idenlifying a met­
astatic malignancy in the breast was the recognition 
of the architectural pattern of the tumor, such as the 
presence of periductal infiltration without the coex­
istence of intraductal or intralobular carcinoma. But 
recently, immunohistochemistry has been suggest­
ed to differentiate mctastatic carcinoma from a pri­
mary brcast tumor in surgical specimens, and to 
avoid unnecessary radical surgery. 111·1'1 Further re­
ports strcss the importance of using a panel of im­
munohistochemical markers. For melanoma this 
should include at least two epithelial markers (i.e. 
BRST2, Human milk fat globulin 2 - HMFG2, 
CAM 5.2)JxA•, and at least two antibodies to melano­
ma-associated antigens (i.e. HMB45, S-100, NK I­
C3).Jx.;o

Occasionally, patients with breast metastases 
from melanoma were initially misdiagnosed.4 The­
refore for patients with a previous history of melano­
ma, however remote, the diagnosis of breast metas­
tases in a premenopausal woman must be consid­
ered.1x 

Treatment 

Accurate diagnosis of breast metastasis is impor­
tant for avoiding unnecessary masteclomy and for 
implementing appropriate systemic therapy - since 
the metastatic <lisease is generally present at other 
sites as well.u·16·51 This is particularly important if
the lesion is the first sign of an extramammary 
malignancy. ,, 

Excisional biopsy is usually the appropriate treat­
ment and provides adequate local control with or 
without adjunctive chemo- and immunotherapy.'1·11.1651

Conservative excision is recommended since ma­
stectomy has not improved survival of patients with 
melanoma melastases to the breast.11 Simple mas­
tectomy is sometimes required if the tumor is bulky, 
deep-seated, or painful. Radical surgery should 
mostly be avoided unlcss nccdcd for pallia­
tion.1.J .;.i,,.i7 In paticnts with terminal stagc of dis­
seminalcd melanoma, the bcsl supportivc care is 
mandatory. 

There are no data as to in how many palicnts with 
melanoma breast metastases the axillary lymph no­
des are involved. The involvement of axillary lymph 
nodes in patients with breast metastases from ali 

cxtramammary malignancies taken together is not 
so rare. It was observed in about I 4 % to 42 % of 
them, most frequently in those with lymphomas.5)54

In ad<lilion to surgical treatment, adequate system­
ic therapy for the melanoma should be instituted9 
when possible in clinical trials. Although the re­
sponse rate of breast metastases to systemic therapy 
is similar to that of other sites, the finding of breast 
metaslases is regarded as a poor prognostic sign. ix 

The overall prognosis for patients with metastal­
ic melanoma to the breast is poor with more than 
80 % dying within one year.5·'1·

11'
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Severa/ co111pone111s in plani .fi){}ds, nalile!_\' prolease i11/Jibi1or.1·, izo/lavones, inosiwl hexc11Jhospha1e, phy10-
s1erols and saponins, inhihil a variet:r o{ 1u1110rs in various tis.rnes.
II is cleur tlwt population co11suming high leve/s o/.fi-L1it and vegetahles lwve low overall cancer mortali1_,. 
rates jiJr the major cancers, co11u11011 in the weslern he111i.\Ji're. There are 111w1y theories offering explww­
tions Ji!r the variations in cCLncer ji-equrncy in diflerent population. 
The evidence ohlained is not yet s11f.ficie111 .fi!r any specific dietarv recomendation and/iu·ther work is needed 
to eslahlish the role 1!/ these natura/ compou1uls in human health and disease. 
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Introduction 

Epidemiologic studies have suggested that diet is 
an important environmental factor involved in the 
etiology of the most prevalent forms or cancer.' 
There is enough evidence from case -- controL cor­
relation and eohort studies to show Lhat high meal 
and fat consumption increase the risk or developing 
caneer, whereas consurnption of diets high in cere­
als, fruits and vegetables reduces the risk.2

Over the last few years there has hcen an increas­
ing body of literature suggesting tliat vegetarian 
diet rnay be protective against caneer. 

Studies of diet and cancer are lirnited by Lhe l'act 
that cancer is a group or severa! dillcrent diseases 
developing over decades in a rnultistage process 
involving both initiation and prornotional events.1

Ali epiderniological studies are depcndent on vari­
ability in bolh risk factor and rates or discase as 

evidence for environmental inlluences on diseases. 
Especially irnportant are variations among migrant 
groups and rapid changes over tirne, because chang­
es within a few decades are unlikely to bc caused 
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hy gcnetic mutations. For instance, rates of breast 
cancer, Lhought to be related to high fat diets, are 
lower in Japan than in the Uniled States and in­
creased among Japanese migrnting to 1-lawaii. The 
rapidity with which cancer rates change is thought 
to renect the tirne in lil'e at which the risk factor is 
inlluential. Thus, Lhe risk or colon cancer ehanges 
within a rew decades or migration. whilc the risk or 
breast cancer does not increase until Lhe second 
generation implying a dietary e!Tect early in lire.• 

Even where diet can be rneasured prospectively 
in population with sufficient variation over tirne, 
cross - correlations among dietary variables have 
rendered indentification or spccific dietary risk fac­
tors extremely dillicult. Thus, ecological and mi­
gration studies relating fat to risk of breast cancer 
rates have been unable to separate effects of total 
l'at from cholesterol, saturated fat and low fiber 
intake or frorn protective factors present in fruit and 
vegetables_;.,, 

Many epidemiological studies, including migrant 
studies, supporl the view that the Western diet is 
one 01· the main factors causing the high incidence 
or the so - called Weslern discases, ineluding the 
major hormone - depending cancer. colon cancer 
and coronary hcart disease.'-2·•1-''

Wcstern diet, cornpared with the vegctarian or 
sernivegetarian diet in developing and Asian Coun-
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tries, may alter hormone production, metabolism or 
action at the cellular leve! by some biochemical 
mechanisms. The compounds, which mainly occur 
in legumes, fruits, vegetables, whole - grain prod­
ucts ancl various seeds, have now been shown to 
influence not only sex hormone metabolism ancl 

biological activity but also intracellular enzymes, 
protein synthesis, growth factor action, malignant 
celi proliferation and angiogenesis supporting their 
role a, cancer protective compounds. 

It is clear that population, consuming high levels 
of fruits and vegetables, have low overall cancer 
mortality rates for the major cancers. common in 
the western hemisfere. There are many theories 
offering explanations for the variations in cancer 
frequency in different populations.7

Lee et al' compared 200 Singaporc Chinese wom­
en with histologically confirmcd breast canccrs with 
420 matchecl control subjects. In the premenopau­
sal womcn, high intake of red meat was associated 
with increased risk for breast cancer. He concluded 
that clccreased risk was associated with intake of 
soya products. It has been known that diets rich in 
legumes and fiber' decrease cancer risk relative to 
those diets which include animal products.'' 

Recently, the consumption of soy products has 

been as,ociated with low rates of hormone depend­

cnt and hormon - independent cancers. Asians, who 
consume 20-50 limes more soy per capi ta than Ame­
ricans. have lower incidence and death rates from 
breast and prostate canccr.'·11

1 

The currcnt discussion will outline general issues 
in epidemiologic studics of diet and cancer relevant 
to vegetarian diet, summarizing the current epicle­
miologic literature relating cereals, fruits and vege­
tables intake and canccr risk. 

Food constituents known to havc anticarcinogc­
nic activity. 

Certain normal dietary componenls have the po­
tential to alTect carcinogcnesis,11 either by action as 

a carcinogen or tumor promoter or hy modifying 
the action of such agents. Although deliberate acldi­
tion or carcinogenic agents into the diet is legisla­
tively forbidden, various agcnts, such as fats, and 
components produced during cooking, notably py­
rolysis products, or storage, oxidized rats, have so­
me earcinogenic or promoting potential. However, 

many more agents in the diet appear to inhibit car­
cinogenesis. Some or these reduce metabolic acti­
vation or enhance detoxification of carcinogens, 
other may protect against the attack or clectrophilic 
carcinogens on DNA and stili other seem to have an 

antitumor - promoting elTect on cells. The role of 
chemoprevention appears to lie in reversal of the 
premalignant process rather than supression of ma­
lignant growth." 

Epidemiological evidence has related decreased 
cancer risk to increasecl consumption of phytoestro­

gen and lignans in a vegetarian diet. 
The lignans and isollavonoicl phytoestrogens are 

normal constituents of human urine, plasma and 
feces and occur in large amounts in plasma, urine 
and feces, particularly in vcgetarians, in subjects 
consuming largc amount of whole grain proclucts, 
vegetables, berries, fruits, linseeds and sesame 
seeds". The same findings can be appliecl to the 
Chinese and the Japanese, whose traclitional diet 
contains similar food.11 Plasma levels are higher in
vegetarian women comparecl with omnivarous wom­
en, correlating negatively with rates of breast can­
cer risk. 14 

Plant food contains, in addition to the traditional 
macronutrients, a wide variety or microcomponents 
such as enzymc inhibitors, phytosterols, indoles, 

llavones and saponins. These micro components 
are known to be biologically active. Their role in 
the prevention of chronic diseases is currently be­
ing investigatecl. ni,

According to one hypothesis, the anticancer ef­
fect of soy products and other legumes is due to the 
presence or the isollavone genbtein in legumes. 
lsoflavones are weak estrogens ancl can function 
both as estrogen agonists and antagonists clepend­
ing on the hormona! milieu and the target tissue and 
species under investigation. Genistein, one of the 
two primary isollavones in soybeans, whole grain 

proclucts and various seeds, has attracted much at­
tention from the research community, not only be­
cause 01· its potential antiestrogcnic effect, but be­

cause it inhibits severa! key enzymes thought to be 
involved in carcinogenesis_ 1r,.i7

The list of the tumors, responding to hormona! 
influence, is usualy limited to breast. endometriurn, 
prostata, thyroid, pituitary and ovary, and to certain 
calcgorics of leukernias ancl lymphornas. 

The list should bc considered temporary, because 
many specific growth factors (insulin, insulin - like 
growth factor, platelet - activating factor) have been 
shown to inlluence the growth and biological evo­

lution of many normal and neoplastic cells and 
Lumors. 17 Rcceplors ror hormones (steroid hormone) 
and factors are found in many turnors but their 
precise role in modulating tumor growth is not yet 
fully and completely understood. Phytoestrogens 
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and, in particular isotlavones in soybean, possess 
binding capacity to many of these receptors and 
complete with lhe physiologic hormones antl/or 
growth factors bind to them. By tloing so isofla­

vones may, by virtue of this competitive celular 
binding, play a role in lhe motlulation antl evolution 
of neoplastic growth." Lignans and isoflavonoides 
also seem to stimulate sex hormone binding globu­
lin synlhesis in the !iver and in this way lhey may 
reduce the biological elTects of sex hormones. 'J·'" 

They decrease the relative amount of free testo­
sterone and free estradiol and retluce both the albu­
min - bound antl lhe free fraction of lhe sex hor­
mones. This reduces the metabolic clereance rate of 
the steroitls and thereby lowers their hiological ac­
tivity. Subjects with breast cancer or those at high 
risk or breast cancer. omnivorous women living in 
Boston, excrete low amount of lignans and isotla­

vonoids. 20 

In Finland the lignan excretion is mainly associ­
aled with the intake of grain fiber or whole grain 
products. lntake 01· l'ruits and berries in Finnish 
women also has a positive correlation wilh lignan 
excretion. Berries contain the seetls or the plani and 
these may be rich in lignan precursors. 

In Japanese subjecls lignan excrelion shows the 
strongest correlation with the intake or whole soy­
beans. u.,o

The significantly positive association between lig­
nan excretion and intake or whole - grain protlucts 
and total riber is altered by the intake of various 
seetls with relatively low fiber bul high content of 

lignan precursos. This occurs particularly in vege­
tarians. 

Another factor, alTecting the association between 
intake or whole - grain products and lignan excre­
tion, is the fact that many subjects consume puri­
fied grain I'iber tlirectly or in the i'orm or whole -
meal brcati which is a mixture or bran and white 

meal containing only small amounl or meal l'rom 
the aleurone layer or the grain where the lignan 
precursors occur. Also the preparation of tofu prod­

ucls seems to eliminate the lignan precursors l'rom 
the beans. 

Intake 01· fiber - rich food tlefinitcly a!Tects the 
plasma levels or estrogen, incrcases phytoestrogen 
intake. but also reduces energy inlake which may 
be an important ris k - reducing factor. 1' 

The well known therapeutic elTect of estrogens in 
prostalic cancer suggests that phytoestrogens may 
inhibil proslalic cancer celi growlh during lhe pro­

molional phase of lhe disease or lhey may influence 

difTerentation as shown for genistein with leukemic 
cells and olher cancer cells. Despite high fat intake, 
the prostatic cancer incidence in Finland is much 
lower Ihan in USA but higher Ihan in Japan.21 The 

higher produclion of lignan in lhe gut, due to rela­
tively high intake of whole - grain products, partic­

ularly rye brcati, in lhe low - incidence rural areas 
in Finland, may perhaps explain this phenomenon. 

Lignan excrelion is also higher in Finish subjects 
living in areas with lower colon caneer risk.21

Epidemiological evidence obtained in Japan points 

to lower colon cancer incitlence in areas wilh high 
tofu consumption. 22

High concentrations of genistein in urine of veg­
etarians suggest lhat genistein may contribute to 
the preventive effcct of plant based diet on chron­
ic tliseases, including solid tumors, by inhibiting 
neovascularization (angiogenesis, angiogenesis dis­
eases) and tumor celi prolifcration. 

Genistein retluces the incidence of tumors or oth­

er angiogenic diseases like rheumatoid arthritis, pso­
riasis, and diabctic retinopathy.22

Soy products that contain isoflavonoids and lign­
ans may also play a role in lhe prevention of severni 
types or cancer. 

The concentration in plasma or these compounds 
may easily reach biologically active levels without 
toxic effect. By inhibiting the e!Tect of growth fac­
tors and angiogenesis, genislein may be a general 
inhibitor of cancer growth. By modulating drug 
transport, genistein may prove to be a good addi­
tion to the established cancer therapy. The described 

biological etTect may also be used as a preventive 

slrategy for other western tliseases not discused in 
this connection, such as cardiovascular diseases and 
osleoporosis, due to the estrogenic and antioksida­
tive effect. 

Scrponins, which are present in plants, have been 
suggested as possible anticarcinogens. Legumes such 

as soybeans and chickpeas are a major source or 
saponins in the human diet.2J They possess surface

aclive characteristics that are due to the amphi­

philic nature of their chemical structure. The pro­
posed mechanisms of anticarcinogenic properties 

of saponins include tlirect cytoloxicity, immune -
modulalory effecl, bile acid binding antl normaliza­
tion of carcinogen - induced celi prolifcration24. 

Thc biological aclivity in ginseng is largely at­
lributed to the triterpanoid saponins (ginsenoicles), 
which constitute 2-4 % of ginseng's dry weight. 
Ginseng is widely used in Orienta! medicine for 

lreatment of cancer, diabetes and hepatic and car-
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diovascular diseases. Growth inhibition and revcrse 
transformation of B"' melanoma cells were observed 
with ginsenosidcs trcatment.25·"'' 

Phytic acid, inosital hexaphosphate is ubiquitous 
in the plant kingdom and is abundant in cereals and 
legumes. Because phytic acid is high in high fiber 
diet. the epidemiologic observations showing high 
- fibcr diet, are associated with a lowcr incidence 
ccrtain kinds of cancer.

It reduces celi prolifcration and incrcascs diller­
entiation of malignant cclls oi'Lcn resulting in rever­
sion to l11e normal pheno type." 

Studies report that consumption of soy protein 
diets inhibits the growth of various tumors in rats. 
The inhihitory effcct has been attributcd to the phy­
toestrogens or protein kinase inhibitor in soy pro­
tein products. 

Recent studies indicatc that additional factors in 
soy protein products may also contribute to the 
inhibition of tumorgcnesis, namely thc deficiency 
of the essential amino acid methionin. Metastatic 
growth 01· a primary rhabdomysarcoma lung tumor 
was inhibited by adopting a soy protein diet.11 

Conclusion 

In conclusion. it has bccn established that severa! 
componcnts in plani foods. namely protease inhibi­
tors. izol'lavoncs. inositol hexaphosphatc. phytoster­
ols and saponins. inhibit a variety of tumor in vari­
ous tissues in thc animal model. Current studics 
also indicate that thc lower amount of methionin in 
soy protein compared with casein may be important 
in selectively retarding the growth of tumors. 

The evidence obtained is not yet sufficient for 
any specific dietary rccomendation and l"urther work 
is needed to establish thc role 01· these natura! eom­
pounds in human health and discase. 
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The modem therapelltic approaches to oncological plllients are not only aimed at cure hut also ensuring the 

least possible side e.ffects and the optimal q11ality <d' life which naturally includes preserved .fertility. 

Tile most e.ffective n1ea.rnre to prevent the occllrrence <�/' .rnrgery-relllled damage 1!f'.ferti!i1y in ma!e.1· is hy 

replacing radical retroperitonecd ly111phadenecto111y with seleclive or llnilateral lymplwdenectomy: mdio­

thempy-related fertility damage can be prevenled hy shielding the remaining testicle .fi'Oln the sca/lered 

mdiation; and chenwthempy-related .fertility damage can be prevented by choosing the chemotherapelllic 

regimen which doesn 't contain alkylating agents. 

We have to con sider other modalities of prevention, including eliminating l(festyle and environment factors 

which can i1ifluence fertility, adeqllate sexual behaviour, early treatments of cryptorchidism and treatments 

of i1ifections. 
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Introduction 

The modem lherapeutic approaches to oncological 
patients are not only aimed al cure but also ensur­
ing the least possible sillc elTects and thc optimal 
quality of life which naturally includes preserved 
fertility. 1 

The best approach to reduce the sterilily prob­
lems is to decrease lhe chance of occurrence of 
infertility2 since the cfficiency of treatment is un­
certain and unpredictable.1

In case of fertility impairment severa! methods 
of treatment exist. Following cancer lreatment fer­
tility status is also frequently unpredictable, it is 
thereforc advisable for young male patients to store 
their deep-frozen sperm in a sperm bank prior to 
oncological therapy. ;., 
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Prevention of surgery-related damage 

It is important lhat patient with testicuiar tumours 
are operated transinguinally bul not transscrotally, 
otherwise the ipsilateral scrotal sac and inguinal 
lymph nodes must be postoperatively irradiated, 
which also mcans more scattered radiation to con­
tralateral testis.1·"

Radical retroperitoneal lymphadenectomy 
was usually performed on patients with testicular 
nonseminomatous tumours and Hodgkin's diseas­
es 10· 12 and the most effective measure to preserve 
fertility in males is by replacing radical retro­
peritoneal lymphadenectomy with selective or 
unilateral lymphadenectomy. 11·1• In patients with
such operations it is possible to preserve emis­
sion and ejaculation, most of semen analyses in 
majorily of patients are considered to be in nor­
mal range aml most of them are potentially fer­
tileY In this way the modified retroperitoneal 
lymph node dissection preserves the sympathetic 
outflow, retaining ejaculation in 75% of these 
men.1'
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In spite of lhe fact lhat ferlility is usually not the 
central problem in patients wilh prostate cancer 
because of their advanced age. early detection of 
this disorder allows less extensivc surgery. with 
fewer complications. For example. nerve-sparing 
radical retropubic prostatectomy. which preserves 
erectile function in many men by avoiding injury to 
the cavernosal neurovascular bundles. can be per­
formed and prevent fertility disturbances. "'·17

Prevention of racliotherapy-relatecl clamage 

The most effective measure to prevcnt the occur­
rence of radiotherapy-related fertility damage can 
be by shielding the remaining testicle from scat­
tered radiation. '-'1·18 

Having already had unilateral semicastration pro­
phylactically the retroperitoneal nodes only are 
treated and the irradiation of the remaining testicle 
should be avoided. The testicle is in any case ex­
posed to the scattered radiation causing a degree of 
spermatogenesis impairment. 1'1-21 By shielding the 
remaining testicle gonadal dose should be kept low­
er than I Gy in order to avoid prolonged and fre­
quently permanent azoospermia or hypozoosper­
niia. 10.22.2,

In l-lodgkin's disease. when we irradiate the 
infradiaphragmatic region. the shielding of bolh tes­
ticles from scattered radiation is necessary. Con­
temporary radiotherapy techniques recommend the 
protection from scattered radiation. in case of go­
nadal doze higher than 0,5% . 18 

Attempls were made to reduce postirradiation inju­
ry by reducing the size of target volume24·25 and thus 
decreasing the scattered radiation ancl in the same 
tirne increasing the distance between the target vol­
ume and testes. ''1·1'' Additionally. reducing the tumour 
dose or even by the omission of the postoperative 
irradiation24·2' radiation side-clTect can be avoidecl al­
togethcr. 27 Disease frce survival is rcduccd and further 
studies are nccessary to find patients where manage­
ment by surveillance alonc should be su!Ticient.27•31

Nevertheless, it is important to irradiatc paticnts with 
high energy photons because scallered radiation is 
reduced in such treatment.1'1

Prevention of chemotherapy-relatccl clamage 

Chemotherapy-related fertility damage can be pre­
vented by choosing the chemotherapeutic regimen 

which doesn't include alkylating agents.12·11

Chemotherapy with alkylating agents is associ­
ated wilh fertility problems in 60% of patients re­
gardless whether it is given in combination with 
radiotherapy or not.34 Cisplatin. one of thc most 
efficient agent. has fortunately only moderate dam­

aging effect on spermatogenesis.'·1'
Limiling the number of cycles administrated to 

the minimum for achieving remission is also bene­
ricial for prcserving male reproductive ability.'-1" 

Cytoprotective techniqucs to limit testicular inju­
ry from the damaging effect 01· chemotherapy are 
currently ineffectual. The gonadal toxicity caused 

by chemotherapy and radiation was attempted to be 
reduced by luteinizing hormone releasing hormone 
(LI-IRI-1) analogues. It has been shown that non­
pulsatile, chronic treatment with supraphysiologi­
cal doses 01· LI-IRI-1 analogucs results in the sup­
pression of the pituitary-gonadal axis and the sup­
pression of spermatogenesis. Furthermore, there has 
been suggested that the inhibition of sperma­
togenesis during exposure to cytotoxic drugs and 
radiation might rcduce or prevcnt gonadal toxicity. 
Experimental studies were encouraged,17 but in none
of clinical trials the influence on severity and dura­
tion of spermatogenesis impairment has significant­
ly been shown_Jx-,o

The administrations of some other clrugs (i.e. anti­
oxidants N-acetylcystein and ascorbate) before the 
administration of procarbasine have been ellective 
by preserving spermatogenesis in an animal model. 
But the analogous studies in humans have not been 
published.'.,, 

During the oncological treatment there were also 
attempts to reduce spermatogenesis by adminis­
trating of testosterone which can suppress gonado­
tropin secretion and in this way protect testicular 
function. There is no clinical relevance up to now 
as well.42

Others principles of prevention of fertility 
clisturbanees 

As thc causes or fertility disturbance are manifold'" 
we have to consider all other modalities of preven­
tion, including the elimination of lifestyle and envi­
ronment factors which can alTect fertility, more 
appropriate sexual behaviour. early treatments of 
cryptorchidism and treatments or infections. 

Elimination of l(festyle factors 

One of the most important steps of the prevention 

of fertility disturbances is to eliminate ali factors 
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that can affect fertility, such as bad nutrition,-lJA4

cigarette smoking,45 alcohol abuse,4'' use of illicit 
drugs such us marijuana and cocaine_-lJ.-<-l and some 
drugs as anabolic steroids, antihypertensive medica­
tions, cimetidine, antiholinergic drugs, etc_llW 

Elimination 1!( another e11viro11me11t .fr.1c:101:1· 
Oncological patients should not work with arsenic 
and lead. They should avoid exposure to heat, such 
as in saunas or working as plumbers and cooks. ioAs

Sexual behctviour 

According to Howards, sexual intcrcourse is rec­
ommendcd evcry 48 hours in the middle of wom­
an 's cycle or at the tirne of ovulation.-'1 Lower fre­
qucncy or intercourse can result in missing thc ovu­
lation tirne, and also diminish the quality of thc 
sperm (over 5 days or abstinence). In view of con­
tradicting reports, namely, that rrcquent intercourse 
diminishes sperm concentration-l7 or even improve 
it,4" it should bc cautiously recommended more fre­
quent intercourse during the tirne of woman's ovu­
lation if their libido is adequate.H'1 

Trea1111e111s of cr\'ptorchidism 
Cryptorchidism is firsl treated with gonadotropines 
(HCG. LH-RH) and later with orhiopexy.47·50 Orhi­
opexy must be performed between the age of 5 and 
9 or else as soon as possible. Some argue that 
cryptorchidism should be curcd by the age of 2, 
before histological changes occur,505' but at any
rate prior to puberty-47 Adcquate treatment reduees 
the chances of sterility, and also the incidence of 
malign alteration of testiclcs.5151 Only 75% and
50% fertility ratc is rcported for patients with suc­
cessful unilateral and bilateral orhiopexy. The re­
sults, however, considerably improve if the proce­
dure is performed beforc the age of 2. Hormona! 
treatment is recommcnded to start at the age of I O 
months.50

Tren1111e111s c!f' i11/ec:1io11s 
It is imperative that uro-infections are treated effec­
tively, preferably with regards to antibiogram of 
the agent.41 Trichomonas or gonorrhoea require that
the sexual partner is treated as well. 

Conclusion 

Multimodality treatment has increased the survival 
or cancer patients in reccnt years. The quality of 

life should also be takcn into considcration during 
the cure. The maintenance of the reproductive ca­
pacity is of grcat concern to many young patients. 
The cause of sterility was attributed to the long­
term side effects of oncological treatment in spite 
of the fact that the step of fertility disturbances can 
be decreased by the selected treatment. One of the 
most important stcps of prcvcntion of fertility dis­
turbanccs is also, if possible, to eliminatc ali fac­
tors that can influence the fertility. 
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Monte Carlo Simulations of a metal/a-Se Portal Detector 

Hui Wang, B. Gino Fallone, Tony Falco 

Medica! Physics Unit and Department c�l Physics, McGill University and Montreal General 

Hospital, Montreal, Quebec, Canada 

The dl'tec:tor response, modulation tran.�fer .fimction ( MTF) and quantum detective e.f.fic:iency ( DQE) o
f

four 
amorphous selenium (a-Se) based image receptor.1· have been calculated through Monte Car/o simu/ations c

f 

x-ray ab.1·011Jtio11. As part c<f a pr<'limina,y study on e/ectrostatic portal imaging, the e.[fects of receptor
geomelly and composition on the imaging characteristics of a-Se in the megavoltage range have heen

investigated. Our results indicat<' that the DQE increases as the a-Se thickness while the MTF decreases

slightly, wul afi·ont metal plate can enhance detector response, DQE and MTF cd'a-Se receptor.1· at the detail

leve/ rell'vant to portal imaging.

Key words: Monte Carlo method. portal detector; selenium; radiography-methods, metal/a-Se detector 

Introduction 

Electrostatic (xeroradiographic) imaging is a pro­
cess in which the intensity pattern of a photon beam 
is transformed to a charge distribution on tile sur­
face of a photoconductor. 1-2 With the development
of novel methods for extracting the latent image, 
such as photoinduced discharge with laser1-s and 
electrostatic coupling, xeroradiography is regaining 
its vitality. Recent studies have shown that by using 
amorphous Selenium (a-Se) and digital readout has 
various advantages: higher contrast, wider dynamic 
range and improved quantum detective efficiency."· 7 

A latent image on the a-Se surface is formed via 
local neutralization of the uniform chargc distribu­

tion achieved through some charging procedure be­
fore irradiation. In diagnostic radiology, thc seleni­
um is directly cxposed to x-rays transmitted through 
a paticnt. One would naturally ask if a-Se can be 
introduccd into portal imaging where beam energy 
is much higher. 

Ccmespondencc to: Pror. Gino Fallone. Ph.D., FCPM. ABMP, 
Medica! Physics Unil and Deparlmenl or Physics. Me Gill 
University and Montreal General Hospital, 16.50 Cedar 
Avenne, Montreal. Quebec H3G I A4. Canada. 

UDC: 616-073.7."i:.530.14.5:.591.283 

In portal imaging, an image is acquired with a 

therapy beam with high penetrating ability which 

reduces detection efficiency. A metal plate is usual­

ly combined with a portal image receptor. For ex­

ample, a portal film is placed in a cassette with a 

copper plate on the beam entrance side. Because of 

the high attenuation coefficient of the metal, a sig­

nificant portion of the incident photon beam is con­

verted to secondary electrons. It is the interaction 

of the electrons with the receptor that is responsible 

for image formation. Metal plates are also employed 

in tluoroscopic EPIDs and matrix ion chamber EPIDs 

to enhance detector response. 

Droege and Bjarngard reported that a metal plate 

can significantly reduce scatter to primary ratio 

when used with portal films.X Jaffray et al reported 

that a copper plate can reducc quantum noise asso­

ciated with x-ray absorption in phosphor screens 

thus improve the detective quantum efficiency." 

The objective of this study is to measure the 

radiation discharging curve of metal/a-Se recep­

tors, and to calculate their delector response, modu­

lation transfer function and the detective quantum 

elTiciency in the megavoltage range with the Monte 

Carlo technique. 
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Mathematical simulations 

Theory 

The measurement of the line spread funclion / (x)

can be modelled as a smoothing process followed 
by sampling process. Malhematically, the meas­
ured line spread function /,,, (x) can be expressed as 

l,,,(.r) = [1(:i:) ,:, rfftU)] · nn111,(r,) 

where the convolution with 

l"l(' - = - -/(,,.) { l. I·" < ;1 
(I O. .r > ]I 

represents the averaging effecl of the aperture 
size a. and the multiplicalion with 

n=+oc 

comb( i) = L b(.r - 11b) 
11;;;::-oc 

represents the sampling with a spacing of h. The 
measured modulation transfer function is then giv­
en by the modulus 01· the Fourier transform of /m (x): 

MTF,,,(u) IF{l,,,{:r)}I 

l[MTF(u) · .si11c(a11)1: cumh(/m)I 

which contains truncation error introduced by the 
multiplication with sinc(au) and aliasing artifact 
introduced by the convolution with (comb(bu)). Pre­
cautions have to be taken in the selection of aper­
ture size and sampling rate in order to keep system­
atic errors under an acceptable limit. The upper 
limit of spatial frequency at which the modulation 
transfer function can be measured is determined by 
the Nyquist criterion: 

ll.11,aš 21,· 

The convolution in Eq. (4) causes overlapping of 
adjacent cycles. This overlap can be reduced by 
increasing the aperture size. A larger aperlure re­
duces thc ampliludes of the sidelobes of sinc(au) 
but at the same tirne increases lruncalion error. As a 
trade-oll of aliasing reduction, the measured modu­
lation transfer function will deviate more from the 
true value. The current convenlion used in modula­
tion transfer function measurements is a = 2b, i.e., 
the aperture should be at least twice the size of the 
sampling interval. This convention ensures a less 
than 2 % systematic error in the sampled data.10 

Quantum noise in x-ray imaging originates from 
the fluctuation of the incident photon flux charac-

terized by Poisson statistics and the randomness of 
the amount of energy deposited by each x-ray pho­
ton in the receptor. White the former determines 
the noise leve! of the input, the latter is the reason 
for the degradation of the signal to noise leve! in­
troduced by the receptor. This degradation is usual­
ly characterized by the detective quantum efficien­
cy defined as 

DQE = (S:\'R,,,,,)·1 

. 

. '-if\R1 ,J 

For an amorphous selenium receptor, the energy 
deposited by an incident photon is used to create 
electron-hole pairs which are responsible for the 
formation of the electrostatic image. The number of 
these charge carriers resulted from E incident pho­
tons of energy is given by 

E,,, 

.f n(E,E;,,)EdE 
II 

M' 
where 11( E, E;,,) is the average number of photons 

that deposited the amount of energy E and W is the 
average energy required to generate one electron­
hole pair. The fluctuation of n(E, E;,,) isJn(E,E;,,). 
Considering the absorbed energy distribution, the 
total uncertainty is 

E,,, ( ) , f J11(E, E;,, )E -tlE 
II 

j,\f 

Therefore, 
E,,, 

where 

I 11( F:)F:dE 
,C..,'/VR() 111 = -,,"===== 

E,,, 
/' 11(E)E"dE 

,v 
SN R;,, = JR

( 

E,,, 
{ "(E.E,,,) ·, 

DQE = i,_ 
----y--F:dE ) 

E,,, f u(E.E,,,) ,,, 

11 
�la-dE 

Mf(E;,,) 
M,(E;,,) 

E,,, 

M;(E ) j n(EE),n �Ei,tf-.,' 
o 
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is the ilh moment of the normalizecl pulse height
spectrum from incident photons of energy
E;,,. Eq( 11 lhe DQE at zero spatial frequency
because spatial information transfer is not consicl­
erecl. DQE at a 11011 zero spatial frequency is lower
as thc receptor can not fully transfer the informa­
tion at lhat detail leve!. DQE as a function of spatial
frequency can be expressecl as

DQE(f) = D(JE(O) · MTF
2
(f) 

provicled that quanlum noise is white noise. This
is justifiable since the input noise is determined by
the Poisson statistics and the output noise is cleter­
minecl by the tluctuation in the energy deposited by
a photon. Neither of them depends on the spatial
frequency of the input under the assumption that x­
rays are photons and the detector is a large continu­
um.

Monle Car/o Si1111t!ations 

lmage acquisition in transmission radiology starts
with the detection of x-rays transmitted through a
patient. The change or some physical observable
caused by the interaction between the x-rays and
the detector is then extracted as the output signal by
a certain means. The incident photon generates a
photon-electron "shower" in the detector introduc­
ing an uncertainty in the spatial location of the
incident point resulting in receptor blur. Due to the
stochastic nature or lhe coupled photon-electron
transport. energy deposilion introduces tluctuation
in the output signal or quantum noise. 11-" The mag­
nitude or receptor blur and quantum noise depend
on the energy or the x-rays and the composition and
geometry of the receptor.

The coupled photon-electron transport within the
detector was simulated with the Electron Gamma
Shower (EGS4) code'� which has been extensively
used for radiation dose calculation in the energy
range or 1-10 MeV and has been proven to pro­
duce reliable results. As a general purpose software
package, EGS4 (National Research Council, Cana­
da) consists of two major parts: the system cocle
that handles the physics or couplecl photon-electron
transport and the user code that defines lhe geome­
lry and type or the medium/rnedia. The user code
also specifies which physical observable(s) will be
scored. This package also provides two general pur­
pose programs, XYZDOS and DOSRZ, to define
simulation geornetry in Cartesian and polar coordi­
nate systems which include the Parameter Reduced

Electron Step Transport Algorithm (PRESTA) that
reduces the depenclence of chargecl particle trans­
port on user-selected parameters. 15 Density effect
corrections were also included in the collisional
slopping powers. The K fluorescence production
was not considered since it is not significant in the
rnegavoltage energy range.'1 The parameters con­
trolling the transport were sel as the following:
ECUT=AE=0.521 MeV, PCUT=AP=0.01 MeV.
where ECUT is the minimum lota! energy of elec­
trons that are transported, PCUT is the minimum
total energy of photons that are transported, AE and
AP are the energy thresholcls for creation of sec­
ondary electrons and photons, respectively. Mo­
noenergetic pholons (0.1-6 MeV) were used in ali
simulations. The results of simulation runs are con­
sistently well within 1 % of cach other.

A layer of amorphous selenium is coated on an
8 x 8 in2 metal plate: thc metal-plate is in the beam­
entrance side of the detector. As a build up materi­
al, the metal plate converts the incident photons
into electrons. lntuitively, the optimal thickness of
the metal plate should be the deplh c/,,,," wherc elec­
tron equilibrium is reached. Beyond this deplh, en­
ergy absorplion decreases because the primary pho­
lon beam is attenuated and electrons do not trave!
over a certain range. Three of the four receptors
(Norancla Advanced Materials !ne., Pointe Claire.
QC) have a 2 mm thick aluminum plate wilh dilTer­
ent thickness of a-Se: 150 pm, 300 pm and 500 pm.
The olher receptor consisls 01· 1 mm copper and
300 pm a-Se.

The simulation of the line spread function was
run wilh the user code XYZDOS. A 2 pm x 20 cm2 

parallel beam of monoenergetic photons is incident
at the center of a 20 x 20 cm2 receptor. The a-Se
layer of lhe receptor is dividcd inlo a serics 01· 5 pm
wide strips inside which the deposited energies are
scored. Evcry two adjacenl poinls are lhen avcr­
aged:

1,,,(š;) �[E(.r;J + E(.r;+1l]
.r; = (i- l)h. i =, 1.2.:J.· · ·.N. 

to satisfy the requircment or the adequate aper­
lure sizc. According to the Nyquist criterion. lhe
sampling rate gives a culolT frequency of 100 mm.- 1 

The selection of the bin width must also ensure that
rnultiple scattering can be modelled accurately by 
the EGS4 Monte Carlo code. The rule of thumb to 
estimate lhe number 01· multiple scattcring events is 
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N,,,., = dc11.,ily(y/nn'l) · (Z/8)¼ · .,1,p,izc(1w1). 

where N,,,, is the number of multiple scattering 

events, Z is the atomic number of the material con­

sidered. For a 5 µm step size in amorphous seleni­

um, N,,,, is approximately 35 which is sufficient. 

The MTF is obtained by applying the Fast Fourier 

Transform (FFT) to the discrete LSF. To ensure the 

accuracy of the resulls, 30 millions of photons were 

used in each simulation resulting in a statistical 

uncertainty less than 5 % in each strip. This re­

quires calculation times ranging from 7 to 24 hours 

on an SGI workstation (IRIS INDIGO, Silicon Gra­

phics, Mountainview, CA). 

In order to calculate the absorption efficiency 

and the detective quantum efficiency, the energy 

absorbed in the enlire sensitive volu me and its pulse 

height spectrum need to be scored. Unfortunately, 

XYZDOS does not include the option of pulse height 

spectrum. The simulations had to be run with the 

more versatile and more user friendly DOSRZ. A 

pencil beam of monoenergelic photons is incident 

at the center of the circular detector with a radius of 

1 O cm. The effect of the detector shape is negligible 

since the radius is sulTiciently large for a pencil 

beam. Equal energy bin widlh was used in the pulse 

height spectrum: O.O I Me V for incident photons of 

energy less lhan 3 MeV and 0.03 MeV for 3 MeV 

and above. Simulation were lerminaled only when 

the uncertainty in lhe pulse height spectrum be­

came less than I O% in each bin. Approximately 72 

hours were required for each run. 

Results 

Three of the four receptors have a common front 

metal plate (2 mm Al) bul different a-Se layer 

( 150 µm, 300 µm and 500 µm thick) while the other 

has a I mm thick Cu front plate and 300 µm thick a­

Se. The calculated MTFs are shown in Figure 1. 

Error bars are not plotted because they are smaller 

than the symbols. 

For each plate, lhe MTF degradcs as energy in­

creases and becomes relatively constant from 2 MeV 

up to 6 Me V. This indicates that there is a transition 

of the dominant interaclion from one lype to anoth­

er between I and 2 MeY. The MTFs were also 

calculated for the a-Se/Cu receptor when the Cu 

plate was used as back plate. Degradation was also 

observed as the photon energy was increased. 
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Figure l. The modulation transfer funclions for different 
energies for various receptors (A) 2 111111 Al/0.15 mm a-Se, 
(B) 2 111111 Al/0.30 111111 a-Se, (C) 2 111111 Al/0.50 mm a-Se. 
(D) 1 111111 Cu/0.3 mm

The data of ali receptors at each individual energy 

were plotted in Figure 2. It can be seen that for the 

Al plate receptors, the MTF decreases as the thick­

ness of the a-Se increases at ali energies ( 1-6 Me V). 

For 300 µm thick a-Se layer, a 2 mm Al plate and a 

1 mm Cu plate lead to the same modulation transfer 

function at I MeV. As the photon energies increases, 

the Cu plate improves the MTF considerably. When 

a back Cu plate is used, the MTF is the lowest at 1 

Me V but highest for 2 Me V and above. 

The quantum absorption efficiency is defined as 

the ratio of the photons that have deposited energy 

in lhe sensitive volume of lhe detector to ali the 

incident photons. Figure 3 (A) shows the calculated 

quantum absorption efficiencies of four receptors. 

The error bars are too small to be shown in the 

plots. The quantum absorption efficiency increases 

as the a-Se layer becomes thicker when the same 

front plate is used. At I MeV, a front metal plate 

reduces the probability of absorption due to the 

attenuation of the primary beam. For energies 

;:: 2 Me V, the I mm Cu front plate increases the 

absorption more than the I mm Cu back plate. A 

1 mm Cu back plate is more effective in absorption 

than a 2 mm Al front plate. 

The output signal of a receptor is determined by 

the average energy deposited by an incident photon. 

Figure 3 (B) shows the responses of four receptors to 
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at incident photon energy of (A) 1 Me Vand of (B) 6 Me V. 
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Figure 3. (A) Quantum absorption cflicicncies and (B) De-
tector response of four receptors at different incident pho-
ton energies. 

monoenergetic photons at different energies. For the 

three Al plates, detcctor response increases with the 

thickness of a-Se. For the same thickness of the a-Se 

layer (300 µm), a I mm Cu front plate results in a 

much greater detector response than a 2 111111 Al front 

plate. The co111parative detector response of the Cu 

with respect to Al increases at higher energies. For 
2 Me V and above, it becomes even greater than tl1at 

of the Al receptor with a thicker a-Se layer (500 µm). 

Among ali the receptors, the one with a I mm Cu 

back plate has the lowest detector response. 

The statistical factor describes the loss in DQE 

due to the incomplete absorption of an interacting 

photon. As shown in Figure 4 (A), the statistical 

factor of a front metal plate receptor decreases as 

lhe x-ray energy increases. With the front metal 

plate as an electron convertor. the pulse height spec­

tra of energy deposition in the a-Se layer have 

similar shapes at different energies. But the width 

increases with energy. The drop of the statistical 

factor is due to this widening. For a back metal­

plate receptor, howevcr, the pulse height spectrum 

becomes narrower when x-ray energy increascs. The 

smaller variation in thc amount of the energy de­

posited per interaction photon is responsible for the 

slight increase of the statistical factor of the 1 111111 

Cu back plate receptor. 
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quency detective quantum efficiencies of four receptors at 
different incident photon energies. 
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The zero spatial frequency DQE of the four recep­

tors are shown in Figure 4 (B). Except for the I mm 

Cu receptor at I Me V, the DQEs of ali four receptors 

decrease as incident photon energy increases. Por the 

same front metal plate, a larger sensitive volume 

results in a higher DQE due a more complete absorp­
tion of the incident photon. Por the same a-Se layer, 

afront metal plate decreases the DQE at I Me V due 
to the atlenuation of the primary photons (Figure 3 

(A)). Bul for 2 Me V and above, thc I mm Cu front 

plate, incrcases thc DQE more than lhe 2 mm Al 

front plate. Figures 3, 4 (A) and (B) indicate that 

DQE is dominated by quantum absorplion efficien­
cy. Thc DQE as a function of spatial frcquency can 

be calculated from Eq(I3). Por 2 Me V and abovc, 

both the zero frequcncy DQE and thc MTF of thc Cu 

receptor are greater than those of the Al receptor. 

The Cu front plate, therefore, will lead to higher 

DQE at any detail leve!. At I Me V, the DQE of the 

Cu receptor at higher spatial frequencies will be 

compensated by its higher MTF. 

Discussion 

lmage formation in a xeroradiograhic system has three 
stages: x-ray absorption, electron-holc pair production 

and charge collection. In our simulations, only the 

first is modeled. Another simplification is that only 

monoenergetic x-ray beams werc considered. 

Our calculations 01· zero frequcncy DQEs havc 
followed thc approach taken by Jaffray el a/9 to 

calculatc zero frcqucncy DQEs of metal plate/phos­

phor scrccn combinations. Sincc thc physical proc­

css modclcd by thc simulations is thc same: encrgy 

absorption, the results could be compared. In fact, 

similar trends are observed in the way zcro frc­

quency DQE changes with rcspect to incident pho­
ton encrgy although the behavi01· of thc DQE(0) of 

the metal plate/a-Se dctcctor is not as simplc. Since 

the Monte Carlo rcsults are the higher limit, com­

parison of the ovcrall pcrformance of thc two typc 

of detection systcms (metal/a-Sc versus mctal/phos­

phor) must include thc latcr stagcs in thc imaging 

chain. The mctal/phosphor system rcquircs an addi­

tional component that convcrts light into an elec­

tronic signal which may scriously affcct thc rcsult­

ant DQE. This critical componcnt is thcoretically 

not required for mctal/a-Se system, where thc in­

formalion is alrcady stored in charge form. lntui­

lively. it should bc simplcr to rcad charge informa­

tion directly in the mctal/a-Se system than it would 

be with a metal/phosphor system. However, the 

optimum technique for reading a metal/a-Se has not 

been found yet. 
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Incidence of spontaneous cytogenetic changes in peripheral blood 

ly1nphocytes of a human population sample 

Marjan Bilbau, Sonja Vrhovec 

Repllh!ic of S/ovenio lnslilute o( Occupo1i11110/ Safety, Lj11/J/ja110, S/ovenia 

Three mlllage11etic 111ethocls co11ve11tional strncturct! chro111oso111al aherration analysis (CA), sisler chro111a-

1ic/ excha11ge ( SCE) 111ethocl aml 111icro1111cle11s test ( MN) were c:arriecl 0111 011 a pop11/atio11 sa111ple o/ 350 tesl 
s11hjects agecl 18 to 65 years. 

The spo11tw1eo11s incic!ence o/ these aherratio11s in the .first in vitro metaphases c!{ ly111phocy1es was 0.83 % 
1 hromaticl hreaks, 0.43 % isoclmmwtid-c/1ro111oso111e hreaks, 0.2 1 % ace11tricsfi·ag111e11ts C///{/ O.OJ % dicentric 

l hro1110so111es per test s11bject.

The 111ea11 va/11e Jr;r SCE per celi amo1111ted 10 6.52 ± O. 70, while 1he .fi·el/liency c�l 111icro11uclei was 5.8 ± 2. I

J>er 500 hi1111clear lv1111Jhocytes. These res11/ts represe111 the llll!lagenelic hackgro1111d .fr;r the Slovenian
1•op1t!atio11 a11c! can he 11sed.frJr !he assess111e111 or i11 case o{suspecl ex1Jo.rnre to clastoge11ic age11ts.

Key words: Lymphocytcs: chromosomc aberrations: sister chromatid cxchangc; micronuclci 

Introduction 

lntcnsive industrialisation over the past fcw dcc­
<1des has rcsulted in thc production and use or nu­

merous genotoxic chemicals and sourccs or ionis­

ing and 11011-ionising radiation. The need to identify 

the mutagenic and carcinogcnic c!Tccts of thcse 

agents on thc human population exposed environ­

mentally. profcssionally or accidcntally is thereforc 
on the incrcase. There are severa! methods with 

which it is possible to prove changes occurring in 

DNA molecules. Unfortunately, there are few di­

rect methods ror the identification and assessmcnt 

of the degree or mutations. 

Among methods for the detection or large chang­
l'S in the genome of human somatic cells which are 

used routinely for mutagenetic monitoring, the ln­

ternational Commission ror Protection against En­

,·ironmental Mutagens and Carcinogens recom-

Correspondence to: Marjan Bilhan. Assist. Dr. Se .. MD. 
Republic of Slovcnia Institute or Occupational Safcty. Bo­
horičeva 22a. Ljubljana. Slovcnia. 

UDC: 61 r,.155.32-091.85:616.112.9- l 4.24 

rnends thc detection or chromosonrnl aberrations, 

the rnicronucleus test and sister chrornatid exchangc 

tcchnique. 1 

Thc analysis or chrornosomal aberrations in pc­
ripheral blood lymphocytes has gained the widest 

use to date. The methodological and technical con­

ditions for this techniquc and the procedure ror the 

analysis or specimcns are wcll defined, largely ow­

ing to the use of specific chromosomal aberrations 

in biological dosimetry. 2

It is well known, however, that ionising racliation 

and the 1mtjority of chemical genotoxic agents have 
di!Terent effects on cellular DNA which is directly 

included in the Cormation or chrornosomal changes. 

The frcqucncy or SCE is a sensitive indicator or 

thc effccts or chemical genotoxic agents and high 
linear energy transfer (LET) radiation, bul a poor 

indicator or the cxposurc to low LET ionising radi­

ation. u 

The micronucleus test has almost universal ap­

plication in the detection or changes in the cellular 

genome. Micronuclei may originale frorn acentric 

fragrnents resulting from two-chain breaks of DNA 

arter its exposure to radiation, and have shown very 
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g,iod dose-response relalionships. They may also 

c,rntain severa! chrornosomes which were not dis­

tributed equally to daughter celis due to a non­

fllnctional cell-division spindle or kinetochores. The 

b,lter phenomenon is most rrequently caused by 

cliemical agents.; It therefore seems tliat ali three 

tests should be used on parallel specimens in order 

l<< be ahle to assess the lype of exposure: to a 

p'1ysical or chcrnical agent, or cvcn possibly simul-

t. neously Lo bolh calcgories or claslogcns.'' 

To enable the evalualion and correct perform­

ai1ce of cytogenetic population rnoniloring, it is 

n,xessary to know as much as possible about thc 

f1equency of normal, spontaneous chromosomal ab­

e:-rations. as well as aboul lhe faclors which exert 

a,i influence on their occurrence.7

Considering the institutions in which the authors 

01· this paper work and the legal obligation 01· muta­

g::netic monitoring for dcfincd groups 01· pcople 

who :ire proressionally cxposed to ionising radia­

tion, the purpose 01· this study was: 

- to standardisc laboratory conditions or in vitro

c·.1ltivation of lymphocytes in accordancc with thc 

Protocol or the International Atomic Encrgy Agen­

cy, 

- to dctcrminc the mutagenetic background in a

population sample of persons who are not profes­

s,onally cxposed to ionising radiation by using thc 

s:ructural chromosomal abcrration analysis, micro­

nuclcus test and SCE rrcquency per celi. 

Subjects and methods 

S1c/Jjec/s 

The study included 350 subjects, of whom 153 were 

s1 udents prior to their enrolment at the I-ligh School 

01· Radiology, and 197 persons prior to the assump­

tion of their duties in radiation zones. It is impor­

tant to ernphasise that such a selection 01· thc popu­

lation sample enables comparative analyscs rcgard­

i11g mutagcnic cllects in conjunction with agc, and 

even more, lifcstyle factors. 

The group of students included secondary school 

s udenls who had just graduated, aged 18 to 20 

years. The majority 01· Lhem were non-smokers and 

persons with an exlremely low previous influence 

of alcohol, coffce, drugs and ionising radiation used 

for diagnostic ancl treatment purposes. 

The second group of test subjects had not been 

professionally exposed to genotoxie substances be­

fore taking 01· blood samples for mutagenetic tests. 

I-lowever, the age dispersion in this group (20 to 65

years) was significant, and the lifcstyles of its sub­

jects had undoubtedly brought along more numer­

ous factors with mutagenic characteristics. At the

tirne when blood samples for mutagenetic tests were

taken, nonc 01· the test subjects showed any subjec­

tive troubles nor objective signs or ,icute illness,

and none of Lhem hacl been previously subject to

major diagnostic or therapeutic irradiation. Tesl sub­

jects were both men and women, of whom 34 %

were smokers.

Me!hods 

Dala of subjecls was collected by means of fill­

ing in Personal I-leallh Questionnaircs. Peripheral 

blood lymphocytes from subjects were used as cel­

lular malerial. Blood samples wcre taken simulta­

neously for ali three tests. 

Structural chromosomal aberrations (CA) 

Standard in vilro lymphocyte cultures were used 

for structural chromosomal aberration analysis. 

0.3 ml of heparinised whole blood was addecl to 

5 ml or the culture medium (GIBCO BRL Chro­

mosome med I A wilh Phytohaemaglutinin). The 

first in vitro celi division cycle was establishecl 

with an addition of 5 mg/ml of BrclU (Sigma). 

0.075 mol/1 potassium chloride was used for the 

hypotonic procedure. Fixation was performed in a 

mixture of ice acetic acid and mcthyl alcohol at a 

ratio of 1 :3. The celi suspension was pipetted onto 
cold glass slidcs, spccirnens were air-clriecl ancl 

stained with Giemsa-Sigma. For every test sub­

ject, the firsl 200 in vilro metaphases were ana­

lysed at I OOOX magnification on a Nikon LABO­
PI-IOT2 microscope. Structural damage to chro­

mosomes was categorised as chromatid breaks, 
isochromaticl-chromosomal breaks, acentric frag­

menls or clicentric and ring chromosomes. Gaps 

were nol included in Lhc Lota! numbcr of chromo­

somal aberralions. 

Sisler chromatid exchange (SCE) 

The same cullure mediurn was used as for the first 

test. 72-hour lymphocyle cullurcs with the addition 
of I O mg/ml BrdU were prepared in dark condi­

tions. The procedure was performed according to 

the Kato ( 1974) method.0 
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50 cells per subject were analysed, SCE were 

C<•unted and presented as average numbers per celi. 

Tile range of SCE frequencies was also recorded for 

e\'ery subject. 

Micronucleus test {MN) 

For this test, 3 mg/ml or cytochalasin B {Sigma) 

w:1s added to each in vitro lymphocyte culture in 

the 43rd hour of cultivation. The Fenech-Morley 

( 1985) method was used.'' 

Hypotonic procedure was omitted, and specimens 

wcre stained according to May-Grlinwald and Giem­

s,,. Cells with clearly blocked cylokinesis (CB cells), 

i.c. binuclear cells, were analysed. 500 cells per

pt-rson were inspcctcd and the resulls wcre present­

e<i as lhe number or rnicronuclei per 500 CB cells.

Stcttistical dala processing 

Dala was processed using standard methods of par­

ametric statistics. The dilTerenccs bctween the av­

erage values for individual groups were tested us­

ing the variance analysis method with the SPSS 

computer program. 

Rcsults 

Structural chromosornal aberrations (CA) were an­

alyzed in 153 studcnts or 30,600 their first in vitro 

metaphases, and in 197 technicians pending em­

ployrnent or 39400 their first in vitro metaphases 

(Table 1 ). Thc average value or acentric fragments 

for technicians pending employment is 0.58 and for 

students only 0.24. Acentric fragments were found 

Table l. Mutagcnetic testing or subjects Structural chromosomal aberrations. 
Nn. Tests '}'ri aberations ACENTRICS 

o 

Groups or test subjects No. of No. of · sub,1ects exam. cells 

1 2 3 

Ali subjccts 

Mean SD 

4 5 

Ali subjects Subjects with acentrics 

Mean SD Share of Mean SD subj. (%) 

6 7 8 9 10 

1 Technicians 
--"~-�-------

197 39400 1.812 1,028 0,584 1.045 39.090 1.494 1,199 
2 Students 153 30600 1,101 0,580 0.242 0.473 22,880 1,057 0.338 
3 Tota! 350 70000 1,501 0,861 0.434 0,860 32,000 1,357 1.029 

Variance FR 58.647 14,I 33 4.455 
analysis FP 0,()00 0.000 0,037 

RINGS DICENTRIC CROMOSOMES 
Ali subjects Subjects with rings Ali subjects Subjects with dicentrie ehrom. 

Mean SD sf1are oi Mean SD Mean Mean SD 
subj. (%) subj. (%) 

11 12 13 14 15 16 17 18 19 20 

0.005 0.071 0,508 1.000 0,041 0.283 2,538 1,600 0,894 
0,000 0.000 0,()00 0.000 0,000 0,000 0.000 0.000 
0,003 0,054 0,286 1,000 0,023 0,211 1.429 1,600 0,894 

0,776 3,153 
0,379 0,077 

CHROMOSOMAL BREAKS CHROMATID BREAKS 
Ali subjects Subjects with ehromosomal br. Ali subjects Subjects with chromatid br. 

Mcan SD Share or Mean SD Mean SD Share or Mean SD subj. (%) subj. (%)

21 22 23 24 25 26 27 28 29 30 

1,157 0.980 73.100 1,583 0,798 1,838 0,928 97.460 1,885 0,891 
0,4'!7 0,660 41.180 1,206 0,446 1.464 0,726 93,460 1,566 0.634 
0,871 0,856 59,143 1.469 0,729 1,675 0,860 95,714 1,749 0,806 

:i 1.418 12.358 16,801 13,313 

0,000 0,001 0,000 0,000 
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i11 22.88 % or students ( 1.05 on average) and in 
39.09 % or technicians pending employment ( 1.49 
011 average). In one case, the presence or a ring 
rnromosome was round in a technician pendingem­
ployment, while such aberrations werc not round in 
s1udents. The avcrage value J"or rings is thercfore 
0.005 I per subject for technicians. In rive persons 
s.ime population, dicentric chromosomes wcre
1·, 1und. The averagc value o!" dicenlric chromosomcs
fllr this group is 1.6, and 0.0406 ror ali tcchnicians.

The numbcr or chromosomal brcaks in techni­
c,ans is 1.15 pcr subjecl and only 0.49 in students: 
r,1r chromalid breaks, il is 1.83 per suhject and 1.46 
i11 students. 

Chromosomal breaks werc presenl in 41.18 % of 
si udents ( 1.20 on average) and in 73.1 O% of lech­
nicians ( 1.58 on averagc): chromalid hreaks wcre 
prescnl in 93.46 % or studcnls ( 1.56 on avcragc) 
a,1d in 97.46 %, or technicians ( 1.88 on average). 
1 hc dilTcrences between thc groups or studenls and 
ll"chnicians pending employment were found to be 
s1atistically significanl i"or the pcrcentage CA test, 
tile numher of accntric fragments, chromatid and 
c'1ro111osonrnl breaks. The SCE and MN tests were 
pcrformed only on a smaller numher or test suh­
jl"cts. The average result or the SCE test for stu­
dcnts was 6.28 and 6.52 Cor technicians per 50 
clls: ror MN test the average resulls were 4.00 ror 
s1udents and 5.89 per 500 CB cells for technicians. 
The dilTerences between the two compared groups 
were not statistically signiricanl (Table 2). 

'J ablc 2. l\lutagenetic lesting of subject SCE and MN test. 
Tests SCETEST 

No. of Mean per 1'o. Groups � No. or 
or test suhj. subjecls cxa1n. cells 50 eells 

,j 1 2 3 4 
Technicians 115 5750 6.528 

Students 5 250 6,268 
Total 120 6000 6,517 

Variance FR 0,651 
analysis FP 0,421 

'lablc 3. Lenglh or scrvicc and age or test subjccls. 

It can be scen from mutagenetic questionary that 
during the present length or service examined sub­
jects had not worked with sources of ionising radia­
tion. There is a considerable dilTerence in the lota! 
duration of service between the two groups, since 
the technicians have in average up to 7 years or 
service, while the 1rntjority of students have none. 
The age dillerences are also significant, since the 
technicians are on average 1 1 years older than stu­
dents. 

With the comparison or mutagenetic tests for the 
two groups we have established that the percentag­
es of CA, the number or acentrics, chromosomal 
and chromatid breaks increase almost linearly with 
age. The differences in age groups are statistically 
significant in % CA, acentrics and chromosomal 
breaks (Table 4). 

While examining the inrluence of smoking on 
our results it was established that there were no 
signiJ"icant di!Terences in mutagenetic tests between 
smokers and 110 11-smokers, except for the values for 
leukocytes (which are higher lhan average both in 
technicians and in students who smoke). In these 
two groups, the SCE test was pcrformed only on a 
small number 01· subjects. In their smoking history 
is very short (smoking history for students is 1.5 
years). Student smokers (26 % ) s moke on average 
only 8 cigarettes per day, while ror technician smok­
ers (41 %) the average duration or smoking is 6.8 
years and they smoke on average 14 cigarettes per 
day). 

MN TEST 

SD No. of No. of Mcan per SD subjects exam. cclls 500 CB cclls 
5 6 7 8 9 

0,714 113.000 56500,000 5,8% 2.122 
0,292 5.000 2500.000 4,000 1,581 
0,702 118.000 59000.000 5,815 2,132 

3,880 
0,051 

Variable Lenglh of servicc al presenl (years) Lcnth or service lota! (years) Age (years) 
1'0. Groups � No. or No. of No. or 

or ICSI suhj. subjecls Mcan SD subjccls Mcan SD subjccls Mean SD 
,) 1 2 3 4 5 6 7 8 9 10 

Technicians 197 0.000 0.000 197 6,944 8.587 197 32.906 9.395 
Students 153 0,059 0.367 153 0,059 0.367 153 21,597 1.983 

Total 350 0.026 0,244 350 3,917 7.279 350 27,934 9.092 
Variance FR 5,066 98,182 214,057 
analysis FP 0.025 0.000 0,000 
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Table 4. Mutagenctic tcsts according to agc of groups of subjects Structural chrornosornal ahcrralions. 

Tests '½,CA ACENTRICS 
No. Ali subjects AII suhjccls Subjccts wilh acentrics 

Agc groups of No. of No. or cxarn. 
Mean 

suhjects (years) subjects cclls 

(1 1 2 3 4 

j Till 18 5 1000 1.000 
19-25 183 36600 1,195 
26-35 102 20400 1.639 

4 36-45 39 7800 2,218 
5 46-55 13 2600 2.269 
(, 56-65 8 1600 2.438 
-; Tota! 350 70000 1,504 

Variance FR 15,255 
analysis FP 0,000 

RINGS 
Ali subjccts Suhjects with rings 

Mean SD 
Sharc or 

Mcan SD 
suhj. (%) 

11 12 13 14 15 

0,000 0.000 0.000 0.000 
0.000 0,000 0.000 0,000 
0.()00 0.000 0,000 0.000 
0,000 0.000 0.000 0.000 
0,077 0.277 7.6')0 1,000 
0,000 0,000 0,000 0.000 
0.003 0.054 0,286 1.000 

5.487 
0.000 

CHROMOSOMAL BREAKS 
Ali subjects Suhjecls with chro1nosornal hr. 

\llean SD 
Sharc o!' 

Mean SD 
subj. (%) 

21 22 23 24 25 

0,600 0,548 60,000 1.000 0,000 
0.571 0,745 44.262 1.300 0,560 
1,099 0.878 72.549 1.500 0,667 
1.43(1 1,071 87.179 1.647 0,981 
1,231 0,927 76.923 1.600 0.699 
1.625 1,598 62.500 2.600 1,140 
0,871 0.856 59,143 1.469 0.729 

1 1,091 4.322 
0,000 0.001 

Discussion 

The deterrnination of the frequency of chrornosornal 

al1errnlio11s in periphernl blood lyrnphocytes as a 

b1ological indicator o!' lhe ellect o!' genotoxic agenls 

h 1s been used in praclice for a long period or tirne. 

During this tirne, a large number of papers were 

published which presented dala on lhe l'requency o!' 

sponlaneous aberrations. especially lhose of the 

cl1rornosomal lype. Wilh regard lo lhe l'act lhat lhe 

SD Mean SD 
Sharc o!' 

Mean SD 
subj. (%) 

5 6 7 8 9 10 

0.354 0,200 0.447 20.()00 1,000 0,000 
0,666 0,236 0.487 21.311 1,103 <U84 
0,693 0.446 0.640 36,274 1.216 0.417 
1.455 0.923 1.345 51,282 1.800 1.399 
1.666 1,308 2.394 61.538 2,125 2,800 
0.729 1,250 0.707 87.500 1.429 0.535 
0,849 0.437 0.812 32,000 1.357 1.030 

9.695 2.421 
0,000 0,040 

DICENTRIC CHROMOSOMES 
Ali subjccts Subjccts with dicentric chrnrn. 

Mean SD 
Sharc or 

Mean SD 
subj. (%) 

16 17 18 19 20 

0.000 0,000 0.()00 0,000 0,000 
0,011 0,105 1,093 1,000 0.000 
0.000 0.000 0.000 0.000 0,000 
0.128 0.570 12.821 2.500 0.707 
0.077 0,277 7,692 1,000 0.000 
0.000 0,000 0,000 0,000 0.000 
0,023 0,211 2.286 1,600 0.500 

2.492 5.400 
0,031 0,156 

CHROMATID BREAKS 
Ali subjects Subjccts with chrornatid br. 

Mcan SD 
Sharc of 

Mean SD 
subj. (%) 

26 27 28 29 30 

1.200 0.447 100,000 1.200 0.447 
1,571 0,803 94,536 1,663 0,727 
1,733 0,747 97.059 1,786 0,692 
1,949 1,297 97.436 2.000 1.273 
1,846 0.801 100.000 1,846 0,801 
2.000 1,069 87,500 2,286 0.756 
1,675 0,860 95,714 1.749 0,806 

2,047 2,333 
0,072 0,042 

sponlaneous incidence o!' genome damage is essen­

Lially inrluenced by individual non-idenLified agents 

and regional, ecologically specil'ic fcatures, we are 

inleresled in comparing the recenl situation wilh 

values l'rom I O or more years ago. The most sys­

temalic analysis or this type was performed by 

Lloyd in 1984. Even though he focused only on the 

sponlaneous occurrence o!' dicenlric and acenlric 

fragments, he also analysed other available dala on 

chromalid and chromosomal lesions. 10 He analysed
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Table 5. rvlutagcnetic testing of subjects SCE and MN tests.
Tcsts SCETEST MNTEST

No.Agc No. of No. of Mean - per SD No. of No. of Mean per SD
groups subjects exam. cells 50 cells subjects exam. cclls 500 CB cells of subj. (years)

o 1 2 3 4 5 6 7 8 9
1 19-25 23 1150 6,228 0,658 23 11500 4.913 2.1512 26-35 62 3100 6,466 0,551 61 30500 5,817 1,873 3 36-45 23 1150 6,737 1,021 22 11000 6,509 2,5164 46-55 7 350 6,763 0.434 7 3500 6,286 1,976 5 56-65 5 250 7.096 0.664 5 2500 6,600 2.7026 Tota! · 120 6000 6.517 0.702 118 59000 5,815 2,132

Variance FR 2.816 1,921analysis FP 0,029 0,112

Table 6. Lcngth of scrvice and agc or test subjects acconling to agc groups.
Variablc Lcngth or scrvicc - at prescnt (ycars)

No. Ag� No. of No. of exam. SD
groups subjects cells of subj.(years) 

o 1 2 3 4
do 18 5 0.000 0,0002 19-25 183 0.044 0,3263 26-35 102 0.010 0,100 4 36-45 39 0.000 0,000

5 46-55 13 0.000 0,0006 56-65 8 0.000 0,000 7 Tota! 350 0.026 0,244
Variance FR 0.427analysis FP 0.830

a total of 65 different mutagenetic studies with over 
2000 test subjects, i.e. 211,660 examined cells. The 
values for dicentric fragments are mainly in the 

range from I to (more rarely) 2/1000. Since his 

studies included test subjects from a wide age inter­

val, our data differ somewhat from his. Not one 

dicentric fragment or ring chromosome was found 

in our group of students. while in the group of 
technicians (which was composed of subjects of 
greater age differences and longer smoking periods, 

as well as the influence or other lifestyle factors), 

dicentric and centric ring chromosomes were found 

in O.O 1 1 %. Acentric fragments were found in both 
groups in 0.217 %. Lloyd stated that in the majority 
of publications he analysed, the value for acentric 

rragmcnts was about 3 x 10-3. In a study which 
i ncluded 304 subjects, Galloway et al. ( 1986) found 

a frequency of dicentrics of 2.1 x 10-) and 3.2 x 10-) 

for accntric fragments.11 Bender et al. ( 1988) found 

1.6 x 10-) dicentrics and 4.6 x 10-) acentric frag­
ments in a mixed black-white American popula­

tion.7 In addition to individual standard aberrations, 
A wa and Neci ( 1986) also stale data on the pres-

Lcngth of scrvice - total (years) Age (years)
No. of No. of SD No. of No. of subjects cxam. cells subjects exam. cells SD

5 6 7 8 9 10
5 0,000 0,000 5 18,367 0,070183 0,412 1,142 183 21,885 1,760102 4,525 4,711 102 29,390 2,63539 11,811 8,366 39 39,537 2,72013 16,615 14,245 13 49,730 3,0338 22,000 15.062 8 59,913 3. 168 350 3,917 7.279 350 27.934 9.092

70,792 1074,6920,000 0,000

ence of a certain number of "rogue" cells with 

multiple dicentric, tricentric and acentric fragments 
and breaks. No explanation for this phenomenon is 

given. 12 Such typcs of changes were not found in 

this study, even though they were present in certain 

other of our studies. 

The comparative analysis of the frequency of chro­

matid aberrations revcaled certain problems. This 
type of aberrations involves changes which usually 

do not originate from the circulating Go population 
of lymphocytes, but are formed either during or after 

the phase of DNA synlhesis, i.e. in vitro. 

There are also differences regarding the classifi­
cation of chromosomal changes: true chromatid 
breaks with larger or smallcr dislocations of the 

broken fragment of one chromatid, and gaps - ach­

romatic regions on chromatids. The latter are not a 

true damage to the genome, but most often merely a 

change in the condensation of the protein part of 

chromosomes, while DNA continuity is preserved. 
Galloway found 0.64 % of chromatid deletions in 

the range of O to 6 and chromatid exchanges in 

0.11 %.11 In 7000 examined metaphases of the con-
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trni population, Karačic et al. ( 1995) found 0.48 % 

chrornatid breaks, 0.27 % isochrornatid chrorno­

sorne breaks and 0.23 % acentric fragrnents. Dicen­

tric and centric rings were not found. 11

Our dala with 0.837 % chromatid breaks per sub­

j,"ct not including gaps is comparable to the data of 
(lther authors. At the same tirne, these values can 

serve as a good indicator 01· the conditions of in 

, itro cultivation. This type or damage di!Ters for 

('ifferent authors, since it can be caused by the 

t onditions 01· in vitro cultivation, including the qual­

i y or culture rnediurn, serum, temperature, centrif­
t gation, etc. Isochromatid-chromosomal breaks, 
,✓bose presence in the first in vitro division indi­

< ates G I damage, was found in 0.248 % of the 

student group and in 0.5787 % or the technician 

group. The differencc bctwecn the two groups is 

significant (p= 0.00) and may indicate the influence 

of age. It does not only include physiological dif­
ferences caused by age, but especially lifestyle fac­

tors, which are expressed at older age. 

With ali the sirnplicity and quickness of the tech­

nical procedure, as well as the possibility of rna­

chine (autornatic) processing, the rnicronuclcus test 

as the universal indicator of exposure to genotoxic 
substanccs shows a large variability in the nurnber 

of rnicronuclei per 500 or 1000 analysed cells pre­

parecl according to the same protocol.1.j Certain au­

thors found 20 or more micronuclei per 1000 CB 

lyrnphocytes. while othcrs stale 3 to 5 per thou­

sand.5.''·15 This non-uniformity or data and the re­

sulting non-availability of universal reference val­

ues dictate the need for collecting one's own data 

for the general population. 

Our results per 59000 CB cells indicate the fre­

quency of micronuclei of 5.815 ± 2.132 (CB celi s). 

This dala is therefore the background value for the 

professionally non-exposed Slovenc population. 

The reference value for the SCE test which is 

nowadays regularly used in ali population rnutage­

netic studies is 6.52 ± 0.702 per rnetaphase for 

profossionally non-exposed Slovenian population, 

which is sirnilar to data stated by nurnerous au­
thors.5·1"·17 No significant differences in the inci­

dence or SCE per rnetaphase with regard to age 

were noticed. This test which can be considcred as 
a mutagenetic method of choicc for the detection of 

exposure to chemical genotoxic agents showed very 

small individual deviations in our study. Por this 

reason it is considcrcd to be a reliable indicator for 

the assessmenl or combined exposure to chemical 

and physical agents. 

The statecl values of mutagenetic tcsts earriecl out 
on 350 test subjects provide a goocl orientation val­

ue for mutagenetic monitoring ancl large ecological 

studies, or for the analysis of speeific groups pro­

fessionally exposed to genotoxic agents. 
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Introduction to ethical analysis 

Matjaž Zwitter and Rastko Golouh 

Institute cl Oncology, l.jub(jana, Slovenia 

The complexily r�( modem medicine· and of lhe related ethical issues is re.flected in progressively more 
delailed ethical codes and guidelines. We believe that w1 equal emphasis should be devoted to ethical 

anCLlysis, a method ,vhich pennits eve1y physiciCLn to dejine, anCL!yse, and solve CLII elhical dilemma. E1hicCL! 

dile11111ws are hest CLpproached using the common morality lheory ,vilh its fc1ur principles: autonomy, 

11011111CL!e.ficence, hene.ffrence, andjustice. A person, or a group cd"persons, e>.perience either ethical bene.fils 

or ethical costs hy Cl/1 aclion resulting in a greater or diminished respect c!
l 

any c!f" the .fcmr principles. The 

same action may hring both ethical bene.fits and costs: lying CLh01t1 lhe diagnosis of a serious diseCLse J11CL)' he 
occasionally hene.ficial bul violates lhe principle of palienl au/onomy. E1hicCLI anCL!ysis may be divided inlo 

three sleps. In the .first step, elhical hene.fits or costs are ascribed to the involved individual or colleclive 

su/�jects hej(1re a,1y action is undertaken. In the second step, potential actions of chCLnging the presen/ 

siluation are discussed; far each c!f" lhese actions, a comparison with the prese/lt situCLtion will reveCLl a ne/ 

ethical hene.fil or cos/ .fr1r lhe qf/ecled su/�jects. The third step is a recommendation .far lhe most appropriCLte 

action. This .fina/ slep of elhical analysi.1· is rm interdisciplimt1)' task: a discussion among physicians, 

psychologists, socio/ogisls, eco110111ists, or polititians will hope.fitlly lead to CL balanced and realistic pro­

posal. 

Key words: medical; ethics, ethical analysis; ethics, institutional; public policy 

lntroduction 

The times when moral dilemmas were resolved by 

aclhering to simple rules do belong to the past. 

Toclay's worlcl is one of increasing complexity, of 

breaking the traditional social structure and of indi­

vidual responsibility. New information networks and 

globa! marketing are reaching the most remote sites 

of the worlcl; at the same time, however, new tech­

nologies remain an illusion for majority of man­

kind. 

Medicine is not an exception to these globa! so­

cial changes and to the relatecl moral clilemmas. We 

ali feel the pressure of a wiclening gap between 

technological clevelopment on one side, and restric-

Correspondence to: Matjaž Zwitter, M.O„ Institute ofOnco­
logy. 1105 Ljubljana, Slovenia. Fax: +386 61 1314 180. E­
mail: mzwitter@mail.onko-i.si 

UDC: 614.253 

tions clue to limitecl resources on the other. Prob­

lems of distributive justice are ot'ten linked to un­

certainties regarding life-sustaining treatments. The 

cleclared autonomy of patients in decisions con­

cerning their life, treatment and cleath may be in 

sharp contrast with the principles and rules of be­

neficence ancl non-maleficence of the medical com­

munity. Even preventive medicine is not free of 

moral dilemmas: to what extent may we limit indi­

viclual autonomy in order to explore patterns or

occurrence of human cliseases, and how far shoulcl 

we go in imposing medically beneficial behaviour 

in society? 

The increasing importance of ethical issues in 

medicine is beyond cloubt. Less clear is the way to 

greater ethical awareness. Should we teach young 

physicians detailecl codes ancl rules as seems to be 

the prevailing practice, or should we rather teach 

them to define, analyse and solve ethical dilem­

mas? Do we neecl consultants in medica! ethics -
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yet another discipline of medicine. or is ethics real­

ly evcryhody's busincss'1

First, we will point to a much necded distinction 

betwecn law, cthical codcs, and cxpert ethical opin­

ions. Thc main part of our discussion will be devot­

cd to thc prescntation 01· cthical rules, principles 

and theories and to ethical analysis as a method of 

approaching an ethical dilemma. 

Intuition, ethical codes, detailcd guidclines and 
ethical analysis 

Any dilemma forccs us to choosc among mutually 

cxclusivc actions. In cvcryday life. wc rarely fol­

low a systematic approach: as Brewin 1 noted, lhe 

most caring doctor may be totally ignorant of aca­

demic elhics. Intuition runclions well on an indi­

vidual basis and in simple situations. However, in­

tuition is of limited uscfulness in complex situa­

tions and in argumcnts belween often widely differ­

ing vicws. 

From the timcs of Egyptian papyri, of Hammura­

bi and Hippocrates2 to the prescnt day, physicians, 

their associations and rulcrs or representatives of 

society have tricd to codify the guidelines of medi­

ca! ethics into an obligalory system of rules for 

members of the medica! profession. No other pro­

fession has devoted so much attention to ethical 

issues: this proves how delicate the field or medica! 

ethics is and at the same tirne reflects an inability to 

govern physician's behaviour exclusively by law. 

Stili, centuries-old ethical codes could not pro­

vide an answer to many dilemmas from the increas­

ingly complex medica! praclice of today. A re­

sponsc to this apparent obsolescence of codes and 

resolulions has been recenl trend towards their in­

clusivity. The rcsult is their progressive complexity 

and a vanishing dislinction betwecn law. ethical 

code, and expert ethical opinion. In international 

documcnts on medica! ethics, vague expressions as 

a reflection of a compromise among distinct cul­

tures are a further limitation to their practical use. 

Legislation covers the most obvious and easily 

defined patterns of our behaviour. In addition, we 

need a simple code or medica! ethics that ali physi­

cians will understand and remember and which will 

not bc subject to revision wilh every new techno­

logical dcvelopment: Hippocrates' oath stili remains 

a beautiful masterpiece or eternal value. 

Possibly the most unfortunate consequence of 

recent trends in medica! ethics, with increasingly 

delailed and hardly undcrstandable guidelines, is 

the passive role taken by most physicians when 

approaching an ethical question. In order to allevi­

ate this deficiency in medica! education and prac­

tice, we bere present the tools for ethical analysis 

and the lhree-step process 01· formulating and solv­

ing an ethical dilemma. 

Tools for ethical analysis: considered judge­
ments, ethical rulcs, principlcs and ethical 

thcories 

The practical use of ethical analysis by those who 

have little insight into philosophy or academic eth­

ics demands that we keep the discussion as simple 

as possible. Nevertheless, we can not avoid a brief 

and admittedly incompletc prescntation of the main 

elements of ethical discussion. 

Considered judgements 

These are moral convictions in which we have the 

highest confidence and believe to have the lowest 

leve! of bias.1 Wrongness of racial discrimination,

religious intolerance, torture. or slavery are such 

widely accepted considered judgements. Ali ethical 

theories include such considered judgements which 

are as fundamental to ethics as axioms are to math­

ematics. 

Ethical ntles 

These appear similar to considered judgements. 

Such rules are "Speak the truth", "Do not kili", 

"Help another human being". An important differ­

ence from consiclered judgements is that in a proc­

ess called balancing, reality of life may force us to 

abandon one rule in order to comply with another. 

We may decide to override the rule "Speak the 

truth" and nol reveal a positive pregnancy test to an 

overtly aggressive father of a teenager. The rule 

"Do not kili" may be disregarded in self-defonce or, 

if ethical analysis permits us to do so, in helping a 

terminally ill paticnt to die with dignity. The rule 

"Help another human being" has its limitations: 

without them everybody would be obliged to give 

most of the belongings to the poor and physicians 

would be obliged to work regardless of working 

hours and payment. 
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Ethical principles 

These are more abslract than rules and are a bridge 

between rules and ethical theories. An elhical theo­

ry, wilh ils philosophical background defines the 

number and lhe list of principles needed for ils 

conslruclion. As we will see when discussing the 

utilitarian and Kantian ethical lheories, a single 

principle leads to an unrealistic simplification; loo 

many principles do not conlribute to explanatory 

power and clarity of a theory. Pollowing the argu­

ments presented by Beauchamp and Childress-1 and 

Gillon.S. it seems that an ethical dilemma may be 

defined with four basic principles: 

l. Respect .fcJr w1to11omy: a principle demanding

the respecl of lhe decision-making capacities of 

autonomous persons. An integral part of lhis princi­

ple is the right lo be informed: incomplete under­

slanding of a siluation frequently leads to depend­

ence, inferiority and loss 01· autonomy. 

2 No1111wle.ficence: a principle of avoiding the 

causation of hann. Although similar to the princi­

pic of beneficence, the principle or nonmaleficence 

covers a broader range of people: we are obliged 

not lo harm unknown people to whom we liave no 

obligations 01· beneficence. 

3. Bene.ficence: a principle of providing benefits

and balancing benefits against risks and cosls. Por 

its prnctical application, the principle or benefi­

cence has to be specified: towards whom, in what 

circumstances and for which personal sacrifices are 
we obliged to act beneficently? An importanl ele­

ment in these specificalions are lraditional rela­

tions: our obligations are much greater lowards our 

own children, parents, or rriends than lowards un­

known persons. 

4. .!ustice: a principle for dislribuling benefits,

risks and cosls fairly. Limited resources invariably 

lead to a conllicl and a balancing belween the prin­

ciples of beneficence and juslice. The principle of 

justice demands lhat lhe rules for such a process of 

balancing are clearly derined in advance. 

Ethica/ lheories 

Ethical lheories define a system 01· ethical princi­

ples, rules and guidelines. A good lheory salisfies 

eighl condilions: ·1 

l. Claritv: without obscurily and vagueness.

2. Coherence: interna! consistency and devoid 01·

contradictory statements. 

3. Completeness and co111prehe11siveness: focused

to cover ali polenlial dilemmas. 
4. Simplicity: a few basic norms are preferrable

to more norms bul no additional content. 
S. E.rplanalory power: adequate insight to under­

sland moral life. 

6 . .lustification power: a good reason for the jus­
tification of a decision and also ror the rejeclion of 
unacceplable oplions. 

7. Output power: analysis also for new dilemmas
not considered in the construclion of the lheory. 

8. Practicahi!ity: not demanding aclions beyond
physical or social capabililics of most normal indi­

viduals. 
.A survey of all theories which have been pro­

posed as a guide through ethical dilemmas, or or 
related literature would clearly be beyond the scope 
of this shorl presentation: lhe work of Beauchamp 
and Childress -1 is a classical lext offering a compre­
hensive and balanced coverage of the lopics. We 
will only briefly describe lhree groups of ethical 
theories: consequence-based utilitarian lheories, ob­

ligalion-based Kantian or deontological lheories, 
and common moralily theory based on lhe four 
aforementioned elhical principles. 

Utilitarian ethical theories 

These holll lhal actions are righl or wrong accord­

ing to the balance or their good and bad conse­
quences. The question of whether we need rules in 
between lhe elhical lheory and judgement aboul an 
action, or whether we should simply skip the rules 

and follow lhe end result divides ulilitarians into 
"rule ulililarians'' and "acl utililarians". The former 
strive to idenlify rules which, if always observed, 
will lead to overall maximal ulility although lhe 
result in a parlicular case may be suboplimal: the 

latter simply observe each particular action which 

should produce maximal balance of posilive value 

over disvalue, or the least possible disvalue if only 

undesirable resulls can be achicved. 
The weakness of ulililarian lheories is apparenl 

when we realisc lhal lhe aclions lcading to lhe goal 
- maximum balance of posili ve value over disvalue

are ethically unacceptable. Por example, lorluring

prisoners may reveal a network or criminals: medi­

ca! experimenls on mentally incompelenl persons 
may lead to importanl discoveries: the limilation or 

nursing care, or evcn active killing or elderly or 

incurable palients could save resources for lreat­

menl of young patienls with curable diseases. 
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Kantian, obligation-based or deontological theory 

This theory views and judges actions as right or 

wrong exclusively through moral obligations on 

which these actions are based. According to the 

categorical imperative of lmmanuel Kant, "I ought 

never to act except in such a way that I can also will 

that my maxim become a universal law." The con­

sequences of our actions are irrelevant; our desires 

or reasoning based on emotions may indeed annihi­

late the moral value of an action. In addition, Kant 

stressed the unique value and rcspect for every hu­

man being: "One must act to treat every person as 

an end and never as a means only." 

Critics of Kantian deontological ethics maintain 

that the thcory cannot offer advice in practical life, 

where we often have to choose among severa! mu­

tually exclusive obligations. Beyond responsibility 

to a single patient, a physician's obligations may 

include the institution, the rules of a health insur­

ance company and to his or her family. The stress 

on law and obligations on one side, and ignoring 

motivation originating from emotions, friendship, 

or family relations on the other, is the weak part of 

Kantian ethics. 

Principle-based, common morality theories 

These are not based on a single ethical principle. 

While the principle of beneficence is a basis for 

utilitarian ethics, and the principle of autonomy 

may be regarded as fundamental to Kantian ethics, 

the common morality theory seeks a maximal prac­

tically achievable balance among the four princi­

ples: autonomy, nonmaleficence, beneficence and 

justice. No priority is attributed to any of these 

principles; rather, we try to balance between ethical 

"costs" and "benefits" of each of the prospective 

possibilities for action. 

A weakness of the common morality theory is its 

latitude: by choosing appropriate ethical principles, 

many opposing actions may be ethically defenda­

ble. The common morality theory is somehow in 

betwecn a true, philosophical ethical theory and a 

method of ethical analysis. While this theory will 

be unsatisfactory for those who are seeking the 

deep philosophical foundations of morality, it may 

be very helpful in solving practical dilemmas. 

The three steps of ethical analysis 

We believe that the common morality theory, with 

its four principles, offers the best background in 

ethical analysis, and we will refer to it in this sec­

tion. However, the three steps which we now de­

scribe are applicable also in conjunction with any 

other ethical theory. 

1. Ethical assessment of the situation prior to
action

This is the first step. Ali individual and collective 

subjects who are affected by the problem are re­

corded. For each subject, an assessment is made of 

a balance between ethical bene.fits resulting from 

respect of the principles of autonomy, nonmalefi­

cence, beneficence and justice, and the ethical costs 

as a result of the violation of these principles. The 

same action may bring both ethical benefits and 

costs to the same individual: lying about the diag­

nosis of a serious disease may be sometimes bene­

ficial but violates the principle of patient autono­

my. 

2. Possible actions with lheir ethical implications

It is important that ali actions (here including a 

choice of no action) which could influence the pre­

sent situation are recordecl. In preparing such a list, 

advice from an expert may be needed. For each 

action, its influence upon the respect or violation of 

the four principles for ali subjects involved is as­

sessed. Some actions may bring new individuals 

under consideration. 

3. Balancing among ethical costs and benefits and

recommendation for action

The third step is often interdisciplinary. A discus­

sion between physicians and such people as philos­

ophers, psychologists, technical experts, econo­

mists, ecologists, or politicians will hopefully lead 

to a consensus regarding the best course of action. 

Ethical analysis frequently begins with a ques­

tion regarding the ethical acceptability of a certain 

action. Even in such a case, however, ali three steps 

can not be avoided. One can not judge the ethical 

consequences of a certain action without an insight 

into the present state, a state which is often not 

ideal. A proposal for the strict control of private 

clubs advertising sexual pleasures may be easily 

rejected on the grounds of limitation of personal 

autonomy. Nevertheless, such a proposal can only 

be properly assessed in vicw of the costs of a liberal 

policy on the sexual abuse of children or adoles­

cents. Likewise, the ethical acceptability of animal 

experiments in the screening of new drugs depends 
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on the weight of the problem to be solved, and on 

the existence of alternative methods. The serious 

clinical problem of an incurable disease will find 

more support than an initiative motivated solely 

from commercial interests, or the more so if the 

same results could be obtained from celi cultures. 

Our recent discussion on the ethics of genetic 

screening for breast cancer illustrates how cthical 

analysis is applied to a particular problem.'' 

Conclusion 

Our aim was to present ethical analysis in a way 

understandable to a professional without training or 

a deep interest in philosophy. The narrowing of our 

professional interests should not lead us to leave 

medica! ethics to a few specialists in yet another 

medica! speciality. It is critical that we ali partici­

pate in discussions which play a decisivc role in the 

shaping our futurc as profcssionals and as citizens. 
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For il patient with breast cancer and for her adufl relative, genelic counselling will u.rnally increase their 
CJutonom\' and !IICI_\' be hene}!cial. No brne/it Ji1r illlto110111y and markedly negative i1ifluence regarding 
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Introduction 

For many decades. familial predisposition towards 
breast cancer has been recognised as one or the risk 
factors. Recent research has linked this predisposition 
to mutation or particular genes. thus allowing us to 

understand and much more precisely estimate the risk. 
We start this paper with a brief summary or cur­

rent understanding about genetic predisposition to­

wards breast cancer. Then the ethical issues are 
presented and discussed. We conclude by propos­
ing some practically-oricnted cthical guidelines for 
genetic screcning or breasl cancer. 

Genetic predisposition towards breast cancer 

The familial breast canccr syndromes include the 
sile-specific breast canccr. breast cancer with ex-
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Oncology. 1105 Ljubljana. Slovenia. Fax: +386 61 1314 
180. E-mail: mzwitter@mail.onko-i.si
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tremely early onset, the breast-ovarian cancer syn­
drome, the Li-Fraumeni syndrome and some other 
cancers and rare hereditary conditions which are 

associated with an increased incidence of breast 
canccr. 1 Aboul 5 % of ali cascs or breast cancer and 
25 % of those occurring under 35 years of age are 

due to inheritance of mutatio11s in dominant suscep­

tibility genes which confcr a high lifetime risk of 
Lhe disease. 2

A number of molecular abnormalities with a loss 
of heterozygosity havc been described in familial 
and also in sporadic breast cancer. 1 A mutation of 
BRCA I gene on chromosome 17. normally serving 

as a negative regulator of mammary epithelial celi 

growth, is at present considered as the most impor­

tant cause for a genetic predisposition to breast 

cancer.3·5 Mutation of this gene has been found in
most families with multiple cases of breast and 

ovarian cancers. and in about half of the families 

with the early-onset breast cancer.'' BRCA 2 gene 

on chromosome 13 has also been implicated in the 

etiology of some familial breast cancers,7 and other 
niutated genes, linkcd to development or progres­
sion of breast cancer, havc been recently described.8 
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Ethical issues in genetic testing and screening 

In order to give structure to our discussion of the 
ethical issues we will use the method of ethical 

analysis '1 with a simple framework in two dimen­
sions. 10 Thc first dimension speciries the persons 

allected, i.e. the patient with breast cancer, her 

adult relative (who is already in the age group at 

risk for devcloping breast cancer), her minor rela­

tive, and an adult woman without a family history 
of breast cancer. The second dimension specifies 
the relevant value-premises. We will use the two 

principles or autonomy and beneficence. The first 

principle states the moral obligation to respect the 

right to self determination, while the second one 

states thc moral obligation to benefit others, espe­

cially not to harm them. lssues of justice are at the 
presenl state 01· knowledge less relevant. 

l. A patient with breast cancer

Should lhe physician oller genetic testing to a pa­

tienl with breasl cancer'1 Gene diagnostics offers

additional information on prognosis and on proba­
bility for contralateral disease, and may benefit the 

patient and help her reach a rational decision re­

garding follow-up and eventual preventive meas­

ures.; It therefore seems reasonable to assume that 

she would like the physician to infonn her about the 

possibility 01· testing. 
However, a patienl who has been informed about 

her genetic predisposition has hardly any choice but 

to forget about the privacy or her disease and feel a 

strong responsibility for other wornen among her 

relatives. She might feel guilty because or the irn­

plications for her daughters, and would reci obliged 

to inform and perhaps even advise them. But we 

doubt lhat she, in this situation, would be the best 

advisor for her relatives concerning genetic screen­

ing or preventive rneasures. 

To sum up: genetic testing offered to a patient 

with breast cancer would principally be to her ad­

vantage, bolh from the point or view of the princi­

pic of autonomy and the principle of beneficence. 

1-Iowever, a positive result of screening may also

imply ethical costs such as guilt and a loss of priva­

cy (Tabk 1, first row).

2. Ad11/1 Jemale re/ative of' a 11ct1ie111 with breast

cc111cer

A wornan who is in the age group at risk for devel­

oping breast cancer and who has a close relative 

with the disease is nowadays often aware of the 

familial predisposition towards the disease. Testing 

for genetic predisposition will allow her either to 

dismiss her fears, or to reach a rational approach 

towards future preventive or screening activities. 

A positive result of screening for genetic predis­

position may also have adverse effects. The perma­

nent threat of breast cancer may be an unbearable 

burden and a source or extreme concern. Probable 

involvement or psychological factors in the multi­

factorial etiology 01· breasl cancer 1 1 . 12 is explained 

by studies of molecular mechanisrns for stress-in­

duced allerations in susceptibility to cancer: 13 we 

rnay therefore speculate that genetic screening, with 

its possible negative e!Tect on the woman's emo­

tional stability could in fact increase the chances 

that the wornan will actually develop the disease. 

To sum up: to offer testing to the adult relative 

would provide her with an opportunity for more 

rational decisions about screening and eventual pre­

ventive measures, bul a positive result would al­

rnost certainly adversely alkct the quality or her 

life (Table 1, second row). 

3. Mi11orfe111a/e re/ative of' a patient with hreasl

cancer

At present, we can o!Ter no practical advice to a 

child or a woman younger than the age group at risk 
for developing breast cancer. Whether she under­

goes screening or not and regardless the result of 

the test, no activity seems advisable. 

There are two possible outcomes. lf the tests turn 

to be negative, the young relative will be relieved 

of her fears. But a positive rc:sult or testing starts a 

life-long and increasing anxiety. One rnay spect1-

late that the relief of fears is i11significant when 

compared to potential harrnful effects of lhe news 

aboul a positive genetic predisposition: while a teen­

ager tends to accept posilive news as granted, she 

will probably show extrerne concern about even 

minor negative aspects of her body image, or of 

predictions about future life. 

It is natura! to share our secret fears with those 

whom we love. Unfortunately, however, a young 

woman who has told this news to her boyfriend 

may soon realise how weak and full of prejudices is 

the human nature: the news may spread and ad­

versely allect her social life. 

To sum up: testing a young woman for genetic 

predisposition will result in information which has, 
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at present, no practical implications. If the test is 

negative she will experience relief. but a positive 

test would almost certainly have a serious negative 

impact on her emotional stability and social life 

(Table 1. third row). 

4. Ad11/t wo111m1 witho111 a fm11ily historv <4 hreast

cancer

The likelihood of detecting a mutation of BRCAi 

or of another gene predisposing to breast cancer 

among women without a family history is very low: 

less than one among 500 will be positive.2 On the

other hand, breast cancer is a frequent disease, af­

fecting close to I in 10 women in Western Europe 

and North America. 

In the rare instance when the test is positive, the 

benefits and costs to such a woman will be the same 

as discussed under the catcgory of an adult relative 

of a palicnt with breast canccr. I f the res uit is ncga­

ti ve, howcvcr, it will be very dillicult not to leave 

the woman with a feeling that hcr risk of develop­

ing brcast cancer is small. when, in fact ali what a 

negative Lest says is that she is not among those 

very fcw women who, in spite of a negative family 

history, develop breast cancer as a result of their 

genetic predisposition. Such a false fecling of safe­

ty might affect the compliance to lhc established, 

cost-elTective and life-saving programmes of self­

examination and mammographic screening. 

To sum up: testing a woman without family his­

tory of breast cancer will most probably yield a 

negative result, implying an insignificant ethical 

benefit with respect to thc woman's autonomy and 

beneficence. At the same tirne, potential serious 

cost may arise from her false perception of a low 

risk for breast cancer (Table 1, last row). 

Discussion and conclusions 

Many women, and especially relatives of patients 

with breast cancer, are now aware of a high inci­

dence of breast cancer and of the possibility that the 

risk is genetically determined, and the demand for 
genetic counselling and the related screening and 

prevention strategies is increasing."·"' A survey among 

first-degree relatives of ovarian cancer patients re­

vealed that 75 % would dcfinitively want to be test­

ed for a mutation of BRCA I gene. 17 Stili, in spite of 

the efforts to convey an objective information, the 

perception of the true risk for developing the dis­

ease is often very unprecise: 1
' compliance with the 

recommended programmcs for early diagnosis is 

poor; 1
" and psychological distress is often so severe 

that professional counselling is needed.20• 2 1 

It seems that for a paticnt and for her adult rela­

tives, the advantages of testing often outweigh the 

potential disadvantages. This opinion is in concord­

ance with a high leve! of interesi for genetic screen­

ing among adult members ol' families with an ele­
vated risk for breast or ovarian cancer. 17· 22 On the 

other hand, few advantages and severe negative 

effects shift the balance to the opposite side in a 
young woman. The potential harrn induced by ge­

netic screening in this agc group far outweighs the 

benefits. Until something can be done to remove 

the genetic defect, we believe that genetic screen­

ing should not bc done to persons younger than the 

earliest age when the disease may be detected. We 

also see few advantages, and possible costs in test­

ing women without a family history of breast can­

ccr: there may be no puhlic health benefit in screen­

ing the general population for genetic susceptibility 

to common, multifactorial disordersY 

According to a Statement of The American Soci­

ety of Human Genetics,24 genetic testing for breast

Table l. Ethical cosls and bcnclils ol' testing for gcnetic predisposition f'or breasl cancer. As a base-line, no such lesting is 
assurned. 

� � � 

A palient with 
breasl canccr 

An adull l'ernale 
relative 

A rninor t'ernale 
relative 

Adull wornan 
without a family 

history of breast 
cancer 

AUTONOMY 
Benel'its and 

possiblc cosls 
Benefits 

Neither benel'its 
nor costs 

lnsignificanl 
binefits 

BENEFICENCE 
Benel'its and 

possible costs 
Benefils and 

possible costs 
Minor benef'its 
or severe cosls 

lnsignificant benelils 
and potential serious 

costs 
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cancer predisposition is not a routine, and it is 

premature to o!Ter population scrccning. A clear 

indication for testing can be l"ound only in families 

with a mean age at diagnosis of less than 45 years, 

and controlled studies are urgently needed to assess 

the value of the recommended screening protocols. 25•2" 

An important issue in testing for a genetic predis­

position is the psychological harm caused by an 

embarrassing information which is accompanicd by 

an unprecise practical advice.20
· 

21 While we share 

this conccrn, the aim of this report is to show that 

neither of the two extremc positions regarding ge­

netic scrcening may be generally acceptable. Care­

ful weighting of the ethical costs and benefits in 

applying these procedures may identify groups of 

women J'or whom the procedure secms advisable, 

and others in whom thc cthical cost is prohibitivc. 

This clearly applies to the present stale of knowl­

edge: il' removal or the gcnetic defect becomcs 

possiblc or il' targetcd mcthods or prevention be­

come available, ethical evaluation will lead to a 

dilTerent conclusion. 
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Seventh international symposium on Neutron Capture Therapy 

for cancer 

September 4-7, 1996, Zurich 

The Symposium was organized by thc Paul Sherer 

Institute and University 01· Zurich on behalt· of the 

International Society for Nculron Capture Therapy 

and has gathered some 300 scienlists and clinicians 

from some 30 countries . Due to the very selected 

topic of the symposium, the majorily of lhe presen­

tations either oral or poslers were devoted to differ­

enl aspects of Neutron Capturc Thcrapy (NCT). 

The scientists were galhercd dealing with physicaL 

chemicaL biological and clinical problems associ­

ated with NCT. 

In its principle NCT is bimodal therapy. It is 

based on seiective accumulation of the agents which 

become cytotoxic only when activatcd by some form 

of radiation. Therapy could be confined to lhe cho­

sen rcgion of the activaling irradialion, independcnt 

of the distribution of the targeting agent. The besl 

known example of this principlc is boron neulron 

capture lherapy (BNCT). The bcginnings of BNCT 

are in 1936 when Lochner suggested lhal neulron 

caplurc reaction on boron-1 O could bc used in can­

cer treatmcnt. Boron-1 O, which is a stablc isolopc 

could bc linkcd or incorporated inlo a substance 

that has affinily to lhe tumor cells and lhe tumor 

area irradiatcd wilh thermal neutrons. Thc neutron 

caplure rcaction in boron lcads to lhe prompt cmis­

sion of lilhium and hclium parliclcs, which rcleasc 

thcir kinctic cnergy wilh lcss lhan I O mm from the 

reaction sitc. 1-lcnce, if boron carricr with high tu­

mor-specific uplake can be found, lhis lechniquc 

may providc a '"magic bullct" thal kills only lhe 

tumor cclls with boron uptake, whil.e sparing thc 

surrounding boron-free healthy lissue. 

According to lhcsc principlcs or NCT it is cvi­

dent which are lhc major obslacles to broader clini­

cal application of thc therapy. M,tjor problems are 

tumor targcting 01· the boron-1 O containing sub­

stances and lheir activation wilh adequate neutron 

sources. 

From the centers lirnl are involved in NCT Japa­

nese have the most expericnce. They have per-

formed already severni clinical lrials and demon­

stralcd that NCT is feasible for treatment of neu­

roblastoma and malignant melanoma tumors. Fol­

lowing their pioneering work, centers in USA and 

in Petten in Europe have done a lot of work in this 

field, which has or will soon lead into the treatment 

of the first patients on trans-national scale. 1-lowev­

er, except lhese rcaclors already mentioned there 
are 1 1 centcrs ali around the world thal have pur­

sued lo start with the NCT. Slovenia is also one of 

them, preparing the TRIGA Mark II reactor for the 

NCT sludies. The aim of the project is to develop 

some new approaches in targeting the boron- I O con­

taining substances to the tumors, in order to in­

crcase therapeutic gain of thc NCT. 

New developments in preclinical studies on NCT 

are according to the reports on the symposium in 

the fields of biology, chemistry and physics. Biolo­

gy or the NCT is largely dependcnt on biodistribu­

tion of boron containing substances. One of the 

dircctions mcntioncd was to scarch for new com­

pound that are more specific for tumor cells, such 

as the boronophenylalanine ( BPA). This is a sub­

stance lhat is specific for lhc melanoma cells, bul 

lhe problem wilh the substance is that it is not 

readily soluble. Therefore, new analogues are sought 

to find the analogue with high water solubilily and 

good specific accumulation in tumor cells. In treat­

menl of glioma ll!mors sulfl1ydril boron hydride 

(BSH) is already well establishcd. It is well water 

soluble but stili there is not enough ils accumula­

tion in the tumor tissue. In orcler to increase the 

boron uptake in the brain lurnors new strategies are 

soughl. On of them is to invasively approach with 

intraccrebral infusion. This approach was alrcady 

reported, but with limited success, because distri­

bution within the tumors was not even. The other 

invasive approach is to disrupt blood brain barrier, 

which is the major limiting factor for the delivery 

of boron compounds into the brain tumors. Anoth­

er possibility is to injecl substances into carotid 
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artery. The pharmacological approach could be to 

incorporate the boron containing substances into 

the tumors, or to search for smaller molecules. Nei­

ther of the lwo approaches has produced any posi­

tive results. Biology in NCT is directed also to 

radiation oncology. Predictive assays for the NCT 

studies are highly needed. Unfortunately in this 

fielcl, similarly as in radiation biology, many at­

tempts were undertaken bul with limited success. 

lmportant are also imaging assays, to develop a 

system that would with high accuracy detect boron 

distribution in the tumors. This is important be­

cause relati ve biological effecti veness of NCT is 

proportional to the boron content in the tumors. 

Some computer programs, coupled to boron detec­

tion in the tumors in vivo, are already operable. 

These programs help with treatment planning of the 

patients and are in essence similar to classical trcat­
ment planning in oncology. Vcry few were the con­

tributions from the field of molecular oncology in 

NCT. Fortunately our contribution of dr. D. Novak 

was one or them. Shc has produced monoclonal 

antibodies with high speciricity to breast carcinoma 

cells, with cross reactivity for melanoma cells. 

These monoclonal antibodics couplcd with BSH 

proved to be very effcctivc in targeting boron to 

tumor cclls, and also proved cffcctivc in NCT study 

in vitro. It was stressed in thc symposium that it is 

neccssary to attract more molecular biologists and 

radiobiologists into the rieltl to furlher dcvelop this 
new treatment modality. 

In the rield 01· chemistry therc wcre fcw original 

contributions. Thcrefore in the concluding remarks 

it was stressed that this is the rield that is not 

devcloping fast enough, and does not follow the 

needs of the NCT. Search for the analogues of the 

already known compounds continues, as already 

mentioned, but there is litLle effort put into devel­

opment 01· new compounds that would be specific 

also for other tumors. 

In the field of physics tile following topics were 

discussed: neutron sources (reactors, accelerators, 

cyclotrons), dosimetry and microdosimetry, dose 

planning. The rcquirements for an acceptablc neu­

tron source for NCT are rather scarce in terms of 

the need to provide sullicient epithermal neutrons 

(0.4 eV to 10 KeV, flux 0.84 x 10'' ncpi/cm2sec·') to 

a patient's accessible location in a reasonable tirne 

with minimal thermal neutrons, fast neutrons or 

gamma ray background. Besides the epithermal neu­

trons from high nux reactors applied for the medi­

ca! treatment, thermal neutrons from the much 

smaller and less expensive low power research re­

actor (as TRIGA Mark II 250 KW) have an impor­

tant role in the further development and application 

of NCT, was stressed in concluding remarks. The 

research group from Finland reported how they suc­

ceeded to adapt TRIGA Mark II research reactor. 

The neutrons are moderateJ into the epithermal 

range using a patented material. Thc facility does 

not have any bcam shutter between the core and the 

moderator, so thc output of the beam always fol­

lows thc power or the reactor. Therefore, the alter­

native looks as follows: simple, cheap, safe reactor 

of low power with expensive filter or powerful, 

expensive and potentially more dangerous reactor 

with simple and cheap filter. Por reasonable choice 
between these varianls a deeper technical and eco­

nomical study is necessary. In the poster session 

our research group from TRIGA Mark II reactor 

presented the development of the radiation facility 

using Monte Carlo simulatio11 code MCNP4A. With 

information on symposium our project team is en­

couraged to continue the research with small pro­

gram corrections. 

Clinical aspect or NCT was dominated by the 

groups thal already pcrform NCT studies. Japanese 
groups have thc treatment already as established 

treatment modality and are therefore leading groups 

in this ficki. They treat both, glioma and melanoma 

patients, with high success rale. However, the suc­

cess 01· the treatment is stili not very convincing 

compared to standard radiothernpy treatment. They 

have demonstrated llrnt in treatment of malignant 

melanoma patients they havc more success than 

with glioma patients, especially because the tumor 

lesions are easier to access with radiation in melano­

ma patients than in glioma patients, and because of 

the development of the BPA substance that is high­

ly specific for melanoma cells. The American 

groups have so far treated 19 cases of glioma tu­

mors. Therefore, their experience in NCT is much 

snrnller, but their clinical trials are more strict and 

well planned. Thc discussion about the fractiona­

tion in NCT is contradictory. The American groups 

argue that fractionation is not necessary, however 

the European study has foreseen in protocol frnc­

tionation. In Europe first clinical tria! will hegin 

soon in EORTC protocol as plrnse I clinical tria!. 

Bcfore the rirsl paticnts will he irradiated in Petten, 

pharmacological studies on BSl -I in patients have 

been done. The purpose of the tria! is to treat glio­

ma patients from severni centers in Europe in Pet­

ten. Arter tedious administrative obstacles, which 
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have been overcome lately, the first patients are 
schecluled to be irradiated in Pellen by the end of 
this year. Slovenia has not succeedcd to enler into 
thc phasc I tria!, but will most probably cnter the 
phase II tria! and senci some of thcir patient to be 
treated in EORTC protocol. 

In conelusion, the developments in NCT are prc­
dominantly in radiophysics, radiobiology and trcat­
ment planning, however lcss in the chemistry. The 
NCT is stili in its dcvelopmental phase bul is at-

tracting many new scientists that feel this is an 
topic which has perspeetives. In the light of this 
developments, also Slovenian projcct has high hopes 
to contribute some insights into NCT. We all hope 
that in the next rneeting in USA in 1998, progress 
in NCT will be scen. 

Gregor Serša Ph.D. 
proL Janez Škrk Ph.D. 

Institute 01· Oncology, Ljubljana 
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In memoriam 

Prof. Krsto Kolaric 

Prof. Krsto Kolaric, Ph.D., lert LIS rorever on 

April 28, 19%. 

The severe illness which he lrnd bravely fought 

for severni years finally gained lhe L1pper hand. He 

left LIS almosl imperceptibly, as il" he had come to 

lerms wilh lhe inevitable. 

He was bom in Koprivnica on May 22, 1928. He 

finished high school in Zagreb, where he also grad­

ualed from lhe School of Medicine or lhe Universi­

ty in 1953. In 1963 he compleled his specialization 

in interna! medicine at the Military Hospital in 

Zagreb, where he later became Head or the Hema­

lology Division or the Medica! Department. In 1972 

he joined the Central lnslitL1le for Tumors and Al­

lied Diseases. 

1-lis etforts were instrumenta! in the establish­

ment, over the past 24 years, or the medica! oncolo­

gy nucleus which has had a 1m�or impad on the 

development or this medica! subspeciality in Croa­

tia. He founded the Chemotherapy and Medica! 

Oncology Service of the Institute ror Tumors in line 

with modem principles. He inlrodL1ced solid tumor 

polychemotherapy, and modem clinical testing 

principles in the treatment or solid tumor patients, 

into Croalian medicine. The Chemotherapy and 

Medica! Oncology Service and the Central Institute 

for Tumors (now the University Hospital for Tu­

mors) became the venue of 111any European polyc­

entric clinical trials, many of which were designed 

in Zagreb. 

Prof. Kolaric was a member or a dozen European 

and overseas oncological associations, among which 

parlicular mention should be made of the American 

Society of Clinical Oncologists (elected member), 

the European Society for Medica! Oncology and the 

European Association for Cancer Research. He was 

an honorary member of the Hungarian Oncological 

Society. Prof. Kolaric has coauthored ten foreign 

books on solid tumor chemotherapy, and was one 

of the editors and authors of the first book on solid 

tumor chemotherapy to appear in Croatia, The Che-

1110/hernpy 1Jf" Malignant Solid T1111wrs, published in 

Zagreb in 1982. He was a consultant of the World 

Health Organization. He took part as invited lectur­

er in many international scientific meetings and 

conferences. Prof. Kolaric was also the M.S. and 

Ph.D. thesis supervisor of quite a few young re­

searchers. From 1991 to his death he was the edi­

tor-in-chicf of the Croatian oncological journal Libri 

Oncologici. In 1986 he was appointed Professor at 

thc Interna! Medicine Chair of the School of Medi­

cine, University of Zagreb. 

Prof. Kolaric published more than 200 scientific 

and lechnical papcrs, half or thc111 in leading for­

cign journals. He was one of the most frequently 

quoted Croatian scienlists in international scientific 

publicalions. Thcrc was hardly a European country 

in which he did nol have close contacts with lead­

ing oncologists, and he also exchanged his experi­

cnce wilh many American oncologists. He travelled 

throughout the world promoting lhe achievcment or 

Croatian medicine and contributing to the scientific 

irnage or Croatia. 1-Ic hclped many colleagues, also 

beyond Croatia's fronticrs, in their scientific and 

professional advancemcnl, and he fostered parlicu-
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larly close relations with his colleagues in Slove­

nia. He was a masterly scientist with a particular 

feeling for <letecting the essence of a scientific prob­

lem an<l designing a new research project on that 

basis. He was obliging, cordial, well-meaning, ready 

to help, to teach, but also to rcpriman<l when he 

thought it necessary. He always welcomed the suc­

cess of his younger associates. 

He devoted the last years of his life to Clinical 

Oncologv, a project into which he had investe<l all 

his effort and knowledge; unfortunately, he did not 

live to see the publication of this major work of 

Croatian oncology. 

We have !ost so much with the premature death 

of our esteemed colleague, teacher and dear friend, 

but his professional and scientific work has left an 

indelible trace in medica! onoclogy. 

Zagreb, July 1996 Anton Roth 



Radio/ Onrnl 1996: 30: 319-20. 

Notices 

Notice.1· submitted.f<Jr publication should contain a mailing address, phone mi.dlorfax num.ber of" 

a con.tact person or departm.ent. 

English for cancer conference 

April 3-7. !997. 

The ESTRO endorsed teaching course will lake place in 

Edinburgh. Scotland. UK. 

Contacl John Maclcan. lnslitulc l'or Applied Language 
Studies. University of Edinburgh. 21. Hill Place, Edinburgh 
EHS 9DP. Scotland. UK: or call +44 131 650 6200: or fax 
+44 131 667 5927.

Tumour hiomarkers 

April /.f.- /6, /997. 

Thc ESO advanced course "Tumour Biomarkers: Metho­
dology and Clinical Significance" will be held in Venice, llaly. 

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

Paediatric Oncology 

April 23-25. I 997. 

Thc lnternational congrcss of the UK Children's Cancer 
Study Group "Childhood Cancer into thc 21 st Century" 
will take place in Birmingham. UK. 

Conlact UKCCSG: or call +44 1794 511 331: or fax +44 
1794 511 455. 

Molecular genetics 

April 23-27. 1997. 

Thc ESO advanced course "Molecular Genetics in Solid 
Tumours l'or Clinical Oncologists" will bc offered in Ascona, 
Switzerland. 

Contact European School oi' Oncology, Via Ripamonti. 
66, 20141 Milan, ltaly; or call +39 2 57 305 416; or fax +39 
2 57 307 143. 

Genito-urinary tract tumours 

April 25-26. 1997. 

Thc ESO training course will be held in Buenos Aires, 
Argentina. 

As a service /o our readers, 11otice,\' t?{ meeti11gs or courses 

wi/1 be inserted .fi"ee o( c!wrge. P/ease sen/ i11/im11atio11 to 

r/Je Edilorial of1ice, Radiolog_,· //Jul Onrnlogy, Vrazov fig 4, 

SI-! 105 I .Jub(jana, S/m•enia. 

Contact ESO Latin America, Dr.A.Rancati, Av. Las Heras 
1666, 1 O 18 Buenos Aires. Argentina: or call +54 1 8141 
129: or fax +54 1 8141 129. 

Genito-urinary tract tumours 

April 27-28. / 997. 
The ESO training course will be held in Montevideo. 

Uruguay. 
Contact ESO Latin America. Dr.G.Farante, Via Ripamon­

ti, 66, 20141 Milan, ltaly: or call +39 2 57 305 416: or fax 
+39 2 57 307 143.

Oncology 

May. /997. 

The ESO training course "Diagnostic and Therapeutic 
Radiology in Oncology" will be held in Moscow, Russia. 

Contact ESO Russia and Community of lndependent Sta­
tes, c/o CSC Ltd., Mrs. Mira Vukclic, Heiligenstaedter Stras­
se 395b. 1190 Vienna, Austria; or call +43 1 3188 466; or 
rax +431 3188 466-20. 

Brachytherapy 

May 5-7. /997. 

The "Annual Brachytherapy Mceting GEC-ESTRO" will 
bc held in Stockholm, Sweden. 

Contact the ESTRO oflicc, Radiotherapy Department, 
University Hospital Gasthuisberg, Herestraat 49, B-3000 
Leuven, Belgium: or call +32 16 :<4 76 80; or fax +32 16 34 
76 81. 

Gynecological cancer 

May 7-9. /997. 

Tlie ESO training course will be offered in Nicosia, Cyprus. 

Contact ESO Balkans and Middle East Oflict\ c/o Egnatia 

Epirus Foundation, 7 A Tzavella St., 453 33 loannina, Gree­

ce; or call +30 651 72315/76992; or fax +30 651 36695. 

AIDS 

May 8-10 , 1997. 

The ESO advanced course "AIDS Related Malignancies" 

will bc offered in Milan, ltaly. 



320 Notices 

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

Medica! oncology 

May 15-16, 1997. 

The ESO training course "Practical Problems in Medica! 
Oncology" will be hel<l in Miami, USA. 

Contact ESO US Officc, Mrs. Giltla Zane, AICF, 872 
Ma<lison Avenue, Suite 2B, New York. NY 10021, USA: or 
call + 1 212 6289 090; or rax + 1 212 5176 089. 

Oncology 

May 17-20, /997. 
The "ASCO Spring Meeting" will be olTere<l in Denver. 

CO. USA. 
Contact ASCO Headquarters, 435 North Michigan Av., 

Suite 1717, Chicago, USA: or call + 1 312 644 0828; or fax 
+ l  312 644 8557.

Paediatric pathology 

May 22-28, 1997. 

The ESO training course will be offered in loannina, Greece. 
Contact ESO Balkans an<l Mi<ldle East Oflice, c/o Egnatia 

Epirus Foundation, 7 A Tzavella St„ 453 33 loannina, Gree­
ce: or call +30 651 72315/76992: or fax +30 651 36695. 

Paediatric oncology 

May 26-30, /997. 

The ESO training course will be offere<l in Halki<liki, 

Thessaloniki, Greece. 

Contact ESO Balkans an<l Mid<lle East Office, c/o Egnatia 

Epirus Foun<lation, 7 A Tzavella St., 451 33 loannina, Gree­

ce; or call +30 651 72315/76992; or fax +30 651 36695. 

Breast cancer 

May 29-31, 1997. 

The ESO a<lvanced course "Breast Reconstructive Sur­

gery" will be hcld in Paris, France. 

Contact European School of Oncology, Yia Ripamonti. 

66, 20141 Milan, ltaly; or call +39 2 57 305 416; or fax +39 

2 57 307 143. 

Psychology - oncology 

May 30 - J1111e /, 1997. 

The ESO training course will be offered in loannina, Greecc. 

Contact ESO Balkans and Middle East Office, c/o Egnatia 

Epirus Foundation, 7 A Tzavella St., 451 33 loannina, Gree­

ce: or call +30 651 72315/76992; or fax +30 651 36695. 

Imaging diagnosis in breast cancer 

May 31 - .lune/, /997. 

The ESO training course will be held in Buenos Aires, 

Argentina. 

Contact ESO Latin America, Dr.A.Rancati. Av. Las Heras 

1666, 1018 Buenos Aires, Argentina: or call +54 1 8141 

129; or l'ax +54 1 8141 129. 

Reviewers in 1996 

Berden P, Ljubljana - Bergant D, Ljubljana - Boko H, Zagreb - Bračko M, Ljubljana - Brenčič E, 
Ljubljana Budihna NV, Ljubljana - Burger J, Ljubljana - Cerar A, Ljubljana - Čemele P, 
Ljubljana - Čufer T, Ljubljana - Debeljak A, Golnik - Debevec M, Ljubljana -- Dodig D, Zagreb -
Eržen J, Ljubljana - Flis V, Maribor - Franceschi S, Aviano - Gadžiev EM, Ljubljana - Golouh R, 
Ljubljana - Hojker S, Ljubljana - Horvat Dj, Zagreb - Horvath L, Pecs - Huljev D, Zagreb -
Jančar B, Ljubljana - Jereb B, Ljubljana Jereb M, Ljubljana - Kladnik S, Ljubljana - Kocijančič 
I, Ljubljana - van Lingen A, Amsterdam - Lovrenčic M, Zagreb - Maškovic J, Split - Milčinski 
M, Ljubljana - Miličic P, Zagreb - Orel J, Ljubljana - Peršič-Fahmi M, New Castle - Podgoršak 
EB, Montreal - Primic-Žakelj M, Ljubljana - Prodan M, Ljubljana - Robar V, Ljubljana - Roos 
JC, Amsterdam - Rubinic M, Rijeka - Russo A, Aviano - Sack H, Essen - Schwarzbartl-Bizjak M, 
Ljubljana - Snoj M, Ljubljana - Škrbec-Jamar B, Ljubljana - Škrk J, Ljubljana - Šurlan M, 
Ljubljana - Šuštaršič J, Ljubljana - Tepeš B, Rogaška Slatina - Umek B, Ljubljana - Vidmar S, 
Ljubljana - Zorn B, Ljubljana - Zwitter M, Ljubljana 

Editors greatly appreciate the work of the reviewers who significantly contributed to the improved 
quality of our journal. 
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Henze E: 1/14-9: 2/104-7. 2/108-12; 3/177-81. 

3/182-8 
Hirsch FR: 3/194-204

Horvath L: l/66-7

Hsia JY: 4/268-70 
Hsu CP: 4/268-70 
Hsu NY: 4/268-70

lvanovi-Herceg Z: 2/89-94 

.lakšic B: 3/205-9 
Jančar B: 3/214-7 
Jelenc F: 2/ l 00-3 
Jenko-Fidler M: 3/205-9, 3/228

Jeppesen N: 3/194-204 
Jereb B: 1/25-31: 2/142; 3/227

Jereb M: 2/142

Jonic N: 1/41-5 
Juretic M: 1/5-8 

Kališnik M: 3/233-4

Kal manti M: 2/134-7 
Kambourakis A: 2/ 134-7 
Kanvaros P: 2/ 134-7 
Karadža J: 1/32-5 
Karner I: 2/1 13-5 
Kharlchenko VP: 1/36-40 
Kladnik S: 4/249-54 
Kiinig M: 3/177-81 
Košak R: 2/ l 16-9 
Kotnik V: 1/20-4

Kouzmine IV: 1/36-40

Kovač V: 1/46-54; 4/375-80, 4/386-90

Koželj M: 3/165-70 
Kranjec I: 2/95-9; 3/ 165-70 
Kremž.ar M: 3/205-9 
Kulzner D: 1/14-9 
K wang PC: 4/268-70 

Labar B: 1/41-5 
Lohman M: 2/143
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Lydaki E: 2/ 134-7 

Majeric-Koglcr V: 1/32-5 
Mandic A: 1/41-5 
Mai,uranic I: 2/89-94

Milanez T: 2/116-9 
Milčinski M: 4/249-54 

Nilstun T: 4/311-4 
Novak J: 3/205-9 
Novakovic S: 4/260-7

Palk6 A: 1/68

Pavan G: 3/171-6 
Petrič-Grabnar G: 1/25-31: 3/205-9 
Plesničar AF: 4/275-80 
Poclgoršak EB: 2/ 138-41: 3/218-23 
Pokorn D: 3/189-93; 4/281-5

Polovic A: 3/ 171-6 
Popovic M: 1/25-31 

Roič G: 4/245-8

Roth A: 4/318-9 

Sarlos G: 3/266-7

Senčar M: 3/205-9 
Seral'imov N: 4/255-9 
Scrša G: 4/314-6

Sever M: 2/100-3

Simova N: 4/255-9 
Sippel CH: 1/14-9; 3/182-8 
Slohodnjak Z: 1/32-5 
S moje J: 2/ 113-5 
Sok M: 1/55-7

Stauch G: 3/ 177-81 
Stein V: 2/104-7 
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Stiakaki E: 2/134-7

Strojan P: 1/25-31; 2/120-33

Šikic N: 3/171-6

Škrgatic M: 4/245-8 
Škrk J: 4/314-6 
Šmit F: 4/245-8 
Šumi-Križnik T: 3/205-9 
Šurlan M: 2/100-3 
Šustic A: 1/5-8

Taclžer IS: 4/255-9 
Teichert V: 2/104-7 
Tinnemeycr S: 1/14-9: 2/104-7: 3/182-8 
Topuzovic N: 2/ 113-5 
Tutek Z: 3/171-6 

Uršič-Vrščaj M: 3/210-3; 4/271-4

Včcv A: 2/113-5 
Vcrcsc A: 3/225

Vidmar D: 2/100-3 
Vladovic-Rclja T: 1/32-5

Vodnik-Cerar A: 3/205-9 
Vovk M: 3/205-9

Vrhovec S: 4/298-305 

Wang 1 -l: 1/58-65; 4/291-7

Woll'H: 1/14-9; 2/104-7; 3/177-81, 3/182-8 

Zakotnik 13: 3/205-9, 3/214-7

Zankovski C: 2/138-41

Zidar A: 3/214-7 
Zwitter M: 4/306-9, 4/310-3

Žgal_jardic Z: 1/5-8 
Župančič N: 1/25-31 
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ahsolute dosimetry: 2/138-41 
acriclinones: l /14-9 
adenoma therapy: 4/255-9 
angioplasty, bali on: 1 /9-13 
angioplasty. transluminal. percutaneous coro­

nary adverse elTects: 3/165-70 
antineoplastic agents adverse elfects: 1/46-

54; 4/286-90 
antraquinones: 1/14-9 
autologues IgG. Te lahelcd scintigraphy of in­

lfammation - radionuclide 1maging: 4/249-
54 

biopsy: 2/89-94 
hiopsy. needlc: l /5-8 

bone neoplasm secondary. osteomalacia. di-
agnosis. diffcrential: 3/214-7 

brain mctastases: 3/194-204 
brain neoplasms: 1/25-31 

- hreast ncoplasms: 1/14.9; 2/104-7
- brcast neoplasms genetics: 4/31 1-14

- breast neoplasms - secondary: 4/275-80

carcinoma. hronchogcnic: 1/32-5 
carcinoma chcrnically induced: 1 /20-4 
carcinorna - diagnosis: 4/275-80 
carcinorna. Ehrlich turnor: 2/ I 16-9 

carcinoma. small celi: 3/194-204 
carcinoma. squarnous celi: l /5-8 
careinoma - lrcatment: 4/275-80 
carcinosarcorna: 4/268-70 

cathcpsin: 2/120-33 

cholccystectomy: 3/ 171-6 
chromosome aberrations: 4/298-305 

coronary angiography - adversc effects: 3/ 165-
70 

cyclosporine: l /20-4 

deoxyglucosc, 1xF-l'luorodeoxyglucose: 2/104-
7 

dexoruhicin: 3/ 177-81 
clrai nage: 2/100-3 

dyc dilution lechnique: 3/189-93 

electrons: 2/138-41 

estrogen: 3/210-3 
- estrogen rcplacemenl thcrapy: 4/271-4

ethics, cthical analysis: 4/306-1 O

ethics, instilulional: 4/306-1 O

ethics. medica!: 4/311-4

euglycemic hypcrinsulinism: 2/104-7

l'crnoral vein ultrasonography: 3/ 165-70 

l'ollow-up sllldies: 4/255-9 

Gardner's syndrome. thyroiditis, autoimmune: 

2/ 1 13-5 

gastric emptying: 3/ 189-93 

gene therapy: 4/260-7 

gcnctic screening. cthies medica!: 4/311-4 

gcrminorna: 1/25-31 

heart cathetcrization. contrast meclia: 2/95-9 

heart radionuclide imaging: 3/177-81 

hippuran clearancc, modified Obcrhausen tcch­

nique, scaller correction: 3/ 182-8 

histiocytosis. Langcrhana-ccl 1: 2/ 134-7 

Hmlgkin's disease: 3/205-9 

lgG diagnostic use: 4/249-54 

inl'crtilily male: 1/46-54, 

inl'crtilily male - prevenlion: 4/286-90 

intraoperative cholangiography, retained 

stones, negative common bile duel explora­

tion, cryteria: 3/ 171-6 

intraoperative period: 3/ 171-6 

iodinc radioisolopes: 4/255-9 

iodohipporic acicl: 3/182-8 

kidney l'unction tests: 2/95-9 

lcukaemia, pncumoperitoncum: 1 /41-5 

!iver neoplasms - surgcry: 4/245-8

lung cliseases, interstitial: 1/36-40

- lung diseases. interstitial - palhology: 2/89-

94

Jung neoplasrns drug therapy: 3/194-204 

lung neoplasms - surgcry: 1/32-5, 1/36-40 
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lymph node excision adverse effects: 4/286-
90 

lymph nocle -ultrasonography: 1/5-8 

lymphocytes: 4/298-305 

medica!: 4/306-1 O 

melanoma, melanoma -sccondary: 4/275-80 
menopause: 4/271-4 

metabolic clearance rate: 3/ I 82-8 

mcthyl cholantrene: 1/20-4 

mice: 1 /20-4; 2/ I 16-9 

rnicronuclei: 4/298-305 

Monte Carlo methocL quantum theory: 4/291-7 

1110011: 1 /55-7 
mouth neoplasms: 1/5-8 

myocarclial ischemia: 2/ 108-12 

myocarclial metabolism: 2/ I 08-12 

myocardium -drug e!Tects: 3/177-81 

N-mehyl-N-nitrosoguanidine: 3/ 189-93

neoplasms: 2/ 120-33; 4/281-5, 4/286-90
-neoplasms. brcast neoplasms: 4/271-4

-neoplasms -radiotherapy; 3/218-23

-neoplasms -therapy: 1/46-54; 4/260-7

Newcaslle diseasc virus: 2/216-9

osteomalacia: 3/214-7 

pancrcatic pseudocyst: 2/ 100-3 

photons: 2/ 138-41; 3/218-23 

pneumatosis inlestinalis: 1 /41-5 

pneumothorax: 1/55-7 

polystyrene: 2/ 138-41 

portal imaging: 1/58-65 

prognosis: 2/ 120-33 

prognostic value: 3/205-9 

public policy: 4/306-10 

quantum theory: 4/291-7 

rabbits: 3/177-81 

racliation closage: 2/ 138-41 

radiography -mcthods: 4/291-7 

radiotherapy: 1 /58-65 

- radiotherapy adverse effects: 1 /46-54: 

4/286-90 

-radiotherapy -dosage: 3/218-23

reccurence: 1 /25-31

renal artery obstruction: l /9-13

renal artery ultrasonography: l /9-13

replaccment therapy: 3/210-3

sarcomatoid carci noma: 4/268-70 

scatlcrccl, radiation: 3/ 182-8 

selenium: 4/291-7 

sistcr chromaticl cxchangc: 4/298-305 

staging laparotomy: 3/205 

stomach: 2/100-3 

- stomach diseases -chemically induced: 3/

189-93

surgcry -adversc cffecls: l /46-54; 4/ ... -... 
-surgcry -advcrse c!Tccls. treatment infcr-

tility male: 4/ ... -...

survival ratc: 2/116-9 

technetium -diagnostic usc: 4/249-54 

thall ium raclioisotopcs: 1 / 14-9 

-thallium radioisotopes, '01 TI: 2/104-7

lhoracic racliography: 2/89-94

thymus ncoplasms: 4/268-70

thyroid neoplasms: 2/ 1 13-5; 4/255-9

lomography, emission-computed, positron 

emission tomography, PET: 2/ 108-12

tomography. x-ray computccl: 4/245-8

tomography, x-ray compulecl methocls: I / 

58-65

tumor vaccines: 4/260-7 

tumour cclls. cultured: 1/14-9: 2/104-7 

ultrasonography: 3/ 165-70 
-ullrasonography, Doppler, duplex: 1/9-13

vegetarianism, vegclarian diet: 4/281-5 
verapamil: 3/177-81 



International Conference 
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SLOVENIAN - CROATIAN MEETING ON MOLECULAR ONCOLOGY TODAY 

Gozd Martuljek, Slovenia 
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Stereology and Quantilative Irnage Analysis, Faculty or Electrical Engineering, Universily or 

Ljubljana, Institute Rudjer Boškovic, Zagreb 
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Biophysics and Biology of Tumors 

MAINTOPICS 

Experirnental Oncology 
Diagnostic and Prognostic Factors in Oncology 

Molecular Oncology 
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MR lmaging 
EPR Spectroscopy 

Funclional Electrical Slimulalion 
Physiology 
Mernbranes 

lmage Analysis 
New Tcchnologies 
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Gregor Scrša, Institute or Oncology, Dcpt. or Tumor Biology, Zaloška 2 
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Fax: (+386 61) 131 41 80 
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MATERIALNO SPODBUJATI IN POGLABLJATI RAZISKOVALNO 

DEJAVNOST V ONKOLOGIJI. 

MESESNELOVA 9 

61000 LJUBLJANA 

TEL 061 15 91 277 
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FONDACIJA 
DR. J. CI-IOLEWA 

Activity of "Dr. J. Cholewa Foundation" for cancer 

research and education - report for the first and second 

quarter of 1996 

"Dr. J. Cholewa Foundalion" l'or eaneer research and educalion conlinues ils 
activiLy in Lhe third quarler or 1996 as ouLlined al Lhe meetings or Lhe executive 
ancl scientilic councils or the Founclation at the end or 1995, albeil at a slighlly 
slower pace, as it can he expected in Lhe summer monlhs. 

The meeting or Lhe assembly or the Founclation Look place in Lhe ene! or .Tune, 
1996. The Foundation is prnud to announce thal severni new members or Lhe 
executive council were presenl al Lhis meeting. Ali new members or the execu­
Live council were unanimously elccted Lo this position, ancl in Lhis way Lhe 
council is now composed of experls in various l'ielcls or oncology l'rnm alrnosl all 
major and important inslitutions in Slovenia Limi spend al lcasl parl 01· their 
acLiviLy in cancer research and educalion. Members or Lhe executive council also 
conlirmed Lhe reporl on Lhe financial situation in Lhe Foundation, as presented hy 
Lhe Presidenl of Lhe Foundation. 

Another imporlanl milestone in the developrnenl or the aclivity or Lhe Founda­
tion is represented by Lhe meeling helween its representatives and high leve! 
onicials frorn European School or Oncology frorn Milan. The meeling Look 
place slightly al'Ler Lhe assemhly of Lhe Foudation, ancl specific points of the 
collahoration hetween Lhese Lwo inslilutions were discussed. Severni inleresling 
initiatives were investigated, one or the more imporlanl being Lhe possible inlen­
si lication of some of the publishing activity or the European School of Oncology 
in Ljubljana. Details of the various initiatives in the collaboralion between these 
two institutions will he further discussed in Lhe coming monlhs of Lhe fina! 
quarler of 1996. 

Frnm the activity or the Foundation in the summer monlhs of 1996 it is clear 
that despite the summer recess it continues Lo l'ollow its slated goals. 

Toma1. Benulič, MD 
Borut Štahuc, MD; PhD 
Andrej Plesničar, MD 



Symposium on 

ORGAN SPARING 

TREATMENT IN ONCOLOGY 

Ljubljana, Slovenia 
19-21 June 1997

Organized by:

Institute of Oncology, Ljubljana, Slovenia 

U nder the auspices of: 

Alps Adriatic Working Community 

Design and Content 

The Symposium is designed for medica! doctors and other specialists 

involved in 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 lnvasive Bladder Carcinoma

• Organ Sparing Treatment in Head and Neck Carcinoma

• Organ Sparing Treatment in Soft Tissue Tumors

• Quality of Life after Organ Sparing Treat111ent

Mailing Address 

Organizing Committee 

Institute of Oncology 

Zaloška 2, 1 105 Ljubljana 

SLOVENJA 

Phone: +386 61 131 42 25 

Fax: +38661 131418 0 

E-mail: mcaks@mail.onko-i.si



lt's nice to win design awards, but even more 

gratifying to know our equipment puts people at 

ease.Take MR systems. Most have long, narrow 

tunnels that make a 20 minute exam feel like 20 

hours. Ours is short and wide - the most open 

in the industry. Patients can see out, so they 

don't get anxious or claustrophobic. Children 

can be held and comforted, rather than sedated. 

We're pleased when people get excited about 

our equipment. But even more pleased when 

they don't. 

Ld� JWU'e, � bettPY.
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lopami.[Q
® 

150 - 200 - 300 - 370 mgl/ml-

FOR ALL RADIOLOGICAL EXAMINATIONS 

MYELOGRAPHY 

ANGIOGRAPHY 

UROGRAPHY 

C.T.

D.S.A.

THE FIRST WATER SOLUBLE READY TO USE 

NON-IONIC CONTRAST MEDIUM 

Manufacturer· 

Bracco s.p.a. 
Via E. Folli, 50 
20134 - Milan - (1) 
Fax: (02) 26410678 
Telex: 311185 Bracco 1 
Phone: (02) 21771 e, 

Distributer 

Agorest s.r.l. 
Via S Michele, 334 

34170 - Gorizia - (1) 

Fax: (0481) 20719 
Telex· 460690 AF-GO 1 

Phone (0481) 21711 
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Kodak systems provide dependable 
performance for advanced diagnostic 
imaging. Our quality components 
are made to work together from 
exposure to viewbox. 

Kodak X-Omat processors are the most 
respected in the field. Kodak X -Omatic 
cassettes are known the world over far 
unexcelled screen-film contact and dura­
bility. Kodak multiloaders have earned 
an enviable reputation far reliability. The 
Kodak Ektascan laser printer is changing 
the look of digital imaging. The list goes 
on. There are quality Kodak products 
throughout the imaging chain. 

Equally important, they are made 
to work together to achieve remarkable 
performance and diagnostic quality. 
Contact your Kodak representative 
far more information. 

NI 



SIE ENS 

Vaš partner v ultrazvočni diagnostiki: 

SIEMENS * SONOLINE SL-1 

* Možnost priključka sektorskega, linearnega, endo-p
in endo-v aplikatorja

* Izredno ugodna cena (možnost kredita ali leasing-a)
* Servis v Sloveniji z zagotovljenimi rezervnimi deli

in garancijo
* Izobraževanje za uporabnike

SIEMENS D.0.0. 
Dunajska 47, Ljubljana 
Tel. 324-670 
Fax. 132-4281 



Novi antibiotični citostatik 

1111 

1 
1111 

1 
® 

pirarubicin 

• učinkovit pri zdravljenju karcinoma na dojkah

• pomembno manjša pogostost alopecije

• za kakovostnejše življenje bolnic

Sestava: 1 steklenička vsebuje 10mg ali 20mg pirarubicinovega hidroklorida v obliki liofilizirane snovi. Oprema: 10 
stekleničk po 1 O mg ali 20 mg pirarubicina. Farmakoterapijska skupina po klasifikaciji ATC: citotoksični antibiotik/antra­
ciklin. Indikacije: zdravilo je indicirano za zdravljenje bolnic z napredovano stopnjo karcinoma dojke v sklopu polikemote­
rapijskega protokolnega zdravljenja. Pirarubicin uporabljamo pri adjuvantnem in neoadjuvantnem zdravljenju bolnic s 
karcinomom na dojkah. Kontraindikacije: uporaba Piracina je kontraindicirana pri bolnicah z močno okvarjenim delovanjem 
srca, pri nosečnicah in doječih materah. Previdnostni ukrepi: previdnost je potrebna pri dajanju zdravila bolnikom z 
okvarjenim delovanjem ledvic in jeter (tveganje, da se zdravilo kopiči in okrepi njegovo toksično delovanje). Pred začetkom 
vsakega novega cikla zdravljenja je treba pregledati celotno krvno sliko in bolničin kardiovaskularni status. Interakcije: 
znana je delna navzkrižna rezistenca tumorskih celic pri zdravljenju z drugimi antraciklinskimi citostatiki. Doziranje in način 
uporabe: pri zdravljenju bolnic s karcinomom na dojki priporočamo dajanje Piracina v odmerku 50 mg/m2 vsake 3 tedne 
v sklopu sheme zdravljenja, ki vključuje še ciklofosfamid in 5-fluorouracil (shema FPC). Zdravilo uporabljamo izključno 
intravensko. Stranski učinki: toksični učinek, ki omejuje odmerek, je supresija delovanja kostnega mozga. Pri tretjini bolnic 
nastane reverzibilna granulocitopenija (do izboljšanja pride v treh do štirih tednih). Pri polovici bolnic se pojavi blažja 
slabost, ki jo spremlja kratkotrajno bruhanje. Mogoče je kardiotoksično delovanje Piracina, vendar je redkejše in blažje kot 
pri doksorubicinu. Popolna reverzibilna alopecija se pojavi le pri približno 25 % bolnic. Piracin zelo redko povzroči nastanek 
stomatitisa in amenoreje. 

Pliva Ljubljana d.o.o., Dunajska 51 
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Lekarne, bolnišnice, zdravstveni domovi in 
veterinarske ustanove večino svojih 

nakupov opravijo pri nas. 
Uspeh našega poslovanja temelji na 
kakovostni ponudbi, ki pokriva vsa 

področja humane medicine in veterine, pa 
tudi na hitrem in natančnem odzivu na 

zahteve naših kupcev. 

KEMOFARMACUA - VAŠ ZANESLJIVI DOBAVITELJ! 

I< 
KEMOFARMACIJA 

Veletrgovina za oskrbo zdravstva, d.d. / 1001 Ljubljana, Cesta na Brdo 100 
Telefon: 061 12-32-145 / Telex: 39705 KEMFAR SI/ Telefax: 271-588, 271-362 
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injekcije, kapsule, kapljice, svečke tramadol 

Povrne mik življenja 

centralno delujoči analgetik za lajšanje zmernih 
in hudih bolečin 

učinkovit ob sorazmerno malo stranskih učinkih 

tramadol je registriran tudi pri ameriški zvezni 
upravi za hrano in zdravila (FDA) 

Kontraindikacije: Otroci do 1 leta starosll, akutna zastrupitev 3- do 4-krat na dan. Otrokom od 1 leta do 14 lct dajemo v odmerku 

z alkoholom, uspavali, analgetiki in drugimi zdravili, ki vplivajo l do 2 mg na kilogram telesne mase 3- do 4-krat na dan. Stranski 

na CŽS, zdravljenje z inhibitorji MAO. Interakcije: Pri sočasni učinki: Znojenje, vrtoglavica, slabost, bruhanje, suha usta ln utrujenost. 

uporabi zdravil, ki delujejo na osrednje živčevje, je možno Redko lahko pride do palpitacij, ortostatične hipotenzije ali 

sinergistično delovanje v obliki sedacije pa tudi močnejšega kardiovaskularnega kolapsa. Izjemoma se lahko pojavijo konvulzije. 

analgetičnega delovanja. Opozorila: Pri predoziranju lahko Oprema: 5 ampul po 1 ml (50 mg/ml), 5 ampul po 2 ml ( 100 mg/ 

pride do depresije dihanja. Previdnost je potrebna pri bolnikih, 2 m!), 20 kapsul po 50 mg, l O ml raztopine ( 100 mg/ml), 5 svečk 

ki so preobčutljivi za opiate, in pri starejših osebah. Pri okvari po 100 mg. 

jeter in ledvic je potrebno odmerek zmanjšati. Bolniki med 

Podrobncj.š<.: informacije so navoljo pri proizvajalcu. zdravljenjem ne smejo upravljati strojev in motornih vozil. Med 

nosečnostjo in dojenjem predpišemo lramadol le pri nujni 

indikaciji. Bolnike s krči centralnega izvora skrbno nadzorujemo. 

Doziranje: Odrasli in otroci, starejši ocl 14 let: 50 do 100 mg � �� l<RI<� 
SLOVENIJA 
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Instructions to authors 

Editorial policy of thc journal Radiolog)' and Onco!ogy 
is to publish original scicntilic papers. profcssional papcrs, 
revicw articlcs. casc reports and varia (cditorials. rcvicws. 
short co111rnunications. profcssional inforrnation. book rc­
vicws. lctters. ctc.) pcrtincnt to diagnostic and intervcn­
tional rndiology. cornputeriscd tornography. rnagnctic reso­
nance. ultrasound. nuclear rnedicine. radiothcrapy. clinical 
and cxpcrirncntal oncology. rndiobiology. radiophysics and 
radiation protcction. Thc Editorial l:3oard requires that thc 
papcr has not hccn puhlishcd or suhrnittcd ror publication 
clscwhcrc: thc authors are rcsponsiblc ror ali statcmcnts in 
thcir papers. Acccptcd articlcs hcco111c thc propcrty or thc 
journal and thcreforc cannot bc publishcd clsewhcrc with­
out writtcn pcnnission frorn thc cditorial boanl. Papcrs con­
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