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Type I interferons spontaneously expressed during human
pregnancy

Paulette Duc-Goiran,! Brlgltte Robert,! Sebastlen Navarro,” Jacqueline Lopez,
Jacques Chavinié,® Francoise Ferre, Charles Chany,® Janine Doly”

"INSERM U.361, °CNRS UPR-37, Faculté de Médecine, 3H6‘1)ital St-Vincent-de-Paul, Paris,
France

Ouwr previous studies have shown the presence of Interferons (IFNs) in human fetal annexes, in the
absence of any apparent induction. The characterization of the IFN proteins was performed and
their analysis by SDS-PAGE revealed the presence of o and [ IFNs and unusually large IFN
components. These results were confirmed by the demonstration of unusually large IFN-a. transcripts,
by means of Northern blot analysis. The large IFN-a transcript (4.3 kb) has been characterized and
correlated with the presence of functionally active IFN protein. It may be specifically expressed
during fetal development. In human species, the [FN-o proteins are detected throughout fetal
gestation, particularly in the amniotic fluid. However, early embryos do not produce significant
levels of IFN. In contrast, in domestic ruminants, some [FNs are only expressed in early embryos.
A relation between the type of placentation and the IFN expression is suggested.

Key words: pregnancy; placenta-analysis; interferon type 1

Introduction are protein mediators of cell-to-cell communica-
tion. They have pleiotropic activities, in a va-
riety of cellular processes. Their action is
usually local, unlike that of hormones, and is
restricted to the micro-environment of the pro-

ducer cells, specially at the fetal-maternal inter-

During gestation, development of the uterus
and of the fetal-placental unit is specially inten-
se. It is mediated and regulated by a number
of endogenous hormones, growth factors and

cytokines. Cytokines are a heterogeneous fa-
mily of proteins. They comprise interferons
(IFNs), colony-stimulating factors, and cytoki-
nes produced by activated cells in inflammatory
situations or in immune responses. Cytokines

Correspondence to: Paulette Duc-Goiran, Ph.D., IN-
SERM U.361, 123, BId dc Port-Royal, 75014 Paris
France.

UDC: 618.36-074

face.

Interferons were the first cytokines identified.
Their name was originally derived from their
ability to interfere with viral replication. IFNs
are now known to be involved in cell prolifera-
tion and tumor growth inhibition. They may
alter immune functions and modulate a variety
of physiological responses. IFNs are inducible
proteins. Their production is usually subject to
stringent control. However, a low spontaneous
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expression has been reported in a variety of
tissues." 2 In humans, endogenous IFNs have
been detected in human fetal annexes, in the
absence of any apparent induction. Sponta-
neous IFN-a has been detected in the amniotic
fluid withdrawn by puncture at selected periods
after the 15th week of pregnancy.> Some IFNs
(a/B) were also found to be diffusing from the
amniotic membrane maintained in a tissue cul-
ture medium, in placentae obtained after caesa-
rean section,*® in fetal blood and in decidua,
while they cannot be detected in maternal
blood.* * In addition, an immuno-reactive IFN-
o protein has been localized in the syncytiotrop-
hoblast of chorionic villi® and in spindle shaped
cells, which were thought to be macrophages.7
There is also a low level of IFN-a in human
embryo culture media.® Moreover, specific bin-
ding sites for human IFN-a have been described
in human placental membranes.’

Patients and methods

Human placentas were obtained between the
35th and 40th week of pregnancy. Biological
preparations, affinity chromatography, NaDod
SO4/PAGE, RNA preparations and Northern
blot hybridization were described previou-
sly. 410

Results

IFN activity

IFN activity was found in 29/37 placentae, 14/29
amniotic membranes and 3/10 umbilical cord
blood samples.*

Characterization of IFN proteins

In order to characterize the IFNs present in
human fetal annexes, we have previously analy-
zed a set of twenty placentas, in the third
trimester of pregnancy.*

First, we performed affinity chromatography
on Concanavalin A-Sepharose. IFN-o did not
bind to the immobilized Concanavalin A and

was found in the breakthrough fractions. After
elution with methyl-a-D-mannoside and with
ethylene glycol, IFN-B was recovered.*

We also performed chromatography using as
a ligand, specific polyclonal Immunoglobulins
against Interferon-o. Most IFN bound to speci-
fic immunoglobulins -was eluted with pH 2.2
buffer.

Analysis by SDS-PolyAcrylamide-Gel-Elec-
trophoresis, under denaturing and reducing
conditions, revealed the presence of o and f
IFNs. Besides these typical IFNs, three IFN
components of unusual size and antigenic pro-
perties have been detected, reminiscent of those
previously found in the human amniotic mem-
brane after viral induction. These three compo-
nents are recognized by antibodies against IFN-
o. The 43 kDa component is neutralized by
antibodies against IFN-a or IFN-f to about the
same extent.*

Type I IFN transcripts

We investigated the presence of type I IFN
transcripts in placental samples by Northern
blot analysis and showed the results of four
cases.'®

IFN-o transcripts have been identified, using
an antisense riboprobe, complementary to the
human IFN-a C gene. This probe gives a strong
signal with the 1.1 kb IFN-a transcript which
is usually detected in leukocytes after viral
induction. This species is lacking in all placental
samples. In contrast, in 3 out of 4 polyadenyla-
ted RNA samples, we found transcripts of 4.3,
2.8 and 2.1 kilobases, and a minute signal at
4.3 kb in placenta 3. The intensity of the signals
displayed on the autoradiogram was estimated
by densitometer scan. The area of the peak
corresponding to the 4.3 kb transcript is shown
in Figure 1A. The hybridization of the placental
mRNAs to the IFN-o C gene appears to be
specific. No artefactual signal with the 28 S
ribosomic RNA could be detected with the
corresponding non-polyadenylated RNAs. Ho-
wever, this hybridization is observed in mode-
rate or low stringency conditions and the signals
disappear after stringent washes and after
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RNAse A treatment. These results suggest that
the mRNAs detected here are only partially
homologous to the IFN-a C gene. As IFN-a
genes belong to a multigene family clustered
on the same chromosome, we have suggested
that the mRNA detected in the fetal tissue
annexes, belongs to one of the IFN-o family
genes, but it is not the IFN-a C gene.

The presence of IFN proteins was studied in
the same placentas, by immune affinity chroma-
tography for IFN-a. In placentas 1, 2 and 4,
IFN-a was bound to the specific IgG and eluted
with pH 2.2 buffer (Figure 1 B).

The IFN-o-like transcripts correlate with the
presence of the corresponding functional IFN-a
proteins, purified by immuno-affinity. The le-
vels of both IFN-o-like transcripts and IFN-a
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Figure 1. IFN-a expression in human placentac. A)
IFN-a transcript signals, measured by densitometer
scan (area). B) IFN proteins (International Units)
isolated by immune affinity chromatography for IFN-a.

poly (A)

1,7kb —

kb —

Figure 2. Hybridization of an ovine trophoblast-IFN
cDNA to poly (A)* and poly (A)” RNAs from a
placenta, analyzed by a Northern blot.

proteins differ from one placenta to another;
being high in placentas 1 and 4, moderate in
placenta 2 and absent or minimal in placenta 3.

IFN f. In placentas 1, 2 and 3, some IFN
was excluded from the immuno-absorbent IFN-
o column and was found in the flowthrough
fractions (Figure 1 B). The antiviral activity
appeared to be related to an IFN-f protein and
could be purified by a second affinity chroma-
tography, using as a ligand, antibodies against
IFN-B. However, we could not show the pre-
sence of IFN-B transcripts in any placental
sample. The absence of IFN-f transcripts might
be due to either minute amounts or to a rapid
turnover of mRNAs.

Trophoblast-Interferon. In order to study the
transcripts of a human trophoblast-IFN gene in
placentas, we used an ovine Trophoblast-IFN
cDNA probe,!! in low stringency conditions of
hybridization: Two mRNA species of 1.7 kb
and 1 kb were detected. No signal was detected
with the non-polyadenylated RNA (Figure 2).
These preliminary results suggest the presence
of mRNA transcripts possibly related to a trop-
hoblast-IFN gene.
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Discussion

Type I Interferons form a group of three distinct
gene families: o, B and w, based on sequence
divergence and antigenic differences. Recently,
trophoblast proteins from ovine and bovine
species have been identified as type I IFNs and
cloned.'" 12 3 These trophoblast IFNs appear
to be immunologically distinct from IFN-w and
IFN-a and form a new class of IFNs, the
“trophoblast-IFNs* or “IFN-TAU“. These
IFNs are poorly virus-inducible.

In ruminants, trophoblast IFNs are only ex-
pressed in early embryos, secreted by the extra-
embryonic trophoblast. Their primary amino-
acid structure ranged from 40 to 55 % identity
with IFNs-a and 70% with IFNs-w. These Inter-
ferons play a key role in maternal recognition
of pregnancy and maintain the corpus luteum
by inhibiting the synthesis of the prostaglandin
F2a, which is a luteolytic factor by endo-
metrium. A type II IFN is also expressed by
the early porcine trophectoderm. '

In contrast, in human species, early embryos
do not produce significant levels of IFN. IFN-a
proteins seem to appear later and are detected
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throughout gestation, being found in the amnio-
tic fluid from the fifteenth week of pregnancy
onwards.

Thus, Interferons seem to be expressed uni-
versally in mammalian species during gestation.
However, the nature and amount of the Inter-
ferons released differ markedly, according to
the species and placentation. We have observed
variations both in the yield and in the nature
of the type I Interferon expressed in human
placenta. It could be suggested that the synthe-
sis of these IFNs and the extent of their action
could only take place at a specific time under
certain conditions.

The situation seems to be the same in ro-
dents:

1. Endogenous IFNs, which were first identi-
fied in murine placenta,15 have been found
throughout fetal murine gestation but not in
significant amounts in early embryos.'® In hu-
mans as in rodents, the initiation of implanta-
tion occurs early. In contrast, in ungulates with
an epitheliochorial placenta, embryos which
express a high level of trophoblast IFN, attach
to the uterine epithelium later and penetration
into this maternal layer does not occur.

fetal cennective tissue

trophoblast
S
‘
e ﬁ J 57

lull endotheium

Fetal Blood

Epithelio-chorial Placenta
Synepithelio-chorial Placenta

= Endothelio-chorial Placenta

B2~ Hemo-chorial Placenta

Figure 3. Diagrammatic, representation of comparative placentation in relation to invasion of the uterine layers.
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2. Like humans, rodents have a hemochorial
placenta, but some differences are observed:
the murine trophoblastic epithelium is trilami-
nar (and not monochorial) and is arranged in
a labyrinthic pattern, without forming villi.
Once the implantation of the blastocyst has
been initiated, the fetal trophoblast invades all
maternal layers, penetrating as far as the mater-
nal blood, in these placentae (Figure 3). IFNs
may be considered as negative growth factors,”
inhibiting cell proliferation by inducing cellular
cycle arrest in the Gy/G, phase and the decrease
of c-myc expression.18 Therefore, we suggest
that the early cytotrophoblast, which is highly
proliferative and invasive, with a high expres-
sion of proteases, is not controlled by a mole-
cule which has properties of an IFN.

3. One of the IFNs detected in murine fetal
annexes seems to be an atypical molecule.'”: 2
In humans, the RNA population of the same
placental sample might contain different IFN
transcripts and, among them, some high mole-
cular weight transcripts related to an IFN-a
gene. These high molecular weight placental
IFN-«a like transcripts could be those of a new
IFN gene involved in fetal development.

Conclusion

Presently, functions of a human IFN-« in preg-
nancy are almost speculative. As previously
suggested:

— Human placental IFN-a could protect the
fetus against viral infections.

— IFN-a could inhibit the lymphocytes proli-
ferative response to Interleukin-2 and thus pro-
tect the fetus against rejection by maternal
cytolytic cells.

— IFN could also down-regulate tissue growth
previously promoted by growth-factors, and
thus limit tissue invasion.

- As IFN is a powerful inducer of class I
antigen, it may induce expression of a non
polymorphic class I antigen of the Major Histo-
compatibility Complex, the HLA-G antigen in
cytotrophoblast cells.?!

— Moreover, it could enhance production by

syncytiotrophoblast of Human Chorionic Gona-
dotropin (hCG) which is presumed the main
luteotrophic factor in early human pregnancy.
This increase of hCG by IFN-a has been shown
in ectopic bladder tumor cells.?2

IFNs are immunoregulatory molecules. They
might serve as intercellular communication sig-
nals between the immune and reproductive
systems, and seem to be required for successful
pregnancy.

The presence of IFNs in human and murine
fetal annexes, the discovery of the trophoblast
Interferon in ruminants, the expression of a
type 1I Interferon gene and that of a new type
I Interferon gene in porcine trophoblast® pro-
vide a considerable insight into interactions
between the embryo and mother during preg-
nancy thus opening a new area of Interferon
biology.
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Changes in the quantity of cathepsin D in irradiated human cells
following treatment with hyperthermia and interferon o

Ana Ferle-Vidovié,! Marija Kastelan,' Danilo Petrovié,’
Janez Skrk,? Ivan Vrhovec?

" Ruder Boskovi¢ Institute, Zagreb Croatia, 2 Institute of Oncology, Ljubljana, Slovenia

In the present work, the changes in quantity of cathepsin D, an aspartic proteinase, in proliferating
human nonmalignant (HEF) and malignant (HEp2) cells after combined treatment by gamma
irradiation, hyperthermia and by interferon a-2b (IFNa) were followed. Correlation between the
antiproliferative effect of these combined agents and changes in the concentrations of this cathepsin
D were expected. Evidently, the treatment of cells in culture by IFNa, combined with irradiation
and elevated temperature, produces an increased %]uuntity of cathepsin D. In nonmalignant HEF
cells these effects are more expressed than in malignant HEp2 cells.

Key words: cathepsin D; cell, cultured-radiation effects; hyperthermia, induced; interferon-alfa-2B

Introduction

Intracelular proteinases participate in the vital
cellular processes such as growth and multipli-
cation, response to DNA damage and radiation
response.!* > >4 Recent studies suggest that the
aspartic proteinase cathepsin D, may also be
implicated in the process of tumor invasion and
metastasis,” Several in vitro observations sho-
wed that this proteinase may facilitate the
spread of neoplastic cells through different mec-
hanisms releated to its proteolytic activity, by
acting at different levels of the metastatic casca-
de. Cathepsin D was also shown to be able to
degrade in vitro the extracellular matrix, and

Correspondence to: Ana Ferle Vidovié, Ph. D., Ruder
Boskovi¢ Institute, Bijeni¢ka cesta 54, 41000 Zagreb,
Croatia

UDC 615.281.7:577.156.2

to activate latent precursor forms of other pro-
teinases involved in the invasive steps of the
metastatic process.

Interferon o-2b (IFNa) initially recognized
for its antiviral effects, has also been shown to
have antiproliferative, immunoregulatory and
antitumor activities.® There is some experimen-
tal evidence supporting the concept that modest
levels of hyperthermia might be beneficial to
the action of interferons. This concept is sup-
ported by in vivo experiments showing that
modest levels of hyperthermia enhanced the
action of interferon.” In vitro it was found that
hyperthermia acted synergistically by enhancing
the proliferative effects of IFNa.® There is
definitive experimental evidence in vivo for
synergistic effect of this combined treatment.’
Similar synergistic effects were also observed,
when interferon was applied in combination
with irradiation.!
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Such results may have clinical importance,
because they suggest that hyperthermia could
be used in combination with IFNa to provide
a synergistically enhanced antitumor action.’'?
Therefore, it is possible that the combination
of hyperthermia and IFNa therapy may have
clinical application in cases when technically
feasilbe. Such combined treatment can, how-
ever, induce an increase in proteolitic enzymes
in cells, which might enhance metastasing of
the treated tumor.

In this work we determined the changes in
the quantity of the aspartic intracellular pro-
teinase — cathepsin D in irradiated human non-
malignant (HEF) and in malignant (HEp2)
cells after combined treatment with hyperther-
mia and/or IFNa. Correlation between the an-
tiproliferative effect of these combined agents
and the changes in concentrations of this cat-
hepsin was found.

Materials and methods
Cell cultures and experimental procedure

Human embrional fibroblasts (HEF) and hu-
man laryngeal carcinoma (HEp2) cells, were
cultured as monolayers in Eagle’s minimal es-
sential medium, supplemented with 10 % foetal
calf serum. Cell cultures were prepared by
plating 10° of 10° cells per Petri dish of 10cm
in diameter (3 dishes per experimental point)
and after two days of growth, cells were irradia-
ted, treated by IFNa and by hyperthermia in
the following combinations: irradiation only,
IFNa only, irradiation plus IFNa, irradiation
plus IFNa plus hyperthermia.

Following the mentioned treatment, cell cul-
tures (10° per dish) were kept at 37°C and
samples taken after one hour were stored at
-20°C until proteinase quantity assay. The
number of proliferating cells (10° per dish)
following irradiation and combined treatment
were counted 24 and 96 hours after treatmen.

Interferon

Recombinant interferon a-2B (INTRON-A,

Ferle-Vidovié A. et al.

Schering-Plough-Baltimore-USA) was added to
the growth medium to reach final concentration
of 1x10*1U/ml. Cells were incubated in the
IFNa-containing medium at 37°C for 1 hour
and then incubated until additional treatment
or harvesting.

Hyperthermia

Heat treatment was conducted by submerging
the Petri dishes in a water bath at 44°C for 20
min. HEF and HEp2 cells were exposed simul-
taneoulsy to IFNa and to hyperthermia.

Irradiation

For gamma irradiation, a Gamma Cell 220
(Atomic Energy of Canada, atd) unit was used.
The dose rate was 4,13 Gy/min, with the total
dose 15 Gy/sample for cathepsin D, or 5 Gy
for the growth inhibing eftect.

Cathepsin D concentration

Following treatment, cell cultures were incubat-
ed in the growth medium at 37°C. Samples
were taken after different time intervals, placed
on ice and washed three times with cold phos-
phate buffered saline. The cells were harvested
by a rubber policeman, concentrated by centri-
fugation (10 min at 1000 rpm), lysed in distilled
water and frozen at —20° C until assay.

The concentrations of cathepsin D were de-
termined using specific enzyme immunometric
assay (ELSA-CATH-D kit, CIS Bio Internatio-
nal, Solid phase two-site immunoradiometric
assay), for the quantitative determination of
total cathepsin D in cytosol.

Results

The combined eftects of IFNa, hyperthermia
and irradiation on cell proliferation, expressed
as the number of growing HEF cell population,
are shown in Table 1. The antiproliferative
effects were expressed as percentage of cell
numbers in control samples. While irradiation
or IFNa alone, moderately inhibited cell
growth, the treatments, by IFNa plus irradia-
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tion, and in particular, when IFNa was combin-
ed with irradiation and hyperthermia, the anti-
proliferative effect was markedly enhanced.

Table 1. Ccll numbers (x10° HEF cells) after combined
trecatment with irradiation and/or interferon o and/or
hyperthermia.

Group of Incubation time Pcrcent of

trecatment after trcatment control
24" 96" 24" 96"

Controls 109+26 20,4=%3.1 - -

Irradiation 5009 75+1,1 46 37

Interferon o 6,602 87+1,7 6l 43

Irradiaton +

Interferon a 3,7+0,1 40+£04 34 20

Irradiation +

Interferon a + 1,8+0.,1 1,9+0,2 16 9

Hyperthermia

The combined effects of IFNa, hyperthermia
and irradiation on cell proliferation, expressed
as the numbers of growing HEp2 cell popula-
tion, are shown in Table 2. The antiproliferative
effects were expressed as percentage of cell
numbers in control samples. While irradiation
or IFNa alone, moderately inhibited HEp2 cell
growth, the treatmens by IFNa plus irradiation,
and in particular when IFNa was combined
with irradiation and hyperthermia, the antipro-
liferative effect was markedly enhanced.

Changes in the concentrations of cathepsin
D measured in irradiated, proliferating human
nonmalignant (HEF) and human malignant
(HEp2) cell lines following combined treatment
by interferon o and by hyperthermia are shown
in Table 3.

Table 2. Cell numbers (x10° HEp2 cells) after combin-
cd trcatment with irradiation and/or interferon a and/
or hyperthermia.

Group of Incubation time Percentof

trcatment after trcatment control
24!\ 9()" 24!\ 96"

Controls 16,414 41,0x£42 — _

Irradiation 12,009 18,6x1,6 73 45

Interferon a 11,021 21,8+x4,0 67 53

Irradiation +

Interferon a 8,0+1,1 10,0x0,7 48 24

Irradiation +

Interferon a + 3,608 7,7+0,7 22 18

Hyperthermia

The changes in the concentrations of catheps-
in D were dependent on the agent used.
Gamma iradiation alone revealed little change
in the concentration of cathepsin D in the
malignant cell line (1.1), whereas the same
changes were more evident in the nonmalignant
cells (1.3). Interferon o increased the levels of
cathepsin D in both cell strains. These effects
are more expressed in malignant cells (1.5),
than in nonmalignant cells (1.2). Interferon a
plus irradiation increased the concentration of
cathepsin D significantly more than in the for-
mer two cases, when the agents were applied
separately. The increased concentrations of the
enzyme were similar in malignant (1.6) as in
nonmalignant (1.8) cells. Combined application
of all three agents together was most effective
in increasing the amounts of cathepsin tested.
Most evident effects were achieved in both cell
lines after combined treatment with all three
agents and again, with more expressed effects

Table 3. Changes in the quantity of Cathepsin D inirradiated HEF and HEp?2 cclls following combined trcatment.

Group of HEEF cclls HEp2 cclls

treatment Cathepsin B T/C* Cathepsin D TIC*
ng/mg protcins ng/mg protcins

Controls 105 £ 11 - 562 = 14 -

Irradiation 138 +7 1,3 604 £ 12 1,1

Interferon o 127+9 1,2 87522 1,5

Irradiation +

Interferon o 198 £ 26 1,8 856 £ 31 1,6

Irradiation +

Interferon o + 332+ 16 3,1 1407 £ 53 2,5

Hyperthcrmia

* T/C = Treated/Control
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on the nonmalignant HEF cell line (3.1), the
in the malignant HEp2 cells (2.5).

Discussion

Cathepsin D, as mentioned before, plays an
important role in tumor invasion and metasta-
sis. Correlation between elevated levels of the
enzyme in tumor cells and their ability to meta-
stasise were found.’> On the other hand in our
previous experiments we found that agents used
in tumor therapy can influence the concentra-
tions of various intracellular proteolytic enzy-
mes, either by increasing or decreasing their
concentrations'! or activities.'? This raises the
question, particularly when cathepsin D is con-
cerned, whether a particular tumor treatment
could perhaps, apart of its cell killing potential,
have some unwanted effects due to possibly
elevated levels of cathepsin D.

Our results show that such agents (irradia-
tion, interferon o and heath), when given in
amounts that evidently produce cell growth
inhibition, can significantly increase the intra-
cellular concentrations of cathepsin D, and the-
refore could consequently enhance the potential
of the tumor cells to infiltrate the neighbouring
tissues or to metastasise. If this occurs in a
tumor bearing organism, this should also be
kept in mind, when predicting the outcome of
a particular tumor therapy. This may be even
more important at combined modality therapy
regimens.

Acknowledgement

We thank Mrs. Ljiljana Krajcar for her excel-
lent technical assistance. This project was sup-
ported by the Ministry of Science of the Repu-
blic of Croatia and the Ministry of Science and
Technology of Republic of Slovenia.

10.

11.

12.

References

. Holzer H, Heinrich PC. Control of proteolysis.

Ann Rev Biochem 1980; 40: 63-91.

. Korbelik M, Skrk J, Suhar A, Turk V. The role

of proteinases, interferons and hormones in proli-
ferative activities of nonmalignant and malignant
cells. Neoplasma 1988; 35: 555-63.

. Scher W, Scher BM, Waxman S. Protecases stimu-

late mouse ecrythrolecukemia cell differentiation
and multiplication. Biochem Biophys Res Comm
1982; 109: 348-54.

. Walker CG. Induclible DNA repair systems. Ann

Rev Biochem 1985; 54: 425-57.

. Leto G, Gebbia N, Ransa L, Tumincllo FM.

Cathepsin D in the malignant progression of nco-
plastic discases (Review). Anticancer Research
1992; 12: 235-40.

. Baron S, Tyring SK, Fleischmann WR Jr et al.

The interferons: mechanisms of action and clinical
applications. JAMA 1991; 266: 1375-83.

. Heron I, Berg K. The actions of interferon are

potentiated at clevated temperatures. Nature 1978;
274: 508-10.

. Anjum A, Fleischmann WR Jr. Effect of hyper-

thermia on the antitumor actions of interferons.
Journal of Biological Regulators and Homeostatic
Agents 1992. 6: 75-86.

. Park RI, Richtsmecicr WJ. Hyperthermia cffects

on the growth of a laryngeal squamous cell carci-
noma cell line treated with recombinant human
interferons « and vy. Otol Laryngol-Head and
Surgery 1989; 101: 542-8.

Perez CA, Nussbaum G, Emami B., Vongerichten
D. Clinical results of iradiation combined with
local hyperthermia. Cancer 1983; 52: 1597.

Ferle-Vidovié A, Kastelan M, Petrovié D, Svetié
B, Skrk J, Gabrijel¢i¢ D, Turk V. Cytotoxicity
potentiation of irradiation and cytostatic — measur-
cd by changes in quantity of intracellular proteina-
ses. Proc. of the First Symp. of Croatian Rad.
Protect. Ass., Zagreb, Croatia 1992; 68-71.

Petrovi¢ D, Ferle-Vidovié A, Skrk J, Suhar A,
Turk V. Effects of irradiation and THP-Adriamy-
cin on the proteinase activity profiles in cultures
V 79 cells. Radiol Oncol 1993; 27: 44-8.



Radiol Oncol 1993; 27: 275-9.

Interactions of interferon and vinblastine on experimental tumor
model melanoma B-16 in vivo

Barbara Jezersek,! Srdjan Novakovié¢,! Gregor Sersa,! Maja Cemaizar,! Marija
Auersperg,’ W. Robert Fleischmann Jr.>
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Department of Microbiology, Galveston, Texas, USA

In the study, we investigated the in vivo interaction of two antitumor agents, that have different sites
and different mechanisms of action. Vinblastine (VLB) in combination with human recombinant
interferon o. A/D (rHulFN-o. A/D) and in combination with human leukocyte interferon o
(HuLIFN-0) was tested on intraperitoneal (i.p.) melanoma B-16 tumor model. The effect of the
combination was determined with follow-up of animals’ survival and the interaction defined by
means of Spector’s formula. Only subadditive enhancement of interferon’s (IFN’s) antitumor activity
was observed when rHulFN-o. A/ID was combined with VLB and supraadditive, but not synergistic,
interaction when HuLIFN-o was combined with VLB. Synergism between VLB and rHulFN-o. A/D
on B-16 melanoma in vitro, that had been observed in our previous study, did not come true in vivo.

Key words: melanoma, experimental-drug therapy; vinblastine; interferon alpha, recombinant;

Introduction

Chemotherapy and biotherapy are the two sy-
stemic modalities available for cancer treat-
ment. However, because it is apparent that
neither one nor the other are perfect treatments
for cancer, the combination of cytotoxic drugs
and cytokines offers a new approach to increase
the therapeutic index in the treatment of neo-
plastic diseases.!?

Interferons (IFNs) are a complex group of
cytokines with antiviral, antibacterial, antitu-
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mor and immunomodulatory activities.>* They
exert antiproliferative effect on tumor cells,
while IFNs 8 and y also have a direct cytotoxic
activity.® Antitumor activity of VLB is a conse-
quence of its binding to microtubular proteins
of the mitotic spindle, which causes metaphase
arrest of cells in mitosis.*’ VLB is, in higher
concentrations, also directly cytotoxic for inter-
phase cells.®

While in vitro studies have demonstrated
both direct cytotoxic and cytokinetic effects of
IFNs, a more interesting role derives from their
ability to sinergistically potentiate the wide va-
riety of cytotoxic agents against multiple human
and rodent tumors, both in vitro and in animal
models.’ The broad spectrum of cytotoxic drugs
whose activity can be enhanced by cytokines
argues for multiple levels of drug interaction in
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vitro: alteration of cellular drug uptake, modu-
lation of drug target enzymes, and changes in
metabolism or disposition of a drug. In vivo
interaction between cytokines and cytotoxic
drugs involves an additional layer of complexity
because of the effects of cytokines on the host
immune system and on drug-metabolising enzy-
mes.?

The ability of IFNs to directly modulate the
biochemical effects of cytotoxic agents indepen-
dent of immunomediated or host-protective ef-
fects has been evaluated in a variety of in vitro
systems.”? Since synergistic cytotoxicity has been
observed in vitro for IFN-a combination with
VLB on BG-1 human ovarian carcinoma line,'?
on RPMI 8226 human myeloma line, on MCF-7
human breast carcinoma line, on WiDr human
colon carcinoma line!! and on murine B-16
melanoma line,'? we wanted to define the inte-
raction of VLB with rHulFN-a A/D or Hu-
LIFN-a in vivo on i.p. B-16 melanoma tumor
model.

Materials and metheds

Reagents

Recombinant HulFN-a A/D was provided by
Hoffmann-LaRoche (Nutley, New Jersey) and
HuLIFN-a by Immunological Institute (Zagreb,
Croatia). Both were diluted with phosphate
buffered saline (PBS).

Vinblastine sulfate (Lymphomed, Deerfield,
Illinois) was used in combination with rHuIFN-
o A/D and Velbe (Lilly, Firenze, Italy) with
HuLIFN-a. Both were diluted with PBS.

Animals

Six to eight weeks old pathogen-free female
C57Bl/6 mice were purchased from Jackson
Laboratories, Bar Harbor, USA. Animals were
maintained in a pathogen-free state in animal
rooms with alternating cycles of 12 h light and
12 h darkness. Each experimental group consi-
sted of 10 to 11 mice. These animals were used
for experiments with rHuIFN-a A/D and Vin-
blastine sulfate.

Female C57Bl/6 were purchased from Rudjer
Boskovi¢ Institute, Zagreb, Croatia. Animals
were maintained at a natural day/night cycle in
a standard animal colony. Eight to ten weeks
old mice in good condition without any signs
of fungal or other infections were used in the
experiments. Each experimental group consi-
sted of ten mice. These animals were used for
experiments with HuLIFN-a and Velbe.

Tumor cells

Murine B-16 melanoma cells (clone F1, Ameri-
can Type Culture Collection, Rockville, Mary-
land) were grown in Eagle’s Minimal Essential
Medium supplemented with 10% fetal calf se-
rum, penicillin (100 units/ml), streptomycin
(100 pg/ml) and gentamycin (11 pg/ml). These
cells were used for experiments with rHuIFN-a
A/D and Vinblastine sulfate.

Murine B-16 melanoma cells (clone B6, Ru-
djer Boskovié Institute, Zagreb, Croatia) were
grown in RPMI 1640 medium supplemented
with 10% fetal calf serum, gentamycin (500
pg/ml) and 7,5% sodium bicarbonate (27 ml/l).
These cells were used for experiments with
HuLIFN-a and Velbe.

Experimental procedure

Mice were i.p. injected with 10° B-16 melanoma
(clone F1 or B6) cells on day 0 and randomly
divided into four groups. All treatment was
intraperitoneal and was administered as follows:

- control group - PBS for five consecutive
days, starting day 1

— vinblastine group - Vinblastine sulfate or
Velbe (30 pg per animal) on day 4 only

— interferon group - rHulFN-a A/D (1 x 10°
I.U. per animal) or HULIFN-a (5 x 10° L.U.
per animal) for five consecutive days, starting
day 1

- combination group - Vinblastine sulfate or
Velbe (30 pg per animal) on day 4 only -+
rHulFN-a. A/D (1 x 10° L.U. per animal) or
HuLIFN-a (5 x 10° L.U. per animal) for five
consecutive days, starting day 1.
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The mice were monitored for the day of
death and the average day of death was deter-
mined.

Statistical analysis

The Mantel - Cox test (BMDP Statistical Sof-
tware, Los Angeles, California) was employed
for comparison of the animals’ survival and
Spector’s formula'? to define the interaction of
rHulFN-o A/D or HuLIFN-a with VLB.

Results

Vinblastine sulfate and rHulFN-a A/D as single
agents or in combination were tested for their
effect on survival of animals with i.p. B-16
melanoma (F1). Intraperitoneal application of
30 pug of Vinblastine sulfate on day 4 had a
moderate (p =0,054) antitumor effect, while
treatment with 1 x 10° I.U. of rHulFN-a A/D
for 5 consecutive days showed a more pronoun-
ced statistically significant (p<<0,001) effect on
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Figure 1. Survival of micc with i.p. B-16 mclanoma
(clonc F1) treated with Vinblastine sulfatc (@),
rHulFN-a A/D ([J) or combination of both agents
(E); control (O). The antitumor cffect of the combi-
nation was merely subadditive in comparison to the
onc expected on the basis of separate activitics of
VLB or IFN.
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Figure 2. Survival of mice with i.p. B-16 mclanoma
(clone B6) trcated with Velbe (@), HuLIFN-a ([J)
or combination of both agents (H#); control (O). The
cffect of the combination on survival of the animals
was supraadditive in comparison to the onc cxpected
on the basis of scparate activitics of VLB or IFN.

survival of mice with i.p. B-16 melanoma. The
combination of both agents had a statistically
significant (p<0,001) antitumor effect, but
there was no significant difference (p = 0,497)
in survival between the “interferon group“ and
the “combination group® of animals (Figure 1).
According to Spector’s formula the interaction
of rHulFN-a A/D with VLB was merely subad-
ditive and the antitumor effect of the combina-
tion was 90% of the one expected on the basis
of their separate activities.

Survival of animals with i.p. B-16 melanoma
(B6) treated with HuLIFN-a or Velbe alone or
in combination is presented in Figure 2. Treat-
ment with 5 x 10° 1.U. of HuLIFN-a for five
consecutive days had a moderate (p=0,059)
antitumor effect, while i.p. application of 30 ug
of Velbe significantly (p<<0,001) prolonged sur-
vival of the animals. The combination of both
agents had a statistically significant (p<0,001)
antitumor effect, but there was no significant
difference (p=0,058) in survival between the
“vinblastine group“ and the “combination
group* of animals. The interaction of HuLIFN-
o with VLB was supraadditive and the antitu-
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mor effect of the combination was 115% of the
one expected on the basis of their separate
activities.

Discussion

The results of in vivo studies testing the combi-
nation of IFNs with VLB are controversial.
Sidkey et al. report that murine IFN o/f increa-
sed survival in mice with P388 leukemia cells
after treatment with VLB.' Harrison et al. on
the other hand found no positive interaction
when murine IFN o/ff was combined with VLB
on s.c. Meth A sarcoma tumor model and when
recombinant murine IFN-y was combined with
VLB on s.c. Meth A sarcoma and s.c. B-16
melanoma.’® Also Mitchell has pointed out that
although type I IFN has been found to poten-
tiate chemotherapy in cultured cells, “there is
very little substantiation in vivo.'®

Our results clearly demonstrate that in vitro
synergism between rHulFN-o A/D and VLB
observed on F1 clone of B-16 melanoma cells'?
did not come true in vivo. However, there is
an interesting difference between the antitumor
activity of combination of rHuIFN-a A/D with
VLB and combination of HuLIFN-a with VLB.
Even though HuLIFN-a alone has only mode-
rate antitumor activity, the interaction with
VLB was supraadditive, in comparison with
rHulFN-a A/D that has significant antitumor
activity, but demonstrated only subadditive in-
teraction with VLB. In part this difference
could be explained with the fact that different
clones of B-16 melanoma were used in the
experiments, but Sklarin et al. report that in
most of the cases where potentiation was obser-
ved, human IFN-a alone had only weak antitu-
mor activity; however, IFN-o seemed to be
most effective in combination with drugs that
alone possessed substantial activity against the
specific tumor. !’

The question of the mechanism of interaction
between IFNs and VLB still cannot be resolved
and it seems likely that multiple factors may be
contributing to success or failure in these prec-
linical models. The interactions observed are

not solely the consequence of the combined
effect of two cytoreductive agents, since the
enhanced activity of the drug-interferon combi-
nation was observed even in instances where
IFNs alone lacked activity, and IFNs also failed
to potentiate the activity of other efficacious
drugs.® There is also a complex relationship
between the timing of interferon (IFN) with a
cytotoxic agent, the doses used, and the efficacy
of the regimen. In combination with cytotoxic
drug, sequence and duration of exposure to
IFN may play as significant a role as dose and
dose intensity, and the maximum tolerated dose
of IFN may not be the most biologically effec-
tive dose. Up till now, the lack of understanding
of the biochemical interaction of these agents
has prohibited a rational approach to design of
schedule and sequence that allow translation of
the positive in vitro data into effective preclini-
cal treatment regimens.
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Combined treatment of murine SA-1 tumors by human
leukocyte interferon alpha and electrotherapy
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Antitumor effectiveness of human leukocyte interferon alpha (IFN-0) was assessed in combination
with electrotherapy. Subcutancous fibrosarcoma SA-1 tumors were treated with [FN-a. for five
consecutive days. The results indicate that IFN-o. given either locally (peritumorally) or systemically
(intraperitoncally) as a single treatment has moderate antitumor effect. In order to potentiate its
effectiveness, IFN-o. was combined with electrotherapy. Low level direct current ranging from 0.2
to 1.2 mA for 60 minutes was delivered via Platinum/Iridium electrodes placed subcutaneously,
outside the tumor. Combined treatment with electrotherapy and IFN-o given intraperitoneally, proved
to have more than additive antitumor cffect, assessed by tumor growth delay. Interaction between
the two treatment modalities increased at higher current levels used for electrotherapy. The results
indicate that [FN-o. and electrotherapy interact in local tumor growth control. Therefore, electrothe-
rapy can be used to locally potentiate systemic IFN-o treatment or vice versa, the latter agent can
potentiate the effect of electrotherapy.

Key words: fibrosarcoma-therapy; interferon alpha; electric stimulation therapy; mice

Introdnction

Interferons (IFN-s) are the members of a big
family of regulatory cytokines.! These molecu-
les control the growth and differentiation of
many cells in the organism. By positive and
negative feedback loops they interact with
growth factors, oncogenes and other regulatory
molecules.? Studies on IFN-s have yielded an
expanding list of bioactivities; besides anti-viral
and microbicidal action, antitumor effectiveness
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has drawn much of attention.> * ° Interferons
exert antiproliferative effect on a number of
malignant cells, have transformation-suppress-
ing effect and can regulate their differentia-
tion.> > ¢ Also, immunoregulatory effect of
IFN-s is very important, which has put these
agents in place of immunoadjuvant settings.” In
clinical trials IFN-s have shown significant acti-
vity against a wide range of human cancers.
Hematological disorders proved to be the most
responsive to IFN-a treatment, contrary to solid
tumors, where response rates seldom exceed
20-30 % .8 From the vast experience it is evident
that treatment in low tumor burden is more
effective than in advanced, bulky disease. In
this respect combination with other cytotoxic
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treatments is possible, since they can reduce
tumor burden and interact with IFN-s treat-
ment.

One of the treatment modalities, which has
recently proved effective in reducing tumor
burden is electrotherapy.’ It is effective as an
anti-tumor agent which has been demonstrated
on several tumor models as well as in clinic.'"!?
Application of electrotherapy is foreseen predo-
minantly in combination with biological or cyto-
toxic treatments.' 'S In our preliminary study
combined treatment with human leukocyte
IFN-a and electrotherapy demonstrated some
positive interactions.'® In the present study elec-
trotherapy with electrodes placed outside the
tumor, in order to avoid mechanical intrusion
(field electrotherapy)!” was combined with IFN-
o treatment. Interaction of the two treatments
was evaluated by tumor growth delay, according
to the route of IFN-a treatment and direct
current levels used for electrotherapy.

Materials and methods

Cell cultures

Fibrosarcoma SA-1 cell were grown in tissue
culture flasks at 37° C in a humidified 5% CO,
atmosphere, using Eagle’s MEM supplemented
with 10% fetal calf serum (FCS), penicillin
(100U/ml) and streptomycin (100 pug/ml). To
study the effect of IFN-a on cell growth, cells
in petri dishes were treated continuously with
1, 5, 10 and 20 x 10* U IFN-a/ml. Three days
after treatment viable cells in the cell cultures
were counted in hemocytometer and the cell
number/control (%) ratio was calculated. The
statistical evaluation was done by means of
Student-t test.

Animals

Female and male inbred A/J mice were purcha-
sed from the Institute Rudjer Boskovié, Zagreb,
Croatia. Animals were maintained in conventio-
nal animal colony at constant room temperature
24°C at natural day/night light cycle. Mice in
good condition, without signs of fungal or other

infection, eight to ten weeks old were included
in the experiments. Experimental groups consi-
sted of 8-10 animals.

Tumors

As a tumor model fibrosarcoma (SA-1) synge-
neic to A/J mice was used. Single tumor cell
suspension was obtained from an ascitic form
of the tumor. Solid subcutaneous tumors, dor-
solaterally in animals, were initiated by injec-
tion of 5x10° viable SA-1 cells. When the
tumors reached 30-40 mm?® in volume, animals
were marked individually and on day O rando-
mly divided into smaller groups, subjected to
specific experimental protocol. On each conse-
cutive day the tumor volume was calculated
from the three mutually orthogonal diameters
measured by vernier caliper gauge. Arithmetic
mean (AM) and standard error of the mean
(SE) were calculated for each day in all experi-
mental groups. Tumor doubling time (DT) was
determined for individual tumors and tumor
growth delay calculated (GD) from mean DT
of experimental groups.!* The differences bet-
ween the experimental groups were evaluated
statistically by nonparametric Mann-Whitney
Rank-Sum test, taking into account the Bonfe-
roni adjustment when multiple comparisons
were performed.

Electrotherapy

The direct current (DC) source for electro-
therapy was designed and manufactured at the
Faculty of Electrical and Computer Engineer-
ing, Ljubljana, Slovenia. Current and voltage
were continuously monitored during electrothe-
rapy with 0.2, 0.4, 0.6, 0.8 or 1.2 mA DC of
one hour duration. Current was delivered
through Pt/Ir (90/10 %) alloy needle electrodes
(1.0 mm diameter, 22.0 mm long) with rounded
tips and inserted subcutaneously 5-10 mm from
the margin of the tumor on the two opposite
sites.!” The control group was treated in the
same way as experimental groups, except that
no current flowed.
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Lymphokines and therapy protocol

Partially purified human leukocyte interferon
alpha (IFN-a) was purchased from Immunolo-
gical Institute, Zagreb, Croatia.'® Animals were
treated with 5 X 10* U IFN-a daily, for five
consecutive days, starting one hour before elec-
trotherapy. Therapy was performed either peri-
tumorally with 0.1 ml IFN-a injected subcuta-
neously in the vicinity of the tumor, with pre-
caution not to damage tumor capsule, or intra-
peritoneally with IFN-a dissolved in 0.5ml
phosphate buffer saline (PBS).

Results

Antitumor effectiveness of IFN-a was tested on
fibrosarcoma SA-1 in vitro and in vivo. The
effect of IFN-a in vitro on the growth of SA-1
cells is presented in Figure 1. Lower concentra-
tions seemed to enhance tumor cell prolifera-
tion, but the effect was not statistically signifi-
cant. At the highest concentration (2 X 10* U/
ml) moderate antiproliferative effect was de-
monstrated which was statistically significant (p
< 0.05).
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Figure 1. Effcct of IFN-a on the growth of SA-1 cclls
in vitro. Cclls were grown in different IFN-a concen-
trations for three days and thercafter their growth rate
was dctermined.
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Figure 2. Antitumor cffect of IFN-a and clectrothe-
rapy on subcutancous SA-1 tumors. IFN-c (5 x 10° U)
was injected peritumorally five consccutive days, start-
ing on day 0. Elcctrothcrapy was performed with 0.6
mA one hour after IFN-a trcatment on day 0. Expe-
rimental groups compriscd 8-10 animals.

Anti-tumor effect of IFN-a was tested also
on SA-1 tumors in vivo. Solid subcutaneous
SA-1 tumors were treated for five consecutive
days with 5x 10* U IFN-o daily. Different
routes of IFN-a administration were tested; i.e.
intraperitoneal and peritumoral application.
Both, peritumoral (GD = 0.4 *+ 0.2 days) and
intraperitoneal (GD = 0.6 *+ 0.3 days) treat-
ment did not significantly delay tumor growth
(p>0.05) (Figure 2, 3). Also, there was no
statistical difference between the effectiveness
of IFN-a after peritumoral and intraperitoneal
application (p = 0.6).

In order to test for interaction of IFN-a
treatment with electrotherapy, both treatment
modalities were combined. Electrotherapy (0.6
mA for 1 hour) as a single treatment statistically
significantly delayed tumor growth (P <0.001)
(Figure 2, 3). In combined modality treatment
electrotherapy was performed one hour after
the first IFN-a application. The interaction was
better when electrotherapy was combined with
intraperitoneal IFN-a treatment than with peri-
tumoral application (Figure 2, 3). Additive an-
titumor effect was obtained with peritumoral
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Figure 3. Antitumor cffect of IFN-a and clectrothe-
rapy on subcutancous SA-1 tumors. IFN-a (5 x 10° U)
was injected intraperitoncally five consccutive days,
starting on day 0. Electrotherapy was performed with
0.6mA onc hour after IFN-o trcatment on day 0.
Experimental groups compriscd 8-10 animals.

14 -
13 o ET field
12 o ET & IFN-«

w1t

>

T 10 A

T

5 8

o 7]

T

o 8

ERRE

£ 4

U g
2 |
1.

0

0.2 0.4 0.6 0.8 1.0 1.2
Current (maA)

Figure 4. Tumor growth dclay after clectrotherapy or
combined modality treatment with clectrotherapy and
IFN-a. Electrotherapy was performed with different
current levels one hour after IFN-a treatment on day
0. The data arc presented as arithmetic means and
standard deviations of thc mean. The tumor growth
delay after trecatment with IFN-a alone is presented
as an average tumor growth delay. Experimental
groups consisted of 10 animals.

treatment and more than additive with intrape-
ritoneal treatment.

To determine how IFN-a therapy interacts
with escalating electrotherapy doses, combined
modality treatment was performed with diffe-
rent direct current levels, ranging from 0.2 mA
to 1.2 mA. IFN-a treatment schedule remained
the same as in the previous experiment. Rela-
tionship between the effectiveness of therapy,
presented as tumor growth delay, in relation to
electrotherapy at different current levels, is
presented in Figure 4. The interaction of IFN-a
with electrotherapy was additive up to 0.4 mA
and more than additive from 0.6 mA on (Table

1).

Table 1. Tumor growth delay after clectrotherapy
(ET) alone or in combination with IFN-a.

Growth Declay (days)
ET only

ET0.2mA 1.0%0.5(v=15)
ET0.4mA 1.8%0.4(v=15)
ET0.6mA 2.0%0.6(v=18)
ET0.8mA 4.9%1.4(v=14)
ET1.2mA 83%1.7(v=15)

ET + IFN-¢
1.9+0.5 (v=15)
2.8+ 0.6 (v=16)
3.8+0.6 (v=18)
8.0+2.4 (v=16)

11.6 + 1.9 (v= 16)

! Tumor growth declay after intraperitoncal IFN-a
trcatment was 1.1 +£0.5 (v=15)

2 Tumor growth dclay in days (AM % SD), u degree
of frecdom

Discussion

The study shows that electrotherapy and IFN-a
treatment interact in control of fibrosarcoma
SA-1 tumor growth. More than additive antitu-
mor effect was obtained when electrotherapy
was combined with intraperitoneal IFN-a treat-
ment. The interaction between the two treat-
ment modalities increased by escalating current
levels.

Electrotherapy is a new treatment modality
used in local control of tumor growth.” ' 1% Its
antitumor mechanisms are probably multiple:
biochemical reactions in the vicinity of the
electrodes and influences of electric current
directly on tumor cells.!” 2 2! Among bioche-
mical reactions are changes of pH and changes
of ion composition in extra cellular matrix
which all exert influence on cell growth and
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survival.!” Effectiveness of electrotherapy is
predominantly dependent on electric current
intensity.'" ' With currents 1.8 mA a growth
delay of approximately 12 days can be achieved
on SA-1 tumors, while on B-16 melanoma
tumor model even tumor cures can be indu-
ced.” Nevertheless, after the treatment viable
tumor cells remain, which again give rise to a
tumor. In order to potentiate effectiveness of
electrotherapy, and eradicate the remaining tu-
mor cells, attempts were made to combine
electrotherapy with radiotherapy,? chemothe-
rapy.'> ¥ and biological response modifiers.'*
1623 In most cases additive or supra-additive
effects were obtained.

Our interest was focused on combinations of
electrotherapy with biological response modi-
fiers. The studies combining interleukin-2 (IL-
2)," tumor necrosis factor alpha (TNF-a))?® and
human leukocyte interferon alpha (IFN-o)'®de-
monstrated that stimulation of host’s defence
mechanisms contributes to antitumor effective-
ness of electrotherapy. Depending on the biolo-
gical response modifier used, different arms of
the cytokine network are stimulated, but in all
cases the effectiveness of electrotherapy was
increased.

In our preliminary study we have already
tested the combined modality treatment of hu-
man leukocyte interferon alpha (IFN-a) with
electrotherapy on SA-1 tumor model.'® In that
study IFN-o treatment protocol was the same
as in the present study, however, electrotherapy
protocol was different. Repetitive electrothe-
rapy treatment was not very effective, therefo-
re, according to later experience we applied the
“field“ electrotherapy as a single treatment.!”
As demonstrated in the present study, the effect
is dose dependent resulting in a moderate anti-
tumor effect at 0.2mA current level, and a
significant growth delay at 1.2 mA. Comparison
of the IFN-o antitumor effects according to the
route of application demonstrated that IFN-a
is moderately effective at the doses used. No
difference in the antitumor effectiveness of IFN-
o was observed, given either locally or systemi-
cally. But when combined with cytoreductive
electrotherapy, systemic treatment was more

effective than local treatment. Although IFN-a
was demonstrated to be cytostatic to SA-1 cells
in vitro, it is very unlikely to reach sufficiently
high concentrations in the tumor to exert such
an effect, when injected locally or systemically
in vivo. Therefore, enhancement of the antitu-
mor mechanisms of the organism must be con-
tributing to the supra-additive effect of electro-
therapy combined with systemic IFN-o treat-
ment.

The interaction of IFN-a treatment with elec-
trotherapy was dependent on antitumor
effectiveness of electrotherapy. With escalating
electrotherapy doses also combined modality
treatment was more effective. This demonstra-
tes that adjuvant IFN-o treatment was more
effective on a smaller tumor burden. The doses
used in both treatment modalities were low and
no treatment related side effects were observed.

Our study shows that IFN-o and electrothe-
rapy interact in antitumor effectiveness on fi-
brosarcoma in mice. Combined use of IFN-a
and electrotherapy resulted in effective tumor
control. Thus, electrotherapy can be used to
locally potentiate systemic IFN-a treatment.
Further studies are required for possible imple-
mentation of the investigated treatment ap-
proach in clinical practice.
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Antitumor effect of interferon-o. administered by different routes
of treatment
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Besides the fact that interferons were identified as factors capable of irhibiting viral infections, they
have proved to be antiproliferative, immunomodulatory and differentiation-inducing factors. On the
basis of these activities, they have been employed clinically for treatment of various tumors. The
study was performed to determine whether there was different antitumor effect of recombinant human
interferon-a. AID (rHulFN-o. A/ID) when it was given as a local or systemic therapeutical agent.
Two different tumor models, i.e. subcutaneous (s.c.) and intraperitoneal (i.p.) B-16 melanoma on
C57BIll6 mice, were employed in these experiments. Experimental mice were treated locally or
systemically with different doses of rHulFN-o. AID; the treatment was begun 24 hours after tumor
cell inoculation and continued through five consecutive days. Intraperitoneal treatment of animals
with i.p. twmors resulted in significantly longer survival time in comparison with control group or
with subcutaneously treated animals (p<0.001). Similarly, the delay of tumor detection and tumor
growth in mice with s.c. tumors treated subcutaneously with rHul FN-o. A/ID was significantly greater
than in intraperitoneally treated animals (p<0.01). According to these results we can conclude that
rHulFN-a. A/D is much more potent antitumor agent when it is used locally. However, systemic
treatment with higher doses was effective in both tumor models and it is still more convenient for
treatment of some tumor lesions which are not accessible for local treatment.

Key words: melanoma, experimental-drug therapy; interferon-alpha; drug administration routes

Introduction

Interferons are glycoproteins which were iden-
tified as factors capable of inhibiting viral infec-
tions." ? Besides, interferons have proved to be
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antiproliferative, immunomodulatory and diffe-
rentiation inducing factors.> * 3 Other putative
functions include antioncogene activity and mo-
bilisation of energy stores during sickness.®’
Three subtypes of interferons (IFN a, # and
v) have been identified, differing in terms of
their cell surface receptors, their acid stability,
their primary sequence and their chromosomal
location and organisation.> ® Interferon-a. and
interferon-f produced by leukocytes and fibro-
blasts, respectively, are acid stable and share
the same receptor, while interferon-y is produ-
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ced by T lymphocytes, is acid labile and has a
different receptor.*®

The precise mechanisms of action for the
antitumor effects of interferons are not fully
explained. They involve both direct (antiprolife-
rative effects, cytotoxic effects and enhance-
ment of cell surface antigen expression on tu-
mor cells) and indirect antitumor action (activa-
tion of macrophages/monocytes, activation of T
cells, activation of NK cells and modulation of
antibody production).” 1*

More then 20 subtypes of interferon-a are
known, but only few of them are used systemi-
cally or locally in the treatment of neoplasms
as hairy cell leukemia, AIDS - related Kaposi
sarcoma, Hodgkin’s disease, non - Hodgkin’s
lymphomas, oral cancer, malignant melanoma,
renal cell carcinoma and bladder cancer.''"'¢

In our experiments we investigated the rela-
tive capability of local versus systemic treatment
with rtHulFN-a A/D as an antitumor agent
against B-16 melanoma. To address this que-
stion we used two different tumor models: i.p.
and s.c. B-16 melanoma tumors.

Materials and methods

Animals

Six to eight weeks old female C57Bl/6 mice
were used in the experiments. Mice were pur-
chased from Jackson Laboratories (Bar Harbor,
USA) and held in a pathogen free animal
colony. The adaptation period before use was
two to three weeks. At least nine healthy
animals with normal body weight were included
in each experimental group.

Tumor models

Subcutaneous (s.c.) and intraperitoneal (i.p.)
tumors were employed as tumor models. Subcu-
taneous tumors were induced subcutaneously in
the left lower abdomen with 10° B-16 melanoma
cells in 0.1 ml EMEM (Eagle’s minimal essen-
tial medium) supplemented with 2% fetal calf
serum (FCS), while mice for i.p. tumors were

inoculated with the same number of viable cells
intraperitoneally. In the experiments with s.c.
tumors the day of tumor detection was monito-
red and tumor growth was followed by measu-
ring two tumor diameters with a vernier caliper.
The tumor burden was calculated by the stan-
dard formula for a prolate sphere V =/
6xd;xdy? (dy<d,). Mice with i.p. tumors were
monitored for the day of death and the increa-
sed life span (ILS) was calculated. Also, mice
with s.c. tumors were monitored for the day of
tumor development and the increased tumor
detection span (ITDS) was determined as
shown below.

av. day of dcath for IFN trcated micc -
av. day of dcath for control

ILS = - - X 100
average day of death for control
av. day of tu. det. for IFN trcated

ITDS = micc - av. day of tu. det. for control % 100

average day of tumor dctection for
control

Tumor cells

Murine B-16 melanoma cells (clone F1)'7 were
grown in EMEM supplemented with 10 % FCS,
penicillin (100 units/ml), streptomycin (100 g/
ml) and gentamycin (11 ug/ml). The final cell
suspension for inoculation (10% viable tumor
cells per 0.1 ml) was prepared with EMEM
supplemented with 2% FCS and antibiotics as
indicated above.

Interferon

Recombinant  human interferon-o  A/D
(rHulFN-a A/D) used in this study was gene-
rously provided by Dr. Michael Brunda of
Hoffman-La Roche (Nutley, New Jersey) and
had a specific activity of 6.4x107 U/mg of
protein. Recombinant human IFN-a A/D is a
recombinant molecular hybrid of two subtypes
of HulFN-a which exerts antiviral, antitumor
and myelotoxic activities in mice.'®? The inter-
feron was diluted in phosphate buffered saline
(PBS) supplemented with 0.3 % bovine serum
albumin (BSA, Sigma Chemical Company) and
frozen at -70°C until used for treatment.
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Treatment

Interferon treatment was started 24 hours after
tumor cell inoculation and continued daily
through five consecutive days. Animals with
i.p. tumors were treated with different IFN
doses (3000 U/0.2ml, 10000 U/0.2ml or 30000
U/0.2ml per animal per day) intraperitoneally
(locally) or subcutaneously (systemically). Sub-
cutaneous tumor bearing animals were treated
with the same doses as mentioned above, but
in this case subcutaneous treatment was perfor-
med as local and intraperitoneal as systemic
treatment. The animals in the control group
were injected subcutaneously or intraperito-
neally with 0.2 ml of PBS supplemented with
0.3% BSA.

Statistical analysis

The data were evaluated for significance using
Student’s T-test.

Results

Experiments were performed to determine
whether the antitumor effect of rHulFN-a A/D
was different when the agent was administered
locally or systemically. Two different tumor
models were employed: s.c. B-16 melanoma
and i.p. B-16 melanoma.

Antitumor effect on s.c. tumors

Mice were inoculated s.c. with B-16 melanoma
tumor cells and randomly divided in eight
groups:

- control group treated subcutaneously with
PBS/BSA;

— control group treated intraperitoneally with
PBS/BSA;

— group treated subcutaneously with 3000 U
(3 KU) of rHulFN-a A/D;

- group treated intraperitoneally with 3000
U (3 KU) of rHulFN-a A/D;

— group treated subcutaneously with 10000
U (10 KU) of rHulFN-a A/D;

— group treated intraperitoneally with 10000
U (10 KU) of rHulFN-a A/D;

— group treated subcutaneously with 30000
U (30 KU) of rHulFN-a A/D and

— group treated intraperitoneally with 30000
U (30 KU) of rHulFN-a A/D.

Table 1. Avcrage day of tumor dctection for s.c. B-16
melanoma bearing mice trcated subcutancously or
intrapcritoncaly with rIHulFN-a A/D.

Average SD* p-value p-value
day of (comparing (comparing
tumor to the the same
detection control)  doses)
i.p. control 9.9 21 e e
i.p.3KU 127 2.9 0.0039 -
i.p. I0KU 12.2 2.5 0.0087 -
i.p.30KU 147 4.8 0.001
s.c. control  10.4 2.2 e e
s.c.3KU 169 5.2 0.0001 0.005
s.c. I0KU 199 39 0.0001 0.0001
s.c.30KU 202 3.8 0.0001 0.001
*SD - Standard dcviation
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Figure 1. Increasc in tumor detection span (ITDS) for
subcutancous B-16 mclanoma tumors. Tumors were
implantcd using 10° viable tumor cclls, and 24 hours
later treated subcutancously or intraperitoncally with
different concentrations of rHulFN-a. A/D during five
consccutive days.
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Starting 24 hours after tumor cell inoculation
and continuing for five days, mice were injected
s.c. or i.p. with either rHulFN-a A/D (different
concentrations) or PBS/BSA.

The day of tumor detection and tumor growth
were monitored. Table 1 presents the average
results of two identical experiments that gave
similar results. Both subcutaneous (local) and
intraperitoneal (systemic) treatments caused a
significant antitumor effect at all interferon
concentrations employed. However, it can be
seen that local treatment was more effective
than systemic treatment.

Locally treated mice with 3 KU of rHulFN-a
A/D developed tumors in 16.9 days on average,
with 10 KU in 19.9 days, and with 30 KU in
20.2 days; these periods being 62.5%, 91.3 %
and 94.2% longer than those in the control
group (Table 1, Figure 1).

Systemically treated mice with 3 KU develo-
ped tumors in 12.7 days in average, with 10
KU in 12.2 days, and with 30 KU in 14.7 days;
those periods being 28.3 %, 23.2 % and 48.5%
longer than those in the control group (Table
1, Figure 1). Tumor growth kinetics was the
same as in the control group, while local treat-
ment slowed down the tumor growth in all
treated groups (Figure 2).

Statistically significant differences in the day
of tumor detection were observed between the
two routes of interferon administration for all
treatment doses (p=0.005 with 3 KU,
p =0.0001 for 10 KU, and p =0.001 for 30 KU
of rHulFN-a A/D).

Antitumor effects en i.p. tumors

It was important to consider previous data from
s.c. tumor model in order to asses whether the
differential responsiveness of the tumors would
be observed on i.p. tumor model after different
routes of treatment with rHulFN-a A/D. To
address this point, mice were inoculated i.p.
with B-16 melanoma tumor cells and randomly
distributed (as mice with s.c. tumors), into
eight groups. Mice were also treated locally
(intraperitoneally) and systemically (subcuta-
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Figure 2. Growth kinctics of subcutancous B-16 mela-
noma implanted in the left lower abdomen using 10°
viable tumor cclls, and treated subcutancously or
intraperitoneally with rHulFN-a A/D.

neously) with different doses of rHulFN-a A/D
or PBS/BSA. Treatment schedule was the same
as the one described above fer s.c. tumors.
Mice were monitored for the day of death.
Table 2 presents the average results of two
identical experiments which gave similar results.
It can be seen that also in i.p. tumors local
treatment was more effective than systemic

Table 2. Avcrage day of dcath for i.p. B-16 melanoma
bearing mice treated subcutancously or intraperito-
ncaly with rHulFN-a A/D.

Average SD¥ p-value p-value

day of (comparing (comparing

death to the the same

control)  doses)

s.c. control  19.9 1.8 e e
s.c.3KU  19.6 1.7 0.5688 -
s.c. I0KU 209 1.7 0.0714 -
s.c.30KU 215 1.8 0.0098 -
i.p.control 19.3 13 e e
ip.3KU  22.6 2.5 0.0001 0.0001
i.p. I0KU 233 1.9 0.0001 0.0004
i.p.30KU 24.8 3.1 0.0001 0.0002

*SD - Standard deviation

1
40
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treatment (Table 2, Figure 3). Percent of in-
crease in life span (% ILS=SE) for locally trea-
ted mice with tHulFN-a A/D was 17.3%2.99
(3 KU), 20.5£2.27 (10 KU) and 28.7%3.68 (30
KU); for systemically treated mice the %ILS
was -1.7+1.96 (3 KU), 5.2+1.98 (10 KU) and

O Control
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Figure 3. Survival curves for intraperitoncal B-16
meclanoma bearing mice (C57B1/6); tumors were indu-
ced intraperitoneally with 10° viable tumor cells and
24 hours later trcated intraperitoneally (upper figure)
or subcutancously (lower figurc) with different concen-
trations of rHulFN-a A/D during five consecutive
days.
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Figure 4. Increase in life span (ILS) for intraperitoncal
B-16 mclanoma bearing micc trcatcd systemically or
locally with rHulFN-a A/D.

7.9+2.08 (30 KU) (Figure 4). Owing to a
higher agressivness of i.p. tumors, systemic
(subcutaneous) treatment did not statistically
significantly affect the average day of death in
comparison with control mice, except when the
mice were treated with the highest dose (30
KU) (Table 2, Figure 3).

However, statistically significant increase in
life span was observed when we compared
locally (intraperitoneally) treated animals to
the ones treated systemically (subcutaneously)
with the same dose of rHulFN-a A/D; the
p-value for mice treated with 3 KU was 0.0001,
for mice treated with 10 KU 0.0004 and for
mice treated with 30 KU 0.0002. Moreover, the
animals that received a threefold lower dose
(10 KU) of rHulFN-a A/D locally (intraperito-
neally) survived significantly longer than those
treated systemically (subcutaneously) with 30
KU (p=0.005).

Based on the results obtained in both tumor
models, it is clear that maximal antitumor acti-
vity occurred when rHulFN-a A/D was given
locally. Systemic treatment was moderately ef-
fective: more effective in s.c. tumors when
rHulFN-a A/D was administered intraperito-
neally than on i.p. tumors when it was admini-
stered subcutaneously.
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Discussion

Previous experimental findings demonstrated
that IFN-a has reproducible antiproliferative
effects in vitro®? and in vivo.”* On the basis
of these findings, IFN-a has been employed
clinically for treatment of various tumors.
Today, IFN-a is approved as an antiprolifera-
tive agent for the treatment of hairy cell leuke-
mia and AIDS related Kaposi sarcoma.*!® Ne-
vertheles, IFN-a as a single agent has been
reported to induce clinical remission in many
hematological malignancies and solid tu-
mors. %242 Moreover, IFN-a has reproducible
activity against malignant melanoma, a tumor
for which conventional chemotherapy has poor
efficacy.'®? :

The present study was undertaken to assess

which route of administration is more suitable

for IFN-a treatment. Therefore, we chose s.c.
and i.p. B-16 melanoma tumor models. Mice
were treated locally and systemically for five
consecutive days with different doses of
rHulFN-a A/D. Systemic treatment of s.c. tu-
mors was performed in the form of intraperito-
neal injection, while locally treated animals
were injected subcutaneously. In contrast, in
the i.p. tumor model intraperitoneal administra-
tion was performed as a local and subcutaneous
as a systemic treatment. In both cases local
treatment proved to be significantly superior to
systemic. An interesting observation was that
systemic (intraperitoneal) treatment of s.c. tu-
mors resulted in a statistically significant delay
in tumor detection at all interferon concentra-
tions examined, while systemic treatment (sub-
cutaneous) of i.p. tumors did not significantly
increase the life span of treated animals (except
30 KU). The fact that developed tumors in
systemically treated animals continued growing
at the same rate as tumors in control mice,
suggests  that  systemically administered
rHuIlFN-a A/D exerts antitumor eftect only on
a very small tumor burden.

In accordance with our observations,
rHulFN-a A/D is more effective when given as
a local therapeutical agent. Nevertheless, when
we have to use rHulFN-a A/D systemically, it

is much more advisable to administer it intrape-
ritoneally than subcutaneously. This is also in
agreement with previous pharmacokinetic fin-
dings that intraperitoneal administration of
IFN-a has good bioavailability (30 times higher)
compared to the intravenous route.?®

The role of IFN-a in the treatment of malig-
nancies has not yet been fully established. Many
questions remain to be answered concerning
the optimal strategy for incorporating IFN-a
into anticancer therapy, and one of them is the
optimal route of its administration. However,
the future of IFN-a usage in oncology seems
to be in its local (and also systemical) use as
adjuvant therapy after the tumor burden has
been reduced by other therapeutic modalities.
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Anti-tumor effect of interferon alpha in combination with
cisplatin — animal experiments

Borut Stabuc

Departiment of Medical Oncology, Institute of Oncology, Ljubljana, Slovenia

Anti-tumor effect of human interferon-o. and cisplatin was studied on B-16 melanoma bearing
C57BlI6 syngencic mice. When the tumors reached 1 mm in diameter, applications of cisplatin were
started at a dosage of 0.001 mglg of animal’s body weight, or human interferon-o. was given at a
dosage of 5 x 10° IU. A control group of mice received normal saline solution. The treatment was
applied every next day, altogether 12 times. Tumor volumes were measured every next day, and
their mean values calculated; all 12 measurements confirmed that the mice treated with human
interferon-o. and cisplatin had smaller mean value than the control group, or the groups receiving
either interferon or cisplatin alone, respectively (p <0.05). The mean tumor volumes of cisplatin
treated mice were lower than those of the controls or interferon-treated animals (p <0.05). The
obtained results indicate that human interferon-o. enhances the antitumor effect of cisplatin.

Key words: melanoma, experimental drug therapy; interferon-alpha; cisplatin

Introduction combinations have been proved to definitely

increase the survival of patients with metastatic

Melanoma represents less than 5 % of all malig-
nant diseases, though its incidence in the last
few decades has been rapidly increasing." % *

Chemotherapy in melanoma has not been
particularly effective. Although several drugs
have a low order of antitumor activity, combi-
nation chemotherapy has not produced better
results that those observed with the use of
single agents such as dacarbazine, nitrosoureas,
vinca-alkaloids, and cisplatin (CDDP). More-
over, none of these drugs as well as their

Correspondcnce to: Borut Stabuc MD, PhD, Depart-
ment of Medical Oncology, Institutc of Oncology,
Zaloska 2, 61105 Ljubljana, Slovcnia.

UDC: 616-006.81-085

melanoma.* °

A number of pre-clinical and clinical trials
studying the effects of interferon alpha were
consistent in confirming its antitumor activity
against melanoma.® 7 Even if the mechanism
of antitumor effects of interferon are still insuf-
ficiently understood, it has become clear that
in the majority of the experimental systems
investigated, interferons act in a very different
way from chemotherapy. Thus, the idea of
using interferons in combination with other
agents has interested investigators for a long
time.®

Different experimental data have shown that
combined treatment can improve the response
rate and prolong the duration of response due
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to different actions of drugs on the tumor,
interactions between the drugs and, perhaps,
influences on the host immune system.® '®
Therefore, the aim of this study was to inve-
stigate the possibility of enhancing the cisplatin
antitumor effect by the application of human
interferon alpha in suboptimal doses.

Materials and methods

Experimental animals

The animals, 8-10 week old C57B1/6 mice were
obtained from Rudjer Boskovi¢ Institute, Za-
greb. Mice used in the experiment were of the
same sex and age. Animal colonies were main-
tained in accordance with the recommendations
issued by the National Cancer Institute in Be-
thesda, USA. B-16 melanoma was used as an
experimental tumor model. Tumors were im-
planted to the animals by subcutaneous injec-
tion of 5 X 10° viable tumor cells given dorsola-
terally. Tumor cell suspension was prepared by
mechanical decomposition of viable tumor tis-
sue.

Treatment

Mice were divided into four experimental
groups as follows: 1) control group, 2) group
treated with CDDP, and 3) group receiving
human interferon-a (IFN-o) and 4) group recei-
ving combined CDDP and IFN-a treatment.
Each group consisted of 7 animals. Intraperito-
neal applications of the cytotoxic agent and/or
IFN-a and normal saline solution were started
when the tumors reached 1 mm in diameter, or
a volume of 0.5mm?®. The injections of active
substances were administered every next day,
and the experiment was completed on the 25%
day from the beginning of application.

The solution of CDDP (Bristol-Myers Co.)
and normal saline was injected at a dose of
0.001 mg/g b.w. or 0.01 ml of the solution per
gram of the animal’s body weight.

IFN-a (human interferon alpha from the In-
stitute of Immunology, Zagreb, Croatia)”
dissolved in normal saline was injected at a

dose of 5 x 10* IU which equalled to 0.25ml of
the solution per application.

In one group CDDP injections were followed
after one hour by IFN-a application; drug do-
sage was the same as in groups receiving either
of the agents alone. Animals in the control
group had the same quantity of normal saline
solution injected intraperitoneally every next
day.

Tumor measurement and statistical analysis

Tumor growth was followed up daily by the
evaluation of tumor diameter and thickness.
Tumor volume was calculated using the follow-
ing formula: 0.523 X a Xb X ¢, where a, b, ¢
were tumor diameters.

Mean volumes, as well as standard deviation
and standard error of the mean values were
calculated from the results of measurements
performed on the same day. The data were
statistically analysed by means of CIA softwa-
re.!l

Results

Mean values of tumor volumes (MTV) express-
ed in mm®, measured every next day during the
treatment with normal saline solution, IFN-a,
CDDP, or combination of both are presented
in Table 1.

In all measurements MTVs of CDDP-treated
animals were found to be lower that those of
the control group (p<0.05), and the values
obtained after the 5" measurement were also
statistically significantly lower that those of the
IFN-o treated animals.

In all 12 measurements MTV of the animals
receiving combined CDDP and IFN-a treat-
ment were statistically significantly lower than
the relevant values obtained in all other expe-
rimental groups (p <0.05).

Figure 1 shows MTV values and 95 % confi-
dence interval resulting from all 12 measure-
ments performed in all experimental groups.

In the groups receiving combined CDDP and
IFN-a treatment or CDDP alone 2 animals
died immediately after drug application. The
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Table 1. B16 melanoma volume in mm? in all 4 groups of CS7BI/6 mice.

Controls IFN-a CDDP IFN-a and CDDP
Mcasurement MTV (m®) MTV (mm?) MTV (mm?) MTV (mm?)
95-CI 95-CI 95-CI 95-CI
1 0.5 0.5 0.5 0.5
2 3.9 3.1 2.1 1.3
2.74.1 2.7-3.5 1.8-2.4 0.9-1.8
3 13 10.4 9.9 6.2
11-15 9.6-11.2 9.2-10.7 5-7.4
4 57.7 46.9 49.1 35.2
55-61 44-50 44.8-53.3 29-42
5 131 122 119 59.3
127-135 116-128 113-125 48-71
6 181 179 145 91.4
173-189 170-188 137-153 79-104
7 324 326 240 219
316-332 314-338 231-249 205-233
8 444 438 369 299
433-455 428-448 349-389 281-317
9 538 524 417 371
525-551 510-538 295-439 349-393
10 622 613 498 443
608-636 600-626 473-523 421-465
11 696 689 602 523
683-709 676-702 573-631 496-550
12 789 798 711 611
775-803 784-812 672-750 576-646
900 Discussion

800 |-
»oo /: According to the obtained results, IFN-a alone
_ does not exert any direct statistically significant
i /! effect on the tumor.
[ : The antiproliferative effect of IFN-a depends
on the dose applied, as well as on the mode of
application, tumor size and the type of metasta-

ses. An indirect, immunomodulatory effect of

tumor size (mms)
N 7] -
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o o o
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s : :‘;::"1 interferon can be achieved at doses lower than

100 e A cisplatin those required for a direct antitumoral effect.
01 ® IFN-a + cisplatin In experimental animals human IFN-a does not
—100 . ; o . . influence the immune cells such as T-lymphocy-

"
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tes and NK cells.!*

Balkwill has reported on the interactions
between human IFN-a and chemotherapeutic
agents in human tumours grown in mice. The
efficacy of sub-optimal doses of cyclophospha-
mide and doxorubicin was greatly increased by
interferon in a human breast cancer xenograft

" growing in nude mice. Even low doses of inter-
feron, which alone had no effect on tumour
growth, were able to potentiate the activity of

Days after treatment initiation

Figure 1. The cffect of IFN-o and CDDP on the
growth of B-16 melanoma. Mice were treated every
next day after the tumors reached 1mm in diameter.
IFN-o. (5x10* TU) and CDDP (0.001mg/g) were
injected intraperitoncally. Each cxperimental group
consisted of seven mice. The vertical bars represent
95% CI. N

animals in CDDP-treated group had for 1g

lower body weight on average, whereas the
body weight of animals in other three groups
did not differ from that of the control animals.

anticancer drugs."
Numerous preclinical and clinical trials have
shown synergistic or additive effects between
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interferon and at least 20 different cytotoxic
agents including doxorubicim, vinca alkaloids,
5-fluorouracil and CDDP.”" 16

The most striking synergy was demonstrated
when low doses of IFN were used and, and it
was associated predominantly with lymphoma
cell lines."”

However, not all studies have established
positive interaction between IFNs and chemo-
therapy. Antagonistic effects between some cy-
totoxic drugs and IFN have also been report-
ed.!®

Little is known about the mode of IFN inter-
action with CDDP and other cytotoxic drugs.
IFNs could potentially alter drug metabolism
or act independently of the other agent. The
cytochrom P-450 system was inhibited, thus
significantly influencing the cell level of gluta-
thione transferase. The decreased levels of cell
glutathione result in increased cytotoxic effect
of CDDP. IFN slows down the cell cycle by
inhibiting the production of nucleic acids in its
postmitotic G1 phase. IFN also slows down
catabolism and elimination of some cytotoxic
agents such as cyclophosphamide and doxorubi-
cin, and influences cell membrane fluidity, i.e.
the transport system for cytostatics.” '

Combined IFN and chemotherapy has result-
ed in clinical benefit in many patients with solid
tumours.?® In general, however, significantly
improved response rates were not observed.

In many regimens, IFN are combined with
cytotoxic drugs with different rationale: bioche-
mical modulation, immunopotentiation, immu-
nostimulation or host protection. Each ap-
proach is valid; however, the complexity of
potential interactions requires close considera-

tions.” %

Our study showed that IFN, even at a dose
insufficient to influence the growth of B-16
melanoma when given as monotherapy, statisti-
cally significantly increased the antitumor effect
of CDDP (95% CI). Additional prospective
clinical trials are of paramount importance for
further explanation of the interaction mecha-
nisms involved.
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Serum interleukin-2 levels in malignant melanoma patients

Zvonimir Rudolf and Srdjan Novakovi¢

Institute of Oncology, Ljubljana, Slovenia

In a majority of human neoplasms a mitogen mediated decrease in the production of interleukin 2
(IL-2) in vitro can be observed. Poor resolution of the available tests does not enable the evaluation
of spontaneous and in vivo IL-2 production in cancer patients. Using ELISA method (Genzyme),
serum IL-2 concentrations were determined in malignant melanoma patients and healthy controls.
The mean value (£SE) of serum IL-2 in 30 healthy donors was 269 U/ml (269 * 66).In patients
with malignant melanoma this value was lower - 37 U/ml (37 £ 16). The difference between mean
values of both groups was significant (p < 0.05). The mean level of serum IL-2 in 11 patients
treated with human leukocyte interferon was higher than the mean value of all melanoma patients
(53 Ulml); the small nhumber of patients and variability of the obtained results, however,render the
difference statistically insignificant. The results indicate that the decreased in vitro production of 1L-2
in malignant melanoma is associated with a decrease in in vivo IL-2 production in comparison with
healthy persons.

Key words: melanoma, interleukin-2

Introduction

Solid malignant tumors are frequently accompa-
nied by suppression of cell-mediated immunity
and associated with that impaired survival.'
The effects of specific antitumor responses,
such as generation of cytotoxic T-cells, activated
macrophages, and antitumor antibodies, are
probably most relevant to immunologic control
by the host. Besides the initial maturation ef-
fects of thymic hormones,* the most important
is the so-called interleukin cascade which repre-
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sents a sequence of events involving the citoki-
nes of monocyte lypmhoid origin helping to
drive the cellular response to target antigens.
Current studies focus on interleukin-2 (IL-2)
which is a glycoprotein produced by activated
T lymphocytes.

According to the results of some studies® it
is known that most antitumor immune reac-
tions, such as proliferation of T helper and
cytotoxic cells, NK activity and generation of
LAK cells, are IL-2 dependent. Acting on
specific IL-2 cell surface receptors, expressed
by activated though not resting immune cells,
IL-2 stimulates immunity. Though activated T
cells, B cells, and macrophages express IL-2
receptors, the most important source of serum
IL-2 has still not been clearly explained. Also,
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the results of some studies® suggest that serum
IL-2 is involved in regulation of some IL-2-
dependent immune functions.

The central question is whether IL-2 function
is abnormal in patients with solid tumors who
commonly exhibit depression of cell-mediated
immunity.

Several studies have demonstrated a reduced
in vitro IL-2 production after mitogenic stimu-
lation in most patients with metastatic cancer.
On account of too low sensitivity of previous
assays, little data were available on IL-2 spon-
taneous in vivo production in cancer patients
until recently.”” The development of sensitive
ELISA method enabled us to investigate serum
IL-2 concentrations in patients with malignant
melanoma.

In view of the previously mentioned facts,
serum levels of IL-2 were investigated in pa-
tients with malignant melanoma in comparison
with healthy persons.

Patients and methods

The study included 30 patients with malignant
melanoma. There were 12 male and 13 female
patients with the mean age 51.4 years (range
31-76 years). Thirty healthy persons (blood
donors) served as a control group; there were
15 males and 15 females with the mean age 41
years (range 25-57 years).

In all patients the tumor was histologically
proven after surgical removal, and none of
them was treated with exogenous recombinant
interleukin-2. Disease activity was determined
at the time when blood samples were collected.
Eleven patients with malignant melanoma were
treated intramuscularly with human leukocyte
intereferon (2 x 10° U weekly for 30 weeks).
The blood samples from those patients were
collected throughout the duration of treatment.

Serum interleukin-2 (serum IL-2) levels were
measured by means of Inter Test 2 Human IL-2
ELISA test kit (Genzyme-Corporation, Boston,
Massachusetts, USA) which is a solid phase
enzyme immunoassay employing the multiple
antibody sandwich principle.

Results

The mean value (£SE) of serum IL-2 in healthy
donors was 269U/ml (269+66, range 6.9 -
1881 U/ml). In males the mean serum IL-2
value was 259U/ml and in females 279 U/ml
(Table 1). There was no significant sex- and
age-related difference in the group of healthy
persons. However, since there was a difference
between mean age of healthy donors and mela-
noma patients, the control group was divided
into two groups, i.e. persons over 40 and those
under 40 years of age. The mean value in
healthy donors over 40 years of age was 292 U/
ml, while in younger donors it was 249 U/ml;
there was no significant impact of age on serum
IL-2 levels.

Table 1. Scrum interlcukin-2 levels in healthy donors
according to thc scx and age distribution.

Group No scrum IL-2 Levels
AM* £ SE** Range
Males 15 259 13.8 - 536.2
Females 15 279 11.5 - 1881
Agce:
>4() 14 292 13.8 -~ 1881
<40 16 249 11.5 - 891
All 30 269 £ 66 6.9 - 1881

* AM - arithmetic mean
** SE -~ standard error

In patients with malignant melanoma the
mean value of serum IL-2 was 2729 U/ml (Ta-
ble 2); in female patients 28 U/ml and in male
patients 26 U/ml. There were no sex-related
differences noted in melanoma patients. In ol-
der patients (over 51 years) mean serum IL-2
level was 27U/ml, and in younger patients
(under 51 years) this value was nearly the same
-27U/ml.

Table 2. Scrum IL-2 Icvels in paticnts with malignant
meclanoma according to the sex and age distribution.

Group  No scrum IL-2 Levels
AM* +  SE** Rangc
Males 12 26.1 2 - 127
Females 13 28.4 2 - 200
Age:
>51 11 27.3 2 - 127
<51 14 27.2 2 - 200
All 25 273 £ 93 2 — 200

* AM — arithmetic mean
#* SE — standard error
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Figure 1. Scrum IL-2 levels in healthy donors and
melanoma paticnts.

Serum IL-2 levels in melanoma patients and
healthy donors are presented in Figure 1. The
difference between mean values of serum IL-2
in melanoma patients and in healthy donors
was significant (27+9 U/ml versus 269+66 U/ml,
p<0.05). In 5 patients the disease was found
to have recurred by the time of sample taking.
In these patients with recurrence, the mean
value was decreased (6.8 U/ml ). Despite of a
low number of cases, it seems that the extent
of disease (or disease activity) influenced the
serum IL-2 levels.
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Figure 2. Scerum levels in all melanoma patients and
11 patients that were on adjuvant trcatment with
human leukocyte interferon (2% 10° units weekly,
intramuscular application) after surgical removal of
the primary tumor.
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At the time of sample taking 11 patients were
on adjuvant treatment with human leukocyte
interferon (2 X 106 units weekly, intramuscular
application) after surgical removal of the pri-
mary tumor. In these patients the mean value
of serum IL-2 was 57 U/ml (Figure 2), which
was higher when compared with otherwise de-
creased levels of serum IL-2 in melanoma pa-
tients. Although, the difference in serum IL-2
levels between all patients and patients treated
with human leukocyte interferon was not signi-
ficant. Also, the serum IL-2 levels were not in
the range of the levels of controls employed in
this study (i.e. 269 + 66 U/ml).

However, according to our findings it can be
postulated that the extent of the disease could
influence the serum IL-2 levels since a decrease
in serum IL-2 was found in the group of patients
with recurrence when compared with the mean
serum IL-2 value in all patients (6.8 U/ml versus
27 U/ml).

Discussion

The aim of this study was to assess the potential
role of serum IL-2 in the diagnosis and predic-
tion of recurrence in malignant melanoma pa-
tients.

Biological significance of altered levels of II-2
is still not clear; in particular, it is not yet clear
whether the increased levels in the blood reflect
possible activation of immune cells, or should
be ascribed to immune dysfunction.

Although the lymphoproliferative response
to mitogens or antigens is frequently depressed
in cancer patients, their ability to produce IL-2
by lymphocyte stimulation with PHA appears
relatively normal, as reported in literature. Ho-
wever, subgroups with advanced disease did
have depressed IL-2 production." ¥ Furthermo-
re, in some studies the presence of soluble form
of IL-2 receptors was evaluated; increased va-
lues were found in patients with small-cell lung
carcinoma . Additionally, in breast cancer pa-
tients serum IL-2R levels after surgery were
significantly higher than those before surgery.'?
The values were found to correlate with the
extent of disease.'!
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Decreased serum IL-2 levels in our study are
consistent with some other reports, and so is
also the finding that further decrease in serum
IL-2 levels in our melanoma patients was asso-
ciated with recurrence of the disease. The in-
fluence of human leukocyte interferon could be
ascribed to various reasons though it is possible
that, with respect to a small number of cases
studied, interferon could influence the produc-
tion of IL-2 in vivo. The increased serum 1L-2
levels in patients treated with human leukocyte
interferon could also be ascribed to crude ex-
tract of interferon containing minor quantities
of 1L-2.
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Natural porcine interferon gamma (PolIFFN gamma)
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The natural porcine mitogen induced gamma interferon (PolFN gamma) was studied and compared
with the human interferons gamma (HulFN gamma) and alpha (HulFN alpha). A comparison was
performed by the following criteria : pH 2.0 and 56°C stability, molecular weight, dot-blot reactions
and cross reactivity (neutralisation index). The biological activity of porcine and human interferons
in vitro (antiviral and antiproliferative) was correlated on human nontransformed (HEF) and

transformed cells (FL).

Key words: interferon type Il-analysis; cells; cultured-drug effects

Introduction

Interferons (IFNs) are defined as proteins/gly-
coproteins having an ability to protect the infec-
ted cells (causing the antiviral state) or to
reduce and/or inhibit the growth of transformed
cells in vitro and tumors in vivo." > They are
divided into at least two classes (Type I - alpha
or beta and Type II - gamma) according to their
mode of induction (Type I - with viruses or
pl:C, Type II - with T cell mitogens or hetero-
logous cells).” *

Because of clinical use, the main attention
was focused on human interferon alpha (HuIFN
alpha)® and much later on the human interferon
gamma (HuIFN gamma).® For the IFN gamma
production it was thought that a pure popula-
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tion of T lymphocytes is necessary. Latter on,
it was found that partially purified spleenocytes
can be used as well. The highest titers (IFN
units/ml) were obtained when a mixture of
peripheral blood lymphocytes and spleenocytes
was used for the IFN gamma production, with
specific T cell mitogens as inducers.

A comparison between HulFN alpha and
HulFN gamma shows that they are antigenically
completely different: with anti-HulFN alpha
antisera it is impossible to neutralise HulFN
gamma and vice versa.

At the beginning of the clinical use of human
IFNs in natural form, the main problem was
how to produce enough IFN Concomitantly,
the optional solutions arose: to use human-like
IFNs. In this respect, many studies were carried
out to find the antigenic similarity between
human and human-like interferons. Surprisin-
gly, the highest degree of homology was found
between murine and human IFNs.”
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Similar interferon system as in humans can
be feund in other animal species, such as rat,
horse, cattle, pig, monkey, etc. Porcine and
bovine IFNs*!! became of interest because of
their relatively high antigenic similarity with
human one. Such a similarity between Hu and
PoIFN is about 78.5% (at nucleotide level)'?
in the case of IFN alpha. When a recombinant
gamma interferons (gamma IFNs) were compa-
red (rPolFN gamma/rHulFN gamma) a homo-
logy was estimated in 59 % (at nucleotide le-
vel).!3 Correlation of non-recombinant forms
of porcine alpha and human alpha IFNs shows
even higher levels of homology (86.7 % at nuc-
leotide level) between them.'*!® It seems to be
unusual that PoIFN gamma is cross reactive
with HuIFN alpha and not with PoIFN gamma.
Experiments presented herein are aimed to
compare the natural porcine interferon gamma
(PoIFN gamma) with the human interferon
alpha (HulFN alpha) by the following criteria:
pH 2.0 and 56°C stability, molecular weight,
dot-blot analysis and neutralisation on cell cul-
ture in vitro.

Material and methods

Blood collection, buffy-coat preparation and in-
terferon induction

Porcine blood was collected aseptically into
sterile flasks containing 3.8 % sodium citrate to
prevent coagulation. The porcine buffy-coat
was separated by introducing 30 % sacha ro-
se.!!¥ The sedimented buffy-coat was washed
twice with saline and resuspended in modified
Eagle’s medium'® containing 4% of porcine
plasma and antibiotics (Penicillin 5000 U/ml,
Streptomycin Smg/ml, Gentamycin 10mg/ml,
Neomycin 10 mg/ml). The induction was perfor-
med by LCL (Lens culinaris lectin) at a concen-
tration of 25 ug/ml. Cell concentration was adju-
sted to 107-10% cells/ml. After three days of
cultivation on a spinner (37°C/140 RPM) the
cells were sedimented by centrifugation (2000
RPM/20 minutes) and the supernatant represen-
ting the crude IFN was harvested.

Partial purification of PolFN gamma

Interferon was isolated as follows: to 100 ml of
IFN containing supernatant, 3 g of avtoclaved
SiO, (water glass) were added and incubated
overnight at + 4°C. On the next day the su-
spension was centrifuged at 2500 RPM for 30
minutes to sediment the water glass. The sedi-
mented water glass was resuspended in the 1/8
of the original mixture volume of 50 % ethylene
glycol monoethyl ether in 1.4 mM NaCl to elute
the interferon. After 2 hours the water glass
was sedimented by centrifugation (2500 RPM
for 30 minutes). The elution procedure was
repeated in 1/16 of the original volume. Both
eluates were mixed with 0.1 % of FCS (Fetal
calf serum, Flow) and dialysed against distilled
water.

Measurement of antiviral and antiproliferative
activity

IFNs were tested for antiviral (AV) activity by
50 % cytopathogenic inhibition assay against
HSV1 (Herpes simplex virus type 1) as a chal-
lenge virus.?’ The antiproliferative activity (AP)
was determined by 50 % growth inhibition assay
on HEF (human embryonal fibroblasts) and FL
(human amniotic cell line) cells.?! Natural inter-
ferons alpha (Institute of Immunology, Zagreb,
Croatia; EGIS Budapest, Hungary) at a concen-
tration of 1000 AV (antiviral units/ml) were
used as the control standards.

Stability tests

To determine the type of IFNs the samples
were exposed to pH 2.0 and heating at 56°C
for 30 minutes. Antiviral (AV) and antiprolife-
rative (AP) units were determined before and
after such treatment.

Protein content

In each sample, the quantity of proteins was
determined by the modified Lowry method.?!
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Serological analyses

To determine the serological similarity and/or
differences between porcine and human IFNs
(gamma and alpha) the “constant method* ac-
cording to LaBonnardiere et al.'* was used. In
summary, constant (twofold) dilutions of anti-
IFN antisera were added to the FL cells in
microtiter plates (NUNC). In the next step,
three-fold dilutions of IFNs with the virus (HSV
1) were added. Simultaneously, IFN titration
was performed without antisera. The neutralisa-
tion index (NI) was calculated as follows: NI =
log; (antiserum + interferon) - logs (interfe-
ron).

Antigenic properties

Immunoblot tests were performed according to
Pretnar et al.?® In summary, the antigens
HulFN alpha (Institute for Immunology, Za-
greb, Croatia; EGIS, Budapest, Hungary),
HulFN gamma (Sigma, St. Luis, USA), PoIFN
gamma (Institute for Microbiology, Medical
Faculty, 61000 Ljubljana, Slovenia) in the vo-
lume of 10pl (the concentration of proteins in
the samples was 0.9 mg/ml) were spotted on
nylon films (Hybond, Amersham) and air dried.
The nylon films with the bound antigens were
incubated for 60 minutes with the primary an-
tibodies (polyclonal) as follows: Anti-HuAlpha
(Boehring, Manheim, FRG; neutralisation titer
10.000 U/mg), Anti-HuGamma (Boechringer,
Manheim, FRG; neutralisation titer 10.000 U/
mg) and Anti-PoGamma (INRA, Youi-en-Jo-
sas, France; neutralisation titer 10.000 U/mg),
Anti-HuAlphal (Boehring, Manheim, FRG;
neutralisation titer 10.000U/mg), Anti-HuAl-
pha 2 (Institute of Virology, Bratislava, Slova-
kia; neutralisation titer 4000U/mg) and Anti-
Acidolabile (Institute of Virology, Bratislava,
Slovakia; neutralisation titer 10.000 U/mg). Af-
ter washing with TTBS (10 mM Tris + HCI, pH
8.0, 150mM NaCl + 0.05% Tween 80), the
films were incubated in anti-rabbit IgG (Boe-
hring, Manheim, FRG) conjugated with peroxi-
dase. Following three washes in TTBS, the
reactions were developed using DAB (diamino-

benzidine, Sigma, St.Luis, USA) in the concen-
tration of 50 mg/100 ml TBS and 30 fl of
hydrogen peroxide.

Results

Stability tests

Table 1 shows the differences between porcine
(PolFNs) and human interferons (HulFNs, al-
pha, gamma) as follows: PoIFN gamma is pH
2.0 stable in contrast to HulFN gamma which
is not. On the other side, PoIFN alpha is pH
2.0 labile, i.e. different from HulFN alpha
which is not. Similar data were found when the
resistance to heating to 56°C were compared.
It seems that PolFN gamma is more similar to
HulFN alpha than to its human counterpart.

Table 1. Stability tests for PolFNs and HulFNs.

T
IFN type pH2.0 56°C (II)wa.l}Zﬁs)
PolFN gamma Stable Stable 21000
PolFN alpha Labile Labile 20000
HulFN gamma  Labilc Labile 19000
HulFN alpha Stablc Stablc 19500

"' Molecular weight was determined by PAG-SDS clectrop-
horesis

Dot-blot analysis

Using dot-blot tests, the antigenic properties
are described (Table 2) in terms of positive or
negative reactions. POIFN gamma shows a po-
sitive reaction with antisera against PoIFN gam-
ma, HulFN alpha and HulFN alpha 2. HulFN
gamma reacts only with the antiserum against
HulFN gamma, and not with PolFN gamma.

Table 2. Dot-blot analysis of Po and Hu IFNs.

Reaction with Anti!

Po Hu Hu Hu Hu
gamma gamma alpha alpha ! alpha2

IFN typc

PolFN gamma + - + - +
PolIFN alpha - - + - +
HulFN gamma - + - - +
HulFN alpha + — + + +

! Dot-blot reaction: -+ = gives positive reaction
g
»_»

—” = gives negative reaction
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In the case of alpha IFNs, PoIFN reacts with
the antiserum against HuIFN alpha and HulFN
alpha 2. HulFN alpha gave a positive reaction
with the antisera against POIFN gamma, HulFN
alpha, HulFN alpha 1 and HulFN alpha 2.

Serological tests

By serological tests in vitro (on FL cells) (Table
3) the level of the neutralisation of IFN’s anti-
viral activity with anti-IFN antisera was quanti-
fied by the Neutralisation index (NI). When
PoIFN gamma was tested, the following NIs

Table 3. Ncutralisation indcxcs for Po and Hu IFNs.

IFN typc Ncutralisation with Anti'
Po Hu Hu Hu Hu
gamma gamma alpha alphal alpha?2
PoIFN gamma -1.15 0 -1.94 0 -0.29
PoIFN alpha 0 0 -2.43 0 —0.53
HulFN gamma 0 -0.98 0 0 0
HulFNalpha -0.92 0 -2.85 -2.00 -1.60

! NI = logs (antiscrum + IFN) — logs (IFN)

were found: With anti-PolFN gamma - 1.15,
with anti-HulFN alpha - 1.94 and with anti-
HulFN alpha 2, -0.29. PoIFN alpha shows
much higher NI for anti-HulFN alpha (NI=-
2.43) as well as for anti-Hu alpha 2 (-0.53).
HulFN alpha shows the following values for
NIs: Anti-PoIFN gamma + 0.92, anti-HulFN
alpha -2.85, anti-HulFN alpha 1, -2.00, and
anti-HulFN alpha2, -1.60

Discussion

PoIFN alpha and HulFN alpha were found to
be antigenically similar, though the differences
between them were found when some of the
physico-chemical characteristics were tested
(temperature  stability, acid-resistance).’ !
Contrarily, natural PoIFN gamma is different
from its natural counterpart in humans. Its pH
and temperature stability are more similar to
that of HulFN alpha. PoIFN gamma also shows
cross reactivity in vitro with HuIFN alpha (com-
plete) and its natural subtype HulFN alpha 2
When these data were correlated with those

obtained by comparison of recombinant IFNs
(human, porcine) in the case of gamma interfe-
rons, homology was established in 59% (at
nucleotide level). It seems possible that in the
case of recombinant forms only selected mole-
cules, in contrast to the natural ones (partly
purified or purified) when complete molecules
composed from different numbers of natural
subtypes, were compared.

In this respect it should be mentioned that
the comparison by NI (Neutralisation index) in
vitro gives a picture of biological activity.

Future experiments with pure porcine interfe-
rons (alpha and gamma) are expected to dis-
close the real level of similarity/differences with
human interferons (alpha, gamma), and thus
enable clinical use of porcine IFNs in veterinary
and human medicine.
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Biological activity of rat fibroblast interferon beta

Avrelija Cenci¢' and Bratko Filipi¢®

! College of Agriculture, University of Maribor, Slovenia, ? Institute for Microbiology,
Medical Faculty, Ljubljana, Slovenia

The biological activity of rat fibroblast beta interferon was studied. Rat embryonal fibroblasts (Wistar
strain-WiREF) were used as a source of interferon. Cells were grown in suspension and on the
microcarriers (Cytodex 3). In the exponential phase of cell growth the induction was performed.
The biological activity of the obtained interferon was tested on the homologous cells. Interferon’s
influence on cell growth, morphology and intracellular level of some hydrolases was measured.

Key words: fibroblasts-drug effects; interferon- beta; rats

Introduction

Generally, interferons (IFNs) are very small
glycoproteins/proteins produced by eukaryotic
cells in response to induction by certain chemi-
cals or infection with various viruses.! They are
divided into two groups: Type I with three
distinct families: alpha, beta and omega, and
Type II with only one family: gamma.? 3
Beta IFN can be obtained from various types
of mammalian fibroblasts, such as human, bo-
vine and murine* 3 by viral or pI:C induction.
An interferon molecule has a molecular weight
of around 22.000, although some smaller com-
ponents with molecular weights between 17.000
and 18.000 can be found. It is less stable than
alpha interferon. Schiff’s staining revealed that
beta interferon is a glycoprotein. Aminosugar

Correspondence to: Asist. Avrelija Cenci€, College of
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and aminoacid analyses confirmed its hydropho-
bic characteristics.

Among other biological activities of beta
IFNs, the antiproliferative activity was descri-
bed.® This activity became important because
of possible use of IFN as an antineoplastic
agent. Mostly, the attention has been focused
on the human interferons.

In our previous experiments” ® we have found
that spontaneously transformed rat embryonal
fibroblasts of Wistar strain (WiREF) can pro-
duce relatively large amounts of beta interferon.
In search of the possible mechanisms of the
anticellular activity of IFN the growth inhibition
was found to be parallel to the intracellular
enzymatic changes in various model systems.”
10 Different hypotheses were postulated on the
anticellular effects of IFN, though little is
known about the distinct changes of the normal
or transformed cells after a short-term treat-
ment. It is generally accepted that at least
18-hour treatment is needed to produce an
inhibition of cell growth in vitro.
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The experiments presented are aimed to show
the distinct changes (morphological, growth
characteristics, nuclear blebs, alkaline phospha-
tase) after the treatment of nontransformed
and transformed WiREF cells with IFN for a
short time (15, 30, 45, 60, 90 and 180 minutes).

Materials and methods

Cells

In these experiments we used rat embryonal
fibroblasts (WiREF) in their nontransformed
(Phase A) and transformed (Phase E) form.’
Cells were grown in Eagle’s medium supple-
mented with 10% of FCS (foetal calf serum).

Interferon

To obtain rat fibroblast (beta) interferon, the
transformed WiREF cells were grown in up to
two liters of suspension (107-10° cells/ml). IFN
was induced using pI:C (polyionosinic: polyciti-
dilic acid) at a concentration of 25 ug/ml. After
8 hours Actinomycin (10ug/ml) was added.
The cells were then sedimented (1200 RPM/20
minutes) and resuspended in fresh medium.
The cultivation was carried on for the next 24
hours. Thereafter, the cells were pelleted (1200
RPM/ 20 minutes) and the supernatant was
tested for the IFN content (antiviral units/ml).
The IFN was further purified using the selective
precipitation method.® The IFN used in the
experiments has a specific activity of 10% antivi-
ral unit/mg of proteins.

Analysis of cell morphology

In order to establish the differences in cell
morphology, the cells were cultivated by two
methods: (i) on small glass slides for four days,
and (ii) on small glass slides in test tubes for
15, 30, 45, 60, 90 and 180 minutes after adsor-
btion (control) and treatment with 1000 units
of IFN/ml or mock IFN for 15, 30, 45, 60, 90
and 180 minutes. To analyse morphological
changes, the cells were fixed with 4 % parafor-

maldehyde, washed with PBS (phosphate buffer
saline pH 7.2) and stained with Giemsa. In the
parallel experiments, the cells were fixed and
washed as in the case of staining with Giemsa,
but afterwards stained with acetoorcein for two
minutes. The following parameters were analy-
sed: the diameter of the nucleus (>1/2 of the
cell), presence or absence of phylopodia, pre-
sence or absence of binuclear cells.

Analysis of nuclear blebs

Throughout the experiments the number of
nuclear blebs was determined using the method
described by Fraccaro et al.!! In summary, cells
were adsorbed for 45 minutes and treated with
1000 units/ml of IFN (mock in control) for 15,
30, 45, 60, 90 and 180 minutes. The cells were
then detached using trypsin (0.25 %) and resu-
spended in 5 ml of 0.83 mM of Ammonium
chloride for 45 minutes. The nuclei were sedi-
mented by centrifugation for 10 minutes at 1200
RPM, and resuspended in PBS and put onto
glass slides, air dried and fixed with methanol.
Thereafter, they were stained with Giemsa and
analysed by dark field microscopy.

Growth characteristics

The following growth characteristics were ana-
lysed: growth index (GI), cumulative popula-
tion density (CPD) and calcium dependence
growth assay.”

Growth index (GI): Cells were seeded into
Scm Petri dishes for 45 minuts to allow the
adsorbtion. After the treatment with 1000 units
of IFN/ml (mock in control) for 15, 30, 45, 60,
90 and 180 minutes, the medium was replaced
with medium containing 1% and/or 10% of
FCS. The incubation was continued for four
days. Cells were detached using trypsin
(0.25%) and counted by means of a hematocy-
tometer.

Cumulative population density (CPD): The
values were obtained from the data (number of
cells/ml) of growth experiments.

Calcium dependence growth assay: To obtain
the values for calcium dependence growth in
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vitro, the cells were seeded into 5cm Petri
dishes for 45 minutes and treated with 1000
units of IFN/ml (mock in control) for 15, 30,
45, 60, 90 and 180 minutes. Afterwards, the
medium was replaced with medium containing
10% FCS, and incubated for 18 hours. On the
next day, the medium was replaced with anot-
her one containing 0.0l mM Ca or 1.00 mM Ca
with 10 % of dialysed FCS. The number of cells
was determined after four days of incubation
by means of a hematocytometer.

Alkaline phosphatase

The enzyme level was measured according to
the method described by Chou.'? In summary,
Iml of distilled water was added to 50ul of
substrate (p-nitrophenyl phosphate in 0.05M
Tris-HCI, pH 8.6). After 5 minutes of preincu-
bation, cell supernatant (100ul) was added.
Thereafter, the incubation was continued for
20 minutes, in the presence of PBS pH 9.0.
The extinction was measured at 550 nm using
a spectrophotometer.

Protein content

In each sample the protein content was determi-
ned by modified Lowry method.!?

Results
Cell morphology

Even though a significant differences can be
seen between nontransformed and transformed
WIREF cells, we were interested to find out
whether a short time IFN treatment could
change the following parameters: diameter of
the nuclei, number of binuclear cells and the
number of cells without philopodia. The results
obtained (Figure 1) show a relatively fast in-
crease in the number of cells with nuclei bigger
than 1/2 of the cell. In contrast to this, in
transformed cells these changes were much
slower.

% OF CONTROL
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15 30 45 60 90 180.15 30 45 60 90 180.15 30 45 60 90 180.

TIME (Minutes)

Figure 1. Morphological changes after interferon treat-
ment of nontransformed (@) and transformed (+)
WIREF cells. I. % of big nuclei, II. % of fused nuclei,
1. % of cells without phylopodia.

The analysis of binuclear cells showed no
differences between nontransformed and tran-
sformed cells at a higher rate, but it can be
seen, that the percentage of binuclear cells
begins to increase at a higher rate in nontran-
stormed than in transformed cells.

When the phylopodia were analysed, the
following results were obtained: in nontransfor-
med cells the increase of their number began
after 30 minutes, whereas in transformed cells
this began after 15 minutes of treatment.

Growth characteristics

When the effect of IFN on the growth charac-
teristics (Table 1, Figure 2) was analysed, in
general the expected data were observed, i.e.
a higher sensitivity of transformed versus non-
transformed cells. A completly reverse situa-
tion, however, was observed in the case of
CPD. The reduction rate was higher in nontran-
stormed cells.

Alkaline phosphatase

In the case of alkaline phosphatase (Figure 3),
the kinetics of enzyme levels seemd similar in
both nontreated and IFN- trated transformed
cells, but quantitative differences could be seen.
In nontransformed cells, the enzyme level de-
creased in untreated cells, whereas in IFN-trea-
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Table 1. Growth characteristics of nontransformed
and transformed rat embryonal fibroblasts (Wistar
strain) (WiREF).

Cells Growth indexV Cumulative?  Ca Dependence™

population

doublings:

(1%)2 (10%)Y (1%)° (10%)Y

Nontransformed
(Phase A) 2.19 3.19 1.29 1.67 0.42
Transformed
(Phasc E) 3.11 4.87 2.09 2.29 0.96

No. of cells after 4 days
No. of cells on day 0

1) Values obtained by equation:

2) Values obtained by equation: (Log N1 - Log NO)
Log 2

NO = Number of cells on day 0
N1 = Number of cells after four days

No. of cells at. 0.0l mM Ca

No. of cells at 1.00mM Ca

x) Denotes the presence of 1% or 10% of FCS in Eagle’s
medium

1) Values obtained by equation:

ted ones a time independent decrease was seen
throughout.

Discussion

The experiments were conducted on sponta-
neously transformed rat embryonal fibroblasts
(WIiREF) cell line and on its nontransformed
counterpart. We have been interested to find
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Figure 2. Growth charactcristics of nontransformed
(®) and transformed (+) WIiREF cells after treatment
with 1000 units of IFN/ml for 15, 30, 45, 60, 90 and
180 minutes. The values are expressed as the percen-
tages of the control (Table 1). I. Growth index, II.
Cumulative population doubling, III. Ca dependence
growth in vitro.
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Figure 3. Effect of a short term rat Beta IFN on the
intracellular level of alkaline phosphatase (specific
activity). I. Nontransformed WiREF, II. Transformed
WIiREF. (o) Nontrcated cells, () Treated cells.

out whether homologous rat (beta) interferon
exerts an effect on cell morphology, growth
characteristics and enzyme level. The experi-
ments showed differences in the sensitivity of
nontransformed cells. As to the morphology,
in general there was no difference, but the
effects on transformed cells were observed ear-
lier than on nontransformed cells. The first
morphological change in the diameter of cell
nucleus can be found after a 15 minute treat-
ment. It is interesting to note that immunoche-
mical methods have shown that interferon can
be detected around the cell nucleus even after
30 minutes.' These results can be correlated
with the changes in the number of nuclear blebs
and calcium dependent cell growth in vitro. In
contrast to this, in our study of IFN effect on
the actin organisation,'> the nontransformed
cells were found to be more sensitive than
transformed ones. Having all this in mind, we
attempted to find out whether the effects of
IFN listed above (morphology, growth charac-
teristics, nuclear blebs, actin organisation) were
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parallelled by changes in enzyme levels (alka-
line phosphatase). In notransformed cells the
decrease of alkaline phosphatase was time inde-
pendent, in contrast to transformed cells, where
time-dependent changes were observed (alka-
line phosphatase reached a maximum after 180
minutes).

It can be concluded that after the binding to
cell surface, interferon acts relatively fast, and
that the intracellular changes (enzyme level,
morphology) are probably different depending
on the phase of the cell cycle as well as on the
phase of transformation. But it seems that the
majority of the changes connected with the
anticellular activity are triggered during the
first 60-180 minutes. Concomitantly, the tran-
sformed cells show a trend toward a time depen-
dent sensitivity of IFN action.'® !” The mecha-
nism of a relatively greater sensitivity of tran-
sformed cells to IFN remains unknown, even
though it seems possible that the regulatorly
role of different intracellular hydrolases and
consequently also the role of proteases and
their inhibitors should be taken into account.
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Our experience with alpha 2-b interferon in the treatment
of chronic active hepatitis B

Vladimir Brinovec

Clinic for Infectious Diseases and Febrile States, Ljubljana, Slovenia

Clinical investigations of alpha-2 b interferon (Intron A - Schering-Plough) and other interferons
have led to the registration of this substances for the treatment of chronic active hepatitis (CAH) B.
In the present study patients were administered a dose of 3 million units (or 6 million units) of
Intron A three times a week for three months (treatment failure was observed in one woman only;
in this patient the dose was increased to 6 million units of Intron A and the treatment continued
for another three months). As regards the therapeutical scheme, optimal instructions, as recommended
by other European authors, were followed. Before therapy was introduced, all objective factors
influencing the outcome of treatment were thoroughly examined. Liver histology, repeated compara-
tive tests of the virus replication markers (HBV-DNA, HBeAg), and biochemical liver examinations
(bilirubin, ALT, AST) were good indicators of the efficacy of the therapy. All the above laboratory
tests were performed monthly. Therapy was stopped as soon as the laboratory tests and histological
liver findings showed satisfying results. A prolongation of therapy was indicated only in one patient
(non-responder) in whom therapy was prolonged until an improvement of the laboratory and
histological liver test was achieved.

Key words: hepatitis B-drug therapy; hepatitis, chronic active; interferon-alpha-2B

ntroduction ; i isi ivi
Introductio is considered to be the most promising antiviral

agent in the treatment of chronic HBV infec-
tion.>® It exerts an additional effect on clearing
HBeAg and HBV DNA from serum with or
without the disappearance of HBs Ag. By this
action interferon alpha is believed to cause an
interruption of the viral replication phase (pro-
ved by HBeAg seroconversion) resulting in an
improvement of the clinical, biochemical and
histological changes of the liver.” It has been
Correspondence to: Asist. Prof. Vladimir Brinovec, demonstrated that HBeAg seroconversion oc-
MD, DSci, Clinic for Infectious Discascs and Febrile curs in about 30-40 % of patients treated with
States, Japljeva 2, 61000 Ljubljana, Slovenia. . N 68 .
alpha-interferon (IFN).°® In the remaining over
UDC: 616.36-002.2-085 50% of patients the treatment is unsuccessful

Chronic active hepatitis (CAH) B still repre-
sents a therapeutic problem. Corticosteroids,
which had been widely used for the treatment
of CAH B in the past, proved unsuccesstul
because they were shown to even induce HBV
replication without reducing the clinical signs
of the disease.!? At present, interferon alpha
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leading to further development of the inflamma-
tory activity of the HBV infection.

A better therapeutical approach has not been
found yet.

Patients and methods

In the period from June 1988 till December
1992 6 patients underwent trcatment.

Table 1. Paticnts characteristics prior to interfcron
therapy.

Mecn/women 42

Age/women 25 and 61 ycars
Age/men 18,20, 26, and 32 ycars
History of acute

hepatitis M 3/W 1

Duration of infection
(months) beyond 6 moths or
up toscveral years
Time preceeding the

IFEN therapy 6 months up to scveral

ycars
CPH/CAH 0/6
HBV DNA (pg/ml) 0-210
AST (ukat/L) 0-5.3

anti-HIV ncgative

Prior to the initiation of therapy, chronic
active hepatitis B following HBV infection was
histologically confirmed in all 6 patients under
therapy. All patients were HBsAg positive,
anti HBs negative, anti HBc positive (IgM
negative), and HBeAg positive. Markers of
active viral replication (positive HBeAg and
HBV DNA) were detected by serum testing.
Hepatitis D infection was excluded. All patients
had signs of HBV infection (positive HBsAg)
for at least 6 months or more. To 3 out of 4
men Intron A was administered at a dose of 6
million units three times a week for three
months. Only one male patient received a dose
of 3 million units during an equal treatment
period.

In 2 women the therapeutic dose was 3
million units of Intron A given three times a
week for 3 months. Since the older female
patient (61 years) did not respond to the above
treatment regimen therapy was prolonged for
another 3 months during which time she was
given a dose of 6 million units three times a

week. During the course of therapy laboratory
liver function tests (bilirubin, AST, ALT, pro-
thrombin, proteinogramme) and tests for hepa-
titis B and HBV DNA serum markers were
carried out regularly. Tests were performed
every fortnight during the first month of treat-
ment, later monthly, and every 3 months during
the follow-up period. After three months of
treatment all patients underwent liver biopsy
which was used to evaluate the efficacy of
interferon therapy. In the older woman (aged
6l) biopsy was repeated at the end of the
prolonged therapy. Blood count values were
expressed in SI units, AST, ALT in ukat/L;
HBsAg, and anti HBc were determined accord-
ing to the RIA method with reagents obtained
from Abbott, and were expressed in mmol/L,
while anti HBs was determined according to
the enzymatic method developed by Berhring-
werke and was expressed in I[U/L. HBV DNA
was expressed in pg/ml and was determined
according to the RIA method with reagents
obtained from Abbott.

Results

After therapy with Intron A the histologic
picture of the liver showed that chronic persi-
stent hepatitis B (CPH) was present in 4 men.
In 1 (32 years) of the 2 women, to whom Intron
A was administered at a dose of 3 million units
three times a week for 3 months, repeated liver
biopsy showed chronic CPH B, while in the
other patient (61 years) the therapy was ineffec-
tive. In this non-responding patient, the dose
of Intron A was increased to 6 million units
given three times a week and the treatment
prolonged tor another 3 months. The histologi-
cal finding obtained after this prolonged admi-
nistration confirmed the presence of chronic
persistent hepatitis (CPH) B.

Four men and one woman (5 patients) re-
mained HBsAg positive throughout the whole
treatment and follow-up period. In the 61 year
old woman in whom therapy was prolonged for
another 3 months, HBsAg disappeared from
serum and has remained negative up to the
present. In all patients converted to HBeAg
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negative, seroconversion of anti HBe was obser-
ved after the cessation of therapy.

At the end of therapy HBV DNA was normal
in all patients. In one woman (32 years) an
increase reappeared after therapy had been
stopped, but disappeared spontaneously after
some time.

Aminotransferases returned to normal values
in all patients at the end of treatment.

As regards the side effects, a flue-like syn-
drome was noticed which was most frequent
after the first application of the drug and disap-
peared spontaneously in the majority of patients
during the continuation of therapy. Only in the
61 year old woman who was under prolonged
interferon treatment, an increase in body tem-
perature occurred (lasting for several hours
after application) associated with nausea, loss
of appetite, and reduced body weight. After
repeated application these side effects dimi-
nished and totally disappeared by the end of
therapy.

In all patients leukopenia associated with a
relative lymphocytosis and mild thrombocyto-
penia occurred after application, so that therapy
could be continued and concluded in the whole
group of patients.

The patients are followed up every three
months.

Discussion

The aim of alpha 2b interferon therapy (Intron
A) was to prevent further development of HBV
infection. The sole disappearance of HBeAg
and HBV DNA from serum cannot be seen as
a sign of complete eradication of HBV since
many investigators have found that in patients
with chronic liver diseases HBV DNA division
in liver cells occurs even after complete dis-
appearance of HBeAg and occurrence of anti
HBe antibodies.>!” In patients under immuno-
supressive therapy (and also spontaneously) cli-
nical activation of hepatitis and reactivation of
HBYV replication developed despite the occur-
rence of anti HBe antibodies.'"2

In all 6 patients under trial interferon therapy
led to disappearance of HBeAg and HBV DNA
from serum. In our patient group the occur-

rence of anti HBe in serum was, except for one
patient, not followed by reappearance of increa-
sed HBV DNA values. Later on these values
were not detectable. The HBV DNA value
before treatment is another important parame-
ter. Some authors have reported that lower
serum HBV DNA was associated with a better
response to interferon therapy.'*!*

In our patient group the loss of HBeAg from
serum was associated with normalization of
aminotransferases and an improvement of the
hepatic histology (histologically, in all patients
CAH B turned to CPH before the beginning
of therapy).

It is known that in about 5-15% of patients
with chronic liver disease seroconversion from
HBeAg can occur also spontaneously.'>!7

Disappearance of HBsAg from serum (lasting
up to the present) occurred only in one patient
under prolonged therapy. This finding is in
accordance with the study results obtained by
other authors,®'! who reported that after
therapy with alpha-interferon disappearance of
HBsAg from serum occurred in 0-20% of
patients under therapy.

Due to a small number of patients involved
in the trial, the evaluation of the obtained
results lacks to a certain degree the required
objectivity. However, the frequency of the dis-
appearance of HBs from serum will probably
increase with prolonged therapy and follow-up
period, depending, of course, on the dose of
interferon. For that very reason my work has
been directed towards further investigation of
the efficacy of this treatment regimen already
from the beginning.
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Alpha interferon in the treatment of chronic hepatitis C
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To determine the effectiveness of treatment with recombinant interferon alpha (rIFN-o) we treated
100 patients with chronic hepatitis C. rlFN-0. 2a 3MU thrice weekly were administered to 35 patients
with chronic persistent hepatitis C (CPH-C), 60 with chronic active hepatitis C (CAH-C) and five
with combined CAH-C and cirrhosis. After two months of treatment 36 % of patienis were good
responders (CPH-C: 10, CAH-C: 26), 34 % partial responders (CPH-C: 14, CAH-C: 19, CAH-C
+ Cirrhosis: 1) and 30 % non-responders (CPH-C: 11, CAH-C: 15, CAH-C + Cirrhosis: 4). The
treatment was performed during 12 months in 40 patients (CPH-C: 13, CAH-C: 26, CAH-C +
Cirrhosis: 1). Good response was noticed in 40 % (CPH-C: 6, CAH-C: 10), partial response in
38% (CPH-C: 5, CAH-C: 9, CAH-C + Cirrhosis: 1) and no response in 22 % (CPH-C: 2, CAH-C:
7). Among 11 patients with good response to [FN-a. treatment in 12-month period after the cessation
of therapy relapses occurred in three of them (27 % ). The data suggest that long-terim treatment with
3 MU r[FN-o. trice weekly could be benefit for about one half of patients with chronic hepatitis C.

Key words: hepatitis C-drug therapy; interferon-alpha

cases, and finally hepatocellular carcinoma,
could be a consequence of genetic heterogeneity
of HCV.?? Diagnosis of HCV infection relies

Introduction

Hepatitis C virus (HCV) is a lipid-enveloped

single-stranded RNA virus. The physical struc-
ture of HCV is unknown and only putative
HCV particles have been identified by electron
microscopy.! HCV causes chronic infection in
40-60% of infected individuals. A wide spec-
trum of liver diseases, ranging from normal
findings to chronic persistent and active hepati-
tis, cirrhosis of the liver in about 20 percent of
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on anti-HCV and HCV RNA detection. Besides
the first generation tests (ELISA, RIBA) which
employed the non-structural polypeptide (C100-
3), second-generation tests employing both
structural and non-structural polypeptides in-
creased diagnostic sensitivity to about 95%.
Unfortunately, the detection of anti-HCV does
not distinguish past from recent infection, ex-
cept in patients with anti-HCV seroconversion.
HCV RNA is the most reliable marker of HCV
infection, especially in anti-HCV negative infec-
tions and cases of early acute hepatitis.* > HCV
RNA detection by polymerase chain reaction
(RT-PCR) in serum, liver and peripheral blood
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mononuclear cells (PBMC) represents an im-
portant diagnostic procedure in all stages of
HCV infection, as well as a valid tool to monitor
response in patients undergoing interferon the-
rapy.® 7 Interferon (IFN) therapy of chronic
hepatitis C has proved useful in recent years,
but many open questions about optimal dose,
duration of treatment, prediction of responders
or relapses are unresolved.® ? The aim of our
study was to investigate the efficacy of 12-
month course of recombinant [FN-a 2a 3 MU

3-times weekly in patients with chronic hepatitis
C.

Materials and methods

We treated 100 patients with chronic hepatitis
C by the use of recombinant interferon-alpha
2a (rIFN-¢) 3 MU thrice weekly during two
months. Every patient was biopsied before star-
ting the therapy. Before treatment, hepatitis A,
acute and chronic hepatitis B, alcoholic liver
disease, drug-induced liver injury, as well as
Epstein-Barr virus (EBV) and cytomegalovirus
(CMV) hepatitis were excluded. The values of
alanine aminotransferase (ALT normal range
under 35 TU/L) as markers of disease activity,
were measured before therapy, and once mont-
hly during the course of treatment. In all pa-
tients, antibody to HCV was examined before
initial therapy, and thereafter once monthly
too, by means of second-generation test (LIA-
HCV, SORIN, Italy). Anti-HCV negative pa-
tients were excluded from treatment. In all
treated patients complete blood count was exa-
mined once a week.

After two months of treatment, the patients
were classified as good responders (normal
ALT levels), partial responders (lower but still
not normal ALT levels), and non-responders
(equal or higher ALT levels).

The treatment lasted 12 months in 40 patients
only. These patients were classified as good
responders, partial responders and non-respon-
ders at the end of therapy.

The influence of patohistological diagnosis
(CPH, CAH or CAH with cirrhosis) on the

results of treatment was especially examined
and calculated (Chi-squares with Yates correc-
ted, Fisher’s exact: 2-tailed). The percentage of
relapses in 11 good-responders receiving 12-
month treatment one year after completed the-
rapy was calculated separately. The main side-
effects of one year rIFN-a treatment are descri-
bed. The influence of age and sex on treatment
results was not calculated separately, but some
observations are mentioned.

Results

Inclusion and exclusion criteria in 100 patients
with chronic hepatitis C, treated with rIFN-a
are summarised (Table 1). All patients of both
sexes were between 18 and 60 years old, and
had active liver disease with serum levels at
least two times the upper limit of the normal
range one year before the treatment. All pa-
tients were tested with second-generation assay
for anti-HCV, and only positive persons were
treated. All patients underwent liver biopsy,
which was performed percutaneously with Me-
neghini needle. Patients with severe cirrhosis
of the liver (Grade B and C), as well as patients
with other liver diseases, were excluded from
the treatment.

Table 1. Inclusion and cxclusion critcria in paticnts
with chronic hepatitis C.

Inclusion criteria

Age between 18 and 60 years

Either sex

Increcased ALT value (> X2) for at Icast 12 months
Anti-HCV positivity

Chronic hepatitis with or without cirrhosis on liver
biopsy

Exclusion of other ctiologic factors for chronic hepa-
titis

Exclusion criteria

Previous trcatment with interferons or steroids
Scvere cirrhosis (Grade B and C)

Drug addiction

Alcohol abusc

Anti-HIV positivity

Malignancy

Autoimmunc markers or discasc
Immunosupression (drugs, scvere chronic discascs)
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Table 2. Characteristics of patients on two month
treatment with rIFN-a.

Table 4. Rcsponsc to rIFN-a after 12 month trcat-
ment.

two month trcatment

No. of paticnts 100

Mcan age (ycars) 45.2 + 14.0
Sex (M/F ratio) 32

CPH-C 35

CAH-C 60

CAH-C and cirrhosis 5

Baseline demographic and histologic features
of treated patients are shown in Table 2. We
treated 100 patients of both sexes (69 males
and 31 females, M/F ratio 2.2). The mean age
of all patients was 45.2+14 yrs.

Liver sections stained by conventional proce-
dures revealed features of chronic persistent
hepatitis (CPH-C) in 35 cases, chronic active
hepatitis (CAH-C) in 60, and chronic active
hepatitis with cirrhosis (Grade A) in 5.

The characteristics of response to 2-month
rIFN-a treatment are presented (Table 3). At-
ter two months of therapy 10 of 35 patients
with CPH-C were good responders (28.6%),
14 were partial responders (40 %), and 11 were
non-responders (31.4%). Among 60 patients
with CAH-C, 26 (43.3 %) presented with good
response, 19 with partial (31.7 %) and 15 with
unfavourable response (25 %). None of the five
patients with combined CAH-C and cirrhosis
was a good responder; only one (20 %) had
partial response to rIFN-a treatment, whereas
the remaining four (80 %) were non responders.
In the group with CAH-C a higher percentage
of good responders than among patients with
CPH-C is evident (43.3% vs. 28.6 %, p = 0.22).
The treatment was performed during 12 month

Table 3. Responsc to rIFN-a after two month treat-
ment.

Good Partial Non- Total
responder (%) responder (%) responder (%)

Initial

histology

CPH-C 10 (28.6%) 14 (40%) 11 (31.4%) 35
CAH-C 20 43.3%) 19 3L7%) 15 (25%) 60
CAH-Cand

cirrhosis 1 (20%) 4 (80%) 5
Total(%) 36 (36) 34 (39 30 (30) 100

Good Partial Non- Total
responder (%) responder (%) responder (%)
Initial
histology
CPH-C 0 (46.1%)  5(385%) 2 (1547) 13
CAH-C 10 385%) 9 (34.6%)  7(269%) 26
CAH-Cand
cirrhosis - l 1

Total (%) 16 (40) 15 (31.5) 9 (2

[

S5 4

period in 36 good responders and four partial
responders (Table 4).

After one year of therapy 6 of 13 patients
with CPH-C were good responders (46.1%),
nine were partial responders (38.5%) and two
were non-responders (15.4%). In 10 of 26
patients with CAH-C good response occurred
(38.5%), nine had partial response (34.6%)
and seven were non-responders (26.9 %). One
patient with combined CAH-C and cirrhosis,
who previously had partial response to two
month rIFN-a treatment, was non-responder
after full course of 12 months therapy. Al-
though the difference among patients with
CAH-C and CPH-C is now negligible, it seems
surprising that the rate of good responders
among patients with CPH-C is obviously increa-
sing (46.1% vs. 28.6 %, p=0.31).

Long-term follow-up in the duration of one
year after cessation of therapy was feasible in
11 good responders (CPH-C : 3, CAH-C : 8)
after 12 months of rIFN-a treatment. In three
of them (27%) ALT values flared up; in one
of them CPH- C and in two others CAH-C was
found on initial liver biopsy; all of them were
men.

The major side-effects during one-year rIFN-
o treatment were flu-like syndrome, especially
with initial doses, nervousness, depression, loss
of hair, leucopenia and lymphocytosis. Serious
side effects were not noted.

Discussion

Multiple randomised controlled trials have do-
cumented that alpha-interferon suppresses di-
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sease activity and induces remissions in a high
proportion of patients with chronic hepatitis C.
Biochemical response (ALT levels) has been
associated with doses of 3-5 million units (MU)
in 30-70 % of patients with compensated chronic
hepatitis C if ALT levels are at least 1.3 times
the upper limit of normal and disease activity
is demonstrated by liver biopsy. A long-term,
sustained improvement expressed by normal
serum ALT occurred in 10-25% of pa-
tients.!-10-11-12

Although, our study is still ongoing, a preli-
minary evaluation of 12 month treatment with
3 MU rIFN-a three times weekly is eligible.
Normalisation or improvement in ALT values
occurred in 70 % of patients after two months
of treatment. Although the percentage of good
responders is significantly higher among pa-
tients with CAH-C than among those with
CPH-C, interestingly, this difference diminis-
hed after 12 months of treatment. On the other
hand, regardless of the small number of patients
a significantly lower rate of response was noted
in patients with CAH-C and cirrhosis on initial
biopsy. By the end of one-year rIFN-a therapy,
the percentage of good responders among pa-
tients with CPH-C significantly increased, whe-
reas in patients with CAH-C this rate gradually
decreased, but altogether, almost equal rate of
good response in both groups was noted after
two months of treatment. Thus, in good respon-
ders after two months of treatment with rIFN-a
3 MU three times weekly, regardless of initial
histological diagnosis of CPH-C or CAH-C
further continuation of IFN therapy seems to
be warranted.

Although the influence of age and sex on our
results of one year treatment were not estima-
ted separately, it seems that women were better
responders, and that in younger persons (<45
years) the efficacy of treatment was significantly
better.

In general, the results reported by some
other authors commonly confirm a positive
influence of younger age on the probability of
response to IFN therapy. On the other hand,

the significance of sex remains to be elucida-
ted 1,8, 9,13

The percentage of relapse (27 %) one year
after the cessation of therapy, which we have
noted among good responders, is similar to
some previously described observa-
tions. !5 %1415 Our data suggest that long-term
treatment with 3 MU rIFN-a thrice weekly
could be beneficial for about one half of pa-
tients with chronic hepatitis C.

There are many unresolved questions associa-
ted with the use of rIFN-a in the treatment of
chronic hepatitis C, such as increasing of re-
sponse rate, finding of optimal dose and dura-
tion of therapy, treating of patients with severe
disease or immunosupression, predicting of re-
sponse or relapse etc. Although interferon-al-
pha is now considered standard therapy for
patients with active HCV-induced liver disease,
further research of antiviral therapy is needed
in order to provide safe and highly effective
therapy for all patients with HCV-induced liver
injury.
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Treatment of cervical intraepithelial neoplasia associated with
human pappilomavirus by interferon vaginalettes
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The randomized prospective study of the manifested 176 cases of cervical intraepithelial lesions (CIN)
associated with human papillomavirus infections during 24 to 36 months was performed. The control
cases were 240 patients which have had the same findings but were not treated with human leukocyte
interferon (n-1FN-0.). For the diagnosis and follow up, cytology, histology, colposcopy and dot-blot
HPYV typing were used. Patients were treated with n-IFN-o. vaginalettes containing 1 x 10° 1.U. of
the natural interferon alpha and Excip. Macrogoli as a daily dose. In the course of two menstrual
cycles 42 vaginalettes were given to each patient. Vaginalettes may be given as a monotherapy, or
in combination with other remedies, depending on the micro biological findings or persistence. For
statistical evaluation Chi-square, Fisher exact probability and Kolmogarov-Smirnow goodness of fit
test were used. After 24 to 36 months follow up significant improvement in the treated group was
found, and progressions of carcinogenesis was not registered. At the same time significant persistence
of CIN was found in the control cases as well as twenty five or 42 % controls progressed into higher
grade lesions. Better results of treatment were obtained with dot-blot hybridization negatives and
with low-grade cases of cervical intraepithelial lesions. Our conclusion is that especially in young
women, for the preservation of fertility and in pregnancy, n-IFN-o. vaginalettes may be a remedy
of choice.

Key words: cervix neoplasms-drug therapy; papillomaviruses; natural interferon-alpha; administra-
tion, intravaginal

Introduction . . :
Prospective, randomized, double blind study
Human papillomaviruses (HPV) are clearly re- on the natural human leukocyte interferon
lated to genital squamous precursor lesions and treatment have been performed and published
invasive carcinomas.'? previously.® 7 Preliminary results of treatment

with n-IFN-a vaginalettes resulted in significant

3 improvement in the treated group.?
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Materials and methods

Out of 250 randomized’ cases 176 were treated
with vaginalettes. The remaining 74 cases were
without n-IFN-a treatment for different reasons,
or were lost from evidence. Each vaginalette, as
a daily dose, contained 1 X 10° L.U. of curde
interferon preparation and Excip. Macrogoli.
A total dose of 42 vaginalettes was given to
each patient. For diagnosis and follow up cyto-
logy,'® colposcopy, ! histology and dot-blot hy-
bridization of the HPV deoxyribonucleic acid
(DNA)were used.’

Before treatment, Chlamydia, Gardnerella,
fungi or other microbiological causes of inflam-
mation were treated. Prospective study was
performed after three month interval using cy-
tology/colposcopy investigations throughout 24
to 36 months. The treated group was compared
with randomized cooperative 240 controls.

For statistical evaluation Chi square, Fisher
exact probability and Kolmogarov-Smirnow
goodness of fit test were used.

Results

Table 1 shows randomized groups and treat-
ment results. Table 2 shows significant improve-
ment (P <0,01) in the treated group. Important
differences may be seen in the eradication of
the disease in treated group and progression of
the disease in the controls. Table 3 presents the
HPV DNA analysis; high-risk types 16/18 were
found in more than 50% of treated cases.
Table 4 and 5 show that better results have
been obtained with dot blot negatives (P <0,05)
and with low-grade cases of cervical intraepithe-
lial lesions (P <0,05).

Wiscussion

Double blind study was not performed in this
investigation for two reasons. Firstly double
blind study was done in our previous investiga-
tions.% 7 Secondly a double blind is not always
feasible because of the medico legal reasons.

Table 1. Results of treatment with interferon vaginalettes.

Results N % Remarks

Eradication 73 41.48 Two six-month interval negative findings

Regression SS 31.25 ”Borderlinc” cases

Persistency 48 27.27 Permancently the same findings

Total trcated 176 100.00

Excluded 74 Without treatment or lost to follow up .
Random numbers used

All randomized 250

PERSISTENCY

REGRESSION

ERADICATION
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Table 2. Corrclation of trcated cascs with controls.

W
N
w

Controls Treated
Results N Y% Results N %o
Eradication - Eradication 73 41.48
Regression 71 32.08 Regression 55 31.25
Persistency 138 57.50 Persistency 43 27.27
Progression 25 10.42 Progression - -
Total trcated 240 100.00 Total 176 100.00
CONTROLS TREATED
PRg(éF&ES— REGRESSION PERSISTENCY
. ERADICA—
TION
PERSISTEN REGRESSION
Table 3. Results of trcatment with interferon vaginalettes regarding viral types.
Results N 16/18  31/33/35 6/11  6/11/16/18  6/11/31/33/35  16/18/31/33/35 N
1 Eradication 73 14 8 1 1 - 4 28
2 Regression 55 10 4 2 1 - 2 19
3 Persistency 48 9 11 - - 1 1 22
4 Excluded 74 3 7 5 - - - 15
Total 250 36 30 8 2 1 7 84
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The same considerations have been stated also
by other authors.'?

Characteristic of our strategy was that inter-
feron vaginalettes were used topically, also in
pregnancy (10 % of treated group), and did not
interfere with the human reproduction. Surgical
treatments were performed (cold-knife coniza-
tion) in persistent cases, over 30 years of age,

if the condition lasted for more than 30 months,
and in lower grades of CIN with intent of a
final eradication in younger women (CO2 la-
ser). The vaginalettes were mostly used as
monotherapy, but also in combination with
other modes of treatments, depending on the
case. In order to prevent HPV reinfections, the
specific treatment of partners should be taken
in consideration.



Singer Z. et al.

Table 4. Rcsults of trcatment with intcrferon vaginalettes and blot hybridization findings.

e Positive Ncgative Total
Results N % N % N o,
1 Eradication 28 40.58 45 42.06 73
2 Regression 19 27.54 36 33.65 55
3 Persistency 22 31.88 26 24.99 48

Total Treated 69 100.00 107 100.00 176 70.40

Exluded 15 59 74 29.60

Total randomized 84 33.12 166 66.88 250 100.00

TOTAL
DED

TREATED

Table 5. Results of treatment with interferon vaginalettes and Pap test in Squamous Intracpithelilal Lesions

e Low-gradc High-gradc Total
Results N " %176 N %176 N %
1 Eradication 49 27.84 31 17.61 80 45.45
2 Regression 24 13.64 27 15.34 51 28.98
3 Persistency 29 16.48 16 9.09 45 25.57

Total 102 57.96 74 42.04 176 100.00

X e

Morphogenetic grades of CIN

and HPV

DNA types appear to be of value as prognostic
indices.'® The low or high-grade of CIN and
data obtained by colposcopy and HPV typing,

as well as by follow up of the lesions, were
analyzed in both groups, but from the patient’s
point of view it is essential that clinical termino-
logy does not result in over treatment.' The
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results of interferon treatment were also found
to be in close correlation with CIN and Pap
grade classification.’ In our opinion, patients
carrying high-risk HPV types should have regu-
lar checks at shorter intervals.'® Some findings
indicate long (up to 10 years) persistence of
HPYV infection in the natural course of progres-
sion to the carcinoma of the uterine cervix.!
Therefore, follow up and further investigations
are under way.

In conclusion, we want to point out that
especially in young women, for preservation of
fertility and in pregnancy, the natural crude
interferon alpha vaginalettes may be the treat-
ment of choice.
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Natural IFN-a for non-small-cell lung cancer with pleural
carcinosis

Berta Jereb,! Gabrgela Petric- Grabnar, Marjeta TercelJ Zorman,’ Marija
Us-Krasovec,! Renata Mazuran, Evgen $00§? Janez Stare*
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Faculty, Ljubljana

The survival of patients with pleural effusion from bronchial carcinoma is short. Ten patients with
ipsilateral pleural effusion from non-small cell cancer of the lung, localized to the thoracic cavity,
were treated with intrapleural application of IFN-a. and radiation therapy. All had malignant pleural
effusion confirmed by cytology. Radiation therapy was given to the hemithorax with boost to the
area of local tumor and mediastinal lymph node metastases. The dose to the hemithorax was 20-25
Gy, whereas the total dose to the tumor bed and mediastinum was 45 Gy. IFN-o. 2 x 10° IU diluted
in 20 ml of distilled water was injected intrapleurally once weekly. The treatment, as a rule, is
suitable for palliation only. The effect of IFN-0. was evaluated according to the cellular morphology
of the pleural fluid and the patients’ survival. The median survival of IFN-a treated patients was
17 months. The median survival of the matched control pts treated only for palliation with pleurodesis
or radiation therapy was 7 months. The patients in the experimental group had a slightly better
chance of prolonged survival. A randomized clinical trial seems to be indicated.

Key words: carcinoma, non-small cell lung-drug therapy; interferon-alpha

Introduction patients treated by surgery is 30-40%. The
survival of patients with Stage III is less than
5% whereas the survival of those with malig-
nant pleural effusion and those with Stage IV
is practically nil."* 2 Neither chemotherapy nor
radiation have contributed much to the survival
of these patients. Surgery has been attempted
for cure in patients with stage 01,33 but was
not succesfull, especially not in those with pleu-
Correspondcr?ce tor Berta vJereb, M.D. Institute of ral effusion. To palliate symptoms and prolong
ggcggg{”[‘l]%bhéx S?lfi;% zs’l;/eelﬁifo‘ (386 61) the survival was the aim of seve.ral trials; recen-

tly, there have been reports with encouraging
UDC:616.24-006.6-085 results of treatment with intrapleural applica-

Non small cell lung cancer (NSCLC) represents
75 % of lung cancer, the most common cancer
in males. The diagnosis is late in the great
majority of cases (70-75%) and the overall
survival of NSCLC patients is poor. The 5-year
survival of operable (Stage I and Stage II)
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tions of chemotherapy and biologic response
modifiers.” 2

IFN-a has proved to be locally effective in
several solid malignant tumors, and systemi-
cally effective in several haematological malig-
nancies.'* ° As a single therapeutic agent for
adenocarcinoma and other solid tumors it has
shown only modest results.'® Enhancement of
chemo- and radiation therapy with IFN-a has
been shown in vivo!”? and in vitro studies.?!
Also, some enhancing effect of IFN-o on che-
motherapy and radiation has been established.*

Earlier, we have reported on 14 patients with
NSCLC and pleural effusion treated with intra-
pleural application of IFN-q; it was found that
IFN-a could clear effusion from cancer cells
and haemorrhagic admixture with minimal side
effects. The treatment also prolonged the survi-
val of patients.”

In the presented series, 10 patients with
NSCLC and pleural effusion, without distant
metastases (Stage IIIb), were treated by radia-
tion and intrapleural applications of IFN-a,
with the aim of permanent local control and
prolonged survival.

Materials and methods
Experimental group

Ten patients admitted to the Institute of Onco-
logy between december 1988 through november
1991, were treated for pulmonary cancer and
pleural carcinosis. They had malignant cells in
the pleural effusion proved by cytology; the
primary tumor was confirmed to be adenocarci-
noma by bronchoscopy and biopsy in all cases.
The extent of the disease was further defined
on plain chest radiograms, by CT of the chest
and the brain, abdominal echogram, 99mTc
bone scan in addition to the conventional bioc-
hemical and haematological laboratory tests.
Their clinical data are presented in Table 1.
The disease was confined to the chest in all
patients, those with metastases outside of the
chest were not included.

All the patients had radiation therapy 20-24

Gy to the whole hemithorax with a boost to
the primary tumor and mediastinal metastases
to a total dose of 40-45 Gy (Table 1). IFN-a
was given by intrapleural application weekly as

“long as pleural effusion was present. After that

it was given intramuscularly, twice weekly. In
one patient (No. 4) it was only given i.m.
because of a high risk for bleeding.

2 X 10° units of natural IFN-a were diluted
in distilled water and after thoracocenthesis,
with removal of as much fluid as possible,
injected into the pleural cavity.

Control group

During the same period the great majority of
patients with lung cancer and pleural carcinosis
were treated for paliation by other methods
both, at the Institute of Oncology as well as at
the Institute for Lung Diseases, Golnik, the
choice being made by the referring physician.
Among these, 10 were chosen who matched the
patients in the experimental group in terms of
age, sex, and extent of disease. There were,
however, 3 patients with squamous cell carci-
noma in the control group. None of the patients
had radical surgery performed previously, two
had pleurodesis with Achromycin, 3 received
palliative radiation and 5 analgetics only. The
mean age of this group of patients was 56 years
as compared with the mean age of 54 in the
experimental group.

The level of IFN-o was measured in the
pleural fluid and in the blood serum before and
after IFN-a treatment in 2 patients, one from
the experimental group and one from the con-
trol group.

In our experiments we used WISH (epithelial
cells; European Collection for Animal Cell Cul-
tures, ECACC, England) and MDBKK (bovine
kidney, epithelial; American Tissue Type Col-
lection, ATCC). As cell- virus combination
using MDBK + VSV is not suitable for the
detection of IFN-a, recently we have neglected
MDBK cells, esspecially after we have got
enough monoclonal antibodies to identify the
type of IFN-ain samples of unknown IFN con-
stitution.?*
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All patients in the experimental group have
been regularly followed by clinical examination,
laboratory and blood tests, chest X-ray and CT
of the brain. The follow up of the patients in
the control group was by the referring physi-
cian, who has treated them symptomatically.
Therefore, only the date of death is reported
for these patients and no details about the

The survival was calculated by the Kaplan-
Meier method from the date of diagnosis until
death or the date of the last follow up.%

The difference in the survival of the two
groups was calculated with the log-rank test.

Results

At the end of the study in July 1993, 3 patients
were still alive one patient from the experimen-
tal group more than 4 years, and 2 from the
control group 17 and 15 months respectively
(both had squamous cell carcinoma), all with
residual disease. The survival is shown in Figure
I. The median survival of the patients in the
experimental group was 17 months as compared
to 7 months in control patients.

Malignant cells have disappeared from the
pleural fluid after treatment with IFN-a in all
patients, in the majority the fluid was still
present.

Cytology was possible in 9 out of 10 patients,
in 2 of them without the influence of radiation
therapy. In all patients it showed essentially the
same findings as in a previous® study of IFN-o
in pleural effusions from breast cancer, i.e.:

a) increase in the number of transported
lymphocytes and histiocytes in the sediment of
the exudate,

b) marked decrease in the number of malig-
nant cells, and

c) marked degenerative changes in the remai-
ning malignant cells.

The levels of IFN-a in the pleural fluid and
serum are presented in Figure 2 for patient No.
1 of the experimental group, and in Figure 3
for a patient in the control group. Only a
minimal rise was observed in the serum in
either of the two patients.

proportion o-—— control

surving group
o — cxpcrimental

group

P VALUE <0.0707

]

Figure 1. Survival of paticnts with non-small-cell lung
cancer and pleural carcinosis.

Discussien

In a previous study of patients with pulmonary
cancer and pleural effusion it was observed that
[FN-a treatment may clear the effusion of can-
cer cells and haemorrhagic admixture and arrest
fluid accumulation with minimal side effects.?®
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Figure 2. Pharmacokinctics of serum IFN during the-
rapy. Bars represent IFN in pleural fluid. IFN applica-
tion is indicated by arrows. Curve(s) arc daily scrum
IFN levels.
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Figure 3. Pharmacokinctics of scrum IFN during the-
rapy. Bars represent IFN in pleural fluid. IFN applica-
tion is indicated by arrows. Curve(s) arc daily serum
IFN levels.

Improvement in the survival was also noted.
Even in this series of patients treated with
radiation therapy and IFN-q, the treatment was
tolerated well; an increased temperature and
local pain within the 24 hours after application
and reactive lymphadenopathy (Pat.No. 2) were
the only complications. Coagulopathy (Pat. No.
4) was more likely a complication of the treat-
ment for thrombosis than of IFN-o application.

The level of IFN-a in 2 patients under inve-
stigation showed only a minimal rise of the
serum levels, an observation different from the
one in a recent series of patients with pleural
effusion due to breast cancer treated in a similar
way.?* As this observation is based only on 2
patients, a larger group studied, though not
included in this series, will be part of a separate
report.

There are still many uncertainties regarding
the treatment of lung cancer with IFN-a, the
dosage and the timing of treatment being the
most obvious. While in our series a tendency
to better survival is shown for the patients
treated with IFN-o, the difference in survival
is not statistically significant (possibly due to
the small series), and on the other hand, it
could be due to radiation therapy alone. Radia-
tion therapy has not been shown to affect the
survival of patients with inoperable lung cancer.

It has, however, not been tried in patients with
pleural carcinosis.?” Because of a trend towards
improved survival in patients treated with IFN-
a and the good tolerance for combined treat-
ment with radiation and IFN-a we have started
a randomized trial.

The patients with lung cancer and pleural
carcinosis will be treated either with radiation
alone or radiation and IFN-o. We will also
continue to study the serum levels after intra-
pleural applications of IFN-a.
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Adjuvant treatment of malignant melanoma with human
leukocyte interferon after radical surgery: I. general analysis

Zvonimir Rudolf

Institute of Oncology, Ljubljana, Slovenia

In our randomized prospective study, patients with malignant melanoma were treated with human
leukocyte interferon (HLI) after surgical removal of primary tumor (Clark level of invasion 1V,V
andlor thickness exceeding 1.5 mm). They were randomized in two groups: (1) those treated with
HLI and (2) a control group with no immediate treatment. HLI was applied through 30 weeks in
cummulative dose 6 x 107 U ,and 2 x 10° U weekly. Both arms of the study included altogether 321
patients. The results of 5-year analysis showed significant differences in disease-free interval as well
as in survival between both groups in favour of HLI treated patients (p <0.005). In the treated
group the rate of NED patients was significantly higher than in the control group. According to the
stratification by sex, the difference was significant also between female as well as male patients of
both groups (p <0.005). In a majority of patients HLI application caused a flu-like syndrome,
whereas adverse effects on blood count and chemistry could not be established. The treatment (given
in the reported dose) was not toxic and could be applied on an out-patients basis.

Key words: melanoma-therapy; surgery, operative; interferons

Introduction sex shows tendency of increase.! In the survival
analysis study? of malignant melanoma in Slove-
nia, overall S-year survival was 57.5%, and
median survival 108 months; S-year survival by
sex was 06.4% for females and 38.5% for

males. Using univariate analysis of the sex and

In the world, patients with malignant melanoma
of the skin represent approximately 1 % of all
cancer patients. The incidence of melanoma
has been rapidly increasing, reaching its double
value every 6-10 years, and likewise, also mela-

) o other clinical and pathohistological variables on
noma-related mortality has been exhibiting a

the survival a statistical significant difference

trend of constant increase. Also in Slovenia,
the yearly incidence of cutaneous melanoma by

Correspondence to: Prof. Zvonimir Rudolf, MD,PhD,
Institute of Oncology, Zaloska 2, 61105 Ljubljana,
Slovenia, Tel. + 386 61 1314225, Fax + 386 6l
1314180.

UDC: 616-006.81-08:615.281.7.015.45

was established so for sex as well as for the
extent of the invasion by Clark levels. Irrespec-
tive of the sex, a statistically significant better
survival was found in the group of patients with
thinner melanoma.

Considering the high mortality rates observed
in patients with malignant melanoma (with deep
level of invasion) as well as ineffective treat-
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ment of advanced disease, many studies have
been investigating the potential of various treat-
ment modalities.

Since these results of malignant melanoma
treatment are still unsatisfactory, especially in
advanced stages of disease, an effort should be
directed to earlier treatment. Unfortunately,
the results of adjuvant treatment in the early
stage of the disease with chemotherapy® have
also not confirmed the effectiveness of treat-
ment so far.

During the last decade a number of clinical
studies have been performed to investigate the
therapeutic potential of interferons in the treat-
ment of various malignant discases.* Although
partial and occasional complete regressions
have been observed in some cancer patients’
the overall results of single-agent interferon
treatment point out the need for further clinical
and laboratory research in order to establish
the role of interferon in cancer treatment, par-
ticularly in solid tumors. Besides exerting a
direct antiproliferative effect on mammalian
cells, interferons have proved to be potent
activators of natural killer cells and macropha-
ges.6 These cells have also been involved as
effectors in host resistance to tumor develop-
ment and in tumor control processes.” ®

In view of the previously mentioned facts,
we decided to established the role of interferon
as an adjunct to surgical treatment of primary
malignant melanoma. A prospective randomiz-
ed trial’ was commenced in 1988 in patients
with malignant melanoma stage IIA and B
according to the AJCC classification. '’

Patients and methods

Three-hundred and twenty-one patient with ma-
lignant melanoma entered the study. In the
protocol only patients with histologically proven
primary tumor after radical surgery were includ-
ed. As mentioned previously, all the patients
were in Stage IIA and 1IB of the disease which
means that the primary tumors were classified
as Clark 1V,V level of invasion and/or tumor
thickness exceeding 1.5 mm. The patients were
randomized in two protocol arms — a group
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treated with human leukocyte interferon
(HHLI) and control group with no immediate
treatment after radical surgery (HCON) as
shown in the protocol summary (Figure 1).

All patients in both groups were on regular
clinical follow-up. Complete blood counts,
blood chemistry, renal and liver function tests
were taken each check; these were performed
monthly in the first 2 years, and later on in 2
month intervals. Complete evaluation of pa-
tients was done before and after the treatment.
Patients with relapse (in both groups) were
further treated as necessary (with surgery, ra-
diotherapy, chemotherapy) and were afterward
also on regular follow-up.

Treatment

Treatment consisted of i/m application of crude
human leukocyte interferon (Imunoloski zavod,
Zagreb, Croatia) and started within the first
month after surgical excision. Interferon was
applied for 30 weeks in cumulative dose of 6 X
107 units. Each patient received 2 x 10% units
of interferon weekly. Since at the start of the
study only human leukocyte interferon was
available, this analysis refers only to the appli-
cation of this agent, while later in the study the
additional group of patients treated with recom-
binant interferon alpha was introduced and the
results will be published separately.

HLI group

A total of 160 patients, 70 males and 90 females,
have been entered in the HHLI group. The
mean age of patients was 48 years (48+ 14
years, range 20 — 78 years). Patients were
distributed according to tthe primary tumor site
as follows: head and neck region (HN) — 15 ;
trunk (T) — 79; limbs (L) — 66 . Primary tumors
were determined as superficial-spreading type
(SSM) in 31 cases, nodular type (NM) in 127
cases and lentigo maligna type (LMM) in two
cases. The level of invasion was Clark IV in
109 cases, and Clark V in 12 cases. In 39 cases
the level of invasion was Clark III, but tumor
thickness exceeded 1.5 mm, which was in accor-
dance with protocol criteria.
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CON group

The control group comprised 161 randomly
selected patients (71 males and 90 females) in
the mean age of 52 years (52 + 13 years, range
21-84 years). As to the primary tumor site,
lesions were located in head and neck region
in 16 cases, on the limbs in 70 and on the trunk
in 75 cases. In 92 patients tumors were assessed
as SSM type, in 3 patients as LMM and in 66
patients as NM type. The level of invasion was
Clark III in 23 cases (but thickness more than
1.5 mm), Clark IV in 101 cases, and Clark V
in 12 cases.

Patient distribution by various potential prog-
nostic factors is presented in Table 1. Our

analysis showed that both protocol groups, i.e.
HHLI and HCON, were similar as to their sex
and age distribution. Also, there was no major
difference in site and type of primary tumor,
and neither in its level of invasion.

Statistical analysis

The statistical analysis was done using the Ka-
plan-Meier product-limit method!": '2 which is
a non-parametrical method to estimate the pro-
bability of an event occuring during a given
time-interval. Statistical significance of graphed
survival curves was tested using logrank pro-

gram which performs a chi-square like analy-
sis, 13+ 14, 15

Table 1. Comparison of HLI and CON gro{np according to scx and age distribution, type and localization of

primary tumor and level of invasion.

Data HLI Group CON Group
No. Pcrcentage No. Pcrcentage
Sex: M 70 44 % 71 44 %
F 90 56 % 90 56 %
Age: <53 100 63 % 81 50 %
>53 60 37% 80 50 %
Type: NM 127 79 % 66 41 %
SSM 31 20 % 92 57 %
LM 2 1% 3 2%
Local.: Trunk 79 49 % 75 47 %
HNcck 15 9% 16 10 %
Limbs 68 41 % 70 43 %
Clark I11 39 24 % 38 23 %
v 109 68 % 101 62 %
\ 12 8% 12 7 %
TOTAL 160 100 % 161 100 %

Results
Survival analysis

Survival curves of patients in HHLI and HCON
group are presented in Figure 2. Survival of
patients treated with human leukocyte interfe-
ron (HHLI.dbf) is significantly higher than in
the control (HCON.dbf) group (p <0.005).

Survival curves of patients according to sex
distribution in control group (HCON) are pre-
sented in Figure 3. Control female patients had
significantly higher survival (HCONF.dbf cur-
ve) when compared with male controls
(HCONM.dbf curve), which is consistent with

previous observations about influence of sex on
the prognosis. The difference between both
groups is significant (p <0.001). Similar is the
situation in HHLI group (Figure 4), though the
difference between female (HHLIF.dbf curve)
and male (HHLIM.dbf curve) patients is not
significant (p=0.07). Primary tumor site in-
fluenced the survival of patients in the control
group. The difference between group of pa-
tients with tumors on limbs (HCONL.dbf cur-
ve) and patients with tumors in trunk region
(HCONT.dbf curve) is significant (p <0.05) in
favour of limbs site, which is presented in
Figure 5. In HLI group the similar difference
was not significant (HHLIL.dbf curve versus
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' treatment as necessary
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Figure 1. Protocol summary.
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Figure 2. Survival analysis of meclanoma paticnts in
both protocol groups. (HCON.dbf - paticnts in control
group, HHLI.dbf — paticnts in trcated group; the
difference is significant, p <0.001).

HHLIT.dbf curve, p=0.5). The type of pri-
mary tumor did not significantly influence the
survival in both protocol groups (Figure 6), and
also the impact of age of patients could not be
established, as illustrated in Figure 7.

The difference between treated and control
patients is significant also by sex stratification
(Figure 8). Females in the treated group had

better survival than female controls; likewise,
male patients treated with interferon survived
longer than male patients in the control group
(HHLIF.dbf curve vs. HCONF.dbf curve, and
HHLIM.dbf curve vs. HCONM.dbf curve; p <
0.005).

Interferon treatment was well tolerated by
majority of patients and no patient declined it
because of toxic side effects. In all patients the
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I'igure 3. Survival comparison bctween male and fe-
male paticnts in control group. (HCONM.dbf - malcs,
HCONF.dbf — femalces; the difference is significant,
p <0.001).
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Figure 4. Survival comparison between male and fe-
malc paticnts in trecated group. (HHLIM.dbf — males,
HHLIF.dbf — femalces; the diffcrence is not significant,
p = 0.07).
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Figure S. Survival comparison in both protocol groups
according to the primary tumor site. (HCONL.dbf -
control paticnts, primary tumor on limbs, HCONT.dbf
—control paticnts, primary tumor in trunk, HHLIL.dbf
— created patients, primary tumor on limbs,
HHLIT.dbf — treated paticnts, primary tumor in trunk;
HCONL.dbf vs. HCONT.dbf significant, p<0.05;
HHLIL.dbf vs HHLIT.dbf not significant, p = 0.5).

application of interferon was followed by mild
up to moderate fever (less than 39°C) which
was transient. The patients experienced also
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Figare 6. Survival comparison in both protocol groups
according to the primary tumor type. (TCNM.dbf —
control paticnts, nodular mclanoma, TCSSM.dbf —
control paticnts, superficial sprecading mclanoma,
THNM.dbf - trcated paticnts, nodular meclanoma,
THSSM.dbf — trecated paticnts, superficial sprcading
mclanoma).
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Figure 7. Survival comparison in both protocol groups
according to the agc of mclanoma paticnts. (ZCA-
GEIl.dbf — control paticnts, age <53 ycars, ZCA-
GE2.dbf — control paticnts, age >53 ycars, ZHA-
GEl.dbf - trcated paticnts, age <53 ycars, ZFHA-
GE?2.dbf — treated paticents, age >53 ycars).
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Figure 8. Comparison of survival between both proto-
col groups by sex stratification. (HHLIF.dbf — trcated
females, HHLIM.dbf — trcated males, HCONF.dbf -~
female controls, HCONM.dbf - male controls;
FIHLI.dbf vs. HCONF.dbf and HHLIM.dbf vs.
HCONM.dbf significant, p <0.005).

flu-like syndrom, which was antecipated. The
application of interferon in performed dosage
exerted no effect on blood counts and chemi-
stry. In one case, as reported previously,'®
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moderate allergic reaction manifested with urti-
caria followed the second course of the treat-
ment. Since the fever and flu-like syndrom
were transient, after pilot study it was decided
that the regimen should be applied on out-pa-
tients basis.

Discussion

The increasing incidence of melanoma and its
tendency to affect younger adults, as well as
relative ineffectiveness of treatment in advanc-
ed stages, point out the need for an effective
adjuvant therapy.

In our study interferon treatment was found
to have influenced the survival of patients,
since the difference between both protocol
groups (HLI and CON) was significant. In
addition, the difference between male as well
as female patients of both groups was also
significant. According to these results, it can
be postulated that the interferon treatment pro-
longed the survival of patients in treated group.

Also, the treatment was not associated with
significant toxic side effects. The reason for
allergic reaction in one case is most probably
in crude extract of human leukocyte interferon
containing various potential allergens.

Possible mechanisms of interferon action
have not been fully explained yet. Theoretical-
ly, interferons could exert their antitumor ef-
fects in three ways: (1) via the host immune
system; (2) by altering some non-immune host/
tumor cell interactions; or (3) by direct effects
on the tumor cells. It is known that tumors
sensitive to interferon alpha tend to be slow
growing and moderately well differentiated.
Moreover, in contrast to other types of cancer
therapy, responses to alpha interferons are typi-
cally slow, with haematological and bone mar-
row improvement often taking several months
in leukemia cases. Wata from laboratory ani-
mals suggest that interferon act best when tu-
mor load is low, such as was the situation in
our study.* ? Interferons are also an important
part of lymphokine cascade. It is reasonable to
conclude, that interferon could act as biological

response modifier through many yet uknown
mechanisms including lymphokine cascade.
According to our results, the interferon adju-
vant treatment can be advised in cases with
prognostically unfavourable melanoma, i.e. pri-
mary melanoma tumors with level of invasion
Clark IV,V and/or thickness more than 1.5 mm.
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Breast imaging at ECR’93

Vienna, September 12-17, 1993

The 8th European Congress of Radiology held
in Vienna in early autumn this year was attend-
ed by about ten thousand professionals. Tech-
nical, educational and scientific aspects of nu-
merous topics including breast imaging were
discussed. Breast imaging, now firmly rooted
in early detection and management of breast
cancer together with recent advances and rele-
vant views about this rapidly evolving discipline
were dealt with in a “Categorical course” offer-
ed by the organiser.

Mammography (MG) won the central role in
the diagnosis of breast disease and particularly
in the very sensitive field of mass-screening for
asymptomatic breast cancer which, in develop-
ed countries, will soon afflict up to one third
of women. Early objections against extensive
use of MG because of the risk of radiation-in-
duced cancer, have proven unfounded. The
exhibition accompanying the congress showed
that the industry had fully embraced the mo-
dern concepts of dedicated apparatus which
limits the radiation burden of a typical investi-
gation to mere 0.5mGv and simultaneously
enables imaging with high contrast and fine
detail. This is being achieved with special anti-
scatter grids, an automatic exposure-control, a
focus of 0.6 mm or less, a voltage range from
25 to 35kV and high-resolution film-screens
(Friedrich M). It was stressed, however, that
in order to insure adequate functioning of this
equipment, regular daily, weekly, monthly and
annual quality-control program should be rigo-
rously followed and only accepted phantoms
used (Thomas BA).

Equal emphasis was laid on the professional
skill of image-readers, particularly by German
and Dutch authors with wide experience in
mass-screening programs (Hessler C; Hendriks
JHCL). Intensive, repeated training courses for
medical and technical personnel should replace
self-education wherever possible. It was even
suggested that the accreditation for MG should
be time-limited and attendance in regular re-
freshing courses a sine qua non (Friedrich M).
The performance quality of the diagnostic team
should be periodically assessed by reviewing
the final results including the reevaluation of
false reports and interval cancer cases (10). In
MG, it was said, mediocrity can hardly be
tolerated (Hendriks JHCL).

MG features of breast cancer are well known
and, in most cases, a skilled radiologist can
deliver a correct diagnosis. For various reasons,
though, false-negatives cannot be avoided, par-
ticularly in screening as proved by the incidence
of interval cancers. In clinical work, false-nega-
tives destroy the clinician’s confidence and their
rate should not exceed 5%—10% of histologi-
cally proven cases. The overall incidence of
false-positive reports is hard to estimate but
they seem to result from overinterpretation of
microcalcifications.

Microcalcifications themselves are a rather
sensitive sign of malignancy though highly un-
specific. Efforts to improve the accuracy of MG
images by analysing their semiology in great
detail were not successful. Therefored, simpler,
commonly identifiable and easily describable
morphological criteria (according to “Le Gal”)
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were advocated, therefore, particularly to faci-
litate reporting, communication and teaching
(Lamarque JL). High quality of the image is
essential and magnification techniques may be
helpful (Del Turco MR).

The radiologist’s task of detecting locally
recurrent cancer is becoming ever so frequent
since more patients are being new treated con-
servatively. Swelling, scarring and haematomas
after surgery and/or irradiation may utterly
change the radiological appearance of the breast
tissue and obscure early malignant regrowth.
Nevertheless, a recurrence can be recognised
during regular MG follow-up after initial treat-
ment since its density and size increases, while
post-treatment changes tend to clear up with
time (Schreer 1).

Benign breast lesions are very frequent, very
variable and difficult to diagnose correctly. In
all doubtful cases, additional diagnostic techni-
ques should be used liberally including ducto-
graphy, pneumocystography, ultrasound, clini-
cal examination and stereotaxically guided thin-
needle biopsy before surgical biopsy is resorted
to. Unlike malignant lesions where a mere
suspicion may suffice for further diagnostic
work-up, benign diseases call for an accurate
diagnosis. In order to reduce the number of
unnecessary biopsies, the skill of the radiologist,
again, cannot be overemphasized (di Maggio

Q).

Report

Ultrasound imaging is safe and generally ac-
cepted. In the examination of the breast, howe-
ver, its role remains limited in spite of the
experience gathered in the last ten years with
this diagnostic modality. In the screening of
unsymptomatic women it has no value at all
but has retained a few firm indications in clinical
diagnostic work particularly in fluid detection
in palpable lumps, examination of young wo-
men and visual guidance of the needle during
biopsy (van Kaick G).

Magnetic resonance imaging (MRI) is a rela-
tively new diagnostic modality. Its main advan-
tage is: absence of any radiation risk. It enables
a much better distinction between fat, cellular
tissue and fluid which together with the possibi-
lity of visualisation in any desired plane, greatly
facilitates recognition of the disease. The dis-
advantage of MRI is: high cost and very limited
availability of the procedure (Heywang-Koe-
brunner SH).

ECR’93 was a great professional event in
every respect including the splendid exhibition
of radiological equipment. It is a pity that so
few Slovene radiologists attended the very ins-
tructive categorical course on breast imaging.

Breda Jancéar, MD
The Institute of Oncology
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Book review

Gastrointestinal Radiology: A concise Text. By Branko M. Plavsic, Arvin E.
Robinson and R. Brooke Jeffrey Jr. New York: McGraw Hill, 1992 (557 pp)

The book, absolutely necessary at the time of
modern image technique, shortly summarizes
all knowledge from the conventional gastrointe-
stinal radiology. During the past several years
many descriptions of the CT, MR and ultra-
sound have been found in the literature. The
place of the conventional barium studies of the
gastrointestinal tract remains the important
base in the radiological diagnostic procedures.
The book presented here fills that important
space in the current literature and proves the
complete overwiev over the methods, techni-
ques and radiological characteristics of the ga-
strointestinal radiological procedures. The mo-
dern image technique are only sparsely presen-
ted to complete the diagnostic approach to the
various diagnostic problems of the alimentary
canal.

The book is divided logical into 12 chapters.
All of them are illustrated with a number of
excellent figures. According to the intention of
the authors to give the complete presentation
of the problems, the first three chapters cover
normal anatomy of the alimentary canal, ga-
strointestinal ~ physiology and radiological
aspects of gastrointestinal pathology. All basic
data  which are of importance for the
understanding of the gastrointestinal examina-
tions are presented. In the fourth chapter the
authors give very concise description of various
techniques of examining of the gut. The precise
presentation of the double contrast examination
is given, including the basic data about contrast
media and pharmacoradiography. To complete
the radiological presentation of the gastrointe-
stinal tract, the authors describe all other te-
chniques like CT, MR, ultrasound, arterio-
graphy and scintigraphy. Very useful instruc-
tions for the evaluation of radiological methods

and making the radiological reports are given.
Also the role of the intervention radiology is
shortly presented.

The main parts of the book are the next eight
chapters which describe the various pathological
changes in the alimentary tract. In the logical
rows the radiological pathology of the pharynks,
esophagus, stomach, duodenum, small bowel
and colon is described an illustrated with a
number of illustrations. All illustrations are of
excellent quality. Using more than seventy figu-
res in each chapter, the authors illustrated
almost each pathological entity. The special
attention was given to the diseases which affect
the both small and large bowel, such as intesti-
nal ischemia, infections and infestations, ulcera-
tive colitis and Chron’s disease. To present the
differential diagnosis between similar radiologi-
cal symptoms the authors use very simple and
instructive tables and diagrams. The diseases of
very important localization like ileocecal area
and rectum are presented in the separate chap-
ter. That fact indicates that except general
knowledge of various problems the authors
include in the book their own experience.

Because of very simple and precise presenta-
tion of the problems, the concise and illustrative
descriptions and excellent functional approach
to the gastrointestinal pathology, the book ser-
ves an important textbook for residents the
source of various data for the radiologists. At
the same time it is unavoidable for gastroente-
rologists, surgeons, pediatricians and medical
students.

Prof. dr. Andrija Hebrang

Clinical Department of Radiology
Clinical Hospital “Merkur”, Zajceva 19
Zagreb
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Notices

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

Lymphomas

The ESO seminar will be offered April 21-22, 1994.

Contact Miss Gollubics, ESO-Vienna-Office, Arzte-
kammer fiir Wien, Fortbildungsreferat Weihburggasse
10-12, A-1010 Vienna, Austria; or call +43 1 51501
293. Fax: +43 1 51501 240.

Oncology

The 11th research workshop (Journees Grenobloises
de Cancerologie) “Chemoresistance: from bench to
clinical trials”, will take place in Grenoble, France,
March 24-25, 1994.

Contact Pr. C. Vrousos, Hopital Albert Michallon.
B. P. 217, 38043 Grenoble Cedex 9, France.

Nuclear medicine

The British Nuclear Medicine Society annual meeting
will be held in London, United Kingdom, March
28-30, 1994.

Contact Mrs S. Hatchard, The BNMS Conference
Secretary, 157 Auckland Road, London SE 19 2RH.

Magnetic Resonance

The 1st Nottingham symposium on Magnetic Reso-
nance in Medicine will be held in Nottingham, United
Kingdom, April 6-8, 1994.

Contact Julie Mills, University Hospital, Nottin-
gham NG & 2UH, United Kingdom; or call +44 602
709 951. Fax: + 44 602 424 994.

Brachyradiotherapy

ESTRO teaching course “Modern Brachytherapy
Techniques” will take place in Tiibingen, Germany,
April 10-14, 1994.

Contact the ESTRO Secretariat, Radiotherapy De-
partment, University Hospital St Rafael, B-3000 Leu-
ven, Belgium; or call + 32 16 33-64-13. Fax: + 32 16
33 64 28.

Lung cancer — biology and clinical aspects

The 2nd central European conference on lung cancer
will be offered in Ljubljana, Slovenia, June 13-16,
1994.

Contact The Conference Secretariat, Department of
Thoracic Surgery, Medical Center, ZaloSka 7, 61105
Ljubljana, Slovenia; or call + 386 61 317 562. Fax:
+386 61 1316 006.

Magnetic Resonance

The “11th Annual Scientific Meeting and Exhibition
of the European Society for Magnetic Resonance in
Medicine and Biology” (ESMRMB) will be held in
Vienna, Austria, April 20-24, 1994.

Contact Vienna Academy of Postgraduate Medical
Education and Research, Alser Strasse 4, 1090 Vien-
na, Austria; or call +43 142 138 313. Fax: +43 1
42 138 323.

Brachyradiotherapy

The 76th annual meeting American Radium Society
will take place in Southampton Princess Hotel, Bermu-
da, April 22-26, 1994.

Contact Office of the Secretariat, American Radium
Society, 1101 Market Street, 14th Floor, Philadelphia,
PA 19107, USA; or call +1 215 574 3179. Fax: +1
215 928 0153.

Radiotherapy

ESTRO teaching course “Principles and Technical
Aspects of Clinical Radiotherapy” will be offered in
Bari, Italy, April 24-28, 1994.

Contact the ESTRO Secretariat, Radiotherapy De-
partment, University Hospital St Rafael, B-3000 Leu-
ven, Belgium; or call +32 16 33-64-13. Fax: +32 16
33 64 28.

Neuroblastoma

The international meeting “Ten years of experience
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in ncuroblastoma. Quo vadis MIBG?” will be offercd
in Kiel, Germany, April 25-26, 1994.

Contact H. Bihl MD PhD, Dept. of Nuclear Mecdi-
cine, Katharinenhospital, Kriegsbergstr. 60, 70174
Stuttgart, Germany; or call +49 711 278 4300. Fax:
+49 711 278 4309.

Skin cancer and melanoma

The ESO teaching course will be offercd May 4-8,
1994.

Contact Miss Gollubics, ESO-Vienna-Office, Arzte-
kammer fiir Wien, Fortbildungsreferat Weihburggasse
10-12, A-1010 Vienna, Austria; or call +43 1 51501
293. Fax: +43 1 51501 240.

Brachytherapy

The 11th annual brachytherapy mecting GEC-ESTRO
will be held in Linz, Austria, May 9-11, 1994.

Contact the ESTRO Seccretariat, Radiotherapy De-
partment, University Hospital St Rafacl, B-3000 Leu-
ven, Belgium; or call +32 16 33-64-13. Fax: +32 16
33 64 28.

Radiotherapy

The refresher course in radiation oncology will be
offcred in Toronto, Ontario, Canada, May 11-13,
1994.

Contact Continuing Education, Faculty of Medicine,
University of Toronto, Mcdical Sciences Bldg., Toron-
to, M5S 1A8, Canada; or call +1 416 978 2719. Fax:
+1 416 971 2200.

Cancer research

The “25th Annual Mecting American Association for
Cancer Research” will take place in Dallas, Texas,
USA, May 11-14, 1994.

Contact Amer. Assoc. Cancer Res., Meetings Mail-
ing List AACR, Public Lcdger Building, 6th and
Chestnut Streets, Suite 816, Philadclphia, Pa 19106,
USA; orcall +12154409300. Fax: +12154409313.

Radiotherapy

The 4th annual mecting of the American College of
Radiation Oncology will be offercd in Washington,
DC, USA, May 14-16, 1994.

Contact ACRO Office, P.O. Box 12920, Philadel-
phia, PA 19108, USA; or call +1 215 762 4993. Fax:
+1 215 762 8523.

Pediatric neurooncology

The intcrnational symposium will be held in M. D.
Andecrson Cancer Center, Houston, Texas, USA, May
18-21, 1994.

Contact MDACC, Univ. of Texas, Conf. Services,
Box 131, 1515 Holcombe Blvd., Houston, TX 77030-
4095, USA; or call +1 713 792 2222.

Gynaecology

International gynaccological symposium will be offer-
cd in Bruges, Belgium, May 26-28, 1994.

Contact Hilde Deckers-Van Overmeiren, Vlaamse
Vereniging voor Obstretric en Gynaccologic, Azalca-
laan 10, Sint Niklaas, Belgium; or call +32 (0)3 776
03 64. Fax: + 32 (0)3 766 07 56.

Gynecological endocrinology

The 4th world congress of gynecological endocrinology
will be held in Antalya, Turkey, May 28 - June 3, 1994.

Contact Mecdical Congress and Rescarch S. A., Via
dclla pace 5 (Palazzo Centro), CH-6601 Locarno,
Switzerland; or call +41 93 322 932. Fax: +41 93
319 836.

Surgical oncology

The tripartite meeting of European Socicty of Surgical
Oncology, British Association of Surgical Oncology
and Chirurgishe Arbeitsgemeinschaft fiir Onkologic,
subtitled “Frontiers and Perspectives of Surgical Onco-
logy” will take place in Hcidelberg, Germany, June
811, 1994.

Contact PD Dr. Thomas Lechnert, Department of
Surgery, University of Heidelberg, Im Neuenheimer
Feld 110, d-69120 Hcidelberg, FRG; or call + 49 6221
566 207. Fax: +49 6221 565 450.

Update in urological oncology

The ESO tcaching course will be offercd June 9-11,
1994.

Contact Miss Gollubics, ESO-Vienna-Office, Arzte-
kammer fiir Wicn, Fortbildungsreferat Weihburggasse
10-12, A-1010 Vienna, Austria; or call +43 1 51501
293. Fax: +43 1 51501 240.
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Boko H, Zagreb — Brenci¢ E, Ljubljana — Brinovec V, Ljubljana — Brovet-Zupanci¢ Irena,
Ljubljana — Budihna N, Ljubljana — Erjavec M, Ljubljana — Fettich J, Ljubljana — Filipi¢ B,
Ljubljana — Franceschi S, Milano ~ Fras P, Ljubljana — Golouh R, Ljubljana — Jancar B, Ljubljana
— Jereb B, Ljubljana — Jevti¢ V, Ljubljana — KaliSnik M, Ljubljana — Klancar J, Ljubljana —
Korman T, Ljubljana — Kovac V, Ljubljana — Koren S, Ljubljana — Kranjec 1, Ljubljana - Lamovec
J, Ljubljana — Luki¢ F, Ljubljana — Markovi¢ S, Ljubljana — Mihel¢i¢ Z, Zagreb — Osmak M,
Zagreb - Pavénik D, Ljubljana - Perovié-Visnar A, Ljubljana - Pogacnik A, Ljubljana -
Pompe-Kirn V, Ljubljana — Porenta M, Ljubljana ~ Rakar S, Ljubljana — Rubini¢ M, Rijeka —
Rudolf Z, Ljubljana — Seria G, Ljubljana — Snoj M, Ljubljana — Sotosek B, Ljubljana — Simuni¢
S, Zagreb — Skrk J, Ljubljana — Smid L, Ljubljana — Stabuc B, Ljubljana — Sustarsi¢ J, Ljubljana
— Umek B, Ljubljana — Vegelj-Pirc M, Ljubljana — Vidmar-Bracika D, Ljubljana — Vlaisavljevié¢
V, Maribor ~ Zakelj B, Ljubljana — Zumer-Pregelj M, Ljubljana.

Editors greatly appreciate the work of the reviewers which significantly contributed to the improved
quality of our journal.
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International scientific committee

(in alphabetical order)

A. Debeljak (Slovenia)

M. Debeve (Slovenia)

B. Corrin (United Kingdom)

D. Ferluga (Slovenia)

P. Goldstraw (United Kingdom)
H. H. Hansen (Denmark)

K. Havemann (Germany)

F. R. Hirsch (Denmark)

K. Karrer (Austria)

K. Kolari¢ (Croatia)

L. K. Lacquet (The Netherlands)
T. Lewinski (Poland)

K. Mattson (Finland)

M. Mermolja (Slovenia)

K. Moghissi (United Kingdom)
U. Pastorino (Italy)

M. I. Perelman (Russia)

V. Pompe-Kirn (Slovenia)

P. Rocmans (Belgium)

J. B. Sérensen (Denmark)

J. Sorli (Slovenia)

J. Tobias (United Kingdom)

J. Viale (Italy)

1. Vogt-Moykopf (Germany)

N. van Zandwijk (The Netherlands)

Invited speakers and lectnres

V. Pompe-Kirn (Slovenia)
Epidermiological features of lung cancer in
Slovenia
B. Corrin (U. K.)
Premalignant lesions
G. Viale (Italy)
Oncogenes and tumor suppressor genes in
lung tumours (With special emphasis on neu-
roendocrine tumours)
J. Sorli (Slovenia)
Methodology and results of bronchopulmo-
nary cancer detection in Slovenia 1970-1992
D. Ferluga (Slovenia)
Significance of immunohistochemistry for
classification of lung cancer

M. Mermolja (Slovenia)
Possibilities and limitations of cytology in the
diagnosis of lung tumours

A. Debeljak (Slovenia)
Transbronchial aspiration needle biopsy with
flexible and rigid needle in the diagnostic and
evaluation of regional spread of lung cancer

P. Rocmans (Belgium)
Limits of surgery for non-small cell lung
cancer

M. I. Perelman (Russia)
Reconstructive surgery for tracheobronchial
tumours

L. K. Lacquet (The Netherlands)
Complete resection for unsuspected N2 non-
small cell lung cancer (Stage III A)

P. Rocmans (Belgium)
Patterns of failure after “complete resection”
of lung cancer

J. B. Sérensen (Denmark)
The role of chemotherapy in non-small cell
lung cancer

K. Mattson (Filand)
New drugs for non-small cell lung cancer

J. B. Sorensen (Denmark)
Prognostic factors in non-small cell lung can-
cer

N. van Zandwijk (The Netherlands)
EORTC studies in non-small cell lung cancer

T. Lewinski (Poland)
Staging of small cell lung cancer and its scope
according toclinical implications

K. Karrer (Austria)
The importance of surgery in the multimoda-
lity treatment of small cell lung cancer

K. Havemann (Germany)
Receptors of the steroid hormone superfami-
ly: a new approachfor the treatment of small
cell lung cancer

F. R. Hirsch (Denmark)
Treatment of small cell lung cancer — the
Copenhagenexperience

J. Tobias (U. K.)
Ten years of studies in small cell lung cancer
from the LondonLung Cancer group

K. Kolari¢ (Croatia)
Farmorubicin ~ a new active compound in



the treatment of metastatic small cell lung
cancer
N. van Zandwijk (The Netherlands)
EORTC Studies in small cell lung cancer
L. K. Lacquet (The Netherlands)
Surgical treatment of multiple lung cancer
P. Goldstraw (U. K.)
Post pneumonectomy empyema
U. Pastorino (Italy)
Second primary lung cancer: clinical manage-
ment and chemoprevention
K. Moghissi (U.K.)
Laser in lung cancer — The present and the
future
M. Debevec (Slovenia)
The role of radiotherapy in the treatment of
lung cancer
1. Vogt-Moykopf (Germany)
Results in surgery on pulmonary metastases

Call for abstract
Free papers

All participants arc invited to submit abstracts for
Free Papers session. The papers will be arranged and
scheduled according to the topics of the Conference.

Posters

Posters will be displayed in the Congress Centre and
discussedat poster session. Participants must submit
abstracts also for poster presentation. The Scientific
Committee will decide whether a submitted paper will
be sclected for oral or poster presentation.

Video sessions

Vidco sessions arc scheduled to take place during the
Conference. Authors of vidcos arc requested to submit
the abstract of their vidco on the same form as for
other presentations.

Technical equipment R
Double slide projection and overhead projection will
be madcavailable in all scssions. Video projection in
vidco scssions and in other scssions on request.

Slides

Spcakers arc kindly requested to hand their slides and
check them through at lcast onc hour before the
beginning of their session, at the slide center.

Abstracts

Abstracts must be mailed together with 3 photocopics
to the Conference Scerctariat.

Department of Thoracic Surgery,
Mecdical Center,

Zaloska 7,

61105 Ljubljana, Slovenia.

Tel.: + 38661317582

Fax: + 386611316006

Conference information
DATE

The Conference will be held on 13-16 April 1994,
Ljubljana, Slovcnia

Venue

CANKARIJEV DOM
Cultural and Congress Centre,
Pre$ernova 10,

61000 Ljubljana, Slovenia.
Tel.: + 38661210956

Fax: + 38661217431

Conference organizers

CANKARJEV DOM
Congress Department,
Prc$ernova 10,

61000 Ljubljana, Slovenia.
Tel.: + 38661210956
Fax: + 38661217431

Conference secretariat

Department of Thoracic Surgery
University Medical Centre,
Zaloska 7,

61105 Ljubljana, Slovenia.

Tel.: + 38661317582

Fax: + 38661 1316006

Conference language

The language of the Conference is English. There will
be no simultancous translation facilitics.



HBS . HEPATOBILIARY SCHOOL

74 K\ LJUBLJANA, SLOVENIA
PO JUNE 27 - JULY 1, 1994

: ndPSTGRADUATE COURSE ON HEPATOLOGY
4d  POSTGRADUATE COURSE ON HEPATOBILIARY SURGERY

Two courses, surgical and medical, will be held simultaneously with a number of sessions assembled.
The aim of the courses is to expand practsical methological and rational diagnostic knowledge as well as
therapeutic approach to the most common diseases of the liver and biliary tract.
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Teaching will include lectures, seminars, case presentations and workshops.

INVITED LECTURERS

Bengmark S., Boeckl O., Coggi G., Czygan P., Ferenzi P., Krejs G., Mazziotti M., Paquet K.-J., Schaffner F.,
Scheele J., Schmid R., Tiribelli C., Wiechel K. L., and others

SURGICAL COURSE = ASSEMBLED SESSIONS  HEPATOLOGY COURSE

Liver resections Extra hepatic biliary obstructions Viral hepatitis

Liver trauma Primary liver tumors Liver cirrhosis

Hydatid disease of the liver Liver transplantation Portal hypertension

Cholestasis

SURGICAL WORKSHOP

MAILING ADDRESS VENUE MAILING ADDRESS

E. GADiUEV University of Ljubljana, S. MARKOVIC

Medical Center ) Faculty of Medicine, Institute of Oncology, Building B,

Dept. of Gastroenterologic Surgery Ljubljana, Slovenia Zalogka 2, 61000 Ljubljana, Slovenia

Zalo3ka 7, 61080 Ljubljana, Slovenia tel, fax 386 61 302 828

tel 386 61 322 282,

fax 386 61 316 096 FEES

650 USD up to March 31
850 USD up to May 31
950 USD at registration desk

DEADLINE NUMBER OF

PARTICIPANTS

FOR REGISTRATION LANGUAGE

May 31, 1994 English . Limited -
30 for surgery, 50 for medicine!

/ndPOSTGRADUATE COURSE ON HEPATOLOGY |
44 POSTGRADUATE COURSE ON HEPATOBILIARY SURGERY ¢

NAME

ADDRES

TEL FAX

U MEDICINE Q SURGERY
POSTER Q YES aNo

HOTEL ACCOMMODATION Q YES AQNO




Croatian Medical Association
CROATIAN SOCIETY OF RADIOLOGY
Zagreb — Croatia
and
Rijeka University School of Medicine
CLINICAL INSTITUTE OF RADIOLOGY
Rijeka — Croatia

Grand Hotel "ADRIATIC” Opatija — Croatia
October 11-15, 1994

SICENTIFIC PROGRAMME

Topics: — Diagnostic Radiology
— Interventional Radiology
— Workshops

— Posters

TEHNICAL EXHIBITION

Organizing Committee Croatian Society of Radiology
President President

(Prof. Ivo Lovasi¢ MD, PhD) (Prof. Slavko Simuni¢ MD, PhD)

INFORMATION

Prof. Ivo Lovasi¢ MD, PhD, Clinical Institute of Radiology — Clinical Hospital
Center, 51000 Rijeka, Tome Strizica 3, Croatia, Phone + 38/51/44 1899, Fax

+ 38/51/37 536




SIEMENS

Va$ partner v ultrazvocni diagnostiki:

SIEMENS * SONOLINE SL-1

* Moznost prikljucka sektorskega, linearnega, endo-p

in endo-v aplikatorja

* Jzredno ugodna cena (moznost kredita ali leasing-a)
* Servis v Sloveniji z zagotovljenimi rezervnimi deli

in garancijo
* IzobraZevanje za uporabnike

SIEMENS D.O.O.
Dunajska 47, Ljubljana
Tel. 324-670

Fax. 132-4281




=SANOLABOR
Za Uade v belem
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Pri nas dobite vse za renfgen!

KODAK o AGFA GEVAERT e POIARGID e 3M e PHILIPS
o GENERAL ELECTRIC = SIEMENS = TOSHIBA = HITACHI
o NICHOLAS = BYK GULDEN = MAVIG = CAWO

rentgenski filmi in kemikalije

kontrastna sredstva

rentgenska zascitna sredsiva

rentgenski aparati, aparati za ultrazvoéno diagnostiko,
stroji za avtomatsko razvijanje in druga oprema za rentgen

RSANOLABOR

Cigaletova @, JUBIJANA
2 061 133-231
FAX: 061 325-395

.




A Bristol-Myers Squibb Company

Vodilni svetovni proizvajalec pripomockov za nego stome

VALENCIA STOMA - MEDICAL d.o.o.

Zupanéiéeva 10, 61000 Ljubljana, Slovenija
Tel. 061 214-959

Posvetovalnica za stomiste deluje v nasih prostorih vsak delavnik
med 9. in 16. uro.



®
a a tablets 400 mg
ampoules 400 mg

(pefloxacin)

A new potent drug
against infections

® May be given orally
and parenterally

e Effecive in life-threatening
infections caused by nosocomial
strains resistant to many drugs

e May be given to patients
hypersensitive to penicillins
and cephalosporins

e |ts favourable pharmacokinetic

properties allow
twice-a-day dosage

® |s very well tolerated

Contraindications

Pefloxacin is contraindicated in patients with known hypersensitivity to quinolones, in preg-
nant women, nursing mothers, children under 15 years of age, and patients with inborn
glucose-6-phosphate dehydrogenase deficiency.

Precautions

During pefloxacin therapy exposure to strong sunlight should be avoided because of the
risk of photosensitivity reactions. In patients with a severe liver disorder dosage of pefloxa-
cin should be adjusted.

Side effects

Gastro-intestinal disturbances, muscle and/or connective tissue pains, photosensitivity
reactions, neurologic disturbances (headache, insomnia), and thrombocytopenia (at doses
of 1600 mg daily) may occur.

Dosage and administration

The average daily dosage for adults and children over 15 years of age is 800 mg.

Oral: 1 tablet twice daily after meals.

Parenteral: the content of 1 ampoule 400 mg diluted in 250 ml of 5% glucose as a slow
1-hour infusion twice daily. The maximum daily dosage is 8 mg of pefloxacin per kg body-
weight. In severe hepatic insufficiency pefloxacin is administered only once daily (jaundice),
once every 36 hours (ascites), and once every 48 hours (jaundice and ascites).

@ lek Pharmaceutical and
Chemical Company d.d.

Ljubljana




Klimicin

Klimicin is an effective It stimulates the action

bactericidal or of polymorphonuclear
bacteriostatic as leukocytes (PMN
evidenced by the principal factors in
MIC/MBC ratio. host immune system.

PMN leukocyte.

—
—

- Anaerobes
Aerobes Bacteroides spp. (including
Bacteroides fragilis)
Streptococcus spp. (including Fusobacterium spp.
Streptococcus pyogenes), except Propionibacterium
Enterococcus Eubacterium
Actinomyces spp.
Pneumococcus spp. Peptococcus spp.
Staphylococcus spp. (includin Peptostreptococcus spp.
B-lactamase producing strains Clostridium perfringens

Contraindications: In patients hypersensitive to lincomycin and clindamycin.

Precautlons: Himicin should be prescribed with caution to elderly patients and to
individuals with a history of gastrointestinal disease, particularly colitis.

Side Effects: Gastrointestinal disturbances (abdominal pain, nausea, vomiting,
diarrhea). When significant diarrhea occurs, the drug should be discontinued or
continued only with close observation of the patient. The posibility of pseudo-
membranous colitis must be ruled out.

@ lek Pharmaceutical and
Chemical Company d.d.

Ljubljana




lopamiro

lopamidol

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: Distributor:
Bracco s.p.a. Agorest s.r.l.
Via E. Folli, 50 Via S. Michele, 334

- Milan - 34170 - Gorizia - (!
Fggl??OZ)MZIIgLO((iI;S BRACCO Fax: (0481) ‘22(|J71S§ )
Telex: 311185 Bracco | Telex: 460690 AF-GO |

Phone: (02) 21771 Phone: (0481) 21711



© Eastman Kodak Company, 1990

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 for
unexcelled screen-film contact and dura-
bility. Kodak multiloaders have earned
an enviable reputation for 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
for more information.

DIRGNOSTIC
IMAGING
OYSTEMS.

Quiy s




POOPERATIVNA
SLABOST IN BRUHANJE

. NELAGODJE IN STISKA
OGROZATA USPEH OPERATIVNEGA POSEGA

YAVAVAA A
ﬁ/ﬁ/y\ >
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PREPRECEVANJE  N\o®

Ena sama <1\
intravenska

injekcija

ZDRAVLJENJE
Ena sama
po 4mg intravenska
pri uvajanju

i uvajanj 2 /A~ NN : injekcija
v anestezijo \\ /) /.\ 72\ po 4mg

ondansetron

Glaxo

Podrobnejse informacije dobite pri: Glaxo Export Limited
PredstavnisStvo Ljubljana, TrzaSka cesta 132, 61111 Ljubljana
tel. (061) 272-570; fax (061) 272-569




Your Partner in
Diagnostic Imaging.

Computed Tdmagraphy ) Nuclear Medicing Ultrasaundm
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o
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World leader in medical diagnostic
imaging, GE brings you global solutions,
from financing and training to dedicated
service support, all built around a
comprehensive range of diagnostic
imaging and radiotherapy systems.

And to protect your investment, each of
our systems is designed to keep pace with
future developments to meet your
changing clinical needs.

The basis of a good partnership is
understanding through sharing
information, and by listening to you, we
believe we have created the all-round
capability you want.

Cardiovascular imaging

Remote Radiology

GE Medical Systems
We bring technology to life.

GE MEDICAL Systems Europe: Zagreb, Croatia
Tél: (041) 42 67 02 - Fax: (041) 42 55 12




OSKRBA ZDRAVSTVA JE NASA NALOGA

SHLLIS

L J U B L J A N A da

ZAUPAJO NAM NASI KUPCI IN DOBAVITELJI, ZNANI PROIZVAJALCI
IZ TUJINE PA SO NAM ZAUPALI TUDI ZASTOPSTVA IN KONSIGNACIJE:

ZASTOPSTVA IN KONSIGNACIJE:
KONSIGNACIJE:

— BAXTER EXPORT CORPORATION  — HOECHST AG
— BOEHRINGER INGELHEIM — HOFFMANN LA ROCHE
— NOVO NORDISK — SANDOZ
— ORTHO DIAGNOSTIC SYSTEMS
— SCHERING & PLOUGH -
ESSEX CHEMIE

SALUS LJUBLJANA d.d. — 61000 LJUBLJANA,
MASERA SPASICEVA 10, TELEFON: N.C.
(061) 168-11-44, TELEFAX: (061) 168-10-22
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Trocar drainage catheter sets

A simple, safe technique for percutaneous
nephrostomy, abscess and other flund
collection drainage.

A full range of drainage products;

e Available from 4 upto 14 french

e Variaty of materials

o2 standard lengths, 20 and 30 cm.
e Available with string safity lock

POLYSTARI Address ; De Steiger172
BERELLIN P.0.Box ; 50045 1305 AA Almere-Haven

The Netherlands

Phone
Telex
Fax

s

2

036-5312844
76200 polyb nl
036-5313194




ACCESS

DTW-380A

In Touch with Tomorrow

TOSHIBA

GLOBAL IMAGING ~-MEDICAL SYSTEMS

XPEED

GCA-9300A/HG

SXT-900A MGU-10A

Toshiba Medical Systems Europe

Vas partner v Sloveniji je:

»MEVI« d.o.0. Ul. KirbiSevih 93
62204 MIKLAVZ

Telefon: 062692 524, Fax: 062692265

VAM NUDI:
ZASTOPSTVO, PRODAJO, KONSIGNACUIIO,
UVOZ, SERVIS, SVETOVANJE




INTERNASTONAL

Your Partner in Radiology

ACTIVA International Sri Tel. 040-212856
Via di Prosecco, 2 Telefax 040-213493
34016 Opicina — Trieste Telex 460250 I

Italy




INTEGRIS C 2000 DIAGNOST 76 +

DIAGNOST 93

NOV CLAN DRUZINE

PHILIPSOVIH TELEDIRIGIRANIH
RENTGENSKIH STATIVOV,

K1 JIH ODLIKUJE KVALITETNA
MODULARNA IZDELAVA, VISOKA
ZANESLJIVOST, ENOSTAVNA
UPORABA IN IZREDNA KVALITETA
SLIKE.

APARAT JE MOGOCE OPREMITI

S SISTEMOM ZA DIGITALNO
RADIOGRAFIJO PREKO
SVETLOSTNEGA OJACEVALNIKA
(DSI), KI OLAJSA DELO
UPORABNIKOM, MANJSA DOZE, NIZA
STROSKE IN KRAJSA PREISKAVE.

ZA VSE DODATNE INFORMACIJE SE
OBRNITE NA ZASTOPNIKA PHILIPS
MEDICAL SYSTEMS V SLOVENLJI:

skupina
Q avtotehna a.a.

AVTOTEHNA d.d. Ljubljana, Slovenska 54, tel.: (061) 320 767, faks: (061) 322 377




KEMOFARMACIJA

Lekarne, bolnisnice, zdravstveni domovi in
veterinarske ustanove vecino svoijih
nakupov opravijo pri nas.

Uspeh nasega poslovanja temelji na
kakovostni ponudbi, ki pokriva vsa
podrocja humane medicine in veterine, pa
tudi na hitrem in natan¢nem odzivu na
zahteve nasih kupcev.

KEMOFARMACIJA — VAS ZANESLJIVI DOBAVITELJ!

G

KEMOFARMACIJA

Veletrgovina za oskrbo zdravstvo, p.o. / 61001 Ljubljana, Cesta no Brdo 100
Telefon: 061 268-145 / Telex: 31334 KEMFAR / Telefox 271-362




The publication of the journal is subsidized by
the Ministry of Science and Technology of the
Republic Slovenia.

CONTRIBUTIONS OF INSTITUTIONS:

Institut za diagnosti¢no in intervencijsko
radiologijo, KC Ljubljana

Klinika za otorinolaringologijo in
maksilofacialno kirurgijo, KC Ljubljana
Klinicki zavod za dijagnosticku i interventnu
radiologiju, KBC Rebro, Zagreb

Onkoloski institut, Ljubljana
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Radiol @ncol 1993; 27: 370.

Instructions to authors

The journal Radiology and Oncology publishes ori-
ginal scicntific papcrs, professional papers, review ar-
ticles, casc reports and varia (reviews, short communi-
cations, professional information, cct.) pertinent to
diagnostic and intcrventional radiology, computeriscd
tomography. magnctic recsonancc, nuclecar medicine,
radiotherapy. clinical and cxpcrimental oncology, ra-
diobiology, radiophysics and radiation protection.

Submission of manuscript to Editorial Board implics
that thc paper has not been published or submitted
for publication clscwhere: the authors arc responsible
for all statements in thcir papers. Acccpted articles
become the property of the journal and thercfore
cannot be published clsewhere without written permis-
sion from thc Editorial Board.

Manuscripts written in English should be scnt to the
Editorial Office: Radiology and Oncology, Institute of
Oncology, Vrazov trg 4, 61000 Ljubljana, Slovenia;
Phone: + 38661 1320068, Fax: + 386611314 180.

Radiology and Oncology will consider manuscripts
preparced according to the Vancouver Agrecment (N
Engl J Mcd 1991; 324: 424-8.; BMJ 1991; 302: 6772.).

All articles arc subjected to cditorial review and
revicw by two independent referces sclected by the
Editorial Board. Manuscripts which do not comply
with the technical requircments stated here will be
rcturncd to the authors for correction before the
review of the referces. Rejected manuscripts are gene-
rally returncd to authors, however, the journal cannot
be held responsible for their loss. The Editorial Board
rescrves the right to require from the authors to make
appropriatc changes in the content as well as gramma-
tical and stylistic corrcctions when nccessary. The
cxpenses of additional cditorial work and requests for
reprints will be charged to the authors.

General instructions: Typc thc manuscript doublc spa-
cced on one side with a 4cm margin at the top and left
hand side of the sheet. Write the paper in grammati-
cally and stylistically correct language. Avoid abbrevia-
tions unless previously cxplained. The technical data
should confirm to thc SI system. Thc manuscript,
including the references may not exceed 15 typewritten
pages, and the number of figurcs and tables is limited
to 4. If appropriate, organisc thc text so that it
includes: Introduction, Material and methods, Results
and Discussion. Exceptionally, the results and discus-
sion can bc combined in a single scction. Start cach
scction on a ncw page and number these consccutively
with Arabic numerals. Authors arc cncouraged to
submit their contributions besides three typewritten
copics also on diskettes (51/4”) in standard ASCII
format.

First page:

— namc and family namc of all authors,

— a bricf and spccific title avoiding abbreviations
and colloquialisms,

— complcte address of institution for cach author,

— in the abstract of not morc than 200 words cover
the main factual points of the article, and illustrate
them with the most rclevant data, so that the rcader
may quickly obtain a gencral view of thc material.

Introduction is a bricf and concisc scction stating the
purposc of thc article in rclation to othcr alrcady
published papers on the same subjects. Do not present
cxtensive reviews of the literature.

Material and methods should provide cnough informa-
tion to cnable cxpcriments to be repecated.

Writc the Results clcarly and conciscly and avoid
rcpeating the data in the tables and figures.

Discussion should cxplain the results, and not simply
rcpcat them, interpret their significance and draw
conclusions.

Graphic material (figures and tables). Each itcm should
be sent in triplicate, onc of them marked original for
publication. Only high-contrast glossy prints will be
accepted. Linc drawings, graphs and charts should be
donc professionally in Indian ink. All lettering must
be legible after reduction to column size. In photo-
graphs mask the identitics of paticnts. Label the figures
in pencil on the back indicating author’s name, the
first fcw words of the title and figure number: indicate
the top with and arrow. Write legend to figurcs and
illustrations on a scparatc shcet of paper. Omit vertical
lincs in tables and writc the next to tables overhcad.
Label the tables on their reverse side.

References should be taped in accordance with Van-
couver style, double spaced on a scparatc shect of
paper. Number the references in the order in which
they appear in the text and quote their corresponding
numbers in the text. Following arc some cxamples of
references from articles, books and book chapters:

1. Dent RG, Cole P. In vitro maturation of monocy-
tes in squamous carcinoma of thc lung. Br J Cancer
1981; 43: 486-95.

2. Chapman S, Nakiclny R. A guide to radiological
procedures. London: Baillicre Tindall, 1986.

3. Evans R, Alexandcer P. Mcchanisms of extraccllu-
lar killing of nuclcatcd mammalian cclls by macropha-
ges. In: Nelson DS ed. Immunobiology of macrophage.
New York: Academic Press, 1976: 45-74.

For reprint information in North America Contact:
International reprint Corporation 968 Admiral Callag-
har 1.one, # 268 P. O. Box 12004, Vallejo, CA 94590,
Tei o 17°07) 553 9230, Fax: (707) 552 9524.



Navoban
Emesis control as simple as 1-2-3

1.
Better control of acute and delayed chemotherapy-induced emesis

2.
Safer and better tolerated

3.
Simplicity of a once-a-day standard dose

Recommended dosage schedule

Day 2 Day 6

5mg oral** 5mg orai** 5mg oral** Smgoral* - 5 mg oral**

o o oo o o

* 5 mg ampoule to be administered shortly before chemotherapy as intravenous infusion or slow injection
** 5 mg capsule to be taken in the morning one hour before breakfast

NN
Navoban-
Always once a day. Always 5 mg.

S. SANDOZ
SANDOZ PIIARMA SERVICES LTD, Basle, Switzerland
Representative Office Ljubljana
Dunajska 107/X1, 61 113 Ljubljana, SLOVENIA
tel.: 168 14 22 fax: 34 00 96









