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E ver since in 1944 H eilmann and K endall [7] had observed a marked 
inhibitory effect of cortisone on transplantable lym phoid tum ours, th is problem  
has been investigated on a wide scale. Most authors observed a high degree of 
inhibition  of the growth rate in  transplanted tumours, and in some cases even the 
com plete regression of the tum our [8, 18, 11, 15]. Others, however noted hardly  
any, or no, inhibitory effect o f cortisone, as compared with the growth rate of  
various untreated transplanted tumours [6].

Beside the influence o f cortisone on tum oral growth, interest has later 
sh ifted  to  its effect on the heterotransplantability o f tum ours [9, 19, 20), and 
also to  their m etastatic behaviour [1, 13].

D espite the numerous contradictory data on the effect o f cortisone, the  
drug is increasingly applied in clinical oncology, and not only in the case of 
lym phoid tumours. This fact has rendered a prime interest to  studying the effect 
o f  cortisone on the greatest possible variety  o f tum our strains.

The purpose of the present experim ents was to exam ine the action o f cor
tisone, both alone and in  com bination w ith chem otherapeutics, on various 
experim ental tumours. In the following we shall report on the effect o f  cortisone 
on the growth rate and m etastasis o f M -l rat sarcoma and Crocker-180 mouse 
sarcom a.

Materials and Methods

75 albino mice and 50 albino rats of bo th  sexes were used in  the experim ents. Before 
s ta rtin g  the experiments proper, the laws governing the grow th and m etastatic  d is tribu tion  of 
the two kinds of tum our had been studied in  50 anim als each. A fter subcutaneous tran sp lan t
ation  of tum our cells, the mice were adm inistered 0,5 mg, the ra ts  2 mg o f cortisone (11-dehydro- 
17-hydroxycorticosterone-21-acetate) in traperitoneally , in  0,2 ml of physiological sahne. The 
controls were trea ted  w ith physiological saline alone. The mice were divided into 6 groups, and 
th e  ra ts  into 3 groups. Group 1. 15 mice served as controls ; 2. 15 mice were subjected to  cortisone 
tre a tm en t for 7 days, beginning on the day of im plan tation  ; 3. “ pre-trea ted” group o f 15 ani
mals, subjected to cortisone trea tm en t started two days before im plantation  ; 4. “ sim ultaneous” 
group of 15 animals, subjected to cortisone tre a tm en t from  the day of im plan tation  ; 5. “ post- 
tre a te d ”  group of 10 mice ; in these cortisone trea tm en t was started  7 days after im plan ta tion  ; 
6. no tum our cells were im planted into 5 animals ; these served merely for checking the effect 
o f prolonged cortisone treatm ent.
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Of the rats, 1. 10 served as controls ; 2. 20 were tre a ted  w ith  cortisone for a week before 
im p lan ta tion  (pre-treated g roup) ; 3. in 20 rats cortisone trea tm en t was started  on the day  
o f th e  im plantation. E xcept in  m ouse group 2., cortisone trea tm en t was carried on until death . 
T he ra ts  were sacrificed w hen th e  f irs t  controls died, on the  33rd day a fter im plantation.

The weight of th e  an im als as well as the size of the  tum our (expressed by  the average 
d iam eter) was recorded every  3 days. A fter concluding th e  experim ents, the  body weight, th e  
w eigh t of the enucleated tu m o u r and the weight of th e  various organs were determ ined. The 
tu m o u r, the regional and d is ta l lym ph  nodes, the lungs, th e  liver, th e  spleen and the kidneys 
w ere worked up for histology.

Results

The implanted tum our took in all the control and experim ental rats ; it  
fa iled  to take in one o f th e  control mice and in  2 m ice each in the pre- and post- 
trea ted  groups. This is  w e ll in  keeping with th e  usual percentage o f taking o f  
Crocker-180 sarcoma in  our mouse strain. Thus, cortisone treatm ent did not 
essen tia lly  affect the ratio taking.

The implant began  to  grow sim ultaneously in the control and in  th e  
experim ental groups. H ow ever, at the first control already the tumours in  the  
cortisone-treated group w ere found to be som ew hat smaller. Intensive growth  
o f  th e  tumours began 8 to  9 days after im plantation  and, in  the case of M -l rat 
sarcom a, its rate was far m ore rapid in the controls than in the animals treated  
w ith  cortisone (Fig. 1).

The Crocker 180 sarcom a implants show ed less marked differences in  
grow th  rate. Still, a certain  degree of inhibition becam e apparent after the m ean  
w eig h t of the carefully rem oved tumours had been established in the various 
groups. Inhibition w as m ost marked in the pretreated group (Table I).

In the rats, th e  difference was marked also in  the final weight o f the  
tum ours. In the cortisone-treated group, the tum ours grew to  hardly half the  
size as in the controls (T able I).

During the experim ents the animals lost considerable weight. Comparing 
th e  final body w eight (m inus the weight o f th e  tum our), o f the animals w ith  
th e ir  initial weight, th e  cortisone-treated rats w ere found to  have lost on th e  
average over 40 g more th a n  the controls. In  m ice the difference am ounted to  
o n ly  about 12 per cent (Table I).

As to the weight o f  th e  various organs, m arked splenic and adrenal atrophy  
occurred in the cortisone-treated animals, as w as also expected.

The animals been sacrificed, the experim ents gave no inform ation concer
n in g  the effect o f cortisone on survival. N o essential difference was, however, 
observed between th e  su rv iva l o f control and treated  anim als in  the Crocker- 
180 sarcoma experim ents either, although here the animals were invariably  
allow ed to die spontaneously  (Table I).

As to the h isto log ica l findings, in anim als im planted w ith M -l sarcoma 
necrosis was m arkedly m ore intensive and widespread in the treated groups
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th an  in the controls, although in  th is respect quantitative comparison was 
m ost difficult and has to  rely on estim ates. Far more remarkable was the obser
vation  that the proliferation o f solid  masses of tum our cells usual in the controls 
w as absent in the florid, greyish-w hite, medullary tum ours in the cortisone- 
treated  animals. In these, the tum our had com pletely dissociated in every area ; 
m ost o f  the cells had undergone grave pyknosis (pyknotic dissociation), and, 
separated from their bonds and rounded off had densely settled . Mitotic forms 
were rare. Instead, the number o f individual cells or cell groups breaking up  
in to  smaller chromatin granules and larger nuclear and plasm ic fragments (Fig. 
a) was all the greater in these pyknotic areas. Invasion o f the tumour into  its  
ow n blood vessels was equally rare in  treated and untreated animals.

Table I
Effect o f Cortisone Treatment on A nim als with M -l and Crocker-180 Sarcoma

G roup
A verage  b o d y  w e ig h t  a t  th e  s ta r t  a t  th e  end  

o f  e x p e rim en ts  
(m in u s  w e ig h t o f  tu m o u r)

A v erag e  w e ig h t 
o f tu m o u r

A v erag e  
su rv iv a l  r a te

C
ro

ck
er

-1
80

 m
ou

se
 s

ar
co

m
a

Control 18,64 ±  1,5 18,52 ±  5,61 9,16 ±  4,99 42,1 ±11 ,55

Simultaneous, treated  
for 7 days only 16,33 ±  1,44 12,97 ±  2,62 9,38 ±  4,13 30,0 ± 9 ,1 8

Pre-treatcd 18,34 ±  2,01 16,22 ±  2,63 5,00 ±  2,39 42,0 ± 12 ,5

Simultaneous 18,03 ±  2,0 15,72 ±  2,33 6,10 ±  1,97 39,0 ± 8 ,5

Post-treated 18,62 ±  1,92 17,41 ±  2,63 6,23 ±  3,57 42,0 ±  4,43

M
-l

 r
at

 s
ar

co
m

a Control 146,3 ± 15 ,1 140,88 ± 15 ,0 56,5 ±13,01 31,6 ± 1 ,7 4

Prc-treated 147,85 ± 14 ,8 100,13 ±12,7 28,46 ±  9,53 31,0 ±  1,68

Simultaneous 149,5 ± 1 8 ,3 104,12 ±12,33 20,48 ±11,85 32,0 ±  1,71

Crocker sarcoma im plants yielded essentially th e  same findings, though  
their evaluation was even more d ifficult owing to  the character of the tum our.

H istological exam ination o f the organs of cortisone-treated rats w ith  M -l 
sarcom a revealed the following. In ha lf of the cases, there were countless, often  
confluent m étastasés of various size in the liver, practically diffusely infiltrating  
th e  organ (Fig. b). In several cases there were m asses o f tumour cells in the  
hepatic vessels, in the central veins and in the vessels o f  Glisson’s triangles (Fig. 
c). In the m étastasés mitoses лее re, however, remarkably rare, and, what is more, 
in  the centre o f these tiny m étastasés — often escaping gross exam ination — the  
tum our cells were already disintegrated and necrosed (Fig. d) The lungs presented  
peculiar finding as far as in m any cortisone-treated animals they displayed
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F ig. a. Prim ary M-l sarcom a in  a ra t  after prolonged cortisone-treatm ent ; pyknotic disso
c ia tion  in  the peripheral p a rts  w hich a t gross exam ination have appeared to be florid .(H E , X 160) 
F ig. b. Almost confluent m icroscopic m étastasés in  th e  liver of a ra t  w ith  M -l sarcoma, after 

prolonged cortisone trea tm en t. (H E , X 160)
F ig. c. Numerous tum our cells in  the hepatic vessels of a ra t  w ith M-l sarcom a, after prolonged

cortisone treatm ents. (H E , X 345)
F ig. d. Central necrosis in  th e  microscopic m etastasis in  the liver of a ra t  w ith  M -l sarcoma, 

a fte r prolonged cortisone tre a tm en t. (H E, X 680)
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numerous com pact, greyish-white nodes o f the size o f a grain of pepper ; th ese  
had been assumed to be m étastasés but h isto logically  most of them  were found  
to be abscesses or m ycotic granulation. M étastasés, i f  any, had most frequently  
the character o f a m icroscopically discernible perivascular sheath of cells.

O f the organs of mice w ith Crocker sarcom a, m étastasés were seen under  
the m icroscope in the lungs only ; these were often  m ost conspicuous at gross 
exam ination already and were much more frequent in the cortisone-treated  
animals than in the controls. In the m ice, lung abscess was com paratively rare 
and m ycotic granulation was found only incidentally . In a few anim als, h ow 
ever, pulm onary adenoma was observed.

Table II
Metastasis o f M -l R at Sarcoma

G ro u p
N o . o f  

a n im a ls

N o. of P e rc e n ta g e  o f N o . of P e rcen tag e  o f
N o . o f  
re n a l

m é ta s ta s é spu lm o n ary  m é ta s ta s é s l iv e r  m étastasés

Old con tro ls................... 50 4 — — —

New controls ............... 10 2 10% — — l

P re-treated  ................... 20 5 25% 10 50% —

S im u ltaneous................. 20 3 15% 10 50% —

Our findings concerning the induction o f m étastasés have been com piled  
in Tables II and III. Summing up, liver m etastasis was found in 50 per cent o f  
the cortisone-treated rats with M-l sarcom a, but in none of the controls. P u l-

Table III
Metastasis o f Crocker-180 Mouse Sarcoma

G roup N o. o f 
an im a ls

N o . o f P ercen tage  of
M é ta s ta sé s  

in  o th e r  
o rg an sp u lm o n a ry m étastasés

Old con tro ls............................................. 42 2 —

New controls ......................................... 13 1 5,4
—

Sim ultaneous, treated for 7 days only 15 — — —

P re-treated  ............................................. 13 6 —

S im u ltaneous........................................... 15 9 55,6 —

P ost-treated  ........................................... 8 5 —

monary m etastasis occurred in 20 per cent o f  the treated and 10 per cent o f  th e  
control anim als. In animals with Crocker-180 sarcoma, there was a rem arkable 
difference in the frequency o f pulmonary m étastasés between cortisone-treated  
anim als (55,6 per cent) and controls (5,4 per cent).
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Discussion

The m easure o f  tum our inhibition observed in the rat experim ents was 
m ostly  in agreem ent w ith  the literary data . A part from leukaemia and lym phoid  
tum ours, where even  spontaneous rem ission had been observed, Selye [15] and  
A ntopol et al. [3] h ave been the only authors to  report a higher rate o f tum our  
inhibition than observed in our experim ents. A s regards Crocker-180 sarcom a, 
th e  rate of tum our inhibition  was sta tistica lly  significant only in  the pretreated  
group.* (Table I). Considering the wide scattering o f the values, in experim ental 
oncology a sim ilar degree of tumour inh ib ition  is usually taken as plus-m inus. 
W orking with Crocker-180 sarcoma im planted in to  an INh strain o f m ice, Baserga  
and Shubik [4] observed no inhibition b y  cortisone.

The m echanism  o f  the tumour inhib ition  b y  cortisone is a h igh ly  com plex  
and little known process. Antopol et al. [3] em phasized the im portance o f  the  
effect on the reaction  o f vessels and connective tissue. The relative deficiency  
o f  a stroma in th e  tum ours as compared to  th e  controls was conspicuous in  m ost 
o f  our animals subjected  to  prolonged treatm en t, particularly in the pre-treated  
and post-treated groups.

When considering the retardation o f growth, the action o f cortisone on 
protein m etabolism  should not be neglected. I t  has namely been dem onstrated  
[2 ,16 ] that on cortisone administration, am ino acid breakdown is increased and 
th e  rate of protein synthesis decreased, as m anifested  with a general retardation  
o f  growth and a n egative  nitrogen balance. In  addition, in our anim als a tox ic  
effect due to even tu al overdosage had also to  be reckoned with ; th is was in t i
m ated by the su b stan tia l losses of body w eight.

Agosin et al. [1] and Molomut and al. [13] were the first to point out th a t  
cortisone prom otes th e  development o f  m étastasés. Kaliss and Borges [12] 
failed to confirm th is  ; repeating the experim ents by Molomut et al. under  
identical conditions, th e y  observed no m ore m étastasés in cortisone-treated  
anim als than in  controls. Last year, how ever, Baserga and Shubik [4] have  
again found cortisone to  promote the developm ent o f métastasés in all experim en
ta l tumours studied  b y  them , some of w hich had been induced.

It is felt th a t th e  increasing num ber o f experim ental data indicating a 
promotion of m étastasés by cortisone — w ith ou t unreservedly applying them  
to  human pathology ■— gravely cautions against the clinical use o f cortisone in  
oncology. This m ust all th e  more be stressed, as unfortunately there are already  
som e clinical observations to substantiate th e  experim ental data. A  few  years 
ago, the American M edical Association’s Subcom m ittee on Steroids and Cancer 
[15] reported th at in  som e cases rapid spreading o f the tumour has been observ
ed  following cortisone treatm ent, in spite o f  th e  improvement of th e  p a tien t’s

We are in d eb ted  to  D r. L. Ve k e b d i, m em ber of our In s titu te  for th e  calculations
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general condition ; post mortem widespread m étastasés were found even in the 
spleen.

It would be o f utm ost im portance to clarify the m echanism  by which 
cortisone promotes the developm ent o f m étastasés, and to reveal the factors 
w hich have a role in th is effect.

The animals’ loss of weight need hardly be reckoned with. Tannenbaum  
and Silverstone [21] have dem onstrated that the number o f m étastasés was 
reduced by a dietetic restriction of caloric intake.

Some authors hold the survival, the longer life of cortisone-treated animals, 
responsible for the frequency of m étastasés [12]. In our experim ents, the survival 
o f cortisone-treated mice was not much longer than that o f the controls. In  the 
experim ents with M -l sarcoma, the influence of survival — being an indirect 
factor — has been elim inated by sim ultaneously sacrificing all animals.

Agosin  e t  a l . [1] attributed to cortisone the increased dissemination of 
tumour cells, while POMEROY [14], on the contrary, has made cortisone respon
sible for preparing the soil, favouring the taking of the tumour cells by its 
destructive effect on lymphoid and reticuloendothelial elements, and by its 
impairing antigen-antibody reaction. B aserga and Shubik [5] are of the opinion 
that cortisone acted after the dissemination of tumour cells, i. e. on their taking.

In our opinion, both factors, nam ely the increased dissem ination o f tum our 
cells and the promotion o f their settling b y  preparing the soil m ay have a share 
in th e  increased m etastatic dispersion concom itant with cortisone treatm ent. 
The fact that cortisone actually increases dissemination of the tum our cells is 
fairly substantiated by our having found masses o f rounded o ff tum our cells in 
the treated animals, in particular in the hepatic vessels and sinuses, the aspect 
o f wich hinted at genuine carcinomatous cytaem ia. Against th is, no cytaem ia  
was ever observed in the controls, and tum our cell emboli were extrem ely rare. 
Our findings concerning the primary tum ours of cortisone-treated anim als were 
also fully in keeping with our assum ption of an increased dissem ination. As 
referred to above marked dissociation was present even in the non-necrosed  
parts of the tumour. The tumour tissue consisting of rounded off pyknotic cells 
separated from their bonds may provide an ample source of dissem inating  
tum our cells.

The role of cortisone in the settling of the disseminated tum our cells, in 
preparing the soil for them , is well illustrated by Pomeroy’s experim ents [14] 
m entioned above — altough the m echanism  of such action has by no means 
been clarified. The significance of the “ soil” is also indicated by our observations 
th a t even in cytaem ia, m étastasés in  our animals with M -l sarcoma have not 
developed in all organs, but merely in the liver. Besides, cortisone seem s to  have 
a particular effect on the liver, as intim ated by experiments of Hungarian authors 
[10]. P omeroy [14] already pointed out that hundreds of m étastasés were pre
sent in the liver o f all his cortisone-treated animals, with all kinds o f tum ours.

7 A c ta  M orphoiogica W II /1 .
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I t  is  all the more rem arkable that in our experim ents w ith Crocker-180 sarcoma, 
liver métastasés were never observed ; instead, cortisone treatm ent increased  
th e  number of m étastasés in  the lung. W hether the cause for thise should be 
sought for in the com paratively better filtering function o f the mice lung, the  
size o f  the Crocker sarcom a cells, or in som e m etabolistic condition, must be 
decided by future experim ents, as also the m any unsolved problems pertaining 
to  th e  mechanism o f cortisone effect.

Sum m ary

(i) The effect of prolonged daily adm inistration of cortisone acetate on th e  grow th of 
M -l r a t  sarcoma and Crocker-180 mouse sarcoma, and on th e  incidence of m étastasés has been 
stud ied  experimentally.

(ii) Cortisone tre a tm en t has been found to re ta rd  the grow th of Crocker-180 mouse sar
com a b y  close to 40 per cent, th a t  of M-l ra t  sarcom a by  over 50 per cent. A t th e  same tim e, 
how ever, cortisone substan tia lly  increased the incidence of m étastasés. In  more th an  50 per cent 
o f th e  animals have m étastasés been found in  the organs, in  mice in  the lungs, and in  ra ts  the 
lungs and especially in  the  liver.

(iii) The m etastasis prom oting action of cortisone is exerted  by  a combined mechanism. 
In  th e  experiments cortisone prom oted the dissem ination of tum our cells, by bringing about 
pykno tic  dissociation in  th e  p rim ary  tum our. Cortisone is also known from the lite ra tu re  to 
favou r the  settling of tum our cells, in  other words to  prepare the soil for their reception.

(iv) During the experim ents, pulm onary mycosis developed in  some animals, particularly 
in th e  ra ts . Due to its significance, this observation will form  the  subject of another paper.
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В Л И Я Н И Е  К О Р Т И З О Н А  Н А  Р А З В И Т И Е  И  М Е Т А С Т А З И Р О В А Н И Е  
П Е Р Е В Ы В А Е М Ы Х  О П У Х О Л Е Й

К. ЛАПИШ и Т. ШАГИ

1. А вторы  исследовали в с в о и х  опы тах в л и я н и е  д л и тел ь н о го  еж едн евн ого  в в ед ен и я  
к ор тизон ацетата  на рост и м етастазирование сар к ом ы  кры с М-1 и сарком ы  м ы ш ей  
К рок ер 180.

2. Х р он и ч еск ое  введение кортизона за м е д л я е т  р о с т  мышиной сарком ы  К р о к ер  
180 почти н а  4 0 % , а рост сарком ы  крыс М-1 вы ш е чем  на 50% . О днако, п о д а ч а  
кортизона в то  ж е  время в зн ачи тельн ой  степени п ов ы си л а  м етастазирования и вы зв ал а  
у  выше 50%  ж и вотны х обр а зо в а н и е  м етастаз во  в н у т р ен н и х  органах , у  м ы ш ей  
легочны е м етастазы , а у  кры с легочн ы е и главны м  о б р а зо м  печеночные м етастазы .

3 . К ор ти зон  оказы вает свое повы ш аю щ ее м етастази р ов ан и е  действие ч ер ез к о м б и 
нированны й м ехани зм . С огласно исследован и ям  а в т о р о в , кортизон с одной стор он ы  
повы ш ает п осредством  создан и я  пикнотической д и с со ц и а ц и и  в первичной оп у х о л и  р а зн о с  
о п у х о л ев ы х  кл еток , а с д р у го й  стороны  л и тер а т у р н ы е данн ы е указы ваю т н а  т о , что  
кортизон сп особств ует  в н едрен и ю  оп ухол ев ы х к л ет о к , и следовательно и гр а ет  р о л ь  
п одготови теля.

4 . В  х о д е  опы тов у одной части ж ивотны х, гл авн ы м  о б р а зо м  на кры сах, о б р а з о в а л с я  
легочны й м и к оз. В виду больш ого интереса и зн а ч е н и я  п осл едн его , авторы за н и м а ю т ся  
легочны м м и козом  в особой статье.

W IRKUNG VON CORTISON A U F DAS WACHSTUM U N D  DIE METASTASEN B IL 
DUNG VON T R A N SPLA N TIER B A R EN  GESCHWÜLSTEN

K . L A P IS  u n d  T . S Á G I

1. Es wurde die W irkung von chronischer täglicher Verabfolgung von C ortisonazctat 
auf das W achstum  und die M etastasenbildung des R attensarkom s M-l und des Mäusesarkoms 
Crocker 180 untersucht.

2. Die chronische Verabfolgung von Cortison verzögert das W achstum des Mäusesarkoms 
Crocker 180 um  nahezu 40%, das W achstum  des R attensarkom s M -l um mehr als 50%. Gleich
zeitig wurde aber auch die M etastasenbildung in bedeutendem  Masse erhöht, und es b ildeten  
sich bei 50%  der Tiere Metastasen in den inneren O rganen — bei Mäusen Lungenm etastasen, 
bei R atten  Lungen- und hauptsächlich Leberm etastasen.

3. Das Cortison üb t die steigernde Wirkung au f die M etastasenbildung durch einen kom 
binierten Mechanismus aus. L aut den Beobachtungen ste igert das Cortison durch pyknotische 
Dissoziation im  Prim ärtum or die Verschleppung der Tum orzellen. Die literarischen A ngaben 
weisen dagegen darau fh in , dass es durch Verbreitung des Bodens die Ansiedlung der Tumorzellen 
fördert.

4. Im  Laufe der Versuche entwickelte sich in einem  Teil der Tiere, hauptsächlich bei R a t
ten Lungenmykose. D am it wollen sich die Verfasser in einer komm enden Arbeit beschäftigen.

Dr. K ároly L a p i s  

Dr. Tam ás SÁ G I
B udapest, X II. K áth Gy. u. 5 ., Hungary
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