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Abstract--It had been shown previously that treatment of mice with cyclophos- 
phamide before i.v. inoculation of tumour cells enhanced the growth of lung colonies. 
Results presented here show that treatment with cyclophosphamide after i.v. inoculation 
of tumour cells could also decrease host resistance against growth of lung colonies. This 
enhancement could be counteracted by pretreatment with cortisone acetate and is hardly 
influenced by increasing the tumour load or by dose fractionation of cyclophosphamide. 
In addition, the increased lung colony formation as found in the artificial model, with 
i.v. inoculation of tumour cells, was also present in a tumour model in which 
spontaneous metastases occur. However, the growth promoting effect of cyclophos- 
phamide is for most tumours quantitatively negligible in comparison to the antitumour 
effect of the drug. 

INTRODUCTION 

THE YIELD of lung colonies after i.v. adminis- 
tration of tumour cells has been found to be 
increased in mice pretreated with cyclophos- 
phamide [1-7]. Furthermore treatment with 
cyclophosphamide also increased the take of 
tumour cells if inoculated subcutaneously 
(s.c.) [3] or intramuscularly (i.m.) [6]. 
Although the mechanism responsible for this 
effect of cyclophosphamide is not yet eluc- 
idated, a large amount of information has 
been obtained which excludes some possible 
mechanisms. As mentioned in the Discussion, 
a number of reasons argue against the in- 
volvement of classical immunological (T-cell 
dependent) mechanisms. Nevertheless, for 
most experimental tumours, including non- 
immunogenic tumours, the take rate of tu- 
mour cells after i.v. or s.c. inoculation is very 
low, since only one lung colony or s.c. tumour 
is obtained from about 103 to 105 injected 
tumour cells. This means that the great ma- 
jority of cells die. The factors which de- 
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termine the death or survival of these cells are 
not yet clear. For that reason, in this paper 
the probability of tumour cells to survive and 
form a lung colony is assumed to be de- 
pendent on "host resistance", whatever the 
mechanism is. This host resistance is ap- 
parently decreased in cyclophosphamide trea- 
ted mice. 

This paper describes experiments in which 
cyclophosphamide is administered after the 
i.v. inoculation of tumour cells. Furthermore, 
it was studied whether the facilitation of lung 
colony growth in cyclophosphamide treated 
mice is also operative in some models measur- 
ing the rate of spontaneous tumour metastases 
formation. The increase in lung colonies in 
cyclophosphamide pretreated mice has been 
shown to be paralleled by an increase in 
retention of radioactively labelled tumour cells 
in the lung at very early time intervals after 
i.v. inoculation of these cells [2, 5]. 
Nevertheless, the possibility could not be ex- 
cluded that a similar effect would also be 
evident if cyclophosphamide was given after 
tumour cell inoculation. This paper describes 
experiments showing that this is indeed the 
case; in addition, studies were performed to 
investigate whether this facilitation of lung 
colony growth is also operative in some mo- 
dels for enhancing spontaneous tumour 
metastases. 
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MATERIALS AND METHODS 

Mice and tumour~ 

Studies were pertormed in tbur tumours. 
The mouse osteosarcoma C22LR [11 and the 
Lewis lung tumour [8], both transplanted in 
C57BL/Rij x CBA/Rij F 1 hybrid mice, have 
been described earlier. The osteosarcoma has 
been found not to be immunogenic in exten- 
sive studies in the hybrid mice, the host of 
origin. The Lewis lung tumour was weakly 
immunogenic in tile F 1 hybrid host. The 
other two tumours are the mammary car- 
cinoma 2661 [9] and a subline of this tumour 
2661/Cy in CBA/Rij mice. The 2661 tumour 
is not immunogenic in its host of origin [9]. 
The subtine 2661/Cy rccurred 6 months atier 
extensive cyclophosphamide treatment of the 
original 2661 tumour. Only subpassages 4-9 
of the 2661/Cy tumour were used. Treatment 
of tile original 2661 tumour or its subline 
2661/Cy with cyclophosphamide resulted in a 
difference in growth delay of these tumours. 
Growth delay is calculated as tile difference in 
time which is necessary tor tumours in treated 
and control mice to reach 400'I~> of their 
tumour volume at the start of treatment. The 
growth delay for both tumours after treatment 
with cyclophosphamide either as a single dose 
of 200mg/kg or as divided doses with 4 equal 
fractions of 50mg/kg on 4 subsequent days 
was as follows: (a) The original 2661 tumour 
gave a mean growth delay of 9 days alter a 
single dose and 16 days after the fi~actionated 
doses: ( b ) T h e  2661/Cy subline gave a mean 
growth delay of 2 days both after the single 
and the fractionated doses. 

These results indicate that the subline is less 
sensitive to cyclophosphamide than the ()rig- 
inal tumour. 

Lung colon~ assm, 

With slight modifications, this was done as 
described earlier [1]: briefly, single cell sus- 
pensions were made by a combination of 
mechanical and enzymatic cell detachment 
[10] from minced tumour tissue. They were 
suspended in Hanks' balanced salt solution 
(BSS) supplemented with 5(,i) calf serum. The 
administration of heavily irradiated cells to 
obtain more uniform lung colony vields was 
replaced by adding plasticized carbon micros- 
pheres (15+5#m)  3M Company Saint Paul 
Minnesota, 55101, U.S.A., as used by others 
[11, 12] for lung colony assay. Mice were 
sacrificed 15 days after i.v. inoculation of 
tumour ceils. The number of inacroscopic 
colonies on tile surface of the lung was coun- 

ted after fixation in a modified Bouin solution. 
Sacrifice of mice was performed at 15 days 
after tumour cell inoculation, since it was 
observed that the lung colony yield was si- 
milar 11-17 days after cell inoculation. The 
"survival" of the lung colonies is calculated by 
dividing the mean number of colonies in 
treated mice by the mean number of colonies 
in control mice. There is a large variation 
between the various experiments if the mean 
number of lung colonies in treated mice are 
considered. For that reason results are shown 
in which the relative difference between 
groups within one experiment was reproduc- 
ible in at least one further experiment. 

Spontaneous metastases 

Metastases of the Lewis lung tumour were 
obtained in the lung after i.m. inoculation of 
5 x 105 or 106 tumour cells into the hind legs 
of mice. To increase the number of lung 
metastases, 106 microspheres were inoculated 
i.v. 1-3hr after tumour cell inoculation [13]. 
For the determination of the number of mac- 
roscopic metastases on the surface of the lung, 
mice were sacrificed 21 days after inoculation 
of" tumour cells and their lungs were fixed in a 
modified Bouin solution. 

Both the 2661 tumour and the 2661/Cy 
tumour metastasize to lymph nodes and/or 
lung in all mice inoculated with 2 x l0 s tu- 
rnout cells s.c. into the foot pad. In this 
model, mice were not sacrificed as in the 
Lewis lung model but their survival time was 
taken as an indication for their metastatic 
turnout load. 

Tumour cell survival was determined as 
described earlier [14]. Briefly: tumour cell 
suspensions were prepared from flank tumours 
of mice which had been subjected to various 
doses of whole body irradiation. These cells 
were titrated and inoculated s.c. into isogenic 
recipient mice. Comparison of the number of 
cells needed to produce tumours in 50(~ of 
the inoculation sites in irradiated tumours vs 
control turnouts provided information on the 
(:ell survival. 

Treatment of mice 

Cor~nebacterium parvum was administered 
as a suspension of tbrmaldehyde killed or- 
ganisms of strain CN6134 and was made 
available by Wellcome Foundation, 
Beckenham, England. A dose of 0.35rag sus- 
pended in 0.5ml was administered i.v. to 
mice. Cyclophosphamide and ifosfamide (pre- 
viously also called iphosphamide or isophos- 
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phamide), Asta Werke A. G., Brackwede, W. 
Germany, were dissolved and diluted in saline 
for i.p. injection. Methotrexate (Lederle) was 
dissolved in distilled water and injected s.c., 
5-fluorouracil (Roche) was diluted with saline 
and injected i.p. All cytostatic drugs were 
injected in a volume of 0.01 ml/gm mouse 
body weight. Cortisone acetate (Organon) 
was injected s.c. as a suspension in a dose of 
2.5 mg per mouse. Since the crystals could be 
recovered more than 24hr after injection, it 
was assumed that there was a prolonged 
release of the hormone. Thorax irradiation 
was carried out by exposing the cranial half of 
the body of mice to X-rays of a 300kVp 
Philips M~ller machine operating at 10mA, 
H V L  3 mm Cu, 60rad/min in animals which 
were anaesthesized with 60 mg/kg 
Pentobarbital. Removal of foot tumours was 
accomplished by amputation of the tumour 
bearing leg at the knee joint. 

Table 1. Lung colony enhancement by pretreatment of 
the recipients with cortisone acetate 

Dose Day Enhancement  ratio* 

2.5 mg/mouse - 1 38,10,7 
- 2  8,9 
- 3  8,10 
- 7  7 

100 mg/kg - 2 31 
200 mg/kg - 2 45 
400 mg/kg - 2 15 
800 mg/kg - 2 10 

*Ratio of mean number of lung colonies in pretreated 
mice/control mice. 

bers over almost three decades (Fig. 1). A 
similar effect of cortisone pretreatment was 
observed in the Lewis lung tumour (Fig. 2). 
This seems to confirm the role of host re- 
sistance in causing the anomaly in the colony 
survival curve. 

EXPERIMENTAL PLANS AND RESULTS 

Host resistance 

As reported earlier [15], treatment with 
increasing doses of cyclophosphamide or tho- 
rax irradiation 1-4 days after i.v. inoculation 
of osteosarcoma cells resulted in a lung colony 
survival curve which consisted of two com- 
ponents. It appeared that, after higher doses 
of cyclophosphamide or radiation, there was 
no progressive further decrease in lung colony 
numbers but a decrease in effect or even an 
increase in colony number. This curve differed 
significantly from the exponential survival 
curve for osteosarcoma cells that had been ex- 
posed in a flank tumour and assayed by the 
endpoint dilution method [16]. It was con- 
sidered likely that the resulting biphasic sur- 
vival curve was the consequence of two anta- 
gonistic effects of the treatment, namely, an 
effect on tumour cell survival and an effect on 
host resistance. In order to elucidate this 
mechanism, attempts were made to abolish 
host resistance by an assumedly noncytotoxic 
treatment. In our previous studies, no effect of 
pretreatment with prednisolone on lung col- 
ony formation had been observed [1]. We 
could, however, confirm the finding of earlier 
investigators [17-19] that cortisone acetate 
enhanced colony formation (see Table 1). 
When a dose of 2.5 mg per mouse was admin- 
istered 1 day before tumour cell inoculation, 
the later treatment with cyclophosphamide, 1 
day after tumour cell inoculation, indeed cat~- 
sed an exponential decrease in colony num- 
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Fig. 1. "Survival" of  the lung colonies after treatment with 
cyclophosphamide on day 1 after the i.v. inoculation of osteosarcoma 
cells in mice pretreated with cortisone acetate ( •  • ) or control 
mice ([]-  - - [] ). The "survival" is determined as fraction of control 
mice, which received the same pretreatment but no posttreatment with 
cyclophosphamide. For comparison the osteosarcoma cell survival of 

f lank tumours obtained by end point dilution assay is presented ( - - ) .  
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Fig. 2. "Survival" o flung colonie,~ after treatment with cyclopho~- 
phamide on day 1 after the i.v. inoculation of Leu,is lung tumour cel£ 
in mice pretreatment with cortisone acetate ( • -  - - •  ) or control mice 
( •  - - •  ). The"survival" i~'determinedas/kactiono/?ontrolmi, 
which received the same pretreatment but no posttreatment with 

(vclophosphamide. 
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lqi~. 3. kffect of Jmctionated administration o,/" c~,clophos- 
phamide and of the presence qf a flank tumour on the "survival" 
0/" lung colonies. The "survival" is determined as fraction o j 
control mice, which received the rome pretreatment but no 
posttreatment with cfclophosphamide. Mice are treated on day 1 
or on days 1 4  after the i.v. inoculation of  osteosareoma cell.L 
For comparison the osteosarcoma cell survival of f lank tumour 
obtained by endpoinl dilution msay is presented: Single do,~e 
( • - - - - •  ) without f lank tumour," Fractionated dose ( A - - - A )  
without flank tumour; Single dose ( m - - . m  ) with flank turnout: 

Fractionated dose ( I ~ - - - 0  ) with flank tumour. 

Tumour  load and do,~e Jiactionation 

It was next studied whether  this host re- 
sistance was affected by tumour  load or by 
fractionation of the t rea tment  dose, two fac- 
tors said to be characteristic of so-called host 
immunosuppression [20, 21]. For that pur- 
pose, mice were inoculated with 106 osteosar- 
coma cells s.c. 1 week before the i.v. in- 
oculation of  tumour  cells. The  same dose of  
cyclophosphamide was either administered as 
one single dose 1 day after tumour  cell in- 
oculation or as four equal fract ionated doses 
on days 1, 2, 3 and 4 after tumour  cell 
inoculation. As seen from Fig. 3, there is no 
effect of an addit ional  flank tumour  increasing 
the tumour  load, nor is there a major  effect of  
dose ti~actionation. The  latter leads to some 
increase in colony survival, but  this may  be 
due to the repair  of  sublethal damage  b e -  

tween fractions as expressed by a shoulder in 
the survival curve. 

Corynebac te r ium parvum 

In the Lewis lung tumour ,  it was shown 
that enhancement  of  host resistance with 
Cor~nebaclerium parvum given 2 days betbre tu- 
mour  cell injection increased the upward  
curvature  of the dose-effect curve {Fig. 4) 
which is typical for host resistance. It should 
be noted that  in this graph the survival in 
each curve is de termined  by comparison of 
the number  of  lung colonies in mice treated 
with cyclophosphamide with those in their 
control mice, which received the same pre- 
t rea tment  but  no post t reatment  with cyclo- 
phosphamide.  I f  the results are presented in 
absolute units as colonies formed per 106 cells 
injected, it is evident that host resistance after 
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Fig. 4. "Survival" of lung colonies after treatment with cyclophos- 
phamide on day 1 after the i.v. inoculation of Lewis lung tumour cells 
in mice pretreated with cortisone acetate ( •  • ) .  
Corynebacterium parvum (m_ _ _m ) or in control mice ( A -  - - 
A ). The "survival" is determined as fraction of control mice, which 
received the same pretreatment but no posttreatment with 

cyclophosphamide. 

150mg/kg cyclophosphamide is similar, inde- 
pendent  of whether  the recipient was pre- 
treated with cortisone acetate, C. parvum or 
not at all (Fig. 5). 

Spontaneous metastases model 

Up to now, the results have suggested that  
cyclophosphamide facilitates tumour  for- 
mat ion in a variety of experimental  systems. 
However,  most of these systems are highly 
artificial and it was thought  to be of interest 
to study the effect of cyclophosphamide in a 
system showing spontaneous metastases for- 
mation.  The  first study concerns Lewis lung 
carcinoma inoculated i.m. The  effects of treat- 
ment  with cyclophosphamide either 1 day  
before tumour  inoculation, 5 days afterwards 
or a combinat ion of the two on the number  of 
lung metastases are shown in Table  2. The  
results indicate that  the enhancement  of met- 
astases formation by pretreatment  with cyclo- 
phosphamide is significant but  small. The 
decrease in metastases number  by t rea tment  
with cyclophosphamide after tumour  cell in- 
oculation is quanti tat ively much more impor- 
tant  and any small effect on host resistance is 
unobservable in comparison with the marked 
effect on the tumour.  

For this reason, another study was made in 
a tumour  which was thought  less sensitive to 
cyclophosphamide. Chemotherapy  with cyclos- 
phosphamide was applied either before or 
after amputa t ion  of a leg carrying tumour  
2661/Cy in the foot pad. Trea tment  after 
amputa t ion  permitted a short prolongation of 
survival (P<0 .05)  (Fig. 6) but t reatment  be- 
fore amputa t ion  was much more effective (Fig. 
7). Evidently, the tumour  was not resistant to 
cyclophosphamide and the ant i tumour  effect 
was again more pronounced than the effect on 
host resistance. The better effect of t reatment  
before amputa t ion  could be due to a smaller 
load of metastatic tumour  or to the effect on 
the primary;  it certainly does not show a 
facilitation of tumour  growth through depre- 
ssion of host immunity.  

In another  series of experiments, the effect 

Table 2. Effect ~!f cl,clophos Ohamide on the number o f  hm~ metastases seen 21 days q fret i.m. inoculation q f  Lewis lung, tumour 
cdl.~ on day 0 

Dose of cyclophosphamide 
(mg/kg) Day of treatment Exp. I 

Average number of lung metastases (-I- S.E.)]" 
+ 106 microspheres - 106 microspheres 

Exp. II Exp. III Exp. I! Exp. III 

0 
250 
150 
250 
250 

71 -t-9 38-t-7 64-t- 13 6-t-2 16-t-3 
-1  200 133+25" 154_+27" 14-1-3" 22+3 
-1  79-t-28" 7+2 
+5 1.1 +0.7* 1.0-+0.3" 0* 0.3-+0.2* 0* 

-1,  +5 1.2_+0.5" 0.7-+0.6* 0.2_+0.1" 0.4-+0.2* 
i 

*Significant difference with control (Student's /-lest). 
~'Each group consisted of at least 8 mice. 
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ol adjuvant chenmthcrapy applied atier surgi- 
cal removal of a mammary tumour 2661 in 
the tootpad was studied [9, 23, 24]. In these 
studies, the chemotherapy schedule which was 
started 3 days after surgery, was applied in 4 
weekly courses of CMF (on Monday, 
1()0 mg/m 2 cyclophosphamide, 300 mg/m 2 
5-fluorouracil and 20 mg/m 2 methotrexate, 
on Tuesday and Wednesday onlv 100mg/m 2 
cyclophosphamidc). The rcsuhs indicated that 
the chemotherapy treatment eliminated al- 
most all lymph node metastases, whereas the 
lung metastases were not significantly de- 
creased. In order to determine whether the 
low efficiency of chemotherapy with respect to 
the lung metastases was due to the enhance- 
ment effect of cyclophosphamide, the CMF 
treatment with the regimen as described be- 
fore was compared with the following alter- 
natives: MF, a treatment in which cyclophos- 
phamide was omitted and IMF, a treatment 
in which cyclophosphamide was substituted 
tbr by ifosfamide at a similar dose. Ifosfamide 
was as equally effective as cyclophosphamide 
at similar dose levels in inducing growth delay 
of flank tumours (unpublished data), but was 
much less effective in abolishing host resis- 
tance [1, 2, 3]. The survival curves of mice 
treated with the various regimens, starting 3 
days after amputation of the tumour bearing 
leg, are presented in Fig. 8. No significant 
difference is observed between the curves as 
determined by the log rank test [25]. 
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Untortunately, the cite'el of treatment with 
CMF is also not very marked. However, the 
lack of difference in survival curves seems to 
indicate thal the low efficacy of the adjuvant 
chemotherapy with CMF is not due to 
abolishment of the kind of host resistance by 
cyclophosphamide as seen in the artificial 
model. 

DISCUSSION 
Tile increase in lung nodules in mice pre- 

treated with cyclophosphamide is paralleled 
by an increased early arrest of radioactively 
labelled tumour cells in the lung [2, 5]. This 
finding might suggest that either vascular 
damage or lung damage will tScilitate the 
early arrest of tumour cells in the lung and 
result in an increased number of lung nodules. 
However, the observation that treatment of 
mice 1q- days after i.v. inoculation of tumour 
cells enhances tumour cell survival together 
with the fact that there is an enhancement of 
tumour take s.c. [3] or i.m. [6] in pretreated 
mice argues against this hypothesis. 

Another possibility might be that the effect 
is due to the suppression of" the classical 
immunological resistance (T-cell dependent). 
However, a number of arguments refutes this 
hypothesis. The fact that the phenomenon 
seems not to be T-cell dependent is based on 
the following results: (a) An increase in the 
early arrest of cells in the lung within one day 
after the first contact of the host with the 
tumour cells [2, 5]; (b) An increase in lung 
nodules is also present in T I R  (thymecto- 
mized, irradiated and reconsti tuted)mice 17]; 
(c) No influence on lung nodules is seen with 
antilymphocyte treatment of the host mice, or 
with attempts at specific immunization with 
tumour cells [1]; (d) Cyclophosphamide pre- 
treatment does not impair the induction of a 
specific immune response of a highly immuno- 
genie fibrosarcoma [26]; (e) A similar increase 
in lung nodules is observcd in control mice 
and mice subjected to whole body irradiation 
[4, 5, 7]; (f) The increase in lung nodules is 
extremely high with a non-inmmnogenic tu- 
mour [11-3]; (g) The increase in lung nodules 
is not influenced by increasing the tumour 
load or by dose ti'actionation of 
cyclophosphamide. 

In a recent study [7], however, the sugges- 
tion was made that the effect of cyclophos- 
phamide is perhaps partly dependent on non 
T-lymphocytes. Although we have mentioned 
that cyclophosphamide apparently decreases 
host resistance; this host resistance can be due 
to: (a) A decrease of the non-specific host 

det~nse mechanisms which act by active kill- 
ing of tumour cells; (b) An improvement of 
the environment in the host for survival of 
tumour cells which would otherwise had suc- 
cumbed by a passive cell death [2 7]. 
Whatever the mechanism, it has been shown 
that there are certain similarities between the 
effect of cyclophosphamide and cortisone ace- 
tate. Pretreatment with either agent increased 
the lung retention of labelled osteosarcoma 
cells (viable and dead) and of embryonic cells 
in a similar way [2], (not published for cor- 
tisone acetate). 

In contrast to this observation, treatment 
with ifosfamide a cyclophosphamide congener 
which did not increase the take probability of 
tumour cells to the same extent as cyclophos- 
phamide, did not affect the lung retention of 
these cell types. The similarities between the 
effects of cyclophosphamide and cortisone ace- 
tate are of course no proof that both act by a 
common mechanism. However, the fact that 
we could at least partly abolish the enhance- 
ment effect of posttreatment with cyclophos- 
phamide by pretreatment with cortisone ace- 
tate seems to be in favour of this suggestion. 

In the studies in which the "survival" of" 
lung colonies was studied in mice pretreated 
with C. parvum, it was observed that cyclo- 
phosphamide did not kill the very low num- 
ber of lung colonies which are present in C. 
parvum pretreated control mice (Fig. 5). 
Although a slight decrease in the conversion 
of cyclophosphamide to its active metabolites 
has been described in C. parvum treated mice 
[28], it seems unlikely that the ineffectiveness 
of cyclophosphamide is due to total inhibition 
of its metabolism. Pretreatment with C. parvum 
in control mice increased the host resistance of 
mice to lung colony tbrmation with a factor of 
about 1000 (Fig. 5). However, if cyclophos- 
phamide is administered afterwards there 
seems to be equilibrium between the extent of 
reversion of this increased resistance and the 
killing potency of tumour cells at both dose 
levels. The host resistance after 150mg/kg 
cyclophosphamide was similar in control mice 
and mice pretreated with cortisone acetate or 
C. parvum, if similar cell killing is assumed 
(Fig. 5). This finding illustrates that the com- 
bination of C. parvum and cyclophosphamide 
or cortisone acetate and cyclophosphamide is 
not always beneficial or negative if you con- 
sider the final product, the number of lung 
colonies. This might be of relevance for the 
clinical situation in which C. parvum or cortic- 
osteroids are administered in a number of 
adjuvant chemotherapy trials. 
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The results of our studies show that careful 
evaluation of models permits the recognition 
of enhanced tumour growth in mice receiving 
cyclophosphamide. However, it is clear that 
this enhancement is quantitatively of small 
importance and a negative effect of adjuvant 
chemotherapy was not revealed in these stu- 
dies. Furthermore, there must be marked dif- 
ferences in response in different systems. It has 
already been pointed out [5] that the lung 
colony enhancing effect of cyclophosphamide 
was much more pronounced in our osteosar- 
coma than in most other systems studied. If  
this is also true for the effect of cyclophos- 
phamide after tumour cell inoculation, it may 
explain why this effect was not noted by 
others who studied the chemotherapy of early 
lung tumours. Neither Steel and Adams [12] 
nor Hill and Stanley [22] noted a discrepancy 
in treatment sensitivity similar to our results 
with the osteosarcoma and the Lewis lung 
tumour. 

In the spontaneous metastases model with 
the Lewis lung tumour, it was demonstrated 
that the growth facilitating effect of cyclo- 
phosphamide is also operative if metastases 
are obtained after spontaneous shedding of 
turnout cells from a primary tumour. The 
increase in the number of spontaneous lung 
metastases was much lower than the increase 
in lung colonies in artificial lung colony mo- 
dels. However, in the spontaneous model 
there will be a continuous shedding of tumour 
cells, and the time at which this process starts, 
is unknown. Since the enhancement effect of 
cyclophosphamide is decreasing with intervals 
of more than 7 days between cyclophos- 
phamide treatment and i.v. cell inoculation 
[4], the differences in enhancement factors in 
both models might be due to differences in 
these intervals. Although pretreatment with 
cyclophosphamide increased the take proba- 
bility of i.m. inoculated tumour cells [6], no 
increase in the local tumour volume was 
observed in cyclophosphamide pretreated 
mice. This fact excluded the possibility that 

differences in primary tumour volume were 
responsible for the increase in the number of 
metastases. The metastases facilitating effect 
was, however, totally abolished if cyclophos- 
phamide is also administered after i.m. tu- 
mour cell inoculation. The cytotoxic effects 
evidently outweighed the metastases facilitat- 
ing effect. 

The studies with the 2661/Cy tumour show- 
ed that the suspected insensitivity of this 
tumour, on the base of growth delay data on 
flank tumours, did not predict the pronounced 
effect on the development of metastatic di- 
sease. These results seem to indicate that for 
this tumour either the tumour cells in micro- 
metastases are much more sensitive to cyclo- 
phosphamide than in established flank tu- 
mours or the actual survival of the cells in the 
flank tumour is not reflected in the growth 
delay. In studies with the original "more 
cyclophosphamide-sensitive" mammary tumour 
2661, it was shown that the low efficacy of 
treatment with CMF adjuvant chemotherapy 
after surgery of the primary tumour was not 
due to the metastases facilitating effect of 
cyclophosphamide. 

We can conclude that the metastases faci- 
litating effect of cyclophosphamide could not 
be demonstrated in our studies if the experi- 
ments were designed with a therapeutic set 
up. In other spontaneous metastases models 
the only negative effect of cyclophosphamide 
treatment has been reported in two rat models 
[29, 30]. Probably, the effect is too small to 
be identified unless a specific search is made 
for it. In the clinical application of adjuvant 
chemotherapy after surgery only one study is 
described [31] which shows a negative effect of 
cyclophosphamide if applied after radically 
operated bronchogenic carcinoma. Never- 
theless, it might be useful to analyze this 
type of resistance in more detail and to search 
for its mechanism. In addition, it might be 
opportune to study the mechanism by which 
adjuvant chemotherapy is of low efficiency in 
some models. 
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