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Abstract—Four transplantable poorly iv well differentiated bronchial carcinomas, originally

induced in the lungs of WAG/Rij and BN rats, were used to study their responsiveness to

cytostatic drugs when growing in syngeneic hosts or in nude mice or rats. Growth delay was the

endpoint determined.

The responsiveness to drugs was specific for each tumour line and between tumours it was

heterogeneous.

In general, the same tumour specific pattern of response was observed regardless whether
tumours grew in syngeneic hosts or in nude mice or nude rats. These results indicate that the
stroma of the host does not contribute significantly to the response of the tumour, but that the
intrinsic sensitivity of the malignant cells is the prevailing factor.

INTRODUCTION

Becausk oF the high metastatic spread of bronchial
cancers, treatment with chemotherapeutic agents
presently provides the only sensible approach to the
ultimate control of this discasc. Although only a
limited number of drugs scems to be cffective,
the number of combinations and scquences being
investigated in clinical trials is very large. Hence,
the rationale in the design of the treatment protocols
needs improvement [1-3]. There is a need for more
detailed information on the more specific biological
properties of the various forms of cancer before a
more rational approach to the improvement of
treatment can be made [4]. Experimental research
with animals aimed at understanding the specific
responses of non-small ccll bronchial cancer to
radiation and chemotherapy is limited to a few
observations on xenografts of human tumours in
nude mice [5]. The literature contains some reports
of bronchial carcinomas occurring in rats or mice
following induction with radiation [6-8] or chemical
carcinogens [9, 10], but these tumours have not
been employed in a systematic way for studies on
experimental therapy. One report of a rat lung
cancer model described the growth of tumours in
the lungs of rats following intrabronchial instillation
of cell suspensions of a spindle cell carcinoma and a
mammary adenocarcinoma, obviously rather un-
realistic bronchial tumour models [11].
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With our rat lung cancer modecl [12] histological
and growth characteristics of tumours growing
intrapulmonarily or subcutancously can be investi-
gated. Furthermore, the influence of the stroma of
the host on the response of the tumours to treatment
can be studied using syngencic animals and nude
rodents. This is of importance with regard to the
question whether responses of human xenografts
growing in nude rodents or in immunosuppressed
animals are determined by intrinsic properties of
the tumour cells or influenced by the host-derived
tumour bed.

In this communication responses of tumours
growing in syngencic hosts or in nude rodents to
chemotherapeutic drugs will be reported.

MATERIALS AND METHODS

Specific pathogen-free derived female WAG/Rjj
and BN inbred rats at the age of 3 months and
weighing 130150 g were used. For the studics
with athymic rodents female C57BL/KalL.wRij/nu/
nu mice, 18-25 g, and female WAG/Rij/rnu rats,
135-170 g, were used. Four transplantable poorly
o well differentiated © bronchial carcinomas
encoded L17, 137, L42 and L44 were used. The
L17 and L37 carcinomas originated in the lungs of
male WAG/Rjj rats after implantation of iridium-
192 wires in the lung and the [L42 carcinoma
originated in the lung of a female WAG/Rjj rat after
implantation of an iodine-125 sced [13]. The L44
carcinoma was discovered in the lung of a female
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BN rat 18 months after local thorax irradiation with
a dose of 16 Gy of 300 kV X-rays, administered at
a dose rate of 0.8 Gy/min. The L33 line used in this
study is a subline of the original L33 line. It was
obtained from a L33 tumour regrowing after a
dose of 20 Gy of 300 kV X-rays. The histological
appearances and tumour volume doubling times
are given in Table 1.

Tumour fragments of the carcinomas were seri-
ally transplanted in syngeneic hosts (10-74 pass-
ages) and maintained their histological and growth
characteristics ]14].

The volume of tumours growing subcutaneously
(s.c.) in the flank was derived from measurements
of three tumour dimensions a, b and ¢ with vernier
callipers using the formula V = wabc/6. Tumour
(volume) growth delay, TGD, was used as endpoint.
It is defined as the time required to reach a volume
twice as large as that at the time of treatment, with
subtraction of the value for the volume-doubling
time, TD, of untreated tumours. For intercompari-
son of the responsiveness of tumours of different
tumour lines with different volume doubling times,
the method of specific growth delay, SGD, was used
[15]. The SGD is the tumour growth delay divided
by the volume doubling time of untreated control
tumours, SGD = TGD/TD. We consider a tumour
sensitive for a particular drug when the TGD is at
least 2 TD, or SGD = 2.

Tumours were treated with a varicty of chemo-
therapeutic drugs. In general, the drugs were

administered as a single dose cither intraperiton-
eally, intravenously by tail vein injection or by oral
gavage. The drugs, doses and routes of adminis-
tration are listed in Table 2. The drug doses used
in syngeneic hosts differ from those used in nude
mice. The doses administered are close to the Lbq
dose. In general, at least five tumour bearing ani-
mals per dose group were used. Individual tumour
growth curves were made. From these curves the
TD of individual control tumours and the TGD of
each treated tumour were calculated. From thesc
individual data mean TD or TGD values were
derived.

RESULTS

Responses in syngeneic hosts

Tumours growing subcutancously were treated
with chemotherapeutic drugs (Table 2) at a volume
of about 1-1.5 cm® Examples of typical growth
curves of control tumours and of tumours sensitive
to a specific drug are shown in Figs. 1 and 2,
respectively. The TD derived from the growth
curves of the .17 tumour (Fig. 1) is 4.7 + 0.8 days.
The TGD of the L17 tumour after TCNU treatment
(Fig. 2) is 31.8 = 9.0 days. The SGD for this
treatment is therefore 31.8/4.7 = 6.8. This SGD
and thosc of other tumour—drug combinations are
given in Table 3.

The data in Table 3 clearly demonstrate that the
response of this panel of tumours to drugs is quite

Table 1. Histological appearance and tumour volume doubling time of rat bronchial carcinomas growing in different

hosts

Tumour TD = S.E. (d) TH=S.E (d)
line Histology syngencic n nude mice
Li7 Well differentiated squam. c.c. 22 45+ 1.4 13 5217
L37 Poorly to moderately 14 59% 15 10 88+3.7

differentiated squam. c.c.
L42 Well differentiated squam. c.c. 58+ 1.6 18 9.3 £ 42
L44 Poorly differentiated adenoc. 17 2908 10 50x 1.4

Table 2. Drug doses and route of administration
Dosc(mg/kg)
Nude Route of

Drug Rats mice administration

Mitomycin G 1.5 1 v,

Cisplatin 6 8 v,

Adriamycin 7.5 6 iv.

Methotrexate 3 x 10, every 3.5h 10 ip.

TCNU* 20 20 p-o.

CCNU 30 75 p.o.

Ifosfamide 200 400 v

*1-(2-Chloroethyl)-3-[2-(dimethylaminosulphonyl)cthyl]- I -nitrosourca  is a new
water soluble nitrosourea, kindly provided by Leo Laboratories, Helsingborg, Sweden.
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Fig. 1. Individual growth curces of untreated L7 tumours growing
subcutaneous(y in syngeneic hosts.
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Fig. 2. Individual growth curves of 11T tumours growing subcutaneously
in syngeneic hosts after the treatment with TCNU (20 mg/kg).

heterogencous. For example, the L17 line is sensi-
tive to methotrexate and adriamycin; the L37 line
15 not sensitive to any of the three drugs listed; the
142 linc is responsive to five of the seven drugs
tested and the 1.44 line only to one of three drugs.

Responses in nude rodents

The same tests were performed on tumours grow-
ing in nude mice to investigate whether the host
stroma influences tumour responsc. The volume
doubling times of tumours growing in the nude mice
are, in general, larger than those of tumours growing
in syngenecic hosts (Table 1). The results of the
experiments on drug sensitivity are shown in Table
3. Tumour growth in nude mice after treatment
with TCNU and ifosfamide could be monitored
only up to about 1 month after treatment. Mice
were then lost due to deteriorated health condition
with tumours still in regression. The SGD values in
Table 8 indicated with the ‘> sign are therefore
minimum values. In genecral, one can conclude
from the data presented in Table 3 that a umour
responsive in syngeneic hosts is also responsive as
xenograft in nude mice.

As shown in Table 3 the L17 tumour line is very
sensitive to adriamycin, while the L44 tumour line
is not. As a matter of interest, a comparison was
made between the response to this drug of the L44,
a tumour originating in the BN strain and the L17
tumour that originated in a WAG/RIj rat, while
both werc grown in opposite flanks of the same
WAG/Rij/mu rat. A dosc of adriamycin (6 mg/kg,
iv.) was given and growth of the tumours was
determined as a function of time after treatment.
The growth curves are shown in Fig. 3. They indi-
cate that the L17 tumour is sull very responsive,
the 1.44 tumour is not. From these data, it is
not likely that the host environment did influence
significantly the response of the tumours.

DISCUSSION

The responses of the rat bronchial carcinomas
used in this study o treauments with various chemo-
therapeutic drugs were as heterogencous as their
human counterparts, varying from no response at
all to prolonged growth delays and even cures.
Marsoni et al. [16] reported that in clinical studies
on paticnts with non-small cell carcinomas among
33 cvaluable drugs, the drugs ifosfamide, adriamy-
cin and cisplatin were active with an overall
response rate (partial and complete responders)
of 11-18%, respectively. The drugs CCNU and
TCNU which were not included in this study of
Marsoni [16] were shown in our study also to be
active in at least onc of the four lines tested.

The endpoint for chemoresponsiveness in our
study was an SGI = 2, rather than a partial or
complete response as employed in patient studices.
If we use complete response, i.c. a tumour volume
reduction of at least 50% as the endpoint, then 11
of the 14 combinations with an SGD = 2 could be
considered responsive. Hence, the dlinical endpoint
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Table 3. Chemosensitivity of rat lung tumours growing subcutaneously in the flank of syngeneic rats or in nude
mice™

SGD(TGD/TD)t

Drug Tumour line
L17 L37 L.42 L44
Rat Mouse Rat Mouse Rat Mouse Rat Mouse
Mitomycin C 0.1 0.5 0.2 0.2 6.3 0.2 0.4 0.5
CisPt 0.3 0.1 0.6 0.2 39 4.9 1 6.1
Adriamycin >12 82 0.4 0.5 1.4 0.4 0 0
Methotrexate 3.7 1.0 0.9 0.6
TCNU o 338
CCNU >12 43
Ifosfamide 5S¢ 4.2
*Responsive combinations (SGD#2) are underlined.
tSpecific growth delay (tumour growth delay/tumour doubling time).
+5¢: cure of five animals.
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Fig. 3. Growth curves of L17 and 144 implants growing subcutaneously
in the same WAG/Rij/rnu rat after treatment with a dose of adriamycin
(6 mg/kg).

complete response and the SGD used in this study
can be regarded as corresponding endpoints.

The data described here indicate that a single
experimental lung carcinoma linc cannot be used
as a model for human cell carcinoma, but rather
that a panel of tumours with identical histological
appearances is required.

Implants in nudes had longer TDs than those
growing in syngeneic rats. This is parallelled by
observations of others [17] that xcnografts grew
slowly and irregularly in the first passage.

The chemosensitivity of tumours growing in nude
mice is in general comparablc to that of the same
tumours growing in syngeneic rats. Fourteen of the
16 combinations tested showed a similar scnsitivity.
There are only two exceptions, mitomycin C in L42
and methotrexate in L17 tumours. The growth
pattern of L42 tumours after mitomycin C trcat-
ment was uncommon as compared to those after

other treatments. Although a long growth delay was
observed in syngencic hosts, a volume reduction
after treatment was hardly obscrved. In fact, three
of the five tumours had no volume reduction at all,
one had a volume reduction of about 10% and the
last one a reduction of about 40%. It may be that
L42 is slightly antigenic as could be concluded from
the results of an experiment in which spontaneous
regression in non-treated animals (n= 55) was
observed in about 30% of tumours. Regression even
occurred when tumours had reached volumes of
1-2 cm®. The decreased response of L42 tumours
in nude mice to adriamycin may also be caused by
the lower drug dose employcd. The differences in
responses to methotrexate of .17 tumours may also
be caused by differences in drug dose.

In summary, the responses of four different exper-
imental bronchial carcinomas which had orig-
inated in the lungs of rats to a variety of chemo-
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therapeutic drugs were heterogencous. A similar
tumour-specific pattern of responsc was observed
when tumours were grown as xenotransplants in
nude mice. These results indicate that the respon-
siveness to drugs is determined by the intrinsic
properties of the tumour cells and not by host
influences. This observation strongly supports the
notion that results of experiments performed with
human xecnografts in nude rodents or immuno-

suppressed animals are predictive for responscs of

tumours in human patients. It should be noted,
however, that in the experiments described here, the
subcutaneous location in the flank was cmployed,
which is obviously not the natural location of these
tumours in the patient.
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