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ABSTRACT

INTRODUCTION
Progress in the chemotherapy of pancreatic adenocarcinoma
has been hampered by the lack of appropriate animal tumor
models, which have only recently become available through
studies of pancreatic carcinogenesis (8,10,11 ).3 While several
models have been described, the models developed by Rao
and Scarpelli (11 )3 of Northwestern University have several
features which make them more suitable for testing the antitumor activity of cytotoxic agents. Both the WD PaCa4 and PD
1 Supported by the Medical Research Service of the Veterans Administration
and Grant CA-28715, awarded by the National Cancer Institute, Department of
Health. Education, and Welfare. Presented in part at the Joint Meetings of the
American Pancreatic Association and the National Pancreatic Cancer Project,
November 1980 and November 1981, Chicago, III.
2 To whom requests for reprints should be addressed, at the Hematology/
Oncology Section (111 E), VA Medical Center, Augusta, Ga. 30910.
3 M. S. Rao and D. G. Scarpelli. Development of an ascites tumor from a solid
transplantable pancreatic adenocarcinoma of the Syrian golden hamster. Joint
Meeting of the American Pancreatic Association and National Pancreatic Cancer
Project. Chicago, III., November 1979, submitted for publication.
' The abbreviations used are: WD PaCa, well-differentiated ductal pancreatic
adenocarcinoma; PD PaCa, poorly differentiated ductal pancreatic adenocarci
noma; MMC, mitomycin C; SZN, streptozotocin; ADR, doxorubicin (Adriamycin);
FAM, 5-fluorouracil, ADR, and MMC; LD,0, 10% lethal dose; LDX. 50% lethal
dose.
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PaCa are readily transplantable models with stable growth
patterns; also, both models are ductal adenocarcinomas and
therefore histologically similar to 75% of all human nonendocrine pancreatic cancers (4). Prior to the study reported herein,
neither of these models had been tested for its sensitivity to
chemotherapeutic agents.
The aim of the present study was to determine the singleagent activity against the WD PaCa and PD PaCa of a number
of drugs commonly used in clinical oncology, including drugs
thought to have some activity against human pancreatic ad
enocarcinoma (i.e., 5-fluorouracil, MMC, SZN, and ADR) and
some not adequately tested (i.e., actinomycin D, methotrexate,
cyclophosphamide,
and vincristine). In addition, FAM was
tested against the WD PaCa, since this combination has the
best reported activity against human pancreatic adenocarci
noma (1,12). ADR was focused upon because of our own work
showing an extremely high uptake of ADR in the animal pan
creas (2, 3).
MATERIALS

AND METHODS

Animals
Normal male LHC or LSH Syrian hamsters (7 to 12 weeks old)
(Charles River Breeding Laboratories, Newfield, N. J.) were used in all
experiments. Animals were housed in metal cages in groups of 3 to 5
and given food and water ad libitum.
In Vivo Tumor Models
The WD PaCa and PD PaCa models used in this study were devel
oped and supplied to us through the courtesy of Drs. D. G. Scarpelli
and M. S. Rao, Department of Pathology, Northwestern University. The
WD PaCa was originally induced in LHC Syrian hamsters by weekly
s.c. injections of A/-nitrobis(2-oxopropyl)amine
in 0.9% NaCI solution
(10 mg/kg/week)
for 10 weeks. Subsequently, the tumor was serially
passaged every 8 to 10 weeks by s.c. trocar implantation in LSH or
LHC inbred Syrian hamsters. It was characterized as a well-differen
tiated pancreatic ductal adenocarcinoma and described in detail else
where (11 ). At the time of the reported experiments, WD PaCa was in
its 16th passage.
Although the PD PaCa is also a hamster pancreatic ductal adeno
carcinoma, it differs from the WD PaCa by being spontaneously derived
and poorly differentiated. Originally, Dr. Kirkman of the Department of
Anatomy, Stanford University, propagated PD PaCa as a solid tumor,
but Drs. Rao and Scarpelli subsequently adapted it to the ascitic form
that we used in our experiments.3 PD PaCa was maintained in the
above hamster strains by i.p. injection of 2 to 3 x 106 cells once a
week.
In Vitro Tumor Models
Prior to its use in assays, WD PaCa was cultivated for 8 months as
an adherent monolayer. When used as a source of cells for assays,
cultures were free of fibroblasts or other contaminating cells. PD PaCa
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Experimental evaluation of chemotherapy of pancreatic can
cer has been limited by the lack of suitable animal models,
which have only recently become available. The present study
is the first report on the chemosensitivity of two transplantable
animal models of pancreatic adenocarcinoma. The single-agent
antitumor activity of 5-fluorouracil, cyclophosphamide,
mitomycin C (MMC), methotrexate, actinomycin D, vincristine, and
two dose levels of Adriamycin (ADR) were tested against es
tablished palpable tumors of well-differentiated pancreatic ductal adenocarcinoma (WD PaCa), a solid tumor model of the
Syrian hamster. None of the agents or dosages of ADR were
effective against palpable WD PaCa tumors. ADR, MMC, streptozotocin, and the combination of 5-fluorouracil, ADR, and
MMC were similarly ineffective when administered 1 week after
WD PaCa implantation, while tumors were still nonpalpable.
The behavior of poorly differentiated pancreatic ductal adeno
carcinoma (PD PaCa), an ascitic model of the Syrian hamster,
was studied for comparison. In vivo, with survival as the end
point, PD PaCa is markedly sensitive to ADR, perhaps weakly
sensitive to MMC, and resistant to streptozotocin.
In vitro
clonogenic assays from cultured PD PaCa and WD PaCa
confirmed the pattern of response seen in vivo. The data
suggest that these recently developed pancreatic cancer
models can be profitably used and compared, both in vivo and
in vitro, as examples of relatively chemotherapy resistant (WD
PaCa) and more sensitive (PD PaCa) tumor models.

Georgia 30912,

Chemotherapy

of Pancreatic Adenocarcinoma

when the tumor volumes reached an average of about 300 cu mm (4
weeks after implantation).
The animals were weighed and tumors were measured 2 to 3 times/
week with vernier calipers in 3 dimensions to the nearest 0.5 mm.
Tumor volumes were calculated, with no correction for skin thickness,
according to the formula for a hemiellipsoid as follows (9):
V = Vi>(4w/3X//2Xtv/2X/))
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four hr later (Day 1), drug therapy was initiated with ADR, MMC, SZN,
or no treatment (controls). Animals were checked twice daily to deter
mine the time of death.
in Vitro Drug Sensitivity Assays Using WD PaCa and PD PaCa
Cells. The in vitro assays were carried out after preliminary experiments
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Chart 1. WD PaCa tumor growth curves following Â¡.p.treatment with ADR
(ADRIA; 3.75 mg/kg on Day 1 and 6.0 mg/kg on Day 1), cyclophosphamide
(CPM; 150 mg/kg on Days 1 and 8). and methotrexate (MTX; 1.8 mg/kg on
Days 1 and 8). No significant differences between any treated group (8 to 9
animals/group) and the untreated controls (21 animals) were seen.

adapted readily to culture conditions, growing as a single-cell suspen
sion. Both cell lines have an approximate doubling time of 36 hr. WD
PaCa and PO PaCa were passaged and maintained in complete me
dium, i.e.. Roswell Park Memorial Institute Tissue Culture Medium
1640, supplemented with 10% heat-inactivated
fetal bovine serum,
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glutamine, penicillin (100 units/ml), and streptomycin
(Grand Island Biological Co., Grand Island, N. Y )
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was determined by trypan blue exclusion.
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Experiments
In Vivo Testing Using Palpable WD PaCa Tumors. Uniform frag
ments of WD PaCa approximately 1 cu mm were implanted with sterile
trocars into the shoulder region of 100 hamsters, and treatment began
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Drug dosages and schedules of administration are detailed in Charts
1 to 5. Dosages were derived from published data on the hamster or
estimated from rat data and were at the LD,,, level, which is considered
the maximum tolerated dose in animal systems (6). Dose levels of ADR,
MMC, SZN, and FAM were determined by preliminary toxicological
evaluation (since reliable hamster data did not exist). The 2 dose levels
of ADR represent the LD10 (3.75 mg/kg Â¡.p.,Day 1) and the LDso (6.0
mg/kg i.p., Day 1) levels.
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Chart 2. WD PaCa tumor growth curves showing no significant differences
between the control group (same controls as shown in Chart 1) and groups
treated with actinomycin D (Act. D; 0.24 mg/kg on Day 1), MMC (1.2 mg/kg on
Day 1); vincristine (VCR. 0.6 mg/kg on Day 1) and 5-fluorouracil (5 FU: 30 mg/
kg on Days 1 to 7).

2667

Downloaded from http://aacrjournals.org/cancerres/article-pdf/2412929/cr0420072666.pdf by guest on 28 September 2022

Any deaths occurring during the first 21 days of observation were
considered drug related. The posttreatment observation period ex
tended for 33 days, after which the animals were sacrificed.
In Vivo Testing Using Nonpalpable
WD PaCa Tumors. Twenty
hamsters were implanted with tumor fragments of uniform size, ap
proximately 2 cu mm. One week after implantation, at a time when the
tumors were not palpable, the animals were divided into a control group
and an ADR treatment group of 10 each. The tumors were measured
and volumes were determined (as described above) 4 times/week,
once the tumor became palpable.
In a second experiment, 44 hamsters were similarly implanted, with
treatment begun on Day 7, and were measured as above. The treatment
groups of 11 each were untreated controls, MMC, SZN, and FAM.
In Vivo Testing Using PD PaCa. LSH hamsters were inoculated with
3 x 106 PD PaCa cells/animal,
10 animals/group
(Day 0). Twenty-

1
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O

= 0.5236 Iwh
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to determine the optimal number of cells to plate (desired yield of 75 to
150 colonies/35-mm
culture dish). Cells were harvested in late-log- or
early-stationary-phase
growth (by short exposure to 0.25% trypsin in
the case of the WD PaCa), washed, and suspended in medium, as
above, to a concentration of 1 to 2 x 106 cells/ml (viability at this
point was always >90%). Aliquots (0.5 ml) of the cell suspension were
mixed with equal volumes of medium containing 0.02 to 200 jug ADR
per ml (final concentrations
of 0.01 to 100 fig/ml). After 1 hr of
incubation at 37Â°in 5% CO2, the cells were washed twice with Hanks'
balanced salt solution and diluted with complete medium to give a cell
density of 1 to 2 x I0"/ml. One-tenth ml of the cell suspension was
distributed in 0.9 ml of complete medium containing 1% methyl cellu
lose (final concentration,
0.9%) and 15% fetal bovine serum. The
mixture was plated in quadruplicate for each drug concentration ex
posure on gridded 35-mm tissue culture dishes (Lux Scientific Corp.,
Newbury Park, Calif.). After 7 days of incubation at 37Â°in a humidified

Statistics
The tumor volumes and in vitro results were analyzed statistically by
Student's t test. Survival was analyzed by the life table method of
Cutler and Ederer (5) using computer analysis, with significance
mined by x2 Desu pairwise comparisons.
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RESULTS
In Vivo Drug Testing Using Palpable WD PaCa Tumors. We
tested 7 standard antineoplastic agents for their activity against
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Chart 3. Tumor growth curves of WD PaCa following no treatment (control)
versus ADR Â¡.p.(3.75 mg/kg on Day 1)1 week after tumor implantation.

2668

Chart 4. Tumor growth curves following i.p. treatment of nonpalpable WD
PaCa, 1 week after implantation, with MMC (2.5 mg/kg on Day 1), SZN (50 mg/
kg on Day 1), or FAM (5-fluorouracil, 15 mg/kg on Days 1, 8, 28, and 35; ADR.
2.0 mg/kg on Days 1 and 28; and MMC, 2.5 mg/kg on Day 1) compared to
untreated controls.
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5% CO: atmosphere, tumor colonies >15 cells were counted using an
inverted microscope. Further incubation increased colony size, but not
significantly the number of colonies per dish.

established WD PaCa. The growth curves plotting the average
tumor volumes for controls and each treatment group are
shown in Charts 1 and 2. In no case did a chemotherapeutic
agent induce regression of the established tumors. Likewise,
in no case, was there a significant difference (by t test com
parison) at any point in time between mean tumor volumes of
any treated group and the control group. By the criteria of
r/C [mean tumor volume (treated)/mean tumor volume (con
trol)] < 0.42 (7), none of the agents tested demonstrated
antitumor activity against the WD PaCa.
The antitumor effects of ADR at 2 dose levels, the LD10 and
LD50,were indistinguishable. The dosage of 5-fluorouracil used
proved to be at the LD50 level for the strain of hamsters used;
however, despite this toxic dose, an antitumor effect was not
seen. There was one drug-related death each in the groups
receiving actinomycin D, methotrexate, and cyclophosphamide, which indicates that the doses used were at or near the
LDio level. The group receiving vincristine suffered a 12.6%
average weight loss from pretreatment levels, the only weight
loss of this magnitude seen. Subsequent MMC toxological
testing showed that the LDÃ•Ofor MMC was nearer to 2.5 mg/
kg for the hamster strain used, and this dose was used in all
other experiments.
In Vivo Drug Testing Using Nonpalpable WD PaCa Tumors.

Chemotherapy
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Chart 7. In vitro dose-survival
(â€¢).MMC (O), and SZN (A).

curves of PD PaCa cells in response to ADR

able 1-week WD PaCa tumors were treated with ADR, MMC,
SZN, or FAM.
In Vivo Testing Using PD PaCa. PD PaCa displayed definite
chemosensitivity to ADR (see Chart 5). Median survivals in
days were: controls, 16.25 Â±4.15 (S.E.); ADR, 52.5 Â±3.95;
MMC, 35 Â± 7.9; and SZN, 17.5 Â± 1.3. ADR produced a
significant prolongation of survival in comparison to controls
(p = 0.003), whereas MMC and SZN did not (p = 0.097 and
0.57, respectively).5

Doxorubicin

Concentration

<Mg/ml|

Chart 6. In vitro dose-survival curves showing a marked difference in sensi
tivity of WD PaCa (O) and PD PaCa (â€¢)cells to ADR.

The failure to observe antitumor activity of drugs against pal
pable WD PaCa may have been due to the large tumor burden.
We therefore decided to screen ADR, MMC, SZN, and FAM
against nonpalpable tumors. The results of these experiments
are depicted in Charts 3 and 4. Again, regression, significant
slowing, and a T/C Â«0.42 were not observed when nonpalp-
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In Vitro Drug-Sensitivity
Assays Using WD PaCa and PD
PaCa. Drug sensitivity was assessed in vitro to determine
intrinsic differences in the 2 cell lines, independent of the
problems of drug delivery. The ADR dose-survival curves sum
marized in Chart 6 show a marked difference in the sensitivity
of the tumor models to ADR. Significant differences are found
(via r test comparisons) at all dose levels higher than 0.01 fig/
ml. Chart 7 shows the dose-survival curves for ADR, MMC, and
SZN against PD PaCa, which follow the same pattern of re
sponse as seen in vivo.
5 The authors recognize that a f-test comparing

the median survival of the

MMC group to controls would yield a significant difference (p < 0.001), and
therefore, modest sensitivity to MMC may be present. However, the computerassisted method used to assess significance takes the entire survival curve into
account and provides a more conservative estimate of significance.
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Chart 5. Survival curves of hamsters inoculated i.p. with PD PaCa. 3 X 10e
cells/animals on Day 0, and treated i.p. with ADR (3.75 mg/kg on Day 1), MMC
(2.5 mg/kg on Day 1), SZN (50 mg/kg on Day 1), or no therapy (controls).

B. K. Chang and R. Gutman
DISCUSSION
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In the present study, we have begun to characterize the
chemosensitivity of 2 recently available hamster tumor models,
WD PaCa and PD PaCa. ADR (at the LDi0 and LD50 levels),
5-fluorouracil, MMC, actinomycin D, cyclophosphamide, methotrexate, and vincristine were ineffective against palpable WD
PaCa tumors. Nonpalpable WD PaCa tumors were resistant to
ADR, MMC, SZN, and FAM. In contrast, PD PaCa shows
marked sensitivity to ADR, both in vivo and in vitro, with relative
resistance to SZN and perhaps borderline sensitivity to MMC.
Ours is the first report to provide a chemotherapy response
profile for the 2 recently described animal models of pancreatic
adenocarcinoma. Since human cancer is known to be hetero
geneous, there are distinct benefits to be derived from the use
and comparison of a variety of tumor models. Our data would
indicate that the WD PaCa represents a model exhibiting rela
tive refractoriness to chemotherapy, which is similar to the
common human situation (where objective responses to single
agents are in the range of 20 to 28% for the most effective
agents) (13). WD PaCa could be exploited preclinically to test
other agents, combinations of agents, or newer innovative
therapy. Comparison of WD PaCa and PD PaCa may shed light
on the mechanisms of chemotherapy sensitivity versus resist
ance. Furthermore, future preliminary screening can more ef
ficiently be conducted in vitro for both tumor models.

tional Support, Medical College of Georgia) for assistance in the statistical
analysis.

