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ABSTRACT

Recombinant human tumor necrosis factor and recombinant human
interleukin 2 were administered in a sequential schedule to 30 dogs with
a variety of spontaneous neoplasms. Dose escalation of both drugs was
performed, and a maximally tolerated dose of recombinant human tumor
necrosis factor of 125 mg/m2 i.v. for 3 days, followed by 1.5 x IO6units/
nr of recombinant human interleukin 2 s.c. for 9 days, was derived. Dose-
limiting toxicities were primarily gastrointestinal; however, weakness and
malaise were seen during therapy at doses higher than the maximally
tolerated dose. No clinically significant hematological toxicities were
seen at any dose level. Objective tumor responses were seen in dogs with
oral mucosa! melanoma and cutaneous mastocytoma. Because of the
histolÃ³gica!,behavioral, and epidemiolÃ³gica!similarities between human
and canine tumor types, the canine cancer patient provides a unique model
for the preclinical evaluation of recombinant cytokine therapy.

INTRODUCTION

TNF3 is a macrophage-derived cytokine elicited during host

response to endotoxin (1). TNF is cytotoxic to tumor cells in
vitro and in vivo causes hemorrhagic necrosis of tumors with
no effect on normal cells or tissues (1, 2). In addition, TNF
affects differentiation (3), functional activities (4), and cell
surface antigen expression (5) in malignant and normal cells.
TNF possesses heterospecies activity (in contrast to interfer
ons), although there is some homologous species preference
(6). The gene for human TNF has been cloned and expressed
in Escherichia coli (7), providing sufficient quantities of recom
binant TNF to perform clinical trials.

The mechanism of action of TNF is still unknown, although
direct effects on oncogene expression have been noted (8, 9)
and cytotoxicity appears to be related not only to the presence
of TNF receptors but also to the density of receptor-ligand
interactions (10). In addition, there seems to be a positive
correlation between tumor immunogenicity and TNF-induced
tumor regression, suggesting a role for other immune compo
nents (11).

Originally described as T-cell growth factor for its ability to
expand human T-cells in vitro, IL-2 has been shown to mediate
a number of immunological events. Systemic administration of
IL-2 induces specific T-helper cells and autoantibody produc
tion (12, 13), as well as enhancing the antitumor effect of IL-
2-dependent immune lymphocytes (LAK cells) (14). High doses
of IL-2 mediate regression of both primary and metastatic
tumors in human patients when administered systemically;
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however, this therapy is often associated with extreme toxicity
(15).

Cytokine synergism has been demonstrated in vivo (16, 17).
Both TNF and IL-2 are apparently capable of inducing cellular
receptors for each other (18, 20, 21). TNF also induces expres
sion of its own gene in monocytes (19); thus, a positive feedback
mechanism should be seen with in vivo combinations of these
two proteins.

Indeed, marked synergism of TNF and IL-2 has been dem
onstrated in causing regression of murine tumors with sequen
tial administration of the two drugs (20). The effective dose of
IL-2 could be reduced up to 90% in this combination. Recently,
investigators using a murine tumor model showed interdepend
ence between sequence and duration of treatment rhTNF and
rhIL-2 (21). This suggests that receptor regulation may be
involved in synergistic antitumor effect. In fact, TNF induction
of high affinity IL-2 receptors may be responsible for a func
tional rather than proliferative expansion of LAK cells (22).

Increased in vitro cytolysis by tumor-infiltrating lymphocytes
(23) and peripheral blood lymphocytes (24) is seen when these
cells are incubated with TNF and IL-2 as compared to IL-2
alone. Enhanced induction of LAK cell function by IL-2 is also
seen with TNF and IL-2, allowing a 10-fold reduction in IL-2
concentration to achieve the same activity levels (25, 26).

This report presents the results of a preclinical trial with
TNF and IL-2 in a sequential protocol for the treatment of
spontaneous canine neoplasms.

MATERIALS AND METHODS

Recombinant Cytokines. The rhTNF and rhIL-2 were produced in E.
coli by recombinant DNA techniques as described (7). Highly purified
preparations of these proteins were kindly supplied by Cetus Corpora
tion as lyophilized powders and as a frozen liquid in sterile vials. Both
preparations contained 0.01-0.06 ng of endotoxin/mg proteins. Sterile
water was used to reconstitute the lyophilized products, and the unused
portion was discarded.

Animal Patients. The 30 dogs used in this study were admitted to the
Veterinary Medical Teaching Hospital, University of California, Davis,
with spontaneously occurring neoplasms that had not responded to
conventional therapies or for which no proven therapies existed.

None of the animals had been diagnosed with intercurrent disease,
and all had a life expectancy of at least 6 wk without treatment. The
tumor types included 13 oral malignant melanomas, 6 mastocytomas,
4 lymphomas, 4 squamous cell carcinomas, 2 mammary adenocarci-
nomas, and 1 synovial sarcoma (Table 1). Each tumor was staged
according to WHO criteria (27).

Treatment Schedule. The rhTNF was thawed from frozen liquid and
then diluted in 100 ml of 0.9% NaCl plus 1 ml of autologous serum to
prevent protein adherence to the tubing. This preparation was delivered
i.v. over 45-90 min each day for 3 consecutive days. During the
following 9 days, a daily s.c. injection of reconstituted lyophilized rhlL-
2 was given, with the maximum volume of this injection being 1.2 ml.
After a 9-day period during which time no therapy was given, the
schedule was repeated. Thus, each round of therapy was 3 wk in total.
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Table I List of dogs treated with rhT\F-rhIL-2 according to age, sex, tumor
type, and clinical stage

Dog123456789Id11121314151617181920212223242526272X2930Age119121014129IS157151012447118114101291111131013117Sex"MC*MCMCFSMFSMMMCFSMMMCFFFMCFSMMFSFSMCFSFSFSMCFSFSFSTumortypeGingival

melanomaGingival
melanomaGingival
melanomaGingival
melanomaGingival
melanomaGingival
melanomaGingival
melanomaGingival
melanomaGingival
melanomaGingival
melanomaGingival
melanomaLingual
melanomaLingual
melanomaMastocytomaMastocytomaMastocytomaMastocytomaMastocytomaMastocytomaLymphomaLymphomaLymphomaLymphoma

(my
cosisfungoides)Squamous

celloralÃ‡ASquamous

cellCA-pharyngealSquamous

cell na
salÃ‡ASquamous

celloralÃ‡AMammary

carci
nomaMammary

carci
nomaSynovial

sarcomaStage

(WHO)11

T2N0M0II
T2N0M0II
T2N0M0II
T2N2bMâ€žII
T2.Nâ€žMoII
T2Nâ€žM0III
T0NlbMâ€žin
T,.N,Mâ€žIV
T2N2bMâ€žIVT2N,M,iv

T,N,Mâ€žII
T2.N2.Mâ€žIII
TjNoMoVIIIAIIIAIIIAIVIVbVBVBVBVBII

T2bN,.M0III

T3Nâ€žMâ€žIII

T,Nâ€žM0IV

T,â€žN2bMâ€žIVT.N.M,IVT4Nâ€žM,T4Nâ€žM,

" MC, castrated male; FS, sprayed female; CA, carcinoma.

Dogs were hospitalized for the first 4 days of each round of therapy.
Dose ranges for TNF were 50 mg/m2 to a maximum of 1200 mg/

m2. For IL-2 the dose range was 0.75 x 10'units/m2 to 1.2x IO7units/
m2. The maximally tolerated dose for the combination was 125 mg/m2
ofrhTNFand 1.5x 106units/m2 of rhlL-2. Twenty-eight dogs received

40 cycles of TNF at or below the MTD, and 10 dogs received 15 cycles
of TNF at doses above the MTD; 5 of these 15 cycles were stable and
10 were escalated. Sixteen dogs received 26 cycles of IL-2 at or below
the MTD, and 13 dogs received 25 cycles of IL-2 at doses above the
MTD, with 6 of 25 cycles being escalated.

Criteria of Toxicity. Dogs received complete physical examinations
on days 0, 1,2, 3, and 4; again at day 11 or 12; and on day 20 of each
3-wk treatment cycle. Assessment of gastrointestinal toxicity, temper
ature, and performance status was performed daily.

On days 0, 4, 8, 11, and 12 of each 3-wk cycle, blood was taken for
full hematological evaluation as well as serum biochemistry (blood
urea, creatinine, ALT, ALP, total protein, albumin, globulin, total
bilirubin, glucose, cholesterol, calcium, and phosphorus), and toxicities
were graded according to their severity as grade 1-4, with grade 4
toxicity requiring evaluation for withdrawal from the trial (Table 2).

Criteria of Response. Dimensions of measurable tumor responses
were taken with linear calipers at the beginning and end of each
treatment round. Response criteria were standard and appear in Table
3.

RESULTS

The 30 dogs consisted of 15 males and 15 females ranging in
age from 4 to 15 yr, with a median age of 10 yr. Eight of these
dogs (dogs 1,4, 5, 7, 8, 12, 20, and 23) had not had previous
therapy. For those dogs receiving prior treatment, surgical
biopsy (or unsuccessful removal) was used either alone or in
combination with chemotherapy, immunotherapy, radiation

therapy, or hyperthermia, with the last treatment no less than
3 wk prior to TNF/1L-2 therapy, with the exception of dog 27.
All dogs were Ã©valuablefor toxicity of the drugs, and 27 of the
30 dogs were Ã©valuablefor efficacy. Of the three dogs withdrawn
from the study of efficacy, one dog with melanoma died after a
single dose of TNF (dog 8), a second died after three doses of
TNF, with toxicities attributed to degranulation of a mast cell
tumor (dog 17), and a third died from gross debilitation asso
ciated with stage V lymphoma (dog 20).

This was a sequential dose scheme involving two different
cytokines. Some differing patterns of toxicity became apparent
in the dogs during the TNF and IL-2 phases of treatment. For
convenience, we have called these TNF-associated and IL-2-
associated toxicities (although obviously these cannot be as
sumed to be single drug toxicities).

Systemic Toxicities

TNF Associated. Of the 40 rounds of TNF at or below the
MTD, toxicities were mild (Table 4). Grade 1-2 gastrointestinal
signs were seen, with vomiting occurring in 13 cycles and
diarrhea in 5 cycles. Grade 4 vomiting and diarrhea occurred
in two dogs but was considered to be associated with tumor in
both (dogs 17 and 20). No gastrointestinal toxicity was in 20
courses.

Above the MTD of TNF, when dose escalation was utilized
(10 cycles), there was mild vomiting (grade 2) and diarrhea
(grade 1) associated with 6 and 2 cycles, respectively, and no
gastrointestinal toxicity (no vomiting in 4 and no diarrhea in 8
cycles). However, when the TNF dose was not escalated and
yet was above the MTD (five cycles), all drug administrations
were associated with toxicity. Vomiting, often protracted and
severe (grade 3-4), was seen during all five cycles of TNF
administration, and diarrhea (grades 1, 2) was observed during
two treatment cycles and grade 3-4 diarrhea in the cycles. Fever
was seen following TNF administration in 38 of 40 cycles at or
below the MTD and was grade 3-4 in 22 of these. Above the
MTD, 14 of 15 cycles of drug administration were associated
with fever; 6 of these were grade 3-4. Fever resolved without
intervention within 1 to 5 h of completion of TNF therapy each
day. Lethargy was seen at doses above 400 mg/m2 TNF. Weak
ness was seen at doses above 800 mg/m2 TNF and was severe

to profound. One dog died after one dose of TNF at 125 mg/
m2 (dog 8); no direct cause was found on necropsy. Another

dog (dog 9) had a grand mal seizure but recovered to normal
without medication.

IL-2 Associated. Of the 26 courses of IL-2 given at or below
the MTD, gastrointestinal toxicities were observed during 13
of the drug administration cycles (Table 5). Mild diarrhea
(grade 1-2) was seen during ten treatment cycles and more
severe diarrhea (grade 4) was seen during two cycles. Mild
(grade 2) vomiting was seen in three cycles. Of the 25 cycles of
IL-2 given above MTD, 20 were associated with some gastroin
testinal toxicity. Grade 1-2 vomiting was observed in 10 of the
treatment cycles, and grade 1-2 diarrhea was seen in 15; Grade
4 diarrhea was seen during 5 treatment cycles. In nearly all
cases anorexia accompanied these signs. These toxicities were
considered dose limiting. Fever was uncommon during IL-2
administration, occurring in only two drug administration
cycles (same dog) at the MTD and in three cycles above the
MTD in association with sepsis.

Patient weakness was considered severe during 19 course of
IL-2 administration above MTD and was considered a dose-
limiting toxicity in these animals. One dog (dog 9) that had
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Table 2 Toxicity grades

Gastrointestinal
Nausea/vomitingDiarrheaAnorexia/percentage

of weight
lossNeurological

PeripheralmotorCentralFeverGrade

1Nausea

alone

3-4stools/dayAnorexia

without
weightlossT">

103'FGrade

21-5

episodes of eme-
sis/day

5-7 loose to watery
stools/day

<5% weightlossT>

104'FGrade

36-

10 episodes of eme-
sis/day

>7stools/day5-10%

weightlossMarked

motor weak
ness or sensory defi
cits

Confusion,disorientationT>

105'FGrade

4Intractable

vomiting/
need for i.v. fluids

Blood stools or need
for i.v. fluids

>10% weightlossProfound

motor weak
ness or autonomie
dysfunction

Coma,seizuresT>

106'FÂ°

T, temperature.

Table 3 Assessment of tumor response

Abbreviation Tumor response

CR Complete response: disappearance of all clinical evidence
of disease for a minimum of 6 wk

PR Partial response: greater than 50% decrease in tumor
volume

MR Minor response: less than 50% decrease in tumor vol
ume

PD Progressive disease: increase in tumor volume of more
than 50%

NE Not Ã©valuable
SD Stable disease: no change in tumor volume over observa

tion period

Table 4 Systemic toxicities observed in TNF-treated dogs

No. of cycles

TNF above MTD
(15cycles)ToxicityGastrointestinalVomitingNoneGrade

1-2Grade
3-4DiarrheaNoneGrade

1-2Grade
3-4FeverNoneGrade

1-2Grade
3-4WeaknessNone

tomildSevereTNF

at orbelowMTD(40

cycles)25132335221622346Nonescalated(5cycles)00502304123Escalated(10cycles)46082014537

suffered gran mal seizures during TNF administration died
acutely during IL-2 administration in the second round of
therapy. No cause of death was identified at necropsy.

Abnormal Serum Chemistries

TNF Associated. For those dogs receiving TNF at or below
the MTD, biochemical profiles taken after TNF administration
were available for 25 cycles. Values above the normal range
were seen in ALT (11 cycles) and ALP (8 cycles); however, only
2 of these dogs had normal values prior to therapy. Sixteen
cycles of treatment were associated with hypoalbuminemia
(mean, 2.0 g/dl) and hypocalcemia (mean, 8.7 mg/dl); however,
serum calcium levels were normal when corrected for albumin.
Globulin levels were high in 6 dogs and low in 3 dogs following
TNF. Mild elevation in serum cholesterol (mean, 301 mg/dl)

was seen in 6 dogs and transient hypoglycemia was seen in 5
dogs (mean, 53 mg/dl). No renal toxicity was seen, and one
dog with elevated serum creatinine before therapy had a normal
value after TNF. Above the MTD of 125 mg/nr TNF, 8 of 10
rounds of therapy for which data were available were associated
with hypoalbuminemia (mean, 1.9 g/dl) and hypocalcemia
(mean, 8.3 mg/dl). Only one dog showed elevation in ALT; two
were hypoglycÃ©mie(mean, 57 mg/dl).

IL-2 Associated. Biochemical profiles taken after IL-2 ther
apy above the MTD of 1.5 x IO6 units were available for 19

cycles of therapy. Hypoalbuminemia was present in 13 dogs
(mean, 2.4 g/dl). In all of these dogs hypoalbuminemia was
present prior to IL-2 therapy; however, hypocalcemia was seen

in only 1 dog. Mild elevations in ALT (6 dogs; mean, 128
units/liter) and ALP (5 dogs; mean, 213 units/liter) were noted,
and there was hypoglycemia in 3 dogs (mean, 37 mg/dl).
Elevated globulin levels were seen in 7 dogs (mean, 4.2 g/dl).
Profiles were available for 20 dogs receiving IL-2 at or below
the MTD. Hypoalbuminemia was seen in 4 dogs (mean, 2.1 g/
dl), and all had this prior to therapy. Elevations in ALT (4
dogs; mean, 293 units/liter) and ALP (5 dogs; mean, 529 units/
liter) were seen and in one dog were severe. Globulins were
elevated in 3 dogs (mean, 5.5 g/dl).

Clotting profiles (prothrombin time, activated partial throm-
boplastin time) were performed on 8 dogs and were within the
normal range for prothrombin time in all dogs. Activated partial
thromboplastin time was mildly prolonged in 2 dogs, but this
prolongation was not considered clinically significant. Samples
were taken after the first IL-2 round of therapy (3 dogs), the

Table 5 Systemic toxicities observed in IL-2-treated dogs

ToxicityGastrointestinalVomitingNoneGrade

1-2Grade
3-4DiarrheaNoneGrade

1-2Grade
3-4FeverNoneGrade

1-2Grade
3-4WeaknessNone-mildSevereNo.

cyclesIL-2

at or below MTD
(26 cycles)2330141022420206IL-2

above MTD
(25 cycles)151005IS52230619
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TNF AND 1L-2 TREATMENT OF SPONTANEOUS NEOPLASMS

Table 6 Effects ofrhlL-2 and rhTNF on hematological parameters based on mean cell counts

Cell count

IL-2 TNF

=>MTD >MTD sMTD >MTDescÂ°

Prc Post Pre Post Pre Post 1'rc

1MTDesc, MTD escalated; PCV. platelet cell volume.

Post

PCV(%)WBC
xlO'/literNeutrophil

cells xI0*/literLymphocyte
cells xlO'/'ilerEosinophil

cells xlO'/literMonocytc
cells xlO'/literPlatelet

cells x 103/liter40.913.29.02.60.70.9.045141.721.712.84.23.00.9.039838.222.314.34.61.71.4.035937.539.124.78.64.42.8.037539.215.610.50.81.2.041039.318.612.20.42.0.026635.029.519.42.61.7.040234.436.327.10.73.1.0245

second IL-2 round of therapy (3 dogs), the third IL-2 round (1
dog), and the first TNF round (1 dog).

Abnormal Hematology

TNF Associated. Hematological parameters were compared
using a 2-tailed t test under the divisions of IL-2 at the MTD
and above the MTD and at or below the TNF MTD and above
the MTD with escalating dose. There were too few dogs with
hematological values recorded for TNF above the MTD (stable
dose) to be compared statistically.

Significant elevations in monocyte counts were seen at the
MTD and above the MTD for TNF (P = 0.0216, P = 0.0127)
and significant decreases in platelet counts were seen at and
above the MTD (P = 0.0001, P = 0.0258). No other significant
changes in hematological parameters occurred at any dose of
TNF (Table 6).

IL-2 Associated. For dogs receiving IL-2 there were no sig
nificant changes in packed cell volume regardless of dose.
Leukocyte (P < 0.001, P = 0.0092), neutrophil (P = 0.0229, P
jt 0.0153), and eosinophil (P = 0.0002, P = 0.0037) counts
were all significantly elevated after IL-2 at the MTD and above
the MTD, respectively. Platelet counts were lower (P = 0.0082)
after IL-2 at the MTD but were unchanged after IL-2 above the
MTD. Lymphocyte counts were elevated (P = 0.0075) after IL-
2 at the MTD but were unchanged after IL-2 above the MTD.

Tumor Responses

Tumor regression was seen in 5 of the 13 dogs with oral
malignant melanoma. A complete response, lasting beyond 3
yr (dog 1) and one partial response (necrosis and shrinkage of
an oral lesion and one lymph node metastasis) were seen (dog
11). Complete resolution of the primary tumor was seen in two
dogs (dogs 3, 6); however, these were not characterized as
objective responses because in one (dog 3) the duration of
response was only 10 days. In the other dog (dog 6), although
there was no evidence of primary tumor seen on histopathology
36 days after regression, it was euthanatized with mÃ©tastasesto
the lungs and brain. In addition, there was an objective response
of the primary oral tumor of dog 5; however, within 3 wk,
several new oral melanomas developed and the dog was euthan
atized because of terminal disease.

Tumor regression was seen in three of the four squamous cell
carcinomas. A partial response was recorded in a dog with
extensive oral squamous carcinoma (dog 27); however, this dog
had been treated with radiotherapy (a total of 10 Gy given over
a course of 7 days) and one intralesional radiofrequency hyper-
thermia treatment within 3 wk of rhTNF therapy. Two other
dogs showed minor responses (dogs 25 and 26). Dog 26 had

marked clinical improvement despite initial extensive disease.
The fourth dog with squamous cell carcinoma of the hard palate
and gingiva (dog 25) did not respond to rhTNF and rhIL-2.

A minor response with 25% reduction in lymph node size
was seen in one dog (dog 22) with lymphoma resistant to
chemotherapy. In the other three dogs with lymphoma, two
with mammary gland adenocarcinoma, and the one dog with
synovial sarcoma there were no responses.

Partial necrosis of tumors was seen in all six dogs with mast
cell tumors. Complete necrosis of a mast cell tumor preceded
death from duodenal perforation and peritonitis in one dog
(dog 17). In another dog (dog 14) the mastocytoma had recurred
at the surgical excision site with metastasis to a regional node.
This dog had a complete clinical resolution of the primary
tumor but not of nodal metastasis; however, further evaluation
was impossible because the dog died accidentally at the end of
the first cycle. Partial necrosis (>50%) was seen in three other
dogs with mastocytoma.

DISCUSSION

In this study, following administration of rhTNF and rhlL-
2, at or below the MTD, toxicities seen were predictable and
reversible. Above the MTD, there was an apparently dose-
related increase in gastrointestinal toxicity, weakness, and ma
laise. This dose effect was especially marked during the IL-2
portion of the study when only a small increase in dose resulted
in unacceptable toxicity. Intrasubject escalation of the dose of
TNF in 7 dogs was performed during the second or third cycle
of treatment, and toxicity in these animals was considerably
less than that in those receiving a high, fixed dose. This is
consistent with observations in rats, where rapid escalation in
dose of rhTNF is better tolerated than is fixed high dose.4

Higher doses of TNF alone in human phase II trials resulted
in hepatotoxicity, neurotoxicity, and hypotension (28). The
dose of TNF in this study produced only transitory elevations
of serum ALP and ALT activities; however, these were largely
present prior to therapy. Hypoalbuminemia occurred at all dose
levels of TNF therapy and persisted in 17 of 24 dogs during
IL-2 therapy. There was no concurrent weight increase that
would account for this as a secondary change due to fluid
retention, as seen in human patients treated with IL-2, nor was
there any renal dysfunction (29). Significant decreases in serum
albumin concentrations have also been seen in human patients
treated with recombinant TNF (30), as have minor decreases
in serum calcium (31). Decreases in serum albumin could have
implications when these cytokines are used in combination with

4Cetus, unpublished data.
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chemotherapeutics that are protein bound. Transient asymp
tomatic hypoglycemia was seen in seven dogs during TNF
therapy, and three of these were septic at the time of sampling.

Although some statistical differences in hematological pa
rameters were seen following TNF doses, no dog became ane
mic, leukopenic, or neutropenic during this study. Thrombo-
cytopenia was seen in eight treatment cycles; in all but one dog
the platelet counts returned to pretreatment values by the end
of IL-2 administration. All counts were above 100,000 plate-
lets/ÃÃl,and, therefore, the cytopenias were not considered clin
ically significant. Monocyte counts were above normal range
after TNF therapy at all dose levels. No functional studies were
performed on these cells; however, it may be that monocytosis
induced by TNF was also associated with increased cytoxicity.

Leukocytosis seen at all doses of IL-2 was partially due to
eosinophilia and also to neutrophilia. Eosinophilia (>1050
cells/Vl) was noted as a consistent finding in post-IL-2 hemo-
grams but had largely resolved by the end of the next round of
TNF administration. The occurrence of eosinophilia did not
seem to be related to tumor type, tumor response, or toxicity;
however, in view of massive mast cell tumor degranulation
observed in this series of dogs, it is possible that, in addition to
T-lymphocyte production of eosinophil growth-stimulating fac
tor (32), mast cell degranulation plays a role in stimulating
eosinopoiesis and chemotaxis. Mean lymphocyte counts were
higher at doses above the MTD of IL-2 than at the MTD, but
statistically significant increases were seen only at the MTD.
No lymphocyte function tests were performed on these animals.

Overall, no clinically significant hematological toxicities were
observed in this study, even at levels 9.6 times the MTD, despite
often severe gastrointestinal and constitutional toxicities. This
suggests a role for using rhTNF and rhIL-2 in combination
with conventional chemotherapeutics. In vitro synergism be
tween rhTNF and conventional chemotherapeutic agents, im-
munotherapy, or hyperthermia has already been described (33,
34).

The objective responses observed in oral malignant mela
noma are noteworthy in that oral mucosal melanoma in the
dog is highly malignant and carries a similar prognosis to that
in human patients with oral mucosal melanomas (35). Since
spontaneous regression of melanoma and other malignant neo
plasms in dogs is rare, the therapeutic advantage of this treat
ment should be further explored.

Many of the dogs described here had advanced disease or had
not benefited from previous conventional treatment protocols.
It is generally accepted that immunotherapy is more advanta
geously used when there is minimal tumor burden; therefore,
further trials of this combination are warranted in animals with
minimal disease or that have had surgical, radiotherapeutic, or
chemotherapeutic cytoreduction.

For dogs with mast cell sarcomas, marked tumor necrosis
followed TNP/IL-2 treatment. This is a common neoplasm in
the dog and carries a uniformly poor prognosis when dissemi
nated. Complete necrosis of tumor tissue was seen following
rhTNF alone in 2 of the 6 dogs with mastocytoma; however,
the histamine effects of tumor cell degranulation could not be
controlled using an H2 receptor blocking agent (cimetidine). A
decrease of rhTNF dose to 40% of the MTD plus standard
rhIL-2 dosage, using high doses of cimetidine, did not alter the
severe cellular degranulation of one dog; however, a similar
dose reduction in another dog led to complete clinical resolution
of recurring primary mastocytoma in skin, but a regional lymph
node still contained tumor cells after completion of one cycle

of therapy. It seems possible that an altered schedule of admin
istration may enhance therapy for some neoplasms while min
imizing toxicity.

It therefore appears that rhTNF and rhIL-2 can be delivered
sequentially to tumor-bearing dogs with minimal systemic side
effects and little alteration in hematological values and yet still
achieve objective tumor responses. Although the cytokines used
in this clinical trial are not strictly specific, there is some species
preference (6). These cytokines are recombinant human protein
products and their therapeutic usefulness could be even greater
in human patients. The role of laboratory rodent models in
testing cytokines for both toxicity and response of induced
tumors is well established. The role of outbred animal models
with spontaneous cancers as used in this study is also recognized
(36-38) but appears to offer several advantages. There are
established World Health Organization criteria for staging ca
nine neoplasms that are very similar to those used for human
neoplasms (27). In addition, patterns of tumor progression,
metastasis, and clinical signs referable to these spontaneous
neoplastic conditions are often identical to those in human
patients (35). The response of canine tumors to antineoplastic
chemotherapy is often similar to that seen in human patients,
and indeed combinations of antineoplastic agents as well as
radiation therapy are used to control many tumors, including
lymphoma and mammary carcinoma (39). The toxicities seen
in this study appear similar to those seen in human patients
treated with TNF and IL-2 as individual agents, and the toxic
ities of the combination used to treat spontaneous canine neo
plasms would appear to offer useful preclinical information that
may direct future human trials. These factors make the canine
cancer patient an ideal model for evaluating the toxicity and
efficacy of new anticancer treatments.
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