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Abstract Purpose: To evaluate the short-term adverse
effects of administration of dolastatin-10 (Dol-10) to
dogs with spontaneously occurring malignant tumors.
Methods: A total of 34 tumor-bearing dogs were given
Dol-10 as a rapid intravenous bolus every 14 days at
starting dosages ranging from 200 to 350 pg/m>. Acute
and short-term adverse effects, antitumor response, and
duration of response were characterized. Results: The
maximum tolerated dose varied greatly from patient to
patient, but a reasonable starting dose for further studies
was established at 300 pg/m® The median number of
treatments per dog was 2 (range 1 to 17). Granulocy-
topenia was the dose-limiting toxicity. The overall
response rate was 3%, consisting of a complete and
durable (30 months) response in a dog with high-grade
malignant lymphoma that was refractory to standard
therapy. Two minor or transient responses were
observed, and two dogs experienced disease stabilization
for 8 and 16 weeks. Conclusions: Dol-10 appears to be
well tolerated in tumor-bearing dogs at doses
approaching those tolerated by humans. The clinical
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activity observed in dogs with non-Hodgkin’s lympho-
ma warrants further investigation.
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Introduction

Dolastatin-10 (Dol-10) is a highly lipophilic, linear
pentapeptide isolated from the marine shell-less mollusk
Dolabella auricularia, with a primary structure consist-
ing of four novel amino acids [1]. Dolastatin-10 has
antiproliferative activity against a variety of tumor cell
types in the subnanomolar range in vitro, and has potent
activity against various human tumor xenografts [1, 2,
3]. Dolastatin-10 appears to exert its antitumor effect via
inhibition of tubulin polymerization, leading to meta-
phase arrest and, at higher concentrations, the complete
disappearance of intracellular tubulin [1].

Dol-10 binds to the tubulin molecule, competitively
inhibiting the binding of the vinca alkaloids but not
colchicine [4]. It may induce cytostasis or apoptosis,
depending on the cell line studied and experimental
conditions [2, 5, 6, 7]. As is the case with many antitu-
mor natural products, Dol-10 resistance can be con-
ferred by P-glycoprotein expression [8]. The results of
preclinical pharmacologic studies suggest extensive
hepatic metabolism of the parent compound, and
extensive protein binding in human, dog and mouse
plasma [9]. Additional murine data suggest that Dol-10
may exert in vivo antitumor effects in part by inducing
an acute reduction in tumor blood flow [10].

The results of two phase I trials of Dol-10 in hu-
mans with advanced solid tumors have been recently
reported. In these studies, the maximum tolerated dose
was 400 yg/m2 in minimally pretreated patients and
300 ug/m~ in more heavily pretreated patients, with
granulocytopenia being the dose-limiting toxicity.
Rapid distribution and an elimination half-life of
320 min have been identified in pharmacokinetic
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studies. The pharmacokinetics appear to vary consid-
erably within and between patients. No antitumor re-
sponses have been noted [11, 12]. A recent phase II
study of Dol-10 in human prostate cancer demon-
strated disease stabilization in several patients [13].

The dog is an excellent translational model for the
investigation of novel antineoplastic therapies. Unlike
murine models, the canine model utilizes relatively out-
bred, immunocompetent animals with spontaneously
occurring tumors, with a spectrum of tumor histotypes
and biologic behavior similar to those found in humans.
The relatively large size of canine tumors when com-
pared with murine tumors may more closely approxi-
mate human solid tumors with respect to important
biologic factors such as hypoxia and clonal variation,
and allows serial sampling of tumor tissue over time.
Finally, the relatively rapid time course of disease pro-
gression, when compared with human cancer, allows for
more rapid assessment of therapeutic endpoints than is
possible in many human clinical trials [14].

The purpose of this study was to prospectively eval-
uate the acute and short-term toxicities associated with
Dol-10 administration in a population of client-owned
(pet) dogs with spontaneously occurring neoplasia of
various histologic types and sites in the context of a
dose-escalation trial. Preliminary data regarding anti-
tumor efficacy were also obtained.

Materials and methods

Patient population

Client-owned dogs from the patient population presenting to the
Veterinary Medical Teaching Hospital at the University of Wis-
consin-Madison, from June 1997 to February 2000, were studied.
Clients were offered Dol-10 therapy for their companion animals in
cases of advanced disease where no meaningful standard of care
therapy existed, or where standard therapy had failed or been
declined. Histologic confirmation of diagnosis (or cytologic diag-
nosis in the case of some patients with lymphoma) was obtained in
all patients. Staging methods employed varied depending on the
histologic type and anatomic site of the tumor, and the clinical
status of the dog. These included, but were not limited to, physical
examination, complete blood count, serum biochemistry profile,
urinalysis, and thoracic radiographs. Dogs were eligible for the
study provided they had adequate performance status and hema-
tologic and serum biochemical parameters to undergo chemother-
apy, and were free of complicating concurrent disease. Dogs in the
study had not received chemotherapy within 2 weeks prior to Dol-
10 administration, nor received any concurrent antineoplastic
therapy. All of the dogs had measurable disease at the time of
entry. Tumors were measured either by physical assessment (i.e.
caliper measurements) or by serial examination of radiographs.

Drug administration

Dol-10 (NSC 376128) was synthesized at the Arizona State Uni-
versity Cancer Research Institute, reconstituted to a concentration
0of 200 pg/mlin 0.1 M sodium phosphate buffer, pH 7.1, and stored
at room temperature. Written approval for the clinical protocol
was obtained from the University of Wisconsin Institutional Ani-
mal Care and Use Committee, and signed informed consent and
consent to necropsy were obtained from owners prior to study

entry. The Dol-10 was administered as a rapid intravenous bolus
every 14 days. The starting dosage and dosing interval were chosen
based on data generated in normal dog toxicity studies [15]. The
objective was to escalate the dosage in 50 pg/m? increments to
the point where fewer than one-third of the dogs experienced
clinically significant toxicosis necessitating dosage adjustment or
treatment discontinuation. Treatment was continued until the
pa#132;tient developed progressive disease, developed significant
toxicity, or until quality of life was diminished to a point deemed
unacceptable by the owner and attending oncologist.

Toxicity assessment

Complete blood counts were obtained prior to each treatment, and
7 days following Dol-10 administration. A minimum neutrophil
count of 2500/l and platelet count of 75,000/ul were required for
administration of Dol-10. At each 14-day re-evaluation visit, a
thorough history and physical examination were performed to
determine any clinically adverse effects of the drug treatment, and a
complete blood count was obtained. Hematologic toxicity was
assigned a severity grade according to a modification of the NCI
Common Toxicity Criteria [16] (Table 1). Dogs receiving four or
more doses of Dol-10 were assessed for cumulative trends in
hematocrit and platelet count.

Parameters for evaluation of therapeutic response

Tumor measurements were recorded for each dog immediately
before, and then again 14 days following each Dol-10 treatment.
Three-dimensional caliper measurements were obtained in acces-
sible tumors, or in the case of radiographs or ultrasound, the
longest diameter and a perpendicular diameter at the widest por-
tion of each tumor were measured. A complete response (CR) was
defined as complete regression of all measurable tumors for at least
6 weeks. A partial response (PR) was defined as at least a 50%
decrease in the measurable tumor volume, with no evidence of new
tumors for at least 6 weeks. Stable disease (SD) was defined as less
than 50% decrease, or less than 25% increase in the measurable
tumor volume, without the development of new lesions for at least
6 weeks. Progressive disease (PD) was defined as greater than 25%
increase in the measurable tumor volume, or the appearance of new
tumors. The duration of response or disease stabilization was
defined as the time from achievement of response until subsequent
progression of disease, loss to follow-up, or death. Whenever
possible, complete post-mortem examinations were performed at
the time of death or euthanasia.

Results
Patient characteristics

A total of 34 dogs were enrolled in the study. The
patient characteristics are presented in Table 2. Tumor
types included malignant lymphoma (similar to human
high-grade non-Hodgkin’s lymphoma, 15 dogs), ma-
lignant mast cell tumor (four), malignant melanoma

Table 1 Modified NCI Common Toxicity Criteria for canine
neutropenia

Grade 0 Neutrophils > 1500/ul
Grade 1 Neutrophils 1000-1500/ul
Grade 2 Neutrophils 800-1000/pl
Grade 3 Neutrophils 500-800/ul
Grade 4 Neutrophils < 500/pl
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Table 3 Neutropenia following dolastatin-10 administration

Age (years)
Median 8
Range

Weight (kg)
Median 26
Range 2.6-50

Sex
Female 20
Male 14

Breed
Golden retriever
German shepherd
Labrador retriever
German short-haired
Pointer
Mixed breed
Other (one each) 1

Tumor type
Lymphoma 1
Mast cell tumor
Apocrine gland carcinoma
Melanoma
Squamous cell carcinoma
Bronchogenic carcinoma
Hemangiosarcoma
Other (one each)
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Prior therapy
Chemotherapy
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Radiotherapy
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(two), oral squamous cell carcinoma (two), broncho-
genic carcinoma (two), hemangiosarcoma (two), apo-
crine gland carcinoma (three), and one each of
osteosarcoma, mammary gland carcinoma, fibrosarco-
ma, and multilobular osteochondrosarcoma. No
patient had disease confined to the primary site, eight
had disease confined to the regional lymph nodes, and
26 had distant metastasis (or systemic disease in the
case of lymphoma) at the time of entry. Of the 34
patients, 33 had prior chemotherapy, 2 had prior ra-
diotherapy, and 4 had prior immunotherapy. Drugs
previously received included doxorubicin (22 dogs),
cyclophosphamide (20), asparaginase (14), vincristine
(13), CCNU (7), mitoxantrone (4), vinblastine (4),
paclitaxel (4), carboplatin (3), melphalan (2), cisplatin
(1), Doxil (1), and actinomycin D (1). The median
number of prior chemotherapy protocols was one, with
a range of zero to four.

Treatments

A total of 82 treatments were given at 14-day intervals,
at starting dosages of 200 pg/m? (19), 250 pg/m* (7),
300 pg/m? (7), and 350 pg/m?* (1). Dogs received from 1
to 17 Dol-10 treatments, with a median of two treat-
ments per dog. Intrapatient dose escalation occurred in
12 dogs, and dose reduction was necessary in three as a
result of hematologic toxicity.

Dose No. of patients Total no.  Modified NCI
(ug/m?)  (first dose) of doses toxicity grade

1 2 3 4
160 - 3 - - - -
180 - 1 - - - -
200 19 31 1 2 - 1
250 7 15 1 - - 2
300 7 27 2 1 - -
350 1 2 - - - -
400 - 1 - - - -

Hematologic toxicity

Ten dogs experienced neutropenia 7 days following Dol-
10 treatment (Table 3), and all dogs had neutrophil
counts in the normal range 14 days following Dol-10.
One dog experienced grade 1 thrombocytopenia (platelet
count 100,000-150,000/ul) following one treatment at
250 pg/m?, and following one of seven treatments
at 200 pg/m?. Grade 24 neutropenia (neutrophil counts
less than 1000/ul) occurred in five dogs. This occurred at
a dose of 200 pg/m? in two dogs, 250 pug/m? in two, and
300 pg/m? in one. Patient weight did not correlate with
likelihood or severity of neutropenia. None of the dogs
with neutropenia developed fever or other signs consis-
tent with infection or sepsis. None of the four dogs
receiving four or more Dol-10 doses demonstrated any
significant decreases in hematocrit or platelet count over
time.

Gastrointestinal toxicity

Four dogs experienced gastrointestinal toxicity.
Two owners reported mild inappetance persisting for 3—
7 days following treatment. Two owners reported mild
self-limiting diarrhea, and one dog experienced mild
vomiting for 2 days immediately following treatment.
Gastrointestinal side effects occurred in three dogs at a
dose of 200 pg/m?, and in one dog at a dose of 300 pg/
m”. No gastrointestinal effects were dose-limiting, or
required treatment delays or specific therapy.

Therapeutic response

Of the 34 patients, 33 were evaluable for response. One
patient with malignant lymphoma experienced a durable
CR, for an overall response rate of 3%. Two patients
experienced minor or transient responses, and two
patients experienced SD. The patient experiencing a CR
had failed previous multiagent chemotherapy with
asparaginase, doxorubicin, cyclophosphamide, predni-
sone and vincristine (CHOP). CR was achieved after 2
Dol-10 treatments at 200 and 250 pg/m?, and the dog
went on to receive an additional 15 doses of Dol-10 at
300 pg/m? every other week. Treatment was discontinued
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at that time while the dog was still experiencing CR. The
dog developed a biopsy-confirmed hepatocellular carci-
noma 14 months after Dol-10 initiation, and further
treatment was declined. The dog was euthanized, still
in clinical CR from lymphoma, 30 months after initia-
tion of Dol-10 therapy. Complete post-mortem exam-
ination revealed no gross or microscopic evidence of
lymphoma.

One dog with lymphoma that had failed four previous
chemotherapy drugs/protocols (CHOP, CCNU, actino-
mycin D, and mitoxantrone) experienced a 48.5%
reduction in lymph node volume after a single injection
of Dol-10 at 200 pg/m?”. A second injection of 250 pg/m?
was given, and the dog was euthanized by the referring
veterinarian for respiratory distress of undetermined
origin 7 days later. Post-mortem examination was not
performed, and no further clinical information was
provided. Another dog with WHO stage III malignant
mast cell tumor that had been previously treated with
vinblastine and CCNU experienced a greater than 50%
reduction in the volumes of the primary mass and
regional lymph node metastasis, but this response per-
sisted for only 4 weeks and thus could not, by definition,
be considered a PR. The two dogs with apocrine gland
carcinoma of the anal sac experienced disease stabiliza-
tion for 8 and 16 weeks. Both had previously failed
chemotherapy with melphalan and an anthracycline-
based protocol. Ultrasound examination of the abdomen
in one of these dogs suggested marked cavitation of an
enlarged median sacral lymph node after two treatments
that was not present prior to Dol-10 administration.

Post-mortem findings

Post-mortem examination was carried out on 14 dogs.
No changes attributable to Dol-10 administration were
identified in any dog. Four dogs had evidence of mild to
moderate hepatic vacuolar degeneration, but three of
these had been treated with corticosteroids, which could
have been responsible for the changes observed. Two
dogs had evidence of renal interstitial fibrosis, varying
from mild to severe.

Discussion

The acute and short-term toxicities associated with Dol-
10 administration to dogs with a wide variety of tumors
were evaluated in a dose-escalating fashion. No signs of
acute reaction were noted in any patient during or
immediately following drug delivery.

When delivered as a rapid intravenous bolus every
14 days, the maximally tolerated dose of Dol-10
appeared quite variable in the canine tumor-bearing
patients treated in this study. Although pharmacokinetic
studies were not carried out as part of this trial, data
from human subjects suggest that the plasma clearance
of Dol-10 can vary considerably within and between

patients [11]. It is possible that the range of tolerable
Dol-10 doses observed in this study was a result of a
similar phenomenon. Based on the variability observed
in this group of patients, a starting dose of 300 pg/m?
appears advisable, with dose escalation or reduction
applied as necessary based on individual toxicity.

Myelosuppression was the most frequent toxicity
encountered in canine patients treated with Dol-10. It
was also the dose-limiting toxicity in two phase I trials of
Dol-10 in humans [11, 12]. Gastrointestinal signs were
infrequent, mild and self-limiting. Although neurologic
complications and injection site irritation have been also
reported in humans, no clinical evidence of these was
observed in dogs receiving Dol-10. No association could
be made between the amount or type of prior chemo-
therapy and the development of any toxicity.

A wide variety of tumor histotypes were treated in
this study. These included carcinomas, sarcomas and
round-cell tumors, and represent a more diverse gamut
of tumor types than is often encountered in many
human phase I clinical trials. Although the primary fo-
cus of this study was to characterize the short-term
toxicoses associated with Dol-10 administration, pre-
liminary information regarding antitumor activity was
also generated. The overall response rate of 3% is low,
but the one responding patient with multicentric lym-
phoma experienced a CR that persisted for 30 months,
until the time of death from an unrelated disease. This is
exceptional in that the rate of “cure” in canine lym-
phoma is less than 5% with standard CHOP-based
chemotherapy, and that failure to experience durable
CR to first-line therapy is an extremely poor prognostic
factor for long-term disease-free survival [17].

Transient or minor responses were also seen in two
patients with lymphoma and malignant mast cell
tumor. Interestingly, all the patients in which clinical
activity was observed had failed prior treatment with
vinca alkaloids. Given that Dol-10 is capable of com-
petitively inhibiting vinca alkaloid binding to the
tubulin molecule [4] and can be handled via P-glyco-
protein [§8], it was surprising that clinical activity was
observed in these patients, and perhaps lends support
to the notion that Dol-10 may exert some of its in vivo
antitumor effect via targeting of the vascular com-
partment.
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