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Continuous Low-Dose Oral Chemotherapy for Adjuvant Therapy of

Splenic Hemangiosarcoma in Dogs

Susan Lana, Lance U’ren, Susan Plaza, Robyn Elmslie, Daniel Gustafson, Paul Morley, and Steven Dow

Background: Hemangiosarcoma (HSA) is a highly metastatic and often rapidly fatal tumor in dogs. At present,
conventional adjuvant chemotherapy provides only a modest survival benefit for treated dogs. Continuous oral
administration of low-dose chemotherapy (LDC) has been suggested as an alternative to conventional chemotherapy
protocols. Therefore, we evaluated the safety and effectiveness of LDC using a combination of cyclophosphamide, etoposide,
and piroxicam as adjuvant therapy for dogs with stage II HSA.

Hypothesis: We hypothesized that oral adjuvant therapy with LDC could be safely administered to dogs with HSA and that
survival times would be comparable to those attained with conventional doxorubicin (DOX) chemotherapy.

Animals: Nine dogs with stage II splenic HSA were enrolled in the LDC study. Treatment outcomes were also evaluated
retrospectively for 24 dogs with stage 11 splenic HSA treated with DOX chemotherapy.

Methods: Nine dogs with stage II splenic HSA were treated with LDC over a 6-month period. Adverse effects and treatment
outcomes were determined. The pharmacokinetics of orally administered etoposide were determined in 3 dogs. Overall
survival times and disease-free intervals were compared between the 9 LDC-treated dogs and 24 DOX-treated dogs.

Results: Dogs treated with LDC did not develop severe adverse effects, and long-term treatment over 6 months was well-
tolerated. Oral administration of etoposide resulted in detectable plasma concentrations that peaked between 30 and
60 minutes after dosing. Both the median overall survival time and the median disease-free interval in dogs treated with LDC
were 178 days. By comparison, the overall survival time and disease-free interval in dogs treated with DOX were 133 and 126
days, respectively.

Conclusions: Continuous orally administered LDC may be an effective alternative to conventional high-dose chemotherapy

for adjuvant therapy of dogs with HSA.
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emangiosarcoma (HSA) is a malignant tumor of

dogs that probably arises from endothelial stem
cells and exhibits very aggressive biological behavior."*
Even with complete surgical excision of the primary
tumor, metastasis often occurs early in the postsurgical
period and survival times are typically short. For
example, the median overall survival time for dogs with
stage I or I HSA treated with surgery alone was
reported to be 86 days.*

Adjuvant treatment with chemotherapy, particularly
with anthracycline-based drugs such as doxorubicin
(DOX), has been reported to result in modest improve-
ments in survival times."”’7 However, the prognosis
remains poor for dogs with HSA. Typical median
survival times after surgery and chemotherapy are 6
months or less. For example, Ogilvie et al® reported
a median overall combined survival time of 172 days for
dogs with all stages of HSA treated with DOX
chemotherapy.

Recent attempts to improve outcomes in dogs with
HSA by adjuvant chemotherapy have focused on
chemotherapy dose intensification, use of nonspecific
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immune stimulation, or addition of angiogenesis in-
hibitors such as minocycline to traditional chemother-
apy regimens.”® However, neither DOX dose intensifi-
cation nor addition of minocycline were found to
produce significant improvement in overall survival
times compared wtih treatment with DOX alone.”® In
contrast, a significant improvement in survival was
observed in dogs treated with an immune modulator
(liposome-encapsulated muramyl tripeptide phosphati-
dylethanolamine [L-MTP-PE]) combined with chemo-
therapy (median survival time, 162 days) compared with
dogs treated with chemotherapy alone (median survival
time, 96 days), but survival times were still relatively
short.” Thus, there remains a need for improved
adjuvant therapy for preventing metastases in dogs with
HSA.

Continuously administered LDC (metronomic or
antiangiogenic dosing chemotherapy) is a promising
alternative to conventional cancer chemotherapy proto-
cols.'® " Unlike traditional chemotherapy, the primary
target of antiangiogenic chemotherapy is the tumor
vasculature itself (specifically, the host endothelial cells)
rather than the tumor cells.'"" Such an approach has
several potential advantages, including the greater
genetic stability of normal endothelial cells relative to
tumor cells and the relative inability of nontransformed
endothelial cells to develop resistance to chemotherapy
drugs. Several different classes of chemotherapy drugs
have demonstrated antiangiogenic activity in vitro and
in vivo.”? In early studies in mouse tumor models,
cyclophosphamide administered at conventional high
doses markedly increased endothelial cell apoptosis,
even before the onset of tumor cell apoptosis.”
However, the tumor vasculature still underwent signif-
icant regeneration during the 2- to 3-week interval
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between chemotherapy doses. In contrast, when cyclo-
phosphamide was given in a continuous, low-dose
schedule, significant antiangiogenic activity persisted
throughout the treatment period and was associated
with control of tumor growth, even when tumor cells
resistant to cyclophosphamide were assessed.'®

Several mechanisms may account for the antiangio-
genic effects of metronomic chemotherapy dosing. For
one, dividing endothelial cells may have a unique
sensitivity to low doses of chemotherapy, particularly
to drugs such as microtubule inhibitors, as has been
demonstrated in vitro." Other studies have suggested
that circulating endothelial progenitor cells from the
bone marrow may be targeted by LDC.'-*' In
addition, blood vessel growth may be altered indirectly
by increasing production of antiangiogenic factors such
as thrombospondin-1."*

Orally administered etoposide given in a low-dose
schedule has been reported to have some efficacy against
drug resistant tumors in human neuro-oncology pa-
tients.” 2! Although etoposide for use in humans is toxic
in dogs when administered intravenously at high doses,
the drug is thought to be potentially less toxic if
administered orally.?>*

The nonsteroidal anti-inflammatory drug (NSAID)
piroxicam also has demonstrated significant activity
against a variety of types of cancer in dogs.**?’ The
effects of piroxicam on tumor cells in dogs have been
evaluated extensively, as has the interaction of pirox-
icam with chemotherapy in dogs.****# Although the
effects of piroxicam on tumor angiogenesis have not
been extensively investigated, there is some evidence that
inhibition of cyclooxygenase (COX) enzymes COX 1
and COX 2 by NSAIDs can interfere with endothelial
cell tube formation and vascular endothelial growth
factor (VEGF) production.***' Moreover, orally admin-
istered piroxicam is now commonly included in treat-
ment protocols for a variety of different tumors of dogs.

Therefore, we conducted a study of orally adminis-
tered LDC in dogs with splenic HSA. We hypothesized
that, based on our previous clinical experience, LDC
would be safe and effective in dogs with HSA. To test
this hypothesis, we assessed the safety of long-term
treatment with LDC in dogs with HSA and compared
adverse effects to those in dogs treated with conven-
tional DOX chemotherapy. In addition, treatment
outcomes in dogs treated with LDC or with DOX
chemotherapy were compared. The results of these
studies suggested that LDC may be a useful alternative
to conventional IV DOX chemotherapy for adjuvant
therapy of dogs with splenic HSA.

Materials and Methods
Study Population

This study was approved by the Institutional Animal Care and
Use Committee at Colorado State University, and informed owner
consent was obtained before dogs were included in the study.
Patients with histologically confirmed HSA of the spleen without
obvious metastases at the time of surgery (stage II HSA) were
eligible for entry into the study, whereas patients with stage III

Table 1. Patient population characteristics for dogs
with stage II hemangiosarcoma treated with low-dose
continuous chemotherapy (LDC) or conventional
doxorubicin (DOX) chemotherapy.

Parameter LDC group (n = 9) DOX group (n = 25)
Age (y) 10.0 (10.0); 7-12 9.0 (9.9); 7-17
Weight (kg) 35.0 (33.1); 24.5-45.4 30.9 (31.8); 14-56.8
Sex
Male intact 1 2
Male, neutered 6 12
Female, neutered 2 10

disease (measurable metastasis or multifocal disease) were excluded
(Table 1). Dogs were treated by veterinary oncologists at the
Animal Cancer Center, Colorado State University, Ft Collins, or at
the Veterinary Cancer Specialists, Englewood, Colorado. Dogs
were staged according to a modified World Health Organization
system based on thoracic radiographs, abdominal ultrasound,
exploratory laparotomy, and echocardiogram. Treatment was
initiated 2 weeks after surgical splenectomy.

For the LDC study, 12 dogs with stage II splenic HSA were
randomized in a 3 to 1 ratio into either the LDC treatment group
(LDC group; 9 dogs) or the DOX-only treatment group (DOX
group; 3 dogs), using a preassigned block randomization table. For
comparison of survival times and disease-free intervals, we also
retrospectively identified 21 dogs matched for tumor stage (stage I1
splenic HSA) that had been treated with DOX only at the same
institutions and by the same oncologists over the past 10 years,
including 6 dogs treated within the past 2 years. For evaluation of
safety and adverse effects, data from the 3 dogs in the LDC study
randomized to the DOX group were combined with data from the
6 recently treated DOX dogs. These 6 dogs were included in this
analysis because they had been enrolled (and randomized into
a control arm) in another study and had been actively monitored
for adverse effects of DOX chemotherapy. For statistical analysis
of treatment outcomes data, survival and disease-free interval data
from the 9 dogs noted above were combined with survival and
disease-free interval data from an additional 15 historical disease-
matched and DOX-treated dogs (treated in the past 10 years at the
2 participating institutions) to form one group of 24 DOX-treated
dogs.

Low-Dose Continuous Chemotherapy

Dogs enrolled in the LDC study were treated with etoposide
and cyclophosphamide administered daily on alternating 3-week
cycles. Piroxicam was administered continuously daily throughout
the 6-month treatment period. The decision to use this combination
of drugs (cyclophosphamide, etoposide, piroxicam) was based on
the advice of Dr. Mark Kieran (Dana Farber Cancer Institute,
Boston, MA) and on previous human and mouse treatment
protocols.?

Etoposide was administered as an oral solution once daily for 3
weeks. This treatment schedule was selected (rather than alternat-
ing every other day administration with cyclophosphamide) so that
toxicity could be more easily assigned to one or the other drug
treatments. The etoposide solution was prepared as a suspension in
Ora Sweet/Ora Plus® suspending agent at a concentration of 10 mg/
mL, using etoposide for injection.” Etoposide was dosed at 50 mg/
m? and was administered in 3-week cycles, alternating with
cyclophosphamide. Cyclophosphamide was administered PO at
a dose of 12.5 to 25 mg/m? per day orally for 3 weeks, in alternating
3-week cycles with etoposide. Piroxicam was administered PO on
a daily basis throughout the study, at a dose of 0.3 mg/kg per day.
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The 3-drug combination was continued for 6 months (28 weeks) or
until disease recurrence and progression was noted.

Doxorubicin Chemotherapy

DOX was administered IV at a dose of 30 mg/m? every 2 weeks
for an intended course of 5 treatments.

Evaluation of Toxicity, Followup, and Outcome

Toxicity was graded according to the Veterinary Cooperative
Oncology Group Common Terminology Criteria for Adverse
Events (VCOG-CTCAE)."” In the LDC group, CBCs were done
before treatment and again on days 7, 14, and 21, and then every 3
weeks until week 27. Gastrointestinal toxicity and a quality-of-life
assessment were based on a questionnaire given to the owners at 3-
week intervals. Patients in the DOX treatment group had CBCs
done every 2 weeks for the first 10 weeks, and then once every 3
months after that until week 27. Gastrointestinal toxicity and
quality-of-life assessment were based on a questionnaire given to
the owners on the same schedule. Disease progression was
evaluated using 3-view thoracic radiographs and abdominal
ultrasound in the LDC group at weeks 9, 18, 27, and 36 or as
warranted by clinical signs. The same parameters were evaluated in
the 9 dogs in the DOX group at weeks 8, 18, 27, and 36.

Etoposide Pharmacokinetics

In 3 patients, blood samples were taken after a single oral dose
of 50 mg/m? for pharmacokinetic analysis of etoposide blood
concentrations to ensure oral bioavailability. Serum samples were
collected at the following time points after PO administration:
0.5 hours, 1 hour, 2 hours, 4 hours, and 24 hours. Samples were
frozen at —80°C and stored until analysis. Analysis was performed
using liquid chromatography mass spectroscopy/mass spectroscopy
using a modified protocol described previously.*

Statistical Analysis

Disease-free interval was calculated from the time of surgical
removal of the tumor to the time of metastasis, and survival was
defined from the time of surgery to the time of death. The Kaplan
Meier product-limit method and the log rank test were used to
assess statistical differences between the treatment groups. Dogs
that died of nontumor disease were censored from the survival
analysis. Analysis was done using Graphpad Prism software (San
Diego, CA). A P value <.05 was considered statistically significant.

Results

Assessment of Toxicity in Dogs Treated with LDC
or with DOX Only

Dogs in the LDC and DOX treatment groups were
assessed for clinical evidence of serious toxicity (grade 3
or 4), as defined previously.** Overall, the frequency of
mild (grade 1 or 2) toxicities was similar between both
treatment groups (data not shown). None of the 9 dogs
in the LDC treatment group developed grade 3 or 4
hematologic toxicities, nor did any of these dogs develop
grade 3 or 4 gastrointestinal toxicities. Two dogs in the
LDC group developed signs consistent with sterile
hemorrhagic cystitis, a known complication of cyclo-
phosphamide treatment in dogs.* One of these dogs had
received 25 mg/m? cyclophosphamide during the study;
hemorrhagic cystitis developed at 12 months, after the
study had ended. The owner of this dog elected to
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Fig 1. Blood concentrations of etoposide after oral administra-

tion. Serum concentrations of etoposide were determined at various
time points over 24 hours after administration of a single oral dose
of 50 mg/m? to 3 dogs with hemangiosarcoma, as described
in methods.

continue LDC therapy using only etoposide and
piroxicam. The second patient developed cystitis on
week 18 of the study and was switched to PO etoposide
plus piroxicam for the remaining 9 weeks of the study.

In the DOX group, none of the 9 treated dogs
developed grade 3 or 4 hematologic toxicity. However, 3
of the dogs in the DOX group developed grade 3 or 4
gastrointestinal toxicity. None of the dogs in the DOX
group developed cystitis. This frequency of hematologic
and gastrointestinal adverse effects in dogs treated with
DOX alone is consistent with what has been reported
previously.®

Absorption Kinetics After Oral Administration
of Etoposide

Although etoposide has been administered systemi-
cally to dogs previously, oral absorption of the drug has
not been evaluated previously in dogs.?> Therefore,
absorption kinetics after PO dosing was evaluated in 3
HSA patients. In all 3 dogs, the peak serum concentra-
tions of etoposide occurred between 30 minutes and
1 hour after dosing, and then declined thereafter (Fig 1).
Drug concentrations in serum were detectable in 2 of 3
dogs at 4 hours after dosing, whereas etoposide con-
centrations were undetectable by 24 hours in all 3 dogs.
These results indicate that etoposide is absorbed orally
in dogs, but absorption appears to be somewhat
variable; oral dosing seemed to achieve detectable levels
though transient serum concentrations.

Outcome After Treatment with LDC or DOX

In the LDC group of 9 dogs, 6 dogs died of tumor
metastasis, 1 dog died of unrelated causes (intervertebral
disk disease), and 2 dogs were still alive at 63 and 498
days after diagnosis. In the combined group of 24 dogs
treated with DOX, none of the dogs survived beyond
200 days. By Kaplan Meir survival analysis it was
determined that the median overall survival time for
dogs in the LDC group was 178 days, which was
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Fig 2. Survival times in dogs with hemangiosarcoma treated with
adjuvant low-dose continuous chemotherapy (LDC) versus doxo-
rubicin (DOX) chemotherapy. Survival times were determined and
plotted for 9 dogs treated with LDC and 24 dogs treated with
conventional DOX chemotherapy. The median survival time of 178
days for dogs in the LDC group was significantly different (P =
.03) than the 133-day median survival time for dogs treated with
conventional DOX chemotherapy.

significantly longer (P = .03) than the median overall
survival time of 133 days for dogs in the DOX group
(Fig 2). When disease-free intervals were compared, the
median disease-free interval for dogs in the LDC group
was 178 days, which was not statistically different (P =
.18) from the median disease-free interval of 126 days for
dogs in the DOX group (Fig 3).

Discussion

The major findings of this study were that low-dose
continuous oral administration of 3 drugs (cyclophos-
phamide, etoposide, piroxicam) was well tolerated as
adjuvant therapy for stage II splenic HSA in dogs. In
addition, the results of this preliminary study involving
a relatively small number of animals suggest that
survival times after treatment with the 3-drug combina-
tion were at least as good as those obtained after
conventional chemotherapy with DOX. Additional
studies to assess the efficacy of continuous LDC for
HSA or other metastatic tumors of dogs are therefore
warranted.

Little progress has been made in treating HSA in
dogs, and survival times for dogs with stage 2 or 3
disease are still relatively short (6 months or less)
compared with those for dogs with other tumors.’
Adding angiogenesis inhibitors to the treatment regimen
has not improved survival times, and only immunother-
apy in combination with chemotherapy has been shown
to produce a significant increase in survival times.®’

The use of continuously administered LDC to inhibit
tumor angiogenesis is a promising alternative for
adjuvant therapy of HSA. For one, the neoplastic
HSA cells are believed to arise from transformed
endothelial cells and therefore may retain their suscep-
tibility to certain antiangiogenic agents.*® In addition,
HSA tumors are themselves generally highly vascular-
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Fig 3. Disease-free intervals in dogs with hemangiosarcoma
treated with adjuvant low-dose continuous chemotherapy (LDC)
versus doxorubicin (DOX) chemotherapy. Disease-free intervals
were determined and plotted for 9 dogs in the LDC group and 24
dogs in the DOX group. The median disease-free interval of 178
days in LDC group dogs was not significantly different (P = .18)
from the 126-day median disease-free interval in dogs treated with
DOX only.

ized and may therefore respond to inhibitors of normal
endothelial cells. Moreover, the LDC treatment regimen
is a relatively nontoxic and inexpensive alternative to
conventional IV high-dose chemotherapy, with relative-
ly little risk of typical chemotherapy adverse-effects.
Therefore, LDC would be an attractive treatment option
for HSA even if treatment outcomes were equivalent to
those of conventional IV chemotherapy. In addition, the
potential usefulness of LDC is likely not limited to the
treatment of HSA, as we have also observed substantial
treatment effects from continuous low-dose piroxicam
and cyclophosphamide therapy in dogs with a variety of
other tumors, especially sarcomas (Elmslie, RE; un-
published data).

Previous studies in rodent models and a few clinical
trials in human beings have demonstrated the potential
effectiveness of LDC.>*** However, a clinical trial
evaluating use of the LDC approach has not been
previously reported in veterinary patients. Our study
was designed to use a combination of drugs most likely
to be used clinically by veterinary oncologists. As many
dogs with cancer are now managed with continuously
dosed piroxicam, that drug was included in the present
study. At the doses of LDC used in this study, we did
not observe appreciable toxicity, and in fact, the data
suggested that toxicity may have been lower after
treatment with LDC than with conventional DOX
chemotherapy.

Although relatively small numbers of patients were
treated in this preliminary study, it appeared that
treatment with LDC was at least as effective as
conventional DOX chemotherapy. Dogs treated with
the LDC protocol experienced a statistically significant
increase in survival times compared with historical data
for control dogs matched for tumor stage and treated
with DOX chemotherapy. Although comparisons with
historical control groups are not always reliable in
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predicting treatment outcomes, these results suggest that
additional studies of LDC use for treating HSA and
other metastatic tumors are warranted. We also
observed that disease-free interval times were not
significantly increased in dogs treated with LDC,
whereas survival times were increased. The reasons for
this apparent discrepancy are unclear, but may be
related to a positive survival benefit of LDC treatment
even after the tumor has recurred.

The design of our study included 3 drugs adminis-
tered concurrently. Therefore, it was not possible to
determine whether the observed effects of the 3-drug
combination were attributable to the effects of a single
drug or to the combined effects of all 3 drugs in the
protocol. For example, the oral absorption of etoposide
was very variable (see Fig 1) and therefore not all dogs
may have attained adequate etoposide serum concentra-
tions. Additional studies are indicated to address this
issue. One possible explanation for the benefit observed
with LDC therapy may be related to the duration of
therapy (6 months) compared with the typical 10-week
duration of DOX chemotherapy. It should also be noted
that the survival times for dogs with HSA in both
treatment groups were shorter than those reported in
previous retrospective studies of dogs with HSA.>” The
reasons for this discrepancy are not known, but may
relate to differences in patient entry and staging criteria,
or possibly to geographic factors that may have affected
treatment outcomes. However, we believe the survival
times reported here for dogs with carefully staged HSA
are in fact representative of typical stage II splenic HSA
patients treated in our region (Rocky Mountain region).

In future studies assessing antiangiogenic chemother-
apy in dogs, it would also be helpful to include surrogate
biomarkers for antiangiogenic effects, in addition to
assessing clinical outcomes. Such assays could include in
vivo angiogenesis assays (eg, tumor microvessel density
or wound healing assays) and measurement of circulat-
ing antiangiogenic or proangiogenic factors such as
thrombospondin-1 or VEGF. Assessment of the effects
of treatment on numbers of circulating endothe-
lial progenitor cells may be a particularly useful
biological marker in assessing responses to treat-
ment with continuously administered antiangiogenic
agents.'"*!* Through use of these surrogate markers it
may also be possible to assess the relative contribution
of any one drug in a multidrug combination.

Finally, it is also possible that LDC would be more
effective if combined with standard high-dose DOX
chemotherapy, an approach in which both the tumor
cells and the tumor blood supply would be targeted
simultaneously The effectiveness of such an approach
has been demonstrated recently in a mouse tumor
model.”® One of the authors has treated several dogs
with HSA and other tumors using LDC plus conven-
tional DOX chemotherapy. The combined chemother-
apy approach, although reasonably well tolerated, did,
however, lead to an increased frequency of hematologic
toxicities, particularly prolonged neutropenia (Elmslie,
R; unpublished data). Alternatively, LDC might be
more effective if combined with immunotherapy, using

either L-MTP-PE or liposome-DNA complexes.[’,37] In
conclusion, the results of the present study represent an
important initial step in the development and evaluation
of alternative adjuvant chemotherapy approaches for
managing highly malignant tumors such as HSA in
dogs.

Footnotes

#Ora Sweet, Paddock Laboratories Inc, Minneapolis, MN
bTopscar, SICOR Pharmaceuticals, Irvine, CA
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