
Piroxicam, Mitoxantrone, and Coarse
Fraction Radiotherapy for the Treatment

of Transitional Cell Carcinoma of the
Bladder in 10 Dogs: A Pilot Study

Ten dogs with transitional cell carcinoma (TCC) of the bladder were treated with a combination
of once-weekly coarse fraction radiation therapy (six weekly fractions of 5.75 Gray [Gy]), mitox-
antrone chemotherapy, and piroxicam. All dogs completed the radiation therapy protocol, and
only minimal side effects were observed. Only two (22%) dogs achieved a measurable partial
response; however, 90% of the dogs had amelioration of their urinary clinical signs. The median
survival time for all dogs was 326 days. While this treatment protocol was well tolerated, the
response rate and overall survival duration was not superior to reports using mitoxantrone and
piroxicam without radiation therapy in dogs with TCC. J Am Anim Hosp Assoc 2004;40:131–136.
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Introduction
Transitional cell carcinoma (TCC) is the most common neoplasm of the
urinary bladder in dogs, accounting for 1% of all canine neoplasms. At
initial clinical presentation, 82% to 98% of TCCs have infiltrated the
muscle layer; 14% to 17% have already metastasized; and most are
located in the trigone region, making surgical excision difficult or
impossible.1-4

Several treatments have been investigated for TCC in dogs, generally
with limited success. Cystectomy with ureterocolonic anastomosis has
been reported, but it is associated with severe side effects (i.e., hyperam-
monemia, hyperchloremia, metabolic acidosis, uremia, and pyelonephri-
tis) and short survival times of <5 months.5 Partial cystectomy or surgical
debulking has a high occurrence of  local and distant tumor relapse and
median survival times between 3 and 10 months.2,6,7 Transitional cell
carcinoma is relatively chemoresistant. Cisplatin,8-10 doxorubicin,6 and
mitoxantrone11 have shown some efficacy, but response rates are usually
<25%, and median survival times are reported to be between 4 and 9
months. Radiation therapy (full course or intraoperative) has been used
with some efficacy (e.g., with median survival times of 4 to 16 months);
however, complications of therapy included urinary incontinence, cystitis,
and accompanying stranguria, and have resulted in euthanasia of many of
the cases. Bladder fibrosis is also a common feature at necropsy.2,12,13

Piroxicam, a nonsteroidal anti-inflammatory drug, may improve clin-
ical signs in dogs with TCC. In one report, an objective tumor response
(i.e., reduction in size) was seen in six of 34 treated dogs, with a median
survival time of 6 months.14 Piroxicam’s mechanism of action is not
completely understood, but it may result from immunomodulatory,
proapoptotic, and antiangiogenic effects rather than from a direct cyto-
toxic effect.3,15 Piroxicam is generally well tolerated. Gastrointestinal
toxicity is the most common side effect and occurs in approximately 15%
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of treated cases.3,14 Recently, a combination of piroxicam
and mitoxantrone chemotherapy was used in dogs with
TCC and resulted in a higher response rate (34.5% versus
16.3%) than what was observed when piroxicam was used
as a single agent.16

In humans, only 25% of TCCs are classified as invasive at
the time of diagnosis, and therapy is divided into two cate-
gories: sparing and nonsparing of the bladder. Unfortunately,
in veterinary medicine, cystectomy has been associated with
severe complications and little therapeutic gain,5 probably
because of the advanced nature of the disease in dogs at the
time of diagnosis. Regarding bladder-sparing treatment
options in humans, radiation therapy alone (i.e., external
beam, implantation, intraoperative) or in combination with
surgery (i.e., partial cystectomy) and chemotherapy (i.e.,
concurrent, alternating, sequential), is the treatment strategy
favored in the most recent protocols. However, the optimal
radiation protocol is still unknown in people.17

The purpose of this pilot study was to evaluate a multi-
modality protocol consisting of coarse fraction radiation
therapy (extrapolated from a protocol used in human cancer
patients) in combination with mitoxantrone and piroxicam
for TCC of the bladder in dogs.18

Materials and Methods
Case Material
Medical records of dogs with histopathologically (n=8) or
cytopathologically (n=2) confirmed TCC of the bladder,
presented to the University of Wisconsin-Madison
Veterinary Medical Teaching Hospital from 1997 to 2000,
were retrospectively reviewed. Dogs were included in the
study if they had been treated with coarse fraction radiation
therapy, mitoxantrone chemotherapy, and piroxicam, and if
follow-up information was available. Information obtained
from medical records included signalment, clinical signs,
duration of clinical signs, clinical stage, previous surgery,
treatment toxicity, response to therapy, date of progression
of disease, and date of death. Cause of death or reason for
euthanasia was obtained from the medical record when
available or through conversations with the client.
Diagnostic evaluation and clinical staging included a com-
plete blood count (CBC), serum biochemical profile, urinaly-
sis, thoracic radiographs, and an abdominal ultrasound.

Radiation Therapy
Dogs were treated using a cobalt60 external-beam isocentric
radiotherapy unit.a The total prescribed dose of radiation
was 34.5 Gray (Gy) given in six weekly fractions of 5.75
Gy. Treatment consisted of two lateral, parallel-opposed,
equally weighted fields that included the whole bladder. The
cranial abdomen and pelvis were blocked when within the
field. Portal radiography documented field positioning at
each treatment, and nongraphic (i.e., manual) planning was
used in all cases.

Chemotherapy
Mitoxantroneb was given intravenously at an initial dose of
5 mg/m2 with subsequent dose reduction if toxicity was

observed. A CBC was performed 1 week after the first
chemotherapy treatment and prior to each subsequent treat-
ment. Treatment was repeated q 21 days for at least two
treatments or until progression of disease was noted.
Chemotherapy occurring in the first 6 weeks of the protocol
was administered concurrently with radiation therapy (i.e.,
on the same morning). Piroxicamc was administered orally
at a dose of 0.3 mg/kg, once daily indefinitely.

Follow-up
All dogs had an initial follow-up abdominal ultrasound per-
formed on the day of their last radiation therapy. Follow-up
abdominal ultrasonography was recommended q 4 to 8
weeks until progression of disease was noted. Follow-up
information was obtained by review of the animal’s medical
record or by telephone communication with the referring
veterinarian or the client. Response was determined using
ultrasonography and a two-dimensional measurement of the
largest portion of the mass. Response was defined as com-
plete response (complete regression of all measurable dis-
ease), partial response (>50% but <100% regression of
measurable disease), minimal response (>25% but <50%
regression of measurable disease), stable disease (no change
or <25% progression), and progressive disease (>25%
increase in measurable disease).

Toxicity Assessment
Toxicity of the radiation therapy protocol was assessed
through review of the weekly patient record, maintained
during the 6-week radiation therapy course, and the out-
come as reported by the client at subsequent visits. Acute
and late radiation effects were assessed and scored accord-
ing to the Veterinary Radiation Therapy Oncology Group
(VRTOG) standard.19 Toxicity resulting from mitoxantrone
chemotherapy was determined by CBC and medical history
at each visit. Neutropenia and thrombocytopenia were clas-
sified using National Cancer Institute parameters.d

Statistical Analysis

Time to progression was defined as the time (in days) from
the first radiation treatment to the time when progressive dis-
ease was noted on ultrasonography. Duration of response
was defined as the time from achievement of response until
detection of subsequent progression of disease on ultra-
sonography, or loss to follow-up, or death. Overall survival
was defined as the time (in days) from the first radiation
treatment until death. Survival curves for time to progression
and overall survival were generated using the Kaplan-Meier
product-limit method.e Data was censored if dogs were alive
at the end of the study, were lost to follow-up, or died of dis-
ease unrelated to TCC. All dogs were included in analysis,
whether they received all prescribed treatments or not.

Results
Case Data
Ten dogs met the criteria for inclusion in the study. Five
were spayed females, and five were neutered males. Nine
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breeds were represented, including the Shetland sheepdog
(n=2), Labrador retriever, golden retriever, Australian terri-
er, Australian heeler, miniature poodle, miniature schnauzer,
West Highland white terrier, and a collie mixed-breed dog.
The median age was 9.5 years (range, 8 to 13 years), and the
median weight was 15.3 kg (range, 6.2 to 34 kg). Presenting
clinical signs included hematuria (10/10), pollakiuria
(7/10), stranguria (3/10), and urinary incontinence (2/10).
Clinical signs were present from 1 week to 6 months before
diagnosis, with a median of 3 months.

Staging and Previous Therapy
None of the dogs had clinical, radiographic, or ultrasono-
graphic evidence of metastases at the time of diagnosis. All
but one of the tumors were stage T2 (i.e., all had evidence
of invasion of the bladder wall).20 Case no. 2 was consid-
ered noninvasive on histopathology (stage T1). Tumors
were located in the bladder trigone in seven dogs, in the
midbody of the bladder in two dogs, and in the cranial por-
tion of the bladder in one dog. The three dogs with nontri-
gonal tumors underwent partial cystectomy (21, 60, and 156
days prior to radiation therapy). Two of the three dogs had
recurrent macroscopic disease, and one had microscopic
disease based on ultrasonographic evaluation at the initia-
tion of radiotherapy. Four dogs were started on piroxicam
prior to radiation therapy (median, 5 weeks; range, 1 to 48
weeks). One dog received one treatment of photodynamic
therapy 56 days prior to the start of the radiation therapy,
without response [see Table].

Radiation Therapy and Toxicity
All dogs completed the prescribed radiation treatment. Only
one dog experienced acute effects of radiation therapy,
including self-limiting, grade 1 dermatitis that consisted of
erythema and dry desquamation. Late side effects of radia-
tion therapy occurred in four dogs and consisted of cuta-
neous hyperpigmentation in the radiation therapy field
(n=1) and urinary incontinence (n=3).

Chemotherapy and Toxicity
Dogs received between one and seven mitoxantrone (medi-
an, four) treatments. Mitoxantrone was generally well toler-
ated. Four dogs experienced vomiting, one dog had
diarrhea, and three dogs developed neutropenia (grade 2;
neutrophil count, 1.0 to 1.5 × 103/µL). All side effects were
self-limiting, and no dogs required hospitalization. Five
dogs had their subsequent mitoxantrone dose reduced by
20% because of toxicity (gastrointestinal toxicity [n=2] and
neutropenia [n=3]). All but one dog received piroxicam
daily. This dog developed lethargy and vomiting, which was
attributed to piroxicam that was administered prior to the
start of radiation therapy, and the owner declined resump-
tion of the drug.

Response and Survival
Nine of 10 dogs had clinical amelioration of their urinary
tract signs. An accurate duration of this amelioration of
signs could not be determined from the records. Two dogs

had a partial response, five dogs had stable disease (two had
a minimal response), and two dogs had progressive disease
as determined by ultrasonography performed at the time of
their last radiation therapy. Progression was determined for
all dogs except one (case no. 1) by subsequent ultrasono-
graphic examinations. The overall median time to progres-
sion for dogs with stable disease or partial responses was 91
days (range, 61 to 219 days; Figure 1). After progression of
disease, three dogs received additional chemotherapy: doxo-
rubicin (n=1); doxorubicin, cisplatin, and gemcitabine
(n=1); and carboplatin (n=1). Only one dog (case no. 2) had
a partial response to doxorubicin. The median overall sur-
vival time was 326 days (range, 9 to 775 days; Figure 2).
Five dogs died of progressive TCC; one died of acute col-
lapse; one died of hepatic fibrosis; one died of septicemia
following carboplatin administration; one was alive at 775
days; and one dog was lost to follow-up at 120 days.

Discussion
Transitional cell carcinoma of the bladder is usually found
in older dogs. The signalments of the dogs in this study are
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Figure 1—Kaplan-Meier time to progression curve for dogs
with transitional cell carcinoma of the urinary bladder that
were treated with coarse fraction radiation therapy, mito-
xantrone chemotherapy, and piroxicam. The median time
to progression was 91 days.

Figure 2—Kaplan-Meier survival curve for dogs with transi-
tional cell carcinoma of the urinary bladder that were treat-
ed with coarse fraction radiation therapy, mitoxantrone
chemotherapy, and piroxicam. The median survival time
was 326 days.
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consistent with previous reports, with the exception of the
male to female ratio (1:1 compared to 1:1.7 and 1:1.9 in pre-
vious reports2,3).

Bladder-sparing treatment options in humans with
advanced TCC usually employ a multimodality approach
(e.g., combination of radiation therapy and chemotherapy
followed by surgery). The purpose of this study was to eval-
uate the toxicity and potential efficacy of a multimodality
approach in the treatment of TCC in dogs. Mitoxantrone
was chosen as the protocol to be employed in this study
based on a partial response demonstrated for canine TCC in
a phase I study.11 Piroxicam was chosen because of its
proven antitumor activity in canine TCC.3,14 The radiation
therapy protocol was chosen based on its use and success in
advanced disease in humans.18

Side effects related to the coarse fractionation radiation
protocol employed in this study were mild and self-limiting.
Of the dogs that developed urinary incontinence, all three
developed urinary incontinence after progression of their
disease, so it was not possible to determine if this was radi-
ation-induced or a result of tumor progression. Only one
dog was necropsied, and no evidence of bladder fibrosis was
observed. Overall, the radiation therapy protocol was well
tolerated, even with the large dose per fraction (5.75 Gy)
administered. The authors’ radiotherapy protocol was asso-
ciated with less late complications than a recent report uti-
lizing a protocol with a similar fraction size for pelvic
irradiation to treat various tumors.21 No cystitis or colitis
could be attributed to the radiation used in the study report-
ed here. This was unexpected, since late effects are usually
related to the size of the fraction as well as the total dose of
radiation given. In the present study, the total dose was rel-
atively modest (34.5 Gy), but the dose per fraction (5.75
Gy) was elevated, so more late effects were expected. Since
the median survival time was 326 days with some dogs cen-
sured early, it is possible that they did not live long enough
to develop late effects.

Five dogs had their mitoxantrone dose reduced because
of toxicity, which was higher than what has been previous-
ly reported.16,22,23 This could be related to combination
therapy with piroxicam, although in Henry, et al.,16 only
four of 55 dogs required a dose reduction. The weekly anes-
thesia used in the present study for radiation therapy might
also be a cause for increased toxicity. Owner reluctance to
accept toxicity (even though the toxicity was acceptable by
most oncologists’ standards) might also have led to the cli-
nician lowering the dose. Also, the radiation administered
may have made the dogs more sensitive to the side effects of
chemotherapy.

Survival times were affected by competing causes of
death and by use of additional, subsequent therapies in these
dogs. Time to progression might be a more meaningful
measure of this protocol’s efficacy. Most dogs (90%) had
amelioration of their clinical signs, despite a low measura-
ble objective response rate (22%). This amelioration is sim-
ilar to that achieved with the use of single-agent piroxicam
in dogs with TCC.3,14 The dog (case no. 1) that did not show

amelioration of his clinical signs was also the dog that did
not receive piroxicam because of prior toxicity. The 90%
subjective rate of improvement in clinical signs, along with
a median progression-free survival time of 91 days and
median survival time of 326 days, are similar to rates in a
recent study of dogs with TCC treated with mitoxantrone
and piroxicam without radiotherapy.16 This implies that the
addition of radiotherapy, of the type and fraction protocol
utilized in this study, did not enhance overall responsiveness.

The limitations of this study include its retrospective
nature, the small number of cases, and the lack of standard-
ization of follow-up. Other than the abdominal ultrasonog-
raphy performed at the end of radiation therapy for all dogs,
timing of subsequent ultrasound examinations was depend-
ent upon both the client and the clinician. Additionally,
abdominal ultrasonography was not performed by only one
person, so there may have been variability in interpretations
between ultrasonographers. An effort was made to have a
full bladder at the time of each ultrasound study.

Unfortunately, it is not possible to determine the efficacy
of each of the components of this multimodality therapeutic
protocol. Surgery was performed on three dogs in this series
prior to radiation therapy, and one dog had microscopic dis-
ease at the time of the radiation therapy; therefore, response
to therapy could not be evaluated in this case. However,
early recurrence of the TCC (at 3 months) was documented
in postradiation therapy follow-up of this dog (case no. 5).
Since this dog died of complications from carboplatin
chemotherapy, it was not possible to determine if he would
have enjoyed a longer survival time than dogs treated in the
macroscopic setting. The benefit of piroxicam has been
proven,3,14 and it likely was involved in the amelioration of
clinical signs observed in most of the dogs in this series.
Also of note, was that four dogs were already on piroxicam
at the time of presentation to the authors’ institution.
However, it was not possible to determine the response to
single-agent piroxicam from an overall review of the med-
ical records in this study.

Conclusion
Although well tolerated, the coarse fractionation therapy
protocol employed in this study did not result in enhanced
response rates or duration of tumor control when compared
to results from a previous study of dogs treated with mitox-
antrone and piroxicam without radiotherapy.16

a Theratron 780; Atomic Energy of Canada Ltd., Kanata, Ontario, Canada
b Novantrone; Immunex Corporation, Seattle, WA
c Feldene; Pfizer, New York, NY
d National Cancer Institute. Common toxicity criteria, version 2.0. March

23, 1998
e Prism 4.0 Graph Pad Software, San Diego, CA
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