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Abstract
A retrospective study was performed to assess toxicity and response rate of ifosfamide salvage

treatment for dogs diagnosed with metastatic osteosarcoma (OSA). Dogs diagnosed with OSA and

previously treated with standard chemotherapy were included in the study. Nineteen dogs met the

inclusion criteria, and 17 dogs were evaluable for response. Ifosfamide doses ranged from 375 to

425 mg m−2 (median dose 375 mg m−2), with a median of two doses administered per dog (range

1–7 doses). The overall response to ifosfamide was 11.8% [complete response (CR) = 1/17, partial

response (PR) = 1/17, stable disease (SD) = 2/17, progressive disease (PD) = 13/17]. Two dogs were

hospitalized due to ifosfamide toxicosis. The median survival duration from the first dose of

ifosfamide to death was 95 days. Ifosfamide was well tolerated, but minor anti-tumour activity was

observed.
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Introduction

Osteosarcoma (OSA) is the most common pri-

mary bone tumour in dogs. It comprises 85%

of all canine skeletal neoplasms and 5–6% of all

canine malignancies.1–5 OSA is a locally invasive

and highly metastatic disease. Microscopic metas-

tasis is thought to arise early in the course of

the disease, with variable time to progression of

micrometastatic lesions. Less than 15% of dogs have

radiographically detectable pulmonary or osseous

metastasis at presentation, but development of pul-

monary metastasis is typically the ultimate cause

of death.6–8 It appears that the addition of cer-

tain chemotherapy agents after surgery to remove

the primary tumour increases both time to onset

of gross metastases and overall survival duration.

Dogs treated with surgery alone have a median sur-

vival duration that ranges from 134 to 175 days,8–11

whereas patients treated with adjuvant chemother-

apy protocols have median survival durations that

range from 262 to 540 days.10–18 Grossly metastatic

OSA is associated with a grave prognosis, however.

In one study, dogs with OSA, metastatic to any body

site at the time of diagnosis, had a median survival

time of 76 days, regardless of type of treatment

attempted. In this same study, dogs with metasta-

sis to bone and dogs that were treated palliatively

with radiation therapy and chemotherapy had the

longest survival times.19 In a second study, the

median survival duration of a population of 10

dogs with histologic evidence of regional lymph

node metastasis at the time of amputation was

59 days, despite the fact that 9/10 dogs were treated

with chemotherapy in an adjuvant setting.20 The

response rates and duration of response have been

disappointing for dogs with gross metastatic OSA

treated with several chemotherapy drugs. Single

agent therapy with doxorubicin, cisplatin or mitox-

antrone was used to treat 45 dogs with measurable

metastatic OSA. In this study, only one dog achieved

a partial response that lasted for 21 days and the

remaining dogs had progression of disease.21 Poirier

et al.22 utilized paclitaxel as a salvage chemotherapy

for nine dogs with metastatic OSA. Two of these

dogs had partial response, two dogs had stable dis-

ease and the rest of the dogs had progressive disease.

Ifosfamide [3-(2-chloroethyl)-2-[(2-chloroet

hyl)-amino]tetrahydro-2 H-1,3,2-oxazaphosphor
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in-2-oxide] belongs to the nitrogen mustard family

of cell cycle phase non-specific cytotoxic alkylating

agents. Ifosfamide is considered to be one of

the most active single agent chemotherapy drugs

available for the treatment of OSA in humans.23,24

Several reports have demonstrated that ifosfamide

has a beneficial effect even for human patients

who have failed standard OSA therapy.25–27

The reported response rates when ifosfamide is

given at standard doses (<9 g m−2 treatment−1)

ranges from 10 to 30%.25 The incorporation of

sodium 2-mercaptoethanesulfonate (MESNA) to

protect against sterile haemorrhagic cystitis and the

addition of granulocyte colony stimulating factor

(G-CSF) for bone marrow support have allowed

this drug to be dose escalated. However, the

appearance of additional dose-limiting toxicities,

including high doses of nephrotoxicity and

neurotoxicity,28 have been noted. When ifosfamide

is given at high doses (12–18 g m−2 treatment−1)

in humans with OSA, the response rates range

from 27% to 62.5% with a median duration of

response of 5.5 to 15 months, suggesting a potential

benefit over standard doses of ifosfamide.24,25,27,29

In veterinary medicine, there is a published report

evaluating the efficacy of ifosfamide against several

canine tumour types, including OSA. Rassnick et

al. indicated that complete responses were seen in

one dog with metastatic leiomyosarcoma of the

urinary bladder and in one dog with metastatic

cutaneous haemangiosarcoma. The former dog

died of other causes 549 days after receiving three

treatments with ifosfamide at 350 mg m−2 and

the latter dog was still alive without recurrence of

disease 445 days after receiving three treatments

with ifosfamide at 375 mg m−2. One dog with

lymphoma had a partial response to ifosfamide

given at 375 mg m−2 for 112 days. No responses

were noted in dogs that received ifosfamide

at dosages <350 mg m−2 and Rassnick et al.30

concluded that a dosage of 350–375 mg m−2 of

ifosfamide administered every 21 days appears to

be appropriate for tumour-bearing dogs.

The purpose of this retrospective study is to

evaluate the toxicity, response rate and duration of

response for dogs with newly diagnosed metastatic

OSA treated with ifosfamide after failure of standard

chemotherapy protocols.

Materials and methods

The study was performed in compliance with the

Michigan State University Institutional Animal

Care and Use Committee guidelines for using

medical record data of animals, and owner

informed consent was obtained before treating a

dog with ifosfamide. Dogs were eligible for inclusion

in the study if they met the following criteria: (1)

had a diagnosis of OSA at any anatomic location;

(2) had newly diagnosed metastatic disease to any

anatomical site and (3) had prior treatment with

any standard chemotherapy protocol.

Dogs were diagnosed with primary OSA

through cytologic or histologic evaluation.

Metastasis was inferred by board certified radi-

ologists’ interpretation of standard diagnostic

imaging tests, including thoracic and skeletal

radiographs and abdominal ultrasonographic

evaluation. When possible, metastasis was con-

firmed cytologically or histologically. Palliative and

supportive treatments (radiation to the primary or

metastatic bone tumour sites, non-steroidal anti-

inflammatory drugs, bisphosphonates, opioids,

gamma-aminobutyric acid (GABA) analogues,

anti-nausea and anti-diarrhoeal medications, and

antibiotics) were allowed while on ifosfamide

therapy. Exclusion criteria included patients with

insufficient follow-up in the medical record.

Patient data collected included: signalment;

weight; affected primary site (appendicular versus

axial); presence of concurrent diseases; serum

alkaline phosphatase (ALP) before and after

ifosfamide therapy; type (surgery versus radiation

therapy) and intent of local treatment (palliative

versus curative) for the primary tumour; first

line chemotherapy protocol; time to progression;

concurrent medications with ifosfamide therapy;

location of metastasis before ifosfamide treatment;

dose, frequency and number of ifosfamide cycles;

and toxicity, response and response duration

associated with ifosfamide treatment.

Initial diagnostic work-up and clinical staging

at the time of diagnosis of OSA included com-

plete blood count (CBC), serum biochemistry

analysis, urinalysis, tumour biopsy or cytology

and thoracic radiographs. Abdominal ultrasound
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was also performed when deemed indicated at the

clinician’s discretion.

Diagnostic work-up prior to ifosfamide adminis-

tration included CBC, serum biochemistry analysis,

urinalysis and thoracic radiographs. Abdominal

ultrasound and skeletal radiographs were per-

formed at the clinician’s discretion.

Ifosfamide was given at an initial dosage of

375 mg m−2 as previously described by Rassnick

et al.30 Dose escalations up to 425 mg m−2 in

25 mg m−2 increments were performed at the

clinician’s discretion. MESNA was given as an IV

bolus at a dosage equal to 20% of the calculated

ifosfamide dosage at time 0, 2 and 5 h after ifos-

famide administration for urothelial protection.30

An indwelling intravenous catheter was placed in

all dogs. Dogs received a bolus of MESNA, followed

by diuresis with 0.9% NaCl at 18.3 mL kg−1 h−1 for

30 min, and then ifosfamide was given over 30 min.

Saline diuresis was continued for 5 h, with repeated

doses of MESNA as described above. Treatments

were continued every 21 days for as long as the

dogs had a complete response, partial response

or stable disease, and tolerated the chemotherapy.

Toxicosis associated with ifosfamide therapy was

graded according to the Veterinary Co-Operative

Oncology Group Common Terminology Criteria

for Adverse Events criteria.31 CBC, serum biochem-

istry profiles and urinalysis were performed before

each ifosfamide treatment and a CBC was done

7 days post-ifosfamide therapy either at Michigan

State University or by the referring veterinarian.

The extent of neoplastic disease was determined

immediately before the first dose of ifosfamide, and

every 3–6 weeks thereafter. Thoracic radiographs

were used for determination of intra-thoracic

largest tumour diameter, abdominal ultrasound

for intra-abdominal largest tumour diameter and

physical exam with calliper measurement for largest

tumour diameter for external disease. A complete

response was defined as disappearance of all

measurable disease. A partial response was defined

as >50%, but <100% reduction in measurable dis-

ease. Stable disease was defined as <50% reduction

in measurable disease with no appearance of new

lesions during that period. Progressive disease was

defined as >25% increase in size of measurable

metastatic lesions, or the appearance of new lesions.

First line chemotherapy protocol time to pro-

gression was defined as the duration from diagnosis

to the time of documented progression of disease.

Ifosfamide survival duration was defined as the

time of first ifosfamide treatment to date of death.

For the purposes of survival calculations, dogs

that had neoplasia-related death were considered

completed events, and dogs lost to follow-up

were censored. Outcomes were determined by the

use of the Kaplan–Meier product-limit method.

Log rank test and Cox regression were used for

univariate and multivariate analysis of potential

risk factors, respectively. The risk factors included

ALP at diagnosis, ALP at time of ifosfamide

treatment, type of local treatment and anatomical

site of metastasis before ifosfamide treatment.

For the Cox regression, the potential risk factors

were entered in the regression model in a forward

fashion if their P < 0.05 and removed if P > 0.1. A

P value of <0.05 was considered to be statistically

significant. Commercially available software was

used for all statistical calculations (MedCalc

Software 10.2.0.0, Mariakerke, Belgium).

Results

Patients

A total of 19 dogs were included in this retrospective

study, which was conducted between 2003 and

2008. The breeds that were represented included:

mixed breed dogs (five); golden retrievers (three);

greyhounds (two) and English springer spaniels

(two). The remaining seven dogs consisted of one

of each of the following breeds: Labrador retriever,

German shepherd, Newfoundland, English mastiff,

Chesapeake Bay retriever, German short hair

pointer and doberman pinscher. The median age at

the time of diagnosis was 8.9 years (3–12 years) and

the median weight was 38.6 kg (10–79 kg). Eleven

dogs were spayed females, one dog was an intact

female and seven were neutered male dogs.

Staging results at initial diagnosis, primary
tumour location and first line therapy

The diagnosis of OSA was confirmed by

histopathology in 16 dogs and by cytology in 3

dogs. No evidence of metastatic disease was found

© 2012 Blackwell Publishing Ltd, Veterinary and Comparative Oncology, doi: 10.1111/j.1476-5829.2012.00355.x
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Table 1. First-line local therapy of dogs diagnosed with osteosarcoma at the time of initial diagnosis

Location No. of dogs Surgery Full course RT Palliative RT

Appendicular Proximal humerus 6 5 – 1

Distal radius 4 2 – 2

Proximal tibia 2 2 – –

Distal femur 3 3 – –

Axial Maxilla 1 – 1 –

Mandible 1 1 – –

Zygomatic arch 1 1a – –

Extraskeletal Mammary gland 1 1 – –

aIncomplete excision.

on thoracic radiographs. Seven of the 10 dogs that

had an abdominal ultrasound had abnormalities

noted on the scan, which included hyperechoic

liver nodules (3/7), hypoechoic splenic nodules

(2/7), microhepatica (1/7) and spleen with mixed

echogenicity (2/7). All of these splenic and hepatic

changes were aspirated and cytology results were

consistent with either lymphoid hyperplasia or

extramedullary haematopoiesis, indicating no

evidence of metastatic disease. All dogs that

had limb amputation had regional lymph node

evaluation by histopathology, of which none had

metastasis at the time of OSA diagnosis.

At the time of initial diagnosis, most of the dogs

had appendicular OSA at metaphyseal sites as the

primary tumour location (15/19), of which the

proximal humerus (6/15) and distal radius (4/15)

were the most commonly affected areas. Three dogs

had axial OSA (one of each at rostral maxilla,

mandible and zygomatic arch) and one dog had

extraskeletal OSA of the mammary gland.

Primary OSA lesions were treated with

local therapy, using either surgery (amputation,

mandibulectomy, partial resection of the zygomatic

arch, mastectomy) or radiation therapy, followed by

systemic chemotherapy prior to ifosfamide admin-

istration (Tables 1 and 2).

Ifosfamide therapy

Staging results prior to ifosfamide therapy

All dogs had a CBC, serum biochemistry analy-

sis, urinalysis and thoracic radiographs performed

prior to ifosfamide administration. Abdominal

ultrasound and skeletal radiographs were per-

formed in 7/19 and 4/19 dogs, respectively.

Results of the diagnostic work-up performed

after failure of standard chemotherapy protocols

revealed that lungs were the most common organ

affected by metastasis (15/19). Other metastatic

sites prior to ifosfamide administration included

ribs (2/19), liver (2/19), other appendicular sites

(2/19), axial sites (2/19), subcutaneous tissues

Table 2. First-line chemotherapy protocols of dogs diagnosed with osteosarcoma (OSA) at the time of initial diagnosis

First-line chemotherapy protocol No. of dogs Schedule of administration

Doxorubicin + carboplatin 10 – Given IV on an alternating basis every 21 days

Doxorubicin + cisplatin 3

Actinomycin-D + carboplatin 1

Actinomycin-D + cisplatin 1

Single agent carboplatin 3 – Given IV every 21 days

Doxorubicin + carboplatin + cyclophosphamide 1 – Doxorubicin and carboplatin were given IV on an
alternating basis every 21 days

– Cyclophosphamide was given PO on days 3, 4, 5 and 6
after each doxorubicin administration

Dogs treated with surgery for their primary tumour had chemotherapy 2 weeks post surgery, at the time of staple removal. The
dog that had full course radiation therapy for a maxillary OSA and the three dogs that were treated with palliative radiation
therapy for their primary tumour received chemotherapy 3 weeks and 1 week after the diagnosis, respectively.

© 2012 Blackwell Publishing Ltd, Veterinary and Comparative Oncology, doi: 10.1111/j.1476-5829.2012.00355.x
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(2/19), spleen (1/19) and lymph node (1/19). Five

dogs had more than one concurrent metastatic site.

Concurrent palliative and supportive treatments
with ifosfamide

Two dogs were treated with palliative radiation

therapy (3 × 8 Gy) for bone metastasis lesions

while on ifosfamide therapy. Both of these dogs had

other non-irradiated metastatic sites that were used

to evaluate response to ifosfamide.

Three dogs were treated with bisphosphonates

concurrently with ifosfamide for skeletal metasta-

sis. Pamidronate was used in two of these dogs and

it was given intravenously over 2 h at 1 mg kg−1.

The remaining dog received alendronate orally

at 1 mg kg−1 once a day for 14 days, every other

day for 14 days and then once weekly until death.

Pamidronate was administered 1 week after the

administration of ifosfamide, whereas alendronate

was started at the time of first ifosfamide treatment.

None of the ifosfamide responders were treated

with bisphosphonates.

Other palliative treatments while on ifosfamide

therapy included non-steroidal anti-inflammatory

drugs, pain control medications, anti-nausea

and anti-diarrhoeal medications, and antibiotics

(Table 3).

Ifosfamide administration

Dogs received a median of two doses (range 1–7

doses) of ifosfamide chemotherapy. Overall, 37

Table 3. Supportive medications while on ifosfamide
therapy

Supportive treatment Medications No. of dogs

Non-steroidal
anti-inflammatory
drugs

Deracoxib 4
Carprofen 2

Firocoxib 1

Piroxicam 1

Antibiotics Amoxicillin Clavulanate 1

Enrofloxacin 1

Pain-control
medications

Tramadol 5

Fentanyl Patch 2

Gabapentin 3

Anti-nausea
medications

Metoclopramide 12

Maropitant Citrate 1

Anti-diarrhoeal
medications

Metronidazole 2

doses of ifosfamide were administered. All dogs

received their first dose of ifosfamide at a dose of

375 mg m−2. Of the 10 dogs that received more

than a single dose of ifosfamide, 3 dogs had dose

escalation. Of these, two dogs received their second

dose at 400 mg m−2 and one dog received a third

dose at 425 mg m−2.

Ifosfamide toxicity

Nineteen dogs could be evaluated for ifosfamide

toxicity. Ifosfamide therapy was generally well toler-

ated, although mild constitutional, haematological,

gastrointestinal and renal toxicities were observed

(Table 4). None of the three dogs that had ifos-

famide dose escalation developed treatment-related

toxicities. None of the dogs died of ifosfamide tox-

icity. Neutropenia was the most common toxicity

noted, but only one dog developed a grade IV

neutropenia with sepsis. This dog was treated with

supportive care, and was discharged after 24 h of

hospitalization. One dog developed grade II fever

in the absence of grade III/VI neutropenia and

had a soft tissue swelling on the left radius 7 days

after the administration of ifosfamide. The left

radius was the site of a prior fracture; the dog

recovered within 24 h with intravenous fluid ther-

apy and antibiotics. None of the dogs experienced

life threatening gastrointestinal toxicities. Mild gas-

trointestinal toxicities noted were responsive to

symptomatic therapy for vomiting and diarrhoea.

Proteinuria with urine protein/creatinine ratio of

6.5 (grade III) was noted in one dog after the

first dose of ifosfamide. This dog had creatinine

Table 4. Toxicosis associated with ifosfamide therapy for
dogs with metastatic osteosarcoma according to the
VCOG-CTCAE criteria

Grade of Adverse Event I II III IV V

Bone marrow Anaemia 1 – – – –

Neutropenia 1 3 – 1 –

Thrombocytopenia – 1 – – –

Gastro intestinal Diarrhoea 1 – – – –

Vomiting 1 – – – –

Anorexia – 2 – – –

Constitutional signs Fever – 1 – – –

Renal Creatinine – 1 – – –

Blood urea nitrogen 1 – – – –

Proteinuria – – 1 – –

© 2012 Blackwell Publishing Ltd, Veterinary and Comparative Oncology, doi: 10.1111/j.1476-5829.2012.00355.x
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and blood urea nitrogen within the reference range

prior to ifosfamide administration and no specific

treatment was initiated. This dog received a total

of three doses of ifosfamide until progression of

the metastatic OSA was noted. After the third ifos-

famide dose, the dog was noted to be azotemic.

Blood urea nitrogen and creatinine displayed grade

I and grade II toxicity, respectively. The dog died

2 weeks after progression of OSA, and post-mortem

evaluation was not performed. Thus, the definitive

cause of azotemia could not be elucidated.

None of the dogs developed clinical signs or any

evidence of microscopic haematuria in the urine

sediment that would lead to the suspicion of sterile

haemorrhagic cystitis. Neurological signs were not

observed in this group of patients.

Ifosfamide overall response rate

Seventeen of the 19 dogs could be evaluated

for response to ifosfamide treatment. Two dogs

were censored from response as being lost to

follow-up, since they were never restaged after the

administration of ifosfamide. One dog was lost to

ifosfamide time to progression due to the addition

of alternating doxorubicin with dexrazoxane after

the dog attained a complete response on ifosfamide

therapy. Overall response rate was 11.8% (2/17).

One dog had a complete response, 1 dog had a

partial response, 2 dogs had stable disease and 13

dogs had progressive disease while on ifosfamide

therapy. None of the responders had ifosfamide

dose escalation. The duration of response for the

dogs that achieved a partial or complete response

was 137 days and censored at 21 days, respectively.

The duration of the stable disease was 158 and

45 days in two dogs. No risk factors for response to

treatment were identified in our study population.

Ifosfamide survival duration

At the time of data analysis, all 19 dogs were dead

(16 were euthanized and 3 died). Three dogs had

post-mortem examination to confirm that they died

of metastatic OSA, whereas in the remaining dogs

the cause of death related to metastatic OSA was

presumptive on the basis of physical examination

findings, thoracic radiographs and/or abdominal

ultrasounds.

Figure 1. Median ifosfamide survival duration was 95 days,
N = 19.

All 19 dogs were included in the ifosfamide sur-

vival duration analysis, with 3 dogs censored. Two of

these three dogs were censored because of being lost

to follow-up. The other remaining dog was censored

for survival duration due to the addition of alter-

nating doxorubicin with dexrazoxane after the dog

attained a complete response on ifosfamide therapy.

Thus, this dog’s response duration of 332 days could

not be fully attributed to ifosfamide therapy and

the dog was censored at 21 days for evaluation of

ifosfamide single agent efficacy for purposes of this

report. The median survival duration for ifosfamide

treated dogs was 95 days (range, 9–375) (Fig. 1). No

risk factors for ifosfamide survival duration were

identified in our study population.

Discussion

Metastasis is the leading cause of death for dogs with

OSA. Studies regarding the effectiveness of second-

line chemotherapy for canine metastatic OSA are

currently limited in veterinary literature. Here, we

show that ifosfamide therapy was well tolerated,

but had only minor anti-tumour effect when used

in this setting.

Our study demonstrates that ifosfamide therapy

is generally well tolerated, although toxicities were

observed. Two dogs required hospitalization as a

consequence of possible ifosfamide toxicosis. One

dog developed proteinuria after the first treatment

of ifosfamide. Unfortunately, kidney biopsy was

not allowed by the dog’s owner, therefore, the cause

of proteinuria could not be identified. Ifosfamide

treatment in humans is associated with an incidence

© 2012 Blackwell Publishing Ltd, Veterinary and Comparative Oncology, doi: 10.1111/j.1476-5829.2012.00355.x
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of renal toxicity ranging from 5 to 30% and sin-

gle high doses can result in renal failure within

a few days of administration.28–32 Ifosfamide has

mainly been associated with proximal renal tubu-

lar dysfunction resembling Fanconi-like syndrome.

Decreased glomerular filtration rate and distal tubu-

lar damage have also been reported in people.

The manifestations of ifosfamide nephrotoxicity,

include phosphaturia, hypophosphatemia, glyco-

suria, aminoaciduria, elevation of serum alkaline

phosphatase, hypokalemia, renal tubular acido-

sis, defective concentrating capacity and decreased

glomerular filtration rate.33,34 Another important

ifosfamide-specific toxicity in humans is sterile

haemorrhagic cystitis, which is typically manifested

by gross or microscopic haematuria.35 Clinical signs

and urine abnormalities consistent with sterile

haemorrhagic cystitis were not seen in this pop-

ulation of dogs, and this complication may have

been prevented by the use of MESNA and diure-

sis. Owing to the potential for nephrotoxicity and

sterile haemorrhagic cystitis, monitoring of renal

function by performing chemistry profile and uri-

nalysis prior to each ifosfamide treatment should

be recommended for dogs being treated with this

chemotherapeutic drug. Ifosfamide-induced neu-

rotoxicity (encephalopathy) has been reported in

the human oncology literature to affect 15–30%

of people receiving this chemotherapy drug. Hallu-

cinations, mental confusion, seizures and coma

are possible encephalopathy manifestations in

humans.36 Although neurotoxicity was not noted

in this study, dogs should be monitored closely for

any abnormal neurological clinical sign.

The overall response rate to ifosfamide in

this study was 11.8%. The minor activity of

ifosfamide observed in our patients may be

partially explained by the fact that the dose of

ifosfamide per treatment was suboptimal, being

approximately 10 times lower than what is used

in human OSA therapy. The ifosfamide dose

used in humans is <9 g m−2 treatment−1 course

if the drug is administered without bone marrow

G-CSF support.25 This, along with the minimal

toxicities observed in our population, suggests the

need to perform a phase I trial to determine the

maximum-tolerated dose (MTD) of ifosfamide in

dogs and to better describe toxicities associated

with this treatment. Once the MTD of ifosfamide

is established, a second phase I trial to determine

the MTD of ifosfamide given concurrently with

G-CSF might be conducted. Eventually, a two-arm

phase II trial could be completed to observe if the

combination of ifosfamide and G-CSF is superior to

single agent ifosfamide in dogs with metastatic OSA.

Most of the dogs in our study had large metastatic

tumour burdens at study entry, which may have

contributed to the observed low rate of treatment

response. More frequent patient re-evaluation and

staging, such as monthly physical exams and

thoracic radiographs, and quarterly abdominal

ultrasounds, should be utilized in dogs with OSA so

that less advanced metastatic disease can be detected

and second-line chemotherapy started in a setting

of minimal disease burden.

Our report suffers from limitations that are

inherent in retrospective studies, including the

small sample size, diagnoses of OSA established

by cytology only in some patients, and the hetero-

geneous nature of the OSA lesions seen in these

patients. These issues may limit the interpretation

of the impact of ifosfamide on this patient cohort.

In conclusion, this study demonstrates that ifos-

famide provides minor tumour response without

causing significant toxicity in what is currently

the uniformly bleak setting of metastatic OSA

in the dog. Future studies should utilize higher

doses, possibly in combination with haematopoietic

growth factor support, in a dose intense schedule

to determine the true efficacy potential of this

chemotherapy drug against metastatic OSA.
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