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Background: Vinblastine (VBL) is commonly used in dogs at a dosage of 2.0mg/m2. The minimal toxicity observed at this

dosage indicates that higher dosages might be well tolerated.

Hypothesis: The maximum tolerated dosage (MTD) for a single VBL treatment is higher than the previously published

dosage of 2.0mg/m2.

Animals: Twenty-three dogs with lymphoma or cutaneous mast cell tumors.

Methods: Dogs received 1 single-agent VBL treatment IV. The starting dosage was 3.0mg/m2, and dosages were increased

in increments of 0.5mg/m2 in cohorts of 3 dogs. Hematologic toxicity was assessed with weekly CBCs. Gastrointestinal toxicity

was assessed from medical histories from owners. Once the MTD was determined, additional dogs were treated with VBL at

that dosage. Dogs whose cancers responded to VBL continued to receive treatments q2–3 weeks.

Results: VBL dosages ranged from 3.0 to 4.0mg/m2. Neutropenia was the dose-limiting toxicity, with the nadir identified

7 days after treatment and resolving by 14 days after treatment. The MTD was 3.5mg/m2. Sixteen dogs were treated at this

dosage, and 3 experienced severe toxicity characterized by asymptomatic grade 4 neutropenia, febrile grade 4 neutropenia, and

death. Gastrointestinal toxicity was mild and self-limiting. Preliminary evidence of antitumor activity was identified in 2 of

12 dogs with lymphoma treated at the MTD.

Conclusions and Clinical Importance: In dogs, single-agent VBL is well tolerated at a dosage of 3.5mg/m2 IV. At this dosage,

the minimum safe treatment interval is q2 weeks, and adjunct treatment with prophylactic antibiotics should be considered.
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V
inblastine (VBL) is an antimicrotubule chemo-
therapeutic. Like all vinca alkaloids, its principal

mechanism of cytotoxicity is mediated by binding to tub-
ulin and disrupting microtubule formation, particularly
the microtubules comprising the mitotic spindle appara-
tus.1–3 In veterinary oncology, VBL is used most com-
monly to treat dogs with advanced-stage or high-risk mast
cell tumors.4–9 Early reports speculated about its useful-
ness for treating canine lymphoma,1,2 but to date there are
no published studies to support these statements.
The dose-limiting toxicity of VBL in dogs is neutro-

penia.1,2,4–8,10,11 Adverse gastrointestinal effects are seen
less commonly when conventional dosages are given,4–8

but they can be severe in dogs with concurrent underlying
gastrointestinal disease6,8 or when higher doses are ad-
ministered.10 In a preclinical study, 47 healthy dogs
received single VBL treatments at dosages ranging from
0.2 to 0.5mg/kg.10 From the range of body weights pro-
vided, the range of potential dosages based on body
surface area was 4.1–15.4mg/m2. The mean neutrophil
nadir was 1,200 cells/mL for dogs treated at 0.20mg/kg
and 600 cells/mL for dogs treated at 0.25mg/kg. Mortal-

ity rates for these groups were 27% (9 of 34 dogs) and
43% (3 of 7 dogs), respectively. All 6 dogs treated at
dosages �0.3mg/kg died. At all dosages, deaths were
attributed to a combination of severe neutropenia and
fulminant diarrhea.

Most clinical studies using single-agent VBL (with or
without prednisone) have used a dosage of 2.0mg/m2

every 1–2 weeks.4–8 The neutrophil count reaches its
nadir approximately 1 week after VBL administration.1

Therefore, with weekly administration dogs might be
receiving treatments around the time when the neutro-
phil count has reached its nadir from the previous dose.
Despite this, fewer than 7% of dogs treated at this dosage
experienced severe neutropenia, characterized by a neutro-
phil nadir o500 cells/mL, or febrile neutropenia.4–8

Additionally, the only dogs that experienced unacceptable
gastrointestinal effects had pre-existing underlying gastro-
intestinal disease.6,8

The commonly used VBL dosage of 2.0mg/m2 was de-
rived empirically.12,13 A phase I dosage escalation study
to identify the maximum-tolerated dose (MTD) has not
been performed. Moreover, given the low incidence of
dose-limiting toxicity when dogs receive 2.0mg/m2 VBL,
the MTD likely is higher. Dose-response curves for anti-
tumor benefit usually are steep; increasing the VBL
dosage might improve clinical response rates and
response durations.14

The primary goal of this study was to complete a dose
escalation trial and determine the MTD for a single VBL
treatment in dogs. Once the MTD was established,
additional dogs were treated with VBL at that dosage to
further characterize the associated toxicity and determine
its potential usefulness for treating canine lymphoma.

Materials and Methods

Study Subjects

Client-owned dogs that presented to the Cornell University Hos-

pital for Animals, Animal Cancer Specialists, or the Foster Hospital

for Small Animals at Tufts Cummings School of Veterinary
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Medicine with histologically confirmed mast cell neoplasia or mul-

ticentric lymphoma were included in this study. To be eligible, dogs

must not have received myelosuppressive chemotherapy or prednis-

one for at least 2 weeks before treatment with VBL, and their

neutrophil count had to be above the lower limit of the normal ref-

erence range for that institution. Dogs could not have any

gastrointestinal signs at the time of treatment. Concurrent diseases

were allowed at the discretion of the attending clinician as long as it

was thought that they would not increase the likelihood or severity

of VBL-associated toxicity. Client consent was obtained before en-

rollment in the study.

Treatment and Assessment of Toxicity

On the day of treatment, each dog had a baseline physical exam-

ination and CBC performed. Additional diagnostic tests were

performed only if requested by the attending clinician. Each dog

then received a dose of VBLa as a rapid IV bolus. VBL dosage was

determined using the dose escalation scheme detailed below. Trime-

thoprim-sulfadiazineb (15mg/kg PO q12h) was administered

prophylactically for 14 days starting the day after VBL treatment.

Dogs returned weekly for physical examination and CBC for

2 weeks or until the neutrophil count returned to within normal

limits, whichever was longer. At each visit, owners were asked to

provide information regarding any gastrointestinal or other adverse

effects observed at home. Toxicities were graded using the Veteri-

nary Cooperative Oncology Group Common Terminology Criteria

for Adverse Events v1.0 (VCOG-CTCAE, see Appendix 1).15 Severe

toxicity was defined as asymptomatic grade 4 neutropenia; febrile

neutropenia; �grade 3 anorexia, vomiting, or diarrhea; or death.

The initial VBL dosage was set at 3.0mg/m2, and it was then esca-

lated in cohorts of 3 dogs. If none of the 3 dogs treated in a given

cohort experienced severe toxicity, the dosage for the next cohort was

escalated by 0.5mg/m2. If one of the dogs experienced severe toxicity,

an additional 3 dogs were treated at that dosage. If no additional

dogs experienced severe toxicity at that dosage, then the escalation

was resumed. If �2 dogs in a cohort experienced severe toxicity,

additional enrollment in that cohort was stopped. The MTD was de-

fined as the highest dosage that resulted in�1 of 6 dogs experiencing
severe toxicity.

Response to therapy was not a primary end-point for this study.

However, if a dog achieved a complete remission, characterized

by complete disappearance of all measurable disease, or a partial

remission, characterized by 450% but o100% reduction in all

measurable disease, then VBL treatments were continued at an

every 2- or 3-week interval for as long as the response was main-

tained. Intrapatient dosage escalations were not permitted.

However, if a patient experienced severe toxicity, any subsequent

VBL doses for that patient were decreased by 25%. A CBC was

performed before each subsequent treatment, but weekly CBCs

were not performed between subsequent treatments unless there was

previous documentation of severe neutropenia necessitating dosage

reduction.

Results

Twenty-three dogs were enrolled in this trial. Seventeen
dogs were presented to Cornell University, 5 to Tufts Uni-
versity, and 1 to Animal Cancer Specialists. Breeds
included were mixed (n 5 8), Golden Retriever (5), Rot-
tweiler (3), Boxer (2), Labrador Retriever (1), Mastiff (1),
Boston Terrier (1), Cocker Spaniel (1), and Airedale (1).
Twelve dogs were male (8 castrated) and 11 were female

(9 spayed). Median age at the time of VBL treatment was
9 years (range, 4–14 years), andmedian weight was 35.5 kg
(range, 11.6–54.8 kg). Eight dogs were diagnosed with
mast cell tumors. Of these, 3 did not receive any chemo-
therapy before VBL, 3 received single-agent CCNU
(lomustine), and 2 received CCNU plus prednisone.
Fifteen dogs were diagnosed with lymphoma. Of these,
12 initially were treated with L-CHOP (L-asparaginase,
cyclophosphamide, doxorubicin, vincristine, and prednis-
one), 2 were treated with COP (cyclophosphamide,
vincristine, and prednisone), and 1 was treated with a
combination of L-asparaginase, doxorubicin, and MOPP
(mustargen, vincristine, procarbazine, and prednisone).
Dogs that completed their L-CHOP or doxorubicin-based
protocol before relapse resumed L-CHOP, and dogs that
failed COP were rescued with doxorubicin-based proto-
cols. Therefore, all dogs were confirmed to be resistant to
CHOP drugs before starting rescue therapy. Upon failing
CHOP drugs, 3 received VBL next. The remaining dogs
received a variety of other rescue drugs before receiving
VBL: L-asparaginase (n 5 11), CCNU plus cyclophosph-
amide (9), MOPP (5), CCNU (3), mitoxantrone (1), and
prednisone (1).

Three dogs received VBL at a dosage of 3.0mg/m2.
This dosage was well tolerated, with minimal hematolog-
ic or gastrointestinal toxicity (Tables 1 and 2). Six dogs
received VBL at a dosage of 3.5mg/m2, and 1 experi-
enced severe toxicity characterized by asymptomatic
grade 4 neutropenia. Four dogs received VBL at a dos-
age of 4.0mg/m2, and 2 experienced severe toxicity. One
dog developed asymptomatic grade 4 neutropenia, and
another experienced febrile grade 3 neutropenia that re-
solved quickly with hospitalization and supportive care.
From these results, the MTD of VBL was determined to
be 3.5mg/m2.

An additional 10 dogs were subsequently treated with
VBL at a dosage of 3.5mg/m2. One dog died 4 days after
treatment. This dog was diagnosed with lymphoma, and
at the time of VBL treatment had a large tumor burden
including pulmonary infiltration and already had failed 2
rescue protocols. The owner reported that energy
level and respiratory effort improved slightly before
death. Adverse gastrointestinal signs were not observed.

Table 1. Severity of adverse hematologic events follow-
ing administration of a single dose of vinblastine to dogs.

VBL Dose

(mg/m2)

# of

Dogs

Grade of

Neutropeniaa
Grade of

Thrombocytopeniaa

0 1 2 3 4 0 1 2 3 4

3.0 3 1 1 1 0 0 2 1 0 0 0

3.5 16b 4 3 4 2 2 10 2 1 0 0

4.0 4 1 1 0 1 1 4 0 0 0 0

aSee Appendix 1 for grading criteria.
bOne dog died before a post-vinblastine CBC was obtained. Ac-

curate platelet counts were not available for an additional 2 dogs in

this cohort.

VBL, vinblastine.
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Adverse clinical signs commonly associated with sepsis,
such as anorexia, lethargy, or pyrexia, were not observed
either. A necropsy was not performed. Of the remaining
9 dogs, 1 experienced severe toxicity characterized by
febrile grade 4 neutropenia, grade 3 anorexia, and grade
2 vomiting. This dog was hospitalized, and clinical signs
resolved quickly with supportive care including IV fluids,
antibiotics, antiemetics, and gastroprotectants. There-
fore, in total, 3 of the 16 dogs (19%) treated with VBL
at a dosage of 3.5mg/m2 experienced severe toxicity. In
one of these dogs, the toxicity was asymptomatic; 2 of 16
dogs (13%) experienced severe clinical signs in associa-
tion with VBL treatment.
Neutropenia was identified as the dose-limiting toxic

event. Neutropenia of some degree was recognized in 16 of
22 dogs tested (73%), and in all 16 dogs the neutrophil
nadir was identified 1 week after treatment. Fifteen of
these dogs had a CBC repeated 2 weeks after treatment,
and in all dogs the neutrophil count had returned to within
normal limits. A week 2 CBC was not available for the
remaining dog, but it experienced asymptomatic grade 1
neutropenia 1 week after treatment and mild neutrophilia
(14,000neutrophils/mL) 3 weeks after treatment.
Gastrointestinal toxicity of some kind was identified in

13 of the 23 dogs (57%). Some dogs experienced multiple
concurrent adverse effects, but anorexia was the most
common toxic event, occurring in 11 dogs (48%). Vom-
iting was observed in 6 dogs (23%), and diarrhea in 5
dogs (22%). Over the range of VBL dosages evaluated,
there was no obvious dose dependency on the frequency
or severity of adverse gastrointestinal effects. Only 1 dog
experienced severe gastrointestinal toxicity (grade 3
anorexia and grade 2 vomiting), but as previously
discussed this dog likely was septic with febrile grade 4
neutropenia, and all clinical signs quickly resolved with
supportive care.
Fifteen dogs received only 1 dose of VBL, 3 dogs re-

ceived 2 doses, 4 dogs received 3 doses, and 1 dog received
8 doses. Of the 8 dogs that received multiple doses, 1 was
in the 3.0mg/m2 cohort, 6 were in the 3.5mg/m2 cohort,
and 1 was in the 4.0mg/m2 cohort. VBL dosage was kept
constant for 6 dogs. Two dogs in the 3.5mg/m2 cohort had
25% dosage reductions (2.62mg/m2) due to asymptomat-
ic grade 3 and 4 neutropenia after their 1st treatment. At
this new dosage, these dogs experienced asymptomatic
grade 2 and 1 neutropenia, respectively. Overall, none of
the dogs receiving multiple treatments experienced severe
toxicity from any of their subsequent treatments, although

CBCs were not performed consistently 1 week after all
additional treatments.

Although there were no body weight restrictions for
enrollment, by chance no dogs weighedo10kg. Four dogs
weighed between 10 and 20kg. One of these dogs was
enrolled in the 3.0mg/m2 cohort. It did not experience any
neutropenia, but it did experience grade 2 anorexia and
grade 1 vomiting. The remaining 3 dogs were enrolled in the
3.5mg/m2 cohort. One did not experience any neutropenia
or adverse gastrointestinal effects; 1 experienced grade 1
neutropenia and grade 2 anorexia; 1 experienced grade 4
neutropenia, grade 2 anorexia, grade 1 vomiting, and grade
1 diarrhea. There were too few small dogs to perform sta-
tistical analyses, but there was no obvious relationship
between body size and adverse effects. Additionally, the
dogs in the 3.5mg/m2 cohort that experienced severe toxic-
ity weighed 11.6, 33.5, and 54.8kg.

Of the 15 dogs with CHOP-resistant lymphoma en-
rolled in this study, remissions were attained using single-
agent VBL in 3 (20%). One dog in the 3.0mg/m2 cohort
achieved a complete remission lasting for 48 days. Two
dogs in the 3.5mg/m2 cohort attained partial remissions
lasting for 28 and 41 days. Considering specifically the 12
dogs with CHOP-resistant lymphoma treated with VBL
at the MTD, remissions were achieved in 2 (17%). Not
all of the dogs with mast cell tumors included in this
study had measurable disease at the time of enrollment,
and therefore response information is not presented.

Discussion

Results of this study confirm the dose-limiting toxicity
associated with VBL in dogs to be neutropenia. Gastro-
intestinal toxicity, although common, usually was mild
and did not warrant medical intervention. The maximum
tolerated single dose of VBL was 3.5mg/m2. A total of 16
dogs received this dose, and severe adverse effects were
observed in 3 dogs (19%). One of these dogs was asymp-
tomatic for its neutropenia. Serious clinical consequences
resulted in 2 dogs (13%)—1 dog required hospitalization
for presumed sepsis and 1 dog died 4 days after treat-
ment. The dog that died did not exhibit any adverse
effects of treatment before death; in fact, its owners
reported improvement in clinical signs after receiving
VBL. However, a necropsy was not performed, and con-
sidering its large tumor burden acute tumor lysis
syndrome cannot be ruled out.16 Therefore, to be conser-
vative, we have assumed that this was a treatment-related

Table 2. Severity of adverse gastrointestinal events following administration of a single dose of vinblastine to dogs.

VBL Dose

(mg/m2) # of Dogs

Grade of Anorexiaa Grade of Vomitinga Grade of Diarrheaa

0 1 2 3 4 5 0 1 2 3 4 5 0 1 2 3 4 5

3.0 3 1 1 1 0 0 0 2 1 0 0 0 0 3 0 0 0 0 0

3.5 16 9 1 5 1 0 0 11 4 1 0 0 0 12 4 0 0 0 0

4.0 4 2 0 2 0 0 0 4 0 0 0 0 0 3 1 0 0 0 0

aSee Appendix 1 for grading criteria.

VBL, vinblastine.

1399Dose-Escalated Vinblastine in Dogs



death. Even so, the level of toxicity observed at the MTD
is considered acceptable and in agreement with the stan-
dards of clinical veterinary oncology.17,18

The neutrophil nadir consistently was identified 1 week
after VBL administration, and the neutrophil count re-
covered to within normal limits by week 2. Additionally,
in the dogs that received multiple treatments, no evidence
of cumulative toxicity was identified. Based on these re-
sults, the recommended dosing interval for single-agent
VBL given at a dosage of 3.5mg/m2 is every 2 weeks.
In people, intensive pretreatment with myelosuppres-

sive chemotherapy can exacerbate the severity of the
myelosuppression observed in subsequent protocols.19

Although 20 of the 23 dogs included in this study had
been treated previously with 1 or more chemotherapy
protocols, this pretreatment was not thought to substan-
tially influence the MTD because 2 of the previously
untreated dogs were in the 4.0mg/m2 cohort and both
experienced severe toxicity. Moreover, the treatment
histories of the dogs included in this study accurately
reflect those of dogs likely to be treated with VBL.
Small dogs were not intentionally excluded from this

study, but none of the dogs weighed o10 kg and only 4
dogs weighed between 10 and 20 kg. Smaller dogs have
been shown to experience increased toxicity when certain
chemotherapy drugs are dosed based on body surface
area, including doxorubicin, cisplatin, carboplatin, and
melphalan.20–23 A similar relationship between body
weight and toxicity has not been reported in any of the
previously published studies in which VBL was admin-
istered at a dosage of 2.0mg/m2 q1–2 weeks,4–8 nor has
one been reported for dogs treated with vincristine or
vinorelbine.17,24 The authors do not feel a routine dosage
reduction below 3.5mg/m2 is warranted when treating
small dogs, but they acknowledge that careful monitor-
ing is indicated until experience is gained treating smaller
dogs.
Oral trimethoprim-sulfadiazine was administered

prophylactically to all dogs in this study. Although con-
troversial, the use of prophylactic antibiotics in human
oncology is a cost-effective way to prevent febrile
neutropenia in high-risk patients.25,26 The role of pro-
phylactic antibiotic use needs to be better defined
in veterinary oncology. However, a recent study in
dogs with osteosarcoma or lymphoma treated with
doxorubicin or doxorubicin plus L-asparaginase, respec-
tively, showed that prophylactic treatment with trime-
thoprim-sulfadiazine significantly reduced the occur-
rence of nonhematologic toxicity, hospitalization, and
poor performance.27 Additionally, prophylactic antibi-
otic therapy has been successfully used in phase I studies
in which severe neutropenia was anticipated.28 Given
the severe myelosuppression observed in the preclinical
studies evaluating VBL in dogs,10,11 the authors felt use
of prophylactic antibiotics was warranted. The impact of
prophylactic antibiotic administration on the incidence
of febrile neutropenia cannot be determined from this
study. However, given that 25% of the dogs treated with
VBL at a dosage of 3.5mg/m2 developed grade 3 or 4
neutropenia, continued use of adjunct trimethoprim-
sulfadiazine is justified.

The currently recommended single dosage of 3.5mg/m2

represents a 75% increase compared with the historically
used dosage of 2.0mg/m2. Most cytotoxic chemotherapy
drugs have very steep dose-response curves, indicating
that a small change in drug dose might have a substantial
impact on ability to control the patient’s cancer.14,29,30 In
preclinical models, altering drug dose by 20–25% can
affect cure rate by as much as 50%.29 Additionally, many
chemotherapy drugs have threshold doses that need to be
exceeded for treatment to be efficacious. For example,
when dogs with lymphoma received single-agent dox-
orubicin at dosages of either 30mg/m2 q3 weeks or
10mg/m2 q1 week, overall remission rates were compara-
ble but median remission durations were 147 and 14 days,
respectively.31,32 A threshold effect has also been identified
when vincristine is used to treat women with breast can-
cer.30 A similar threshold effect might exist when using
VBL, another vinca alkaloid. Threshold effects likely de-
pend both on the drug and the tumor type, but, regardless
of the underlying factors, the observation of threshold
effects emphasizes the importance of administering drugs
such as VBL at their MTD.

Another important concept in cancer treatment effi-
cacy is dose intensity—the amount of drug delivered per
unit time, expressed as mg/m2/wk regardless of schedule.
Dose intensity is predictive of remission rate and survival
in people with several different forms of cancer, including
breast cancer, non-Hodgkin’s lymphoma, and small cell
lung cancer.29,30 Using the current VBL dosage recom-
mendation of 3.5mg/m2 q2 weeks, the resulting
dose intensity is 1.75mg/m2/wk. In previous reports in
which VBL was administered at a dosage of 2.0mg/m2,
treatments typically were administered weekly for 4
treatments and then every other week for an addi-
tional 4 treatments for an overall dose intensity of only
1.33mg/m2/wk.4–8 For the 1st month of that protocol,
however, the dose intensity was higher—2.0mg/m2/wk.
Front-end-loaded regimens might be advantageous
because they decrease the time for tumor regrowth when
overall tumor burden is at its highest and reduce the like-
lihood of drug-resistant mutant cells developing.29

Additional studies therefore are needed to determine
the optimal dosing schedule when using a single-agent
VBL protocol.

Response to therapy was not a primary end-point of
this study, but because there are no previously published
reports confirming the usefulness of VBL for treating ca-
nine lymphoma, it is interesting to note that 3 of 15 dogs
(20%) achieved a complete or partial remission. Addition-
ally, all of these dogs had failed a vincristine-containing
protocol before receiving VBL, indicating a lack of total
cross-resistance between these vinca alkaloids. A similar
lack of cross-resistance between VBL and vincristine
has been demonstrated in people with non-Hodgkin’s
lymphoma.33,34 The underlying mechanism for this lack
of total cross-resistance is not completely understood, but
likely includes different binding affinities for tubulin
resulting from variations in tubulin isotype as well as the
type and concentration of microtubule-associated pro-
teins.3 Differences in cellular pharmacology might also
play an important role. In vitro, VBL is taken up and
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released more quickly from cells.35–37 Additionally, VBL
might be more likely to accumulate at other intracellular
sites in addition to tubulin, such as in the lipid phase of the
plasma membrane.35–37

Sample size in the present study was not large enough
to accurately determine the true efficacy of single-agent
VBL for resistant lymphoma; however, the reported
response rate of 20% is not high enough to assume that
single-agent VBL might be an effective rescue protocol.
Still, it might be possible to effectively incorporate VBL
into multiagent rescue protocols for resistant canine lym-
phoma. Each drug included in a multiagent protocol
should have an overall response rate of 20–30% and
preferably should induce complete remission in some
fraction of treated patients.14,38,39 Moreover, the lack of
cross resistance between VBL and vincristine for canine
lymphoma supports the potential utility of substituting
VBL for vincristine in rescue protocols such as MOPP,
BOPP, or LOPP (mustargen, carmustine [BCNU], or lo-
mustine [CCNU], respectively, with vincristine,
procarbazine, and prednisone) that typically are used
after patients have failed vincristine-containing protocols
such as CHOP or COP.40,41 Additional studies are
needed to confirm this hypothesis and better define the
role of VBL when treating canine lymphoma.
In summary, VBL can be administered safely to dogs

at a dosage of 3.5mg/m2 IV q2 weeks. This new dosing
regimen offers both theoretical advantages and disadvan-
tages compared with the historically used regimen of
2.0mg/m2 IV q1–2 weeks. Additional studies are needed
to determine whether one of these dosing regimens is
clinically superior to the other.

Footnotes

a Vinblastine, Abraxis, Schaumburg, IL
bTribrissen, Interfarm, Hauppauge, NY

References

1. Rosenthal RC. Clinical applications of vinca alkaloids. J Am

Vet Med Assoc 1981;179:1084, 1086.

2. Golden DL, Langston VC. Uses of vincristine and vinblastine

in dogs and cats. J Am Vet Med Assoc 1988;193:1114–1117.

3. Rowinsky EK. Antimicrotubule agents. In: Chabner BA,

Longo DL, eds. Cancer Chemotherapy and Biotherapy, Practice

and Principles, 4th ed. Philadelphia, PA: Lipincott Williams and

Wilkins; 2006:237–282.

4. ThammDH, Mauldin EA, Vail DM. Prednisone and vinblas-

tine chemotherapy for canine mast cell tumor—41 cases (1992–

1997). J Vet Intern Med 1999;13:491–497.

5. Davies DR, Wyatt KM, Jardine JE, et al. Vinblastine and

prednisolone as adjunctive therapy for canine cutaneous mast cell

tumors. J Am Anim Hosp Assoc 2004;40:124–130.

6. Trumel C, Bourges-AbellaN, TouronC, et al. Adverse haemato-

logical effects of vinblastine, prednisolone and cimeti-

dine treatment: A retrospective study in fourteen dogs with mast cell

tumours. J Vet Med A Physiol Pathol Clin Med 2005;52:275–279.

7. Thamm DH, Turek MM, Vail DM. Outcome and prognostic

factors following adjuvant prednisone/vinblastine chemotherapy

for high-risk canine mast cell tumour: 61 cases. J Vet Med Sci 2006;

68:581–587.

8. Hayes A, Adams V, Smith K, et al. Vinblastine and predniso-

lone chemotherapy for surgically excised grade III canine cutaneous

mast cell tumours. Vet Comp Oncol 2007;5:168–176.

9. Camps-PalauMA, Leibman NF, Elmslie R, et al. Treatment of

canine mast cell tumours with vinblastine, cyclophosphamide and

prednisone: 35 cases (1997–2004). Vet CompOncol 2007;5:156–167.

10. Boggs DR, Athens JW, Haab OP, et al. Leukokinetic studies.

VII. Morphology of the bone marrow and blood of dogs given

vinblastine sulfate. Blood 1964;23:53–67.

11. Creasey WA, Scott AI, Wei CC, et al. Pharmacological

studies with vinblastine in the dog. Cancer Res 1975;35:1116–1120.

12. Crow SE. Treatment of a mast cell tumor in a dog. Mod Vet

Pract 1977;58:766–767.

13. Madewell BR, Theilen GH. Chemotherapy. In: Theilen GH,

Madewell BR, eds. Veterinary Cancer Medicine. Philadelphia, PA:

Lea and Febiger; 1979:95–112.

14. Chu E, DeVita VT. Principles of medical oncology. In:

DeVita VT, Hellman S, Rosenberg SA, eds. Cancer: Principles and

Practice of Oncology, 7th ed. Philadelphia, PA: Lippincott Williams

and Wilkins; 2005:295–306.

15. Veterinary Co-Operative Oncology Group. Veterinary

co-operative oncology group—Common terminology criteria for

adverse events (VCOG-CTCAE) following chemotherapy or bio-

logical antineoplastic therapy in dogs and cats v1.0. Vet Comp

Oncol 2004;2:194–213.

16. Brooks DG. Acute tumor lysis syndrome. Compend Cont

Educ Pract Vet 1995;17:1103–1106.

17. Poirier VJ, Burgess KE, Adams WM, Vail DM. Toxicity,

dosage, and efficacy of vinorelbine (Navelbine) in dogs with spon-

taneous neoplasia. J Vet Intern Med 2004;18:536–539.

18. Rassnick KM, Moore AS, Northrup NC, et al. Phase I trial

and pharmacokinetic analysis of ifosfamide in cats with sarcomas.

Am J Vet Res 2006;67:510–516.

19. Egorin MJ, Van Echo DA, Tipping SJ, et al. Pharmaco-

kinetics and dosage reduction of cis-diammine(1,1-cyclobutane-

dicarboxylato)platinum in patients with impaired renal function.

Cancer Res 1984;44:5432–5438.

20. Arrington KA, Legendre AM, Tabeling GS, Frazier DL.

Comparison of body surface area-based and weight-based dosage

protocols for doxorubicin administration in dogs. Am J Vet Res

1994;55:1587–1592.

21. Ogilvie GK, Moore AS, Curtis CR. Evaluation of cisplatin-

induced emesis in dogs with malignant neoplasia: 115 cases (1984–

1987). J Am Vet Med Assoc 1989;195:1399–1403.

22. Rassnick KM, Ruslander DM, Cotter SM, et al. Use of

carboplatin for treatment of dogs with malignant melanoma:

27 cases (1989–2000). J Am Vet Med Assoc 2001;218:1444–1448.

23. Page RL, Macy DW, Thrall DE, et al. Unexpected toxicity

associated with use of body surface area for dosing melphalan in the

dog. Cancer Res 1988;48:288–290.

24. McCawDL,MillerMA, Bergman PJ, et al. Vincristine therapy

for mast cell tumors in dogs. J Vet Intern Med 1997;11:375–378.

25. HughesWT, Armstrong D, Bodey GP, et al. 2002 Guidelines

for the use of antimicrobial agents in neutropenic patients with can-

cer. Clin Infect Dis 2002;34:730–751.

26. Timmer-Bonte JNH, Adang EMM, Termeer E, et al. Model-

ing the cost effectiveness of secondary febrile neutropenia prophy-

laxis during standard-dose chemotherapy. J Clin Oncol 2008;26:

290–296.

27. Chretin JD, Rassnick KM, Shaw NA, et al. Prophylactic

trimethoprim-sulfadiazine during chemotherapy in dogs with lym-

phoma and osteosarcoma; a double-blind, placebo-controlled

study. J Vet Intern Med 2007;21:141–148.

1401Dose-Escalated Vinblastine in Dogs



28. Flory AB, Rassnick KM, Al-Sarraf R, et al. Combination

of CCNU and DTIC chemotherapy for treatment of resistant

lymphoma in dogs. J Vet Intern Med 2008;22:164–171.

29. MarangoloM, Bengala C, Conte PF, et al. Dose and outcome:

The hurdle of neutropenia (review). Oncol Rep 2006;16:233–248.

30. Hryniuk WM. The importance of dose intensity in the

outcome of chemotherapy. Important Adv Oncol 1988;121–141.

31. Mutsaers AJ, Glickman NW, DeNicola DB, et al. Evalua-

tion of treatment with doxorubicin and piroxicam or doxorubicin

alone for multicentric lymphoma in dogs. J Am Vet Med Assoc

2002;220:1813–1817.

32. Ogilvie GK, Vail DM, Klein MK, et al. Weekly administra-

tion of low-dose doxorubicin for treatment of malignant lymphoma

in dogs. J Am Vet Med Assoc 1991;198:1762–1764.

33. Jackson DV, Spurr CL Jr., Caponera ME, et al. Vinblastine

infusion in non-Hodgkin’s lymphomas: Lack of total cross-resis-

tance with vincristine. Cancer Investig 1987;5:535–539.

34. Stolinsky DC, Hum GJ, Jacobs EM, et al. Clinical trial of

weekly doses of vinblastine (NSC-49842) combined with vincristine

(NCS-67574) in malignant lymphomas and other neoplasms. Can-

cer Chemother Rep 1973;57:477–480.

35. Ferguson PJ, Phillips JR, Selner M, Cass CE. Differential

activity of vincristine and vinblastine against cultured cells. Cancer

Res 1984;44:3307–3312.

36. Ferguson PJ, Cass CE. Differential cellular retention of

vincristine and vinblastine by cultured human promyelocytic

leukemia HL-60/Cl cells: The basis of differential toxicity. Cancer

Res 1985;45:5480–5488.

37. Rivera-Fillat MP, Pallares-Trujillo J, Domenech C,

Grau-Oliete MR. Comparative uptake, retention and action of

vincristine, vinblastine and vindesine on murine leukaemic lympho-

blasts sensitive and resistant to vincristine. Br J Pharmacol 1988;93:

902–908.

38. Frei E, Elias A III, Wheeler C, et al. The relationship

between high-dose treatment and combination chemotherapy: The

concept of summation dose intensity. Clin Cancer Res 1998;4:

2027–2037.

39. Shanafelt TD, Loprinzi C,Marks R, et al. Are chemotherapy

response rates related to treatment-induced survival prolongations

in patients with advanced cancer? J Clin Oncol 2004;22:1966–1974.

40. Rassnick KM, Mauldin GE, al Sarraf R, et al. MOPP che-

motherapy for treatment of resistant lymphoma in dogs: A

retrospective study of 117 cases (1989–2000). J Vet Intern Med

2002;16:576–580.

41. LeBlanc AK, Mauldin GE, Milner RJ, et al. Efficacy and

toxicity of BOPP and LOPP chemotherapy for the treatment of re-

lapsed canine lymphoma. Vet Comp Oncol 2006;4:21–32.

Appendix 1

Table A1. Grading criteria used to assess adverse hemato-
logic and gastrointestinal events following administration
of a single dose of vinblastine to dogs (veterinary co-oper-
ative oncology group—common terminology criteria for
adverse events v 1.0 [VCOG-CTCAE]15).

Adverse Event Criteria

Neutropenia

0 �3,400 neutrophils/mL
1 1,500–3,399neutrophils/mL
2 1,000–1,499neutrophils/mL
3 500–999neutrophils/mL
4 o500 neutrophils/mL

Thrombocytopenia

0 �179,000 platelets/mL
1 100,000–178,999 platelets/mL
2 50,000–99,999 platelets/mL
3 15,000–49,999 platelets/mL
4 o15,000 platelets/mL

Anorexia

0 None

1 Coaxing or dietary change required to

maintain appetite

2 o3 days (d) duration, no significant

weight loss

3 3–5 days, weight loss, nutritional supple-

mentation needed

4 45 days, life-threatening consequences

5 Death

Vomiting

0 None

1 o3 episodes in 24 hours

2 3–5 episodes in 24 hours,o3 episodes/d

for 2–5 days, SC/IV fluids foro1 day

3 45 episodes in 24 hours, vomiting44

days, IV fluids for424 hours

4 Life threatening (eg, hemodynamic col-

lapse)

5 Death

Diarrhea

0 None

1 Increase ofo2 stools/d over baseline

2 2–6 stools/d over baseline, SC/IV fluids

o24 hours

3 46 stools/d over baseline, incontinence, IV

fluids424 hours

4 Life threatening (eg hemodynamic col-

lapse)

5 Death
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