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Abstract

L-asparaginase (ASNase) is a common chemotherapy agent for the treatment of lymphoid malignancies. L-asparaginase has
been reported to cause clinical pancreatitis in both humans and canines. Canine pancreatic lipase immunoreactivity (cPLI)
is now a common diagnostic tool for evaluating pancreatitis in dogs. A total of 52 dogs were enrolled into this study. Canine
pancreatic lipase immunoreactivity (cPLI) concentrations were evaluated before and after administration of ASNase, vincristine,
or both. All dogs enrolled in the study were evaluated for signs compatible with clinical pancreatitis. No dogs receiving ASNase
alone showed evidence of clinical pancreatitis after administration. Also, there was no statistically significant change in cPLI
concentrations before or after treatment. Fourteen percent of dogs that received both vincristine and ASNase concurrently
had elevated concentrations of cPLI after treatment. Of the 11 dogs with clinical signs compatible with pancreatitis after any
chemotherapy treatment, no dog had a cPLI concentration > 400 pg/dL. In conclusion, ASNase did not cause clinical pancreatitis
in this cohort of dogs but larger sample sizes are required to further validate this data.

Résumé

La L-asparaginase (ASNase) est un agent de chimiothérapie usuel pour le traitement des cancers lymphoides. La L-asparaginase est rapportée
comme causant des pancréatites cliniques chez les humains et les chiens. L'immunoréactivité de la lipase pancréatique canine (cPLI) est
maintenant un outil diagnostique fréquent pour I'évaluation de pancréatite chez les chiens. Un total de 52 chiens a été inclus dans cette
étude. Les concentrations de cPLI ont été évaluées avant et apres administration d’ASNase, de vincristine, ou des deux. Tous les chiens
inclus dans I'étude ont été évalués pour des signes compatibles avec une pancréatite clinique. Aucun des chiens ne recevant que de I’ ASNase
n’a montré d'évidence de pancréatite clinique aprés 'administration du produit. Egalement, il n'y avait aucun changement statistiquement
significatif dans les concentrations de cPLI avant et apres les traitements. Quatorze pourcent des chiens qui ont regu de la vincristine et
de I"’ASNase simultanément avaient des concentrations élevées de cPLI apreés les traitements. Parmi les 11 chiens qui avaient des signes
compatibles avec une pancréatite apres n'importe lequel des traitements par chimiothérapie, aucun des chiens n’avaient une concentration de
cPLI > 400 wg/dL. En conclusion, I’ASNase n'a pas causé de pancréatite clinique dans cette cohorte de chiens mais une taille d’échantillons
plus grande est requise pour valider ces résultats.

Introduction

(Traduit par Docteur Serge Messier)

coli, is a tumoricidal enzyme with a unique action mechanism (5).
Neoplastic lymphocytes require the amino acid L-asparagine for

The standard of care for the treatment of canine malignant lym-
phoma consists of multi-drug therapy (1). L-asparaginase (ASNase)
is among the accepted drugs used for standard treatment in both
the induction phase of chemotherapy for lymphoma and for rescue
therapy (2-4). L-asparaginase, commonly derived from Escherichia

development, but lack the ability to synthesize this amino acid due
to a lack of L-asparagine synthetase (5). Consequently, lymphoma
cells must acquire L-asparagine from the circulating blood supply (5).
L-asparaginase hydrolyzes the body’s circulating L-asparagine, thus
starving the neoplastic cells of this essential amino acid (5). However,
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L-asparagine is also an important component of many complex pro-
teins, and its elimination results in inhibition of synthesis of albumin,
coagulation factors, and insulin (5). Given the negative impact on
protein synthesis by the liver and endocrine pancreas, it is reason-
able to speculate that L-asparagine depletion could result in a similar
reduction in protein synthesis by the exocrine pancreas.

In canines, ASNase has been linked to a variety of toxicities,
including anaphylaxis, coagulation abnormalities, cerebral throm-
bosis, and pancreatitis (6-9). It remains unclear as to whether or not
these side effects are a result of decreased protein synthesis or are
due to the presence of an endotoxin associated with E. coli-derived
ASNase. All of the aforementioned side effects in humans have
been shown to be independent of dosing, but this has not been
documented in canines (10,11).

In humans, the incidence of pancreatitis induced by ASNase
administration ranges from 0.7% to 16.2% (12-14). Treatment of
humans by administration of ASNase is often done intravenously
over successive days. The concern about pancreatitis as a side effect
in veterinary patients is based mostly on human data and on spo-
radic case reports in the veterinary literature (6,9). The incidence
of pancreatitis secondary to ASNase administration has not been
reported in the veterinary literature. In fact, pancreatitis has not been
reported in studies regarding ASNase side effects (15).

Canine pancreatitis continues to be a diagnostic dilemma in
veterinary medicine. Recently, a new assay for the diagnosis of pan-
creatitis in dogs, canine pancreatic lipase immunoreactivity (cPLI)
concentration, has been developed and analytically validated (16).
Many experienced practitioners considered this test to be the gold
standard, in combination with findings from a physical examination,
for non-invasive diagnostic testing for pancreatitis in canines (17).
L-asparaginase-induced pancreatitis in humans is diagnosed using a
variety of tests including physical examination, serum amylase and
lipase elevations, abdominal sonography, and abdominal computed
tomography (10,13,14,18). In some reports, serum concentrations
of trypsin and elastase-1 have been used to diagnose subclinical
pancreatitis secondary to ASNase administration (19).

The purpose of this study was to prospectively evaluate canine
pancreatic lipase immunoreactivity (cPLI) in conjunction with
clinical signs in an attempt to ascertain the incidence of clinical
and subclinical pancreatitis in dogs diagnosed with lymphoma and
treated with ASNase.

Materials and methods

Canine patients admitted to the Texas A&M University (TAMU)
Small Animal Clinic and to the Veterinary Specialty Center of Texas
and diagnosed with large-cell lymphoma were considered for
enrollment. Diagnosis of lymphoma was confirmed by cytology or
histopathology. All dogs were staged based on the World Health
Organization’s (WHO) canine lymphoma standard (20). Routine
staging included a complete blood (cell) count (CBC), chemistry
profile, urinalysis, thoracic radiographs, and abdominal radiographs
or ultrasound. Immunocytochemistry for B-cell or T-cell typing was
evaluated in some dogs. Dogs were considered substage “b” if they
displayed systemic signs and were clinically ill at presentation. Dogs
with no systemic symptoms were considered substage “a.” Dogs who

were substage b typically received an abdominal ultrasound exami-
nation, while healthy dogs routinely had abdominal radiographs
performed. Bone marrow aspirates were only performed if patients
had CBCs that suggested bone marrow infiltration, with cytopenias
or abnormal circulating lymphocytes. The project was reviewed
and approved by the Clinical Research Review Committee (CRRC
#05-36). Before enrollment into the study, all owners were required
to sign an informed consent form. Fifty-two dogs were considered
eligible and enrolled into the study.

The standard multi-drug regimen for canine large-cell lymphoma
used at both referral centers consisted of ASNase (Elspar; Merck &
Company, Whitehouse Station, New Jersey, USA) and vincristine
(Vincristine; Mayne Pharma, Parmus, New Jersey, USA) administra-
tion in the 1st wk and daily oral prednisone (Prednisone; Qualitest
Pharmaceuticals, Huntsville, Alabama, USA) at a dosage of 30 to
40 mg/m?2. After the 1st wk, the protocol continued as a standard
cyclophosphamide hydroxydaunorubicin (doxorubicin) Oncovin
(vincristine) prednisone (CHOP) based protocol. The CHOP protocol
at TAMU consists of the following weekly chemotherapy treatments:
cyclophosphamide in week 2, vincristine again in week 3, and
doxorubicin in week 4. No chemotherapy is administered in week 5
and the treatment is then repeated 4 times without further ASNase
therapy. L-asparaginase was administered at a dose of 400 IU/kg
given subcutaneously. Vincristine was administered intravenously
at a dose of 0.5 to 0.7 mg/m?. The vincristine dosage was based
primarily on clinician preference, size of the dog, and pretreatment
CBC values. Because of the risk for potential synergistic neutropenia,
ASNase and vincristine administration were often separated by 24 to
96 h (21). The decision for variation in time between treatments of
1 to 4 d depended on the dog’s CBC at the time of administration,
the attending clinician’s clinical evaluation, and the accommodation
of a normal work week as no treatments occurred on the weekends.
Consequently, there were 2 initial test groups: those that received
ASNase and vincristine concurrently (group 1), and those that
received ASNase 24 to 96 h prior to vincristine (group 2). Some
dogs in group 2 received only ASNase without further vincristine
treatment. Those dogs that did not receive further treatment were
lymphoma patients in “rescue” protocols or patients who were sent
to the local veterinarian for the remainder of the treatment protocol.
The study was not randomized, nor were the clinicians blinded to
the drugs administered, as clinicians’ assessment determined the
group into which each dog would be enrolled. Clinical signs of
pancreatitis were defined as any or all of the following: decrease in
appetite, vomiting, and abdominal pain on palpation. These signs
were evaluated by multiple clinicians.

Based on preliminary data suggesting that the combination of
vincristine and ASNase caused elevations in cPL, group 3 was added
to the study (22). Group 3 was composed of dogs that were all in
clinical remission and were only treated with vincristine, but were
not treated with ASNase. These dogs had not had any chemotherapy
for at least 7 d prior to vincristine treatment, but were on appropriate
doses (30 to 40 mg/m?) of oral prednisone.

Sample collection

For all groups, the 1st serum sample was collected on the day of
presentation immediately prior to administration of ASNase.
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Group 1 — The 2nd serum sample was obtained 7 d after the
administration of both drugs.

Group 2 — The 2nd sample was collected before the vincristine
administration (24 to 96 h after the ASNase). A final sample was
collected 7 d after the administration of both week 1 drugs (8 to 12.d
after presentation).

Group 3 — Samples were collected prior to and 7 d after vincristine
administration.

Samples in groups 2 and 3 were collected 7 d after administra-
tion based solely on the next appointment time. As clients of both
clinics routinely travel extended lengths, it was deemed unnec-
essary to have clients return solely for the benefit of this study.
Consequently, all samples were collected at the time of the next treat-
ment within the CHOP protocol. Mailed samples from local veteri-
narians would have eliminated the standardized collection method
that was designed to minimize degradation of Spec cPLI within the
serum.

Serum samples were stored at -80°C until measurement of cPL
concentration, and were batched at appropriate intervals to help
eliminate testing error (23). A commercial immunoassay (Spec cPL;
Idexx Laboratories, Portland, Maine, USA) was used to measure
serum cPLI concentrations. This assay is a double-sandwich ELISA
that utilizes 2 different monoclonal antibodies directed against canine
pancreatic lipase. The reference range for the immunoassay is 0 to
200 pg/dL. A serum cPL concentration > 400 pg/dL is considered
diagnostic for pancreatitis and a concentration of 200 to 400 wg/dL
is considered equivocal.

Statistical analysis

Statistical analysis was performed using statistical software
(GraphPad Prism, version 5.0; GraphPad Software, San Diego,
California, USA). Clinical signs of pancreatitis were dichotomized.
Signs of pancreatitis included anorexia, vomiting, and signs of nau-
sea (as evidenced by a decreased appetite, smacking of lips, or both).
Because of the equivocal range of cPLI from 200 wg/dL to 400 wg/dL,
the data was analyzed twice. The 1st set of data considered a cPLI cut
off value of > 200 p.g/dL. The 2nd set, considered the more standard,
used > 400 wg/dL as the cut off value for pancreatitis. A Fischer’s
exact test with constructed contingency tables was used to evaluate
cPL concentrations and clinical evidence of pancreatitis before and
after specific therapies. Gaussian distribution was evaluated with
the Shapiro-Wilk normality test for all 3 groups. As none of the data
were normally distributed, a Wilcoxon signed rank test (groups 1
and 3) or non-parametric one-way ANOVA (group 2) was used for
additional statistical analysis. A Mann-Whitney test was used for
non-paired data comparisons. P-values of < 0.05 were considered
statistically significant.

Fifty-two dogs were enrolled into the study between July of
2005 and June of 2007. The median age of all enrolled patients was
8.0 y (range: 2.0 to 14.0 y). There were 23 spayed female, 1 intact
female, 21 neutered male, and 7 intact male dogs. The following
breeds were represented by more than 1 enrolled dog: mixed breed
(n = 14), golden retriever (n = 6), basset hound (1 = 4), boxer (n = 4),
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Figure 1. Box and whiskers plot of group 1 measuring canine pancreatic
lipase immunoreactivity (cPLI) concentrations before and after treatment
with L-asparaginase (ASNase) and vincristine concurrently. P = 0.058

miniature schnauzer (n = 3), Labrador retriever (n = 3), and German
shepherd (1 = 2).

All dogs in the study were staged according to the World Health
Organization (WHO) staging scheme. Two dogs were stage II,
24 dogs were stage III, 14 dogs were stage IV, and 12 dogs were
stage V. Thirty-four dogs were substage a and 18 dogs were sub-
stage b. The median serum total calcium concentration for all
dogs was 10.3 mg/dL (range: 7.4 to 18.6 mg/dL); 7 dogs were
hypercalcemic at the time of presentation. A total of 8 dogs had
immunocytochemistry results consistent with T-cell lymphoma,
while 12 dogs were diagnosed with B-cell lymphoma. Two dogs
had an equally mixed population of B and T cells and 8 dogs had
inconclusive immunocytochemistry results. The remaining dogs did
not have immunocytochemistry performed.

Group 1 — Twenty-eight dogs received concurrent vincristine and
ASNase treatment. Upon presentation, 1 dog was stage II, 16 dogs
were stage III, 6 dogs were stage IV, and 5 dogs were stage V. Four
of the 28 dogs were substage b and only 1 dog was hypercalcemic
at presentation.

Four of these 28 dogs had clinical signs that could have been
compatible with pancreatitis at presentation prior to receiving any
chemotherapy. These signs included decreased appetite, vomiting,
and/or abdominal pain on palpation. After concurrent adminis-
tration of both ASNase and vincristine, 5 dogs had clinical signs
compatible with pancreatitis. Two of these 5 dogs had clinical
signs compatible with pancreatitis both before and after treatment.
The median cPLI concentration before treatment was 88.5 pg/dL
(range: 29.0 to 1001.0 pg/dL) and was 138.5 pg/dL (range: 29.0 to
637.0 png/dL) 7 d after the combination therapy (Figure 1). While
not significant (P = 0.058), the change in median serum cPL between
the 2 groups approached a P-value of 0.05. However, there was
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Figure 2. Box and whiskers plot of the subpopulation of group 2 dogs
(received vincristine 24 to 96 h after administration of ASNase) measuring
canine pancreatic lipase immunoreactivity (cPLI) concentrations before
chemotherapy, after ASNase, and after vincristine. P = 0.455

no significant difference between the number of dogs with cPLI
elevations > 200 pg/dL (P = 0.101), > 400 pg/dL (P = 0.670), or
those with clinical signs compatible with pancreatitis (P = 1.000)
before and after treatment. None of the dogs with clinical signs of
pancreatitis after treatment had an increased serum cPLI concentra-
tion > 400 pg/dL. It is important to note that 14% of the dogs had
a serum cPLI > 400 wg/dL after therapy, but had no clinical signs
compatible with pancreatitis.

Group 2 — Twenty-four dogs received ASNase alone and were
reevaluated 24 to 96 h later. Upon presentation, 1 dog was classi-
fied as stage II, 8 dogs as stage III, 8 dogs as stage IV, and 7 dogs
as stage V. Fourteen of the dogs were substage b and 6 dogs were
hypercalcemic at presentation.

Ten of the 24 dogs presented with signs that could have been
compatible with pancreatitis, with anorexia being the most common
clinical finding (90%). After administration of ASNase, 5 dogs had
clinical signs suggestive of pancreatitis. Three of these 5 dogs had
signs compatible with pancreatitis prior to administration of the
ASNase. The median pre-administration serum cPLI concentration
for all 24 dogs was 63.5 ng/dL (range: 29.0 to 581.7 pg/dL). The
median cPLI level after ASNase was 98.0 ug/dL (range: 29.0 to
851.1 pg/dL). Median serum cPLI concentrations did not change
significantly after ASNase administration (P = 0.305). Only 1 of the
dogs with clinical signs compatible with pancreatitis had a serum
cPLI concentration > 400 pg/dL prior to ASNase administration.
None of the dogs with clinical signs compatible with pancreatitis
after administration of ASNase had a serum cPLI concentration
> 400 p.g/dL. Also, there was no statistically significant difference
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Figure 3. Box and whiskers plot of group 3 dogs (vincristine only) measur-
ing canine pancreatic lipase immunoreactivity (cPLI) concentrations before
and after vincristine chemotherapy. P = 0.424

between the number of dogs with a cPLI concentration > 200 pg/dL
(P =1.00), > 400 wg/dL (P = 0.416), or between the number of dogs
with clinical signs compatible with pancreatitis (P = 0.212) before
and after treatment.

Eighteen of the dogs that initially received ASNase alone (group 2)
were then treated with vincristine at their follow-up visit. The
remaining 6 dogs continued with their therapy with their local vet-
erinarian. The statistics were then recalculated with the remaining
18 dogs. Seven days after vincristine administration (8 to12 d after
the initial ASNase treatment), 4 dogs had clinical signs compatible
with pancreatitis. However, 2 of these dogs had initially presented
with similar clinical signs even before vincristine was administered.
The median serum cPLI concentration was 137 pg/dL (range: 29.0 to
581.7 pg/dL) before ASNase, 179 pg/dL (range: 29.0 to 851.0 p.g/dL)
after ASNase and immediately prior to vincristine therapy, and
149 pg/dL (range: 29.0 to 1001.0 wg/dL) 7 d after vincristine admin-
istration (Figure 2). There was no statistically significant difference
in the median serum cPLI concentration between the 3 groups
(P = 0.455). Also, there was no significant difference between the
number of dogs with cPLI concentrations > 200 wg/dL (P = 0.927),
or > 400 pg/dL (P = 0.320), or the number of dogs with clinical signs
compatible with pancreatitis (P = 0.289) before or after treatment.
None of the dogs with clinical signs compatible with pancreatitis
after ASNase followed by vincristine therapy had a serum cPLI
concentration > 400 pg/dL.

Group 3 — A 3rd treatment group was later added to the study
to evaluate response to vincristine therapy alone. These dogs were
taken from both group 1 and group 2. All 13 dogs were in clinical
remission at the time of presentation for an additional single dose
of vincristine. None of these dogs had received any chemotherapy
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for at least 7 d prior to administration, but all of the dogs were on
daily oral prednisone therapy (30 to 40 mg/m?).

Three of the 13 dogs had clinical signs compatible with pancrea-
titis prior to administration of vincristine, but only 1 of these dogs
had clinical signs compatible with pancreatitis 7 d after administra-
tion. The median serum cPLI concentration before treatment was
142 pg/dL (range: 29.0 to 489.0 pg/dL) and was 74 pg/dL (29.0 to
1001.0 wg/dL) 7 d after the treatment (Figure 3). There was no statis-
tical difference (P = 0.424) in the median cPLI concentration between
the 2 groups. Furthermore, there was no significant difference in the
number of dogs with a cPLI concentration > 200 wg/dL (P = 1.000),
> 400 pg/dL (P = 1.000), or those with clinical signs compatible
with pancreatitis (P = 0.372) before and after treatment of vincristine.
The only dog with clinical signs compatible with pancreatitis after
vincristine therapy had a cPLI concentration of < 29 wg/dL.

Eight of the 52 dogs were presented to the 2 referral hospitals
with a history of longterm corticosteroid use prior to their diagnosis
of lymphoma. Longterm usage was defined as any steroid admin-
istration or abnormally high endogenous cortisol levels (such as,
hyperadrenocorticism) for more than 7 d. One dog was previously
diagnosed with hyperadrenocorticism and was included although it
was not treated with exogenous corticosteroids. Only 1 of these dogs
that had received long-term steroids had clinical signs compatible
with pancreatitis prior to any chemotherapy treatment. None of the
dogs had an increased serum cPLI concentration prior to treatment
(median: 91.5 pg/dL, range: 29.0 to 177.0 ng/dL).

There was a marked difference in the percentage of dogs with
substage b that received ASNase (50%) alone compared with the
percentage that received both drugs concurrently (21%, P = 0.0010).
Yet, systemic illness did not appear to have any effect on the outcome
of therapy in regards to either clinical or subclinical pancreatitis.
However, there were only a limited number of dogs with substage b
in group 1 (concurrent ASNase and vincristine).

It has previously been reported that 0.7% to 16.2% of humans have
evidence of pancreatitis after intravenous administration of ASNase
(12-14). Depending on the study, the diagnosis of pancreatitis was
based on clinical signs of vomiting, abdominal pain, anorexia,
abdominal ultrasound findings consistent with pancreatitis, and
serum amylase and lipase activities (12-14). With the use of serum
concentrations of trypsin and elastase-1, one study reported that
100% (P < 0.01) of human patients treated with ASNase showed
evidence of subclinical pancreatitis (17).

Diagnosing clinical and subclinical pancreatitis, regardless of
etiology, remains a challenge in veterinary medicine. Historical and
physical examination findings in dogs are not specific for pancrea-
titis. However, when present they may be compatible with clinical
disease. Serum amylase and lipase activities are not considered
reliable for the diagnosis of canine pancreatitis (17,24). There are
various sources of both amylase and lipase in the body, thus making
these tests highly non-specific for pancreatitis (17,24). Furthermore,
canine lymphoma has been shown to increase serum lipase activity,
making this test even more unreliable for the purpose of this study
(25). Abdominal sonography has been one of the best modalities for

diagnosing pancreatitis in dogs, with a reported sensitivity of 68%
(26). However, in humans, sonography was deemed ineffective at
determining subclinical pancreatitis secondary to administration
of ASNase (13).

Unlike human medicine, which may rely on trypsin and elastase-1
levels as more sensitive markers for pancreatitis, canine trypsin-like
immunoreactivity has been found to have a suboptimal sensitivity
and specificity for pancreatitis (17,19). However, it should also be
noted that this diagnostic test is the gold standard for the diagnosis
of exocrine pancreatic insufficiency in dogs (17). Canine pancreatic
lipase immunoreactivity has recently been introduced as a non-
invasive test for canine pancreatitis. When compared to clinical
gastritis (a disease process with similar clinical signs), specificity of
cPLI for canine pancreatitis was 96% (27). Recent unpublished data
also show a significant improvement in sensitivity for the diagnosis
of both clinical and subclinical pancreatitis (27). The specificity of this
test to differentiate between clinical gastritis and pancreatitis makes
it ideal for testing for chemotherapy-induced pancreatitis, as most
chemotherapy agents (including vincristine) may be associated with
clinical gastritis. However, the authors recognize that the sensitivity
of cPLI is not scientifically documented and there may have been
patients where ASNase induced low grade pancreatitis and clinical
signs or elevations in cPLI were not apparent.

At some point during the study, vincristine, prednisone, or both
were administered to all of the patients enrolled. While the incidence
is highly debated, research in humans has documented pancreatitis
secondary to long-term administration of glucocorticoids (28). It
is unlikely that steroids would have played a role in the develop-
ment of pancreatitis in the dogs in this study, as most of them were
receiving prednisone at the beginning of the study and, therefore,
had received prednisone for 7 d or less. Eight of the dogs in this
study were either diagnosed with hyperadrenocorticism (1 = 1)
or received long-term steroids (more than 7 d of treatment; n = 7)
for a variety of diseases including lymphoma. All of these dogs
had serum cPLI concentrations within the reference range prior to
therapy. These findings support previous data that showed that
cPLI levels are not changed with chronic prednisone therapy (29). It
appears unlikely that steroid therapy played any role in the results of
this study.

There was no statistically significant change in cPLI concentrations
before and after vincristine administration by itself (group 3). Only
1 dog had clinical signs compatible with pancreatitis after vincris-
tine treatment. However, with a cPLI concentration of < 29 wg/dL,
these clinical signs could easily be attributable to gastrointestinal
toxicosis associated with vincristine. In mice, vinca alkaloids alone
have been reported to cause autophagy and degeneration of acinar
cells of the pancreas (30,31). However, as with prednisone, vincristine
by itself does not appear to cause clinical or subclinical pancreatitis
in dogs.

Eleven dogs from all 3 groups had clinical signs compatible with
pancreatitis after their respective treatment protocol. One hundred
percent of these dogs (11 of 11) had a serum cPLI concentration
that measured < 400 pg/dL (median of 80 pg/dL, range: 29 to
367 pg/dL). This data suggests that the clinical signs observed in
these dogs are more likely a result of primary gastrointestinal toxi-
cosis and not drug induced pancreatitis (27). In our dogs, this would
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also suggest that ASNase did not result in clinical pancreatitis, which
is dissimilar to reports in human medicine.

Elevations of serum cPL concentrations occurred in both groups
of dogs receiving ASNase. These elevations ranged from minor
increases within the reference range to substantial increases consis-
tent with subclinical pancreatitis. While not statistically significant,
there does appear to be an idiosyncratic rise in cPLI concentration
associated with ASNase treatment. Thus, while the majority of dogs
did not have a significant change in their serum cPLI concentra-
tions after administration of ASNase, some dogs may be at risk
for developing subclinical pancreatitis after ASNase treatment.
Consequently, it is the authors” opinion that the finding of subclini-
cal pancreatitis (cPL > 400 pg/dL without clinical signs compatible
with pancreatitis) after ASNase administration may justifiably result
in an alteration of the therapeutic protocol, with ASNase being used
only if absolutely necessary and not in combination with other pan-
creatitis inducing drugs.

Dogs in group 1 (administration of vincristine and ASNase
at the same time) had a median serum cPLI concentration of
88.5 ug/dL prior to treatment and a median serum cPLI concentra-
tion of 138.5 pg/dL. Six of these dogs had serum cPLI concentra-
tions within the reference range before therapy, but had a serum
cPLI concentration in the questionable range (200 to 400 pg/dL)
after treatment. The change in median cPLI concentrations was not
statistically significant (P = 0.058). Perhaps a larger sample size of
dogs may have shown a significant difference in median serum cPLI
concentrations before and after treatment. However, based on this
data, combination therapy with the 2 medications does not place
dogs at an obvious increased risk for development of subclinical
pancreatitis, among other toxicities.

Neutropenia is a well-documented side effect of concurrent vin-
cristine and ASNase administration and appears to be a result of
synergistic toxicity between the 2 drugs (19). Synergistic pancreatitis
has also been reported in humans treated with vinca alkaloids and
a variety of other chemotherapy agents (32,33). It is possible that a
second synergistic toxicity, subclinical pancreatitis, could also be
caused by the combination of ASNase and vincristine. In fact, the
combination of vinca alkaloids and ASNase therapy has been linked
to pancreatitis in humans (34). Therefore, it has been recommended
by manufacturing pharmaceutical companies and independent
research that ASNase be administered at least 12 h after vincristine
administration, because it may interfere with hepatic clearance
of the vinca alkaloid (Elspar; Merck & Company, Whitehouse
Station, New Jersey, USA; Vincristine; Mayne Pharma, Pannus,
New Jersey, USA) (34). Our study did not follow those guidelines, as
we opted to administer ASNase simultaneously or before vincristine.
Consequently, a cPLI increase noted in some dogs may have been
a result of delayed hepatic clearance of vincristine. Unfortunately,
liver function was never evaluated in the dogs in this study after the
initial blood work prior to administration of chemotherapy.

Based on the low percentage of dogs with clinical signs compat-
ible with pancreatitis after treatment, evaluation of serum cPLI
concentration for all dogs with newly-diagnosed lymphoma does
not appear to be clinically necessary. The significance of subclinical
pancreatitis remains unclear in veterinary medicine. It is the authors’
recommendation, until further studies can more accurately rule out a

reaction, that substage b dogs or dogs with predisposing factors for
pancreatitis not be treated with ASNase and vincristine concurrently
as this may potentiate an episode of pancreatitis.

Several limitations of the study should be noted. First, ASNase
can result in clinical pancreatitis up to 10 wk after administration
in humans with lymphoid malignancy (14). This has never been
reported in veterinary medicine. However, our study’s lack of
longterm follow-up eliminates a more accurate assessment of this
phenomenon. The variation in sample collection times after the
initial ASNase dose represents a study flaw. In theory, serum cPLI
concentrations peak very early after ASNase, as the half life of this
drug in humans is 30 h, but not documented in the canine to date (5).
Because of the lack of weekend and holiday treatments, combined
with sometimes substantial client commutes, sampling of all patients
24 h after the ASNase treatment was not possible. While this design
flaw may have altered the cPLI levels, it should not change the inci-
dence of clinical pancreatitis, as thorough histories from owners were
obtained regarding the time interval between treatments.

Abdominal ultrasound was not preformed in all patients during
staging, nor performed by the same radiologist, and never performed
after administration of ASNase. Consequently, this study is unable
to further validate the cPLI measurements with ultrasonographic
findings in relation to identification of subclinical pancreatitis.
Elevations in cPLI concentration combined with abdominal ultra-
sound findings consistent with pancreatic inflammation would
have further substantiated our findings. Due to the lack of validity
surrounding cPLI levels and pancreatitis, further studies regarding
drug induced pancreatitis should incorporate abdominal ultrasound
of the pancreas.

While an incidence of lymphoma in the pancreas at the time
of diagnosis has not been reported, the authors recognize that
lymphoma within the pancreas does exist. Pancreatic lymphoma
could have explained the elevations in c¢PLI prior to treatment.
Furthermore, cPLI concentrations may have declined post treatment
due to the elimination of tumor while the dog experiences a low
grade, undetectable subclinical pancreatitis.

The authors acknowledge the lack of a control arm. However, the
ethical dilemma in treating healthy animals with chemotherapeutic
agents prevented us from setting up such a control group, and only
animals diagnosed with lymphoma were included in the study.
Animals with elevated cPLI and evidence of clinical pancreatitis
were also enrolled because removal of these 2 groups of dogs would
be detrimental to the clinical relevance of the manuscript. First, the
dogs with clinical signs of pancreatitis may or may not have actually
had pancreatitis and, in all likelihood, had some level of lymphoma
induced gastritis. Removal of this population would not account for
a significant number of dogs that present to the audience in substage
“b” which could safely receive ASNase. Furthermore, prior to begin-
ning the investigation the hypothesis was made that ASNase dose
not cause pancreatitis. Based on that hypothesis, it was important
to investigate whether or not dogs with an elevated cPLI could still
safely receive ASNase. Finally, removal of the dogs that fall under
either category would have eliminated 16 dogs and further weak-
ened the power of the study.

Finally, human patients have an increased risk of anaphylactoid
reactions with repeated dosing of ASNase, especially when given
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intravenously (11,35). Our study did not look at the risk or inci-
dence of pancreatitis with multiple dosings or when given via an
alternative route other than subcutaneous administration. In fact,
the discrepancy between the incidence of pancreatitis in humans
versus the incidence in dogs may be a result of the intravenous
administration of ASNase over successive days, as is done in many
human treatment protocols (35).

In conclusion, administration of ASNase alone or in conjunc-
tion with vincristine did not cause clinical pancreatitis in the dogs
enrolled in this study. This is in contrast with an incidence of up to
16% of clinical pancreatitis in humans treated with ASNase. It must
be noted that this study was underpowered and results should be
evaluated appropriately. When given as a sole chemotherapeutic
agent, ASNase did not cause a significant change in serum cPLI
concentrations after treatment. However, individual dogs did show
increases in serum cPLI concentrations without developing signs
compatible with pancreatitis, suggesting subclinical pancreatitis.
There was a percentage of dogs that showed an increase in serum
cPLI above the reference range when ASNase was administered
concurrently with vincristine. Further studies are needed to prove
or disprove the notion that concurrent treatment may predispose
rare individuals to subclinical or clinical pancreatitis.

There has been recent debate over the role of ASNase in the treat-
ment of canine lymphoma (36,37). While evidence suggests that it
does not improve survival time when incorporated into a standard
multi-drug induction protocol, it still clearly has a place among
chemotherapy agents as a safe and effective rescue treatment option.
Further studies are needed to evaluate the incidence of pancreatitis
in dogs after combination therapy with vincristine and ASNase, as
well as the risks of pancreatitis after repeated exposure to ASNase.
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