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Abstract

Objectives Gastrointestinal (Gl) perforation is a well described complication of GI lymphoma in people, commonly
occurring within days of initiation of chemotherapy. There are no studies documenting the prevalence of Gl perforation
in cats with intermediate- or large-cell Gl lymphoma or whether it is associated with induction of chemotherapy. The
objectives of this study were to document the prevalence and timing of post-chemotherapy perforation in cats with
discrete Gl masses caused by intermediate- or large-cell lymphoma.

Methods Cats with a diagnosis of intermediate- or large-cell lymphoma based on cytologic or histopathologic
examination of a mass lesion of the Gl tract and treated with chemotherapy were identified by searching the patient
record database of three large specialty referral hospitals. Cats undergoing surgical resection of a Gl mass prior
to chemotherapy were excluded from the study. A clinical diagnosis of Gl perforation was made using ultrasound
findings and analysis of abdominal fluid.

Results Twenty-three cats with intermediate- (n = 3) or large-cell (n = 20) lymphoma were included in the study. Gl
perforation was confirmed in 4/23 cats (17%), and occurred at 23, 56, 59 and 87 days after induction. There was
no association between tumor size, the presence of hypoproteinemia or suppurative inflammation within the mass
at the time of diagnosis and subsequent perforation. Post-hoc analysis revealed that the magnitude of weight loss
within 15-28 days of diagnosis was greater in cats with perforation.

Conclusions and relevance In this pilot study, we found that post-chemotherapy Gl perforation in cats with
intermediate- or large-cell Gl lymphoma occurs. Acute perforation after induction of chemotherapy was not
documented. Larger prospective studies are needed to determine risk factors associated with perforation and
whether surgical excision would reduce the risk of subsequent Gl perforation in these patients.

Accepted: 6 July 2017

Introduction
Lymphoma is the most common neoplasm of the cat.'-
The gastrointestinal (GI) tract is the most common ana-
tomic location of lymphoma in cats, accounting for up to
72% of newly diagnosed cases.2* The National Cancer
Institute Working Formulation classification scheme is
used to classify feline GI lymphoma into high grade,
intermediate grade or low grade based on cell morphol-
ogy and mitotic rate.5¢ High-grade and low-grade lym-
phoma are commonly referred to as large-cell and
small-cell lymphoma, respectively.!

Intermediate- and large-cell GI lymphoma (ICGIL/

lymph nodes or other organs.” Owing to the character-
istic microscopic appearance of intermediate- and
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large-cell (high-grade) lymphoma, fine-needle aspira-
tion with cytologic examination is often utilized to
obtain a diagnosis.!

Cyclophosphamide, vincristine and prednisolone,
with or without doxorubicin (COP or CHOP) is consid-
ered the chemotherapeutic protocol of choice for feline
I/LCGIL,'? with complete remission rates reported
between 32% and 38%.8° Additionally, a combination of
lomustine and prednisolone can be used as a first-line
therapy in cats with I/LCGIL when an oral chemother-
apy option is preferred, with 22% of cats achieving com-
plete remission.!? Palliative therapy with prednisolone
at a cytotoxic dose is sometimes prescribed if owners do
not wish to pursue another chemotherapy protocol
because of financial limitations or other concerns. The
role of surgery in the treatment of cats with I/LCGIL
characterized by a discrete mass is unclear. In certain
cases, an exploratory laparotomy is clearly indicated
prior to induction of chemotherapy, either to obtain
biopsies for definitive diagnosis or in cases of GI perfora-
tion or obstruction." In cases of I/LCGIL in which there
is a discrete mass with no signs of obstruction or perfora-
tion, there is debate among veterinary clinicians regard-
ing the utility of surgical excision of the primary mass
prior to chemotherapy. Surgical excision of solitary
masses prior to chemotherapy may be unnecessary or
even detrimental. Because lymphoma is a systemic dis-
ease, elimination of neoplastic cells is not possible with
surgery alone. In addition, there is a theoretical risk of
delayed healing and dehiscence if there is pathology at
the tumor margins.!! Furthermore, chemotherapy is
commonly delayed after surgery based on recommenda-
tions in people.'?

Conversely, it is possible that reduction of tumor bur-
den prior to chemotherapy might improve remission
rates. In addition, there is a theoretical risk that acute
chemotherapy-associated apoptosis of neoplastic cells in
a discrete GI mass could lead to GI perforation and result
in peritonitis or tumor lysis syndrome due to the large
tumor burden.!!® Therefore, surgical resection might
help prevent these complications. GI perforation is a
well-described complication of GI lymphoma in people,
commonly occurring within days of initiating chemo-
therapy.!*” There are no studies published that docu-
ment the prevalence of GI perforation in cats with I/
LCGIL after chemotherapy is initiated, and the timing of
perforation in relation to initiation of chemotherapy.

We hypothesized that larger tumors, tumors with evi-
dence of necrosis or evidence of GI protein loss might be
associated with an increased risk of perforation with
chemotherapy. Histological studies have shown that GI
tumors often start within the lamina propria and grow to
considerable size before invading surrounding tissue.®
Large masses may have compromised blood supply and
necrotic areas within them.® Chemotherapy-induced

tumor cell death within large tumors may therefore be
more likely to lead to compromise of the GI wall. The
presence of suppurative inflammation in tumor cytol-
ogy obtained by fine-needle aspirate may indicate pre-
existing areas of tissue damage and necrosis. Hypo-
albuminemia and panhypoproteinemia are associated
with GI compromise,’® and hypoalbuminemia may
impede healing,'” thus potentially increasing risk of per-
foration in diseased bowel.

The objective of this pilot, retrospective study was to
document the prevalence and timing of post-chemother-
apy perforation in cats with discrete GI masses of 1/
LCGIL. We hypothesized that tumor size, suppurative
inflammation within the mass at the time of diagnosis
and presence of hypoproteinemia would be associated
with perforation.

Materials and methods

Case selection

A retrospective review of medical records from the
patient record database of three institutions was per-
formed. Medical records of cases presenting between
June 2006 and May 2012 were reviewed at the Veterinary
Specialty Hospital San Diego and the Veterinary
Specialty Hospital North County. Medical records of
cases presenting between December 2007 and May 2015
were reviewed at the Angell Animal Medical Center.
Records were identified using diagnostic codes utilized
by the institution to include cats with GI lymphoma.
Cats with a cytologic or histopathologic diagnosis of I/
LCGIL and the appearance of a discrete GI mass lesion
on abdominal ultrasound were included in the study. In
addition, all cats were required to have been treated with
either an injectable or oral chemotherapy protocol or pal-
liative therapy with prednisolone. Any cat that under-
went surgical resection of the mass prior to chemotherapy
was excluded from the study.

Medical records review

Data collected for all cats at the time of initial diagnosis
of I/LCGIL included age, sex, breed, weight, clinical
signs, physical examination findings, ultrasound find-
ings, complete blood cell count, and cytologic or histo-
pathologic findings. If available, additional data
collected at the time of initial diagnosis of I/LCGIL
included serum biochemical analysis, retroviral status
and pre-chemotherapy tumor size based on the largest
single axis measurement on ultrasound. Initial treat-
ments were recorded for all cats included in the study.
Weights at recheck evaluations and follow-up abdomi-
nal ultrasound findings were documented if available. A
clinical diagnosis of GI perforation was made if cytologic
analysis of abdominal effusion revealed suppurative
inflammation and presence of bacteria and at least one of
the following ultrasound findings were present: free gas,
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hyperechoic mesentery or abdominal effusion. For cats
diagnosed with perforation, remission status at the time
of the recheck preceding perforation, remission status at
the time when perforation was detected and weight at
the time of perforation was recorded.

Variables

Variables examined to determine their association with
the outcome of perforation or no perforation included
tumor size, presence of hypoalbuminemia or hypoglob-
ulinemia and presence of suppurative inflammation on
cytology at the time of diagnosis. Post-hoc analysis of
weight change at 15-28 days was performed after exam-
ining the data.

Statistics

Statistical analyses were performed using the commer-
cially available MaxStat software. Normal distribution
of the data were confirmed by means of a Shapiro-Wilk
test. An unpaired t-test was used to compare continuous
variables. Fisher’s exact test was used to compare cate-
gorical outcomes. The threshold for statistical signifi-
cance was set at P = 0.05.

Results
Twenty-three cats met the inclusion criteria. There were
13 castrated males, nine spayed females and one intact
female. The median age at diagnosis was 12.7 years
(range 4.2-18 years). The median age at perforation was
10.4 years (range 4.3-12 years). Breeds included domestic
shorthair (n = 12), domestic mediumhair (n = 4), domes-
tic longhair (n = 3), Siamese cross (n = 2), Himalayan
cross (n = 1) and Norwegian Forest Cat (n = 1) (Table 1).
The most frequent presenting clinical signs at the time of
initial diagnosis with I/LCGIL were complete or partial
anorexia (18/23), vomiting (13/23), a subnormal body
condition score (12/21) and lethargy (11/23).

Abdominal ultrasound at the time of initial diagnosis
of I/LCGIL revealed either a gastric mass (n = 11), a
small intestinal mass (n = 9) or an ileocolic junction mass
(n = 3). Twenty-one cats had a diagnosis obtained via
fine-needle aspirate and cytology from the GI mass, one
cat had diagnosis obtained via fine-needle aspirate and
cytology from an enlarged mesenteric lymph node, and
one cat had a diagnosis obtained based on endoscopic
biopsy and histopathology. Twenty cats had a diagnosis
of LCGIL and three cats had a diagnosis of ICGIL. A
diagnosis of GI perforation was made in 4/23 cases
(17%); three of these had a small intestinal mass and one
had a gastric mass. All cats that experienced GI perfora-
tion had the initial diagnosis of lymphoma made by fine-
needle aspirate of the GI mass.

Suppurative inflammation of the mass at the time of
diagnosis was identified in 3/23 cases (13%), but was not
observed in any cat that experienced GI perforation.

Measurements of tumor size were available in 16 cats
and, for these cases, the mean = SD tumor size based on
the largest single axis measurement obtained was 3.7 *
1.6 cm for cats without perforation and 3.7 * 2.2 cm for
cats with perforation. Hypoalbuminemia (albumin <2.5
g/dl) was recorded in 9/18 of cases without GI perfora-
tion and 1/4 cases with GI perforation. The mean *+ SD
albumin (reference interval [RI] 2.5-3.9 g/dl) was 2.6 *
0.5 for cats without perforation and 3.1 * 0.6 for cats
with perforation (P = 0.08). Hypoglobulinemia (globulin
<2.5 g/dl) was recorded in 2/18 cases without GI perfo-
ration and 1/4 cases with GI perforation. The mean *
SD globulin (RI 2.6-4.9 g/dl) was 3.5 = 0.7 for cats with-
out perforation and 2.85 * 0.3 for cats with perforation
(P = 0.11). There was no association between tumor size,
hypoalbuminemia or hypoglobulinemia and subsequent
perforation. Ten cats had retroviral testing available.
Two cats without GI perforation tested positive for feline
immunodeficiency virus and all 10 cats tested negative
for feline leukemia virus. Fifteen cats had body weight
measurement available 2-4 weeks (range 15-28 days)
after induction of chemotherapy available for review
(4/4 cats with perforation and 11/19 cats without perfo-
ration). Change in body weight at 2—4 weeks after diag-
nosis was found to be significantly more decreased in
cats with GI perforation (mean change in body weight
-10.7% = 8.9) compared with cats without evidence of
GI perforation (mean change in body weight 1.24% *
8.7; P = 0.037) (Figure 1).

Eighteen cats were treated with a COP- or CHOP-
based chemotherapy, as described in previously pub-
lished treatment protocols.20?! Three cats received
prednisolone at a cytotoxic dose (1.2-1.9 mg/kg/day).
Two cats were treated with oral lomustine (10 mg/cat or
34-43 mg/m?) and either subcutaneous methylpredniso-
lone acetate (4.2 mg/kg every 14 days) or oral predniso-
lone (2.9mg/kg/day). Eleven catsreceived L-asparaginase
as an adjunct to treatment or a rescue therapy during their
treatment. Two cats treated with a CHOP-based protocol
received intravenous (IV) mitoxantrone (6 mg/m?) as a
rescue therapy in addition to the standard protocol.

The four cats that experienced GI perforation received
a COP- or CHOP-based chemotherapy protocol as first-
line therapy. At the recheck evaluation preceding perfo-
ration, one cat was in partial remission and three cats
had progressive disease (PD). Of the cats with PD, one
received IV mitoxantrone and one received oral lomus-
tine as a rescue therapy. All cats with perforation pre-
sented for emergency evaluation of acute onset of clinical
signs, including lethargy (4/4), complete or partial ano-
rexia (4/4), vomiting (3/4), dyspnea (2/4) and diarrhea
(1/4). One cat (case 22, Table 1) received mitoxantrone at
the time of emergency evaluation, 2 weeks after the pre-
ceding recheck had shown progressive disease, and
developed GI perforation 3 days later while hospitalized
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% change in body weight

T T
No perforation Perforation

Figure 1 Box and whisker chart of percentage change in
body weight at 15-28 days of cats without perforation (n =
19) vs cats with perforation (n = 4). Body weight at 15-28
days after initial diagnosis was found to be significantly
decreased in cats that went on to experience gastrointestinal
perforation (P = 0.037)

for supportive care. The other three cats presented for
emergency evaluation after developing acute onset clini-
cal signs 1-19 days after the preceding recheck and were
diagnosed with perforation shortly after presentation.
Perforation occurred at 23, 56, 59 and 87 days after induc-
tion of chemotherapy and 1 day after receiving vincris-
tine, 19 days after receiving lomustine, 3 days after
receiving mitoxantrone and 3 days after receiving vin-
cristine, respectively. All cats with GI perforation had
lost weight at the time of perforation compared with the
time of initial diagnosis (Table 2). Two cats were eutha-
nized prior to exploratory laparotomy, one cat was euth-
anized intraoperatively after perforation of a gastric
mass was confirmed via exploratory laparotomy and
one cat was euthanized 3 days after jejunal resection and
anastomosis of the perforated segment of intestine. The
cat with a gastric perforation had initially been diag-
nosed with a gastric mass on abdominal ultrasound and
the cat with a jejunal perforation had initially been diag-
nosed as having a small intestinal mass on abdominal
ultrasound.

Table 2 Timing of gastrointestinal (Gl) perforation events

Discussion

This is the first report in the veterinary literature to
describe the prevalence of GI perforation in cats with I/
LCGIL and document the time from induction of chemo-
therapy to GI perforation. We found that, in cats with I/
LCGIL, GI perforation occurred in 4/23 cats (17%). The
median time to perforation after induction of chemo-
therapy was 57.5 days (range 23-87 days), and of the
variables examined only the change in body weight at
2-4 weeks was found to be significantly associated with
perforation.

Perforation is a well-documented complication in
people treated with chemotherapy for GI lymphoma.!4-17
In a recent large study of 1062 people with GI lymphoma,
perforation was documented in 92 patients (8.6%) over-
all. Fifty-one percent of the perforations were diagnosed
at presentation, while 49% occurred after chemotherapy.
Twenty-five cases of post-chemotherapy perforation
occurred during the first chemotherapeutic regimen.
Thirty-two percent of perforations in this group occurred
within the first 2 weeks after induction, 12% in weeks 3
and 4, and 56% beyond week 4. The mean time to perfo-
ration was 83 days, with a range of 2-298 days. Most
patients received a CHOP-based protocol.!> Twenty-five
cases of perforation occurred during re-induction of
chemotherapy after relapse or for resistant lymphoma.
The median time to perforation in this group was 35
days after re-induction, with a range of 4-493 days."®
Smaller studies of perforation in people with GI lym-
phoma have demonstrated perforation occurring 4-17
days after induction of chemotherapy.!¢1”

Whether perforation is due to chemotherapy-induced
tumor lysis or tumor progression in people is not known.
However, a recent study that histopathologically exam-
ined perforation sites in people with GI lymphoma showed
that 73% were associated with tumor, whereas 27% had no
viable tumor cells present. The authors speculated that the
lack of tumor cells was consistent with chemotherapy-
associated tumor destruction and/or inflammation as a
cause for perforation in the latter group.!®

For the cats described in the present study, the short-
est interval between induction of chemotherapy and

Case Days from initiation Days from prior ~ Chemotherapy Tumor Remission status % change in
number  of chemotherapy  chemotherapy to received prior to location at evaluation body weight
to Gl perforation Gl perforation Gl perforation preceding at time of
perforation perforation
20 23 1 O Sl PR —6.5
21 56 19 L Sl PD -10.5
22 87 &} M Sl PD —27.2
23 59 & O G PD —22.9

O = vincristine; SI = small intestine; PR = partial remission; L = lomustine; PD = progressive disease; M = mitoxantrone; G = gastric



Crouse et al

701

perforation was 23 days. Because of the length of time
between chemotherapy induction and the occurrence of
perforation in our study, it seems unlikely that apoptosis
and cell death associated with induction caused GI perfo-
ration in these cats. However, three cats in our study had
GI perforation occur 1-3 days after the most recent chem-
otherapy treatment, and perforation occurred in two cats
after the introduction of a novel chemotherapy drug as a
rescue therapy. Given the temporal relationship between
a recent or novel chemotherapy treatment and perfora-
tion, a combination of tumor cell death and progressive
disease may have contributed to GI perforation.

The prevalence of perforation in cats in this study was
similar to that in people with more aggressive GI lym-
phoma phenotypes and with masses in the intestines or
colon, which are more associated with higher risk of per-
foration than less aggressive GI lymphoma tumor phe-
notypes or a gastric location.?? Information regarding
tumor phenotype was not available for the cats in this
study so conclusions regarding associations of tumor
phenotype and perforation risk cannot be made.
However, it is interesting to note that perforations in 3/4
affected cats originated from intestinal masses, whereas
perforation was due to a gastric mass in one cat. It has
been suggested that greater thickness of the stomach
wall may explain the reduced risk of perforation associ-
ated with gastric location of lymphoma in people.??

Because hypoalbuminemia and hypoglobulinemia
can signal GI compromise and hypoalbuminemia is a
risk factor for impaired healing of the GI tract,' we eval-
uated whether there was an association between low
serum albumin and low serum globulin and GI perfora-
tion. Although we found a large proportion of the cats in
this study to be hypoalbuminemic, we did not find an
association between hypoalbuminemia or hypoglobu-
linemia and GI perforation.

We also hypothesized that suppurative inflammation
observed on cytologic examination of the mass would
indicate inflammation which may lead to compromise of
the intestinal wall after chemotherapy. No cats with doc-
umented suppurative inflammation developed perfora-
tion. Owing to small sample size and the potential of
overlooking the presence of suppurative inflammation
without histopathology, determining whether the pres-
ence of suppurative inflammation on cytologic examina-
tion is a risk factor for GI perforation requires further
study.

In this study, the cats with GI perforation had signifi-
cantly more weight loss 2—4 weeks after induction of
chemotherapy than the cases without perforation.
Weight loss =5% 1 month after induction of chemother-
apy was recently shown to be a poor prognostic factor in
cats with LCGIL.? While seven cats in the group without
perforation lost weight at 2—4 weeks, their changes in
body weight were typically small, with only one cat of 11

losing =5% body weight. In contrast, 3/4 cats with GI
perforation lost =5% of their body weight at 2-4 weeks
after induction of chemotherapy. Three of the cats with
GI perforation had progressive disease and one cat had a
partial response to chemotherapy at the time of perfora-
tion. It is possible that weight loss in these cats was a
biomarker of the incomplete response to chemotherapy
and progression of disease. Whether loss of =5% body
weight at 2-4 weeks after induction of chemotherapy
may help predict risk of subsequent perforation in cats
with I/LCGIL is worthy of further investigation.

In this study, which excluded cats undergoing sur-
gery at initial diagnosis, a gastric mass was detected in
48%, a small intestinal mass in 39% and an ileocolic mass
in 13% of cats. In contrast, a recent study of 20 cats with
high-grade GI lymphoma treated with surgical excision
found that 75% had a small intestinal mass, 15% had a
gastric mass and 10% had a colonic mass.?* Given that
small intestinal masses are more amenable to surgical
excision, differences in case selection criteria may explain
the higher prevalence of small intestinal masses in the
latter study.

Whether surgical resection prior to chemotherapy
improves outcomes in cats with localized disease and
whether location and tumor grade affect outcomes has
not been directly examined. However, in one retrospec-
tive study of 28 cats with GI lymphoma, nine cats had
stage 2 disease. Three of these cats underwent surgical
resection of a localized GI mass prior to chemotherapy.
Median survival time (MST) in this group was 154 days
vs 71 days for the other six cats with stage 2 GI lym-
phoma treated with chemotherapy alone.” Although the
MST for cats undergoing surgical resection was longer,
the difference was not statistically significant. Given the
small sample size, it is possible that the study was under-
powered to detecta differenceif one existed. Interestingly,
a recent retrospective study of 20 cats with a discrete
mass of I/LCGIL that underwent surgery prior to chem-
otherapy reported an overall MST of 417 days and no GI
perforation during the study period.?* Although direct
comparisons of separate studies cannot be made, it is
interesting to note that the MST reported in this study is
longer than a MST of 280 days reported for cats with GI
lymphoma treated with CHOP-based chemotherapy
protocols.® Another recent retrospective study evaluated
the use of lomustine as a first-line chemotherapeutic
agent in 32 cats with I/LCGIL and large granular lym-
phoma, and found a MST of 108 days and no significant
difference in survival time of four cats that had surgical
debulking prior to chemotherapy.'

The decision to perform surgical resection before
chemotherapy in people with GI lymphoma is depend-
ent on multiple factors.?? Surgical resection followed by
chemotherapy has been associated with better outcomes
in some studies of human patients with localized
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disease.? Histopathologic grade and location affect the
risk of perforation, with gastric location and low grade
being associated with lower risk and intestinal location,
and high grade being associated with higher risk of per-
foration, respectively.?? It has been suggested that risk of
perforation may help guide clinical decision making in
this context.??

There are several limitations of this pilot study.
Although the prevalence of perforation in cats with
localized I/LGGIL treated with chemotherapy was
determined, the prevalence in this cohort of patients
may differ from other cohorts of cats with GI lymphoma
as it does in people.”? In addition, the sample size was
small. Therefore, a lack of association of hypoalbumine-
mia, hypoglobulinemia, tumor size and the presence of
suppurative inflammation may be because the study
may have been insufficiently powered to detect a differ-
ence between cats that experienced a GI perforation and
cats that did not. However, given the data reported here,
prospective studies exploring factors that affect the prev-
alence and risk of perforation cats with I/LGGIL are
warranted.

Another limitation was that the diagnosis of lym-
phoma in most cats was obtained via fine-needle aspi-
rate. The lack of histopathology prior to treatment limits
information regarding tumor invasiveness, the integrity
of the remaining intestinal tissue and the ability to per-
form immunophenotyping. Furthermore, a combination
of ultrasound and cytological findings were used to
diagnose perforation, and while these ultrasound find-
ings are frequently seen in cases of GI perforation,? it is
possible that some cases of early or healed perforation
were not detected, and that the prevalence was therefore
underestimated. Necropsy was not available in any of
the cases, and whether perforation occurred from tumor
cell death due to chemotherapy or tumor progression
could not be determined. Finally, given the retrospective
nature of the study, chemotherapeutic protocols were
not standardized between patients and institutions.
Therefore, associations between chemotherapeutic agent
and risk of perforation could not be explored.

Conclusions

In this pilot study, we found that post-chemotherapy GI
perforation in cats with ICGIL or LCGIL occurred in 17%
of patients, and that weight loss of >5% 2-4 weeks
after induction was associated with perforation. Acute
perforation after induction of chemotherapy was not
documented. Based on these results, larger prospective
clinical trials examining risk factors associated with per-
foration and whether surgical excision prior to chemo-
therapy may improve outcome in some cohorts of cats
with GI lymphoma are warranted.
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