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Abstract
Multi-drug chemotherapy protocols for feline lymphoma have demonstrated variable efficacy and

tolerability. In phase I trials, lomustine has demonstrated efficacy for cats with lymphoma though its

use for treatment naïve feline intermediate/large cell gastrointestinal (GI) lymphoma remains

unknown. This study evaluated the efficacy and tolerability of lomustine for the treatment of feline GI

lymphoma. Thirty-two cats with histologically or cytologically confirmed intermediate/large cell GI

lymphoma were evaluated retrospectively. Factors assessed included clinical signs,

hematologic/biochemical parameters and use of L-asparaginase at induction. A response rate of 50%

(16/32), with median duration of response of 302 days (range 64–1450 days), was found. Median

progression-free interval was 132 days (range 31–1450 days), with overall median survival time of

108 days (range 4–1488 days). History of hyporexia, presence of anaemia and dose of lomustine were

significantly associated with progression-free survival. Overall, lomustine is a well-tolerated and

effective treatment for feline GI lymphoma.
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Introduction

Feline gastrointestinal (GI) lymphoma (LSA) is the
most common form of lymphoma in the cat, com-
prising 27–72% of total cases in various reports.1–5

Discrepancies in the incidence of primary GI LSA
in these reports may be due to a decline in inci-
dence of feline leukaemia (FeLV) associated non-GI
forms of lymphoma as a result of the widespread
availability of the FeLV vaccine and improved feline
husbandry.6

GI LSA in the cat can arise within the stom-
ach, small or large intestine and mesenteric

†Preliminary results of this study were presented at the 28th
Annual Conference of the Veterinary Cancer Society, Octo-
ber 19, 2008, Seattle, WA.
‡ Present address: Metropolitan Veterinary Associates, Nor-
ristown, PA.

lymph nodes. Cats may present with diffuse
disease throughout the alimentary tract or with
a focal lesion. Affected cats generally have a
variable presentation with most experiencing
one or all of the following: chronic weight loss,
lethargy, inappetance, vomiting and diarrhoea
(Leukeran tablets, GlaxoSmithKline, Research
Triangle Park, NC).1–5 Classically, cats are treated
with multi-agent cyclophosphamide, doxoru-
bicin, vincristine, and prednisone (CHOP)-based
chemotherapy protocols incorporating drugs such
as vincristine (Vincristine powder for injection,
Advacare Pharma, Wilmington, DE), cyclophos-
phamide (Cyclophosphamide injection, BDI
Pharma, Columbia, SC), doxorubicin (Adriamycin
for injection, Bedford Laboratories, Bedford, OH)
and prednisone +/− L-asparaginase (Elspar, Merck
& Co Inc, Whitehouse Station, NJ). An agreed
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upon ‘standard of care’ protocol, however, does not
currently exist in the oncology community.1–5,7–16

With a multi-agent treatment protocol, the prog-
nosis for intermediate to large cell GI LSA is poor
with a median survival time (MST) of 4–6 months.
Response rates to chemotherapy average around
60–70%; however, only 11–54% achieve a complete
response.5–11,17 Indices for prognosis are limited
in the cat; unlike the dog immunophenotype does
not appear to carry prognostic significance in
the cat.4–6 To date, the most consistent positive
prognostic indicator recognized throughout the
veterinary literature for cats with GI LSA is a
complete response to therapy.1–5,7–16

A number of retrospective studies have been
completed that strive to better define an optimal
treatment protocol for cats with GI LSA. Two
studies exist evaluating the use of lomustine in cats
with various types of neoplasia. Notably, 38–50%
of feline lymphoma patients had an objective
response to treatment.18,19 Subsequent to these
studies, a retrospective evaluation of lomustine as
a rescue agent for 39 cats with chemotherapy resis-
tant LSA was completed.20 Results demonstrated
that lomustine was well tolerated and provided an
overall median progression-free interval (MPFI)
for all cats of 39 days (7–708 days). One significant
limitation to this study was the inclusion of cats
with lymphoma of any grade (low, intermediate or
high), any anatomic location and varying degrees
of disseminated disease.20 Nevertheless, results
demonstrated biologic activity of lomustine in cats
with primary GI LSA (MPFI 180 days) compared
to cats with non-GI forms of lymphoma (MPFI 25
days). These results support the use of lomustine in
the treatment of GI LSA in cats.20

Lomustine (CeeNU (Lomustine) capsules,
Bristol-Myers Squibb Co., Princeton, NJ) (CeeNU)
is classified as an anti-tumour alkylating agent
in the nitrosourea family.21 The nitrosoureas are
highly lipid soluble, with rapid transport across
the blood–brain barrier.21,22 In humans, lomustine
has been shown to be effective in the treatment of
refractory Hodgkin’s lymphoma and in the treat-
ment of primary and metastatic brain tumours.22,23

In the dog, lomustine has been reported to be
a useful rescue agent for multi-centric LSA.24,25

Lomustine has also been shown to possess activity

against canine mast cell tumours and cutaneous
manifestation of LSA.26

Currently, a paucity of information exists
regarding the safety and efficacy of lomustine in
cats, although it has been used to treat cats with
LSA, fibrosarcoma, multiple myeloma, hepato-
cellular carcinoma, squamous cell carcinoma and
various other neoplasias.18 Toxicoses associated
with lomustine administration in cats, such as
leukopenia, thrombocytopenia, and sepsis, have
been reported.18 Likewise, there is little informa-
tion on the optimal dosage of lomustine in cats.
One study suggests a dosage of 50–60 mg m−2

every 6 weeks is optimal.18,19 Another study reports
that a standard dosing of a 10 mg capsule regardless
of body size to be well tolerated and effective.19

The purpose of this retrospective study was to
evaluate the response rate and survival time for
cats with intermediate to large cell GI LSA treated
with lomustine as first-line therapy. Our secondary
objective was to document hematologic toxicities
secondary to lomustine administration in treatment
naïve cats with GI LSA. To our knowledge, there are
no prior reports in the veterinary literature evaluat-
ing the efficacy of lomustine as a first-line treatment
of feline intermediate to large cell GI LSA.

Methods and materials

Case selection

Medical records of cats evaluated at the Harring-
ton Oncology Program at Tufts Cummings School
of Veterinary Medicine in North Grafton, MA,
Carolina Veterinary Specialists in Greensboro, NC,
and Metropolitan Veterinary Associates in Norris-
town, PA, between 2006 and 2013 for GI lymphoma
were reviewed retrospectively. Cytologic classifica-
tion of large/intermediate cell versus small cell lym-
phoma was based on lymphocyte size as compared
to an associated normal neutrophil (10 μM). Cats
were included in the study if they had a cyto-
logically or histologically confirmed diagnosis of
intermediate to large cell (defined as lymphocytes
>15 μM) GI LSA along with changes on imaging
of the GI tract consistent with lymphoma involve-
ment (visible mass, wall thickening and/or loss of
wall layering) and there was intent to treat with a
lomustine as first-line therapy.

© 2016 John Wiley & Sons Ltd, Veterinary and Comparative Oncology, 15, 3, 1019–1028
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Data collection

Patient variables

Data collected included the following: clinical signs
at the time of diagnosis, physical examination find-
ings, hematologic data, FeLV and feline immunod-
eficiency virus (FIV) testing, thoracic radiography,
abdominal ultrasound, methods used to confirm
diagnosis of lymphoma and immunophenotyping
results.

Treatment and outcome

Data collected from the medical records included
chemotherapy drugs administered, frequency of
chemotherapy administration, response to treat-
ment, duration of response, survival times and
adverse events when noted in the medical record.
The dose of lomustine administered varied con-
siderably with most clinicians starting at approx-
imately 40 mg m−2 (range 30–60 mg m−2). Some
patients received a single dose of L-asparaginase
with the first lomustine treatment or that had
concurrent steroid administration were included.
Cats receiving L-asparaginase were included in
this study based on a study completed by LeBlanc
et al. in which the addition of L-asparaginase pro-
vided minimal benefit to cats with GI LSA.27 It
was recommended that complete blood cell count
(CBCs) be monitored weekly during the first cycle
of lomustine. Cats were treated every 4–6 weeks,
depending on the neutrophil nadir of each indi-
vidual. A CBC was also performed prior to each
treatment and lomustine was administered if the
neutrophil count was 3000 μL−1 or greater and
platelet count was 100 000 μL−1 or greater on the
day of treatment. The total number of lomustine
treatments varied depending on the tolerance of
each individual’s bone marrow and duration of
disease response. Biochemistry profiles were not
regularly completed or routinely noted in the med-
ical record, therefore assessment for alterations in
liver enzymology was not done.

Response assessment

Cats were evaluated for response to treatment
both subjectively via abdominal palpation and
clinical signs and objectively with periodic
ultrasonography.

When an abdominal ultrasound was repeated,
the following criteria were used to evaluate the
response to treatment: complete remission (CR),
100% reduction in size of all measurable disease;
partial remission (PR), >50% but <100% reduc-
tion in size of all measurable disease; stable disease
(SD), <50% reduction in size of all measurable dis-
ease, no change in size, or <25% increase in size
of overall measurable disease; progressive disease
(PD), >25% increase in size of overall measurable
disease or the appearance of new lesions.

For cats in which an abdominal ultrasound was
not repeated, subjective criteria (abdominal palpa-
tion and estimate of mass size) along with the reso-
lution of clinical signs were used to assess a patient’s
response. The resolution of a mass via palpation
alone was classified as a PR, so as not to overesti-
mate the number of CRs.

All responses were required to last for a min-
imum of 28 days (4 weeks) since this was the
minimum-dosing interval between treatments for
patients receiving lomustine. Shorter responses
would not be clinically relevant, as patients would
be unable to continue the protocol.

Toxicity assessment

Toxicosis was defined as an adverse event that was
severe enough to warrant a reduction in dose of
any chemotherapy agent. All toxicoses were graded
according to the VCOG-CTCAE.28 Due to the ret-
rospective nature of this study, GI toxicoses that did
not necessitate a dose reduction or delay in treat-
ment were inconsistently reported and therefore not
evaluated.

Statistical analysis

Response rate was defined as the number of
cats achieving a CR or PR compared to the total
number of cats treated. Duration of response,
progression-free interval (PFI) and MST were
determined using the Kaplan–Meier product limit
analysis and were calculated from the first day of
chemotherapy treatment. Endpoints for the study
were tumour progression and patient death. For
the duration of response and PFI, patients whose
tumours had not progressed were censored at
the date of their last visit. For MST, patients who

© 2016 John Wiley & Sons Ltd, Veterinary and Comparative Oncology, 15, 3, 1019–1028
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were alive, died from another cause or were lost to
follow-up were censored at the date of their last visit.

Both the duration of response and PFI were cal-
culated in this study. For some cats with GI LSA,
stabilization of measurable disease may still result
in resolution of clinical signs and improvement in
quality of life and therefore continuation of treat-
ment. As a result, it was considered relevant to
report, not just those cats achieving complete or
partial responses (duration of response), but also
those cats achieving SD (PFI).

The following variables were evaluated for sig-
nificance on the duration of response, PFI and
MST using the Mann–Whitney U test: age, gen-
der, viral status, anaemia at presentation, prior his-
tory of hyporexia, prior history of weight loss, use
of L-asparaginase at the start of the protocol, dose
of lomustine administered and debulking surgery
prior to chemotherapy. Factors with a P value <0.05
were considered significant. Factors identified as
significant with univariate analysis were then placed
into multivariate analysis using Cox regression with
all factors found to have a P value <0.1 on uni-
variate testing. Again, factors with a P value <0.05
were considered significant. All statistical analy-
ses were performed with a statistical software pro-
gram (StatsDirect Statistical Software, StatsDirect
Ltd, Cheshire, Wales, UK).

Results

Patient population

Records from 32 cats with intermediate to large cell
GI lymphoma with the intent to treat with lomus-
tine chemotherapy were identified and reviewed.
The characteristics of these patients, including sig-
nalment and presenting clinical signs, are summa-
rized in Table 1.

Four patients had a debulking surgery per-
formed prior to initiation of the lomustine protocol.
Although the intestinal lesion was resected in these
four cats, additional ultrasonographic abnormal-
ities (lymphadenopathy, hepatomegaly and/or
abdominal effusion) were present and used to
measure response to therapy.

No cats had received chemotherapy or steroids
prior to initiating lomustine. Patients were treated
with lomustine at a starting dose of 30–60 mg m−2

Table 1. Signalment, presenting complaint and staging
information for cats with intermediate to large cell
gastrointestinal lymphoma receiving lomustine

Lomustine

Age-median (years) 11 (3–16)
Sex

MI 1/32 (3%)
MC 15/32 (47%)
FI 0/32 (0%)
FS 16/32 (50%)

Clinical signs at presentation
Hyporexia 23/32 (72%)
Weight loss 18/32 (56%)
Vomiting 16/32 (50%)
Lethargy 13/32 (41%)
Diarrhoea 4/32 (13%)

Complete blood count
Anaemia (Hct <30%) 16/32 (50%)
Mature neutrophilia (Neuts >13 000 μL−1) 9/32 (28%)

Chemistry profile
Azotemia 3/32 (9%)
Elevated liver values 4/32 (13%)
Hypoalbuminemia 5/32 (16%)

Urinalysis
Isosthenuria 4/18 (22%)

Viral status
FeLV 1/15 (7%)
FIV 0/15 (0%)

Chest radiographs
Mediastinal mass 3/17 (18%)
Pleural effusion 1/17 (6%)
Lymphadenopathy 1/17 (6%)

Abdominal ultrasound
GI thickening w/altered layering or mass 29/31 (94%)
Lymphadenopathy 24/31 (77%)
Abdominal effusion 7/31 (23%)
Renomegaly 3/31 (10%)
Splenomegaly 3/31 (10%)
Hepatomegaly 2/31 (6%)

MI, Male intact
MC, Male castrated
FI, Female intact
FS, Female spayed
Hct, Hematocrit

(median 40 mg m−2). In 31 cats, this corresponded
to a dose of one 10 mg capsule per cat. The largest
cat in the study (7.5 kg) received a starting dose of
20 mg, which was still within the 30–60 mg m−2

dose range (52 mg m−2). All but four patients
(87.5%) received concurrent steroid therapy in con-
junction with lomustine. Of these, 28 cats receiving
steroids, 27 were started on prednisolone or pred-
nisone at a dose of 2 mg kg−1 orally daily. One
cat was given monthly injections of depomedrol
due to the owner’s inability to administer oral

© 2016 John Wiley & Sons Ltd, Veterinary and Comparative Oncology, 15, 3, 1019–1028
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medications. Fourteen patients (44%) received
a single treatment of L-asparaginase at a dose of
10 000 units M−2 subcutaneously simultaneously
with the first lomustine chemotherapy.

Diagnosis and clinical staging

A diagnosis of intermediate to large cell lymphoma
was made by biopsy of a lymph node or GI mass in
11 cats, and by fine needle aspirate in the remaining
21 cats.

Results of staging tests performed are summa-
rized in Table 1. All 32 cats had a pre-treatment CBC
and serum biochemistry profile available for evalua-
tion. Eighteen of 32 cats had a urinalysis performed.
Viral status was available for 15 cats. Chest radio-
graphs were performed in 17 of 32 cats. Thirty-one
patients had an abdominal ultrasound performed
prior to treatment with the lomustine protocol.
The remaining cat had an abdominal exploratory
in which the palpable intestinal mass and associ-
ated lymph nodes were biopsied, but not removed.
Response assessment for this cat was based on the
measurements obtained via abdominal palpation
both prior to and after starting treatment.

Adverse events

Twenty-five of the 32 cats had weekly complete
blood counts performed and available for review
after the first lomustine chemotherapy treatment.
Neutropenia occurred secondary to lomustine
administration in 13 of the 25 cats (52%). In these
cats, neutropenia was classified as grade 1 (n= 2),
grade 2 (n= 3), grade 3 (n= 6) or grade 4 (n= 2).
None of the neutropenic events experienced by
these cats required hospitalization nor resulted in
sepsis. The median time to neutrophil nadir after
receiving lomustine was 3 weeks (range 1–5 weeks).

Two cats required a lomustine dose reduction
due to grade 4 neutropenia. Both patients were ini-
tially treated with 10 mg of lomustine. Each received
a 25% dose reduction, and was subsequently treated
with 7.5 mg lomustine (compounded). The first
patient received 43 mg M−2 at the initial dose,
which was reduced to 33 mg m−2 after the dose
reduction. The second patient received 30 mg m−2

at the initial dose, which was reduced to 23 mg m−2

after the dose reduction. These dose reductions

Table 2. Response, remission and survival information for
cats with intermediate to large cell gastrointestinal
lymphoma receiving lomustine

Lomustine

Response
CR 7 (22%)
PR 9 (28%)
SD 5 (16%)
PD 11 (34%)

Median duration of response (days) 302 (64–1450)
Median progression-free interval (days) 132 (31–1450)
Median survival time (days)

Overall (CR+ PR+ SD+ PD) 108 (4–1488)
Responders and stable (CR+ PR+ SD) 215 (53–1488)
Responders (CR+ PR) 330 (84–1488)

were deemed adequate via blood work performed
subsequent to the administration of the 7.5 mg
dose of lomustine.

No GI-related toxicities requiring dose reduc-
tions or delays were noted in any patients during
the course of lomustine treatment. Cats receiving
concomitant L-asparaginase with lomustine at
induction chemotherapy did not have increased
frequency of toxicity.

Outcome

Response, remission and survival data are sum-
marized in Table 2. Seventeen cats were evaluated
objectively for response using a repeat abdominal
ultrasound. Fifteen cats were subjectively assessed
for response relying on abdominal palpation of
masses. Of the 32 patients started on the lomustine
protocol, responses were as follows: CR: 7 (22%),
PR: 9 (28%), SD: 5 (16%), PD: 11 (34%). The
overall response rate (CR+PR) was 50%, with a
median duration of response of 302 days (range
64–1450 days).

For the 66% of patients experiencing a CR, PR
or SD in response to lomustine, the MPFI was 132
days (range 31–1450 days). The MST for all 32
cats treated with lomustine was 108 days (range
4–1488 days, Fig. 1). Six cats were censored during
survival analysis. Two patients were still alive and in
remission. One of these cats was in a PR at 88 days
and the other was in a CR at 1276 days. One cat was
alive and in a PR at 213 days, but was subsequently
lost to follow-up. Two patients died of causes other
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than lymphoma while in PR at 94 and 96 days,
one from renal failure and the other from pure red
blood cell aplasia attributed to darbepoetin therapy.
One patient was still alive at 140 days, though had
recently progressed while on lomustine.

Factors associated with shorter median response
duration (MRD), PFI or MST on both univariate
and multivariate analysis included presence of
hyporexia at presentation, anaemia (packed cell
volume <30%) and the dose of CeeNU admin-
istered (<40 mg m−2). Hyporexic cats (n= 23)
had a PFI of 94 versus 362 days for non-anorexic
cats (n= 9) (P= 0.0193). Cats presenting with an
anaemia of <30% (n= 16) had a reduced MRD,
PFI and MST compared with non-anaemic cats
(n= 16). Anaemic cats had an MRD of 95 days,
PFI of 57 days and MST of 67 days compared
to non-anaemic cats with an MRD of 322 days
(P = 0.0097), PFI of 140 days (P= 0.0138) and MST
of 128 days (P = 0.0205). Cats receiving lomustine
at >40 mg M−2 had a longer PFI of 213 days versus
75 days for cats receiving <40 mg m−2 (P = 0.0127).

Age, presence of documented weight loss, prior
surgery, treatment with L-asparaginase at induction
and diagnosis of large granular lymphocyte (LGL)
were not statistically significant for MRD, PFI or
MST in this population of cats.

The median number of lomustine treatments
was three (range 1–11), with a median interval
between lomustine treatments of 5 weeks (range
4–7.5 weeks). Three cats were in a CR after receiv-
ing more than six treatments, at which point the
attending clinician elected to stop therapy. One cat
that received eight lomustine treatments remains in
a CR at 1276 days. A second cat that received seven
treatments with lomustine was in a CR for 1450
days before disease progression was noted. Further,
chemotherapy was not pursued and the patient died
at 1488 days. The third also received seven lomus-
tine treatments and was in a CR until it experienced
disease progression in the small intestines at 362
days, at which time lomustine was restarted. This
patient achieved a second CR lasting 155 days, and
subsequently was rescued with cyclophosphamide
due to PD.

Four patients were still receiving lomustine and
in a remission at their censoring date (88, 94, 96
and 213 days). The remaining 25 patients failed

to complete the planned lomustine course due to
disease progression. Fourteen cats did not receive
additional therapy, while 11 of the cats received
some form of rescue chemotherapy. One patient
with lymphoma seeding to the abdominal wall
received palliative radiation therapy, and had a
PR lasting 66 days. Seven cats received rescue
chemotherapy consisting of CHOP-based drugs.
Two of these patients experienced PRs lasting 85
and 94 days, while the remaining five experienced
PD. Two cats were treated with L-asparaginase
alone, and had PD. The final cat was rescued with
bleomycin, and failed to respond.

Of the 32 cats with intermediate to large cell GI
lymphoma in this study, 9 had features on pathology
that classified them as LGL lymphoma. Responses
to lomustine for the LGL lymphoma cats were as fol-
lows: CR: 3 (33.3%), PR: 2 (22.2%), SD: 1 (11.1%),
PD: 3 (33.3%). The overall response rate (CR+PR)
was 55.6%, with an MRD of 140 days (range 96–362
days). For the 66.6% patients with LGL GI lym-
phoma having a CR, PR or SD in response to lomus-
tine, the median PFI was 140 days (range 48–362
days). The MST for the nine cats with LGL lym-
phoma treated with lomustine was 129 days (range
8–576 days). There was no statistical significant dif-
ference in MRD (P = 0.807), PFI (P ≥ 0.999) and
MST (P= 0.5042) between cats with a diagnosis of
LGL GI LSA as compared to cats without features
of LGL.

Discussion

The purpose of this retrospective study was to eval-
uate the response rate and survival time for cats
with intermediate to large cell GI lymphoma treated
with lomustine as first-line therapy. Results of this
study revealed that a lomustine protocol yielded
an overall response rate (CR+PR) of 50%, with
a median duration of response of 302 days (range
64–1450 days). This response rate is similar to pre-
viously reported response rates ranging from 18 to
63% for feline large cell GI lymphoma treated with
various continuous and discontinuous multi-agent
protocols.4,5,7–16 The association of hyporexia and
anaemia at presentation with poor response dura-
tion or PFI has been previously demonstrated in
both cats and dogs diagnosed with LSA and may
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Figure 1. Kaplan–Meier curve depicting survival time (in days) for cats with intermediate to large cell gastrointestinal
lymphoma treated with a lomustine chemotherapy protocol. Vertical bars represent cats censored analysis.

reflect the presence of more advanced or aggressive
disease.5,29,31 Consequently, cats presenting with
these clinical findings should be considered to have
a worse prognosis.

Another prognostic factor associated with PFI
included cats receiving lomustine at a dose of
40 mg m−2 or greater. While the ideal dosing of
lomustine in cats has not been established, based on
these results, clinicians should strive to administer
a dose that is on the higher end of a range.

For this study, we elected to include cats that
received a single injection of L-asparaginase given
past studies indicating no significant benefit in
response or survival for this drug when used in cats
with GI LSA.27 Similar to what has been reported
in the dog with multi-centric LSA, a combination of
L-asparaginase with CCNU in 14 cats with GI LSA
appeared to be well tolerated but provided no sig-
nificant improvement in MRD, PFI or MST in this
study.

Overall, the protocol was well tolerated.
Although neutropenia was a common sequela
during the protocol, most episodes were not clini-
cally significant. GI toxicoses requiring dose delay
or dose adjustment were not reported.

The most common reasons for owners to elect
lomustine as primary treatment included the
decreased cost and ease of administration. Results
of this study suggest that lomustine may be a

reasonable alternative to multi-agent protocols,
especially in situations where an owner has finan-
cial constraints or a patient does not tolerate weekly
chemotherapy treatments.

In this study, when evaluating a patient’s
response to treatment, both the duration of
response and PFI was calculated. For some cats
with GI LSA, stabilization of measurable disease
may be a reasonable treatment outcome if these
cats still have improvement in their quality of
life with the resolution of clinical signs such as
inappetance, vomiting, diarrhoea and weight loss.
Therefore, it appeared relevant to report not only
cats achieving complete and partial responses but
also those maintaining disease stabilization. The
progression-free rate (CR+PR+ SD) was 66%,
with a MPFI of 132 days (range 31–1450 days).

The MST for all 32 cats treated with lomustine
was 108 days (range 4–1488 days). While direct
comparisons cannot be made, this MST is situated
within the shorter end of the range reported in
previous studies of 2–10 months.5,10,11 There are
several potential reasons for this relatively shorter
survival time relative to the similar response rate
seen in previous studies evaluating multi-agent
protocols. One possibility is that a multi-agent
chemotherapy regimen may be more effective at
maintaining a durable remission for feline interme-
diate to large cell GI lymphoma compared to single

© 2016 John Wiley & Sons Ltd, Veterinary and Comparative Oncology, 15, 3, 1019–1028
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agent lomustine. It is also possible that clinicians
may have been more inclined to recommend a
chemotherapy regimen such as lomustine, which
is perceived as being better tolerated, when a cat
was exhibiting more severe GI signs at presenta-
tion. This bias could have resulted in an increased
population of cats presenting with more severe
constitutional signs related to the LSA. Approxi-
mately 70% of cats included in this study presented
with signs of hyporexia and weight loss. Addition-
ally, many cats in this study received lomustine
because their owners had already declined other
more intensive chemotherapy regimens such as
a CHOP-based protocol. It is possible that the
patient population was therefore biased with ani-
mals whose owners were not interested in pursuing
rescue therapies when a cat either failed to respond
or came out of remission.

In a previous report, cats with LGL lymphoma
receiving various combinations of treatment expe-
rienced a response rate of 30.4% (7/23) with an
overall MST of 57 days.30 In this study, the subset
of cats with LGL lymphoma treated with lomustine
+/− L-asparaginase had an overall response rate
of 55.6% (5/9), with an MRD of 140 days (range
96–362 days). The overall MST in this population
was 129 days (range 8–576 days). Although the
sample size is low, this more favourable response
rate and survival time for LGL lymphoma cats
receiving lomustine treatment warrants further
evaluation in future studies.

Limitations of this study include its retrospective
nature. As a retrospective study, objective response
criteria were not available for all patients evaluated.
As well treatment was not standardized for dose of
lomustine administered and there was a proportion
of cats that received the addition of L-asparaginase
at the start of their treatment regimen. Addition-
ally, a single pathologist did not review all cytol-
ogy or histopathology samples and biopsies were
not obtained on all patients. Distinguishing inflam-
matory bowel disease from intestinal lymphomas
in cats can be challenging especially with cyto-
logic or superficial endoscopic biopsy samples. The
addition of immunohistochemistry and polymerase
chain reaction clonality assay may improve diag-
nostic accuracy.

The inclusion of cats diagnosed with an LGL
form of lymphoma may be viewed as a limita-
tion given this diagnosis is considered to be far
more aggressive than intermediate to large cell lym-
phoma. However, we elected to include this popu-
lation of cats as this form of lymphoma remains an
enigma in veterinary medicine with limited studies
evaluating effective therapies.30 Because past stud-
ies have demonstrated a significantly worse prog-
nosis for cats with LGL forms of lymphoma, it was
reasoned that including these patients in our study
would not result in an artificial increase in PFI
or MST therefore should not overstate our results.
Instead, including this population of cats may result
in an understatement of the success of this treat-
ment. However, based on the data in this study,
it appears this concern is not warranted given the
lack of statistical significance between the two pop-
ulations. Based on this and the relatively unclear
behaviour of LGL lymphoma, the authors con-
cluded the positive response achieved with lomus-
tine was notable and worth reporting. This compo-
nent of the study is compelling and as mentioned
above supports the need for prospective or larger
retrospective studies evaluating cats with intestinal
LGL forms of lymphoma treated with lomustine as
a first-line therapy.

Overall, results of this study conclude that lomus-
tine is well tolerated and can be used as an effec-
tive treatment for intermediate to large cell GI LSA
in cats.
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