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Introduction
In cats, the alimentary tract is the most common ana-
tomical location of lymphoma.1–5 Alimentary lymphoma 
is classified according to lesion distribution, histologic 
characteristics, immunophenotypic markers and biologic 
activity.4–18 Low-grade alimentary lymphoma (LGAL) is 
histologically described as an infiltrate of small T-cell 
lymphocytes, primarily affecting the epitheliotropic 
layer of the small intestinal mucosa.5,11,13,14,17,19 LGAL 
typically follows an indolent clinical course, with cats 
displaying non-specific clinical signs, including anorexia, 
weight loss, vomiting and/or diarrhea.8,11–13,20–22 LGAL 
often responds to less intensive chemotherapy protocols 
and is associated with a favorable outcome.11,13,19,20,22–24 
Combination chlorambucil and prednisolone is recom-
mended as a first-line therapy, with reported response 
rates between 69% and 96%, and median durations of 
response between 567 and 1078 days.11,20,22–24 However, 

cats can relapse several times during the course of dis-
ease, and limited information exists to guide therapeutic 
recommendations at the time of relapse.20,22–24

Rescue therapy for LGAL is inconsistently and sparsely 
described in the extant literature.20,23,24 When describing 
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treatments, response rates and survival durations in cats 
with relapsed lymphoma, investigators have not uni-
formly differentiated between the anatomic, histologic 
and/or immunophenotypic subtypes.25–27 Studies that 
have focused on LGAL emphasize initial therapy, only 
summarily recounting any rescue therapies employed 
and associated measures of outcome.11,20,23,24 However, 
the utilization of cyclophosphamide in the rescue setting 
seems common.20,23,24 In one study, 12 cats with relapsed 
LGAL treated with cyclophosphamide after failing chlo-
rambucil had a longer disease-free interval and survival 
time vs eight cats that did not receive cyclophospha-
mide.20 This positive outcome is supported by another 
study in which 7/7 (100%) cats with similarly managed 
relapsed LGAL responded for a median clinical remission 
duration of 241 days.24 Despite their small numbers, these 
studies are promising and have likely contributed to the 
utilization of cyclophosphamide in the rescue setting.

Cyclophosphamide is an alkylating agent commonly 
employed in the management of various types of lym-
phoma in cats,28–37 as well as other feline malignancies.38–41 
Until recently,42,43 the maximum tolerated dose of cyclo-
phosphamide in cats was not well established, and the 
spectrum of published dosage regimens was diverse.28–41 
Even so, cyclophosphamide appeared to be well-tolerated, 
with adverse events (AEs) uncommonly reported.28–42 The 
principal dose-limiting toxicity in cats is myelosuppres-
sion, primarily affecting neutrophils.42–44 Additional clini-
cally significant toxicities, including gastrointestinal and 
neurologic toxicities, are rarely reported, even with very 
high doses.42,45,46 In conjunction with this negligible AE 
profile, and similar to chlorambucil, cyclophosphamide 
may be preferred over alternative rescue agents because 
it is conveniently available as an oral formulation that 
can be administered by the client at home, sparing the 
cats and clients from hospital-associated stress and costs, 
respectively.

Its tolerability and convenience have positioned cyclo-
phosphamide to be a relevant therapeutic option for cats 
with relapsed LGAL, although data regarding its efficacy 
and toxicity in this setting remain lacking. The objective 
of this study was to describe the utilization of cyclophos-
phamide as first-line rescue therapy in cats with clini-
cally presumed relapsed LGAL, specifically documenting 
response and measures of outcome, any identifiable 
AEs and prognostic factors potentially associated with 
response and outcome.

Materials and methods
Cats with a definitive ante-mortem diagnosis of 
LGAL were identified from a medical record search of 
three institutions (University of Wisconsin–Madison, 
Hospital Aúna Especialidades Veterinarias and Kansas 
State University). Inclusion criteria were: (1) a histo-
logic diagnosis of small-cell, lymphocytic or low-grade 

alimentary lymphoma (LGAL), as originally reported by 
a board-certified pathologist; or (2) a presumptive cyto-
logic diagnosis of LGAL, accompanied by a clonal PCR 
for antigen receptor rearrangement result and consist-
ent ultrasonographic findings; (3) initial antineoplastic 
therapy with chlorambucil ± a glucocorticoid; (4) clini-
cal confirmation of relapse as reasonably determined by 
the overseeing clinician based on progression of clinical 
signs and/or ultrasonographic findings; (5) subsequent 
rescue therapy with cyclophosphamide ± a glucocorti-
coid; and (6) follow-up evaluations for a minimum of 30 
days. Cases were excluded because of: (1) the absence 
of a histologic or molecularly confirmed diagnosis of 
LGAL; (2) prior chemotherapy other than chlorambucil ± a 
glucocorticoid; (3) concurrent disease(s) confounding 
interpretation of relapse, response, outcome and AE 
data; and/or (4) inadequate follow-up duration and/
or information. No exclusions were made for any sup-
portive therapies.

Information collated from the medical records 
included: demographic data; clinical signs and physi-
cal examination findings at the time of initial diagnosis, 
presumed first clinical relapse and during cyclophos-
phamide therapy; laboratory test results and imaging 
findings throughout therapy at various time point(s) 
as determined by the overseeing clinician; histologic, 
cytologic and/or immunologic details; dose, response 
and response duration with cyclophosphamide therapy; 
details of any comorbidities and concomitant medica-
tions; and details of clinical progression and/or death. 
The referring veterinarian(s) and/or owner(s) were 
contacted for follow-up, where additional details were 
required. All relevant material from the medical records 
was evaluated at all available time points, although 
physical examination findings (including weight), and 
laboratory and imaging results were a particular focus 
at the times of diagnosis, first relapse (ie, start of cyclo-
phosphamide therapy), any available time points during 
the course of cyclophosphamide therapy and cyclophos-
phamide therapy failure. Body condition scores were not 
reliably available for evaluation; therefore, weights were 
instead assessed.

Response to cyclophosphamide therapy was deter-
mined based predominantly on the resolution, reduction, 
stabilization or worsening of the cats’ presenting clinical 
signs. As there is no standardized method of reporting 
or grading untreated disease, and to facilitate objec-
tive comparisons over time, the Veterinary Cooperative 
Oncology Group – common terminology criteria for 
adverse events (VCOG–CTCAE v1.1) following chemo-
therapy or biological antineoplastic therapy in dogs and 
cats (summarized in Table 1)47 was retrospectively uti-
lized. This approach provided a qualitative framework 
for grading clinical signs and laboratory abnormalities. 
Similar to other studies documenting response to therapy 
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for feline LGAL,20,22–24 a complete clinical response (CR) 
was defined as complete resolution of clinical signs 
(grade 0) for at least 30 days, a partial clinical response 
(PR) as improvement in clinical signs (decrease in grade) 
for at least 30 days, progressive disease (PD) as worsen-
ing of clinical signs (increase in grade) and stable disease 
(SD) as no change in clinical signs. Imaging findings and 
laboratory results were taken into account where avail-
able. AEs were graded by the overseeing clinician at the 
time or retrospectively by the investigators according to 
the same VCOG-CTCAE v1.1 criteria.47

Statistical methods
Descriptive statistics were undertaken for the over-
all study population. Two measures of outcome were 
assessed. Progression-free survival (PFS) was calculated 
as the days elapsing between the first dose of cyclophos-
phamide and disease progression or death. Cats were 
censored from PFS if progression or death failed to be 
reported during cyclophosphamide treatment. Overall 
survival time (OST) was calculated as the days elaps-
ing between the initial diagnosis and death or loss to  
follow-up. Cats were censored from OST if they remained 
alive at the conclusion of the study period or were lost 
to follow-up. Kaplan–Meier survival analyses estimated 
both measures of outcome, with median survival times 
and confidence intervals (CIs). The log-rank test was uti-
lized for any association of PFS and OST with categorical 
variables of interest (sex, presence and number of clinical 
signs, tumor location, presence of epitheliotropism, previ-
ous steroid treatment, presence of concurrent disease and 
magnitude of response to cyclophosphamide [CR vs oth-
ers]). Univariate Cox proportional hazard modeling was 
utilized for any association of PFS and OST with continu-
ous variables (weight, age, dose of cyclophosphamide 
and duration of response to cyclophosphamide). For all 
analyses, P ⩽0.05 was considered significant. Statistical 
analyses were performed utilizing commercially avail-
able software (SPSS version 25).

Results
Study population
Twenty cats fulfilled the aforementioned inclusion and 
exclusion criteria. Cats were treated at the University 
of Wisconsin–Madison (n = 15), Hospital Aúna Espe-
cialidades Veterinarias (n = 4) and Kansas State University 
(n = 1), between May 2002 and February 2017. Patient 
demographic data is reported in Table 2. LGAL features 
are reported in Table 3. Clinical signs and laboratory test 
results at diagnosis are reported in Tables 4 and 5, respec-
tively. Although not a requirement for study inclusion, all 
20 (100%) cats had previously achieved a CR with prior 
chlorambucil and glucocorticoid therapy for a median 
duration of response of 295 days (range 42–1107 days; 
95% CI 252–602).

Clinical signs and diagnostic tests  
at first presumed relapse
The clinical signs and laboratory test results at first pre-
sumed relapse (ie, the start of cyclophosphamide therapy) 

Table 2 Demographic data of cats with relapsed 
low-grade alimentary lymphoma receiving rescue 
cyclophosphamide after failing chlorambucil treatment

Breed (n)  
 Domestic shorthair 15
 Domestic longhair 3
 Domestic mediumhair 1
 Siamese 1
Median (range) age (years)  
 At initial diagnosis 12.9 (6.1–18.6)
 At cyclophosphamide initiation 14.8 (6.2–19.8)
Median (range) weight (kg)  
 At initial diagnosis 4.04 (2.8–5.1)
 At cyclophosphamide initiation 3.64 (2.6–4.4)
Sex (n)  
 Castrated male 14
 Spayed female 6
FeLV/FIV status (n)  
 Negative/negative 3
 Not reported 17

FeLV = feline leukemia virus; FIV = feline immunodeficiency virus

Table 3 Anatomic, histologic and immunologic 
descriptions of initial low-grade alimentary lymphoma 
(LGAL) diagnosis in cats with relapsed LGAL receiving 
rescue cyclophosphamide after failing chlorambucil 
treatment

Mode of diagnosis (n)  
 Histology (surgical biopsy) 15
 Histology (endoscopic biopsy) 4
  PARR and reactive cytology of mesenteric  

LN with ultrasonographically thickened SI
1

Anatomic location (n)  
 SI only 13
 Stomach only 1
 SI and mesenteric LN 4
 SI, stomach and mesenteric LN 2
Epitheliotropism (n)  
 Present 13
 Absent 3
 Not reported 4
Immunophenotype (via IHC in n = 5 or PARR  
in n = 1) (n)

 

 T cell 5
 B cell 1
 Non-B/non-T cell 1
 Not reported 13

PARR = PCR for antigen receptor rearrangements; LN = lymph node; 
SI = small intestine; IHC = immunohistochemistry



980 Journal of Feline Medicine and Surgery 23(10)

are also described in Tables 4 and 5, respectively. Either 
progression of clinical signs alone (n = 12), progression of 
abdominal ultrasound findings alone (n = 2), or progres-
sion of both clinical signs and ultrasound findings (n = 6) 
were reported reasons for discontinuation of chlorambu-
cil and initiation of cyclophosphamide. Eleven cats (55%) 
that had abdominal ultrasound re-evaluation at the time 
of first presumed relapse had ultrasonographic findings 
suggestive of lymphoma (Table 6). Eight cats were con-
sidered to have progressive changes, while the three cats 
with stable ultrasound findings had progressive clinical 
signs. One cat also had thoracic radiographs that were 
unremarkable.

Cyclophosphamide treatment
The median time between chlorambucil discontinuation 
and cyclophosphamide initiation was 14 days (range 
3–32 days) in the 15 cats for which this information was 
recorded. The median dose of cyclophosphamide was 
206.9 mg/m2 (range 161.3–281.8 mg/m2), administered 
orally, every 2 weeks. The median number of cyclophos-
phamide treatments was 13 (range 3–54). Nineteen cats 
received ongoing concurrent prednisolone (n = 16) or 
prednisone (n = 3) orally, either continuously (n = 16) 

Table 4 Clinical signs at initial diagnosis, presumed first relapse and during cyclophosphamide therapy in cats with 
relapsed low-grade alimentary lymphoma (LGAL) receiving rescue cyclophosphamide after failing chlorambucil 
treatment

Clinical sign At initial diagnosis,  
n (n = 20 total*)

At first presumed relapse,  
n (n = 16 total†)

During cyclophosphamide 
therapy, n (n = 20 total‡)

Grade  
1 or 2

Grade  
3 or 4

Grade 
unknown

Total Grade 
1 or 2

Grade 
3 or 4

Grade 
unknown

Total Grade 
1 or 2

Grade 
3 or 4

Grade 
unknown

Total

Weight loss§ 0 0 15 15 9 1 0 10 5 4 0 9¶

Anorexia 1 0 6 7 3 1 0 4 13 1 2 16
Vomiting 5 2 3 10 6 1 0 7 9 0 0 9
Diarrhea 5 1 2 8 6 0 0 6 7 0 0 7
Lethargy 2 1 2 5 2 1 0 3 4 1 2 7
Dehydration 2 0 0 2 1 0 0 1 1 1 0 2
Fever 1 0 0 1 0 0 0 0 0 0 0 0
Ascites 0 0 0 0 0 0 0 0 1 0 0 1

Number of 
clinical signs

n n n

0 0 1 0
1 8 5 5
2 2 5 5
3 7 4 6

>3 3 1 4

*Clinical signs were recorded from a physical examination performed at the time of initial diagnosis
†Clinical signs were recorded from a physical examination performed at the time of first presumed relapse (ie, start of cyclophosphamide 
treatment)
‡Clinical signs were recorded at various time points throughout cyclophosphamide therapy at the discretion of the specific overseeing clinician
§The comparator for weight loss was the weight noted at the previous time point. For the initial diagnosis, the comparator was from a previous 
weight that was not necessarily dated. At first presumed relapse (the start of cyclophosphamide therapy), the comparator weight was from initial 
diagnosis. During cyclophosphamide therapy, the baseline weight was from the start of cyclophosphamide therapy and was compared with the 
lowest documented weight during cyclophosphamide therapy
¶In three of these cats, weight gain was also noted during cyclophosphamide therapy

at doses between 1–2 mg/kg q24–48h, or tapered (n = 3) 
over 7–10 days from 1–2 mg/kg q24h to a maintenance 
dosage of 1 mg/kg q48h. Comorbidities and concomitant 
medications are outlined in Table 7.

Outcomes
Eighteen cats (90%) achieved a CR for a median duration 
of 239 days. One cat had SD for 91 days. The other cat 
experienced PD. The median PFS was 215 days (range 
0–823 days; 95% CI 102–328 [Figure 1]); one cat was cen-
sored from PFS analysis. The median OST was 1065 days 
(95% CI 974–1156; Figure 2); 10 cats were censored from 
OST analysis. The factor associated with longer PFS was 
achievement of a CR with cyclophosphamide therapy 
(hazard ratio [HR] 0.14, 95% CI 0.025–0.768; P = 0.02). No 
other factors were found to be associated with PFS or 
OST. Net weight gain (n = 6 cats; 3.3–13% weight gain) 
or a combination of weight gain and loss (n = 3 cats) was 
noted during cyclophosphamide therapy.

Cyclophosphamide was ultimately discontinued 
owing to progression of clinical signs alone (n = 12), pro-
gression of abdominal ultrasound findings alone (n = 1), 
progression of both clinical signs and ultrasound findings 
(n = 4), or other findings (n = 3) presumably unrelated to 
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Table 5 Laboratory results* at initial diagnosis, first presumed relapse and during cyclophosphamide therapy in cats 
with relapsed low-grade alimentary lymphoma receiving rescue cyclophosphamide after failing chlorambucil treatment

Hematology At initial diagnosis,  
n (n = 16 total†)

At first presumed relapse,  
n (n = 16 total‡)

During cyclophosphamide therapy, 
n (n = 15 total§)

Grade  
1 or 2

Grade  
3 or 4

Total Grade  
1 or 2

Grade  
3 or 4

Total Grade  
1 or 2

Grade  
3 or 4

Total

Anemia 3 0 3 5 0 5 8 0 8
Neutropenia 0 0 0 0 0 0 3 1 4
Thrombocytopenia 0 0 0 0 0 0 0 0 0

Biochemistry¶ At initial diagnosis,  
n (n = 11 total†)

At first presumed relapse,  
n (n = 10 total‡)

During cyclophosphamide therapy, 
n (n = 12 total§)

Grade  
1 or 2

Grade  
3 or 4

Total Grade  
1 or 2

Grade  
3 or 4

Total Grade  
1 or 2

Grade  
3 or 4

Total

Increased BUN 3 0 3 2 0 2 4 0 4
Increased creatinine 3 0 3 1 0 1 1 0 1
Increased ALT 2 0 2 0 1 1 0 0 0
Increased ALP 1 1 2 0 1 1 0 0 0
Increased potassium 0 0 0 0 0 0 1 0 1
Increased bilirubin 1 1 2 1 0 1 0 0 0
Increased glucose 1 0 1 2 0 2 1 0 1
Increased T4 1 0 1 1 0 1 1 0 1
Decreased potassium 0 0 0 2 0 2 1 0 1
Decreased calcium 0 0 0 1 0 1 2 0 2
Decreased albumin 1 0 1 1 0 1 0 0 0

*Seven cats had a urinalysis performed only at initial diagnosis; aside from trace to 1 + proteinuria in four cats, all results were unremarkable
†Laboratory results were collected at the time of initial diagnosis
‡Laboratory results were collected at the time of first presumed relapse (ie, start of cyclophosphamide treatment)
§Laboratory results were collected at various time points throughout cyclophosphamide therapy at the discretion of the specific overseeing clinician
¶Four cats were reported to have any combination of increased serum folate, trypsin-like immunoreactivity, pancreatic lipase immunoreactivity 
and/or decreased serum cobalamin that were subjectively mild-to-moderate in severity (no grading system exists for these parameters) and 
were only evaluated at initial diagnosis. The cats with decreased serum cobalamin received cobalamin supplementation
BUN = blood urea nitrogen; ALT = alanine transaminase; ALP = alkaline phosphatase; T4 = thyroxine

Table 6 Abdominal ultrasound findings at first presumed relapse (after receiving chlorambucil) and second presumed 
relapse (after receiving cyclophosphamide) of cats with relapsed low-grade alimentary lymphoma receiving rescue 
cyclophosphamide after failing chlorambucil treatment

At first presumed relapse, n (n = 11 total) At second presumed relapse, n (n = 6 total)

SI wall thickening 11 5
Mesenteric LN enlargement 5 3
Peritoneal effusion 2 2
No lymphoma-related changes 0 1*

*This cat was diagnosed with oral squamous cell carcinoma
SI = small intestine; LN = lymph node

lymphoma (oral squamous cell carcinoma, n = 1; acute 
conscious proprioceptive deficits and inability to stand, 
n = 1; acute death, n = 1). Abdominal ultrasound was 
undertaken in six cats at presumed second relapse (Table 
6). One cat also had thoracic radiographs that revealed a 
mild bronchial pattern.

Eleven (55%) cats went on to receive further rescue 
therapy after cyclophosphamide at the discretion of the 
overseeing clinician(s). Eight cats received one further 

rescue protocol, and three cats received two further res-
cue protocols. Three cats achieved a CR with either CCNU 
(lomustine; n = 2) or vinblastine (n = 1). Three cats had a 
PR with CCNU. Two cats maintained SD with CCNU/ 
L-asparaginase or CCNU/vinblastine. One cat had PD 
despite L-asparaginase. Two cats were lost to follow-up 
after receiving CCNU.

Ten cats (50%) had died or were euthanized by the 
conclusion of the study period. In nine of these cats, 
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death was reasonably presumed to be tumor-related. The 
other cat discontinued cyclophosphamide with unspeci-
fied neurologic deficits and was euthanized as a result. 
Nine cats (45%) were lost to follow-up. The median time 
from cyclophosphamide initiation to censoring of these 
nine cats was 279 days (range 44–633 days). One cat (5%) 
remained alive.

Three cats (15%) underwent necropsy. One cat had 
diffuse intra-abdominal lymphoma, involving the omen-
tum, mesentery, small intestines, pancreas, ileocolic 
junction and diaphragm. Another cat had lymphoma 
identified only in the small intestine. The third cat, which 
had displayed neurologic deficits, did not have evidence 
of lymphoma, and the neurologic deficits remained 
unexplained.

AEs
Clinical signs and laboratory test results during cyclo-
phosphamide therapy are described in Tables 4 and 5, 

Table 7 Comorbidities and concomitant medications 
of cats with relapsed low-grade alimentary lymphoma 
receiving rescue cyclophosphamide after failing 
chlorambucil treatment

n

Comorbidity*†

 Hyperthyroidism 4
 Hypocobalaminemia 4
 Heart murmur‡ 4
 Renal pseudocyst 1
 Chronic kidney disease 1
 Restrictive cardiomyopathy 1
 Pyoderma/skin allergy 1
Concomitant medications§¶  
 Cobalamin 4
 Mirtazapine 4
 Subcutaneous fluids 3
 Cyproheptadine 2
 Famotidine 2
 Maropitant 2
 Methimazole 2
 Metronidazole 2
 Potassium gluconate 2
 Amlodipine 1
 Amoxicillin/clavulanic acid 1
 Ciprofloxacin ophthalmic drops 1
 Dexamethasone otic drops 1
 Dolasetron 1
 Enalapril 1
 L-lysine 1
 Metoclopramide 1
 Mupirocin ointment 1
 Omega-3 fatty acids 1
 Ondansetron 1
 Probiotics 1
 S-adenosylmethionine 1
 Sucralfate 1

*Eight cats were reported to have one or more of the listed comorbidities
†With the exception of the renal pseudocyst and pyoderma/skin allergy, 
all other comorbidities were existing during prior chlorambucil treatment
‡Heart murmurs were not otherwise described or graded
§Fourteen cats received concomitant medications, six of which 
received only one and eight of which received 2–6 concomitant 
medications. Six cats did not receive any concomitant medications
¶With the exception of mupirocin ointment, ciprofloxacin ophthalmic 
drops, L-lysine, sucralfate and cyproheptadine, all other concomitant 
medications were used during prior chlorambucil treatment

Figure 1 Kaplan–Meier survival curve depicting progression-
free survival (PFS) in cats with relapsed low-grade alimentary 
lymphoma receiving rescue cyclophosphamide. Median PFS 
was 215 days (95% CI 102–328)

Figure 2 Kaplan–Meier survival curve depicting overall 
survival time (OST) in cats with relapsed low-grade alimentary 
lymphoma receiving rescue cyclophosphamide. Median OST 
was 1065 days (95% CI 974–1156)
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respectively. As recheck examinations during cyclophos-
phamide therapy were at the discretion of the overseeing 
clinician, the recheck schedule could not be generalized 
for the entire study population. Two cats had cyclophos-
phamide dose reductions. One of these cats had a dose 
reduction from 250 mg/m2 to 200 mg/m2 and a 7-day 
dose delay due to grade 3 neutropenia, while the other 
cat had a dose reduction from 250 mg/m2 to 220 mg/m2 
due to grade 3 anorexia and grade 2 vomiting, lethargy, 
dehydration and weight loss. Both cats recovered from 
their AEs. One cat had a 7-day dose delay without a dose 
reduction at the discretion of the referring clinician, with 
no reason reported.

Discussion
To our knowledge, this study is the first to specifically 
describe measures of outcome and potential prognostic 
factors in a population of cats with LGAL receiving cyclo-
phosphamide as a first-line rescue agent, having failed 
initial therapy with chlorambucil and a glucocorticoid.

The complete CR rate to cyclophosphamide rescue 
therapy reported in this study was high (90%), with clini-
cal benefit for a median of 215 days, despite prior alkylat-
ing therapy. This response rate may have been aided by 
confounding factors. One was the study’s unintentional 
selection bias for patients that are likely to be favorable 
responders; although not an inclusion criterion, all cats 
in this study had all previously achieved a CR with ini-
tial chlorambucil and glucocorticoid therapy. Another 
was the use of concomitant medications that may have 
improved clinical signs, masked lymphoma progressive 
disease and/or unintentionally interfered with cyclo-
phosphamide bioavailability. The authors believe, how-
ever, that these concomitant medications are unlikely to 
have significantly affected the interpretation of response, 
given that most medications were used during the prior 
chlorambucil therapy, presumed relapse and then also 
during cyclophosphamide therapy.

The comparison of response rates and measures of out-
come across non-contemporaneous studies is not advis-
able, given differences in patient selection, diagnostic 
efforts, staging procedures, treatment regimens, moni-
toring schedules and owner populations. However, with 
these potential confounders in mind, the results of this 
study are consistent and compare favorably with previous 
studies that have secondarily evaluated analogous rescue 
therapies in cats with LGAL.20,23,24 Fondacaro et al reported 
that 12 cats receiving cyclophosphamide rescue therapy 
had a significantly longer OST compared with eight cats 
that did not receive rescue therapy (29 months vs 18.8 
months).20 Stein et al reported an overall response rate 
of 100% in seven cats with LGAL treated with cyclophos-
phamide ± prednisolone as rescue therapy.24 Somewhat 
divergent, a study by Pope et al documented only a 59% 
response rate for first attempt rescue chemotherapy, 

albeit the median rescue specific survival for all cats in 
this study was 861 days.23 However, that study was struc-
tured differently, consisting of a finite 6-month chloram-
bucil and prednisolone protocol as first-line therapy, the 
rescue regimens included a spectrum of various chem-
otherapeutic protocols, including the re-institution of 
chlorambucil and prednisolone, and the response rates 
and comparisons were not specifically reported for the 
cyclophosphamide-based protocols.23

In the present study, achieving a complete response 
to cyclophosphamide was associated with a longer PFS. 
This positive association between treatment response 
and improved measures of outcome has been reported 
in previous feline lymphoma studies.4,11,22,26–28,36,37 The 
lack of a corresponding association between cyclophos-
phamide treatment response and OST in this study is 
likely a consequence of the small sample size and lack 
of statistical power, a confounding effect of the inclusion 
of the chlorambucil and subsequent treatment periods 
in calculating the OST, and the owners’ individual per-
spectives. Additionally, the CR that all cats had achieved 
with prior chlorambucil treatment could have falsely 
increased the OST given the expected increased survival 
with cats achieving CR over PR, SD or PD. These con-
founding effects impacting OST are why it is considered 
a less robust measurement of outcome.

Cyclophosphamide was associated with few constitu-
tional, hematologic and gastrointestinal AEs in this study. 
While the monitoring schedule varied during the rescue 
therapy, physical examinations were performed through-
out rescue therapy in all cats, and blood tests and imaging 
were undertaken intermittently in most cats. However, 
since re-evaluations during cyclophosphamide therapy 
were dependent on the overseeing clinician, AEs may 
have been missed and subsequently underestimated in 
our study. The attribution of AEs to an effect of therapy 
vs disease was obviously complicated. However, such 
ascription was based upon the reasonable evaluation of 
the overseeing clinician, as well as the duration of the AE 
and response to supportive therapy vs unremitting signs. 
Overall, the AE profile was negligible in this study.

Given the response rate and AE profile, cyclophospha-
mide seems a reasonable therapeutic option in cats with 
recurrent LGAL, especially considering the additional 
logistical advantage of oral administration. However, it 
must also be acknowledged that alternative oral agents 
are available, also with suggested efficacy in the rescue 
setting.23,25 Lomustine was found to markedly improve 
the median progression-free interval for cats with small-
to-intermediate cell lymphoma over cats with large cell 
lymphoma (169 days vs 39 days).25 However, the fre-
quency of higher-grade AEs need to be considered.48,49 
Moreover, the findings reported by Pope et al might imply 
lomustine is less efficacious in the rescue setting, although 
this supposition would require further investigation.23 
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With the potential malabsorptive nature of LGAL, another 
therapeutic consideration is parenteral cyclophosphamide 
administration. Since cyclophosphamide has been shown 
to have similar bioavailability between intravenous (IV), 
intraperitoneal (IP) and oral routes of administration,50–52 
it is possible that IV or IP administration of cyclophos-
phamide may be of benefit, at least initially at relapse 
when gastrointestinal absorption of cyclophosphamide 
may be most compromised.

A substantial challenge of this retrospective study was 
indisputably denoting response to therapy and relapse, 
and this remains the most consequential limitation of the 
study. Accurate evaluation of response to treatment and 
relapse is always troublesome in cats with LGAL because 
affected cats have internal disease, rendering the objec-
tive determination of relative change in tumor burden 
difficult without repeating invasive and expensive diag-
nostic tests. The majority of cats diagnosed with LGAL 
have clinical signs referable to the alimentary tract; there-
fore, it seems reasonable to incorporate improvement 
or recurrence or progression of these clinical signs as a 
component of response assessment in these cats as was 
done in this study. Moreover, the clinical criteria relied 
upon in this study are those commonly applied by clini-
cians in practice when evaluating response and relapse in 
cats with LGAL, rendering the data presented here clini-
cally relevant despite its limitations. Finally, these criteria 
have been solely utilized in previously published stud-
ies to decide response and relapse in feline LGAL.5,10–12 
Arguably, however, the clinical signs, largely relied upon 
to decide response and relapse in this study, could be 
an AE of chemotherapy, the onset of a novel disease or 
lymphoma, and misattribution of one or more clinical 
signs is possible. For example, the chronic administration 
of oral cyclophosphamide could have caused anorexia 
and weight loss, and both could have been misconstrued 
as disease progression, not cyclophosphamide toxicity. 
Additionally, transient anorexia secondary to cyclophos-
phamide bolus could also have been misattributed to 
disease progression. The likelihood that the constitu-
tional and gastrointestinal AEs were an effect of therapy 
is low, however, given the low frequency of such AEs 
in cats receiving even over double the median dose of 
cyclophosphamide utilized in this study.42 However, the 
challenges associated with clinically deciding response  
and relapse means that it is possible that the PFS was 
under- or overestimated if AEs were erroneously attrib-
uted to PD or AEs, respectively.

There are additional limitations to the present study. 
Limitations inherent to any multi-institutional and/or 
retrospective study include the absence of a standardized 
approach to case management, incomplete diagnostic and 
staging tests, variable treatment regimens, inconsistent 
monitoring and follow-up, as well as the lack of appropri-
ate control groups. Furthermore, in an attempt to address 
these issues and standardize the study population, cases 

were excluded, resulting in a smaller study population, 
which precluded the statistically robust evaluation of 
prognostic variables. Finally, cats were excluded if they 
were lost to follow-up within 30 days of commencing 
cyclophosphamide, and since cats were not included 
on an intent-to-treat basis, this may have caused a bias 
that falsely increased PFS or OST by removing cats with 
rapid disease progression. Consequently, the results of 
this study should be interpreted cautiously and utilized 
to inform future prospective randomized and ideally 
blinded studies, with expanded study populations and 
appropriate control groups.

Conclusions
Within the limited parameters of this study, the findings 
support the widespread clinical practice of recommend-
ing cyclophosphamide as rescue therapy for cats with 
relapsed LGAL, demonstrating a good response rate, 
duration of response and minimal AEs. Future prospec-
tive randomized and ideally blinded studies, compris-
ing larger populations and appropriate control groups, 
would be required to better delineate the measurable 
value of cyclophosphamide in the rescue setting.
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