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CATS ARE NOT DOGS

WHY WORRY?
Lymphoma most frequent 
cancer in cats 

Intestinal lymphoma most 
frequent form



PREDISPOSING FACTORS

Smoke 

Immunesuppression 

Chronic inflammation 

Diet 

“FeLV era”: 70% lymphomas secondary to the 
virus

+++ young (< 6 years)
multicentric, mediastininal, extranodal

“post-FeLV era”  only 25% secondary to the 
infection

+++ old (> 10 years)
alimentary lymphoma

FIV plays undirect role for lymphomas 
development 

Co-infection FIV/FeLV à HIGH RISK!!

Feline Lymphoma in the 
Post–Feline Leukemia 
Virus Era 
Mathilde Louwerens, 
Cheryl A. London, Niels 
C. Pedersen, and Leslie 
A. Lyons  
J Vet Intern Med 
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LOCALISATIONS
Small bowel 

50-80%
Large bowel - rare

Stomach 
25%

Often lymph node 
involved

Classifications

Anatomic 
classification

Mediastinal

Nodal

Alimentary

Extranodal

Histologic 
grading

HIGH

LOW

Immunopheno 
type

B

T



alimentary LSA

LSA low-grade (small cells) 
indolent behaviour

LSA high-grade (large cells) 
aggressive behaviour

LSA LGL 
very aggressive behaviour

Origin & localisation

• Origin: MALT (Mucosal-associated lymphoid tissue) 

• Small intestine (Jejunum)

LOW-GRADE LSA
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 • Table 32-9 Characteristics of Feline Gastrointestinal Lymphoma

Major 
Characteristic %* Cell Size Epitheliotropism

Median 
Survival

Clonal or 
Oligoclonal Topography

T-cell 83% 90%
 Mucosal 81% 62% 29 months 91%

4
24*

43

16 2

1

 WHO EATCL  
type II

Small (95%) NR
Large (5%) NR

 Transmural 19% 58% 1.5 months 90%
 WHO EATCL  

type I
Small (42%) NR

5

18

7

Large† 58%) NR

B-cell 17% 50%‡

 Mucosal 5% All
 Transmural 95% Large (100%) <5% 3.5 months

7

1

8

9

Data modified from Moore PF, Rodriguez-Bertos A, Kass PH: Feline gastrointestinal lymphoma: Mucosal architecture, immunophenotype and molecular clonality, 
Vet Pathol April 19, 2011. Epub ahead of print.
WHO EATCL, World Health Organization enteropathy-associated T-cell lymphoma; NR, not report
Numbers in figures indicate case incidence out of 103 reported cases.
*3% of cats had both B- and T-cell immunophenotypes within the gastrointestinal tract.
†82% of transmural large T-cell lymphomas are large granular lymphoma subtype.
‡39% pseudo-clonal.

• Origin: dal MALT (mucosal- associated lymphoid tissue) 

• Localisation:  

• multicentric 

•  +++ stomach, ileo-ceco-colic junction

HIGH-GRADE LSA
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Origin & localisation



• MALT, T NK INTRAEPITHELIAL LYMPHOCYTES 

• CD3 e CD8 + 

• Localisation:  

• small intestine 

• lymph nodes  

• liver and spleen

LSA LGL

Origin & localisation

Clinical signs

• weight loss (83%) 

• vomiting (73%) 

• anorexia (66%) 

• diarrhoea (59%) 

• lethargy (39%)

Chronic symptoms 
for low-grade 

(months) 

Acute and severe  
in high-grade forms 

(days or weeks)

clinical presentation
LOW-GRADE LSA

Aspecific chronic signs  
▪ Chronic diarrhea 
▪ Weight loss 
▪ Rarely abnormal abdominal palpation 
▪ Possible anorexia 
▪ Possible hypereosinophylic syndrome



HIGH-GRADE LSA

LSA LGL

clinical presentation

Acute and severe signs 

> 80% palpable abdominal abnormalities (masses, 
intestinal thickening, hepato/splenomegaly) 

Possible obstruction/perforation/septic abdomen/
intususception 

Diagnostic Workup
RULE OUT OTHER DISEASES

•CBC 
•Biochemistry 
•Fiv/FeLV 
•U/A 

•T4 

• fPLI 

•TLI, Folate, Vit B12 

•FECAL exams

Diagnostic Work-Up

• Thoracic X-Ray 

• Concurrent diseases 

• Lymphoadenomegaly



• Abdominal X-Ray 

• Masses 

• Obstruction 

Diagnostic Work-Up

• Abdominal US 

• Wall thickening  

• Obstruction 

• Ultrasonographic appearance of liver and/or spleen 

• US-guided FNA

Diagnostic Work-Up

• Extra-intestinal involvement 

• 68% of cases 

• lymph nodes, liver and spleen
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n = 15), slides of sections of biopsy specimens were 
missing or unavailable for histologic review (n = 7), no 
treatment was initiated or cats were treated with drugs 
other than prednisone and chlorambucil (16), and fol-
low-up information was not found (31). On the basis of 
the retrospective search, low-grade histologic findings 
comprised 13% (88/667) of lymphomas of cats at our 
institutions.

Following necessary exclusions, 41 cats met all 
criteria to be included in the study. Twenty-four were 
males (1 intact, 23 castrated), and 17 were spayed fe-
males. Median age at diagnosis was 13 years (range, 6 
to 17 years). Most cats were either domestic shorthair 
(n = 33) or domestic longhair (7); 1 cat was Manx. Me-
dian weight was 4.4 kg (9.7 lb) with a range of 1.9 to 
7.2 kg (4.2 to 15.8 lb).

Duration of disease ranged from 5 days to 48 
months (median, 6 months). Common clinical signs 
at the time of hospital admission included weight 
loss (34/41 [83%]), vomiting (30/41 [73%]), anorexia 
(27/41 [66%]), diarrhea (24/41 [59%]), and lethargy 
(16/41 [39%]). Three of 41 (7%) cats with lymphoma 
of the liver were icteric. Cats may have had > 1 clinical 
sign at the time of hospital admission.

Results of CBC determination and serum biochem-
ical analysis were available for all cats. Medical records 
also included results of abdominal ultrasonography 
(40/41 [98%]), thoracic radiography (33/41 [80%]), 
FeLV and FIV tests (30/41 [73%]), and determination 
of serum cobalamin concentration (32/41 [78%]), se-
rum folate concentration (27/41 [66%]), and serum 
trypsin-like immunoreactivity (16/41 [39%]).

Common abnormal results of clinicopathologic 
testing included low serum cobalamin concentra-
tions in 25 of 32 (78%) cats tested, low serum fo-
late concentrations in 1 of 27 (4%), high serum fo-
late concentrations in 10 of 27 (37%), and increased 
trypsin-like immunoreactivity in 12 of 16 (75%). All 
cats with hypocobalaminemia had lymphoma of the 
small intestine. One of 3 cats without gastrointesti-
nal tract involvement was tested for serum cobalamin 
concentration, the results of which were within refer-
ence range. Twenty-two cats with documented hypo-
cobalaminemia received parenteral supplementation. 
However, treatment dose and frequency were highly 
inconsistent, and few cats had serum cobalamin con-
centrations rechecked. All cats tested for FeLV and 
FIV had negative results.

Twenty-one biopsy specimens were collected via 
gastroduodenal endoscopy, 15 were collected during 
laparotomy, 4 via laparoscopy, and 1 with an ultra-
sound-guided, percutaneous needle-core instrument. 
Lymphoma was confined to the gastrointestinal tract in 
28 of 41 (68%) cats, whereas 13 of 41 (32%) cats had 
other organ systems affected with or without gastroin-
testinal tract involvement. Extragastrointestinal tract 
sites included mesenteric lymph nodes (n = 6), liver 
(10), spleen (1), and pancreas (1). Some cats had > 1 
site affected. Eighty-nine percent (32/36) of lymphomas 
were determined to be of T-cell origin via immunohisto-
chemistry, whereas 8% (3/36) were of B-cell origin. One 
cat had nonB-cell, nonT-cell low-grade lymphoma. 
As a result of insufficient amount of archived tissue, 

immunophenotype could not be determined in biopsy 
specimens of 5 cats (Table 1).

Thirty-one of 41 (76%) cats received prednisone at 
a dose of 5 mg, PO, every 12 to 24 hours, and 10 (24%) 
cats received prednisone at a dose of 10 mg, PO, every 
24 hours. Thirty-five of 41 (85%) cats received chlo-
rambucil at a dose of 2 mg, PO, every other day, and 6 
(15%) cats received chlorambucil at a dose of 2 mg, PO, 
every third day.

Response to treatment—Information describing 
response to treatment was not available for 2 cats with 
lymphoma of the gastrointestinal tract, although dura-
tion of survival was known. Thirty-seven of the remain-
ing 39 (95%) cats had a response to chemotherapy. As 
judged from the medical records, 56% (22/39) achieved 
a complete response and 39% (15/39) achieved a partial 
response. Of the cats with lymphoma of the gastroin-
testinal tract, 9 achieved a complete response and 16 
achieved a partial response. Of the cats with lymphoma 
of nongastrointestinal tract sites, 6 achieved a complete 
response and 6 achieved a partial response. Two of 41 
(5%) cats had no response to treatment and included 
1 cat with low-grade lymphoma of the liver and 1 cat 
with low-grade lymphoma of the small intestine. No 
significant differences were found between responders 
and nonresponders or between cats achieving a com-
plete response versus a partial response with respect to 
any of the 13 analyzed risk factors.

Remission duration and risk factors for relapse—
Thirty-seven of the 39 cats with response information 
were judged to have responded to treatment and were 
included in the analysis of remission duration. Of the 
37 responders, 13 relapsed or progressed during the fol-
low-up period, which was either confirmed with repeat 
histologic evaluation of biopsy specimens or clinically 
determined on the basis of recurrence of signs. Twenty-
four cats were still under observation (until remission 
ended or the cat was lost to follow-up) at a median of 
383 days (range, 44 to 2,010 days). Analysis of censored 
survival curves indicated that the overall median remis-
sion duration was 948 days (lower 95% CL, 484 days; 
upper CL, undefined). Risk factors significantly associ-
ated with short remission duration when evaluated in-

 Immunophenotype*

Sites affected Total No. of cases T-cell  B-cell

SI only 25 20 1
SI, liver 3 3 0
SI, liver, mesenteric LN† 3 1 0
Stomach, SI 2 2 0
SI, mesenteric LN 2 2 0
Liver only 2 2 0
Stomach only 1 0 1
Stomach, SI, liver 1 1 0
Liver, spleen, mesenteric LN 1 0 1
SI, pancreas 1 1 0

SI = Small intestine. LN = Lymph nodes.
*Not all cats had immunophenotyping performed. †Immu-

nophenotyping revealed nonT-cell, nonB-cell lymphoma in 1 
cat.

Table 1—Frequencies of sites affected in 41 cats with low-grade 
lymphoma.

Low-grade LSA (Small-cell LSA)

Diagnostic Work-Up



Imaging: IBD vs LSA

• Segmental or diffuse involvement in both 

• Lymphoadenomegaly in both IBD and LSA 

• Muscolaris propria thickening in both, but most likely in LSA 

• Muscolaris propria thickening + Lymphoadenomegaly most likely in LSA

Ultrasonographic Evaluation of the Muscularis Propria in Cats with
Diffuse Smal l Intest inal Lymphoma or Inflammatory Bowel Disease

A. L. Zwingenberger, S. L. Marks, T. W. Baker, and P. F. Moore

Background: An ultrasonographic pattern of thickened muscularis propria in the small intestine and lymphadenopathy
have been associated with gastrointestinal lymphoma and inflammatory bowel disease (IBD) in cats.

Objectives: To investigate the association of these imaging biomarkers with IBD and lymphoma in cats.
Animals: One hundred and forty-two cats with a histologic diagnosis of normal small intestine (SI) (n 5 56), lymphoma

(n 5 62), or IBD (n 5 24).
Methods: Retrospective case review. Pathology records from 1998–2006 were searched for cats with a diagnosis of normal,

IBD, or lymphoma, an ultrasonographic examination o28 days before surgery, and without ultrasonographic evidence of a
mass. Multinomial regression analysis was used to determine the association of imaging biomarkers with disease status.

Results: Cats with thickening of the muscularis propria detected by ultrasonographic examination were more likely to have
lymphoma compared with normal SI cats (odds ratio [OR] 5 4.0, 95% confidence interval [95% CI] 1.2–13.1, P 5 .021) and
those with IBD (OR 5 18.8, 95% CI 2.2–162.7, P 5 .008). Histologic samples of cats with muscularis propria thickening were
more likely to have disease infiltrates in both the mucosal and submucosal layers (OR 5 8.1, 95% CI 1.7–38.4, P 5 .008) than
cats with normal SI. Cats with ultrasonographic evidence of lymphadenopathy were more likely to have a diagnosis of lym-
phoma (OR 5 44.9, 95%CI 5.1–393.0, P 5 .001) or IBD (OR 5 10.8, 95%CI 1.1–106.3, P 5 .041) than normal SI. Fifty-six of
62 cats had confirmed or presumptive diagnosis of diffuse T-cell lymphoma.

Conclusions and Clinical Relevance: Older cats with muscularis layer thickening are more likely to have T-cell lymphoma
than IBD. The ultrasonographic pattern is associated with histologic infiltrates in the mucosal and submucosal layers of small
intestine. Lymphadenopathy is associated with lymphoma or IBD.

Key words: Anatomy and pathology; Feline; Lymphosarcoma; Oncology diagnosis.

The normal wall layers of the small intestine, includ-
ing mucosa, submucosa, and muscularis, are visible

on routine ultrasonographic examinations with high-fre-
quency transducers.1 Thickening of the muscularis
propria is associated with diffuse infiltrative bowel dis-
ease such as lymphoma or inflammatory bowel disease
(IBD) in cats (Fig 1).2 Muscularis propria thickening
is reported in 2 cats with IBD, 1 proximal to a small
intestinal mass, and 1 proximal to an obstruction. The
cause of this thickening was determined to be muscular
hypertrophy.3

Most descriptions of ultrasonographic features of gas-
trointestinal lymphoma in cats are of lymphomatous
masses.4–7 Both T-cell and B-cell lymphoma are de-
scribed in studies using immunohistochemistry.8–10

There was no distinction made between diffuse and focal
disease in these reports. An epitheliotrophic T-cell lym-
phoma has been described with diffuse, mild
ultrasonographic findings with or without a mass, or

with no ultrasonographic abnormalities.11 Studies of
IBD or lymphoma in cats have demonstrated a predom-
inance of the T-cell phenotype, arising from the mucosal-
associated lymphoid tissue.12,13 This is described as mu-
cosal or transmural lymphoma,13 which suggests a
centrifugal progression of disease, and that there is a dis-
ease state before presence of a mass. Thickening of the
small intestinal wall is not a good predictor of IBD in
dogs,14 while thickening and loss of layering is highly
predictive of focal intestinal neoplasia in dogs and
cats.6,15 The challenge lies in detecting lymphoma or
IBD in cats without ultrasonographic loss of small intes-
tinal layering indicating a mass, using new biomarkers.
IBD and T-cell lymphoma could have different ultra-
sonographic findings than those portrayed for the more
commonly described gastrointestinal lymphoma masses.

The goals of this study were to determine the associa-
tion between muscularis propria thickening and disease
type in cats with lymphoma, IBD, or normal SI; to de-
termine the association of ultrasonographic and
histopathologic abnormalities; and to characterize the
type of lymphoma seen with this pattern.

Materials and Methods

Records of the VeterinaryMedical Teaching Hospital at the Uni-
versity of California, Davis, from 1998 to 2006 were searched to

From the School of Veterinary Medicine, Department of Surgery
and Radiological Sciences University of California, Davis, CA
(Zwingenberger); Department of Medicine and Epidemiology
(Marks), the Department of Pathology, Microbiology, and Immu-
nology (Moore), and the William R. Pritchard Veterinary Medical
Teaching Hospital (Baker), Davis, CA. This paper was presented in
part at the 2007 meeting of the American College of Veterinary Ra-
diology.

Corresponding author: Allison Zwingenberger, DVM DACVR
DECVDI, Department of Surgical and Radiological Sciences, School
of Veterinary Medicine, 2112 Tupper Hall, University of California,
Davis—Davis, CA 95616; e-mail: azwingen@ucdavis.edu.

Submitted June 30, 2009; Revised October 14, 2009; Accepted
November 18, 2009.

Copyright r 2010 by the American College of Veterinary Internal
Medicine

10.1111/j.1939-1676.2009.0457.x

Abbreviations:

IBD inflammatory bowel disease

SI small intestine

J Vet Intern Med 2010;24:289–292

Ultrasonographic Evaluation of the Muscularis Propria in Cats with
Diffuse Smal l Intest inal Lymphoma or Inflammatory Bowel Disease

A. L. Zwingenberger, S. L. Marks, T. W. Baker, and P. F. Moore

Background: An ultrasonographic pattern of thickened muscularis propria in the small intestine and lymphadenopathy
have been associated with gastrointestinal lymphoma and inflammatory bowel disease (IBD) in cats.

Objectives: To investigate the association of these imaging biomarkers with IBD and lymphoma in cats.
Animals: One hundred and forty-two cats with a histologic diagnosis of normal small intestine (SI) (n 5 56), lymphoma

(n 5 62), or IBD (n 5 24).
Methods: Retrospective case review. Pathology records from 1998–2006 were searched for cats with a diagnosis of normal,

IBD, or lymphoma, an ultrasonographic examination o28 days before surgery, and without ultrasonographic evidence of a
mass. Multinomial regression analysis was used to determine the association of imaging biomarkers with disease status.

Results: Cats with thickening of the muscularis propria detected by ultrasonographic examination were more likely to have
lymphoma compared with normal SI cats (odds ratio [OR] 5 4.0, 95% confidence interval [95% CI] 1.2–13.1, P 5 .021) and
those with IBD (OR 5 18.8, 95% CI 2.2–162.7, P 5 .008). Histologic samples of cats with muscularis propria thickening were
more likely to have disease infiltrates in both the mucosal and submucosal layers (OR 5 8.1, 95% CI 1.7–38.4, P 5 .008) than
cats with normal SI. Cats with ultrasonographic evidence of lymphadenopathy were more likely to have a diagnosis of lym-
phoma (OR 5 44.9, 95%CI 5.1–393.0, P 5 .001) or IBD (OR 5 10.8, 95%CI 1.1–106.3, P 5 .041) than normal SI. Fifty-six of
62 cats had confirmed or presumptive diagnosis of diffuse T-cell lymphoma.

Conclusions and Clinical Relevance: Older cats with muscularis layer thickening are more likely to have T-cell lymphoma
than IBD. The ultrasonographic pattern is associated with histologic infiltrates in the mucosal and submucosal layers of small
intestine. Lymphadenopathy is associated with lymphoma or IBD.

Key words: Anatomy and pathology; Feline; Lymphosarcoma; Oncology diagnosis.

The normal wall layers of the small intestine, includ-
ing mucosa, submucosa, and muscularis, are visible

on routine ultrasonographic examinations with high-fre-
quency transducers.1 Thickening of the muscularis
propria is associated with diffuse infiltrative bowel dis-
ease such as lymphoma or inflammatory bowel disease
(IBD) in cats (Fig 1).2 Muscularis propria thickening
is reported in 2 cats with IBD, 1 proximal to a small
intestinal mass, and 1 proximal to an obstruction. The
cause of this thickening was determined to be muscular
hypertrophy.3

Most descriptions of ultrasonographic features of gas-
trointestinal lymphoma in cats are of lymphomatous
masses.4–7 Both T-cell and B-cell lymphoma are de-
scribed in studies using immunohistochemistry.8–10

There was no distinction made between diffuse and focal
disease in these reports. An epitheliotrophic T-cell lym-
phoma has been described with diffuse, mild
ultrasonographic findings with or without a mass, or

with no ultrasonographic abnormalities.11 Studies of
IBD or lymphoma in cats have demonstrated a predom-
inance of the T-cell phenotype, arising from the mucosal-
associated lymphoid tissue.12,13 This is described as mu-
cosal or transmural lymphoma,13 which suggests a
centrifugal progression of disease, and that there is a dis-
ease state before presence of a mass. Thickening of the
small intestinal wall is not a good predictor of IBD in
dogs,14 while thickening and loss of layering is highly
predictive of focal intestinal neoplasia in dogs and
cats.6,15 The challenge lies in detecting lymphoma or
IBD in cats without ultrasonographic loss of small intes-
tinal layering indicating a mass, using new biomarkers.
IBD and T-cell lymphoma could have different ultra-
sonographic findings than those portrayed for the more
commonly described gastrointestinal lymphoma masses.

The goals of this study were to determine the associa-
tion between muscularis propria thickening and disease
type in cats with lymphoma, IBD, or normal SI; to de-
termine the association of ultrasonographic and
histopathologic abnormalities; and to characterize the
type of lymphoma seen with this pattern.

Materials and Methods

Records of the VeterinaryMedical Teaching Hospital at the Uni-
versity of California, Davis, from 1998 to 2006 were searched to

From the School of Veterinary Medicine, Department of Surgery
and Radiological Sciences University of California, Davis, CA
(Zwingenberger); Department of Medicine and Epidemiology
(Marks), the Department of Pathology, Microbiology, and Immu-
nology (Moore), and the William R. Pritchard Veterinary Medical
Teaching Hospital (Baker), Davis, CA. This paper was presented in
part at the 2007 meeting of the American College of Veterinary Ra-
diology.

Corresponding author: Allison Zwingenberger, DVM DACVR
DECVDI, Department of Surgical and Radiological Sciences, School
of Veterinary Medicine, 2112 Tupper Hall, University of California,
Davis—Davis, CA 95616; e-mail: azwingen@ucdavis.edu.

Submitted June 30, 2009; Revised October 14, 2009; Accepted
November 18, 2009.

Copyright r 2010 by the American College of Veterinary Internal
Medicine

10.1111/j.1939-1676.2009.0457.x

Abbreviations:

IBD inflammatory bowel disease

SI small intestine

J Vet Intern Med 2010;24:289–292

NEED FOR FURTHER INVESTIGATIONS!

Imaging: IBD vs LSA

Which investigations?

• In case of LSA suspicious 

• 90% jejunum and ileum involvement 

• 70% duodenum 

• 7-40 % stomach

642 Part IV Specific Malignancies in the Small Animal Patient

 • Table 32-9 Characteristics of Feline Gastrointestinal Lymphoma

Major 
Characteristic %* Cell Size Epitheliotropism

Median 
Survival

Clonal or 
Oligoclonal Topography

T-cell 83% 90%
 Mucosal 81% 62% 29 months 91%

4
24*

43

16 2

1

 WHO EATCL  
type II

Small (95%) NR
Large (5%) NR

 Transmural 19% 58% 1.5 months 90%
 WHO EATCL  

type I
Small (42%) NR

5

18

7

Large† 58%) NR

B-cell 17% 50%‡

 Mucosal 5% All
 Transmural 95% Large (100%) <5% 3.5 months

7

1

8

9

Data modified from Moore PF, Rodriguez-Bertos A, Kass PH: Feline gastrointestinal lymphoma: Mucosal architecture, immunophenotype and molecular clonality, 
Vet Pathol April 19, 2011. Epub ahead of print.
WHO EATCL, World Health Organization enteropathy-associated T-cell lymphoma; NR, not report
Numbers in figures indicate case incidence out of 103 reported cases.
*3% of cats had both B- and T-cell immunophenotypes within the gastrointestinal tract.
†82% of transmural large T-cell lymphomas are large granular lymphoma subtype.
‡39% pseudo-clonal.



Full-thickness biopsies  
vs 

endoscopic biopsies

Full-thickness
(laparothomy)

Full-thickness
(Laparoscopy) Endoscopy

Sampled 
layers

Mucose, sub-
mucose, 

muscolaris, 
serous

Mucose, sub-
mucose, 

muscolaris, 
serous

Mucose, sub-
mucose,

Other organs YES YES NO

Invasiveness high intermediate low

Gastrointestin
al tract 

accessibility
complete complete

impossible  
sampling 
jejunum 

Interpretation
High 

diagnostic 
power

biopsie più 
facili da 

orientare, 
minori artefatti

Risk of false 
negative

Full-thickness biopsies

• Let’s de-mystify the myth! 

• No dehiscence  

• anorexia, decreased appetite 
(11%)

Perioperative Complications after Full-Thickness
Gastrointestinal Surgery in Cats with Alimentary Lymphoma
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Objective: To determine perioperative risk factors for complications that occur
before hospital discharge after gastrointestinal (GI) surgery in cats with alimen-
tary lymphosarcoma (LSA).
Study Design: Case series.
Animals: Cats (n=70) with a histopathologically confirmed diagnosis of alimen-
tary LSA that had full-thickness GI surgery.
Methods: Medical record data (February 1996–March 2009) from 3 academic
referral centers were reviewed. Retrieved data included signalment, preoperative
clinical signs and laboratory findings, perioperative medications administered,
type and location of GI surgery performed and outcome until hospital discharge.
Results: In 38 surgeries, intestinal resection and anastomosis was performed.
Gastrotomy and/or enterotomy was performed in 53 surgeries. A preoperative
serum albumin concentration o 2.5 g/dL was recorded for 11 cases. There was no
clinical evidence of postoperative leakage from any biopsy or anastomosis site.
Postoperative complications that occurred before hospital discharge included:
anorexia or decreased appetite (n=8), hyperthermia (3), pancreatitis (1) and
constipation (1).
Conclusions: Cats with alimentary LSA do not appear to be at high risk of post-
operative dehiscence after full-thickness GI surgery.

Lymphosarcoma (LSA) is the most frequently diagnosed
neoplasm of the cat, with the gastrointestinal (GI) tract
being the most common primary location.1–4 Since the
introduction of widespread testing and vaccination for
feline leukemia virus (FeLV), most cats diagnosed with
alimentary LSA are older and FeLV negative.2,3,5,6

LSA affecting the GI tract can present a diagnostic
challenge because the clinical signs are often nonspecific
and most commonly include anorexia, weight loss, vomit-
ing, and diarrhea. Minimally invasive diagnostic tests such
as abdominal ultrasonography and endoscopic biopsy are
often inadequate to differentiate between alimentary LSA
and inflammatory bowel disease.7 Whereas endoscopically
obtained, partial-thickness gastric biopsies are useful for
diagnosis of gastric LSA, endoscopic biopsies of the small
intestine are generally inadequate for definitive diagnosis of
intestinal LSA.7 Full-thickness GI biopsy obtained during
laparotomy or laparoscopy is the most accurate means for
diagnosis of alimentary LSA; however, therapeutic surgery

for GI LSA is rarely indicated.1,4,6,7 Cats with intestinal
obstruction, mural perforation, or considered at risk for
imminent intestinal perforation, are considered surgical
candidates.4 In general, surgical treatment of intestinal
LSA in cats does not increase survival times; although, sur-
gery is more commonly performed in cats with more ad-
vanced disease, which likely results in a biased population
in which to evaluate the therapeutic effect of surgery.4

Although it may be reasonable to assume cats with al-
imentary LSA are at increased risk for intestinal dehiscence
after full-thickness GI surgery because of neoplastic cell
infiltration and disruption of normal GI wound healing,
there is little data in cats to support this assumption. Ad-
ditional impairments to wound healing may also result
from early chemotherapy after surgery and the poor nutri-
tional status frequently encountered in these cats.

Dehiscence after GI surgery reportedly occurs in
7–15.7% of dogs and cats.8–10 Specifically in cats, 2 sepa-
rate studies report 0 out of 25 cats developed postoperative
leakage after enteric surgery.8,11 Other studies have re-
ported surgical treatment of GI LSA in small numbers of
cats, with no mention of postoperative leakage.1,12–14 In
dogs undergoing intestinal surgery, 11.8% (2/17) of dogs

Work performed at the College of Veterinary Medicine, Univer-

sity of Georgia, Athens, GA 30602.
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Perioperative Complications after Full-Thickness
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Objective: To determine perioperative risk factors for complications that occur
before hospital discharge after gastrointestinal (GI) surgery in cats with alimen-
tary lymphosarcoma (LSA).
Study Design: Case series.
Animals: Cats (n=70) with a histopathologically confirmed diagnosis of alimen-
tary LSA that had full-thickness GI surgery.
Methods: Medical record data (February 1996–March 2009) from 3 academic
referral centers were reviewed. Retrieved data included signalment, preoperative
clinical signs and laboratory findings, perioperative medications administered,
type and location of GI surgery performed and outcome until hospital discharge.
Results: In 38 surgeries, intestinal resection and anastomosis was performed.
Gastrotomy and/or enterotomy was performed in 53 surgeries. A preoperative
serum albumin concentration o 2.5 g/dL was recorded for 11 cases. There was no
clinical evidence of postoperative leakage from any biopsy or anastomosis site.
Postoperative complications that occurred before hospital discharge included:
anorexia or decreased appetite (n=8), hyperthermia (3), pancreatitis (1) and
constipation (1).
Conclusions: Cats with alimentary LSA do not appear to be at high risk of post-
operative dehiscence after full-thickness GI surgery.

Lymphosarcoma (LSA) is the most frequently diagnosed
neoplasm of the cat, with the gastrointestinal (GI) tract
being the most common primary location.1–4 Since the
introduction of widespread testing and vaccination for
feline leukemia virus (FeLV), most cats diagnosed with
alimentary LSA are older and FeLV negative.2,3,5,6

LSA affecting the GI tract can present a diagnostic
challenge because the clinical signs are often nonspecific
and most commonly include anorexia, weight loss, vomit-
ing, and diarrhea. Minimally invasive diagnostic tests such
as abdominal ultrasonography and endoscopic biopsy are
often inadequate to differentiate between alimentary LSA
and inflammatory bowel disease.7 Whereas endoscopically
obtained, partial-thickness gastric biopsies are useful for
diagnosis of gastric LSA, endoscopic biopsies of the small
intestine are generally inadequate for definitive diagnosis of
intestinal LSA.7 Full-thickness GI biopsy obtained during
laparotomy or laparoscopy is the most accurate means for
diagnosis of alimentary LSA; however, therapeutic surgery

for GI LSA is rarely indicated.1,4,6,7 Cats with intestinal
obstruction, mural perforation, or considered at risk for
imminent intestinal perforation, are considered surgical
candidates.4 In general, surgical treatment of intestinal
LSA in cats does not increase survival times; although, sur-
gery is more commonly performed in cats with more ad-
vanced disease, which likely results in a biased population
in which to evaluate the therapeutic effect of surgery.4

Although it may be reasonable to assume cats with al-
imentary LSA are at increased risk for intestinal dehiscence
after full-thickness GI surgery because of neoplastic cell
infiltration and disruption of normal GI wound healing,
there is little data in cats to support this assumption. Ad-
ditional impairments to wound healing may also result
from early chemotherapy after surgery and the poor nutri-
tional status frequently encountered in these cats.

Dehiscence after GI surgery reportedly occurs in
7–15.7% of dogs and cats.8–10 Specifically in cats, 2 sepa-
rate studies report 0 out of 25 cats developed postoperative
leakage after enteric surgery.8,11 Other studies have re-
ported surgical treatment of GI LSA in small numbers of
cats, with no mention of postoperative leakage.1,12–14 In
dogs undergoing intestinal surgery, 11.8% (2/17) of dogs

Work performed at the College of Veterinary Medicine, Univer-

sity of Georgia, Athens, GA 30602.
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Large-cell LSA and imaging 
abnormalities

High-grade LSA (Large-cell LSA)

• Multifocal or single masses 

• Stomach, small bowel ++ 

• Large bowel - - 

• Transmural thickening  

• Loss of stratigraphy distinction 



Large-cell LSA and imaging 
abnormalities

• Multifocal or single masses 

• Stomach, small bowel ++ 

• Large bowel - - 

• Transmural thickening  

• Loss of stratigraphy distinction 

cells, necrosis, oedema and/or haemorrhage
(Figure 3).3,67,68 Transmural intestinal
thickening in I/HGAL is usually symmetrical
or concentric, in contrast to intestinal mast cell
tumours and adenocarcinomas where
intestinal wall thickening is often asymmetrical
or eccentric.69,70 Ultrasonographically, evidence
of extraintestinal involvement is common in
I/HGAL.3,12
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Figure 4 (a) Mild diffuse
small intestinal wall
thickening (wall thickness
3.4 mm) in a cat with LGAL;
(b and c) severe small
intestinal wall thickening
in a cat with LGAL (wall
thickness 4.9 mm in b, and
4 mm in c). Note that the
alternating hyperechoic and
hypoechoic appearance of
intestinal layers seen in
healthy cats is preserved in
cats with LGAL

c

✜ I/HGAL The ultrasonographic features
of I/HGAL include transmural intestinal
thickening with disruption of normal wall
layering, reduced wall echogenicity,
localised hypomotility and abdominal
lymphadenomegaly. Loss of intestinal wall
layering occurs due to infiltration of the
intestinal wall with neoplastic or inflammatory

a

b

Figure 3 (a) Ultrasonographic
and (b) gross appearance
of a focal jejunal mass due
to high-grade alimentary
lymphoma (HGAL). The
intestinal wall is thickened
(1 cm) and has lost its normal
alternating hyperechoic and
hypoechoic wall layering
pattern. The symmetrical
concentrically thickened
intestinal wall is visualised in
(c) and vascularity identified
using power Doppler.
Extraintestinal involvement,
such as concurrent renal (d)
and hepatic (e) masses,
is common in HGAL.
Images (a), (c), (d) and (e)
courtesy of Karon Hoffman,
University Veterinary Teaching
Hospital, Sydney

a b c

d e

Transmural intestinal thickening in I/HGAL
is usually symmetrical or concentric.
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Diagnostic Work-Up

• Bone-marrow cytology 

• Not mandatory 

• Fiv/FeLV + 

• Cytopenia

Diagnosi

• Cytology is not usually sufficient 

• No macroscopic masses 

• Small lymphocytes 

Low-grade LSA (Small-cell LSA)
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Diagnosis

• Cytology! 

• Monomorphic popluation of 
lymphoid large cells

High-grade LSA (Large-cell LSA)

@l.pintore

Diagnosis

• Cytology! 

• Typical morphology

LSA LGL

@l.pintore

Diagnosis

• Histology: 

• Small/medium lymphoid cells 

• Mucosal localization  

• T-cell immunophenotype ++ 

• If not 100%… 

Low-grade LSA (Small-cell LSA)

Figure 1. Small intestine: cat. Single intraepithelial lymphocytes: pattern of intraepithelial T cells depicted in (a) schematic drawing, (b) hema-
toxylin and eosin, and (c) immunohistochemistry for CD3e; diaminobenzidine chromogen, hematoxylin counterstain. Figure 2. Small intestine:
cat. Intraepithelial nests (!5 clustered lymphocytes): pattern of intraepithelial T cells depicted in (a) schematic drawing, (b) hematoxylin and
eosin, and (c) immunohistochemistry for CD3e; diaminobenzidine chromogen, hematoxylin counterstain. Intraepithelial nests and plaques are
a strong predictor of a diagnosis of intestinal T cell lymphoma. Figure 3. Small intestine: cat. Intraepithelial plaques (!5 adjacent epithelial cells
overrun by lymphocytes): pattern of intraepithelial T cells depicted in (a) schematic drawing, (b) hematoxylin and eosin, and (c) immunohisto-
chemistry for CD3e; diaminobenzidine chromogen, hematoxylin counterstain. Intraepithelial nests and plaques are a strong predictor of a diag-
nosis of intestinal T cell lymphoma.

Kiupel et al 215
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Diagnosis

PARR:

• identification of clonal rearrangements 

• Clonality = LSA 

• Policlonality = IBD  

• Possibility of false negative: 

• beginning of LSA-infiltration with different 
clones 

• if IBD is present

Low-grade LSA (Small-cell LSA)

IBD vs LINFOMA

Tecnica di biologia molecolare capace di identificare i riarrangiamenti 
clonali di geni specifici che codificano per recettori di linfociti T e B

Keller et al, Vet Pathol, 2016

PARR

Diagnosis

• Histology: 

• Centroblastic morphology 

• Transmural pattern  

• B-cell immunophenotype ++ 

High-grade LSA (Large-cell LSA)

642 Part IV Specific Malignancies in the Small Animal Patient

 • Table 32-9 Characteristics of Feline Gastrointestinal Lymphoma

Major 
Characteristic %* Cell Size Epitheliotropism

Median 
Survival

Clonal or 
Oligoclonal Topography

T-cell 83% 90%
 Mucosal 81% 62% 29 months 91%

4
24*

43

16 2

1

 WHO EATCL  
type II

Small (95%) NR
Large (5%) NR

 Transmural 19% 58% 1.5 months 90%
 WHO EATCL  

type I
Small (42%) NR

5

18

7

Large† 58%) NR

B-cell 17% 50%‡

 Mucosal 5% All
 Transmural 95% Large (100%) <5% 3.5 months

7

1

8

9

Data modified from Moore PF, Rodriguez-Bertos A, Kass PH: Feline gastrointestinal lymphoma: Mucosal architecture, immunophenotype and molecular clonality, 
Vet Pathol April 19, 2011. Epub ahead of print.
WHO EATCL, World Health Organization enteropathy-associated T-cell lymphoma; NR, not report
Numbers in figures indicate case incidence out of 103 reported cases.
*3% of cats had both B- and T-cell immunophenotypes within the gastrointestinal tract.
†82% of transmural large T-cell lymphomas are large granular lymphoma subtype.
‡39% pseudo-clonal.

Therapy

• Chlorambucile 

• Prednisone 

• Supportive Care  

• Omeprazole 1 mg/kg twice daily 

• Metronidazole 10 mg/kg twice daily 

• Lactic Ferments 

• Vit B21 

• High digestibility diet 

Prednisone Chlorambucile

10 mg/cat/24 h
15 mg/m2/24 h for 

4 days every 3 
weeks

5 mg/cat/12-24 h 2 mg/cat/48 h

3 mg/kg/24 h
15 mg/m2/24h or 4 

days every 3 
weeks

2 mg/kg/24 h 20 mg/m2 every  
2 weeks

Low-grade LSA (Small-cell LSA)



Treatment response

• 56% CR, 39% PR 

• 92% of response to therapy > 2.5 yy 

• Survival Time (ST) > 700 gg 

• Survival in cases with CR 897 dd 

• Survival in cases with PR 428 dd
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Lymphoma in cats represents a diverse group of le-
sions that vary in cell type, rate of dissemination, 

and progression. The National Cancer Institute Work-
ing Formulation has been used to histologically clas-
sify lymphomas of cats into low-, intermediate-, and 
high-grade categories.1 Most lymphomas in cats are 
intermediate (35%) or high (54%) grade1 and behave 
similarly to rapidly progressive diseases that are almost 
uniformly fatal despite aggressive chemotherapy. Ap-
proximately 10% of lymphomas of cats are composed 
of small, relatively well-differentiated, neoplastic lym-
phoid cells and can be histologically described as low 
grade.1-4 The National Cancer Institute Working For-
mulation was created from a need to devise classifica-
tion schemes for lymphoma in humans on the basis of 
histologic subtype that also convey relevant informa-
tion regarding expected biologic behavior. These his-

Outcome of cats with low-grade  
lymphocytic lymphoma: 41 cases (1995–2005)

Michael A. Kiselow, DVM; Kenneth M. Rassnick, DVM, DACVIM; Sean P. McDonough, DVM, PhD, DACVP; 
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Objective—To evaluate factors associated with response to treatment, remission duration, 
and survival in cats with low-grade lymphoma affecting various organ systems.
Design—Retrospective case series.
Sample Population—41 cats with histologically confirmed low-grade lymphocytic lymphoma.
Procedures—Medical records and biopsy specimens of cats with histologically confirmed 
low-grade lymphocytic lymphoma of various organ systems treated with prednisone and 
chlorambucil between 1995 and 2005 were reviewed. The Kaplan-Meier method was used 
to estimate remission duration and survival. Factors potentially associated with prognosis 
were compared.
Results—Common clinical signs were weight loss (83%), vomiting (73%), anorexia (66%), 
and diarrhea (58%). Seventy-eight percent of cats tested had low serum cobalamin con-
centrations. Lymphoma was confined to the gastrointestinal tract in 68% of cats. Fifty-six 
percent of cats achieved a complete response to treatment, and 39% achieved a partial 
response. Five percent of cats had no response. No association was found between any 
risk factors (including anatomic site) and response to treatment. Partial response was asso-
ciated with shorter remission duration, compared with complete response; median remis-
sion duration was 428 days for cats achieving a partial response, compared with 897 days 
for cats achieving a complete response. No other factors were associated with remission 
duration. Overall median survival time was 704 days. No factors were significantly associ-
ated with survival time.
Conclusions and Clinical Relevance—Most cats with lymphocytic lymphoma responded 
to treatment with prednisone and chlorambucil, and most factors evaluated were not as-
sociated with outcome. (J Am Vet Med Assoc 2008;232:405–410)

ABBREVIATIONS

CL Confidence limit
CI Confidence interval

tologic criteria have been evaluated for lymphomas of 
cats and were found to be applicable.1 Many clinical 
reports have been published describing the diagnosis, 
treatment, and prognosis in cats with lymphoma. How-
ever, although the occurrence of low-grade lymphomas 
among study populations is sporadically documented, 
all cats typically undergo identical treatment protocols, 
without distinction between histologic grade and clini-
cal outcome.2-6

To date, only a single study7 specifically followed a 
group of cats afflicted with low-grade lymphoma; only 
cats with disease confined to the intestinal tract were 
evaluated. Eleven cats with high-grade lymphoma of the 
gastrointestinal tract were treated with multidrug com-
bination chemotherapy protocols and were compared 
with 29 cats with low-grade lymphocytic lymphoma of 
the gastrointestinal tract that were treated with pred-
nisone and chlorambucil; the latter population had a 
significantly greater response to treatment, disease-free 
interval, and overall survival.7 Although that study7 
was the first to define and treat low-grade lymphoma 

Not only chemotherapy…

• Vit B12 Supplementation

• even if it is not tested (78% of cases) 

• 250 mcg weekly for 4 weeks 

• 250 mcg every 2 weeks for 8 weeks 

• 250 mcg once monthly  

EVALUATION AFTER 3 MONTHS OF TREATMENT

Therapy

• COP 

• Response Rate (RR): 33-79% 

• 75- 239 dd OS

• CHOP 

• Response Rate (RR): 38-95% 

• 210-296 dd OS

Vincristine

Cyclophosphamide 

Prednisone

Metotrexate

Vincristine

Cyclophosphamide

Prednisone

Doxorubicine

High-grade LSA (Large-cell LSA) 
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Introduction
Lymphoma is the most common malignancy in cats, 
accounting for 30% of all feline tumours and 90% of 
haematopoietic tumours.1–3 Chemotherapy is the treat-
ment of choice for most cases of feline lymphoma;4 how-
ever, some owners decline treatment owing to concerns 
regarding a decrease in quality of life (QoL), potential 
suffering and lack of cure.5,6 Pet owners may perceive 
QoL as more important than longevity,6,7 and this should 
be taken into account when establishing treatment 
objectives.8

There is no globally accepted definition of QoL.9,10 It 
is generally considered to be a multifaceted concept 
involving the subjective evaluation of factors that 

contribute to overall wellbeing.11 In human patients with 
cancer, the need to assess the impact of cancer and its 
treatment on a patient’s QoL is well recognised.12 Patient-
based measures such as appetite and mood have been 

Owner perceptions of their cat’s 
quality of life when treated with a 
modified University of Wisconsin–
Madison protocol for lymphoma

Laura A Thornton1, Nicholas Cave1, Janis P Bridges1  
and Anneliese J Stell2

Abstract
Objectives The objectives of this study were to assess owner perceptions of their cat’s quality of life during treatment 
for lymphoma with a doxorubicin-containing multi-agent chemotherapy protocol, whether various health-related 
parameters correlated with quality of life scores, and to assess owner satisfaction with the protocol.
Methods A postal questionnaire was sent to the owners of 33 treated cats. Owners retrospectively assessed 
their cat’s quality of life using a Likert scale (1–10) before lymphoma was diagnosed, at diagnosis and during 
chemotherapy. Owners assigned scores to various health-related parameters previously reported to affect quality 
of life at the three time points, and correlations with quality of life scores were sought. Owners were asked to rate 
the importance of these health-related parameters. Satisfaction with the protocol was investigated.
Results Twenty questionnaires were completed (61% response rate). The median quality of life score before 
diagnosis (10, range 5–10) was higher than at diagnosis (3, range 1–9) (P <0.05). The median quality of life score 
during chemotherapy (7, range 3–9) was lower than before diagnosis (P <0.05) and higher than at diagnosis, but 
this was not statistically significant. Quality of life scores did not correlate with individual health-related parameter 
scores consistently; however, quality of life scores did correlate with appetite scores during chemotherapy. Appetite, 
vomiting and diarrhoea were parameters perceived as important in affecting quality of life. Most owners (75%) were 
happy they had treated their cat.
Conclusions and relevance The quality of life scores observed were comparable to a previous study using 
cyclophosphamide, vincristine and prednisolone, employing the same scoring system. Although quality of life 
scores during chemotherapy were not significantly improved at diagnosis, owner satisfaction with the protocol was 
high. The factors perceived by owners to determine quality of life in their pets may be different to those previously 
conjectured, but appetite during chemotherapy remains important.
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A retrospective evaluation of lomustine
(CeeNU) in 32 treatment naïve cats with
intermediate to large cell gastrointestinal
lymphoma (2006–2013)†

S. E. Rau‡ and K. E. Burgess
Department of Clinical Sciences, Cummings Veterinary Medical Center, Tufts University, North Grafton, MA,
USA

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.

Keywords
feline, gastrointestinal,
lomustine, lymphoma

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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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

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

Surgery: yes or no?

• Cyto-reductive surgery does not affect prognosis 

• It does not prolong ST  

• Yes, in patients with perforation, obstruction, or at high 
risk 

• Safe procedure 

• Full-thickness biopsies 

High-grade LSA (Large-cell LSA)



Prognostic Factors

weight to be a marker of severity of disease. In fact,
weight loss before treatment has been reported as a
negative prognostic factor for cats with lymphoma.9

Body weight also may be a marker for response to
treatment and tolerance of chemotherapy during treat-
ment, because weight loss early during treatment is
associated with shorter survival time in cats with large
cell lymphoma.12 In addition, the majority of owners
of cats with lymphoma that were treated with chemo-
therapy and who completed a survey inquiring about
the experience noted that appetite is an indicator of
their cats’ quality of life.22 The use of chemotherapy
drugs that are less likely to cause substantial GI toxic-
ity, such as vinblastine, may help decrease the risk of
chemotherapy-associated weight loss during treatment,
particularly in cats that are responding to treatment.
Anemia at baseline was significantly negatively associ-
ated with LSS, which has been inconsistently reported
previously for cats with lymphoma.4,8,9,23

Fewer cats were enrolled in this study than originally
planned based on our power analysis. After 40 cats
were enrolled and treated, interim analysis showed that
vinblastine carried a significantly lower risk of GI tox-
icity compared with vincristine. Additional enrollment
was discontinued because the null hypothesis that GI
toxicity risk between the 2 drugs was equal was found
to be incorrect. It is possible that with a larger number
of cats, a difference in response rate, PFS, or LSS could
have been determined, but given the similarity in out-
come between treatment arms 1 and 2 that does not
seem likely. A larger difference was detected when
outcome was compared among cats that stayed in

ArmVCR or ArmVBL and cats that crossed over to
the opposite treatment arm, and it is possible that a
larger sample size could have better informed this
potentially clinically important difference.

The prevalence of cobalamin deficiency at diagnosis
was lower than what has been reported for cats with
small cell lymphoma.24 Unfortunately, only 1 cat that
received cobalamin supplementation was available for
follow-up serum cobalamin sampling, so it remains
unknown if persistent cobalamin deficiency could be
associated with poor response to treatment. Several of
the cats that were cobalamin-deficient did not have evi-
dence of GI lymphoma based on clinical signs or abdom-
inal ultrasound findings, and this is similar to what was
reported in a study describing the prevalence and impact
of cobalamin deficiency in dogs with lymphoma.25 Mea-
suring serum methylmalonic acid may have been a more
accurate method to assess clinically relevant cobalamin
deficiency in the current study population.26–28

Clinicians were not blinded, which could have
allowed some bias in toxicity and response assessment,
but the response and toxicity endpoints were designed
to be as objective as possible to minimize bias. It can
be more challenging to quantify GI versus hematologic
toxicity, as the variables are more subjective. There-
fore, we asked each client to fill out a standardized
daily diary to decrease the effect of recall bias and to
ensure that questions regarding toxicity were asked in
the same way to all clients. We also prospectively set
toxicity endpoints based on VCOG criteria so that
treatment arm cross-over was standardized.19 Rela-
tively low grade toxicity cut-offs were used to dictate
treatment arm cross-over because those levels of toxic-
ity were considered by the authors to have potential to
substantially impact quality of life and owners’ willing-
ness to continue treatment. Although all clients were
given the same medication instructions, we were not
able to assess compliance with medication administra-
tion. However, the randomization scheme should have
resulted in an equal distribution of owners that did
and did not comply with the medication instructions.

The dose of vinblastine used in this study is lower
than what has been previously reported in cats and
dogs. However, myelosuppression (with mild or no GI
toxicity) was noted in several cats, indicating that this
dose still has the potential to cause toxicity. In addition,
the outcome of cats in the 2 treatment arms was similar,
indicating that using this dose of vinblastine did not
negatively impact remission duration or survival.

Accurate assessment of response to treatment remains
a challenge for cats with lymphoma, because the major-
ity of affected cats have internal disease and locations
that make the determination of percentage change in
tumor burden difficult. Because the majority of cats
with lymphoma are ill at diagnosis, it seems reasonable
to include clinical sign improvement or progression as
part of response assessment in these patients. In fact,
several studies describing small cell lymphoma base
response solely on changes in clinical signs.24,29,30

In conclusion, the results reported here suggest that
vinblastine is a reasonable alternative to vincristine in

Fig 2. Kaplan-Meier graph showing progression-free survival
for cats according to baseline body weight. Cats with a baseline
weight of <4.2 kg (solid line) had a median (95% CI) PFS and
LSS of 37 (31, 43) and 98 (32, 164) days, while cats with a base-
line weight of ! 4.2 kg (dashed line) had a median PFS and LSS
of 112 (43, 181) and 284 (129, 439) days, P = .011 and .003,
respectively.

Vincristine versus Vinblastine for Feline Lymphoma 139

• < 4.2 kg 

• PFS (progression free survival): 37 dd 

• LSS (LSA specific survival): 98 dd  

• > 4.2 kg 

• PFS: 112 dd 

• LSS: 284 dd

Prospective Clinical Trial to Compare Vincristine and Vinblastine
in a COP-Based Protocol for Lymphoma in Cats

E.L. Krick, R.B. Cohen, T.P. Gregor, P.C. Salah (Griessmayr), and K.U. Sorenmo

Background: Current standard chemotherapy protocols for lymphoma in cats carry risks of gastrointestinal toxicity,
which can decrease quality of life and complicate response assessment. Protocols with less gastrointestinal toxicity may
improve treatment tolerance.

Hypothesis/Objectives: The study purpose was to compare response rate, outcome, and toxicity between cats that
received vincristine or vinblastine as part of combination chemotherapy for lymphoma. We hypothesized that vinblastine
would have similar efficacy, but less gastrointestinal toxicity, compared with vincristine.

Animals: Forty client-owned cats with confirmed diagnosis of lymphoma.
Methods: Cats were randomized to 1 of 2 treatment arms and received weekly COP-based chemotherapy for 6 months

or until disease progression. Response rate, progression-free survival (PFS), lymphoma-specific survival (LSS), and inci-
dence and severity of gastrointestinal and hematologic toxicity were compared between arms. Arm cross-over occurred if
specific gastrointestinal toxicity criteria were noted.

Results: Cats in both arms had similar response rates, PFS, and LSS (48 versus 64 days, P = .87; 139 versus 136 days,
P = .96). Cats that received vincristine were significantly more likely to switch arms based on gastrointestinal toxicity than
cats that received vinblastine (44.4 versus 10.5%, P = .02). Lower baseline weight was significantly negatively associated
with PFS and LSS (P = .01, P = .003, respectively). Baseline anemia was significantly negatively associated with LSS
(P = .04).

Conclusions and Clinical Importance: Results suggest that vinblastine is a reasonable alternative to vincristine in the
treatment of some cats with lymphoma. Baseline body weight remains a significant prognostic factor for cats with
lymphoma.

Key words: Cat; Chemotherapy; Vinca alkaloid.

Introduction

Lymphoma is one of the most commonly diagnosed
and treated cancers in cats.1 The most commonly

reported chemotherapy protocols used to treat large
cell lymphoma in cats consist of a combination of vin-
cristine, cyclophosphamide, and prednisone (COP-
based), or these drugs and doxorubicin (CHOP-based).
Both COP- and CHOP-based protocols are effective,
with varying response rates and survival times. Com-
plete response rates reported for COP protocols range
from 33 to 75%, with similar complete response rates
of 38–80% for CHOP protocols.2–8 Remission duration
and survival times with CHOP protocols also are similar
to COP protocols (5–21 and 2–10 months versus 3–8
and 2–9 months, respectively).2–8

The most commonly reported adverse effects of these
chemotherapy protocols in cats are gastrointestinal

signs and myelosuppression.2,3,5,6,8,9 Vincristine was
the drug most commonly associated with chemotherapy
toxicity in 3 studies that reported on specific drug-asso-
ciated toxicity.3,8,9 Vincristine-related gastrointestinal
toxicity occurred in 11 of 38 cats during a COP induc-
tion protocol.3 In addition, vincristine was associated
with 47% of the episodes of neutropenia and 56% of
the episodes of gastrointestinal toxicity in 23 cats
receiving a CHOP-based protocol.8 In another study,
the dose of vincristine was reduced in 20 of 61 cats
receiving a CHOP-based protocol.9 Vincristine was
the most commonly dose reduced drug, and 19 of these
dose reductions were because of gastrointestinal toxicity.

The majority of cats with lymphoma are ill at the
time of diagnosis, often with gastrointestinal signs, as
this is the most common anatomic location of lym-
phoma in cats.1,10 Low body weight, body condition
score, and muscle mass have been reported in cats with
lymphoma, and low body condition score at diagnosis
is a negative prognostic factor.11 The gastrointestinal
tract is also commonly affected by chemotherapy, and
cats that are already experiencing gastrointestinal signs
may have poor tolerance of chemotherapy. If these cats
experience continued weight loss or decreased appetite,
it can be difficult to know if those signs represent
lymphoma progression or intolerance of chemotherapy.
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LSA lymphoma

LSS lymphoma-specific survival

PFS progression-free survival
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Prognostic Factors

• Treatment response (after the 1st 
cycle) 

• 50% achieve CR  

• PFS 31 dd vs 364 dd 

• OS 73 dd vs 591 dd
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Lymphoma is the most common hematopoietic neo-
plasia diagnosed and treated in cats.1 In the past 20 

years, there has been a change in the most common age 
and anatomic location associated with the disease. In 
the 1980s, the most common anatomic locations were 
mediastinal and multicentric.1–3 Affected cats were typi-
cally young (mean age, 4 to 6 years), and the major-
ity (60% to 70%) were FeLV positive.1,3,4 Currently, the 
gastrointestinal tract is the most common location, the 
population of cats with lymphoma is now more com-
monly middle aged to older (mean age, 10 to 12 years), 
and fewer cats are positive for FeLV.1,3–6

Previous studies3,7–12 have evaluated possible prog-
nostic factors for cats with lymphoma. These stud-
ies3,7–12 have determined the following negative prog-
nostic factors: substage b disease, mediastinal location, 
poor body condition score at diagnosis, and the pres-
ence of retroviral infections. Initial response to treat-

Lymphoma in cats treated with a weekly  
cyclophosphamide-, vincristine-, and prednisone-

based protocol: 114 cases (1998–2008)

Angharad H. K. Waite, VMD; Karen Jackson, BVSc, DACVP; Thomas P. Gregor, BS; Erika L. Krick, VMD, DACVIM

Objective—To evaluate the clinical response rate, progression-free survival time, overall 
survival time, and possible prognostic factors associated with a cyclophosphamide-, vincris-
tine-, and prednisone (COP)-based chemotherapy protocol in cats with lymphoma.
Design—Retrospective case series.
Animals—114 cats with lymphoma.
Procedures—Medical records of cats receiving a weekly COP-based chemotherapy proto-
col from 1998 to 2008 at the Matthew J. Ryan Veterinary Hospital of the University of Penn-
sylvania were evaluated for information regarding signalment, anatomic site of involvement, 
cell morphology, treatment, and outcome. Retroviral status, baseline weight, substage, 
anatomic location, dose delays, dose reductions, and response to treatment were evalu-
ated for prognostic importance.
Results—The majority of cases (94 [82.4%]) were substage b, and the most common an-
atomic site was the gastrointestinal tract (57 [50%]). Clinical response rate after the first 
chemotherapy cycle was 47.4%. Response to treatment was significantly associated with 
progression-free survival time and overall survival time, whereas substage was significantly 
associated with progression-free survival time. The median progression-free survival time and 
overall survival time were 65.5 and 108 days, respectively. Compared with nonresponders, 
responders had significantly longer median progression-free survival time (364 vs 31 days) 
and median overall survival time (591 vs 73 days).
Conclusions and Clinical Relevance—Clinical response after 1 cycle of COP-based che-
motherapy was predictive for progression-free survival time and overall survival time in cats 
with lymphoma; therefore, response after 1 cycle of chemotherapy could be used to guide 
decisions about further treatment. No new prognostic factors were identified. (J Am Vet 
Med Assoc 2013;242:1104–1109)

ment was also prognostic in that cats that went into a 
complete remission survived significantly longer than 
those that did not respond.3,10,13

Reported chemotherapy protocols, response rates, 
and survival times for feline lymphoma vary. The most 
common chemotherapy protocols use a combination of 
COP or CHOP. With CHOP-based protocols, response 
rates vary from 84% to 95%, with median survival times 
from 210 to 296 days,13–15 whereas COP-based proto-
col response rates vary from 39% to 79%, with median 
survival times of 45 to 239 days.9,11,16–18 Some of these 
studies include small numbers of cats and thus may not 
be representative of the feline lymphoma-affected pop-
ulation in general. In addition, few reports include data 
on response rate, progression-free survival time, and 
overall survival time; for most studies, 1 or 2 of these 
endpoints are reported. The variation in the report-
ing of anatomic location, FeLV status, and treatment 
protocol of these studies makes it difficult to develop 
a comprehensive representation of feline lymphoma. 
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rescue chemotherapy and had a median overall survival 
time of 74 days (95% CI, 17 to 912 days).

Seventy-one (62%) cats died of disease progression, 
38 (33%) were lost to follow-up, 3 (3%) died of other 
causes determined at necropsy (1 each of heart disease, 
lipid pneumonia, and fungal disease), and 2 (2%) were 
alive at the time of analysis. Of the 2 cats alive, 1 had 
completed the protocol, with 716 days of follow-up.

Of the factors evaluated for association with pro-
gression-free survival time and overall survival time, 
only response to treatment was significantly positively 
associated with both. Cats that responded to the chemo-
therapy protocol had a significantly (P < 0.001) longer 
progression-free survival time (median, 364 days [95% 
CI, 47 to 681 days]), compared with nonresponders 
(median, 31 days [95% CI, 27 to 35 days]; Figure 1). 
Responders had a significantly (P < 0.001) longer overall 
survival time (median, 581 days [95% CI, 157 to 1,005 
days]), compared with nonresponders (median, 73 days 
[95% CI, 51 to 95 days]; Figure 2). The Kaplan-Meier 
survival analysis for progression-free survival time was 
significantly (P = 0.033) different in cats with substage a 
versus substage b disease. The median progression-free 
survival time (time at which the proportion of survivors 
reaches 0.50) was not attained for the substage a cats. 
The 95% CI of the median was incalculable because the 
median progression-free survival time was unattainable. 
Significant differences in overall survival time were not 
found between substage a cats and substage b cats.

Discussion

This study represents one of the largest retrospective 
studies evaluating a COP-based chemotherapy protocol 

for feline lymphoma. The patient popula-
tion characteristics were consistent with 
most previous studies.1,3–6 The gastrointes-
tinal tract location was the most common, 
which is a temporal change that has also 
been noted in other publications and is 
thought to be associated with the decreas-
ing prevalence of FeLV infections in the past 
20 years.4 Results from the study reported 
here also confirmed information from other 
studies which have found that response to 
treatment and substage are prognostic for 
feline lymphoma; however, FeLV status was 
not found to be prognostic.

The reported progression-free surviv-
al time and overall survival time for cats 
that were responding after 1 cycle of che-
motherapy were longer than previously 
reported. The reported median survival 
time for complete responders treated 
with COP-based protocols is 150 to 239 
days,9,11,17 but the responders in the pres-
ent study had a median overall survival 
time of 581 days. A CHOP-based protocol 
also had a shorter overall survival time for 
responders (291 to 563 days) in 3 stud-
ies,9,15,16 whereas a longer progression-free 
survival time and overall survival time 
(654 days) for responders were reported 
in another study.14 However, that study14 

did include small cell gastrointestinal tract lymphoma 
cases. The response rate in the present study (47.4%) was 
similar to or lower than that in previous studies,9,11,14–17 
and the median progression-free survival time and over-
all survival time of the study population were shorter.

Most cats in the population had large cell lymphoma, 
which was most likely attributable to the selection crite-
ria of only including cats that were treated via a weekly 
sequential COP-based protocol. Prednisone and chloram-
bucil chemotherapy is the current standard-of-care treat-
ment for cats with small cell lymphoma, and cats with this 
form of lymphoma generally have much longer survival 
times, compared with cats that have large cell lympho-
ma.20–24 A recent study25 evaluating histologic classifica-
tion of feline gastrointestinal tract lymphoma determined 
that small cell lymphoma accounts for roughly one-third 
of cases and is predominantly T cell in origin, whereas 
the remaining two-thirds are large to intermediate B-cell 
lymphomas. It is possible that previous studies included 
cats with small cell lymphoma, given that many were con-
ducted before the distinction between large and small cell 
lymphoma was established. The predominance of large 
cell lymphoma cases in the present study may explain the 
large difference in overall survival time between the cats in 
this study and previous studies.

Hematologic toxicosis was uncommon and mild. 
The single instance of grade 4 toxicosis occurred after 
treatment with vinblastine. However, the 40% treat-
ment delay rate and 32% dose reduction rate indicated 
that this protocol is fairly intense or feline lymphoma 
patients have poor tolerance of chemotherapy, com-
pared with dogs. This poor tolerance of chemotherapy 
is likely correlated with the high prevalence of sub-
stage b disease and may also reflect the poor outcome 

Figure 2—Kaplan-Meier survival curves comparing overall survival time according to 
clinical response after 1 cycle of chemotherapy in 114 cats with lymphoma. 
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What does affect prognosis?

• Sub-stage 

• Stage I 

• FeLV neg 

• Use of Doxorubicine 

A Comparison of Doxorubicin and COP for Maintenance of 
Remission in Cats With Lymphoma 

Antony S. Moore, Susan M. Cotter, Angela E. Frimberger, Carrie A. Wood, William M. Rand, 
and Deborah A. L'Heureux 

Thirty-eight cats with lymphoma were treated with vincris- 
tine, cyclophosphamide, and prednisone (COP). They were 
randomized at entry to receive maintenance chemotherapy 
consisting of either single-agent doxorubicin or continued 
COP therapy, starting on week 4 of treatment and continuing 
for 6 months or until relapse. Eighteen cats achieved com- 
plete clinical remission after COP induction chemotherapy. 
The median remission duration for 11 cats continuing to 

ymphoma is the most common cancer in cats.' Although L considerable advances have been made in the treatment 
of lymphoma in dogs with combination chemotherapy proto- 
cols, relatively little information is available regarding the 
treatment of lymphoma in cats. 

When treated with vincristine, cyclophosphamide, and 
prednisone (COP) protocol, 79% of cats with lymphoma 
achieved a complete remission (CR) for a median of 150 
days2  The addition of methotrexate andor  L-asparaginase 
did not improve remission rates or duration of remission in 
2 studies'; however, in 1 of these studies, the median survival 
was 21 0 days.' The duration of chemotherapy necessary to 
provide the longest remission has yet to be determined. Cats 
treated with COP induction chemotherapy alone relapsed 
more rapidly (median 42 days)4 than did those that received 
maintenance COP chemotherapy for 1 year (median 150 
days).' Other reports recommend treating cats for 2 years' 
or for more than 3 years.' 

Doxorubicin is considered to be the most effective single 
agent in the treatment of lymphoma in dogshX; however, it 
has yet to be evaluated as a single agent for the treatment 
of cats with lymphoma. Another anthracycline derivative 
(idarubicin) was found to be effective when administered as 
a single maintenance agent to cats with lymphoma that had 
achieved a CR with COP chemotherapy.' 

The purposes of this study were to determine the efficacy 
of doxorubicin when compared with COP chemotherapy for 
the maintenance of CR attained after COP induction, and to 
determine if cats treated with chemotherapy for 6 months 
had remission times similar to those reported for cats treated 
for 1 year or more. 
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receive COP was 83 days, which was significantly shorter 
than for 7 cats that received doxorubicin (281 days). Thus, 
doxorubicin should be considered a well-tolerated and effi- 
cacious agent for the maintenance of remission in cats with 
lymphoma. 
J Vet Intern Med 1996;10:372-375. Copyright 0 1996 by the 
American College of Veterinary Internal Medicine. 

Materials and Methods 
Cats 

Thirty-eight cats with histologically (n = 30) or cytologically (n 
= 8) confirmed lymphoma were treated with COP chemotherapy 
between October 1992 and April 1994. Age, breed, weight, gender, 
and neuter status were recorded for each cat. Data also recorded 
included feline leukemia virus (FeLV) and feline immunodeficiency 
virus (FIV) test status, stage of disease as defined by Mooney and 
Hayes,"' and anatomic site (anterior mediastinal, alimentary, multi- 
centric, nasal, renal, nervous system). 

Staging was performed using physical examination, thoracic ra- 
diographs, CBC, serum chemistry profile, and urinalysis in all cats. 
When indicated, abdominal ultrasonography was performed; how- 
ever, although not all suspicious lesions underwent biopsy, they were 
all presumed to be lymphoma. Bone marrow aspirates were obtained 
if abnormalities were present in the CBC. 

Treatment 
Eighteen cats that achieved CR after induction with COP were 

randomized to receive maintenance chemotherapy consisting of ei- 
ther COP or single-agent doxorubicin for a total duration of 6 
months, or until relapse. Randomization had been performed at the 
date of first treatment with COP. Doses of chemotherapeutic agents 
were as follows: vincristine 0.75 mg/m2 1V weekly for 4 weeks, 
then every 3 weeks; cyclophosphamide 300 mg/mz PO every 3 weeks 
(on the same day as vincristine); prednisone 40 mg/m2 PO sid; and 
doxorubicin 25 mg/m2 IV every 3 weeks. 

Follow-Up 
Clinical remission was assessed by physical examination, radiog- 

raphy, or ultrasonography, depending on the site and extent of the 
tumor. Complete remission was defined as disappearance of all clini- 
cally detectable tumor, and cats that did not achieve a CR after COP 
treatment were not considered eligible for this study. 

Toxicoses were assessed by physical examination and reports from 
owners. In addition, a CBC was performed 1 week after each admin- 
istration of cyclophosphamide or doxorubicin. Toxicoses were 
graded as mild (grade I ) ,  moderate (grade 2), or severe (grade 3) 
according to previously described criteria" (Table I). Cats that had 
grade 3 neutropenia after cyclophosphamide administration had a 
25% reduction in dose (from 300 mg/m2 to 225 mg/m2). If grade 3 
neutropenia occurred after doxorubicin administration, the dose was 
reduced from 25 mglm' to 20 mg/m2. If grade 3 gastrointestinal 
toxicity occurred after vincristine administration, the dose was re- 
duced from 0.75 mglm' to 0.65 mg/m2. All dose-reductions were 
continued for the duration of the treatment protocol. Cats were not 
routinely monitored for ultrasonographic evidence of cardiotox- 
icoses. A serum chemistry profile was obtained prior to initiation of 
treatment and again after completion of the protocol. 
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The median remission duration for 11 cats continuing to 

ymphoma is the most common cancer in cats.' Although L considerable advances have been made in the treatment 
of lymphoma in dogs with combination chemotherapy proto- 
cols, relatively little information is available regarding the 
treatment of lymphoma in cats. 

When treated with vincristine, cyclophosphamide, and 
prednisone (COP) protocol, 79% of cats with lymphoma 
achieved a complete remission (CR) for a median of 150 
days2  The addition of methotrexate andor  L-asparaginase 
did not improve remission rates or duration of remission in 
2 studies'; however, in 1 of these studies, the median survival 
was 21 0 days.' The duration of chemotherapy necessary to 
provide the longest remission has yet to be determined. Cats 
treated with COP induction chemotherapy alone relapsed 
more rapidly (median 42 days)4 than did those that received 
maintenance COP chemotherapy for 1 year (median 150 
days).' Other reports recommend treating cats for 2 years' 
or for more than 3 years.' 

Doxorubicin is considered to be the most effective single 
agent in the treatment of lymphoma in dogshX; however, it 
has yet to be evaluated as a single agent for the treatment 
of cats with lymphoma. Another anthracycline derivative 
(idarubicin) was found to be effective when administered as 
a single maintenance agent to cats with lymphoma that had 
achieved a CR with COP chemotherapy.' 

The purposes of this study were to determine the efficacy 
of doxorubicin when compared with COP chemotherapy for 
the maintenance of CR attained after COP induction, and to 
determine if cats treated with chemotherapy for 6 months 
had remission times similar to those reported for cats treated 
for 1 year or more. 
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receive COP was 83 days, which was significantly shorter 
than for 7 cats that received doxorubicin (281 days). Thus, 
doxorubicin should be considered a well-tolerated and effi- 
cacious agent for the maintenance of remission in cats with 
lymphoma. 
J Vet Intern Med 1996;10:372-375. Copyright 0 1996 by the 
American College of Veterinary Internal Medicine. 

Materials and Methods 
Cats 

Thirty-eight cats with histologically (n = 30) or cytologically (n 
= 8) confirmed lymphoma were treated with COP chemotherapy 
between October 1992 and April 1994. Age, breed, weight, gender, 
and neuter status were recorded for each cat. Data also recorded 
included feline leukemia virus (FeLV) and feline immunodeficiency 
virus (FIV) test status, stage of disease as defined by Mooney and 
Hayes,"' and anatomic site (anterior mediastinal, alimentary, multi- 
centric, nasal, renal, nervous system). 

Staging was performed using physical examination, thoracic ra- 
diographs, CBC, serum chemistry profile, and urinalysis in all cats. 
When indicated, abdominal ultrasonography was performed; how- 
ever, although not all suspicious lesions underwent biopsy, they were 
all presumed to be lymphoma. Bone marrow aspirates were obtained 
if abnormalities were present in the CBC. 

Treatment 
Eighteen cats that achieved CR after induction with COP were 

randomized to receive maintenance chemotherapy consisting of ei- 
ther COP or single-agent doxorubicin for a total duration of 6 
months, or until relapse. Randomization had been performed at the 
date of first treatment with COP. Doses of chemotherapeutic agents 
were as follows: vincristine 0.75 mg/m2 1V weekly for 4 weeks, 
then every 3 weeks; cyclophosphamide 300 mg/mz PO every 3 weeks 
(on the same day as vincristine); prednisone 40 mg/m2 PO sid; and 
doxorubicin 25 mg/m2 IV every 3 weeks. 

Follow-Up 
Clinical remission was assessed by physical examination, radiog- 

raphy, or ultrasonography, depending on the site and extent of the 
tumor. Complete remission was defined as disappearance of all clini- 
cally detectable tumor, and cats that did not achieve a CR after COP 
treatment were not considered eligible for this study. 

Toxicoses were assessed by physical examination and reports from 
owners. In addition, a CBC was performed 1 week after each admin- 
istration of cyclophosphamide or doxorubicin. Toxicoses were 
graded as mild (grade I ) ,  moderate (grade 2), or severe (grade 3) 
according to previously described criteria" (Table I). Cats that had 
grade 3 neutropenia after cyclophosphamide administration had a 
25% reduction in dose (from 300 mg/m2 to 225 mg/m2). If grade 3 
neutropenia occurred after doxorubicin administration, the dose was 
reduced from 25 mglm' to 20 mg/m2. If grade 3 gastrointestinal 
toxicity occurred after vincristine administration, the dose was re- 
duced from 0.75 mglm' to 0.65 mg/m2. All dose-reductions were 
continued for the duration of the treatment protocol. Cats were not 
routinely monitored for ultrasonographic evidence of cardiotox- 
icoses. A serum chemistry profile was obtained prior to initiation of 
treatment and again after completion of the protocol. 
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Fig 1. Kaplan-Meier survival curves comparing remission duration 
for 18 cats receiving doxorubicin (n = 7) or COP (n = 11) as mainte- 
nance chemotherapy. Censored cats were still in remission 378 and 
547 days after starting chemotherapy, respectively. 

tained intracytoplasmic multivesicular clear vacuolations 
typical of doxorubicin cardiotoxicosis; this cat had no clini- 
cal evidence of cardiac disease. A third cat was examined 
using echocardiography after receiving 150 mg/m2 of doxo- 
rubicin; this cat had mildly decreased fractional shortening, 
presumably caused by doxorubicin cardiotoxicosis, but had 
no clinical evidence of cardiac disease when it was euthan- 
ized because of recurrent lymphoma 14 weeks later. 

Cats were not monitored for development of renal toxico- 
sis; however, a chemistry profile at completion of doxorubi- 
cin chemotherapy did not show evidence of azotemia in any 
cat. 

Remission Duration 
The median remission duration calculated from Kaplan- 

Meier survival curves was 281 days for 7 cats treated with 
doxorubicin and 83 days for 11 cats that continued to receive 
COP (Fig 1) ( P  = .0064). Two cats that received doxorubicin 
were alive and in remission 547 and 378 days after their 
first chemotherapy. Cox proportional hazards regression 
showed that remission duration in this study was not related 
to the age, weight, gender, FeLV or FIV status, or stage of 
lymphoma. 

Discussion 
Cats achieving CR with COP chemotherapy that then re- 

ceived doxorubicin had significantly longer remission times 
than cats that continued to receive COP Chemotherapy. The 
finding of a marked difference implies that multidrug combi- 
nation protocols similar to those used to treat dogs with 
lymphoma may provide longer remission and survival times 
in cats than those currently achieved using COP chemother- 
apy alone. 

Toxicoses during doxorubicin treatment were generally 
mild or moderate, and the doxorubicin dose was not reduced 
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in any cat. Doxorubicin may cause more toxicoses when 
used as an induction agent; however, as a maintenance agent, 
it was associated with fewer toxicoses than COP. 

It is interesting to note that the CR rate of COP induction 
chemotherapy was 47% (18 of 38 cats), which is consider- 
ably lower than the 79% (30 of 38 cats) reported from the 
same geographic area a decade ago.’ In addition, the median 
remission duration of 83 days for cats receiving continued 
COP is lower than the 150 days previously reported.2 In this 
previous study, 30 of 38 cats achieved a CR, including 1 I 
of 12 cats with mediastinal lymphoma.’ In another study 
by the same investigator, 16 of 23 cats with mediastinal 
lymphoma achieved a CR? for an overall CR rate of 77% 
(27 of 35) for cats with mediastinal lymphoma. In these 
earlier studies, 33 of 47 cats (70%) were FeLV antigenemic.’ 
In the current study, only 3 of 38 cats had mediastinal 
lymphoma, and all 3 achieved CR with COP Chemotherapy. 
Overall, alimentary lymphoma (n = 12). multicentric disease 
(n = 1 l) ,  and renal lymphoma (n = 9) were the most com- 
mon anatomic forms, and only 4 of 29 cats ( 1  4%) were FeLV 
antigenemic. Alimentary lymphoma has a poor response to 
COP chemotherapy”; however, in this study the 2 longest 
remissions for cats treated with COP maintenance were in 
cats with alimentary lymphoma. 

It is possible that the referral base for this institution has 
changed, with more private practitioners treating mediastinal 
lymphoma rather than referring them. An alternative sugges- 
tion is that vaccination or testing for FeLV is altering the 
demographics of feline lymphoma, with a resultant increase 
in the proportion of FeLV-negative tumors. 

The median remission for cats receiving doxorubicin was 
281 days, which is longer than that previously 
but interestingly, this remission was achieved using only 6 
months of chemotherapy compared with 1 to 3 years in 
previous reports. It may be that continued chemotherapy 
beyond 6 months is unwarranted in cats achieving CR of 
their lymphoma; however, the contribution of doxorubicin 
to this remission cannot be independently assessed, and a 
randomized, prospective trial would be necessary to address 
this question. 

Of the 7 cats that received doxorubicin treatment, 2 cats 
are still alive and in CR 378 and 547 days after starting 
chemotherapy. Another cat with mediastinal lymphoma was 
euthanized 123 days after starting chemotherapy because of 
signs referable to the central nervous system. On necropsy, 
this cat had central nervous system lymphoma; however, 
there was no evidence of lymphoma in any other sites in the 
body. Because doxorubicin does not cross the blood-brain 
barrier,” this cat’s treatment failure was probably not due 
to drug resistance. This study confirms the efficacy of doxo- 
rubicin €or the treatment of lymphoma in cats. 
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the stomach, liver, spleen, colon, and pancreas, and occasionally, 
mild effusions are observed.

As mentioned previously, although aspirate cytology may be 
sufficient for diagnosis of large cell intermediate- or high-grade 
alimentary lymphoma in cats, it is rarely diagnostic for low-grade, 
small cell intestinal lymphoma, and tissue procurement for histo-
logic and ancillary assessment is required for diagnosis (and dif-
ferentiation from IBD). The debate still rages as to whether 
endoscopically obtained tissue is sufficient for diagnosis or if full-
thickness tissue procured during laparotomy or laparoscopy is nec-
essary in light of similarities with IBD.51,54,103,104 As previously 
discussed, histologic features that help differentiate intestinal lym-
phoma from IBD include lymphoid infiltration of the intestinal wall 
beyond the mucosa, epitheliotropism (especially intraepithelial 
nests and plaques), heterogeneity, and nuclear size of lympho-
cytes.51,54 Although the presence of transmural involvement is 
highly suggestive of lymphoma, the lack of transmural infiltration 
is not pathognomonic for IBD; transmural infiltration is common 
with B-cell and large T-cell (including LGL) intestinal lymphoma 
but is observed in the minority of low-grade T-cell intestinal lym-
phomas that represent the largest group in cats (see Table 32-9).51 
For these reasons, if the differentiation of lymphoma and IBD is 
equivocal after standard histopathologic assessment, the addition 
of immunophenotypic and PARR analysis in a stepwise fashion, as 
proposed by Kiupel and others,54 may be ultimately necessary for a 
definitive diagnosis. Their study of 63 cats with either lymphoma 
or IBD found that, although standard histopathology was highly 
specific for diagnosis of lymphoma (99% specific, 72% sensitive), 
sensitivity was enhanced by the addition of immunophenotypic 
analysis (99% specific, 78% sensitive) and further enhanced by 
PARR analysis (99% specific, 83% sensitive).

Mediastinal Lymphoma For cats with mediastinal lymphoma, 
diagnostic suspicion may begin with a noncompressible cranial 
thorax on physical examination and confirmation of a mediastinal 
mass/pleural effusion on thoracic radiograph. FNA of the mass or 
cytologic evaluation of pleural fluid may be sufficient to establish a 
diagnosis. In most cats, the finding of a monotonous population of 
intermediate- or high-grade cells will establish a diagnosis. However, 
definitive diagnosis of lymphoma in cats with a mediastinal mass 
and concurrent chylothorax can be challenging. CT appearance 
may be helpful but generally does not contribute to a definitive 
diagnosis. If lymphoblasts are not identified in the pleural chylous 
effusion, then cholesterol and triglyceride concentrations can be 
measured.105 In chylous effusions, the pleural fluid triglyceride con-
centration will be greater than in the serum; however, anorectic cats 
will have lower triglyceride levels in the pleural fluid. A major dif-
ferential for mediastinal lymphoma is thymoma. The cytologic fea-
tures of thymoma can be distinct from lymphoma in many cases, 
but the diagnosis can be challenging because of a preponderance of 
small lymphocytes in thymoma. Mast cells can also be seen in up 
to 50% of aspirations from thymomas. The addition of immuno-
phenotypic and clonality assessment may be helpful in equivocal 
cases.

Nasal Lymphoma If nasal lymphoma is suspected, advanced 
imaging (CT, MRI), rhinoscopy, and biopsy are usually necessary 
for diagnosis (see Chapter 23, Section B). CT or MRI is useful to 
determine the extent of involvement and to help plan biopsy pro-
curement and RT if that treatment option is pursued. CT charac-
teristics associated with sinonasal tumors in cats include the 
presence of a unilateral or bilateral nasal/sinus mass or fluid, bulla 

(and differentiation from IBD) include abdominal imaging (usually 
ultrasound), procurement of tissue for histopathology, and if neces-
sary, assessment of immunophenotype and clonality.

Abdominal ultrasound will be abnormal in approximately 60% 
to 90% of cats with low-grade, small cell GI lymphoma.31,52,102,103 
Diffuse small intestinal wall thickening is the most common 
finding; 50% to 70% of cats with lymphoma will have ultrasonic 
evidence of wall thickening, which predominantly involves the 
muscularis propria, and submucosa, although mucosal thickening 
can also occur. Focal mural masses are uncommon. Mesenteric 
lymphadenopathy is also common and reported in 45% to 80% of 
affected cats. These ultrasonographic findings are by no means 
pathognomonic for lymphoma, however, because 10% to 50% and 
15% to 20% of cats with IBD also have ultrasonographic evidence 
of intestinal wall thickening and lymphadenopathy, respec-
tively.102,103 Mucosal thickening is more common, and muscularis 
propria thickening is less common in IBD than lymphoma. Less 
commonly, cats with low-grade intestinal lymphoma will have 
ultrasonographic abnormalities in other abdominal organs such as 

 Box 32-3 Clinical Staging System for 
Feline Lymphoma

Stage 1

• A single tumor (extranodal) or single anatomic area 
(nodal)

• Includes primary intrathoracic tumors

Stage 2

• A single tumor (extranodal) with regional lymph node 
involvement

• Two or more nodal areas on the same side of the 
diaphragm

• Two single (extranodal) tumors with or without regional 
lymph node involvement on the same side of the 
diaphragm

• A resectable primary gastrointestinal tract tumor, usually 
in the ileocecal area, with or without involvement of 
associated mesenteric nodes only

Stage 3

• Two single tumors (extranodal) on opposite sides of the 
diaphragm

• Two or more nodal areas above and below the diaphragm
• All extensive primary unresectable intraabdominal disease
• All paraspinal or epidural tumors, regardless of other 

tumor site or sites

Stage 4
• Stages 1-3 with liver and/or spleen involvement

Stage 5
• Stages 1-4 with initial involvement of CNS or bone 

marrow or both

Data from Terry A, Callanan JJ, Fulton R, et al: Molecular analysis of 
tumours from feline immunodeficiency virus (FIV)-infected cats:  
An indirect role for FIV, Int J Cancer 61:227–232, 1995.
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Introduction
Lymphoma is the most frequent malignant tumour in 
cats.1 In the majority of cases, fine-needle aspiration of 
the suspicious tissue with subsequent cytology confirms 
the diagnosis. Quite often this diagnosis is rendered ade-
quate for starting an adjuvant therapy to treat ‘the lym-
phoma’. Valli et al stated more than a decade ago that a 
simple lymphoma diagnosis is not sufficient for veteri-
nary oncologists to provide optimal tumour manage-
ment.2 Thus, to diagnose all possible lymphoma subtypes 
according to the established revised European–American 
Classification of Lymphoid Neoplasms/World Health 
Organization (REAL/WHO) classification of haemat-
opoietic tumours in domestic animals, histopathological 

and immunohistochemical examinations are essential.2 
This veterinary classification system has been developed 
based on the REAL classification, which was established 

Does categorisation of lymphoma 
subtypes according to the World 
Health Organization classification 
predict clinical outcome in cats?
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Abstract
Objectives The purpose of this study was to specify lymphoma subtypes according to the World Health Organization 
(WHO) classification in a group of cats and to investigate their potential prognostic value.
Methods Records of cats from the University of Veterinary Medicine Vienna suffering from lymphoma were reviewed 
in this retrospective study. To diagnose various subtypes specified in the WHO classification, histopathological and 
immunohistochemical examinations, as well as clonality assays in some cases, were performed.
Results Of the 30 cats included in this study and classified according to the WHO guidelines, peripheral T-cell 
lymphoma was the most prevalent lymphoma subtype (37% of cases; n = 11), followed by diffuse large B-cell 
(23%; n = 7), intestinal T-cell (10%; n = 3), T-cell-rich B-cell (10%; n = 3), large granular lymphocytic (7%; 
n = 2), anaplastic large T-cell (7%; n = 2), B-cell small lymphocytic (3%; n = 1) and T-cell angiotropic lymphoma 
(3%; n = 1). The median survival time (MST) was 5.4 months (range 6 days to 2.2 years), with two cats still alive 
after 1.7 and 2.0 years, respectively. Treating cats prior to chemotherapy with glucocorticoids did not worsen their 
prognosis. Adding to chemotherapy, radiotherapy or surgery did not improve the clinical outcome. We observed 
that patients with intestinal T-cell lymphoma lived significantly longer (MST 1.7 years) than those with a diffuse large 
B-cell (MST 4.5 months) or peripheral T-cell lymphoma (MST 6.1 months). Cats with T-cell-rich B-cell lymphoma 
survived significantly longer (MST 1.2 years) than those with a diffuse large B-cell lymphoma.
Conclusions and relevance A detailed diagnosis of feline lymphoma can be obtained by allocating different 
subtypes according to the WHO classification. From the eight detected lymphoma subtypes, two, intestinal T-cell 
lymphoma and T-cell-rich B-cell lymphoma, showed promising survival times in cats.
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with ITCL had a significantly longer MST (1.7 years) than 
cats with DLBCL (4.5 months) or PTCL (6.1 months). In 
the only other study evaluating the prognosis of cats 
diagnosed with different lymphoma subtypes of the gas-
trointestinal tract, a favourable outcome was observed in 
a small-cell, T-cell lymphoma group (equivalent to our 
ITCL subtype) compared with a large-cell, T-cell lym-
phoma group (equivalent to our PTCL subtype) with sur-
vival times of 2.3 years vs 1.5 months.8 We also found that 
cats with TCRBCL had a significantly longer MST (1.2 
years) than cats with DLBCL (4.5 months). The other 
diagnosed subtypes in our study had too few cats; there-
fore, statistical analysis was not possible. Feline LGL lym-
phoma has been described as an aggressive disease with 
a very poor prognosis, with MSTs <2 months.13–15 In our 
study, one of the two cats with T-cell LGL lymphoma also 
lived for a very short period (19 days); however, surpris-
ingly, the other cat survived for 1.3 years. Indeed, more 
favourable clinical outcomes in individual cases were 
also observed by other researchers, including cats that 
were treated with a simple COP protocol, which survived 
for 9 months and 1.3 years, respectively. Additionally, 
one cat that was treated with only prednisone and 

cyclophosphamide therapy survived for 9.6 months and 
one cat that received masitinib therapy survived for 6 
months.13,16 Angiotropic and anaplastic large T-cell lym-
phoma have rarely been described in cats,6,17 and the sur-
vival times of these lymphoma subtypes are unknown. 
Two cats with anaplastic large T-cell lymphoma of cuta-
neous origin and one cat with ocular angiotropic lym-
phoma in our study lived for 6.3 months, 1.2 months and 
1.7 months, respectively.

Looking at the anatomical classification, alimentary 
lymphoma was the most frequent form in the current 
study, a finding that is consistent with many other stud-
ies.12,18–22 The median OST of the cats in this study was 5.4 
months, whereas most survival analyses of cats predomi-
nantly with alimentary feline lymphoma had lower sur-
vival times of 2.1 months, 2.8 months, 3.2 months and 3.6 
months, respectively.12,18–20 Milner et  al described a 
slightly higher MST of 7 months.23 In the past, the ana-
tomical site mostly showed no prognostic influence on 
survival time.20,23–25 Recently, MST in cats with renal lym-
phoma vs all other forms was described to have signifi-
cantly lower survival times (0.9 months vs 3.5 months) 
and cats with alimentary lymphoma lived significantly 

Figure 4 Kaplan–Meier survival curves showing survival of cats with or without prednisolone treatment before starting 
chemotherapy. There was no significant difference in survival times between the two groups (P = 0.438)
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        Introduction 

 Feline large granular lymphocyte (LGL) lymphoma 
is a morphologically distinct type of lymphoma that 
has been uncommonly described in the literature. 
The characteristic cytological or histopathological 
fi nding is the presence of multiple cytoplasmic azu-
rophilic granules, which can vary in number and size 
between cats and within an individual cat.  1,2   LGLs 
have been documented in the peripheral blood of 
normal cats, constituting up to 13% of white blood 
cells.  2   Feline LGLs have been determined to be of 
cytotoxic T cell or natural killer cell origin based 
on immunohistochemical staining and positive 

                  Description of clinical and pathological 
fi ndings, treatment and outcome of feline 
large granular lymphocyte lymphoma 
(1996 – 2004)*  

   E. L.     Krick   1    ,    L.     Little   1,    R.     Patel   1,    F. S.     Shofer   1,    K.     Sorenmo   1,    C. A.     Clifford   2   and      
J. L.     Baez 1 

    1     Matthew J. Ryan Veterinary Hospital of the University of Pennsylvania, Philadelphia, PA, USA 
      2 Oncology Service, Red Bank Veterinary Hospital, Tinton Falls, NJ, USA       

  Abstract 
 Feline large granular lymphocyte (LGL) lymphoma is an uncommon, morphologically distinct variant 

of feline lymphoma. Limited information exists in the literature regarding pathological and immuno-

histochemical descriptions, clinical fi ndings, treatment and survival times. The purpose of this study 

was to describe clinical features, treatment and outcome in feline LGL lymphoma. Medical records of 

45 cats with LGL lymphoma were retrospectively evaluated. Decreased appetite/anorexia, weight loss, 

lethargy and vomiting were the most commonly reported clinical signs. All cats tested for feline leu-

kaemia virus and feline immunodefi ciency virus infection were negative. The mesenteric lymph nodes 

and small intestine were the most commonly affected organs. One complete response and six partial 

responses were noted in the 23 cats that received chemotherapy as their initial treatment. Median 

survival time for cats that were treated was 57   days. Based on these results, feline LGL lymphoma ap-

pears to be minimally responsive to chemotherapy and is associated with a grave prognosis.   

perforin-like immunoreactivity.  1,3 – 5   In a recent re-
port, cells from a majority of patients were found to 
be T cells (CD3+) that expressed CD8 !  !  and CD103, 
which is consistent with the phenotype of feline and 
human intestinal intra-epithelial lymphocytes.  6   

 Although very limited clinical information about 
feline LGL lymphoma is available, some consistent 
fi ndings have been reported. Anorexia, vomiting 
and lethargy are the most commonly reported clin-
ical signs, while a palpable abdominal mass is con-
sistently reported as a common physical exam 
fi nding.  2,4,6 – 11   Feline LGL lymphoma does not ap-
pear to be associated with feline leukaemia virus 
(FeLV) infection, as few affected cats have tested 
positive for it.  1,2,4,6,7   Although there are no 
consistent haematological or serum chemistry 

*Data presented in part at the 24th Annual Conference of 
the Veterinary Cancer Society, Kansas City, MO, USA, 3–6 
November 2004.

 © 2008 University of Pennsylvania. Journal compilation   © 2008 Blackwell Publishing Ltd,  Veterinary and Comparative Oncology,   6 , 2,  102 –   110  

Clinical features and outcome of feline large granular lymphoma 107

and cyclophosphamide and experienced progres-
sive disease. For cats treated with combination che-
motherapy, median survival time was 45   days. One 
cat treated with surgery alone survived for 92   days. 
Three cats were treated with surgery and chemo-
therapy; one with a survival time of 87   days, and 
the other two were lost to follow-up at 62 and 
149   days. Seven cats responded to chemotherapy 
alone with a median survival time of 76.5   days ver-
sus 20   days for cats that did not respond to chemo-
therapy ( n    =   8;    Fig.   2 ). The difference between these 
two groups was not statistically signifi cant. 

 Thirty-one cats died or were euthanized for tu-
mour-related reasons, while one cat was euthanized 
because of the development of myeloproliferative 
disease based on complete blood count and bone 
marrow aspirate results. Thirteen cats were lost 
to follow-up. Postmortem examination was per-
formed on four cats. LGL lymphoma was docu-
mented in three cases based on cell morphology 
( n    =   2) and/or positive phosphotungstic acid he-
matoxylin (PTAH)   staining ( n    =   1) of the granules. 
The  remaining cats had evidence of lymphoma on 
necropsy, but PTAH staining was not performed. 
Organs infi ltrated with lymphoma on necropsy in-
cluded small intestine ( n    =   4), mesenteric lymph 
nodes ( n    =   3), liver ( n    =   3), colon ( n    =   1), bone mar-
row ( n    =   1), sternal lymph node ( n    =   1), spleen 

( n    =   1), pancreas ( n    =   1), kidney ( n    =   1), nasal cavity 
( n    =   1), choroid ( n    =   1) and eyelid ( n    =   1). 

 Of the potential prognostic factors evaluated, bi-
cavitary location of LGL lymphoma and decreased 
serum albumin were the only statistically signifi -
cant factors found (   Table   3 ). Cats with bicavitary 
involvement had a median survival time of 10   days 
versus 59   days for cats without it ( P    =   0.003). Cats 
with decreased serum albumin had a median sur-
vival time of 14.5   days, while cats with normal se-
rum albumin had a median survival time of 67   days 
( P    =   0.012).  

  Discussion 

 Feline LGL lymphoma is a malignancy for which 
there is limited published information, particularly 
in regards to treatment and outcome. This study 
provides the largest case series on feline LGL lym-
phoma and, as such, offers useful information re-
garding the clinical presentation and outcome in 
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LGL lymphoma is an aggressive disease with a poor 
prognosis that is only minimally responsive to 
standard lymphoma chemotherapy protocols. 
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tomic locations affected included the mesenteric 
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ously reported.  1,2,4,7,9   Because the number of cases 
of feline lymphoma associated with FeLV infection 
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may not be specifi c to LGL lymphoma.  13   The clini-
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     Figure    2.     Kaplan – Meier curve comparing the probability 
of survival between cats that did and did not respond to 
chemotherapy. Median survival time for responders 
(complete and partial remission) was 76.5   days versus 
20   days for cats that did not respond to chemotherapy. The 
difference between these two groups was not statistically 
signifi cant ( P    =   0.25).   
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        Introduction 

 Feline large granular lymphocyte (LGL) lymphoma 
is a morphologically distinct type of lymphoma that 
has been uncommonly described in the literature. 
The characteristic cytological or histopathological 
fi nding is the presence of multiple cytoplasmic azu-
rophilic granules, which can vary in number and size 
between cats and within an individual cat.  1,2   LGLs 
have been documented in the peripheral blood of 
normal cats, constituting up to 13% of white blood 
cells.  2   Feline LGLs have been determined to be of 
cytotoxic T cell or natural killer cell origin based 
on immunohistochemical staining and positive 
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  Abstract 
 Feline large granular lymphocyte (LGL) lymphoma is an uncommon, morphologically distinct variant 

of feline lymphoma. Limited information exists in the literature regarding pathological and immuno-

histochemical descriptions, clinical fi ndings, treatment and survival times. The purpose of this study 

was to describe clinical features, treatment and outcome in feline LGL lymphoma. Medical records of 

45 cats with LGL lymphoma were retrospectively evaluated. Decreased appetite/anorexia, weight loss, 

lethargy and vomiting were the most commonly reported clinical signs. All cats tested for feline leu-

kaemia virus and feline immunodefi ciency virus infection were negative. The mesenteric lymph nodes 

and small intestine were the most commonly affected organs. One complete response and six partial 

responses were noted in the 23 cats that received chemotherapy as their initial treatment. Median 

survival time for cats that were treated was 57   days. Based on these results, feline LGL lymphoma ap-

pears to be minimally responsive to chemotherapy and is associated with a grave prognosis.   

perforin-like immunoreactivity.  1,3 – 5   In a recent re-
port, cells from a majority of patients were found to 
be T cells (CD3+) that expressed CD8 !  !  and CD103, 
which is consistent with the phenotype of feline and 
human intestinal intra-epithelial lymphocytes.  6   

 Although very limited clinical information about 
feline LGL lymphoma is available, some consistent 
fi ndings have been reported. Anorexia, vomiting 
and lethargy are the most commonly reported clin-
ical signs, while a palpable abdominal mass is con-
sistently reported as a common physical exam 
fi nding.  2,4,6 – 11   Feline LGL lymphoma does not ap-
pear to be associated with feline leukaemia virus 
(FeLV) infection, as few affected cats have tested 
positive for it.  1,2,4,6,7   Although there are no 
consistent haematological or serum chemistry 

*Data presented in part at the 24th Annual Conference of 
the Veterinary Cancer Society, Kansas City, MO, USA, 3–6 
November 2004.
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• MST: 21 days 
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Feline large granular lymphocyte (LGL) lymphoma is an uncommon subtype of lymphoma char-

acterized by a grave prognosis and scarce response to chemotherapy. There are limited reports

on clinico-pathological and prognostic factors. One-hundred and 9 cats with newly diagnosed

LGL lymphoma that underwent initial staging (including hematology, serum biochemistry, tho-

racic radiographs and abdominal ultrasound), and followed-up were retrospectively evaluated.

LGL lymphoma was localized within the gastrointestinal tract with or without extra-intestinal

involvement in 91.7% of the cases, and at extra-gastrointestinal sites in 8.3%. Symptoms were

frequent. Anemia (31.2%) and neutrophilia (26.6%) were commonly observed, and 14 (12.8%)

cats had neoplastic circulating cells. Frequent biochemistry abnormalities included elevated

ALT (39.4%) and hypoalbuminemia (28.4%). Twenty (54.1%) of 37 cats had elevated serum

LDH. Treatment varied among cats, and included surgery (11%), chemotherapy (23%), corticos-

teroids (38.5%) and no treatment (27.5%). Median time to progression (MTTP) was 5 days, and

median survival time (MST) 21 days. MST was significantly shorter in the case of substage b,

circulating neoplastic cells, lack of chemotherapy administration, and lack of treatment

response. A small subset of cats (7.3%) survived more than 6 months, suggesting that a more

favorable clinical course can be found among LGL lymphoma patients.
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1 | INTRODUCTION

Feline large granular lymphocyte (LGL) lymphoma is a relatively rare,

morphologically distinct subtype of lymphoma that, among pets, is

mainly diagnosed in the feline specie. The origin of LGL lymphoma

has been linked to cytotoxic T- or NK lymphocytes, as documented

by positive immunoreactivity to T-cell or perforin-like markers.1

Systematic data on clinical characteristics, type of treatment, and

outcome in large cohorts of cats with LGL lymphoma are rare and all

reported series relatively small, with the largest study involving

45 cats.2 According to the published literature, LGL lymphoma occurs

more commonly in the small intestine, with a tendency to involve the

regional lymph nodes, other abdominal organs, peripheral blood

and/or bone marrow.2

There has been no substantial improvement in outcome over the

last 2 decades. In fact, all published studies show poor survival times

compared to other lymphoma subtypes, typically in the range of few

months, with scarce response to cytotoxic chemotherapy.2–5 Due to

the poor outcome and the presence of severe clinical signs, euthana-

sia is usually carried out soon after diagnosis.2–5 Nevertheless, trea-

ted individual cases are occasionally described as harboring a more

favorable prognosis.2,3,6

The aim of this retrospective study was to gather broader

clinico-pathological information on feline LGL lymphoma, which could
Part of this work has been presented at the Annual ESVONC Congress, Lyon,
France, April 2017
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Treatment response… 

• Clinical Remission  

• Ultrasound evaluation: improvement of 
abnormalities and, possibly, normalization 

In conclusion…
Low-grade LSA High-grade LSA

Clinical Signs Slow weight loss 
vomiting, diarrhea, anorexia

Rapid weight loss 
vomiting, diarrhea, anorexia, 

jaundice

Clinical Signs Period Weeks/Months Days/Weeks

Clinical Examination
Unremarkable/Thickening 

Intestinal Loops 
Palpable mass, organomegaly, 

jaundice

Diagnostic work-up Histology Cytology

Surgery
To obtain a diagnosis by 

sampling 
In case of obstruction or 

perforation

Treatment Chemotherapy Chemotherapy

Treatment Response 75-90% 50-60%

Survival Time > 2 yy
6-7 months, 40% of ST>1aa  

in case of CR 




