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Abstract

Background: Low-grade intestinal T-cell lymphoma (LGITL) is the most common

intestinal neoplasm in cats. Differentiating LGITL from lymphoplasmacytic enteritis

(LPE) is challenging because clinical signs, laboratory results, diagnostic imaging find-

ings, histology, immunohistochemistry, and clonality features may overlap.

Objectives: To evaluate possible discriminatory clinical, laboratory and ultrasono-

graphic features to differentiate LGITL from LPE.

Animals: Twenty-two cats diagnosed with LGITL and 22 cats with LPE based upon

histology, immunohistochemistry, and lymphoid clonality.

Methods: Prospective, cohort study. Cats presented with clinical signs consistent

with LGITL or LPE were enrolled prospectively. All data contributing to the diagnostic

evaluation was recorded.

Results: A 3-variable model (P < .001) consisting of male sex (P = .01), duration of

clinical signs (P = .01), and polyphagia (P = .03) and a 2-variable model (P < .001)
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lymphoma; LGLL, large granular lymphocytic lymphoma; LPE, lymphoplasmacytic enteritis.
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including a rounded jejunal lymph node (P < .001) and ultrasonographic abdominal

effusion (P = .04) were both helpful to differentiate LGITL from LPE.

Conclusions and Clinical Importance: Most clinical signs and laboratory results are

similar between cats diagnosed with LGITL and LPE. However, male sex, a longer

duration of clinical signs and polyphagia might help clinicians distinguish LGITL from

LPE. On ultrasonography, a rounded jejunal lymph node, and the presence of (albeit

small volume) abdominal effusion tended to be more prevalent in cats with LGITL.

However, a definitive diagnosis requires comprehensive histopathologic and pheno-

typic assessment.

K E YWORD S

alimentary lymphoma, cat, chronic enteropathy, full-thickness intestinal biopsies, inflammatory
bowel disease, ultrasonography

1 | INTRODUCTION

Gastrointestinal lymphoma (GIL) is the most common digestive tract

neoplasm in cats,1 and the most common anatomical form of lym-

phoma (50%-75%) in this species.1-5 The current classification system

for GIL originally was defined in 2012 and comprises 3 entities5-7:

first, mucosal lymphoma which previously was named low-grade ali-

mentary lymphoma (LGAL) and recently renamed low-grade intestinal

T-cell lymphoma (LGITL)8; second, transmural lymphoma, which is

more frequently high-grade alimentary lymphoma (HGAL) and charac-

terized by parietal infiltration of small or large lymphocytes of B- or T-

cell type; and third, the least frequent but most aggressive form

named large granular lymphocytic lymphoma (LGLL). Low-grade intes-

tinal T-cell lymphoma is the most frequent subtype of GIL in cats,

accounting for 60% to 75% of cases, and with increasing prevalence

reported over the last 10 years.7 This disease is characterized by dif-

fuse infiltration of neoplastic T-lymphocytes, typically in the small

intestine, with or without jejunal lymph node involvement.5,9 The key

clinical features of LGITL recently have been reviewed.5,7,10-13 The

condition is defined by persistent or recurrent gastrointestinal signs

(weight loss, lethargy, vomiting, anorexia, diarrhea), progressing over

months or years, and mainly affecting older cats (median age,

13 years) of any breed and sex.5,7,10-13 Differentiating LGITL from

lymphoplasmacytic enteritis (LPE) is challenging because clinical signs,

laboratory results, diagnostic imaging findings, histology, immunohis-

tochemistry and clonality features all overlap.5,7,14-16 Accurate diagno-

sis is made even more challenging by the finding that concurrent LPE

has been described in up to 60% of alimentary lymphoma

(AL) cases,7,17 and it also has been suggested that LGITL might

develop from LPE.7,12,16,18-23 Diagnostic investigations for AL include

CBC, serum biochemistry, measurement of serum concentrations of B

vitamins, diagnostic imaging, and intestinal biopsy. Given its wide-

spread availability and noninvasive nature, abdominal ultrasonography

is a common diagnostic imaging modality for cats presenting with gas-

trointestinal signs. Ultrasonographic findings previously reported for

LGITL include a thickened gastrointestinal wall, altered wall layering

and jejunal lymphadenopathy, although a thickened muscularis layer

relative to the other layers is most common.12,24-26 Muscularis layer

hypertrophy also has been reported in LPE, LGITL and, less commonly,

in mechanical obstruction.27 Despite available reference intervals for

wall thickness in healthy cats,28,29 such measurements cannot reliably

distinguish LGITL from LPE. Jejunal lymph node size is also variable in

cats with LGITL, and ultrasonographic features of jejunal lymphade-

nopathy have been associated with both LGITL and LPE.26 As a result,

nodal ultrasonographic criteria have not yet discriminated LGITL

from LPE.

Recently, new histologic and immunohistochemical features for

LGITL have been suggested.17,30 In a companion article,31 we

reported new histopathologic criteria to discriminate LGITL from LPE

in a cohort of cats. Using the same cohort, the current study aimed to

determine whether discriminatory clinical, laboratory and ultrasono-

graphic results can help differentiate LGITL from LPE.

2 | MATERIALS AND METHODS

2.1 | Study design and eligibility criteria

Our study was prospectively conducted at the same referral center,

Alfort School of Veterinary Medicine, Paris, France, between July

2016 and July 2018.31 All data were prospectively acquired, except

for ultrasonographic features, which were retrospectively and

blindly reviewed. The study was approved by the ethical committee

of our institution (ENVA COMERC n�2016-05-09), and all owners

gave informed, written consent for all of the investigations. Cats

were eligible for enrollment in the study if they displayed chronic

(≥3 weeks) clinical signs suggesting a gastrointestinal disorder

(vomiting, diarrhea, weight loss, lethargy, anorexia, or some combi-

nation of these), that did not improve after dietary modification

and symptomatic treatment (parasiticides, gastrointestinal protec-

tants, antibiotics). If a cat had been empirically treated with gluco-

corticoids before recruitment, a washout period of 3 weeks was
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TABLE 1 Ultrasonographic data in cats with low-grade intestinal T-cell lymphoma (LGITL) or lymphoplasmacytic enteritis (LPE)

Variable LGITL LPE P valuea

Stomach

Number 20 22 —

Total wall thickness (mm) 2.4 (1.5-3.3) 2.3 (1.5-4.3) .21

Mucosal thickness (mm) 0.7 (0.4-1.6) 0.7 (0.3-1.4) .63

(%) 33 (16-57) 29 (15-54) .69

Submucosal thickness (mm) 0.6 (0.4-1.9) 0.7 (0.3-1.9) .64

(%) 29 (14-91) 29 (20-91) .6

Muscularis thickness (mm) 0.7 (0.2-1.4) 0.6 (0.3-0.9) .29

(%) 29 (13-44) 30 (13-40) .83

Altered wall layering 0/20 0/22 1

Duodenum

Number 21 21 —

Total wall thickness (mm) 3.0 (2.2-4.3) 2.9 (2.2-3.6) .68

Mucosal thickness (mm) 1.4 (0.8-2.7) 1.2 (0.8-2.0) .76

(%) 44 (22-74) 41 (28-63) .94

Submucosal thickness (mm) 0.7 (0.4-1.1) 0.6 (0.3-1.0) .37

(%) 24 (12-35) 23 (14-33) .62

Muscularis thickness (mm) 0.7 (0.2-1.6) 0.7 (0.3-1.4) .97

(%) 22 (6-46) 23 (12-40) .91

Altered wall layering 11/19 (58%) 9/21 (43%) .34

Jejunum

Number 22 22 —

Total wall thickness (mm) 3.2 (2.3-4.9) 3.2 (2.1-5.6) .72

Mucosal thickness (mm) 1.4 (0.7-2.3) 1.0 (0.4-2.8) .01

(%) 39.4 (2.9-57.1) 33.2 (17.4-60.9) .02

Submucosal thickness (mm) 0.5 (0.3-0.9) 0.6 (0.3-1.4) .72

(%) 16 (8-27) 18 (11-27) .56

Muscularis thickness (mm) 1.1 (0.4-2.4) 1.1 (0.5-3.2) .47

(%) 31 (17-49) 37 (24-61) .08

Altered wall layering 21/22 (95%) 21/22 (95%) 1

Ileum

Number 19 19

Total wall thickness (mm) 3.3 (2.5-5.7) 3.3 (2.2-7.5) .88

Mucosal thickness (mm) 1.3 (0.5-1.8) 1.1 (0.5-2.6) .65

(%) 35 (19-54) 30 (12-48) .45

Submucosal thickness (mm) 0.6 (.4-1.7) 0.7 (0.4-2.0) .63

(%) 18 (12-42) 22 (15-69) .44

Muscularis thickness (mm) 1.2 (0.7-3.0) 1.4 (0.5-2.9) .53

(%) 33 (21-53) 38 (17-73) .26

Altered wall layering 10/20 (50%) 11/17 (65%) .23

Colon

Number 21 20

Total wall thickness (mm) 1.5 (0.9-4.6) 1.3 (0.8-3.9) .08

Mucosal thickness (mm) 0.5 (0.2-1.3) 0.4 (0.2-1.3) .11

(%) 31 (11-50) 27 (17-50) .29

Submucosal thickness (mm) 0.4 (0.1-2.3) 0.4 (0.2-1.2) .6

(Continues)
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mandatory before ultrasonographic examination and intestinal

biopsy.

2.2 | Acquisition of clinical and biological
information

Standardized clinical data was gathered from all cats including age,

sex, weight, nature and duration of clinical signs, diet history and

abdominal palpation. Clinical data was collected by the same investi-

gator (VF). Laboratory tests were performed on all cats including CBC,

serum biochemistry panel, serum total thyroxine (T4) concentration,

feline pancreas-specific lipase (f-PL), and serum cobalamin (vitamin

B12) concentration. Blood samples were analyzed either by Idexx lab-

oratories, France or BioPôle laboratory at Alfort School of Veterinary

Medicine, Paris, France. A May-Grunewald Giemsa-stained blood

smear was examined to confirm potential abnormalities, especially in

cats with thrombocytopenia. The reference intervals for all variables

from both laboratories are presented in Supplemental Table S1.

Hypocobalaminemia was defined by serum cobalamin concentra-

tion <200 ng/L. Feline retroviral status was determined by rapid

enzyme-linked immunosorbent assays (SNAP Combo Plus FeLV

Ag/FIV Ab test; Idexx Laboratories, Inc).

2.3 | Abdominal ultrasonography

All representative ultrasonographic images were obtained with the

same ultrasound machine (Affinity 50G, Philips, Amsterdam, Nether-

land), with both a 5-8 MHz microconvex transducer and 5-18 MHz

linear array transducer. Standardized images were collected and ultra-

sonographic variables are presented in Table 1. A board-certified radi-

ologist (DP) and a senior radiology resident (JF) retrospectively

reviewed all ultrasound images, without knowledge of the clinical his-

tory and final diagnosis. All measures used for statistical analysis

(Table 1) were made at that point, with still ultrasonographic images

available for review. The assessed anatomical regions of the gastroin-

testinal tract included stomach, duodenum, jejunum, ileum, and colon.

For each location, total wall thickness was measured by placing cali-

pers on the inner interface of the mucosa and on the outer aspect of

the serosa. At each location, the maximal measurement as well as the

thickness of the mucosa, submucosa and muscularis layers all were

recorded. Relative wall thickness of each layer then was calculated as

a ratio of the thickness of each respective layer relative to the maxi-

mal total wall thickness at that location. Finally, the ratio between

muscularis thickness and submucosal thickness also was calculated.

For the ileum, measurements from sagittal and transverse images

were recorded separately and, for transverse images, distinct

TABLE 1 (Continued)

Variable LGITL LPE P valuea

(%) 29 (16-44) 29 (23-50) .36

Muscularis thickness (mm) 0.4 (0.1-2.3) 0.3 (0.1-1.4) .25

(%) 27 (11-50) 26 (13-41) .57

Altered wall layering 6/19 (32%) 3/18 (17%) .45

Jejunal lymph nodes

Number 20 17

Thickness (mm) 6.7 (2.9-12.0) 4.2 (1.8-8.8) .01

Rounded shape 17/20 (85%) 1/17 (6%) <.001

Echogenicityb 13/20 (65%) 2/17 (12%) <.001

Perinodal fat echogenicityc 14/20 (70%) 3/17 (18%) .003

Ileocolic lymph nodes

Number 15 12 —

Thickness (mm) 4.1 (1.4-7.0) 2.4 (1.2-5.5) .05

Rounded shape 8/15 (53%) 5/12 (42%) .55

Echogenicityb 7/15 (47%) 4/12 (33%) .34

Perinodal fat echogenicityc 6/15 (40%) 2/12 (16%) .4

Abdominal effusion 10/22 (45%) 3/22 (14%) .02

Note: Continuous data are expressed as median (range) while categorical data are expressed as proportion (%).
aReported P values from continuous data are for the Mann-Whitney test; reported P values for categorical data are either for χ2 test or Fisher's exact test
(where expected values were <5 for at least 1 in the contingency table), with the level of statistical significance (bold red) set at P < .01 for 2-sided

analyses.
bIndicates hypoechoic lymph node echogenicity.
cIndicates hyperechoic perinodal fat echogenicity. LN: lymph node. The measurement in millimeters corresponds to the median of the group, with their

corresponding minimal and maximal values in brackets. The value expressed in % corresponds to the aforementioned thickness divided by the total wall

thickness and multiplied by 100.
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measurements were performed on the folds and in between the folds.

For each gastrointestinal region, both loss of wall layering (defined as the

complete absence of any wall layering) and alteration in wall layering

(defined as any change in thickness or echogenicity of ≥1 layer) were eval-

uated and recorded as focal, multisegmental, or diffuse. Wall changes were

considered focal when the affected segment was only visible in 1 scan

view, multisegmental when >1 abnormal segments were identified, or dif-

fuse when observed in all available images. Abdominal lymph nodes were

evaluated for maximal thickness, echogenicity, and shape, including (when

available) the jejunal, gastric, pancreaticoduodenal, and ileocolic lymph

nodes.32 Maximal thickness was defined as the largest measurement per-

pendicular to the long axis of the lymph node, whereas echogenicity was

assessed as normal, hypoechoic, or hyperechoic. Lymph node shape was

subjectively recorded as normal, rounded, or irregular, whereas perinodal

fat echogenicity was recorded as normal or hyperechoic. Abdominal effu-

sion also was assessed and recorded as present or absent. When present,

abdominal effusion was considered to be minimal when only visible as a

scant volume in between a few small intestinal segments.

2.4 | Exclusion criteria

Cats were excluded from the study if another tumor was suspected

before surgery or if other comorbidities were present that could lead

to complications. Metabolic disorders were treated before enrollment

in the study.

2.5 | Collection of gastrointestinal biopsy material

Full-thickness intestinal biopsy samples were collected at celiotomy in

all but 3 cats the owners of which declined surgery; in those cats,

biopsy samples instead were collected during endoscopy. Samples

were taken from the duodenum, jejunum, ileum, or a combination of

these intestinal segments. Biopsy sites were chosen according to sono-

graphic features (eg, parietal thickening, especially when the ratio of

muscularis-to-submucosa thickness was >1)24 in addition to visual and

tactile inspection of intestinal loops during celiotomy (induration and

color change). Jejunal lymph node biopsy samples also were collected if

nodes were enlarged on ultrasonographic assessment. In the cats in

which endoscopy was used, a combined upper and lower endoscopic

procedure was performed, and 6 to 8 biopsy samples per intestinal seg-

ment were collected.33 Cats were hospitalized for 48 to 96 hours after

the procedure to monitor for postoperative complications. All cats under-

went serial measurements of hematocrit and serum albumin concentra-

tion after surgery, and abdominal ultrasonography was repeated before

discharge in all cases to detect any surgical complications.

2.6 | Histopathology

Intestinal biopsy samples were fixed in neutral-buffered formalin and

submitted to a human medical hospital pathology department (Hôpital

Necker-Enfants Malades, Hôpitaux de Paris, University of Paris, France)

and a veterinary pathology department (Alfort School of Veterinary Medi-

cine, BioPôle, Paris, France) for comparative histologic evaluation.

Specimens were processed routinely, embedded in paraffin, and cut into

4 μm-thick sections. Tissue sections stained with hematoxylin & eosin

(HE) and Masson's trichrome were blindly reviewed by a board-certified

veterinary anatomic pathologist (NC) and a human medical anatomic

pathologist researcher (JB), who also was an expert in intestinal lympho-

proliferative disorders of humans. The epithelium and lamina propria were

reviewed separately, as presented in the companion article.31 Because

human medical and veterinary classification systems tend to use over-

lapping criteria, samples were classified according to criteria of the World

Small Animal Veterinary Association (WSAVA) Gastrointestinal Standardi-

zation Group,34 the revised 2016World Health Organization (WHO) clas-

sification of lymphoma in humans,34 the WHO classification of lymphoma

in dogs and using a veterinary textbook.35 As presented in the companion

article,31 clonality results were discussed with a human medical specialist

in lymphoproliferative disorders (Maria-Elena Turba, Laboratorio Gen-

efast, Forli, Italy). Uncertain cases were characterized by criteria applicable

to both diseases (eg, coexistence of lymphocytic and neutrophilic cryptitis,

monomorphic small lymphocytes within a polymorphic background).

These cases ultimately were discussed between both pathologists to find

an agreement, as discussed in the companion article.31

2.7 | Data analysis and statistics

All statistics were performed by using computer softwares (JMP ver-

sion 14.3.0, SAS Institute, Inc, Cary, North Carolina; GraphPad PRISM

version 8.1.1, San Diego, California). Continuous variables (eg, maxi-

mal total wall thickness, relative wall thickness, lymph nodes thick-

ness) were visually and qualitatively assessed for normality by the

Shapiro-Wilk test. In all cases, the assumption of equal variances was

tested and not rejected. Where data were normally distributed, group

comparisons (ie, LPE vs LGITL) were tested by means of a 2-sample

independent t test assuming equal variances, whereas the Mann-

Whitney test was used where data were not normally distributed. For

categorical variables, 2-by-2 contingency tables were constructed,

and groups were compared by χ2 test or Fisher's exact tests when

expected counts within cells were <5. For such analyses, ordinal cate-

gorical variables were converted into binary variables where normal

was assigned a score of 0 and abnormal results a score of 1. Multiple

nominal logistic regression was used to explore associations between

disease group and a range of clinical and ultrasonographic variables.

Given the number of variables studied, separate multiple regression

models initially were built for clinical and ultrasonographic variables,

each of which initially included variables that were significant at

P < .05 in simple logistic regression. These P values were often differ-

ent from those obtained with the other statistical methods used in ini-

tial analyses (ie, Mann-Whitney tests, χ2 test, and Fisher's exact tests).

Competing models then were tested in a backwards and forwards

stepwise fashion, interactions among variables were evaluated by contin-

gency tables, and the best fit model chosen by the Bayesian Information
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Criterion (BIC). With this approach, variables are removal or added sequen-

tially until the best fit model is found (ie, the model with the smallest BIC),

with evidence of superiority of 1 model over another assumed when the

numerical difference in BIC between models was >2.36 Once separate

logistic regression models had been constructed for clinical and ultrasono-

graphic variables, a final model then was built combining both clinical and

ultrasonographic variables. The initial model included all variables included

in the final clinical and ultrasonographic models, with the model again

refined by the same method for inclusion or rejection of variables until a

best fit model was identified. For multiple regression analyses, the level of

statistical significance selected was set at P < .05 for 2-sided analyses.

3 | RESULTS

3.1 | Study cats

Twenty-two cats were diagnosed with LGITL and 22 cats with LPE after

histology, immunohistochemistry and clonality assessment, with full

details reported in the companion article.31 Signalment data of cats diag-

nosed with LGITL or LPE are presented in Table 2. Most cats were

domestic shorthair (LGITL: 18/22, 82%; LPE: 17/22, 77%; P > .99), with

various other breeds also represented. In the LGITL group, there were

16/22 (73%) male and 6/22 (27%) female cats whereas, in the LPE

group, there were 8/22 (36%) male and 14/22 (64%) female cats

(P = .02). All cats were neutered. In the LGITL and LPE groups, median

age was 13 years (range, 8-16 years) and 11.5 years (range, 7-15 years),

respectively, and median weight was 4.0 kg (range, 2.2-7.4 kg) and 3.7 kg

(range, 2.1-6.3 kg), respectively (P = .9). Full-thickness intestinal biopsy

samples were obtained from 21/22 LGITL and 20/22 LPE cats, with

endoscopic biopsy samples being collected in the remaining 3 cats.

3.2 | Clinical data

Clinical data of cats diagnosed with LGITL or LPE are presented in

Table 3. Clinical signs were present for longer in LGITL cats (median,

365 days; range, 62-1460 days) compared with LPE cats (median,

107 days; range, 7-1095 days; P < .001). Diarrhea of suspected small

intestinal origin was reported in 14/22 (64%) cats with LGITL and in 6/22

(27%) cats with LPE (P = .02). No other significant differences between

groups were identified by simple statistical analyses (Mann-Whitney tests,

χ2 tests, and Fisher's exact tests).

3.3 | Serum biochemistry

Serum biochemical variables are presented in Table 4. The number of cats with

hypocobalaminemia (defined as a serum cobalamin concentration <200 ng/L,

the lower limit of the reference interval) was 12/21 (57%) and 4/21 (19%) for

LGITL and LPE cats, respectively (P = .01). No other significant differences

between groups were identified by simple statistical analyses.

3.4 | Hematology

Hematological data of cats diagnosed with LGITL or LPE are pres-

ented in Table 5. No significant differences between groups were

identified by simple statistical analyses.

3.5 | Virology

Only 1 cat (in the LGITL group) tested positive for FIV antibodies, and

none of the cats tested positive for FeLV antigen.

3.6 | Ultrasonography

Ultrasonographic data of cats diagnosed with LGITL and LPE are pres-

ented in Table 1, with examples of key ultrasonographic features in both

LGITL and LPE cats shown in Figure 1. The retrospective review of ultra-

sonographic images did not always allow measurement of all evaluated

structures on an individual basis. Therefore, Table 1 details for all

assessed variables the total number for cats for which measurements

were made.

TABLE 2 Signalment and epidemiological data of cats diagnosed with low-grade intestinal T-cell lymphoma (LGITL) or lymphoplasmacytic
enteritis (LPE)

Variable LGITL LPE P valuea

Number 22 22

Breed 18 Domestic Shorthair, 2 Siamese, 1

Angora, 1 Norwegian Forest

17 Domestic Shorthair, 2 Persian,

1 Siamese, 1 Oriental, 1 Burmese

>.99

Male sex 16 (73%) 6 (27%) .02

Neutered cats 22 (100%) 22 (100%) >.99

Age (years old) 13 (8-16) 11.5 (7-15) .34

Weight (kg) 4.0 (2.2-7.4) 3.7 (2.1-6.3) .9

Exclusive indoor life 10 (45%) 9 (41%) .76

Commercial diet 22 (100%) 22 (100%) >.99

Note: Continuous data are expressed as median (range); categorical data are expressed as number (%).
aReported P values are for the Mann-Whitney test (continuous data) or either χ2 or Fisher's exact test (proportional data).
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3.6.1 | Gastrointestinal tract assessment

Total jejunal mucosal thickness was higher in LGITL (median, 1.4 mm;

range, 0.7-2.3 mm) than in LPE cats (median, 1.0 mm; range, 0.4-

2.8 mm; P = .009), but relative wall thickness was not (median, 39%;

range, 29%-57% in LGITL cats; median, 33%; range, 17%-61% in LPE

cats; P = .02). Although altered jejunal wall layering was common

(LGITL: 21/22, 95%; LPE: 21/22, 95%; P = 1), loss of layering was rare

(LGITL: 2/22, 2.9%; LPE: 0/22, 0%; P = .49). Furthermore, no differ-

ences were noted in any ultrasonographic variables from other

regions of the gastrointestinal tract, including the stomach, duode-

num, ileum, and colon (Table 1).

3.6.2 | Jejunal lymph nodes

Jejunal lymph nodes of LGITL cats were thicker (median, 6.7 mm;

range, 2.9-12.0 mm in LGITL cats; median, 4.2 mm; range, 1.8-8.8 mm

in LPE cats; P = .01), more frequently rounded (in 17/20 [85%] LGITL

cats; in 1/17 [6%] LPE cats; P < .001), hypoechoic (in 13/20 [65%]

TABLE 3 Clinical data of cats
diagnosed with low-grade intestinal T-
cell lymphoma (LGITL) or
lymphoplasmacytic enteritis (LPE)

Variable LGITL LPE P valuea

Weight loss 17/22 (77%) 13/22 (56%) .2

Vomiting 15/22 (68%) 18/22 (82%) .3

Alimentary vomiting 12/15 (80%) 11/19 (58%) .27

Nonalimentary vomiting 12/15 (80%) 13/19 (68%) .7

Small intestinal diarrhea 14/22 (64%) 6/22 (27%) .02

Large intestinal diarrhea 4/22 (18%) 6/22 (27%) .72

Hyporexia 10/22 (45%) 15/22 (68%) .13

Lethargy 8/22 (36%) 13/22 (59%) .13

Polyphagia 6/22 (27%) 1/22 (5%) .1

Constipation 1/22 (5%) 2/22 (9%) >.99

Hematochezia 1/22 (5%) 6/22 (27%) .1

Melena 1/22 (5%) 1/22 (5%) 1

Duration of clinical signs (days) 365 (62-1460) 107 (7-1095) <.001

Hyperthermia 1/22 (5%) 2/22 (9%) >.99

Abnormal abdominal palpation 16/22 (73%) 18/22 (82%) .72

Thickened intestinal loops 7/16 (44%) 12/18 (67%) .18

Abdominal pain 4/16 (25%) 6/18 (33%) .72

Note: Except for duration of clinical signs (median [range]), all data are expressed as proportion (%).
aReported P values are for either χ2 test or Fisher's exact test (where expected values were <5 for at

least 1 in the contingency table).

TABLE 4 Serum biochemical data in
cats with low-grade intestinal T-cell
lymphoma (LGITL) or lymphoplasmacytic
enteritis (LPE)

Variable LGITL LPE P valuea

Albuminemia (g/dL) 3.0 (2.0-5.0) 3.1 (2.2-4.0) —

Hypoalbuminemia 3/22 (14%) 7/22 (32%) .28

Total proteinemia (g/dL) 7.3 (5.9-10.7) 7.3 (5.2-8.5) —

Total hypoproteinemia 0/22 (0%) 3/22 (14%) .23

ALT (U/L) 68 (22-451) 50 (24-100) —

ALP (U/L) 41 (10-262) 41 (10-155) —

Increased liver enzyme activity 3/22 (14%) 0/22 (0%) .23

f-PL (μg/L) 2.9 (1.11-26)b 2.6 (0.5-23)c —

f-PL > 3.5 (μg/L) 6/19 (32%) 8/22 (36%) .75

Hypophosphatemia 2/21 (10%) 0/18 (0%) .49

Hypocobalaminemiad 12/21 (57%) 4/21 (19%) .01

Note: Continuous data are expressed as median (range); categorical data are expressed as proportion (%).
aReported P values are for either χ2 or Fisher's exact test (when expected counts within cells were <5).
bOf 19 LGITL cats with available data.
cOf 22 LPE cats with available data.
dDefined as a cobalamin concentration <200 ng/L.
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LGITL cats; in 2/17 [12%] LPE cats; P < .001) and surrounded with

hyperechoic perinodal fat (in 14/20 [70%] LGITL cats; in 3/17 [18%]

LPE cats; P = .003), compared to those of LPE cats. For many other

lymph node variables, either no group differences were seen or too

few measurements were taken to enable meaningful statistical com-

parisons to be made.

3.6.3 | Abdominal effusion

Abdominal effusion was seen in 10/22 (45%) LGITL cats and in 3/22

(14%) LPE cats (P = .02).

3.7 | Multiple logistic regression

3.7.1 | Clinical variables model

Initially, a multiple logistic regression model was built with the follow-

ing 7 variables that were significant (at P < .05) on simple logistic

regression: sex (P = .02), duration of clinical signs (P = .03), small

intestinal diarrhea (P = .02), hematochezia (P = .03), polyphagia

(P = .03), increased liver enzyme activity (P = .03), and

hypocobalaminemia (P = .001). Using backwards and forwards step-

wise regression, the best fit model (R2, 0.65; BIC, 40.2; P < .001) con-

tained 4 variables: duration of clinical signs (P < .001), hematochezia

(P < .001), sex (P < .001), and polyphagia (P = .02). However, examina-

tion of contingency tables indicated confounding between

hematochezia and polyphagia, whereby none of the 7 cats with hem-

atochezia had polyphagia and vice versa. As a result, estimates of odds

ratios (OR) from this multiple regression were deemed to be unreliable

(ie, inconsistent with OR from simple regression and some extreme

values). The influence of confounding was resolved by removing hem-

atochezia, resulting in a 3-variable model (R2, 0.36; BIC, 53.8;

P < .001) comprising duration of clinical signs (OR, 1.004; 95% confi-

dence interval [CI], 1.001-1.007; P = .01), sex (male vs female; OR,

20.0; 95% CI, 2.0-159.7; P = .01), and polyphagia (OR, 28.9; 95% CI,

1.4-576.9; P = .03).

3.7.2 | Ultrasonographic variables model

Initially, a multiple logistic regression model was built with the follow-

ing 8 variables that were significant (at P < .05) on simple logistic

regression: jejunal mucosa thickness (P = .03); jejunal lymph node

thickness (P < .001); echogenicity (P < .001); shape (P < .001) and per-

ipancreatic fat (P = .001); pancreaticoduodenal lymph node thickness

(P = .003) and shape (P = .02); and abdominal effusion (P = .02). After

refinement using backwards and forwards stepwise regression,

2 best-fit models were found, which had a similar level of fit. The first

contained 2 variables: jejunal lymph node shape (OR, 43.3; 95% CI,

4.4-423.9; P < .001) and ultrasonographic abdominal effusion (OR,

8.8; 95% CI, 0.8-95.6; P = .04), and was a marginally better fit (R2,

0.44; BIC, 39.3; P < .001) than the second (R2, 0.36; BIC, 39.9;

P < .001), which only contained jejunal lymph node shape (OR, 29.2;

95% CI, 4.7-183.4; P < .001).

TABLE 5 Hematological data in cats
with low-grade intestinal T-cell
lymphoma (LGITL) or lymphoplasmacytic
enteritis (LPE)

Variable LGITL LPE P valuea

Hemoglobinemia (mmol/L) 7.60 (4.65-9.49) 7.14 (3.48-9.62) —

Anemia 4/22 (18%) 6/22 (27%) .72

Leucocytes (G/L) 13.32 (5.69-35.20) 11.47 (4.60-38.02) —

Leukocytosis 6/22 (27%) 4/22 (18%) .72

Leucopenia 0/22 (0%) 0/22 (0%) >.99

Neutrophils (G/L) 9.39 (2.38-33.47) 7.58 (2.70-29.43) —

Neutrophilia 8/22 (36%) 5/22 (23%) .32

Neutropenia 0/22 (0%) 1/22 (5%) >.99

Eosinophils (G/L) 0.44 (0-7.29) 0.62 (0-3.94) —

Eosinophilia 2/22 (9%) 3/22 (14%) >.99

Eosinopenia 2/22 (9%) 2/22 (9%) >.99

Lymphocytes (G/L) 1.63 (0.35-10.22) 2.32 (0.38-11.10) —

Lymphocytosis 1/22 (5%) 1/22 (5%) >.99

Lymphopenia 8/22 (36%) 5/22 (23%) .32

Monocytes (G/L) 0.52 (0.18-1.83) 0.36 (0.00-1.84) —

Monocytosis 9/22 (41%) 5/22 (23%) .2

Monocytopenia 0/22 (0%) 1/22 (5%) >.99

Note: Continuous data are expressed as median (range); categorical data are expressed as proportion (%).
aReported P values are for either χ2 or Fisher's exact test (when expected counts within cells were <5).
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3.7.3 | Combined clinical and ultrasonographic
variables model

Initially, a multiple logistic regression model was built with 6 variables

that were included in the separate regression models of clinical and

ultrasonographic variables: duration of clinical signs, hematochezia,

sex, polyphagia, jejunal lymph node shape and abdominal effusion.

After refinement using backwards and forwards stepwise regression,

2 best-fit models were found, which were the same as those created

when including only ultrasonographic variables. In this respect, the

first combined jejunal lymph node shape (OR, 43.3; 95% CI,

4.4-423.9; P < .001) with ultrasonographic evidence of abdominal

effusion (OR, 8.8; 95% CI, 0.8-95.6; P = .04), and fitted marginally

better (R2, 0.44; BIC, 39.3; P < .001) than the second (R2, 0.36; BIC,

39.9; P < .001), which only contained jejunal lymph node shape (OR,

29.2; 95% CI, 4.7-183.4; P < .001).

4 | DISCUSSION

Our prospective study compared the clinical, laboratory and ultraso-

nographic features of cats diagnosed with either LGITL or LPE.

Although accurate diagnosis using gastrointestinal biopsy samples can

be challenging, a strength of our study was the fact that diagnosis was

confirmed by both histologic and immunohistochemical analyses

blindly conducted in parallel by both a board-certified veterinary

pathologist and a specialized pathologist in human medicine.31 Such

an approach should help minimize the chances that errors were made

in group classification, thereby improving reliability of the results.31

Considering signalment data, more LGITL cats were male than in

the LPE group. A male predisposition has been reported previously in

cats with AL (all AL subtypes merged), although no association has

been observed previously in the low-grade subtype (LGITL).3,21,37,38

Given such a discrepancy in findings, additional studies are required,

F IGURE 1 Examples of key
ultrasonographic key features in cats with
low-grade intestinal T-cell lymphoma
(LGITL) or lymphoplasmacytic enteritis
(LPE). The left (A-D) column shows
ultrasonographic images of 4 different cats
diagnosed with LGITL. LN: lymph node; m:
mucosa; M: muscularis; sm: submucosa.
(A) Transverse image of a jejunal segment.

Total wall thickness of this segment was
3.3 mm (distance between the white
crosses), with a 1.8 mm thick mucosa and a
0.8 mm thick muscularis layer. (B) These
jejunal segments have thickening of mucosal
and muscularis layers. Note the presence of
adjacent mild anechoic peritoneal effusion
(*). (C) These 2 jejunal lymph nodes are
mildly enlarged with a normal echogenicity.
(D) This jejunal lymph node is mildly
enlarged, measuring up to 7.9 mm in
thickness (white crosses). It is also
hypoechoic and has rounded margins. (E) A
transverse image of a jejunal segment. The
total wall thickness of this segment is
3.2 mm, with a 1.0 mm thick mucosa and a
1.3 mm thick muscularis layer. (F) Sagittal
image of a jejunal segment exhibiting
muscularis layer thickening. (G) This jejunal
lymph node is normal in size, measures up
to 4.2 mm in thickness (distance between
white crosses), and also has both a normal
shape and echogenicity. (H) This jejunal
lymph node is normal in size, measuring up
to 4.7 mm in thickness, and has a normal
echogenicity. The margins of its caudal pole
(on the right part of the image) are slightly
rounded
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including additional genomics studies. In contrast to sex, no group dif-

ferences were seen for breed, where most cats were domestic short-

hair as seen in a previous study,15 and no genetic predisposition has

been reported previously.7 Also, no difference in age was found

between groups. Although some authors suggest that AL predomi-

nantly affects older cats,3 whereas LPE affects cats of all

ages,11,23,38,39 these previous studies included all types of AL and not

exclusively the LGITL subtype. Given that all cats in our study

were >7 years old, which is typical of cats referred to our institution,

selection bias should be considered. No difference in body weight

was found between cats with LGITL and LPE, which perhaps is not

surprising because weight loss was seen in both groups, and is a sign

reportedly seen in most cats with LGITL or LPE.3,5,11,12,40

The median duration of clinical signs at the time of first consulta-

tion was longer in LGITL cats than in cats with LPE, which might be

associated with difficulties faced by primary care veterinarians in diag-

nosing LGITL. Alternatively, a continuum might exist between LPE

and LGITL pathogenesis, whereby some LPE cases progress to LGITL

over time.12,21,22,41 A recent publication proposed a new model of

lymphomagenesis in indolent LGITL.31 As suggested by the histologic

data, validating an apical-to-basal gradient, the initiating event would

be chronic stimulation by a food antigen or an antigen from a bacterial

or viral pathogen. An apical-to-basal gradient is characterized by a

more severe apical than basal neoplastic cell infiltration within the

intestinal mucosa.31 Such a continuum between LPE and LGITL could

explain the difficulty in differentiating these 2 entities and would be

similar to the situation in human patients, where some celiac diseases

are suggested to have low-grade epitheliotropic lymphoma rather

than inflammatory proliferation.42,43 Polyphagia was more common in

cats with LGITL, whereas hematochezia was more common in cats

with LPE. The latter might reflect the fact that large intestinal involve-

ment is more likely in cats with LPE than in cats with LGITL, but the

reason why polyphagia was more common in LGITL is unclear. No

other differences were found in the presence of any other signs

including lethargy, weight loss, anorexia, vomiting, large intestinal diar-

rhea, constipation, melena, and hyperthermia. These findings were

consistent with those in the veterinary literature, where none of these

signs is pathognomonic for either LGITL or LPE and these signs can be

shared by many other conditions.2,4,5,7,12,13,15,16,21,22,25,44,45

Similar to clinical signs, few group differences were identified in

physical examination findings. For example, although it was common

for abnormalities to be identified on abdominal palpation (eg, thick-

ened bowel loops, discomfort, or pain), no group differences were

found. Some authors have suggested that abdominal palpation might

be useful for high-grade subtypes of AL (eg, HGAL and LGLL), where

intestinal masses or severe lymphadenomegaly can be present.4,5,45

Mild hypoalbuminemia was found in 3 (14%) LGITL and 7 (32%)

LPE cats, which is less common than reported in some other previous

studies where hypoalbuminemia was present in 49%46 and 77%46 of

LGITL and LPE cats, respectively. The reason for the differences

between our study and previous studies is not known.

Hypocobalaminemia was significantly more frequent in the LGITL

group than in the LPE group. Besides these findings, no group

differences for liver enzyme activity and fPLI concentration were

found, suggesting that these measurements cannot differentiate

LGITL and LPE. Similarly, although hypophosphatemia previously has

been observed in cats with LPE,39 this finding was uncommon in cats

in our study, being seen in only 2 (10%) LGITL cats and in no LPE cats.

Future studies would be required to clarify the role of serum phos-

phorous concentration in the diagnosis of gastrointestinal tract dis-

ease in cats.

We also assessed a range of ultrasonographic variables, many of

which did not differ between cats with LGITL and those with LPE.

However, a range of altered ultrasonographic features suggesting

abnormalities of the jejunal lymph node (eg, increased lymph node

thickness, hypoechogenicity, rounded shape and hyperechoic per-

inodal fat) were more commonly seen in cats with LGITL than in cats

with LPE. Although ultrasonographic features of jejunal lymphadenop-

athy previously have been associated with both LGITL and LPE,26

nodal ultrasonographic criteria that can discriminate LGITL from LPE

have not been identified previously. Of all jejunal lymph node vari-

ables assessed, only rounded shape remained in the final multiple

logistic regression model. However, this feature is somewhat subjec-

tive, and further work would be required to confirm its clinical rele-

vance. Therefore, from a pragmatic point of view, it would be sensible

for ultrasonographers to look for all features suggesting jejunal lymph

node abnormality and not only rounded lymph node shape. One final

feature of note was the presence of (albeit small volume) abdominal

effusion, which was again more often seen in cats with LGITL. To our

knowledge, abdominal effusion has not been reported previously as a

variable that might help discriminate LGITL from LPE. Again, further

work should be considered to confirm the clinical importance of this

finding.

By simple statistical analyses, jejunal mucosal thickness was sig-

nificantly higher in cats with LGITL (median, 1.4 mm) compared to

LPE cats (median, 1.0 mm), although these variables were not included

in the final multiple regression analyses. Previous studies also have

identified thickening of the gastrointestinal wall and altered wall lay-

ering as some of the most common ultrasonographic findings in cats

with both LGITL and LPE.24,26 An increase in thickness of the

muscularis layer relative to the other layers also was reported previ-

ously as the most common wall layering alteration in cats with

LGITL,26 and also is commonly observed in cats with LPE and eosino-

philic enteritis,24,47 and occasionally is seen with mechanical obstruc-

tion.27 Although previous work has associated this finding with a

diagnosis of LGITL rather than LPE, particularly in old cats,26 later

work showed similar ultrasonographic wall layering differences in

these 2 groups.24 Similar to a previous study,24 the jejunal muscularis

layer was similar between groups (median, 1.1 mm) in our study.

Therefore, it seems that not only can the muscularis layer thickening

noted on ultrasound discriminate LGITL from LPE cats, but its origin

also remains unknown based on current histological data.31 Further

work is warranted to better characterize its origin.

The most infiltrated intestinal segment was the jejunum, both in

cats diagnosed with LGITL (65% of biopsy samples with mucosal lym-

phoid infiltration came from the jejunum) and with LPE (88% of biopsy
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samples with mucosal leukocytic infiltration came from the jejunum;

data presented in companion article).31 The primarily jejuno-ileal

involvement of lesions in our study was consistent with data publi-

shed in other studies, where 86% to 100% of lesions were jejunal,7,12

and 93% of lesions were ileal or at the ileocolic junction.7,12 However,

this segmental localization of intestinal lesions should be interpreted

with caution because it might be associated with a preference in sam-

pling site and, because biopsy samples were preferentially obtained

by celiotomy, the number of sites sampled was limited. Therefore, the

full extent of the lesions might not have been evident. This factor also

might explain why clinical signs did not appear to correlate with the

location of lesions. For example, many cats with jejunal lesions, ileal

lesions or both did not have small intestinal diarrhea and instead were

referred with signs of vomiting, anorexia, or weight loss.

Our study has several limitations. First, the number of cats

included was small and, consequently, the study might have been

underpowered for some variables. Second, although cats were pro-

spectively included, the acquired ultrasonographic images were ana-

lyzed retrospectively after study completion. This approach enabled

the analysis to be conducted in a blinded fashion, but it meant that

such findings could not be integrated with other clinical findings as

would usually happen. In addition, retrospective evaluation relied

solely on available still images, which made the assessment of some

criteria (eg, lesion distribution, presence, or absence of abdominal

effusion) sometimes challenging. Furthermore, maximal severity of the

lesions may have been underestimated occasionally. Third, it would

have been useful for a control group of healthy cats to be included as

a further comparator. As a result, additional studies are warranted to

confirm our findings. Another limitation is that 3 cats (13%) had endo-

scopic biopsies, because the owners declined surgical sampling. As a

result, jejunal neoplastic lesions may have been missed. A final limita-

tion related the creation of an appropriate multiple regression model

for clinical variables, not least because of confounding within the model,

when hematochezia and polyphagia both were included. This situation is

likely to have arisen because none of the 7 cats with hematochezia had

polyphagia, and vice versa. The effect was that calculated ORs for the

variables in the multiple regression model were unreliable, with some

changing markedly from simple regression to multiple regression (eg,

hematochezia OR of 0.127 in simple regression and OR < .001 in multi-

ple regression). As a result, an alternative model was constructed after

removal of hematochezia. Given this confounding, it is unclear as to

whether a true difference exists in the presence of hematochezia

between LGITL and LPE cats. A prospective study with a larger study

population would help to clarify this uncertainty.

In conclusion, most clinical signs and usual laboratory results of cats

diagnosed with LGITL or LPE overlap. However, male sex, duration of

clinical signs, and polyphagia might help clinicians distinguish LGITL from

LPE. Moreover, altered ultrasonographic features of the jejunal lymph

node, particularly rounded shape, and the presence of (albeit small vol-

ume) abdominal effusion were more common in cats with LGITL com-

pared to LPE cats. These findings could increase a clinician's index of

suspicion for LGITL, enabling further investigations and treatment to be

better tailored. For now, the final diagnosis still is based on thorough his-

topathology and immunohistochemistry assessment.
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