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(IBD) and alimentary small cell lymphoma (LSA) in cats.

Hypothesis/Obijectives: To evaluate the utility of histopathology, IHC, and clonality
testing to differentiate between IBD and LSA and agreement of diagnostic results for
endoscopic biopsy (EB) samples from the upper (USI) and lower small intestine (LSI).
Animals: Fifty-seven cats with IBD or LSA.

Methods: All cases were categorized as definitive IBD (DefIBD), possible LSA
(PossLSA), probable LSA (ProbLSA), or definitive LSA (DefLSA) based on histopathol-
ogy alone. Results from IHC and clonality testing were integrated.

Results: Based on histopathology alone, 24/57 (42.1%), 15/57 (26.3%), and 18/57
(31.6%) cats were diagnosed with DeflBD, PossLSA or ProbLSA, and DefLSA, respec-
tively. After integrating IHC and clonality testing, 11/24 cases (45.8%) and 15/15
cases (100%) previously categorized as DeflIBD and PossLSA or ProbLSA, respec-
tively, were reclassified as LSA. A final diagnosis of IBD and LSA was reported in
13/57 (22.8%) and 44/57 (77.2%) cats, respectively. Agreement between US| and LSI

samples was moderate based on histopathology alone (x = 0.66) and after integrating

Abbreviations: CE, chronic enteropathy; DefIBD, “definitive IBD”’; DefLSA, “definitive LSA” (DefLSA); EB, endoscopic biopsy; FFPE, formalin-fixed and paraffin-embedded; Gl, gastrointestinal;
GrB, granzyme B; H&E, hematoxylin and eosin; IBD, inflammatory bowel disease; IEL, intraepithelial lymphocytes; IHC, immunohistochemistry; LGE, lower gastrointestinal endoscopy; LGL, large
granular lymphocytic; LSA, lymphoma; LSI, lower small intestine; PARR, polymerase chain reaction for antigen receptor rearrangements; PossLSA, “possible lymphoma™; ProbLSA, “probable
lymphoma™; UGE, upper gastrointestinal endoscopy; USI, upper small intestine; VSH, Veterinary Specialty Hospital; WSAVA, World Small Animal Veterinary Association; k, Cohen's kappa
coefficient.
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IHC and clonality testing (x = 0.70). However, only 1/44 (2.3%) of the LSA cases was
Conclusions and Clinical Importance: Integrating IHC and clonality testing increased

the number of cases diagnosed with LSA, but the consequence for patient outcome is

unclear. There was moderate agreement between USI and LS| samples. Samples from

clonality, feline chronic enteropathy, immunohistochemistry, inflammatory bowel disease,

CHOW ET AL
diagnosed based on LSI biopsy alone.
the LSI rarely changed the diagnosis.
KEYWORDS
PARR, small cell lymphoma

1 | INTRODUCTION

Idiopathic inflammatory bowel disease (IBD) and alimentary small cell,
low-grade lymphoma (LSA) are common gastrointestinal (Gl) diseases of
cats. Both diseases result in similar clinical signs, including weight loss,
decreased appetite, vomiting, diarrhea, or some combination of these.
Differentiating IBD and LSA can be challenging. Immunohistochemistry
(IHC) and clonality testing by polymerase chain reaction for antigen
receptor rearrangements (PARR) in conjunction with histopathological
assessment may improve the diagnostic accuracy of endoscopic biopsy
(EB) samples when differentiating IBD from LSA.2” Based on several
studies, 15.6% to 26% of cases initially diagnosed as IBD based on his-
topathology subsequently were reclassified as LSA, or vice versa, after
considering IHC.3*®? In addition, 4% to 53% cases initially diagnosed
as IBD based on histopathology subsequently were reclassified as LSA,
or vice versa, after considering clonality testing with or without IHC.*?
However, a recent study in clinically healthy cats suggested that, similar
to results in humans, PARR may lack specificity. Thus, reclassification of
cases based on PARR may not be appropriate.1©

A previous study found poor agreement between duodenal and
ileal EBs based largely on histopathology, with 44% of LSA cases being
diagnosed only by evaluation of ileal but not duodenal biopsies. Results
suggested that for accurate diagnosis, duodenal and ileal biopsy sam-
ples should be collected from cats with clinical signs of chronic Gl dis-
ease. However, IHC and clonality testing were not performed in all
cases.*! Performing both lower (LGE) and upper gastrointestinal endos-
copy (UGE) increases anesthesia time, patient risk, and procedure costs.

Our aim was to reevaluate the diagnostic utility of procuring both
upper small intestine (USI) and lower small intestine (LSI) biopsy sam-
ples when results of histopathology are integrated with IHC and
clonality testing for the diagnosis of IBD and LSA in cats.

2 | METHODS

21 | Cases

Our study consisted of prospective and retrospective arms and was
conducted at the Veterinary Specialty Hospital (VSH) in San Diego,

California. The study protocol was approved by the VSH Research
Advisory Committee, and written owner informed consent was
obtained for each cat before enrollment into the prospective arm.

For the prospective arm of the study, cats presented to the VSH
between September 2015 and August 2017 for UGE and LGE and
biopsy collection as part of their diagnostic evaluation for clinical signs
of chronic enteropathy (CE) were eligible for enrollment. Chronic enter-
opathy was defined as the presence of clinical signs of Gl disease (ie,
hyporexia, polyphagia, weight loss, vomiting, and diarrhea) for at least
3 weeks. All cats underwent routine diagnostic evaluation for CE
including CBC, serum biochemistry profile, serum total T4 concentra-
tion, and urinalysis. All cats with diarrhea were tested for endoparasites
by fecal flotation, antigen immunoassays, PCR testing, or some combi-
nation of these at the clinician's discretion. Polymerase chain reaction
testing included testing for Campylobacter species, Salmonella species,
Tritrichomonas foetus, feline coronavirus, panleukopenia virus, or some
combination or these. Serum feline trypsin-like immunoreactivity con-
centration was normal in all 35 cats in which it was measured. Serum
cobalamin, folate, and pancreatic lipase immunoreactivity concentra-
tions were measured in 60, 59, and 61 cases, respectively. Cases with
intestinal parasites or extra-Gl disease (eg, advanced chronic kidney dis-
ease, uncontrolled hyperthyroidism) were excluded. For the retrospec-
tive analysis, medical records of cats that had undergone UGE and LGE
at the VSH between April 2012 and August 2015 were reviewed. Cases
matching the abovementioned criteria were eligible for enrollment. For
both study arms, cats treated with corticosteroids within 2 weeks
before endoscopy were excluded. In addition, cases were excluded if
abdominal ultrasound examination was not performed, histopathologic
changes were not consistent with either IBD or LSA, or EB specimens

were inadequate in quantity or quality.

2.2 | Sample collection and processing

Endoscopy was performed using a 103 cm endoscope with a 5.9 mm
outside diameter and a 2.0 mm instrument channel (GIF-XP160,
Olympus, Center Valley, Pennsylvania). Biopsy samples from the LSI
were obtained either by cannulation of the ileocolic valve (direct visu-

alization), or by passing a reusable or disposable 1.8 mm ellipsoid cup
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biopsy forceps, with or without spike, blindly through the ileocolic
valve into the LSI for sample collection (blind technique). Histopatho-
logic examinations of hematoxylin and eosin (H&E)-stained formalin-
fixed and paraffin-embedded (FFPE) tissue sections were reviewed by
a single board-certified pathologist with a special interest in Gl pathol-
ogy (M.R. Ackermann) in all cases. The pathologist had access to infor-
mation regarding history, clinical signs, and endoscopic findings.
Biopsy samples were evaluated for quantity and quality. The findings
were reported descriptively and numerically scored according to the
World Small Animal Veterinary Association (WSAVA) histopathologic
scoring system.>*? Briefly, morphological features (eg, surface epithe-
lial injury, crypt hyperplasia, crypt dilatation or distortion, and fibrosis
or atrophy) and inflammatory changes (eg, lamina propria lympho-
cytes, plasma cells, eosinophils, neutrophils, and macrophages) were
assessed histologically and assigned a score (normal = 0, mild = 1,
moderate = 2, or marked = 3).

Cases were categorized based on the histopathologic diagnosis as
“definitive IBD” (DefIBD, the pathologist made a definitive diagnosis
of IBD); “possible lymphoma” (PossLSA, the pathologist reported find-
ings where LSA could not be ruled out but was deemed unlikely);
“probable lymphoma” (ProbLSA, the pathologist was concerned about
the presence of LSA and recommended IHC, clonality testing, or both
for further evaluation); or “definitive LSA” (DefLSA, the pathologist
made a definitive diagnosis of LSA). In cats with discordant results
between USI and LS|, the diagnosis of LSA was determined when LSA
was reported in either site. Association between morphological fea-
tures and clinical features and diagnosis were evaluated.

Sections of FFPE tissue were sent to a single external laboratory
for IHC and clonality testing (Leukocyte Antigen Biology Laboratory,
University of California Davis, on a fee-for-service basis). The

H&E Assessment

pathologist at the external laboratory was blinded to the H&E diagno-
sis. Sections were assessed by H&E staining, IHC, and clonality testing
using a stepwise approach. Staining for T-, B-, and natural killer cell
markers (ie, CD3, CD79a, granzyme B [GrB], respectively) were per-
formed at the pathologist's discretion and based on histopathology
results (ie, size and distribution of mucosal lymphocytes). Clonality
testing was conducted on at least 2 FFPE tissue sections (each 25 pm
in thickness) using PARR analysis. Total DNA content was measured
before the procedure to ensure that sufficient tissue was present for
accurate PARR testing. Results from the H&E-based histopathology,
IHC, and clonality analysis were integrated and reported by the exter-
nal pathologist.

2.3 | Statistical analysis

All datasets were tested for normality using the Anderson-Darling
test. Normally distributed numerical data were analyzed using the
Student's t test and presented as means and standard deviations.
Non-normally distributed continuous data were analyzed using the
Wilcoxon signed rank test and presented as medians and range.
Categorical data were analyzed using the Fisher's exact test or
Wilcoxon rank-sum test. If a discrepancy was found between the
USI and LSI diagnosis in a cat, the more malignant diagnosis cate-
gory was used for statistical analysis. Agreement between diagno-
ses by intestinal location and by type of diagnostic testing (H&E
staining alone, H&E with IHC and clonality testing) was assessed
by calculating Cohen's kappa coefficient (k). Kappa values 0-0.40
were characterized as poor, 0.41-0.75 as fair to good, and >0.75

as excellent agreement.*®

4 PossLSA

24 DefIBD

15 Poss/Prob LSA

11 reclassified as 15 reclassified as
LSA LSA

11 ProbLSA

After integrating IHC and clonality testing

18 DefLSA

FIGURE 1 Summary of case
numbers and diagnoses. DefIBD,
“definitive IBD”; DefLSA,
“definitive LSA”; H&E,
hematoxylin and eosin; IBD,
inflammatory bowel disease; IHC,
immunohistochemistry; LSA,
lymphoma; PossLSA, “possible

LSA”; ProbLSA, “probable LSA”
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Commercial software (Stata version 14.2) was used for statistical

analysis. Statistical significance was set at P < .05.

3 | RESULTS

3.1 | Patient population

Eighty cats that had undergone both UGE and LGE, with EBs obtained
from the USI and LSI, between 2012 and 2017 were reviewed. Seven-
teen retrospective cases were excluded because of inadequate sample
for IHC and clonality analysis (n = 4), poor sample quality (n = 6), insuf-
ficient DNA amplification from samples (n = 3), abdominal ultrasound
examination was not performed (n = 1), diagnosis of gastric LSA with

a normal small intestine on H&E (n = 1), diagnosis of feline Gl

TABLE 1 Demographic data

Number of cats 57

Demographic information

Mean age in years (SD) 10.7 (£3.2)
Median body weight 4.4 (2.2-8.6)
in kg (range)
Sex 28 MN, 29 FS
Breeds 41 DSH, 3 Siamese, 3 mixed-breed,

2 Maine Coon, 2 Persian, 2 Bengal,
1 DLH, 1 Cornish Rex, 1 Ragdoll,
1 Norwegian Forest Cat

Weight loss (49/57, 86.0%)
Vomiting (46/57, 80.7%)
Hyporexia (23/57, 40.4%)
Diarrhea (19/57, 33.3%)
Lethargy (9/57, 15.8%)
Polyphagia (5/57, 8.8%)
Dysuria (2/57, 3.5%)

Clinical signs

Abbreviations: DLH: domestic longhair; DSH: domestic shorthair; FS:
female spayed; MN: male neutered.

TABLE 2 Histopathological assessments of 57 cases by H&E alone

o g e
eosinophilic sclerosing fibroplasia (n = 1), or diagnosis of histoplasmo-
sis (n = 1). Six prospective cases were excluded because of inadequate
sample for analysis (n = 2), poor sample quality (n = 3), or a diagnosis
of gastric LSA with a normal small intestine on H&E (n = 1). Fifty-
seven cases (17 retrospective and 40 prospective) were available for
analyses (Figure 1).

Demographic characteristics and clinical signs are shown in Table 1.
Mean age was significantly higher for LSA (mean, 11.7 years; SD, 2.4)
than IBD (mean, 7.6 years; SD, 3.6; P < .001) cats. No significant associ-
ations were found between the diagnosis based on H&E or after inte-
grating IHC and clonality testing and clinical signs or patient weight, nor
between WSAVA score and clinical signs or patient weight (P > .05).

3.2 | Biopsy sample method, numbers, and quality

Biopsy sample numbers were reported as adequate for all cases, with
exact numbers recorded in 37/57 cases, and a median of 11 USI biopsy
samples (range, 6-20) and 5 LSI biopsy samples (range, 3-12) per case.
Biopsy sample quality was commented on for all cases. For USI biop-
sies, 57/57 cases (100%) had samples of adequate quality. For LSI biop-
sies, 52/57 cases (91.2%) had samples of adequate quality and 5/57
cases (8.8%) had samples of marginal quality. In 37 cases where both
biopsy sample numbers and quality were available, USI biopsy samples
were of adequate quality in all cases; whereas LS| biopsy samples were
of adequate quality in 34/37 (91.9%) cases, and of marginal quality in
3/37 (8.1%) cases. Increased LSI biopsy sample number was associated
with superior sample quality (P < .05). All USI biopsy samples were
obtained by direct visualization. Except for 1 case where the LSI biopsy
method was not recorded, samples were obtained by direct visualiza-
tion in 44/56 (78.6%) cases and by blind technique in 12/56 (21.4%)
cases. The number of LS| samples obtained by direct visualization or by
blind technique ranged from 3 to 12 and 1 to 6 samples, respectively.
In 56 cases where biopsy quality and technique information were avail-
able for both segments (detailed data not shown), biopsy sample quality
in LSI biopsy samples obtained by direct visualization was adequate in

LSI H&E
Definitive IBD Possible LSA Probable LSA Definitive LSA Total
USI H&E Definitive IBD 24 (42.1%) 1(1.8%) 3(5.3%) 1(1.8%) 29 (50.9%)
Possible LSA 1(1.8%) 2 (3.5%) 0 (0.0%) 1(1.8%) 4 (7.0%)
Probable LSA 2(3.5%) 0(0.0%) 6 (10.5%) 0(0.0%) 8 (14.0%)
Definitive LSA 1(1.8%) 1(1.8%) 1(1.8%) 13 (22.8%) 16 (28.1%)
Total 28 (49.1%) 4 (7.0%) 10 (17.5%) 15 (26.3%) 57 (100%)
Diagnosis n (%)
IBD 24 (42.1)
Possible/probable LSA 15 (26.3%)
LSA 18 (31.5%)

Abbreviations: H&E: hematoxylin and eosin; IBD: inflammatory bowel disease; LSA: lymphoma; LSI: lower small intestine; n: number; USI: upper small

intestine.
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40/44 cases (90.9%) and marginal in 4/44 cases (9.1%); whereas biopsy
quality in LSI biopsy obtained blindly was judged to be adequate in
11/12 cases (91.7%) and marginal in 1 case (8.3%). Blind LSI biopsy
technique was significantly associated with a decreased number of
biopsy samples (P = .001), but was not associated with inferior biopsy
sample quality (P = 1.00).

3.3 | Histopathologic results

Based on H&E assessment alone (Figure 1; Table 2), cats were catego-
rized as DeflBD (24 cats, 42.1%), PossLSA (4 cats, 7.0%), ProbLSA
(11 cats, 19.3%), and DefLSA (18 cats, 31.6%). Of the 31 biopsy sec-
tions diagnosed as DefLSA (16 USI, 15 LSI), 28/31 (90.3%) sections
had a monomorphic population of lymphocytes in the lamina propria
that fully effaced the normal architecture, whereas 3/31 (9.7%) had
relatively uniform homogenous populations of lymphocytes, with
(1/31) or without (2/31) marked intraepithelial lymphocytes (IEL) that
were suggestive of LSA but had not fully effaced and replaced the
normal mucosal architecture. The H&E assessment led to 24 cats
being diagnosed with IBD (42.1%), 15 cats with PossLSA or ProbLSA
(26.3%) and 18 cats with LSA (31.5%).

3.4 | Immunohistochemistry and clonality testing

As previously stated, IHC was performed using a stepwise approach,

starting with the T-cell marker CD3+, but additional stains were pursued

TABLE 3 Clonality assessments by polymerase chain reaction for
antigen receptor rearrangements (PARR)

LSI clonality
Polyclonal  Clonal Total
USlI clonality  Polyclonal 13 (22.8%) 1(1.8%) 14 (24.6%)
Clonal 7(12.3%) 36(63.2%) 43(75.4%)
Total 20(35.9%) 37 (64.9%) 57 (100%)

Abbreviations: H&E: hematoxylin and eosin; IBD: inflammatory bowel
disease; IHC: immunohistochemistry; LSA: lymphoma; LSI: lower small
intestine; n: number; USI: upper small intestine.

LSI H&E + IHC + clonality

if deemed necessary. All sections were positive for CD3+. Based on
PARR testing (Table 3), both USI and LSI sections were polyclonal in
13 (22.8%) cases, and both US| and LS| sections were clonal in
36 (62.3%) cases. The remaining 8 cases had discordant results between
USI and LSl sections. In 2 cases, the pathologist suggested additional IHC
staining because of concern for large granular lymphocytic (LGL) LSA. In
total, 3 biopsy sections (1 USI and 2 LSI) were GrB positive (GrB+), which
is considered consistent with LGL-LSA. In 1 cat, both USI and LSI sec-
tions were GrB+ and were clonal. In another cat, the USI section was
GrB- and clonal in a polyclonal background, and the LSI section was GrB
+ and polyclonal, reported as LSA in the USI and LGL-LSA in the LSI.

3.5 | Reclassification of cases based on integrated
interpretation of H&E staining, IHC, and clonality
testing

Results from histopathological assessment of H&E stains, IHC, and
clonality testing were integrated by the external pathologist and
reported as an overall case interpretation, with IBD in 13/57 cats
(22.8%) and LSA in 44/57 cats (77.2%; Figure 1; Table 4).

Eleven of 24 (45.8%) cases initially categorized as DefIBD, and
15/15 (100%) cases initially categorized as PossLSA or ProbLSA were
reclassified as LSA after consideration of IHC and clonality testing. In
total, 26/39 (66.7%) cases of DefIBD/PossLSA/ProbLSA were
reclassified as LSA. No DefLSA case was reclassified as IBD. Among the
44 cases of LSA, 80 biopsy sections showed clonal rearrangements. Of
those 80 biopsy sections, 26 sections had clonal rearrangement in a
polyclonal background, including 10/18 (55.6%), 4/7 (5.7%), 5/19
(26.3%), and 7/36 (19.4%) sections that initially were diagnosed as
DefIBD, PossLSA, ProbLSA, and DefLSA on histopathology, respectively.
In 11 LSA cases, the pattern of T-cell receptor rearrangement differed or
was not clonally related between US| and LSI sections, although some

identical clonal peaks were present in both sections in 1 case.

3.6 | Additional histopathological features

The most common features were increased IEL, lamina propria lym-

phocytes or plasma cells, crypt dilatation or distortion, and mucosal or

TABLE 4 Assessments by H&E, IHC,
and clonality testing

IBD LSA Total
USI H&E + IHC + clonality IBD 13 (22.8%) 1(1.8%) 14 (24.6%)
LSA 6(10.5%) 37 (64.9%) 43 (75.4%)
Total 19 (33.3%) 38 (66.7%) 57 (100%)
Diagnosis n (%)
IBD 13 (22.8)
LSA 44 (77.2)

Abbreviations: H&E: hematoxylin and eosin; IBD: inflammatory bowel disease; IHC:
immunohistochemistry; LSA: lymphoma; LSI: lower small intestine; n: number; USI: upper small intestine.
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lamina propria fibrosis. A positive association was found between the
severity of IEL scores (ie, minimal or mild vs moderate or marked) and
a diagnosis of DeflBD, Poss/ProbLSA or DefLSA based on H&E alone
(P <.001) or a diagnosis of IBD or LSA after integrating IHC and
clonality testing (P = .003). A positive association was found between
severity of lamina propria lymphocytes and plasma cells scores (ie,
minimal or mild vs moderate or marked) and a diagnosis of DefIBD,
Poss/ProbLSA, or DefLSA on H&E (P < .001) and after integration of
IHC and clonality testing (P < .01).

3.7 | Agreement between USI and LSI

Agreement between USI and LS| samples was moderate based on
H&E assessment alone (x = 0.66) and after integrating IHC and
clonality testing (x = 0.70). Based on H&E alone, LSA was diagnosed
in 3/18 (16.7%) cases from USI samples alone and in 2/18 (11.1%)
cases diagnosed from LSI samples alone. After IHC and clonality, LSA
was diagnosed in 6/44 cases (13.6%) from US| samples alone, but only

in 1/44 cases (2.3%) from LS| samples alone.

4 | DISCUSSION
We evaluated the diagnostic utility of procuring both USI and LSI
when results of histopathology are integrated with IHC and clonality
testing for the diagnosis of IBD or LSA in cats. Results showed that
integration of IHC and PARR with histopathology increased the fre-
quency of a diagnosis of LSA. The mean age of our population was
10.7 years, comparable to other studies where CE usually occurred in
middle-aged to older cats.1*¢?1113 Consistent with previous reports,
cats with LSA were significantly older compared to cats with a final
diagnosis of IBD.®”?1413 Clinical signs were not associated with diag-
nosis, reaffirming reports by others that clinical signs cannot differen-
tiate the 2 conditions.>7:714

After integrating IHC and clonality testing results, 67% of DefIBD/
PossLSA/ProbLSA cases were reclassified as LSA, including 46% of the
DefIBD cases (43.9% of sections) and 100% of the PossLSA/ProbLSA
cases (96.2% of sections). The only PossLSA section not reclassified as
LSA was interpreted as possible emerging LSA because of oligoclonality
(markedly decreased TCRG repertoire diversity in a chronic inflamma-
tory background) or multiple neoplastic clones. Emerging LSA was
reported as the likely reason for oligoclonality in a lesion that is mor-
phologically consistent with LSA in Gl biopsy samples from cats.'> This
situation can be difficult to prove without serial biopsies, but in this
case, LSA was diagnosed in the USI. The large number of cases
reclassified to LSA is comparable to what was observed in a previous
study.* One study evaluating 53 cats with alimentary LSA and IBD
reported that 24.0% of H&E only-diagnosed IBD cases were reclassified
to LSA after integration of IHC.2 Another study evaluating 77 cats
reported that 18.0% of H&E only-diagnosed IBD cases were reclassified
as LSA after IHC integration, and 26.9% cases of the IHC-diagnosed
IBD cases were reclassified as LSA after integration of clonality testing.”

N

In contrast, a study evaluating 63 cats reported only 26.0% of H&E
only-diagnosed IBD cases were reclassified as LSA after integration of
IHC, but this number doubled to 53% after also integrating clonality
testing, which is similar to our results.?

Most sections diagnosed as DefLSA (90%) had a monomorphic
population of lymphocytes effacing the lamina propria, and some had
uniform homogenous populations of lymphocytes that had not fully
effaced the normal mucosal architecture, which is a common finding
in alimentary small cell LSA in cats. 472111415 |n 1 study, dense
monomorphic lymphoid infiltrates of small to intermediate-sized cells
that effaced the lamina propria or the entire mucosa were readily rec-
ognized as mucosal T-cell LSA, although these architectural alterations
only were observed in advanced mucosal T-cell LSA.Y® Less advanced
LSA cases may have had less severe histological changes that were
less likely to be interpreted as DefLSA, and may explain the large pro-
portion of IBD cases that were reclassified as LSA in our study and a
previous study.*

In contrast to the high rate of reclassification of IBD cases to LSA,
none of our cases diagnosed with LSA were reclassified as IBD. This
finding is in contrast to previous reports where up to 15.6%,2 12.5%,”
and 8.1%* of cases with an initial diagnosis of LSA were reclassified as
IBD based on IHC or clonality testing or both. The discrepancies might
be a result of high interobserver variability for the histopathologic
assessment of biopsy samples,® different biopsy sampling techniques,
and variabilities in conduction, performance, and interpretation of
clonality testing.!” Although the sensitivity of PCR-based clonality
assays performed on FFPE tissue generally is considered to be high
(>90%), a study in humans with lymphoproliferative disease identified
specificities as low as 54.3% in patients with reactive lesions, despite
the use of standardized clonality assays. Currently, there are no stan-
dards for conducting or interpreting clonality assays in veterinary
medicine.?”*® Only H&E staining and IHC were performed in a previ-
ous study,® and LSA cases were reclassified based on the presence of
mixed CD3+/CD7%a+ lymphocytes. However, alimentary LSA in cats
often coexists with inflammatory lesions, and a background of mixed
infiltrates does not necessarily rule out LSA. We found that 18/44
cases with clonal sections had a polyclonal background, consistent
with a diagnosis of LSA with concurrent inflammation. A possible pro-
gression of IBD to LSA over months to years has been hypothe-
sized.*>? In 1 study, 60% cats with alimentary LSA had a prior clinical
history indicative of IBD, and IBD was identified in intestinal segments
proximal or distal to those with LSA in cats where tissue was
available.??

A stepwise approach of histopathology, followed by immuno-
phenotyping, and finally testing to determine the clonality of infiltrating
T- and B-cells generally is recommended.**”2° Immunohistochemistry
and clonality results were considered separately rather than in conjunc-
tion in another study.”

T-cell receptor rearrangement pattern differed between USI and
LSI sections in 11 LSA cases. Identical neoplastic T-cell clones in dif-
ferent Gl segments is more common, although the occurrence of
2 unrelated clones in topologically distinct sites in a single cat has

been reported.*>*?
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Epitheliotropism, present in 38% of feline alimentary LSA cases, is
an important diagnostic feature, and the presence of clusters of IELs
in villous or crypt epithelium is readily recognizable.*® Higher inter-
observer variability however occurs in diffuse villous epitheliotropism,
which may be under-recognized in H&E-stained sections although it
appears more abundant on IHC.1>21 This variability may have contrib-
uted to the 46% DeflBD cases that were reclassified to LSA after
integration of IHC and clonality.

Moderate agreement was found between US| and LSI sections. In
cases where LSA was present in only 1 of the sections, 3/18 (17%)
were only diagnosed in the USI compared with 2/18 (11%) in only the
LSI on H&E assessment alone. After integration of IHC and clonality
testing, only 1 case of LSA was diagnosed in the LSI alone. In contrast, a
previous study reported poor agreement between the USI and LSI, with
17% having LSA in both sections, 39% LSA only in the USI, and 44%

only in the LSI.**

However, LS| samples in that study were significantly
more likely to be classified as “marginal” in quality (16%) compared to
USI (3%) samples. This difference may be related to biopsy technique,
because most of their LS| samples were obtained by blind biopsy. Only
21% of our cases had blind LSI biopsies performed, with 9% of LSI sam-
ples classified as marginal in quality, compared to 100% of USI samples
classified as adequate quality. Decreased LS| biopsy number was associ-
ated with decreased sample quality, and blind LSI biopsy technique was
associated with fewer biopsy samples. Although blind technique itself
was not associated with inferior biopsy sample quality, our study may
have been underpowered to detect such an association because there
was only 1 case with marginal quality that was obtained by blind tech-
nique. Furthermore, fewer prospective cases were excluded because of
sample issues (5/46, 10.9%) than were retrospective cases (13/34,
38.2%), because more samples had been acquired during the prospec-
tive portion of the study. Higher quality samples would decrease the
number of biopsy samples needed to establish a diagnosis, improve the
pathologist's ability to arrive at an accurate diagnosis on H&E staining
and IHC, and also potentially increase the target DNA for clonality test-
ing.> It has been reported previously that approximately 6 marginal or
adequate samples from the stomach or duodenum are sufficient to
diagnose mild or moderate cellular infiltration in cats.> Our median
biopsy sample numbers were 11 and 5 per case for US| and LSI, respec-
tively. Biopsy sample numbers were not reported in a previous study,
and may have led to greater discrepancy in diagnoses between USI and
LSI samples in that study.' Alimentary LSA in cats is most prevalent in

1519 or duodenum.?! The duodenum and ileum in the cat

22 In

the jejunum
are short, with median lengths of 9.2 and 2.5 cm, respectively.
almost all cases, a 103 cm gastroscope can go well beyond this dis-
tance. Therefore, it is likely that most of our USI and many of our LSI
samples also contained jejunum. Our results are consistent with our
clinical experience, where the diagnosis arrived at by evaluating biopsy
samples from the USI or LSI often were in agreement, and rarely did LSI
samples change the diagnosis. This is clinically important because it sug-
gests that if USI biopsy samples are collected, procuring LSI samples
may not be necessary in most cases.

Clonality assays have become the gold standard for the diagnosis

and differentiation of intestinal T-cell LSA in cats since their

introduction in 20054151923 Eyaluation of TCRG rearrangement on
FFPE tissue is up to 91% sensitive for the detection of GI LSA in cats.'®
The high sensitivity may explain the large proportion of cases (69%)
that were reclassified as LSA in our study and a previous study (53%).*
Some reclassified LSA cases may have had neoplastic infiltrates else-
where in the Gl tract, and a phenomenon known as lymphocyte traf-
ficking may have led to clonal TCRG rearrangements despite a lack of
apparent histopathological changes.2* Indolent lymphocyte clones were
a possibility in our study cats, although this occurrence would be
difficult to prove without long-term follow-up by serial biopsies.

The specificity of standardized T-cell clonality assays in a study of
lymphoproliferative disease in humans was shown to be as low as
54%.2° In a recent study, many middle-aged to older, clinically healthy
cats were diagnosed with intestinal LSA based on histopathology and
IHC and clonality testing.2® A study of CE in cats found clonality assays
to have a poor specificity of 33%.2¢ Poor specificity of clonality testing
also may explain our high reclassification rate. False-positive clonality
results can occur because of benign clones, canonical rearrangements,
or pseudoclonality.r” Therefore, results of clonality assays should be
interpreted along with clinical, histopathology, and IHC data,* and per-
formed in the same laboratory, preferably by the same pathologist.2”2°
Unfortunately, not all veterinary laboratories follow this recommenda-
tion.*”1® Meanwhile, false-negative results also can be a problem,
mainly because of insufficient primer coverage.”‘20 Identification of all
TCRG gene segments only will be possible when the feline genome is
assembled.*® Further evaluation of the specificity of clonality assays in
veterinary medicine is warranted.

Our study had several limitations. Most of the cats had some form
of dietary trial while being managed by the referring veterinarian, but
we cannot verify this possibility for all cats nor can we verify which
diets they were fed and if these diets were fed exclusively. Some of our
cases were retrospective and approximately one-third of retrospective
cases were excluded because of sample issues, often related to fewer
numbers of samples obtained at the time. All tissue samples were from
EBs. Although mucosal effacement and transmural lymphocytic invasion
determined from full-thickness biopsy samples may help to diagnose
LSA, alimentary small cell LSA manifests in the intestinal mucosa long
before transmural progression.>?%2” This feature is supported by a
previous study where the mucosal T-cell LSA group largely consisted of
the small-cell type, whereas the transmural T-cell LSA group was mostly
of the large-cell type, with a higher mortality rate in the transmural and
large-cell groups, likely because of advanced disease.!® In addition,
given the limited number of full-thickness biopsy samples generally
obtained, the diagnostically available mucosal surface can be substan-
tially decreased compared to many EBs obtained over a larger anatomic
area, and EBs may allow for early detection and treatment of alimentary
small cell LSA (Marsilio et al. 2020, unpublished data). Although H&E
assessment performed by 1 pathologist and the lack of a blinded review

may introduce bias,*%2®

submitting samples to a single pathologist with
relevant clinical information provided mimics what is done clinically,
and using a pathologist with special interest in Gl pathology may mini-
mize interpretation variability. In 16 cases, histopathology was reviewed

by >1 pathologist (10 retrospective and é prospective cases because of
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pathologist availability or owner requests). Diagnoses either remained
the same (11/16), were reported as more likely to be LSA (4/16; all sub-
sequently were classified as LSA on IHC and clonality), or an initial
report of PossLSA was reported as IBD (1/16; reclassified as LSA on
IHC and clonality). A study with H&E assessments by multiple patholo-
gists would allow for assessment of the degree of interobserver
variability and the impact on the proportion of cases that become
reclassified after applying IHC and clonality testing. Finally, exact biopsy
sample numbers were available for only 65% of cases, which may or

may or alter the association between sample number and quality.

5 | CONCLUSIONS

Our results show that the addition of IHC and clonality testing to
H&E assessment increases the number of cases diagnosed with LSA.
Although the sensitivity of clonality testing is considered to be high,
further assessment of its specificity is warranted. Further research to
determine if a change in diagnosis correlates with patient outcome is
in progress. Additionally, moderate agreement was found for the diag-
nosis of IBD and LSA between samples collected from the USI or LSI
upon histopathology alone or when integrating IHC and clonality
testing. Importantly, in our study, samples from the LSl rarely led to a
diagnosis of LSA that would otherwise have been diagnosed as IBD
on US| samples alone.
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