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Abstract

Anaplastic large T-cell lymphoma (ALTCL) is a rare subtype of non-Hodgkin T-cell lymphoma
that occasionally occurs in the gastrointestinal tract of humans. Enteropathy-associated T-cell
lymphoma (EATL) type 1 is the most common type of intestinal lymphoma in dogs, and ALTCL
has not previously been reported in the intestinal tract of dogs. Thirteen dogs with intestinal
masses diagnosed as intestinal lymphoma with anaplastic morphology were reviewed. Clinical
data, including treatment protocols, were available for 11 cases. Immunohistochemistry for CD3,
CD20, and CD30 was performed for all cases in addition to PCR for Antigen Receptor
Rearrangements (PARR) for assessment of clonality. Eight (62%) of the cases presented with
intestinal perforation, and all cases had 1 or more masses arising from the small intestine.
Histologically, all cases were characterized by transmural infiltrates of large, CD3-positive and
frequently CD30-positive cells. Neoplastic T cells had marked anisocytosis and anisokaryosis,
prominent nucleoli, and occasionally indented to reniform nuclei. There was abundant necrosis
and inflammation with occasional vascular invasion within neoplastic masses. All cases had a
monoclonal T-cell receptor -y gene rearrangement. The median survival time was 5 days, with 1
dog surviving 2 years after the initial diagnosis. ALTCL can occur as an aggressive transmural
lymphoma in the gastrointestinal tract of dogs and commonly causes intestinal perforation.
ALTCL can be differentiated from EATL type 1 and might have implications for accurate
prognostication and selection of therapeutic options in the future.
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Anaplastic large T-cell lymphoma (ALTCL) is a rare subtype of non-Hodgkin’s T-cell
lymphoma first described in humans in 1985.20 According to the most recent World Health
Organization (WHO) classification, ALTCL is separated into a primary systemic and a
primary cutaneous form with division of the systemic subtype into 2 distinct entities:
anaplastic lymphoma kinase (ALK)-positive ALTCL and ALK-negative ALTCL.2L All
subtypes are defined by the presence of atypical lymphoid cells with pleomorphic,
horseshoe, or kidney-shaped nuclei and abundant cytoplasm (hallmark cells) and expression
of the lymphocyte activation marker, CD30.24 ALTCL primarily affects lymph nodes with
uncommon involvement of extranodal sites, including soft tissue, bone, lung, liver, and
rarely the central nervous system or gastrointestinal tract.1:>17 While both subtypes of
systemic ALTCL may affect the intestine, involvement of the skin, liver, and gastrointestinal
tract occurs more frequently in ALK-negative cases.18 ALTCL is poorly characterized in
animal species with few case reports of ALTCL in dogs affecting the skin, subcutaneous
tissue, and/or lymph nodes.15:23 ALTCL has not yet been described as a distinct entity in the
intestine of any animal species.

Primary gastrointestinal lymphoma is uncommon in both humans and dogs, accounting for
10% to 15% and 5% to 7% of lymphoma cases, respectively.?124 B-cell lymphoma is the
predominant primary gastrointestinal lymphoma in humans, while most canine cases are
classified as enteropathy-associated T-cell lymphoma (EATL) type 1. EATL type 1 is
characterized by large lymphoid cells and is frequently associated with necrosis, transmural
infiltration, and a rapid clinical course. In contrast, EATL type 2 is the most common
intestinal lymphoma in cats but is uncommon in dogs and typically exhibits a more indolent
behavior.11:23 Histologically, it is characterized by small- to intermediate-sized lymphoid
cells that predominantly infiltrate the intestinal mucosa and rarely cause necrosis.1123 |n
humans, EATL is strongly linked to inflammatory bowel disease. This connection, while
suspected, has not been definitively proven in dogs.?

This study aims to describe the clinicopathologic features in a series of cases in dogs with
intestinal T-cell lymphoma resembling ALTCL in humans.

Materials and Methods

Case Selection

Thirteen dogs, all of which were patients at different veterinary hospitals throughout the
United States and had small intestinal biopsy samples submitted to Antech Diagnostics,
were included in this study. Cases were selected based on a diagnosis of confirmed or
suspected lymphoma and the histomorphologic features of neoplastic cells, including
marked anaplasia and evidence of angioinvasion.
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Tissue Processing

One or 2 resected segments of small intestine from each case were submitted to Antech
Diagnostics. Cases originated from California, Kansas, Illinois, Massachusetts, New Jersey,
and Washington between 2014 and 2017. Some of the cases also included a biopsy of liver,
mesenteric lymph node, or spleen. Tissues were routinely sectioned and embedded in
paraffin blocks upon receipt. Five microns in thickness sections of each block were routinely
stained with hematoxylin and eosin and examined histologically. Special stains were
performed for some cases in which marked inflammation was observed, including Grocott’s
methenamine silver (GMS) stain, periodic acid-Schiff (PAS) stain, and Ziehl-Neelsen stain.

Immunohistochemistry

Immunohistochemistry for polyclonal rabbit anti-human CD3 (1:200; DAKO) and
polyclonal rabbit anti-human CD20 (1:200; Thermo/Neomarkers) was performed on a Bond-
Max automated system (Leica Microsystems, Bannockburn, IL) using a biotin-free,
polymeric peroxidase-based detection kit with DAB chromagen and hematoxylin
counterstain (Bond Polymer Refine Detection kit; Leica Microsystems) as previously
described.® Immunohistochemistry for monoclonal mouse anti-human CD30 (Ber-H2, 1:50;
DAKO) was performed on a DAKO 48 immunostainer using a biotin-free, polymeric
peroxidase-based detection kit with DAB chromagen and hematoxylin counterstain (FLEX
Detection kit; DAKO).1® Cells with CD3, CD20, or CD30 membranous or cytoplasmic
labeling were evaluated as positive. Positive controls consisted of sections of canine lymph
node, and for negative controls, primary antibodies were replaced with buffer. The
percentage of CD30 immunopositive cells was estimated by visual assessment of 1
representative slide per case by 1 pathologist (M.K.).

PCR for Antigen Receptor Rearrangements Testing

Results

DNA extraction was performed on five 5-um-thick (25 um thickness total) serial sections
from formalin-fixed, paraffin-embedded tissues. Rearrangements of the TCR-y and
immunoglobulin heavy chain gene variable regions was assessed by amplifying the
complementary determining region 3 (CDR3) as previously described.3:6

Clinical History

Eight cases were spayed females and 5 were males (4 neutered). The mean age at the time of
diagnosis was 11 years (range, 9—-13 years; median, 11 years). Four cases were Pugs (31%),
but no other breed was overrepresented (Table 1).

Eight cases presented with a small intestinal perforation and septic peritonitis diagnosed via
cytology of abdominal fluid. The predominant clinical signs were vomiting, hyporexia or
anorexia, pyrexia, and weight loss. One case presented for seizures, and a jejunal mass was
discovered on abdominal ultrasonography. Seven cases had a single small intestinal mass. In
6 cases, these masses arose from the jejunum; the location of the mass for the remaining
case was not reported. One case had 2 jejunal masses, and 2 cases had multiple masses
throughout all segments of the small intestine. Two cases exhibited thickened jejunal and
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duodenal walls, respectively, with loss of defined layering on ultrasound. One case also had
a single liver mass, and the liver and mesenteric lymph nodes of another case were enlarged
and pale (Table 1). Concurrent reported conditions included diabetes mellitus (1 case),
seizures (2 cases), dilated cardiomyopathy (1 case), unspecified heart disease (1 case), and
leptospiral hepatopathy (1 case). One case had a history of a previously excised
hepatocellular adenoma and inflammatory bowel disease, and another case had a history of
pancreatitis and small intestinal rupture attributed to nonsteroidal anti-inflammatory drug
(NSAID) use. One case had undergone a gastrotomy and enterotomy on separate occasions
10 years prior for unspecified reasons (Suppl. Table S1). All cases underwent an exploratory
laparotomy followed by resection and anastomosis to remove the affected small intestine.

Treatment and Outcome

The mean survival time following diagnosis was 83 days (range, 2 days to 2 years; median, 5
days). Six cases were euthanized due to poor recovery from surgical excision of intestinal
lesions (2-5 days). Two cases were presented 33 and 64 days after the initial surgery,
respectively, with a second intestinal perforation. One of these cases died the following day
while the other case was euthanized due to poor prognosis. Two cases were euthanized 18 to
48 days following diagnosis, but the reason was not specified. Only 1 case received
chemotherapy and survived for 2 years following surgery (Table 1). Additional clinical
information was not available for the remaining 2 cases.

Histologic Lesions

Lesions in all cases were characterized by transmural infiltrates of neoplastic round cells
extending into the serosa and mesenteric adipose tissue (Fig. 1). Neoplastic masses
frequently exhibited large areas of ischemic necrosis that ranged from multifocal (4 cases) to
extensive and were frequently transmural (5 cases; Fig. 2). Masses were densely cellular and
comprised large neoplastic lymphoid cells with indistinct cell margins and a small to
abundant amount of eosinophilic cytoplasm. Nuclei were round to oval to occasionally
indented or reniform with finely stippled chromatin and 1 to 2 prominent nucleoli.
Neoplastic cells exhibited moderate to marked anisocytosis and anisokaryosis with
occasional multinucleation (Fig. 3). The mitotic index was highly variable, ranging from 1 to
45 mitoses per 10 high-power (40x) fields with an average mitotic index of 11. Neoplastic
infiltrates were also identified within the liver of 3 cases and the mesenteric lymph nodes of
1 case (Suppl. Table S1). Neoplastic infiltrates multifocally contained small numbers of
large lymphoid cells with an eccentric, horseshoe-shaped to reniform nucleus, prominent
nucleoli, abundant cytoplasm, and a variably distinct, eosinophilic Golgi region adjacent to
the nucleus (hallmark cells; Fig. 4). There were 1 to 10 of these cells per ten 40x fields.

Commonly, neoplastic cell infiltrates resulted in ulceration (10 cases) and/or perforation of
the intestine with abundant fibrinosuppurative inflammation and associated mixed bacteria
and intestinal contents (4 cases; Suppl. Table S1). When the point of rupture was not
captured in the histologic section, perforation was evidenced by fibrinosuppurative
peritonitis (2 cases). Neoplastic masses were usually solitary, although 3 cases exhibited
multiple disseminated masses (3 cases). In some cases, neoplastic cells were masked by
dense inflammatory infiltrates that resulted in a primary inflammatory lesion being listed as
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a differential diagnosis (5 cases). Inflammatory infiltrates were mixed in all cases and
included variable proportions of macrophages, neutrophils, lymphocytes, and plasma cells.
Within foci of ischemic necrosis, neoplastic cells were commonly observed surrounding and
invading blood vessels (6 cases; Fig. 5), frequently causing vascular wall necrosis. Extensive
areas of granulation tissue and fibroplasia, usually adjacent to areas of ulceration, were also
common. Only 1 dog exhibited evidence of inflammatory bowel disease, including
multifocal lacteal and crypt dilation with filling of dilated crypts by eosinophilic
proteinaceous material and few degenerate cells.

Immunohistochemical Findings

Neoplastic lymphoid cells in all cases exhibited diffuse membranous or cytoplasmic
immunoreactivity for CD3 (Fig. 6) while no neoplastic cells were immunoreactive for
CD20. Intracytoplasmic immunopositivity for CD30 was observed in 50% to 100% of
neoplastic cells, frequently in clusters and less commonly in diffuse sheets in all cases (Fig.
7). Small to moderately sized clusters of small lymphocytes throughout the lesion with
strong membranous or cytoplasmic immunoreactivity for CD20 were observed in all cases
and were consistent with inflammatory infiltrates (Fig. 8).

PCR for Antigen Receptor Rearrangements Testing

Neoplastic masses from all cases had a monoclonal T-cell receptor y gene rearrangement.
Two cases also had a monoclonal rearrangement of the immunoglobulin heavy chain gene
(Suppl. Table S1).

Discussion

This series characterizes a subtype of intestinal T-cell lymphoma in dogs that has not been
previously described as an independent entity affecting the intestine and shares similar
features with those described for ALTCL in humans. According to the WHO classification,
ALTCL can be classified as primary cutaneous or systemic.2! The systemic form
predominantly affects lymph nodes, but extranodal involvement is common, occurring in
60% of cases.23 The most common extranodal site is the skin followed by soft tissue, bone,
lung, liver, and rarely the central nervous system or gastrointestinal tract.? In dogs, ALTCL
has been described as a rare form of highly aggressive, nonepitheliotropic cutaneous
lymphoma in older dogs that begins as single or multiple skin nodules with rapid
progression, in contrast to the more indolent course in human cutaneous ALTCL.24.25
Cutaneous forms have also been described in cats associated with injection sites.16 A nodal
form has been reported sporadically in cats and young, large-breed dogs that typically
develop generalized skin disease, lymphadenopathy, and dependent edema with rapid onset
and progression.24 No dogs in this series exhibited cutaneous disease or generalized
lymphadenopathy, but 3 cases had metastasis to the liver and 1 to the mesenteric lymph
nodes. Although no necropsies were performed to assess for additional systemic
involvement, the gastrointestinal tract is suspected to be the primary site of origin in all
cases.
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In humans, dogs, and cats, the histomorphologic diagnosis of ALTCL is based on the
presence of cells with abundant cytoplasm and large, pleomorphic, and often horseshoe- to
kidney-shaped nuclei (hallmark cells).2* Three histologic variants are described in humans,
including the common, small cell, and lymphohistiocytic type.2 The common type is
composed of sheets of hallmark cells while the latter 2 variants comprise a mixture of cells
of various sizes or predominantly histiocytes, respectively, with admixed small numbers of
hallmark cells. In this series, the number of cells with hallmark morphology was small,
consistent with the small cell and lymphobhistiocytic variants of ALTCL described in
humans, although the predominance of large cells within the neoplasm is more in line with
the common type.2! The presence of hallmark cells has recently been reported in a nodal
case of ALTCL in a dog and 3 cases of injection site lymphoma in cats.1%16 An additional
interesting histologic feature in this series, also described in cases of feline and human
primary cutaneous ALTCL and cases of systemic canine ALTCL, is prominent
angioinvasion and angiodestruction.12:13.23 Sych vascular lesions aided in diagnosing
lymphoma in cases where inflammatory cells far outnumbered neoplastic cells and may have
been responsible for the ischemic changes seen in several of the cases of this report.

Most gastrointestinal T-cell lymphomas in both humans and dogs are classified as EATL
type 1.87 Similarly to the cases reported here, EATL type 1 comprises large cells that often
have transmural infiltration of the affected intestinal segment associated with necrosis and
secondary inflammation.2* The distinction between EATL type 1 and ALTCL can therefore
be difficult based on histomorphology alone. However, EATL type 1 derives its name from
its close correlation with inflammatory bowel disease in humans, a connection that is
suspected but as yet unproven in dogs.24 Diagnostic criteria of EATL type 1 in humans
include signs of enteropathy, such as villous blunting, crypt hyperplasia, and intraepithelial
lymphocytosis.? In dogs, villous atrophy has been described as a consistent feature in cases
of EATL type 1.8 In this series, only 1 case exhibited signs of inflammatory bowel disease,
and villous atrophy was not noted in any of the cases. This, in addition to the striking
anaplastic morphology of the neoplastic cells and the commonly observed vascular lesions,
may allow for histomorphologic differentiation between ALTCL and EATL type 1 in the
intestine of dogs.

The systemic form of ALTCL is further subdivided into 2 distinct subtypes, ALK-positive
ALTCL and ALK-negative ALTCL. ALK is a tyrosine kinase that induces neoplastic
transformation following translational fusion with an activating promoter.23 Despite
identical histomorphologic appearances, prognosis differs significantly between the
subtypes, with cases of ALK-positive ALTCL reaching a 5-year survival rate of nearly 80%,
while the rate is only 48% in cases of ALK-negative ALTCL.2! ALK-positive ALTCLs
occur most commonly in younger patients, frequently in children, while ALK-negative
ALTCLs are more common in older patients.# Unfortunately, the expression of ALK has not
been studied in animals, and the possibility of chromosomal rearrangements in the ALK
gene in cases of canine lymphoma remains to be investigated. Nevertheless, the poor
survival time and older age of the dogs in this series correlate best with the ALK-negative
subtype of humans. In addition, primary involvement of the gastrointestinal tract is more
frequently reported with ALK-negative ALTCL.1.10.18
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ALTCLs lacking ALK gene rearrangement are more frequently positive for CD3- than ALK-
positive ALTCLs.18 All neoplasms in this series demonstrated diffuse immunopositivity for
CD3, providing further correlation with the ALK-negative subtype. In humans, neoplastic
cells also frequently express at least 1 cytotoxic marker, such as perforin, granzyme B, or
TIA-1.24 Unfortunately, no commercial antibodies that cross-react with these antigens in
dogs are available for use in paraffin-embedded sections. In reported cutaneous and nodal
ALTCL in dogs, neoplastic cells have demonstrated diffuse immunopositivity for CD3, as
seen in all dogs this case series.23 In human medicine, ALTCL is diagnosed through a
combination of characteristic histomorphologic features and diffuse immunolabeling of
neoplastic cells with CD30, a transmembrane cytokine receptor expressed on both activated
T and B lymphocytes.1® The demonstration of CD30 expression in canine lymphoma is
limited to a case report of pulmonary lymphomatoid granulomatosis, in which a
subpopulation of cells expressed CD30, and a report of an ALCL of null cell phenotype in
the lymph node of a dog.141®> Neoplastic cells from all cases described here exhibited
varying degrees of immunopositivity for CD30. However, despite the frequent use of CD30
immunohistochemistry for diagnosing ALTCL in humans, the differentiation between
ALTCL and EATL type 1 can be challenging as up to 37.5% of EATL type 1 cases can
express CD30 in a large portion of neoplastic cells.® In such cases, histomorphology is used
as the predominant determining factor in distinguishing ALTCL from EATL type 1.

The median survival time in this case series was a mere 5 days, with most cases being
euthanized days to a few weeks following a second intestinal perforation or the development
of complications associated with the first perforation. In humans, intestinal perforation is
one of the main causes of death in intestinal T-cell lymphoma, resulting in death of up to
30% of patients.22 All dogs in this series presented with relatively acute clinical signs with
death or euthanasia following shortly thereafter, indicating the rapidly progressive nature of
the disease. The prognosis for intestinal ALTCL in dogs appears to be quite poor, similar to
the prognosis of ALK-negative ALTCL in humans. Cases of cutaneous and ALK-positive
systemic ALTCL in humans typically respond favorably to a combination of surgical
resection, chemotherapy, and occasionally radiation therapy.?! Interestingly, 1 case survived
2 years following its initial diagnosis, during which it received the chemotherapeutic agent,
lomustine, following surgical excision of the intestinal mass. This suggests the potential for
canine intestinal ALTCL to respond to therapy. However, the low number of cases receiving
chemotherapy in this series is insufficient to document such association. On the contrary, the
short survival time of the remaining cases in the series indicates a poor prognosis with a
rapid clinical course for canine intestinal ALTCL.

In both EATL type 1 and ALTCL, intense inflammatory cell infiltrates and/or large foci of
necrosis may obscure the neoplastic cell population, resulting in a potential misdiagnosis of
an inflammatory condition, rather than lymphoma, as occurred in several of the cases in this
series.824 Full-thickness biopsies that allow assessment of the transmural infiltrate
combined with numerous sections through different portions of the mass will aid in the
diagnosis of ALTCL. As performed in several cases in this series, special stains can assist in
ruling out an infectious etiology. In addition, PCR for Antigen Receptor Rearrangements
(PARR) may be useful in supporting a diagnosis of lymphoma in severely inflamed cases.
However, inflammatory lymphocytes might outnumber neoplastic lymphocytes and result in
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a polyclonal PARR result. All cases in this study had a monoclonal T-cell receptor y gene
rearrangement.

This case series describes primary intestinal ALTCL in dogs that are characterized by CD3-
and CD30-positive T cells with clonal rearrangement of TCRG and a high degree of cellular
anaplasia, the presence of hallmark cells, and common vasocentricity to allow differentiation
from the much more common EATL type 1. Further investigation, including prospective
studies, additional immunophenotyping, and genetic analysis, is needed to better understand
the tumorigenesis and therapeutic options for intestinal ALTCL in dogs.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Anaplastic large T-cell lymphoma, j& unum, dog. Hematoxylin and eosin.
Dog No. 1. Transmural infiltrates of neoplastic lymphoid cells.
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Figure 2. Anaplastic large T-cell lymphoma, j& unum, dog. Hematoxylin and eosin.
Dog No. 11. Multifocal to coalescing extensive areas of coagulative necrosis (asterisks)
surrounded by neoplastic cells.
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Figure 3. Anaplastic large T-cell lymphoma, jejunum, dog.

Dog No. 10. Large neoplastic cells with abundant eosinophilic cytoplasm and round to oval
nuclei with 1 to 2 prominent nucleoli. Anisocytosis and anisokaryosis are moderate to
marked. Hematoxylin and eosin (HE).
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Figure 4. Anaplastic large T-cell lymphoma, jejunum, dog.
Dog No. 1. Occasional neoplastic cells are large (arrow) with an eccentric, horseshoe-shaped
nucleus (hallmark cells). HE.
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Figure 5. Anaplastic large T-cell lymphoma, jejunum, dog.
Dog No. 2. Neoplastic cells frequently surround and invade blood vessel walls, resulting in
fibrinoid necrosis. HE.
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Figure 6. Anaplastic large T-cell lymphoma, jejunum, dog.
Dog No. 9. Neoplastic T cells exhibit strong membranous to cytoplasmic immunolabeling
for CD3.
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Figure 7. Anaplastic large T-cell lymphoma, jejunum, dog.
Dog No. 5. Neoplastic T cells with strong membranous to cytoplasmic immunolabeling for

CD30.
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Figure 8. Anaplastic large T-cell lymphoma, jejunum, dog.
Dog No. 2. Rare, scattered cells, interpreted as reactive B lymphocytes, have strong
membranous to intracytoplasmic immunolabeling for CD20.
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