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Hepatosplenic T-cell lymphoma (HSTCL) is a rare T-cell
neoplasm that most commonly arises from a small
subset of v/8 T-cell receptor-expressing lymphocytes.
HSTCL is more common in adolescent and young adults
and has a rapidly progressive clinical course and poor
outcome due to its refractoriness to conventional che-
motherapy regimens. Approximately 20% of the cases
arise in the background of chronic immunosuppression
or immune dysregulation. Patients commonly present
with constitutional symptoms, hepatic and liver en-
largement, and cytopenias; hematophagocytic syn-
drome can also occur. The most frequent chromosomal

aberrations associated with HSTCL are isochromosome
7q and trisomy 8, and most cases harbor mutations in
genes involved in chromatin modification or the JAK/
STAT pathway. The rarity of this disease, along with lack
of nodal involvement and presenting symptoms that
mimic different entities including infectious etiologies,
makes this lymphoma a significant diagnostic challenge.
In this review, we highlight the clinical and patho-
logic features of HSTCL. Moreover, we summarize the
results of recent molecular studies suggesting potential
targets for novel therapeutics strategies. (Blood. 2020;
136(18):2018-2026)

Introduction

Hepatosplenic T-cell lymphoma (HSTCL) is a rare subtype of
peripheral T-cell lymphoma (PTCL), first described in 1981 and
included as provisional entity vd hepatosplenic T-cell lymphoma
in the revised European American Lymphoma Classification in
1994." After the identification of rare cases with an a8 pheno-
type, the term "hepatosplenic T-cell lymphoma,” first used in
1990, has been adopted to describe this neoplasm in the
World Health Organization (WHO) classification.® HSTCL ac-
counts for <5% of all PTCL cases with slightly over 200 cases
reported in the literature. According to a retrospective study of
1314 cases of T-cell lymphoma diagnosed worldwide, the
incidence of HSTCL is 1.4%.* More recently, a prospective
study, the T-cell Project, reported a similar incidence of 2%,
with more cases observed in the United States compared
with Europe (44% vs 25%), and extremely rare cases in other
countries.®

As its name indicates, HSTCL is characterized by a proliferation
of small-medium-sized mature T cells infiltrating the sinusoids of
liver and spleen. Clinical presentation, histologic features, and
molecular findings make this disease a unique entity among
other PTCLs.

In healthy adults, y8 T cells represent <5% of circulating lym-
phocytes and are commonly found in mucosal sites, lymphoid
and cutaneous tissues, the gastrointestinal tract, and red pulp of
the spleen. They are most frequent in the spleen where they
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contribute 30% of the T-cell population compared with only 1%
to 5% of circulating lymphocytes. They are derived from double-
negative (CD4~/CD8") thymic precursors in the bone marrow. y8
T lymphocytes are members of the innate immune system with
cytotoxic features making them capable of acting as early
effectors.®”

Although the majority of cases of HSTCL occur de novo, ~20%
arise in the setting of immunosuppression or immune dysre-
gulation, particularly autoimmune disorders, inflammatory
bowel disease (IBD), hematologic malignancies, and previous
solid organ transplant. Specific agents that have been implicated
include common regimens used for IBD such as anti-tumor
necrosis factor (anti-TNF) therapies and thiopurine immuno-
modulators, specifically azathioprine and 6-mercaptopurine.
More than 30 cases of HSTCL involving patients with IBD have
been reported since 1996.8 Risk factors for HSTCL in IBD are
young age, concomitant use of anti-TNFs and thiopurines,
Crohn disease as an IBD subtype, male sex, and long-term
thiopurine therapy (=2 years). Concurrent rather than single-
agent TNF-a inhibitor therapy may be a stronger risk factor, but
rather than being a direct result of treatment, it is likely related to
the severity of the underlying disease, level of inflammatory
activity, and increased immunosuppression. A case series and
review of the literature reported that 89% of patients with au-
toimmune diseases were also treated with immunosuppressive
drugs.®?
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Table 1. Summary of common clinical and pathologic
features of HSTCL

Common HSTCL features Patients

Median age (range), y 34 (5-68)
Previous solid organ transplant, 0-19
%
Immune compromise, % 2-27
Elevated LDH, % 55-62
Abnormal LFT, % 38-43
Anemia, % 73-84
Thrombocytopenia, % 45-95
Neutropenia, % 36-85
Splenomegaly, % 97-100
Hepatomegaly, % 40-80
Adenopathy, % 0-13
Isochrome 7q, % 25-70
Trisomy 8, % 8-53
Immunophenotype CD2*, CD3*, CDh4-, CD5-, CD7+,
CD8~, vd TCR*, TIAT*

Summary of clinical and pathologic characteristics based on largest series. 1721

LFT, liver function test.

Clinical presentation

Although HSTCL can present at any age, it occurs predominantly
in young adults, with the median age of 34 years, and has a
strong male predominance. Patients typically present with
constitutional symptoms, abdominal discomfort due to spleno-
megaly and/or hepatomegaly, and, in some advanced cases,
jaundice. Cytopenias are common whereas lymphadenopathy is
typically absent. Thrombocytopenia is almost always present
and has been shown to correlate with disease progression.
Cytopenias can be due to hypersplenism, bone marrow in-
filtration, cytokine release, or can be immune mediated. Other
laboratory findings include elevated lactate dehydrogenase
(LDH), increases in levels of alanine aminotransferase, aspartate
aminotransferase, and alkaline phosphatase (Table 1). Although
lymphocytosis is uncommon, a small population of atypical
lymphocytes can be detected by flow cytometry in ~50% of
patients. In advanced cases, leukemic and blastic evolution have
been reported.’ Hemophagocytic syndrome can also occur and
can be associated with a rapid clinical course.”'? Given its rarity
and the absence of nodal involvement in most cases, diagnosis
of HSTCL can be challenging and the disease can mimic in-
fectious etiologies or other malignant disorders, with signifi-
cant delays in diagnosis and initiation of treatment. Staging
workup for HSTCL is the same as that routinely used for other
non-Hodgkin lymphoma (NHL), with the exception of bone
marrow aspiration and biopsy, which are an essential compo-
nent of baseline evaluation in HSTCL. Splenectomy was the
most common diagnostic procedures in the past. Currently, a
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diagnosis is made in most cases by liver and/or bone marrow
biopsy. Imaging findings, including computed tomography (CT)
and positron emission tomography/CT, are consistent with the
clinical scenario of peculiar organ involvement (spleen and
liver). CT imaging typically reveals hepatosplenomegaly with-
out discrete lesions, whereas abnormal "8F-fluorodeoxyglucose
(FDG) positron emission tomography/CT findings can include
splenomegaly and/or hepatomegaly with diffuse FDG uptake
and increased FDG activity in the bone marrow."® Clinical fea-
tures in cases arising in solid-organ transplant recipients are very
similar, with a median age of 39 years and male predominance.
Most reported cases had kidney transplants, and the median
time from transplant was 6 years (range, 3-27 years)." Delay in
diagnosis is common, and all reported cases had bone marrow
involvement. Prognosis is generally very poor but durable re-
missions have been reported with prompt reduction of immu-
nosuppression and use of intensive chemotherapy regimens.

Morphologic and immunophenotypic
findings

The malignant cells of HSTCL are small to intermediate in size,
with irregular nuclear contours, mature chromatin, inconspicu-
ous nucleoli, a moderate amount of cytoplasm, and no granules
(Figure 1). These morphologic features help differentiate HSTCL
from T-cell large granular lymphocytic leukemia (LGL; T-LGL),
which is characterized by lymphocytes bearing fine or coarse
azurophilic granules."

HSTCL typically involves the liver, spleen, and bone marrow in a
sinusoidal pattern. The spleen is often markedly enlarged on
gross examination (spleen weight, 550-6500 g) with a homo-
geneous deep brown cut surface. On microscopic evaluation,
there is expansion of the red pulp with atypical lymphoid in-
filtration whereas the white pulp is atrophic (Figure 1A)."¢
However, splenectomy is rarely indicated in the modern era, as
diagnosis can usually be made on bone marrow biopsy alone.
The bone marrow is involved in approximately two-thirds of the
patients at the time of the diagnosis and more frequently in
advanced disease.'®21¢17 The marrow infiltrate is also sinu-
soidal or interstitial, and, in some cases, the neoplastic T cells
may resemble blasts (Figure 1B)."%'2 Bone marrow infiltration
may be increasingly interstitial at progression with more blastic
cells. The sinusoidal pattern of infiltration can be highlighted by
CD3 immunohistochemical stain (Figure 1C-D). Three patterns of
infiltration in the liver have been described: sinusoidal, marked
periportal infiltration with spoilage into the sinusoids, and
nodular parenchymal infiltration.’® Erythrophagocytosis may be
noted in sites involved by HSTCL, and, in some cases, can be
associated with full-blown hemophagocytic syndrome.'?1¢-18
Although bone marrow involvement is common, lymphocytosis
and leukemic presentations are rare, occurring in only 1% to
2% of cases.'? Similarly, lymph nodes are rarely involved at
diagnosis.

By immunohistochemistry, the malignant cells are typically
double negative (CD4~ and CD8"), although CD8 may be
expressed in some cases. They express surface CD3, CD2, and
CD7 and are negative for CD5, CD1a, terminal deoxynucleotidyl
transferase, and CD10."2¢17:20.21 The majority of cases express
the yd T-cell receptor (TCR). CD56 is positive in the majority of
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Figure 1. Morphologic features of different cases of
HSTCL. (A) Spleen involvement with sheets of small
neoplastic lymphoid cells involving cords and sinuses
of spleen (hematoxylin and eosin [H&E] stain; original
magnification xX600). (B) Bone marrow aspirate in a
patient with progressive HSTCL (Wright-Giemsa stain;
original magnification X 1000). The neoplastic T cells in
this case (highlighted with thin tall arrows) are medium
sized and demonstrate fine chromatic, resembling
blasts. A rare neoplastic cell is demonstrating hemo-
phagocytosis (highlighted with a thick short arrow). (C)
Bone marrow core biopsy showing sinusoidal expan-
sion by medium-sized lymphoid cells (H&E stain;
original magnification X600). (D) CD3 immunohisto-
chemical stain in bone marrow core biopsy, high-
lighting the sinusoidal expansion by neoplastic T cells
(original magnification X 1000).

cases, whereas CD57 is usually negative.’? Cytotoxic granule—
associated markers TIA-1 and granzyme M are typically positive
whereas perforin and granzyme B are negative, consistent with a
nonactivated cytotoxic phenotype (Table 2). HSTCL is not an
Epstein-Barr virus (EBV)-associated neoplasm, and EBV-encoded
small RNA is usually negative.

The neoplastic T cells of HSTCL typically arise from a subset of yd
TCR-expressing lymphocytes, and are mostly commonly derived
from the V&1 subset. However, ~20% can express the o TCR.
The af variants occur more commonly in women and in patients
over the age of 50 years, and have been associated with worse
prognosis.'>' TCR B (TCRB) and N\ (TCRG) genes are usually
rearranged in HSTCL.2"¢ In a study by Macon et al, TCRG was
rearranged in all y8 HSTCLs and 75% of af HSTCLs."® Con-
versely, TCRB was rearranged in all a HSTCLs and only 62% of
8 HSTCLs. It is important to note that most yd HSTCLs contain
nonproductive rearranged B-chains; similarly, the af cases
contain y-chains. Thus, the molecular clonality studies cannot be
used to define the T-cell subtype (af vs y8) from which the
lymphoma arose.

Cytogenetic and molecular findings

Isochromosome 7q [i(7q)] and trisomy 8 are the most common
chromosomal abnormalities in HSTCL, observed in up to 63%
and 50% of cases, respectively, and frequently cooccurring.’”
Other less common alterations include: ring chromosome 7
leading to 7q amplification, loss of Y chromosome, loss of
chromosome 10q (19%), and gains in chromosome 1q (13%).22 It
has been suggested that the i(7q) is the primary genetic event
and others such as trisomy 8 and 7q amplification are secondary
events that are acquired during progression.?*2* The role of i(7q)
in pathogenesis of HSTCL is not well understood but it is pos-
tulated to be due to the altered expression of the genes on
chromosome 7. Both i(7q) and ring chromosome 7 are associ-
ated with loss of 7p and amplification of 7q. A recent combined
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transcriptome analysis and array comparative genomic hybrid-
ization of HSTCL cases with i(7g) showed that loss of
7p22.1p14.1 was not associated with underexpression of any
tumor-suppressor genes in this region, but rather increased
expression of CHN2 and the encoded B2 chimerin.?® This
study also found gain/amplifications of 7922.11931.1 and
overexpression of genes in this locus including ABCBT,
RUNDC3B, and PPP1R9A.2> Another study found a distinct
gene-expression profile for HSTCL, distinguishing it from other
T-cell lymphomas.?® The overexpressed genes encoded natural
killer (NK)-related antigens including killer immunoglobulin-like
receptors, and also included oncogenes (MYBL1, VAV3), cell-
trafficking genes (STPR5), a multidrug resistance 1 (MDR-1)
gene, and downregulated tumor-suppressor genes such as
AIM1.26

Recently, next-generation sequencing has revealed recurrent
genetic alterations affecting several targetable pathways in-
cluding genes involved in epigenetic regulation and JAK/STAT-
and phosphatidylinositol 3-kinase (PI3K)-signaling pathways,
among others. In the largest series to date, McKinney et al
performed whole-exome sequencing of 68 HSTCL cases. The
most frequently mutated genes included chromatin-modifying
genes, comprising 62% of cases. Common epigenetic alter-
ations included mutations in SETD2 (25%), INO80 (21%), TET3
(15%), and SMARCA2 (10%).22 The authors noted that the ma-
jority of alterations (71%) in SETDZ2 resulted in loss of function
(nonsense and frameshift mutations), consistent with this gene
having a tumor-suppressor function. Interestingly, Moffitt et al
described SETD2 as the most frequently silenced gene in
enteropathy-associated T-cell lymphoma, another lymphoma
derived from the y8 T cell.?” The distribution of the SETD2
mutations was similar in these 2 studies, clustering in the Set2
Rpb1-interacting domain, responsible for the interaction with
RNA polymerase 11.2227 SETD2 mutations have also been de-
scribed in diffuse large B-cell ymphoma and acute leukemia.?®:2?
SETD2-mutated cells may be sensitive to WEE1 inhibition, and

PRO et al
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Table 2. Select differential diagnosis in HSTCL and distinguishing features

Age (median/ Common symptoms/  Morphological Immunohistochemical
Diagnosis mean), y signs findings findings Genomic findings
HSTCL 32 B symptoms, Atypical small- CD3+, CD2*, CD5-, CD7+/~, i(7q), trisomy 8,
splenomegaly, intermediate CD4-/CD8-, CD56*, CD57-, STAT3/STAT5B
cytopenia T cells, sinusoidal EBV- mutation, CMG
pattern mutations
vd T-LGL* 62 Neutropenia, anemia LGL, sinusoidal CD3*, CD2*, CD5/dim, CD7*, | STAT3/STAT5B
splenomegaly +/— pattern CD4-/CD8-,CD56*/—,CD57+, aberrations
EBV~
Aggressive NK-cell 40 B symptoms, Medium-large Surface CD3-, CD2*, CD5-, Del(6q), del(11q)
leukemia*? splenomegaly, atypical CD56*, CD16*, CD57-, EBV*
cytopenia, lymphoid cells
lymphadenopathy +/—

MEITLé®¢” 59 Gl symptoms Monomorphic CD3+, CD5-, CD7+, CD4-, Gain in 8924 (MYC
medium-sized CD8*, CD56*, CD103*/~, gene), STAT5B
cells cytotoxic markers*, EBV- mutation

CAEBV*® 19 B symptoms, cytopenia, Small-intermediate | EBV* in T/NK cells (Asian Rare somatic

splenomegaly, T cells with no population) or in B cells mutations of
lymphadenopathy atypia (Western population); no perforin
phenotypic abnormalities

CAEBV, chronic active EBV disease; CMG, chromatin-modifying gene; MEITL, monomorphic epitheliotropic intestinal T-cell lymphoma.

the current availability of WEE1 inhibitors may provide an op-
portunity for future investigations.*°3!

McKinney et al’s study and others also confirmed recurrent
somatic mutations of PIK3CD and missense mutations of
STAT5B and STAT3 genes in HSTCL.3233 Constitutive activation
of the JAK/STAT pathway is commonly observed in T-cell
neoplasms resulting from activating mutations of the genes in
this pathway.?* STAT3 and STAT5 mutations are not unique to
HSTCL. Activating mutations of STAT3 have been described in
T-LGL and NK-LGL and other T-cell lymphoma subtypes.?*-3’
Similarly STAT5 mutations have been identified in primary cu-
taneous vy8 T-cell lymphoma, T-cell prolymphocytic leukemia,
and T-lymphoblastic leukemia.®-%° Similar to other malignan-
cies, the mutations of STAT3 and STAT5 in HSTCL often occur in
the SRC homology 2 domains, leading to constitutive activation
of the protein.?*32 Other recurrent driver mutations were ob-
served in TP53, UBRS5, and IDH2.

Together, these data highlight important molecular abnormal-
ities and may support future studies of therapies targeting re-
currently altered pathways, such as epigenetic alterations and
JAK/STAT and PI3K pathways (Table 3). Notably, preclinical data
showed that the concomitant use of a STAT5B inhibitor and a
PI3K & inhibitor resulted in further reduction of cellular viability,
indicating synergistic activity and an opportunity for clinical
translation using currently available agents.?2

Differential diagnosis

The differential diagnosis for HSTCL includes other T-cell lym-
phomas as well as nonneoplastic conditions. Distinguishing
features of a selected number of the differential diagnosis for
HSTCL are presented in Table 2. Among T-cell neoplasms,
CD4-/CD8~ 8 T-LGL has significant overlapping features with
HSTCL. T-LGL, in contrast to HSTCL involves older individuals
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and has a more indolent clinical course with moderately sized
spleen and no increased serum LDH. Additionally, the mor-
phology of large granular lymphocytes and absence of i(7q) in
T-LGL can help with this differential diagnosis.*' Rarely, T-LGL
can present in younger patients or have a more aggressive
course, making the differentiation from HSTCL challenging.
Yabe et al compared various clinicopathologic criteria between
HSTCL and y8 T-LGL and concluded that massive splenomegaly,
sinusoidal expansion in bone marrow, and lack of azurophilic
granules in lymphocytes were significantly more common in
HSTCL patients.”™ Notably, T-LGL also involves the sinusoids in
bone marrow. However, the sinusoidal involvement of bone
marrow in T-LGL is characterized by a short linear (1 single layer)
array of cytotoxic T cells, rather than sinusoidal expansion like
seen in HSTCL.*" The other T-cell neoplasms that should be
considered in the differential diagnosis of HSTCL include
T-lymphoblastic leukemia, primary cutaneous y8 T-cell lym-
phoma, intestinal T-cell lymphomas such as monomorphic
epitheliotropic intestinal T-cell lymphoma, and EBV* T-cell
lymphoma of childhood. The differentiation from these neo-
plasms is less challenging, given a more distinctive clinical and
immunophenotypic features. Aggressive NK-cell leukemia, a
rare form of leukemia that is more common among Asians, can
have several overlapping clinical features with HSTCL, in-
cluding constitutional symptoms, hepatosplenomegaly, and
cytopenias. The neoplastic cells have similar morphologic
and immunophenotypic features as HSTCL (Table 2). However,
this neoplasm is EBV* and TCR genes are in germline
configuration.*?

The presenting clinical symptoms of HSTCL also have some
overlap with acute viral infections and chronic active EBV in-
fection.** The patients with CAEBV can present with B symp-
toms, splenomegaly, and cytopenia. The bone marrow biopsy in
these patients shows an infiltrate of EBV* small-intermediate—
sized lymphocytes (B, T, or NK cells) without significant atypia or

€ blood® 29 OCTOBER 2020 | VOLUME 136, NUMBER 18 2021

20z aunr g0 uo jsanb Aq ypd'081 170061 0ZPIAPO0I/9ZZ6.L.LL/810Z/81/9€ L/Pd-Bloie/poojqieu-suoneoligndyse//:djy woy papeojumoq



Table 3. Select mutations in HSTCL and associated targeted therapies

Pathway

Chromatin modifiers
SETD2, INO80, TET3, and
SMARCA2, ARID1, DNMT3A

Class of targeting therapy

Histone deacetylase inhibitors
Hypomethylating agents

Targeted therapies

Vorinostat, romidepsin
Decitabine, azacitidine

STATSB, STAT3

EZH2 EZH2 inhibitors Tazemetostat, valemetostat, CPI1205
IDH2 IDH inhibitors Enasidenib
JAK/STAT

JAK inhibitors

Ruxolitinib, fedratinib

PI3K
PIK3CD

PI3K inhibitors

Idelalisib, copanlisib, duvelisib, alpelisib

NK-cell antigens
KIR3DL2, KIR2DS2, KIR3DS1
KIR2DL2

NCAM1, CD244, S1PR5, CD16 (NK-cell
homing to the spleen)

KLR

Killer immunoglobulin-like receptor antibodies

N/A

N/A

Lirilumab (KIR2DL1/2L3)
IPH4102 (KIR3DL2)
N/A

N/A

Growth factors
IGFBP, AREG (amphiregulin), PDGFD

Tyrosine kinase inhibitors

Imatinib, dasatinib, ponatinib nilotinib,
sunitinib, axitinib, pazopanib, regorafenib,
lenvatinib, nintedanib

Cell-trafficking genes

S1PR5 N/A N/A
Multidrug resistance

ABCB1 N/A N/A
Tyrosine kinase

SYK SYK inhibitor Fostamatinib
Chemokines

CXCL7 (PPBP), CXCL6 N/A N/A
Cell adhesion

VCAM1, CD11d, ICAM1 N/A N/A
WNT pathway

FRZB, TCF7L2, BAMBI, TLE1, CTNNB1, APC, N/A N/A

and FZD5

Microenvironment

Hemoglobin v, B, and a N/A N/A

DEFA1/DEFA1B/ DEFA3 CCL3 (MIP1)
Tumor suppressors

KRAS, TP53 N/A N/A
Others

CREBBP, RUNDC3B, PPP1R9A, UBR5 N/A N/A

N/A, not applicable.

phenotypic abnormalities.**4* It is also very important to consider
HSTCL in the differential diagnosis when evaluating patients who
present with hemophagocytosis syndrome."!

Treatment

Rare subtypes of PTCLs including HSTCL are underrepresented
in most registry and clinical studies, and most of the literature is
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obtained from small case series or single-institution retrospective
studies, making it very difficult to draw conclusions about the
effectiveness of different treatment modalities. Outcomes with
standard anthracycline-containing induction regimens have been
disappointing with variable responses, high relapse rates, and a
short median survival.'220214¢ Two single-institution studies re-
ported poor results with cyclophosphamide, doxorubicin, vin-
cristine, and prednisone (CHOP) or CHOP-like regimens.?02'

PRO et al
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Belhadj et al reported on 21 cases of y8 HSTCL; the overall
response rate was 73% and included 9 patients who achieved
complete response (CR).?' However, despite the initial re-
sponse, median survival time was only 16 months, and only 2
patients were alive at the time of the analysis. Interestingly, in
all patients’ progression involved initial sites of disease and, at
the time of progression, recurrent thrombocytopenia was
observed. Falchook et al reported the MD Anderson Cancer
Center (MDACC) experience regarding 15 cases of HSTCL.2°
Among the 6 patients treated with CHOP/CHOP-like regi-
mens, only 2 achieved a CR, which was short lived, with a
median duration of only 8 months. In a limited number of
patients, a more intensive regimen, fractionated cyclophos-
phamide, liposomal doxorubicin, vincristine, and dexametha-
sone (HyperCIDDDoxil), alternating with methotrexate and
high-dose cytarabine, resulted in a higher rate of CR. Poor
prognostic factors included male sex, failure to achieve a CR,
and history of immunocompromise. All patients who received a
hematopoietic stem cell transplantation (SCT) were alive and in
CR at the time of the analysis, suggesting that this modality can
be potentially curative. Prognosis is worse in patients with
posttransplant HSTCL. Tey et al reviewed 21 patients who were
managed with reduction of immunosuppression and mostly
CHOP-like treatment, and the reported median survival was
only 4 months.'* A few reports describe modest clinical activity
of purine analogs (pentostatin, fludarabine, and cladribine) in
single patients (Table 4).124¢4% Splenectomy can be a useful
therapeutic option in selected patients, particularly in patients
with significant thrombocytopenia, which can limit the ad-
ministration of full doses of chemotherapy.'” Overexpression of
MDR-1 and pgp-1 amplification observed in HSTCL and other
T-cell lymphoma subtypes can explain the chemotherapy re-
fractoriness of these diseases and support the use of non-
MDR-susceptible agents.?®

Patients with relapsed or refractory disease have poor out-
comes with often rapidly fatal disease in the absence of
transplant. Available evidence suggests that some patients
have been salvaged by incorporating therapy with alternative
mechanisms of action (ie, ifosfamide and cytarabine-based
regimens if CHOP-like therapy was given first line), and con-
solidation with transplantation or even repeat transplanta-
tion. Successful relapsed or bridging regimens included
gemcitabine, carboplatin, and dexamethasone as a bridge to
allogeneic transplant*?; etoposide, methylprednisolone, high-
dose cytarabine, and cisplatin; alemtuzumab; and purine an-
alogs.®® Alemtuzumab may have efficacy in this setting given
the ubiquitous expression of CD52 in HSTCL.>'" A few case
reports demonstrated some efficacy of alemtuzumab as a
single agent or combined with a purine analog.**5%52 However,
the combination can cause prolonged cytopenias, increased
risk for infection, and difficulty with mobilization in those
planning autologous SCT (auto-SCT).52 Notably, in 1 of these
cases, a patient was treated with cladribine and alemtuzumab
and maintained continuous remission without transplantation,
which was precluded due to inability to mobilize stem cells.>2 In
addition, there have been anecdotal reports of activity of novel
agents including pralatrexate used alone or in combination
with romidepsin.?'® Several case reports have also demon-
strated the efficacy of allogeneic transplant in this setting,
which was effective even in patients with active disease at the
time of transplant.>+37
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Role of transplant in HSTCL

HSTCL has poor outcomes in the absence of transplant with
5-year survival of <10%.% The outcomes posttransplantation are
not known, and data to support transplantation are again limited
to small retrospective studies and expert opinions.>” Both auto-
SCT and allogeneic SCT (allo-SCT) have demonstrated feasibility
and the potential for long-term responses. However, the true
benefit of transplant in light of patient selection and response
cannot be determined. In an analysis of 27 patients with HSTCL,
SCT receipt was associated with longer event-free survival (EFS)
but not overall survival (OS)."> Nevertheless, reports of a re-
mission following donor lymphocyte infusion®® and a response
following reduced immunosuppression post allo-SCT indicate a
strong graft-versus-tumor effect, providing a theoretical basis for
the role of transplant in this disease.>” Voss et al reported a
single-center experience on 14 patients with HSTCL treated with
various regimens, and observed that 7 of them remained
alive with a median follow-up of 65.6 months. Among these 7
patients, 6 received alternative induction regimens such as
ifosfamide, carboplatin, etoposide or ifosfamide, etoposide,
high-dose cytarabine and all surviving patients received either
auto-SCT or allo-SCT.#¢ The North American Peripheral T-Cell
Lymphoma Consortium demonstrated the feasibility of allo-SCT
in first remission, with 21 of 42 patients successfully completing
allo-SCT.¢° Notably, all but 1 of the surviving patients at the time
of presentation had received allo-SCT. Similarly, a European
registry—based study of 18 patients undergoing allo-SCT for
HSTCL reported relatively favorable outcomes: 3-year OS and
progression-free survival were 54% and 48%, respectively.®’
Allogeneic transplant was typically performed in first or second
remission, commonly using ifosfamide-based induction and
myeloablative conditioning regimens that commonly included
total-body irradiation.?¢¢2-%> A systematic review of 44 cases
demonstrated a 35% relapse rate following transplant for a
3-year relapse-free survival of 42% and OS of 56%. No cases
relapsed beyond 1.5 years. Interestingly, active disease did not
predict posttransplant outcomes, further highlighting the role of
a graft-versus-tumor effect>”! Overall, acute and chronic graft-
versus-host disease were common, but appeared manageable,
with patients reported to be alive between 12 and 86 months
posttransplant. However, transplant was associated with high
rates of morbidity and mortality, with a nonrelapse mortality rate
as high as 68%.5”

auto-SCT has also demonstrated some efficacy, particularly
when following platinum-containing regimens, with long-
term survival reported in several case reports and case
series.81216.2146 Although it is difficult to compare outcomes in
patients receiving allo- and auto-SCT due to baseline differences
in patients, a report from the European Society for Bone and
Marrow Transplantation, using a database that included 18 allo-
SCT and 7 auto-SCT, showed that those undergoing auto-SCT
did not fare well, with only 1 of 7 achieving long-term remission,
compared with only 2 relapsing in the allo-SCT group.¢’ Simi-
larly, in a recent analysis of 12 patients who received SCT at
MDACC, there was a trend, albeit not statistically significant,
toward better results with allo-SCT (median OS, not reached,;
median EFS, not reached) compared with auto-SCT (median OS,
58.4 months; median EFS, 43.2 months). Together, these data
suggest that non-CHOP induction followed by auto- or allo-SCT
in first remission may offer the best opportunity for long-term
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Table 4. Select treatment outcomes in HSTCL (>2 patients)

Reference N Treatment Transplant Response Outcomes
Foss et al® 31 Nonanthracycline 40% auto (1) 40% CR Median survival 13 mo
Anthracycline 60% allo (7: 4in CR1, 3 in 3-y OS 40%
salvage) 3-y PFS 40%
Yabe et al? 27 HyperCVAD (15) autoSCT (7) CR (4) Median OS of 28.3 mo
CHOP-like (9) alloSCT (5) SCT receipt associated with
Other (19) longer EFS but not OS
Pentostatin (6) All patients eventually DOD
Alemtuzumab (6)
Belhad] et al*' 21 CHOP/CHOP-like (19) autoSCT (6) CR(11) All patients DOD except 2
Platinum/Ara-C (2) alloSCT (2) PR (2) treated(witg platigé%
PD (6) agents (and auto
PR (2)
Falchook et al?® 15 CHOP/CHOP-like (6) autoSCT (5) 50% CR (7 of 14 receiving Median duration of CR of 8 mo
HyperCVIDDMTX/Ara-C (4) alloSCT (2) chemotherapy) All patients who received SCT
Other (4) are alive and in CR
Voss et al* 14 CHOP (4) autoSCT (4) 1CR, 2 PR, 1 PD 7 remain alive (median f/u
ICE/IVAC (8) alloSCT (8) 4 CR,2 PR, 2PD 65.6 mo)
Pentostatin/2-CDA (2) 2 PD 6 of 7 alive had non-CHOP
and SCT
Macon et al'® 14 None (5) autoSCT (2) N/A Median OS 6 mo
CHOP (2) 11 DOD, 8 within a year
HDT + auto-SCT (2) of diagnosis
Other intensive chemotherapy 2 long-term remission: 1
) after autoSCT, 1 after
intensive regimen
Yabe et al® 7 CHOP-like (4) auto (1) N/A 4 alive (f/u 1-86 mo)
HyperCVAD-like (3) allo (2) 3 of 4 alive had SCT
Hassan et al®® 7 CHOP (1) None PD (1) All DOD
Saito et al®? 3 LSG9 (1) None CR (1) All DOD <9 mo
CHOP + ESHAP (1) PD (1)
CHOP (1) CR (1)
Rashidi and 44 | alloSCT, TBl-based allo (44) Pre-alloSCT response 42% 3-y RFS
Cashen®’ conditioning 71% 41% CR 56% 3-y OS
43% PR
16% PD

2-CDA, cladribine; allo, allogeneic; auto, autologous; CR1, first complete response; DOD, died of disease; ESHAP, etoposide, methylprednisolone, high-dose cytarabine, cisplatin; f/u, follow-
up; HyperCVAD cyclophosphamide, vincristine, doxorubicin, and dexamethasone; HyperCVIDDMTX/Ara-C, fractionated cyclophosphamide, liposomal doxorubicin, dexamethasone,
vincristine, methotrexate, cytarabine; ICE, ifosfamide, carboplatin, etoposide; IVAC, ifosfamide, etoposide, cytarabine; LSG9, VEPA-B/FEPP-AB/M-FEPA; N/A, not applicable; PD, progressive
disease; PFS, progression-free survival; PR, partial response; RFS, relapse-free survival; TBI total-body irradiation.

survival in transplant-eligible patients. However, severe selec-
tion bias, short follow-up times, and limited long-term data with
single-digit patient outcomes complicate interpretation of these
results for clinical practice. Given the rarity of the disease, a
comprehensive multinational study is needed to further quantify
this benefit (Table 4).

Conclusions

HSTCL is a rare highly aggressive T-cell lymphoma that poses
significant diagnostic and therapeutic challenges. Due to the
rapid and aggressive clinical course, HSTCL is a critical diag-
nosis to consider in patients presenting with cytopenias and

2024 & blood® 29 OCTOBER 2020 | VOLUME 136, NUMBER 18

hepatosplenomegaly, particularly in young male patients with
a history of immunocompromise. To date, from the limited
data available, it appears that the best therapeutic approach is
non-CHOP induction therapy followed by consolidation with
allogeneic or autologous (if limited donor availability) trans-
plant. Our standard approach is to use cyclophosphamide,
vincristine, doxorubicin, and dexamethasone (HyperCVAD)
or HyperCVAD-like regimens, and we immediately refer our
patients for consideration of high-dose therapy with stem
cell support. Alternatively, platinum-, ifosfamide-, or different
cytarabine-containing regimens can be used, as they have
also been associated with superior results. Major progress has
been made in recent years with molecular studies, which have
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identified mutations in oncogenic pathways that may be targets
for therapy. Progress in rare diseases can only be achieved by
increasing awareness and collaborations among researchers
worldwide.
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