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A case report of T-LGL leukemia-associated pure red cell aplasia
harboring STAT3, TNFAIP3, and KMT2D mutation
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Background: T-large granular lymphocyte (T-LGL) leukemia is a rare clonal lymphoproliferative disorder,
which has a favorable prognosis. There are different complications between Asian and Western patients
diagnosed with LGL leukemia. In Asians, pure red cell aplasia (PRCA) is the most common hematological
compatible clinical feature of LGL leukemia, whereas in Western patients, rheumatoid arthritis and
neutropenia are more commonly seen. Herein, a rare case of T-LGL leukemia associated PRCA was
reported.

Case Description: A 72-year-old man, presenting with anemia and leukopenia, was admitted to hospital.
The bone marrow (BM) smear revealed that erythroid series were suppressed with only 4%, mature
lymphocytes constituting up to 23% of the marrow cells. The results of T-cell receptor (T'CR) arrangement
revealed mutations in the TCR-f and TCR-y genes. Further, STAT3 mutation (p. [D661Y; N664T] and
p-N6471), TNFAIP3 mutation (p.L48fs), and KMT2D mutation (p.E5291K) were confirmed. The patient
was diagnosed with CD8+ TCRaf T-LGL leukemia-associated PRCA, harboring STAT3, TNFAIP3 and
KMT2D mutation. The BM smear, immunophenotype, gene rearrangement and karyotype were consistent
with those of the first diagnosis. Cyclosporine A (CyA) based regimens were effective, even in a cessation of
discontinued treatment. The patient refused BM-related examinations and has remained in hematological
complete remission (CR) until the time of writing (at least 3 years).

Conclusions: The administration of CyA yielded a CR in this case. However, the standard therapy for
T-LGL leukemia-associated PRCA is not clear, and more prospective studies are needed to ascertain the

underlying mechanism of pathogenesis.
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Introduction

Large granular lymphocyte (LGL) leukemia is a rare clonal
lymphoproliferative disorder, which involves expansion
of cytotoxic T-lymphocytes or natural killer (NK) cells
that configure T-LGL leukemia or NK-LGL leukemia
[the chronic lymphoproliferative disease of NK cells in
the 2016 revision of the World Health Organization
(WHO) classification] (1-3). T-LGL leukemia and NK-
LGL leukemia are the common indolent subtypes, whereas
aggressive NK-cell leukemia has been rarely reported
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and has a very poor prognosis (2). A definite diagnosis
of T-LGL leukemia relies on (I) clinical presentations:
neutropenia, anemia, lymphocytosis, splenomegaly, and
other autoimmune conditions. (II) Cellular morphology
and amounts: LGLs are large, about 15-18 pm in
diameter, which have a round-to-reniform nucleus and a
large cytoplasm and azurophilic granules. Chronic LGL
peripheral blood expansion (mostly 2-20x10°/L), usually
lasting for over 6 months. (III) Classical immunophenotype,
mostly CD3+CD8+CD57+TCRof+, CD3+CD4+CD8-
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CD57+ T-cell receptor (TCR) af+, and CD3+CD4-CD8-
CD57+TCRy8+. (IV) T-cell receptor (T'CR) clonality is
demonstrated by TCR rearrangement using polymerase
chain reaction (PCR) or VP repertoire via flow cytometry
(4-6). If clonality exists, the abnormal lymphocytic
expansion may be not essential for a diagnosis of LGL
leukemia. The number of LGL in peripheral blood can be
at a low level when seen in combination with evidence of
T-cell clonality and compatible clinical or hematological
features such as autoimmune diseases or cytopenia (4). The
prognosis is favorable, with a median overall survival (OS)
greater than 10 years (7).

Pure red cell aplasia (PRCA) presents normocytic
normochromic anemia, characterized by severe reduction
or absence of erythroid precursors from the bone
marrow (BM). PRCA can be classified into congenital
PRCA, primary acquired PRCA, and secondary acquired
PRCA (8). Acquired PRCA may present secondary to
thymoma, autoimmune/collagen vascular disorders,
lymphoproliferative disorders, infections, after exposure to
various drugs or chemicals, or even pregnancy (9). There are
different complications between Asian and Western patients
diagnosed with LGL leukemia. In Asians, PRCA is the most
common hematological compatible clinical feature of LGL
leukemia, whereas in Western patients, rheumatoid arthritis
and neutropenia are more commonly seen (10-12). These
differences might be partly due to ethnicity (11). Therefore,
it is intriguing to explore the possible pathophysiological
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mechanisms, such as the genetic background. Herein, a rare
case of T-LGL leukemia associated PRCA harboring Signal
transducer and activator of transcription 3 (STAT3), TNFa-
induced protein 3 (TNFAIP3), and KMT2D mutation
was reported. Currently, STAT3 mutations are the most
commonly mutations in T-LGL leukemia patients. The
Src-like homology 2 (SH2) domain of STAT?3 that plays a
crucial role in STAT activation, leading the proliferation
and extend survival of the leukemic T cells (13). TNFAIP3
mutation is another common gene mutation in T-LGL
leukemia, which is a favorable factor for overall survival (14).
The study about KMT2D mutation is scared and the
meaning is not clear. We present the following article in
accordance with the CARE reporting checklist (available at
https://tcr.amegroups.com/article/view/10.21037/tcr-23-
326/rc).

Case presentation

A 72-year-old man, who was accompanied by persistent
fatigue, pallor, and dizziness for more than 6 months, was
admitted into local hospital. After transfusion, the patient’s
anemia-related symptoms had improved. Half a year later,
he was transferred to this hospital for further diagnosis and
treatment because of severe anemia. He felt fatigued and
dizzy, especially after activity. He had no joint pain, no fever,
no night sweats, or weight loss, and returned negative results
in stool occult-blood testing. Complete blood cell (CBC)
revealed white blood cell (WBC) counts of 2.57x10°/L,
with 54.5% lymphocyte, hemoglobin (Hb) level of 28 g/L,
mean corpus volume (MCV) of 120.3 fl, reticulocyte
counts at 0.005x10"*/L, and platelets at 174x10°/L. Ferritin
was at 1,592 ng/mL. Physical examination did not reveal
splenomegaly, hepatomegaly, or lymphadenopathy. The BM
smear revealed that the proliferation of BM was obviously
active, myeloid series were active, which constituted 68%
of marrow cells, erythroid series were suppressed, at only
4%. Analysis of BM by flow cytometry showed an abnormal
ratio of the mature T lymphocytes with 46.8%, the
immunophenotype was CD3+, CD2- partly, CD5-, CD7-
partly, CD8+, CD4-, TCRab+, TCRed-, and CD4:CD8
=0.07 (Figure 1). The results of TCR arrangement showed
clonalities in the TCR-§ and TCR-y genes. The karyotype
was 46 XY (15). STAT3 mutations (p. [D661Y; N664T]
and p.N6471), TNFAIP3 mutation, and KM7T2D mutation
were identified by whole-exome sequencing (covering the
genomic landscape of NK/T lymphoma relating 30 genes).
Other identified gene mutations included 74K3 and KMT2A4
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Figure 1 The results of bone marrow flow cytometry: CD3+, CD2- partly, CD5-, CD7-

CD4:CDS8 =0.07. TCR, T-cell receptor.

partly, CD8+, CD4-, TCRab+, TCRcd-,

Table 1 The results of whole-exome sequencing (mature T/NK cell lymphoma pale)

Gene Reference sequence accession number and sequence changes The frequency of mutation

STAT3 NM_139276.2:c.[1981G>T;1991A>C],p.[D661Y;N664T] 2.7%
NM_139276.2:c.[1940A>T(p.N6471) 19.5%

TNFAIP3 NM_006290.3:c.143delinsGG(p.L48fs) 9.4%

JAK3 NM_000215.3:¢.829G>A(p.G277S) 47.6%

KMT2A NM_001197104.1:c.2263A>T(p.M755L) 1.6%

KMT2D NM_003482.3:¢c.15871G>A(p.E5291K) 9%

NK, natural killer.

(Table 1). Mature lymphocytes constituted up to 23% of
the marrow cells, some of which had azurophilic granules.
Megakaryocytic series was normal. The immunophenotype
of BM biopsy revealed that T cells occupied 30% of the
nucleus cells (CD20+ minority, PAX5+ minority, CD2+
majority, CD3+, CD5+ major, CD7+ partly, CD4+
minority, CD8+ major, CD30-, CD56-). The patient’s
serum chemistry panel, vitamin B12, folic acid, coagulation
test, tumor markers, and lactate dehydrogenase were
measured in the normal range. Double-strain DNA and
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anti-smith antibody were dim positive, whereas rheumatoid
factor, anti-nuclear antibodies, thyroid function, B19
DNA, and Epstein-Barr virus (EBV) DNA were negative.
A computed tomography (CT) scan of the chest did not
indicate thymoma or lymphadenopathy. With the above
typical clinical presentations and examination results, the
patient was given a definite diagnosis of T-LGL leukemia,
with secondary PRCA. After receiving the treatment
of Cyclosporin A (CyA; 100 mg q12h po, the blood
concentration was 159.2-176.8 ng/mL) and testosterone
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undecanoic acid (80 mg bid po) for 3 months, the patient
was identified as exhibiting hematological complete response
(CR). The CBC revealed WBC at 4.68x10°/L, with 44.4%
lymphocyte, Hb level of 110 g/L, MCV at 110 fl, and
platelets at 184x10°/L. Then, the patient discontinued
the treatment for several months, after which time severe
anemia reappeared. The BM smear, immunophenotype,
gene rearrangement, and karyotype were consistent with
those of the first diagnosis. The hospital was out of stock of
androgen, so CyA was administered alone, which was also
effective. The patient then refused BM-related examinations
and retained hematological CR until the time of this report,
which was at least 3 years. All procedures performed in
this study were in accordance with the ethical standards
of the institutional and/or national research committee(s)
and with the Declaration of Helsinki (as revised in 2013).
Written informed consent was obtained from the patient for
publication of this case report and accompanying images.
A copy of the written consent is available for review by the
editorial office of this journal.

Discussion

In this case, a diagnosis of T-LGL leukemia with PRCA
was made according to the manifestations of anemia,
neutropenia, morphology, flow cytometry, gene mutations,
and TCR rearrangement of bone marrow. Differential
diagnosis including B19 virus and thymoma-induced PRCA
were excluded. The TCR-§ and TCR-y rearrangements were
demonstrated by T'CR gene clonality using PCR, which
can distinguish reactive lymphocytic expansion and T-cell
clonality. Janus kinase (JAK)-STAT pathway were detected
and involved STAT3 (p.[D661; N664T] and p.N6471) and
FJAK3 (p.G277S). Additionally, TNFAIP3 and KMT2D
mutations were identified. Treatment with CyA, with
or without testosterone, was effective in this case. After
3 months, the patient attained hematological CR. His
disease relapsed following cessation of treatment, whereas
resuming CyA therapy led to hematological CR.

In recent years, several reports have revealed that the
presence of mutations in STAT3, which encodes a key
signaling protein in the JAK-STAT pathway, might led to
proliferation and anti-apoptosis of the leukemic T cells (16).
STAT3 mutations are reportedly also more frequently
present in T-LGL leukemia-associated PRCA patients
(77%), compared to idiopathic PRCA subtype patients
(33%) (17). Chinese researchers have reported that the
incidence of STAT3 mutations and PRCA in T-LGL
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leukemia patients was 21.4-72% and 20-75%, respectively
(10,18,19). There were significant differences between
STAT3 mutations status and high beta2-macroglobulin level,
neutropenia, and PRCA. Compared to wild-type STAT3,
STAT3 mutations demonstrate a worse prognosis (18),
lower hemoglobin (20), and greater tumor burden (15).
Further, constitutive activation of STAT'3, which is observed
not only in STAT3 mutated but also in STAT3 wide-type
T-LGL leukemia patients, are likely to be involved in
proliferation and extend survival of the leukemic T cells (21).
Based on the previous studies, constitutive activation of
STAT3 was probably the driver in T-LGL leukemia, and
STAT3 mutation contributed to the worse prognosis.

Due to the low morbidity of T-LGL leukemia, the
etiology has not been thoroughly investigated. The JAK-
STAT signaling pathway, the nuclear factor kappa p (NF-«p)
signaling pathway, and the FAS/FAS-L pathway have been
implicated in the pathogenesis of LGL leukemia (22,23).
A genomic landscape of T-LGL leukemia, which included
105 patients, revealed that KM7T2D mutation (a chromatin
and epigenetic modifying gene) co-occurring with STAT3
(being observed in 10 out of 11 total KMT2D mutant
patients), and TNFAIP3 mutations should be considered a
recurrently-mutated putative driver in LGL leukemia (20).
TNFAIP3 was detected in 4 cases within a cohort
of 39 patients with T-LGL leukemia, 3 of which
simultaneously harbored TNFAIP3 and STATS3
mutations (24). TNFAIP3 mutation was thought to
negatively regulate the activity of NF-«B to inhibit tumor
development, which might represent a favorable prognosis
for patient with T-LGL leukemia (14). This case suggested
that the presence of TNFEAIP3 and KMT2D mutations
might alleviate the worse prognosis of S7473 mutation.

T-LGL leukemia is so rare that no standard therapy
has been established due to few large prospective trials
and the lack of accurate treatment targets. The most
common therapeutic regimens are the immunosuppressors,
monotherapy, or multitherapy comprising methotrexate,
CyA, and cyclophosphamide, with response rate ranging
from 61.5% to 74.4%, without evidence of cross-resistance
among them (25). Some 86% of the patients with T-LGL
leukemia should relapse at a median of 3 months if
treatment is discontinued or dosages reduced, whereas only
11% of the patients diagnosed with T-LGL leukemia will
relapse during CsA-containing maintenance therapy. Thus,
there is a strong correlation between the discontinuance of
maintenance therapy and relapse (P<0.001) (26). Original
regimen, other immunosuppressors, purine analogs,
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anti-human T lymphocyte rabbit immunoglobulin,
immunotherapy (alemtuzumab, rituximab) are also
recommended as second-line therapy (16). Trials of
targeted therapy against membrane receptors, JAK-STAT
inhibitors, and NF-kB are particularly promising (2). A
prospective multi-center phase II study suggested that a
mutated STAT3 Y640F genotype might be a predictive
biomarker of response to methotrexate, which requires
further investigation (27). The clonality have replaced the
number of T-LGL counts as one of important evidence in
the diagnosis of T-LGL leukemia. With the development of
molecular genetics, pathogenesis could be described further
clearly and make great improvement in treatment of this
rare disease.

Conclusions

Patients with T-LGL leukemia have an indolent clinical
course and a relatively long OS. Causes of death commonly
include granulocytopenia-induced severe infections
and sepsis, rather than disease progression (12). The
immunosuppressors have unsatisfying responses (28),
thus the purpose of treatment is to correct cytopenia and
reduce the proliferation of clonality, rather than eliminate
the LGL clone. The standard therapy is not clear and
more prospective studies are needed to find the underlying
molecular mechanism of pathogenesis.
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