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Abstract: LGL leukemia is a rare chronic lymphoproliferative disorder of cytotoxic lymphocytes which can be immunophenotypically either T cell or NK cell-derived. According to the World Health Organization classification, it can
be divided into three subtypes: chronic T-cell leukemia and chronic natural killer cell lymphocytosis, and aggressive
natural killer cell LGL leukemia. Clonal proliferation of large granular lymphocytes can be because of stimulation of
various molecular pathways namely JAK-STAT3 pathway, FAS/FAS-L pathway, RAS-RAF-1-MEK1-ERK pathway, PI3K/
AKT pathway, NF-KB pathway, and Sphingolipid Rheostat pathways. The most common clinical features presenting
with this leukemia are neutropenia, anemia, thrombocytopenia. This leukemia is also associated with various autoimmune conditions. It usually has an indolent course except for the aggressive NK cell LGL leukemia. The cause
of death in the indolent cases was mostly due to infectious complications related to the neutropenia associated
with the disease. The rarity of the disease coupled with the availability of only a handful of clinical trials has been a
hindrance to the development of a specific treatment. Most of the cases are managed with immunomodulators. The
advances in the knowledge of molecular pathways associated with the disease have brought few targeted therapies
into the limelight. We discuss here the evolution, epidemiology, demographic profile, pathophysiology, differential
diagnosis, the available treatment options along with the survival and prognostic variables which may help us in
better understanding and better management of the disease and hopefully, paving the way for a targeted clinical
approach.
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Introduction
Large granular lymphocyte (LGL) is a morphologically distinct lymphoid subtype that is larger
than most circulating lymphocytes and has
characteristic azurophilic granules containing
acid hydrolases. On electron microscopy, these
lymphocytes have cytoplasmic inclusion bodies
arranged in parallel tubular arrays [1, 2]. These
parallel tubular arrays correspond to the prominent cytoplasmic azurophilic granules visible
on light microscopy.
LGL leukemia was first described in 1975-77 as
chronic lymphocytic leukemia of T-cell origin
associated with neutropenia and splenomegaly
[1, 2]. It was finally renamed as large granular
lymphocytic leukemia in 1989, because of the
clonal proliferation of LGL [3]. This leukemia
came to be established as a rare heterogeneous clonal lymphoproliferative disorder of
mature post-thymic T- or natural killer (NK)cells.

It was Loughran TP who described two clinical
subtypes of LGL leukemia, one associated with
an increased number of LGLs but not clinically
aggressive and a chronic clinical course, and
the other subtype, with clonal LGL proliferation
and an acute clinical presentation with massive
organomegaly and systemic involvement [4].
Based on immunophenotyping, the clonal LGL
leukemias can either be T-LGL which are CD3
and CD8 positive cytotoxic T-cells and NK-LGL
which are negative for CD3. The diagnosis of
LGL leukemia is made when these cells are persistently elevated in the peripheral blood for
more than 6 months duration and no cause has
been identified.
However, the majority of the patients with
increased proliferation of LGL are clinically
asymptomatic and therefore, tend to have a
chronic clinical course. X-linked gene analyses
have supported a polyclonal LGL lymphocytosis
in such cases [4].

Large granular lymphocytic leukemia
Table 1. Changes in the nomenclature of LGL Leukemia with time
FAB 1989

REAL 1994

WHO 2001

WHO 2008

WHO 2016

Chronic T lymphoid leukemias

T-cell and putative NKcell neoplasms

Mature T and NK
cell neoplasm

Mature T and NK cell
neoplasm

Mature T and NK cell neoplasm

T-cell CLL or LGL leukemia

T-cell chronic lymphocytic T-cell LGL leukemia T-cell LGL leukemia
leukemia/prolymphocytic

T prolymphocytic leukemia

LGL leukemia
T-cell type
NK-cell type

Aggressive NK-cell
leukemia

Adult T-cell leukemia/lymphoma

Chronic lymphoproliferative Chronic lymphoproliferative
disorder of NK cells
disorder of NK cells
Aggressive NK-cell
leukemia

Sezary syndrome

The French-American-British classification described LGL leukemia as a distinct entity in the
group of chronic T-lymphoid leukemia [5]. Later,
the revised European-American classification
of lymphoid neoplasms (REAL) kept them as a
distinct entity among the peripheral T-cell and
NK-cell leukemia [6].
The World Health Organization (WHO) classification of neoplastic diseases of the hematopoietic and lymphoid tissues 2001 recognized
these entities and classified LGL leukemia into
two subtypes; type 1: T-cell LGL leukemia and
type 2: aggressive NK-cell leukemia [7]. The
2008 version of WHO introduced a new provisional subtype of NK-cell leukemia which clinically was associated with a more chronic NKcell proliferation and this was called chronic
lymphoproliferative disorder of NK cells [8].
The latest version of this classification, revised
edition 2016 highlighted the importance of
mutation of STAT3 and STAT5 in these subtypes and emphasized how the expression of
STAT5 is associated with a more aggressive
clinical outcome (Table 1) [9]. It also focused
on the three subtypes of leukemia which can
come with morphological LGL, viz, T-LGL,
Aggressive NK-cell leukemia, and Chronic lymphoproliferative disorder of NK cell type [9]. The
recently documented findings of this leukemia
have helped in better understanding the ethnicity prevalence, especially concerning aggressive NK-cell leukemia. We shall discuss in brief
the epidemiology, relevant etiological factors
responsible, the current diagnostic protocol
used, its pros and cons, and probable suggestions for such cases.
Epidemiology
LGL leukemia is a rare disorder constituting
2-5% of all chronic lymphoproliferative diseas18

T-cell LGL leukemia

Aggressive NK-cell leukemia
Highlighted the importance of
STAT mutation on clinicopathological behaviour

es in the US and Europe and 5-6% of all
cases in the Asian population [10]. Recent
demographic studies of European and North
American cohorts place the average incidence
of LGL leukemia at 0.2-0.72 per million persons
per year [11].
The incidence is approximately the same in
both males and females [12]. The median age
at presentation is the middle age group (55-60
years) [13] and it is less common in pediatric
age groups [12]. The aggressive variant is
more common in the Asian continent [14].
Females are diagnosed at a younger age compared with males [15]. In a US-based population study, 14% of patients were under the age
of 50 years at the time of diagnosis [15], in contrast to another French registry database that
reported 26% patients <50 years of age [16].
The affiliation of LGL leukemia with autoimmune diseases creates a hindrance in the
interpretation of the actual incidence of this
leukemia as many patients have already
received steroids and/or immunosuppressive
therapies for the primary autoimmune diseases diagnosed before, concurrently, or after the
diagnosis of the LGL leukemia. Nevertheless,
certain ethnicities notably Asians of Japanese,
Koreans, and Taiwanese descent have established predilection towards the form of
Aggressive NK cell-leukemia [9]. No definite sex
predilection is found within these ethnic populations. However, the age group affected is
younger, earlier by a decade or two from the
other spectrum of LGL leukemia.
Etiopathogenesis
The exact cause of the clonal proliferation of
LGLs is not known. However, it is suggested
that the initial step in clonal LGL proliferation is
Am J Blood Res 2022;12(1):17-32
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Table 2. Molecular pathways associated with LGL leukemia
Pathways

Mechanism of action

JAK-STAT3 Signalling Pathway

Somatic activating mutations in the activation domain

FAS/FAS-L-mediated Pathway

Cells are resistant to FAS induced AICD

[31]

RAS-RAF-1-MEK1-ERK Pathway

Mutation of RAS causes dysregulation of oncogenes

[34]

PI3K/AKT Pathway

through phosphorylation of AKT involved in cell survival

[37]

NF-KB Pathway

through enhancement of anti-apoptotic function of Bcl2

[38]

Sphingolipid Rheostat Pathway

Anti-apoptotic S1P levels are increased and its pro-apoptotic metabolite ceramide is decreased

[40]

an antigen-driven mechanism. This antigen
activation first leads to polyclonal proliferation
of LGLs, then through mutation in various pathways, there is an oligoclonal proliferation of
these LGLs. This switch from polyclonal population to oligoclonal population is well documented in various studies [17-19]. The pathology
behind the development of LGL leukemia is
dysregulation in the pathways involved in activation-induced cell death (AICD). This abnormal clonal expansion of antigen-primed mature
LGLs that successfully escaped AICD, keeps
the leukemic LGLs alive thereby functioning as
killer cells and memory effector T cells. Certain
antigens and cytokines are responsible for
clonal expansion of LGLs by utilization of various pathways described in the following sections, and also in Table 2. Zhang et al. also formulated the Boolean dynamic model of the
signaling pathway network, which was able to
identify the potential causes and key regulators
of long-term survival of clonal LGLs [20].
The various ways of stimulation of LGL are as
follows.
Viral antigen-induced LGLs activation
Starkebaum G et al. established the relationship between LGL leukemia and the HTLV1
virus. The proliferation of clonal mature LGLs
is the result of chronic antigen stimulation of
LGL by the HTLV1 virus. Seropositivity is seen
toward its envelope protein BA21 and is seen
in 30% to 50% of all patients [21, 22]. Studies
establishing the relationship between LGL leukemia and seropositivity for Hepatitis C virus,
Epstein-Barr virus (EBV), and Cytomegalovirus
(CMV) are also reported [23, 24].
The Aggressive NK cell-Leukemia has a strong
association with EBV infection and their predilection in Asian ethnicities can further be
established by the incidence of chronic active
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Reference
[27, 28]

EBV infection (CAEBV) in them. This form of
leukemia is known to evolve from CAEBV. The
WHO revised 2016 edition has categorized
CAEBV infection of T and NK-cell type under
the headings of systemic CAEBV and indolent,
localized forms of hydroa-vacciniforme lymphoproliferative disorder and severe mosquito bite
allergy [9]. CAEBV has racial predilection of
being found more in the Asian population of
Japanese, Korean and Taiwanese descent. It is
also seen in Latin Americans but rarely in western and African nations. Children and adolescents are more commonly affected than adults.
The genetic polymorphism in genes related to
the EBV immune response in these ethnicities
has been suggested to play a pivotal role in
their susceptibility despite being immunocompetent [9].
Cytokines induced LGLs activation
IL-15 and PDGF have an important role in the
activation and uncontrolled proliferation of
mature LGLs. IL-15 signals through its receptor
IL-15 receptor alpha to activate downstream
signals including JAK-STAT and MAPK pathways
[25]. These signals lead to activation of the
Bcl2 family of anti-apoptotic proteins and suppression of pro-apoptotic factors like Bid and
Bim. This further leads to inhibition of apoptosis and prolonged survival.
PDGF signals through a receptor tyrosine
kinase (PDGFR) to activate survival pathways
including PI3K-AKT and MAPK pathways [26].
This pathway acts through an autocrine loop,
thereby leading to longer survival of these cells.
Molecular pathways involved in the pathogenesis of LGL leukemia
JAK-STAT3 signalling pathway: This signaling
pathway transmits the extracellular signals into
the cell. JAK receptor has a tyrosine kinase

Am J Blood Res 2022;12(1):17-32

Large granular lymphocytic leukemia
activity, which on binding to its ligand (IL-15)
undergoes autophosphorylation which further
initializes STAT protein binding and phosphorylation by JAK and thereby undergoes dimerization. STAT dimers then enter the nucleus and
regulate gene expression, especially genes
related to cell survival. Mutation of this pathway has been demonstrated as a fundamental
feature in the pathogenesis of LGL leukemia,
promoting LGL survival [27]. Activated domain
mutations of the STAT3 gene are seen in
30-40% of LGL leukemia patients [27, 28].
Teramo A et al., demonstrated that proinflammatory cytokine IL-6 induces, while suppressor
of cytokine signaling-3 (SOCS3) inhibits the
Jak-Stat3 pathway in LGL leukemia patients
[29]. Also, the levels of IL-6 are increased,
whereas SOCS3 messenger RNA and protein
levels were significantly decreased in LGL leukemia. Mutant STAT3 may be predictive of poor
prognosis and contribute to the development of
associated disorders like aplastic anemia and
myelodysplastic syndrome [28, 30].
FAS/FAS-L mediated pathway: Fas and Fas-L
signaling pathways normally induce apoptosis
and play an important role in the regulation of
the immune system. It acts through the activation of caspase-dependent apoptosis. This is
the major mechanism through which LGLs
induce cell death of foreign cells. Normal LGLs
once activated due to an infection, are resistant to apoptosis, and as the infection subsides
these activated LGLs are eliminated through
FAS-FAS-L pathway activation-induced cell
death (AICD). Unlike normal LGLs, leukemic
LGLs are resistant to AICD. According to Liu
JK et al., a cleaved product of FAS known as
soluble FAS can block AICD by interfering with
the normal binding of Fas-L to its receptor [31].
Fas-L is responsible for hematopoietic suppression through apoptosis of neutrophil precursors in the bone marrow. This is responsible
for the development of neutropenia, the characteristic clinical presentation in patients with
LGL leukemia [32].
RAS-RAF-1-MEK1-ERK pathway: The RAS pathway is involved in the survival, proliferation,
senescence, and differentiation of normal
cells. Activation of RAS causes activation of
RAF by phosphorylation, followed by activation
of the MEK and ERK sequentially. Mutation of
RAS causes abnormal cellular signaling, dereg-
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ulation of gene expression, and oncogenesis
[33]. Overactivation of the Ras pathway plays
an important role in the survival signaling of
LGLs. Co-activation of Ras and ERK was found
in LGL leukemia [34]. Blockade of either ERK or
Ras activity may restore Fas sensitivity in leukemic LGLs [35]. This can be used as a probable
therapeutic target.
PI3K/AKT pathway: PI3K is a downstream
member of the growth factor receptor with tyrosine kinase activity, which acts through phosphorylation of AKT and hence its activation.
Activated AKT takes part in cell survival, proliferation, and growth [36]. Overexpression of the
PI3K-AKT signaling pathway has been found in
T-LGL cells and is associated with apoptosis
inhibition [37].
NF-KB pathway: NF-KB is a transcription factor
that is engaged in the survival of immune cells.
It remains silent by binding to its inhibitors
known as inhibitors of NF-KB in resting conditions. Upon activation, NF-KB gets translocated
to the nucleus where it regulates the expression of various genes. NF-KB is activated in LGL
leukemia and it acts through enhancing the
anti-apoptotic function of Bcl-2 proteins.
According to studies, it also acts through the
PI3K-AKT pathway to prevent apoptosis through
Mcl-1, independently of STAT3 [38].
Sphingolipid rheostat pathway: Sphingolipids,
Sphingosine-1-Phosphate (S1P) and ceramide
are interconvertible metabolites that exist in a
balanced state in the blood. Increased S1P
level is responsible for increased survival of
the cells and when its metabolite ceramide levels are increased, it puts in the signal for apoptosis [39]. In patients with LGL leukemia, there
is an increased level of S1P [39]. Inhibition of
acid ceramidase (converter of ceramide to
sphingosine), into a rat model of LGL leukemia,
leads to apoptosis of leukemic LGLs [40].
The molecular pathways associated with LGL
leukemia are summarised in Table 2. The antigens, cytokines, and molecular pathways
involved in the pathogenesis of LGL leukemia
are illustrated in Figure 1.
Clinical features
It is commonly seen around the 7th decade of
life (median age 60 years) except the aggres-
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Figure 1. Antigen, Cytokines and Molecular pathways involved in the pathogenesis of LGLs. Mainly HTLV1 virus
and cytokines like IL15 and PDGF acts as an antigen stimulus for polyclonal proliferation of LGLs this is followed
by acquisition of mutations at various molecular pathways leading to clonal proliferation and increased survival of
these cells. The major pathways involved are described here. JAK-STAT3 Signalling Pathway: STAT3 is continuously
activated in LGL leukemia, it inhibits apoptosis by increasing the transcription of Mcl-1 which is an anti-apoptotic
protein; FAS/FAS-L-mediated Pathway: LGL leukemia cells are resistant to FAS mediated apoptosis, soluble cleaved
product of FAS (sFAS) is interferes with the anti-apoptotic action of FAS; RAS-RAF-1-MEK1-ERK Pathway: This pathway acts by modulating the transcription of Mcl-1, this pathway is upregulated in LGL leukemia and is associated
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with inhibition of apoptosis; PI3K/AKT Pathway: Increased activity of this is seen in LGL leukemia, it also controls
apoptosis through Mcl-1 and is responsible for inhibition of apoptosis; NF-KB Pathway: activity is increased in LGL
leukemia and it acts through downstream of the PI3K-AKT pathway to prevent apoptosis; Sphingolipid Rheostat
Pathway: SP1 level is increased in LGL leukemia and is responsible for increased survival of the cells and when its
metabolite ceramide levels are increased, it puts in the signal for apoptosis. It acts through downstream of ERK
pathways and prevents apoptosis.

Table 3. Autoimmune disorder associated with LGL leukemia
Percentages
Reference
of cases (%)
Rheumatoid arthritis (RA) and Felty’s syndrome
25-33%
[44]
Pulmonary artery hypertension (PAH)
rare
[45]
Sjogren syndrome
50%
[46]
Autoimmune thyroiditis (Hashimoto’s disease)
13%
[46]
Systemic lupus erythematosus (SLE)
6%
[46]
Vasculitis
7%
[47]
Autoimmune cytopenia
[48]
Anemia
31%
Neutropenia
31%
Thrombocytopenia
12%
Autoimmune disorder associated

sive NK-cell leukemia which is found more in
the younger age group (median age 40 years) of
Asian descents. One-third of patients are usually asymptomatic at the time of presentation.
Fatigue is the most common clinical finding and
is seen in more than half of the patients.
Pure red cell aplasia (PRCA) (seen in 68% of
cases [41]) accompanies LGL leukemia more
commonly in Asians while in western countries,
neutropenia is more common [42]. The clinical
features viz, anemia due to PRCA and recurrent
infections due to neutropenia are the most
common clinical presentations [12]. Infections
mostly involve skin, oropharynx, sinuses, and
perirectal areas, but may also become more
severe and result in pneumonia or sepsis.
Thrombocytopenia is less common than both
neutropenia and anemia in both Asian and
western countries [41, 42]. Neutropenia, anemia, or pancytopenia may present at different
points of time throughout the disease or may
occur simultaneously [43]. However, B symptoms are rarely seen [16].
In aggressive NK-cell leukemia, the presence of
hepatomegaly, lymphadenopathy, uncommon
cutaneous lesions, and common effusions may
be found. The disease may further be complicated by coagulopathy, hemophagocytic syndrome or, multiorgan failure [9].
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LGL leukemia is frequently
associated with autoimmune
disorders. Rheumatoid arthritis is the most common association, but other associations
include ulcerative colitis, Sjogren’s syndrome, systemic lupus erythematosus, etc. [13].
Autoimmune disorders associated with LGL leukemia are
enumerated in Table 3.

Splenomegaly is reported with
a frequency varying from 20%
to 50%, however, occurrences
of hepatomegaly and lymphadenopathy are relatively low [49, 50]. It is
associated with some hematological malignancies like chronic lymphocytic leukemia, hairy
cell leukemia, follicular lymphoma, mantle cell
lymphoma, Hodgkin lymphoma, monoclonal
gammopathy of uncertain significance, myeloma, B cell acute lymphoblastic leukemia, chronic myeloid leukemia, myelodysplastic syndrome, and also non-malignant conditions like
aplastic anemia and paroxysmal nocturnal
hemoglobinuria [51-55]. This has been depicted in Table 4.
Hematological features
LGL leukemia was previously diagnosed when
the LGL count exceeded 0.5 × 109/L for a
period of more than 6 months [4]. Diagnosis
can also be considered when circulating large
granular lymphocytes count is less than 0.5 ×
109/L, if these cells are clonal and the patient
exhibits typical morphology, immunophenotype, clinical or hematologic presentations
(concomitant autoimmune diseases such as
rheumatoid arthritis, splenomegaly), or cytopenias associated with a clonal LGL marrow
infiltration [12, 16]. The characteristic finding
is the presence of lymphocytosis which is seen
in ~50% of the cases [16]. Most patients are
neutropenic, which is responsible for its characteristic clinical presentation with frequent
recurrent infections. There is no direct correla-
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Table 4. Haematological conditions associated with LGL leukemia
Haematological malignancy
Monoclonal gammopathy of unknown significance (MGUS)
Chronic Lymphocytic Leukaemia
Hairy Cell Leukaemia
Follicular Lymphoma
Mantle cell lymphoma
Myelodysplastic Syndrome
Aplastic Anemia
Paroxysmal Nocturnal Haemoglobinuria

Percentages of cases (%)
19%
8%
2%
2%
2%
7%
4%
2%

Table 5. Haematological parameters associated with
LGL leukemia

Serological features

Reference
[51, 52]
[51, 52]
[53]
[51, 52]
[51, 52]
[54]
[55]
[51]

There are various serological abnormalities associated with LGL leukemia; the
most common being an increase in Fas-L
which is seen in approximately 90% of
cases and is responsible for abnormal
proliferation and clinical features associated with LGL leukemia [12]. These
patients are often found to have neutropenia with the resolution of the neutropenia
accompanying normalization of serum Fas-L
levels [32]. The second most common abnormality associated with this disorder is raised
Rheumatoid factor, which is seen in 40-60% of
the cases according to various studies [4, 12,
54]. Anti-neutrophil antibodies were seen in
40% of the cases but their significance in the
pathogenesis of LGL leukemia is still inconclusive [12, 54]. Beta2-microglobulin is raised in
about 70% of cases [56, 57]. Table 6 enlists
the serological and biochemical parameters
associated with LGL leukemia.

Percentages
Reference
of cases (%)
Lymphocytosis (>5000/µL)
30%-60% [12, 16, 53]
Neutropenia (<1500/µL)
30%
[47]
Anemia (<12 g/L)
30%
[47]
Thrombocytopenia (<1,50,000/µL)
12%
[47]
Haematological Parameters

Table 6. Serological and biochemical parameters associated with LGL leukemia
Percentages
Reference
of cases (%)
Rheumatoid Factor
40-60%
[12, 54]
Anti-neutrophil Antibodies
40%
[12, 54]
Serum LDH
30%
[54]
Hypergammaglobulinemia
10%
[52]
Beta2-microglobulin
70%
[56, 57]
Fas-L
>90%
[32]
Markers

tion between the extent of LGL marrow infiltration and the degree of neutropenia. It was
explained by Liu JH et al. that the reason
behind this neutropenia was Fas/Fas-liganddependent mechanism [32]. Anemia is very
common [53]. This anemia can be both
Coombs test positive or negative. Coombspositive anemia is because of autoimmune
hemolytic anemia seen in ~30% of cases [41].
Coombs negative anemia is mostly because of
PRCA, which is seen in 19% of cases [41].
Anemia in PRCA is associated with low reticulocyte count and about 20% of these cases
are transfusion-dependent [12]. Thrombocytopenia is usually moderate, observed in 15%35% of patients, and does not require any
platelet transfusions [53]. Table 5 shows the
hematological parameters frequently associated with LGL leukemia.
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Diagnostic criteria used for treatment of LGL
Clinical suspicion should be made in settings
of unexplained neutropenia, recurrent infections, anemia, lymphocytosis, or autoimmune
conditions. In these cases, morphological
examination of peripheral blood should be
done to determine the presence of large
granular lymphocytes on the peripheral blood
smear. Along with peripheral blood examination, flow-cytometric analysis using CD3, CD5,
CD4, CD8, CD16, CD56, CD57, TCRγδ rearrangements, STAT3 protein, STAT5, Vb repertoire, and killer cell immunoglobulin-like receptor (KIR) phenotyping should be done. Molecular genetics for STAT3/STAT5 rearrangement
can help in making the diagnosis. Cytotoxic
markers like TIA1, granzyme B, and M are posiAm J Blood Res 2022;12(1):17-32

Large granular lymphocytic leukemia

Figure 2. A-C. Shows LGL in peripheral blood smear, stained with May Grunwald Giemsa stain and viewed under
100 × magnification.

tive. KIR expression has an important role in
ruling out CLPD of NK cell type. KIR expression
is abnormal, with restricted expression or lack
of detection in them.
Based on these findings, LGLs can be polyclonal which indicates reactive LGL proliferation secondary to viral infection (such as CMV,
HIV, EBV). Oligoclonal or clonal LGL proliferation
may occur as a post-transplant lymphoproliferative disorder as well as in the company of
other hematological malignancies.
Whenever clonal expansion of LGLs occurs,
diagnosis of T or NK LGL leukemia with clonal
TCRyδ should be considered. However, additional tests for STAT3-5b/NFKB mutation, Vb
repertoire, and KIR phenotyping should be performed for prognostication and targeted
therapy.
Some cases with the presence of pancytopenia
and lymphopenia having low LGL count around
0.5-1 × 10^9/L, no blood clonal evidence, and
unmutated STAT3 are labeled as “Grey zone
cases”. In these cases, bone marrow biopsy
with immunohistochemical analysis should be
done to classify them into either Interstitial
and intravascular; Infiltration of clusters of
CD3+/CD8+ Granzyme B/TiA1+ LGL or Lymphoid nodules of B and T CD4 cells. For such
cases also, STAT3-5b/NFKB mutation, Vb repertoire, and KIR phenotyping should be evaluated, if not done earlier, for their prognostication.
The revised 2016 edition of WHO provides the
cut-off of LGL in peripheral blood with a lymphocytosis of 2-20 × 109/L for a duration of 6
months without any known cause and on immunophenotyping has the particular phenotype of
T or NK-cell in its criteria of diagnosis. It also
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mentions that in cases of lymphocytosis <2 ×
109/L, keeping in consideration the associated
clinical features, the diagnosis can be made.
CLPD of NK-cell type has been labeled as a
provisional entity due to its chronic clinical
course [9]. The aggressive NK-cell leukemia
has a strong association with EBV infection (85100% cases are reported positive for EBV).
Genetic profile studies can be recommended
for such patients. Del (6) (q21q25) and 11q
deletion have been reported in them.
Cytological features
Large granular lymphocytes (LGL) are cytotoxic
cells of large size (2-3 times the size of mature
lymphocytes), with abundant cytoplasm containing typical azurophilic granules, and a reniform or round nucleus with mature/condensed
chromatin. These cells contain cytotoxic granulations of perforin and granzyme and express
apoptosis signals through death receptors (Fas
and TRAIL). They normally represent 10-15% of
peripheral blood (PB) mononuclear cells, where
they are involved in cell-mediated cytotoxicity.
Figure 2 represents the micrograph of an LGL
as seen in the peripheral blood smear.
Histological features
Bone marrow
Bone marrow (BM) shows mainly interstitial
and intra-sinusoidal infiltrate of CD8+ T cells
[58], in association with a reactive non-malignant lymphoid population containing polyclonal
B and T cells. Myeloid series of cells may show
maturation arrest [54]. Erythroid series of cells
are usually increased. Immunohistochemistry
is usually needed to identify the CD8+ T cells
or, the CD3 epsilon + NK cells.
Am J Blood Res 2022;12(1):17-32
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Figure 3. Flow cytometric analysis of a typical case of T CD3+ LGL leukemia. A. Lymphocytes are gated on CD45 versus side scatter. B. CD3+ T cells are gated. C. Majority (~84%) CD3+ cells are CD8+. D. CD3+CD8+ are showing dim
to negative expression of CD5. E. CD3+CD8+ are showing negative expression of CD94 and CD57. F. CD3+CD8+
are showing negative expression of CD16.

Spleen
Characteristic findings in the spleen include
lymphocytic red pulp cord infiltration with preservation of the white pulp. The white pulp may
show expansion of its germinal center.
Liver
The liver characteristically shows prominent
sinusoid and portal infiltration.
Skin
Skin shows perivascular lymphoid infiltrate in
the upper dermis. No epidermal changes were
seen [3].
Immunophenotyping
Immunophenotypically LGLs can be divided
into T-LGLs and NK-LGLs.
T-LGLs
According to Semezato et al., 80% of cases of
T-LGLs are positive for CD3 and CD8. The cells
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usually show restriction for TCRα/β. They are
also positive for CD16, CD57 and are negative
for CD4, CD56, and CD28 [59]. Uncommonly,
they can be CD8 negative and CD4 positive or
can be double negative for CD4 and CD8 with
restriction for TCRγδ.
Only a few cases of TCRγδ positive LGL leukemia have been described but they usually have
the same clinical phenotype as TCRα/β as they
are associated with neutropenia, rheumatoid
arthritis, PRCA, etc. [60, 61]. They are positive
for cytotoxic proteins, TIA 1, granzyme B and
granzyme M.
Few patients show expression of CD56. These
patients present at a younger age group and
were associated with a more aggressive clinical course and poorer prognosis [62]. About
50% of cases are positive for CD94/NKG2
and KIR [63]. Only a single isoform of KIR is
present in an individual. This can also be used
as a marker of clonality. The flow cytometric
analysis of a typical case of T CD3+ LGL leukemia is shown in Figure 3.
Am J Blood Res 2022;12(1):17-32
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NK-LGLs
They are characteristically positive for CD3
epsilon, CD2, CD17, and CD56; but negative for
surface CD3, CD4, CD8, and CD57 [44]. They
are positive for granzymes M, granzyme B, and
TIA1. KIR expression is skewed, CD161 expression is reduced while CD94/NKG expression is
bright [64, 65].
Differential diagnosis
Reactive LGL cell expansion
Many benign, as well as malignant conditions,
are associated with the proliferation of reactive
LGLs. These conditions include viral infections,
bone marrow transplants, many solid malignancies, and Non-Hodgkin’s Lymphomas. The reactive LGLs are polyclonal and subside as the primary condition subsides. These conditions
have no clinical features associated with LGL
leukemia [12].
Hepatosplenic T cell lymphoma
It is a T-NHL which can clinically mimic LGL leukemia but morphologically, the cells are immature with opened up chromatin and a thin rim of
cytoplasm. Immunophenotypically, it shows
restriction for TCRγδ and is negative for CD8,
CD57 and granzyme B. Bone marrow involvement are intra-sinusoidal with expansion rather
than interstitial [66]. Males of median age of
30 years are more affected with B symptoms.
Peripheral T cell lymphoma-not otherwise
specified (PTCL-NOS)
It is a mature nodal and extra-nodal T-NHL,
which can mimic LGL leukemia morphologically. Though they are associated with EBV however the association with EBV has been established only in cases of aggressive NK-LGLs
[67]. Immunophenotypically they are positive
for CD4, and usually negative for CD8. They are
also positive for CD15 and may co-express with
CD30 [68].
Therapy
Cases with T-LGL leukemia and indolent NKLGL leukemia are treated in the same manner,
however aggressive NK-LGL leukemia are
treated more aggressively. For asymptomatic
cases, only observation is necessary. However,
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most of the patients become symptomatic over
time and require therapy.
Indication for treatment: Severe neutropenia
(<500/µL) with severe infection.
Transfusion dependent anemia.
The algorithm used to treat patients with LGL
leukemia is given in Figure 4 and has been
described in the sections below.
For neutropenia, G-CSF has shown significant
response in the initial stages of the disease but
some patients show no response to the treatment or have a delayed response [69].
Steroids may relieve some symptoms and
improve neutropenia, but remissions are usually not durable and eventually, patients also
suffer the side effects of steroid therapy [59].
Oral methotrexate has been used successfully
for the treatment of LGL leukemia. It is one of
the best therapies for neutropenia when used
at a dose of 10 mg/m2 orally per week [70].
The median duration of therapy is 1-9 years
[30, 70]. It has the side effect of interfering
with liver and renal function; therefore, regular
hepatic and renal check-up is needed.
Cyclosporin is an immunomodulator that can
be used as a first-line as well as a second-line
drug, alone or in combination with steroid or
methotrexate [54, 71]. It is used at a dose
of 1-1.5 mg/kg orally two times a day. Its
response is not permanent and relapses do
occur after discontinuing, therefore requiring
indefinite administration.
Cyclophosphamide is an alkylating agent it can
be successfully used in refractory cases at a
dose of 50-100 mg/day per orally. It has a
better effect in neutropenia and PRCA as compared to methotrexate, although the response
is not permanent and the condition may recur if
therapy is stopped. It is associated with side
effects like myelosuppression requiring supplementation with G-CSF. It should be used not
more than 4 months in cases of non-responders, and 6-12 months in cases of responders
[72]. Renal function should be monitored
regularly.
Aggressive LGL leukemia has been usually
treated with polychemotherapy that can be
either CHOP-like (cyclophosphamide, doxorubicin, vincristine, and prednisone-like) or CVP
Am J Blood Res 2022;12(1):17-32
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Figure 4. Therapeutic algorithm of
LGL leukemia.

(cyclophosphamide, vincristine, and prednisone) based therapies [12]. They are associated with poor prognosis [62]. HSCT can be used
as a potential therapeutic option in rare aggressive and relapsing forms of T-LGL leukemia
[73].
Response assessment
Hematologic complete response (CR)
It is defined by normalization of blood counts
for more than 4 months-Haemoglobin ≥12 g/
dL; Platelets ≥150 × 109/L; ANC ≥1.5 × 109/L
and Lymphocytosis ≤4 × 109/L.
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Hematologic partial response (PR)
It is defined by - There is improvement in hematological parameters but not meeting the criteria of CR.
Treatment failure
It is defined by - Patient not meeting either criteria of CR or PR for more than 4 months.
Progressive disease (PD)
It is defined by worsening of cytopenia or
organomegaly.
Am J Blood Res 2022;12(1):17-32
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Prognosis
Patients with T-LGL leukemia and indolent
NK-LGL leukemia are associated with an indolent course. For the initial phase of therapy,
most of these patients need no treatment but
need observation and follow-ups at regular
intervals. Most of these patients have a progressive course when they become symptomatic and need to be treated. These patients
usually have an indolent course with the cause
of death is mainly secondary to other associated conditions like severe infection secondary to
neutropenia. However, only very few patients
die due to disease progression.
According to Bareau B et al., around 4% of
cases died because of severe infection due to
neutropenia and around 2% cases died because of disease progression [16]. The overall
5-year survival is around 75% [74]. However,
the prognosis of aggressive NK-LGL leukemia
is very poor, which is refractory to most of the
therapy options available and the median survival of these cases is only a few weeks [75].
Despite clinical response to all the therapeutic
options available presently, relapses are infrequent. This is due to the persistence of the leukemic LGL clone. A better understanding of its
etiological evolution and an understanding of
targeted therapeutic agents combined with
novel and FDA-approved agents in clinical trials
in the future may help in giving more consistent
responses in these patients.
Conclusion
LGL leukemia has a wide spectrum of clinical
presentations varying from an indolent chronic
lymphoproliferative disorder to an aggressive
NK cell leukemia. The disposition from a reactive polyclonal LGL proliferation through clonal
indolent proliferation to an aggressive lymphoma requires more studies for better clarity of
its evolution. Even the therapeutic options
available require more clinical trials, especially
for the aggressive forms.
The rarity of LGL leukemia with the availability
of few clinical trials is an obstacle to the development of a specific treatment. Albeit the
extensive use of immunomodulators, the
relapse of these cases is at a higher number.
Advances in the understanding of the molecu-
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lar pathways involved in the development of
this entity have brought about few targeted
therapies in the market. However, there is a
substantial need for reducing the relapsed
cases and diagnosing them earlier than is
ordained. Moreover, the ideal LGL number in
the peripheral blood for an invasive procedure
like bone marrow investigation to be undertaken without the absence of any clinical features
is a dilemma. The recognition of CLPD of NK
cell type as a distinct entity and not as provisional, as described by the revised edition of
WHO may help in earlier monitoring and diagnosis of these cases. Monitoring such cases
will help in better understanding of the pathways involved, especially in specifying the exact pathway which shifts, as they evolved from
chronic to a more acute presentation. The alliance of LGL leukemia with autoimmune disorders has been documented in numerous works
of literature. The autoimmune condition is of
priority, however, the presence of LGL should
not be disregarded. The number of LGL in their
peripheral blood should be closely monitored
as chances of these patients developing LGL
leukemia is higher compared to apparently
healthy individuals. Future research on this
group of patients may bring about a cut-off of
LGL for warning and work-up. These are the
steps that can be implemented in the future
and which will help in better diagnosis of this
sporadic leukemia.
We conclude that for the improvement in the
survival of these cases, clinical trials with thorough detail on the evolution and the clinical
course of the disease are needed.
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