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Abstract

Purpose of review—The past decade in LGL leukemia research has seen increased pairing of
clinical data with molecular markers, shedding new insights on LGL leukemia pathogenesis and
heterogeneity. This review summarizes the current standard of care of LGL leukemia, updates
from clinical trials, and our congruent improved understanding of LGL pathogenesis.

Recent findings—\Various clinical reports have identified associations between stem, bone-
marrow, and solid organ transplants and incidence of LGL leukemia. There is also a potential for
underdiagnosis of LGL leukemia within the rheumatoid arthritis patient population, emphasizing
our need for continued study. Preliminary results from the BNZ-1 clinical trial, which targets
IL-15 along with IL-2 and IL-9 signaling pathways, show some evidence of clinical response.

Summary—With advances in our understanding of LGL pathogenesis from both the bench and

the clinic, exciting avenues for investigations lie ahead for LGL leukemia.

Keywords
Large granular lymphocyte leukemia; STAT3; autoimmunity; organ transplant; BNZ-1

Corresponding author: Thomas P. Loughran, Jr., M.D., Director, University of Virginia Cancer Center, Professor of Medicine, F.
Palmer Weber-Smithfield Foods Professor in Oncology Research, PO Box 800334, Charlottesville, VA 22908-0334, Phone: (434)
243-9926, Fax: (434) 244-7526, TL7CS@hscmail.mcc.virginia.edu.

These authors contributed equally to this work

Disclosures: Thomas P. Loughran, Jr. is on the Scientific Advisory Board and has stock options for Keystone Nano and Bioniz
Therapeutics. Thomas P. Loughran and David J. Feith have received honoraria from Kymera Therapeutics. There are no conflicts of
interest with the work presented in this manuscript.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Cheon et al. Page 2

Introduction

Large granular lymphocyte (LGL) leukemia is a rare chronic lymphoproliferative disease of
T-cell and natural killer (NK) cell lineage. [1] Since its initial description in 1985, the World
Health Organization (WHO) has recognized T and NK-cell LGL leukemia under the
subgroup of mature peripheral T-cell neoplasms in 1999, and further distinguished chronic
NK-cell lymphocytosis from the more aggressive form of NK—cell LGL leukemia in 2008.
[2, 3] The most recent WHO classification from 2016 highlights the discovery of signal
transducer and activator of transcription 3 (STAT3) and STAT5b mutations. [2, 4-6] This
review will discuss epidemiology, clinical presentation, diagnosis, management,
pathogenesis, and future therapeutic options of LGL leukemia. Active research is underway
to better understand pathogenesis of LGL leukemia and to develop effective therapeutic
regimens for this rare disease.

Epidemiology and Disease Prevalence

Roughly 85% of reported LGL leukemia cases are the T-LGL subtype, with less than 10% of
cases described as chronic NK-LGL leukemia. The aggressive NK-cell disease typically
presents in young Asian populations with Epstein Barr virus infection suspected as a
contributing etiologic agent.[1] In fact, overall disease prevalence differs across ethnicities
as well. In North America and Europe, LGL leukemia accounts for 2-5% of chronic
lymphoproliferative disorders, whereas in Asia, it accounts for a higher proportion at 5-6%.
[7] 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 (Table 1).[8, 9]

Similar demographic information has been reported across cohorts with the median age at
diagnosis in the sixth decade of life, with more than 75% of patients over the age of 50. The
most recent population study of T-LGL leukemia showed that incidence did not differ across
ethnicities or sexes, although females tend to be diagnosed 3 years earlier than males. LGL
leukemia is a relatively indolent disease with 45% of patients requiring systemic treatment at
time of diagnosis.[9] However, most patients will eventually require treatment at some point
during the disease course, and the overall median survival is approximately 9 years. [8, 10]
Overall survival is impacted by presence of comorbidities and age at diagnosis.[9] Clinical
features and responses to treatment are similar between chronic NK- and T-LGL leukemias.
[10] On the other hand, aggressive NK-LGL leukemia tends to be refractory to treatment
with an overall survival as low as 58 days. [11]

Clinical Presentation

About one-third of patients are asymptomatic at the time of diagnosis. [1] These
asymptomatic patients are often referred to hematology specialists by their primary care
physician due to abnormal complete blood count (CBC) values, such as increased
lymphocyte count. Another common incidental finding is low neutrophil counts, or
neutropenia. Some patients with severe neutropenia may display no symptoms or infections
for a very long period of time, whereas others may exhibit symptoms related to neutropenia
such as recurrent oral aphthous ulcerations and fever due to bacterial infections. In serious

Curr Hematol Malig Rep. Author manuscript; available in PMC 2021 April 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Cheon et al. Page 3

cases, sepsis may occur. Splenomegaly is reported at 20-50% frequency, and recurrent
infection is seen in 15-39% of patients [1]. Anemia is also a frequent symptom seen in
patients, and 10-30% of anemic patients are transfusion dependent [1].

LGL leukemia has a long history of association with autoimmune diseases, with many
patients presenting with an autoimmune or hematological disorder before the eventual
diagnosis of LGL leukemia (Table 1). Rheumatoid arthritis (RA) is one of the most
commonly associated autoimmune disorders with 10-36% of LGL leukemia patients
suffering from concomitant RA [1, 12, 13]. In addition, due to more prominent RA
symptoms in LGL leukemia and overlapping immunosuppressive treatments for both RA
and LGL leukemia, it is possible that LGL leukemia is underdiagnosed in the RA patient
population. In fact, in a study of 529 RA patients, roughly 3.6% exhibited clonal T-LGL
expansions as determined by polymerase chain reaction (PCR). Given that RA affects
millions of people worldwide, there is the distinct possibility that LGL leukemia affects a
much larger population than previously thought, thus emphasizing the need for continued
study.

Additionally, LGL leukemia patients may also have other less common diseases such as
Sjogren syndrome, Behget disease, systemic lupus erythematosus, chronic inflammatory
bowel disease, autoimmune thyroid disorders, and immune thrombocytopenia. [1, 13-15]
Felty’s syndrome (FS) is yet another autoimmune disorder common to LGL leukemia
patients, affecting up to 40% of patients, that exhibits a strong symptomatic overlap with
LGL leukemia. [14, 15] Both diseases commonly present with RA, splenomegaly, and
neutropenia as well as with a high prevalence of DR4 haplotype and a favorable response to
methotrexate (MTX) therapy, thus suggesting a common pathogenesis. [15]

Hematological disorders are also often associated with LGL leukemia. Indeed, there is a
higher prevalence of not only neutropenia, but also autoimmune hemolytic anemia (AIHA),
myelodysplastic syndrome, B-cell malignancies, and aplastic anemia (AA) in LGL leukemia
patients. [14] Of note, pure red cell aplasia (PRCA) has been documented in 5-68% of cases
depending on the cohort. [13, 14, 16] This widely varied range is likely due to differential
presentation depending on ethnicity, with PRCA much more prevalent amongst East Asian
LGL leukemia patient populations. [17].

Diagnosis

A definitive diagnosis of LGL leukemia is established when an expanded clonal T- or NK-
LGL population is found with appropriate clinical context. Increased number of LGL cells
(> 2x10%/L; normal: <0.3x10%L) or LGL count between (0.4 — 2x109/L) with paired
clinical or hematological features such as RA or cytopenia are compatible with the
diagnosis. Leukemic LGL cells can easily be identified on a blood smear, as they are larger
than circulating peripheral lymphocytes with ample cytoplasm that contains azurophilic
granules (Figure 1A). However, LGL cells are not cytologically distinguishable from
activated cytotoxic lymphocytes nor are T- and NK-LGL cells distinguishable.
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Clonality of the LGL cells is essential to categorize this lymphoproliferation as a leukemia
and distinguish it from autoimmune or infectious disease. Clonality of T-LGL cells can be
established with (PCR) with probes for T-cell receptor (TCR)y. TCRy can be used for both
ap and y& T-cell lineages, as this gene is rearranged at an early stage of T-cell development.
Flow cytometric analysis assessing VP TCR cell surface protein repertoire can also be used
to gauge clonality, with the caveat that it may be less sensitive than the PCR tests. [1]
Identifing clonality of NK-LGL is a more difficult task as NK cells lack TCR recombination
or expression. In this case, immunophenotyping assays measuring expression patterns of
killer cell immunoglobulin-like receptors (KIRs) prove useful in diagnosis. [1]

Flow cytometry is utilized to assess expression of cell surface markers and is important to
establish an expanded T- or NK cell population. T-LGL cells exhibit a mature post-thymic
phenotype and, in most cases display CD3*, TCRap*, CD8*, CD16*, CD45RA", and
CD57* and are CD4~, CD5%M, CD27-, CD28~, CD45RO~. NK-LGL cells display CD2*,
CD37, TCRap™, CD4~, CD8*, CD16*, CD94*, and CD56*.[1] Although clonal, LGL
leukemic cells are heterogeneous between patients and exhibit different marker phenotypes.
For example some patients with T-LGL cells expressing CD56* may have more aggressive
clinical behavior and have been associated withmutations of the Stat5b gene. [5, 18] Of
interest, there is also a distinct LGL leukemia phenotype, CD3+CD4+CD8+CD56+, that
may also have characteristic STAT5b mutatations, but have an indolent clinical course. [5]

Bone marrow aspirate or biopsy is not routinely performed as blood studies can readily
establish the diagnosis. However, bone marrow can be evaluated when the diagnosis is
difficult to establish and other diagnoses are on the differential, such as MDS. A typical
LGL leukemia bone marrow features hypercellularity (Figure 1B—F) with CD3*, CD8*, and
CD57* infiltrate. As morphologic infiltration may be subtle, immunohistochemistry studies
can be useful. The characteristic pattern is an interstitial/intra-sinusoidal distribution of
cytotoxic T cells expressing cytotoxic markers such as perforin, granzyme B, and/or TIA-1.
[19] The degree of LGL infiltration does not necessarily correlate with severity of clinical
presentation [1]. Extensive details on diagnosis of LGL leukemia are well-illustrated in
Lamy, Moignet, and Loughran 2017 [1].

Current treatment options of LGL leukemia

Prognosis

T- and NK-LGL leukemias are chronic diseases that require management as the disease
evolves. Overall survival at 10 years is about 70%, and disease-related death is mainly due to
severe infection that occurs in less than 10% of the LGL patient population. [1] Conversely,
aggressive NK-LGL leukemia has a much lower survival rate because patients do not
respond to currently available treatments. [1]

Indication for treatment

Treatment is indicated for patients with symptomatic anemia, reduced neutrophil counts with
recurrent infections, or autoimmune conditions such as RA. However, once the diagnosis is
established, patients should be routinely monitored for symptoms and disease progression
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regardless of treatment status. For a patient with an absolute neutrophil count (ANC) above
0.5 x 10%/L and no associated symptoms, treatment is not indicated and patients are
monitored instead. [13]

Therapeutic approach

Historically, immunosuppressive drugs such as methotrexate (MTX), cyclophosphamide,
and cyclosporine remain the standard treatment options. Here we review the three canonical
immunosuppressive agents and another non-canonical immunosuppressant in detail for
clinical management of LGL leukemia (Table 2).

Canonical immunosuppressive treatments

MTX is the proposed first-line therapy, which was established after prospective studies on
MTX with or without prednisone. [13, 20, 21] MTX is a treatment of choice for primary
RA, and for this reason its use especially benefits LGL patients who also have RA as an
associated disease. MTX is administered orally at 10 mg/m?2 per week.[1] Although MTX is
generally well-tolerated, patients are monitored for hepatic and lung function. Patients may
continue taking this treatment as long as they are responsive. Treatment response is
evaluated after four months according to the blood count criteria described above.

It is important to note that the largest prospective clinical trial, to date, in LGL leukemia
showed that patients with STAT3 mutations are more likely to respond to MTX treatment
and have favorable outcome.[20] This trial also showed that the overall response rate for
MTX was 38%, which includes both partial and complete responders. This response rate is
seemingly lower than cyclophosphamide (described below). For this reason a randomized
prospective trial is ongoing to directly compare the efficacy of MTX and cyclophosphamide,
with study completion date in November 2019 (NCT01976182). [22]

Cyclophosphamide is administered orally at 50-100 mg per day and appears to be a good
treatment choice for LGL leukemia patients with PRCA or predominant anemia.[1]
Cyclophosphamide should not be used for more than 12 months due to associated toxicities
and increased risk for developing MDS and acute myeloid leukemia (AML).[23, 24] A
retrospective study of a cohort of 45 patients reported a 71% overall response rate.[25]
Because the response rate of cyclophosphamide is similar to if not higher than MTX, it can
also be considered as a first-line treatment for LGL leukemia.

Cyclosporine is administered orally at 3 mg/kg per day [1] and is often reserved for patients
who fail both MTX and cyclophosphamide treatment. This is because it must be taken
indefinitely if patients are responsive, as cessation causes symptoms to rapidly recur. [13]
The complete response rate for cyclosporine is <5%. [13] Patients should be carefully
monitored for renal function and hypertension while on cyclosporine. [26]

Primary treatment options for LGL leukemia largely depend on initial clinical presentation
of the patient. Previous treatment history, autoimmune manifestations and other co-
morbidities, as well as the side-effect profile of the therapeutics should be considered when
establishing treatment. If the primary treatment fails, a switch between MTX and
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cyclophosphamide is recommended, reserving cyclosporine for those who fail both
treatments. [13]

Non-canonical immunosuppressive treatment

Prednisone as a primary first-line therapy is ineffective in treating neutropenia and reducing
LGL counts, with just 2 out of 22 patients having either complete or partial response.[10]
However, utilizing prednisone as an adjunctive therapy provides rapid stabilization of blood
counts while MTX or other primary immunosuppressive treatments are being implemented,
as primary immunosuppressives such as MTX and cyclophosphamide often are slow-acting.
[13, 20]

Evaluation of treatment response

With the initiation of treatment, the patient should be followed to assess treatment efficacy.
At minimum, evaluation of peripheral CBC should be conducted after four months. There
are five distinctive levels of treatment response: 1) complete molecular response, 2)
hematologic complete response, 3) hematologic partial response, 4) treatment failure or
stable disease, and 5) progressive disease.

Complete molecular response is defined as no clonal T-cell detection by PCR and also meets
criterion for hematologic complete response. Hematologic complete response is noted when
CBC values normalize to ANC > 1.5 x 109/L, platelets > 150 x 10%/L, and lymphocyte
count < 4 x 109/L. The number of circulating LGL cells should also be in the normal range,
which can be detected using flow cytometry. Hematologic partial response is defined when
there is an improvement in the blood counts, but the patient still does not meet the threshold
for complete remission (ANC > 0.5 x 109/L but < 1.5 x 10%/L), or a reduction in number of
transfusion requirements but still transfusion dependent. When the patient does not meet the
above criteria within four months of treatment initiation, but there is no worsening of CBC
values, stable disease or treatment failure is ascribed. Progressive disease is noted when
CBC values worsen or findings of organomegaly such as hepatosplenomegaly are detected.

Current understanding of LGL pathogenesis and potential treatment targets

Although the etiology of LGL leukemia is not fully elucidated, many of the underlying
mechanisms and co-occurring disorders have been characterized. Survival network analysis
[27] of LGL leukemia suggests the existence of many dysregulated pathways including
apoptosis, proliferation and general immune dysfunction, which were further validated by
others.[28-30]

These molecular and systemic pathologies collectively characterize a complex etiology of
LGL leukemia, which is likely to include neoplastic,[31] viral,[32] and/or auto-origin
mechanisms.[14, 33] Several studies correlated LGL leukemia development and/or
progression with various malignancies, however, no causative link has been established to
date.[31, 34, 35] Patient sero-reactivity to conserved HIV-1 and HTLV epitopes motivated
investigation to uncover whether a retroviral component, and in particular human
retroviruses, could contribute to the pathogenesis. [36—-38][32, 39, 40] Extensive analysis of
long insert mate pair next-generation sequencing data failed to detect clonal integration of an
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exogenous retrovirus within 11 LGL leukemia samples. [40] Additionally, LGL leukemia
was reported following bone marrow, stem cell and solid organ transplantation (SOT), likely
related to exposure to a potential alloantigen or infectious agent.[41-43] Given the limited
size of the patient population, a mechanistic link and more clear definition of the prevalence
of secondary T-LGL leukemia in SOT recipients await further investigations.[44]

Leukemic cells are phenotypically similar to terminally differentiated effector memory T
cells. This suggests that their expansion may be initiated in the same manner as typical
antigen-activated cytotoxic Killer cells.[33] The currently accepted model of LGL
pathogenesis[1] hypothesizes that an unidentified antigen is an initial stimulus for
oligoclonal proliferation of LGL cells. Failure to clear the inciting event results in chronic
STAT1 and STATS3 activation[45] that fuels the emergence of a dominant clone. Subsequent
clonal drift is observed in 37% of LGL leukemia patients[46] and could further support the
persisting antigen model as LGL cells could be responding to different epitopes of the same
origin over time.

Altogether, molecular and systemic abnormalities as well as the autoimmune and
inflammatory nature of LGL leukemia-associated manifestations suggest that this malignant
lymphoproliferation most likely results from multiple, non-mutually exclusive pathologies.

JAK/STAT and STAT3 dysregulation

Dysregulation of the Janus kinase/signal transducer and activator of transcription (JAK/
STAT) pathway is a hallmark of LGL leukemia pathobiology[45] that promotes survival and
sustains the abnormal persistence of LGL clones with effector functionality.[27]

STAT3 sequence alterations are present in about 40% of LGL patients. [6] These somatic
activation mutations can accelerate clonal expansion and evolution of the leukemic cell
population by enhanced activation from physiological stimulation.[47] It is believed that
STAT3 activating mutations modulate the transcription of survival components such as anti-
apoptotic Mcl-1[45] and these genetic lesions fuel LGL expansions.[20] Somatic activating
STATS5b mutations are found at a 2% frequency in LGL leukemia and are thought to
contribute in some rare patients to a more aggressive disease. [5]

Consequently, dysregulated JAK/STAT signaling and lymphocyte activation leads to the
production of pro-inflammatory cytokines such as IFN-vy, IL-8, IL-10, IL-1p, IL-12p35,
IL-18, IL-1Ra, RANTES, MIP-1a/p that can contribute to cytopenia and autoimmune
disease development.[48, 20, 49, 14] On the other hand, cytokines such as IFN-vy, IL-6, and
IL-15 are elevated in LGL leukemic sera, initiate JAK/STAT signaling, and may explain
constitutive STAT3 activation in patients who do not habor somatic activating mutations.[50]

Pro-survival signaling in LGL leukemia

An in sificomodel of LGL leukemia pathway network signaling proposed IL-15 and
platelet-derived growth factor (PDGF), together with antigenic stimulation, to be necessary
master switches promoting leukemic survival. Their constitutive activation recapitulates
known molecular abnormalities characteristic of LGL leukemia.[27]
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These predictions were validated experimentally and it was found that PDGF mediates
leukemic clone survival via an autocrine loop.[51] The previous knowledge of the role of
pro-inflammatory IL-15 in controlling both the proliferation and cytotoxicity of T- and NK-
LGL cells[52] was expanded with the observation of high levels of IL-15Ra transcripts
detectable in purified clones.[53] In addition to mediating pro-survival signaling, IL-15 also
contributes to cell death inhibition. Not only does IL-15 alter the expression of Mcl-1 but it
promotes degradation of pro-apoptotic BID.[54] BNZ-1, a multi-cytokine inhibitor that
antagonizes the binding of I1L-15, IL-2, and IL-9 to the common gamma chain receptor, has
been tested ex vivoon LGL leukemic cells and cell lines. This peptide antagonist blocked
survival signaling, reduced viability and enhanced apoptosis [55]. Results of an active phase
I/11 clinical trial (NCT03239392) have shown preliminary evidence of clinical response in
some LGL leukemia patients treated with BNZ-1[56].

Interestingly, an IL-15 transgenic mouse model showed that prolonged 1L-15 exposure
induces an aggressive leukemia with LGL-like features that exhibits Myc/NF-xB signaling
as well as subsequent DNMT3b overexpression and DNA hypermethylation.[57] As
concurrent mutations in DNMT3A, TETZ, and STAT3were recently identified in a T-LGL
leukemia case study [58], these findings may implicate DNA methylation as a potential
driver and therapeutic target in LGL leukemia.

The network model also identified sphingosine kinase 1 (SPHK1) and sphingolipid
metabolism as key players in leukemic LGL survival.[27] The physiological balance
between pro-apoptotic and pro-survival sphingolipids is maintained by the interconversion
of pro-apoptotic ceramide to sphingosine and pro-survival sphingosine-1-phosphate (S1P).
SPHK1 catalyzes the production of S1P, shifting the balance towards cell survival. This
process can be reversed with use of SPHK1 inhibitors that were shown to downregulate the
JAK/STAT pathway and induce apoptosis in NK-LGL leukemia.[59]

Molecular abnormalities characteristic of LGL clones are intertwined in a complex survival
network driven by intrinsic and extrinsic stimuli. Multiple dysregulated pathways orchestrate
both pro-survival and anti-apoptotic signaling, and their overlap makes the identification of
potential therapeutic targets more challenging. However, mechanistic understanding of this
dysregulation and interplay both at the molecular and cellular level is necessary. Just as
malignant cell survival results from compounded and multifactorial cell signaling
dysregulation, successful therapeutic approaches may result from the combined targeting of
several pathways.

Future Directions for Therapy

Drug design and discovery heavily relies on the fundamental understanding of complex
signaling networks and their perturbations within a given tumor type. Thus, the studies
described above contribute to a knowledge base that is essential to future therapeutic
development in LGL leukemia. However, meticulous validation of target, off-target, and
toxicity effects in /n vitro, in vivoand ex vivo models are just as crucial to the sustainable
development of effective therapeutics.[60]
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Unfortunately, 97% of drugs tested in early clinical stages fail trials[61] and are never
approved by the U.S. Food and Drug Administration for their intended indications, usually
as a result of dose-limiting toxicities and lack of anticipated efficacy. A recent study by the
Sheltzer group identifies the pitfalls associated with cancer drug validation at early pre-
clinical stages. Usually, an initial screen of an investigational agent’s protein target is
predominantly based on RNA interference and small molecule inhibitors. Their notorious
off-target effects and the lack of genetic knock-out validation leads to reporting of inaccurate
mechanisms of action of investigated agents, and contributes to the high rate of clinical trial
failures at early phases.[62]

Although several promising agents are being validated in various stages of pre- and clinical
testing, MTX and cyclophosphamide remain as first-line therapies for LGL leukemia and
there is currently no cure available for this lymphoproliferative disease.[13, 20, 21, 25]

Some of the presumed MTX mechanisms of action involve inhibition of purine and
pyrimidine synthesis, accumulation of polyamines as well as ROS generation, suppression of
alarmin function, and more recently proposed, modulation of JAK/STAT and NF-xB
pathways.[63, 64]

MTX, on the other hand, has been approved for use in RA for over 30 years and has been
efficacious in treating various heme malignancies since the 1940s, albeit at much higher
treatment doses.[65, 64] With the initial 5-year survival rate of 10% in the first half of
nineteenth century to over 90% of complete or partial remission rate in pediatric acute
leukemias nowadays, MTX is a perfect example of an “old but gold” drug.[66, 67] Its
efficacy in childhood heme malignancy treatment, however, can be attributed to a number of
clinical trials that tested dose intensification regimens and pairing with irradiation or with
other drugs such as prednisone. The use of clinical and biological prognostic variables such
as early treatment response or genetic subtype helped stratify pediatric patients by risk and
assign the optimal therapy with an appropriate intensity.[66, 68]

Overall, as exemplified by childhood acute leukemias, the use of conventional agents with
utilization optimized over the course of many clinical trials has led to dramatic improvement
of patient survival.[69] However, due to the mostly indolent course of LGL leukemia and its
rarity, large cohort trials with treatment randomization and sufficient power to detect
significant differences between treatment groups are challenging, and multi-center
collaborations are necessary. This is certainly not a unique challenge in LGL-leukemia, as
many other rare and orphan diseases face similar issues. One analytical strategy to addres
the low sample size issue of rare disease is to employ a case matched control study, using a
database of historical controls. [70]

In a prospective setting, a multi-drug approach may improve LGL leukemia patient
outcomes given that leukemic clone expansion and persistence relies on multiple, often
redundant and overlapping pathways.[27, 30, 71, 29] Precisely for these reasons, a better
understanding of dysregulated signaling involved in LGL leukemia pathogenesis should not
be underappreciated as it may identify novel treatment targets. Increased understanding of
synergistic therapeutic vulnerabilities may justify the combinatorial use of novel and FDA-
approved agents in clinical trials to come.
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Conclusion

Comprehensive dynamic and structural analysis of network modeling as well as gene set
enrichment analyses and meticulous experimental validation are needed to deepen our
knowledge of the intricate molecular interplay in this lymphoproliferative disease. Just as the
identification of aberrant signaling pathways may be predictive of changes in global gene
expression patterns and impact on inciting mutations, identification and characterization of
novel somatic mutations may be reciprocally informative of signaling pathways contributing
to the molecular pathology of the LGL leukemia.[6, 58, 71, 72]

Undoubtedly, close collaboration between clinical and basic science research on a multi-
center scale is indispensable to improve available knowledge on LGL leukemia
pathogenesis, current therapeutic approaches and management. In an era of a globally
ageing population and large potential for the underdiagnosis of this malignant
lymphoproliferation, there is an urgency to better the patient outcomes. To help us achieve
this goal we ask physicians to encourage their patients to join the LGL Leukemia Registry at
the University of Virginia.
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Figure 1:
Large granular lymphocytes are medium sized cells containing abundant granular cytoplasm,

highlighted with arrows (A, 1000x). A bone marrow biopsy shows hypercellularity (B,
100x) and an interstitial non-paratrabecular lymphocytic infiltrate (C, 200x). The infiltrate is
positive for CD3 (D, 100x) and CD8 (E, 100x). Many of the lymphoid cells are also positive
for CD57 (F, 400x).
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Table 1.

Demographics and secondary diseases in LGL leukemia.

Category

Further detailsand references

Age at diagnosis

Typically in the 6% decade of life

Median 60 years, rare pediatric, <25% of adult patients <50 years old [1]; 66.5 years
median age, 14% <50 years [9]; median age 67 [8]

Timeto treatment

Treatment at diagnosis is ~60% [12]

45% required systemic therapy (of these, 60% within 1 month of dx, 37% between
1-6 months of dx) [9]

Survival rate

~10 years Median overall survival 9-10 years [9];
overall survival 10 years ~70% [1]

Incidence

Overall incidence: 2-5% North America and Europe,
5-6% Asia; roughly same incidence for males and
females [1]

Overall average=0.2 cases per 1,000,000 (US population) Male-to-female ratio 1.05
with females diagnosed at a younger age (65 vs. 68 years) [9]

53% male, 47% female [8]

Aggressive NK-LGL leukemia incidence is mainly in Asia and affects younger
patients [1]

Ethnicity incidence

Not significantly different among ethnic groups

White 0.2, Black 0.14, American Indian/Alaska Native 0.24,
Asian/Pacific Islander 0.15 [9]

Subtypes of LGL leukemia

T-cell (ap or yd phenotype)

85% of cases, majority are TCRap+ phenotype [1]
85% of cases [9]
91% of cases [8]

NK-cell, chronic

<10% of cases [1]
6% of cases [8]

NK-cell, aggressive

<5% of cases [1]

Secondary diseases

Most common autoimmune disease: Rheumatoid

arthritis (RA)

10-18% [1]
17-36% [14]
11-36% [12, 13]

Rarer occurring autoimmune diseases: systemic lupus
erythematosus (SLE), Felty’s syndrome, Sjogren’s
syndrome, and others.

Occasional (<1%) [1]

Sjogren 2-27%, Felty 40%, SLE rare;
thyroid disorders 2—-3% [14]

Case report [13]

Blood-related autoimmune diseases: pure red cell
aplasia (PRCA), acquired autoimmune hemolytic
anemia (AIHA), immune thrombocytopenia (1TP),
and others

5%; PRCA 5-27%, AIHA 5-9% [1]
PRCA 5%, AIHA <2% [14]
PRCA 5%, AIHA 3%, ITP rare [12, 13]

Blood disorders/bone marrow failure: aplastic anemia,
myelodysplastic syndrome, B-cell malignancies

AA: Occasional association [12, 73]
MDS: 3-10% [1]; <4% myelodysplasia [12, 13]
B-cell malignancies: 5% [1]; 5-7% [13]; 27-43% [34]; 5-7% [12]

Other: Pulmonary artery hypertension

<19%[1]; Rare [13]
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Table 2.

Current immunosuppressive therapies for LGL leukemia.

Type of treatment

Typical treatment dose & duration Additional information

Immunosuppressive ther apy

Methotrexate

10 mg/m? per week; taken indefinitely First-line; especially for neutropenic patients

Cyclophosphamide

100 mg per day; taken up to 12 months Typically used for patients with anemia, especially PRCA
(typically non-responders to methotrexate).

Cyclosporine A

3 mg/kg per day; taken indefinitely Prescribed if patients fail the previous two treatments.

Prednisone

1 mg/kg orally daily 30 days then tapered off 24 days | Typically given in combination with methotrexate [20]
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