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To the Editor:

Large granular lymphocytic leukemia (LGL) is a lympho-proliferation of cytotoxic T cells 

(CTL) typically occurring in the elderly. LGL encompasses a spectrum of manifestations 

from semireactive oligoclonal to clonal CTL expansions, the latter frequently associated 

with the somatic STAT3 mutations. Clinical symptomatology ranges from silent to 

an indolent to chronic leukemia with cytopenias as a paraneoplastic manifestation. 

Asymptomatic LGL may represent an equivalent of T cell clonopathy of unclear significance 

(TCUS). Indeed, the demographics of LGL resembles that of TCUS, B cell clonopathy 

of unclear significance, clonal hematopoiesis of indeterminate potential (CHIP) and even 

monoclonal gammopathy of unclear significance (MGUS). As previously described, LGL is 

associated with B cell dyscrasias including MGUS [1], myelodysplastic syndrome (MDS; 

Table S1) [2–4], and various other neoplastic conditions [1, 5]. However, historical reports 

lack uniform diagnostic criteria, and most of them precede the advent of next generation 

sequencing to detect pathogenic somatic mutations. Nevertheless, a peculiar relationship 

between MDS and LGL does exist and may correspond to a common pathogenic role 

of aging in these disorders. Alternatively, the presence of LGL in MDS may indicate an 

overshooting cellular tumor surveillance response rather than a coincidental demographic 

relationship [2].

For diagnosis of LGL, our strict diagnostic criteria (>3/5) included: (i) presence of large 

granular lymphocytes (>500/ μL, by differential counts from complete blood count) for 
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>6 months; (ii) abnormal cytotoxic T lymphocytes expressing CD2, CD56, and CD57 and 

lacking CD28; (iii) preferential usage of a TCR Vb family by flow cytometry; (iv) TCR gene 

rearrangement by PCR; and (v) Bone marrow infiltration with LGL is another diagnostic 

criterion but a designated marrow biopsy is often not performed in clear LGL which are 

otherwise asymptomatic. These criteria have been applied over the last 10 years and as a 

result we have compiled a large cohort of uniformly diagnosed and analyzed patients, n 
= 240, Tables S2–S4). In an earlier analysis of 204 patients (included in the current 240 

patients), therapeutic options and outcomes were discussed in detail; 90% of the cases 

were successfully treated with at least >1 modalities, ~10% of the patients required salvage 

therapies (Table S3) [6].

Study of our LGL cohort yielded a series of 13 (13/240; 5.4%) cases with obvious coexistent 

MDS (Table 1 and S5). As a standard practice we thoroughly screened all our LGL patients 

for coincidental MDS. However, our earlier investigations along with recent reports by 

others have indicated that LGL equivalents (in form of excessive oligo/ clonal expansions) 

may be present in a proportion of patients with typical MDS [2]. In our MDS series, 

because of the thorough and systematic screen (morphologic and flow cytometric evaluation 

of the marrow and reflex specialized testing of TCR rearrangement, Vb flow cytometric 

clonotyping, and STAT3 mutational screening) it is unlikely that overt LGL may have been 

missed. Nevertheless, subclinical CTL lymphoproliferations are frequently encountered in 

MDS as previously demonstrated by intricate flow cytometric and molecular analyses of Vb 

expansions in MDS [7]. In these instances they may represent tumor immune surveillance 

and mediate some of cytopenias, particularly in less advanced MDS.

With the availability of mutational sequencing for MDS (Table S6), our LGL/MDS series 

inspired us to systematically investigate the coexistence of mutant myeloid clones in LGL. If 

detected, they could be consistent with the presence of subclinical MDS or coexistent CHIP 

in patients with LGL. In line with this theory our manifest MDS/LGL cases may potentially 

reflect the proverbial “tip of the ice-berg” pointing towards common pathogenic factors or 

the role of LGL in controlling clonal myeloid outgrowth.

Patients with coexistent MDS/LGL (13/240) displayed typical features of MDS including 

abnormal cytogenetics (8/13), dysmorphia of myeloid cells in the bone marrow (13/13), 

ringed sideroblasts (1/13) and the presence of highly clonal somatic myeloid mutations 

(8/13) with an average VAF of 28 ± 3% (Fig. 1a, b) [8]. When we compared LGL/MDS 

patients to those with LGL only (n = 227), somatic STAT3/STAT5 mutations were found in 

only 15% (2/13) versus 39% (87/221) patients (p = 0.14), respectively (Fig. 1c). However, 

the LGL counts, TCR rearrangement rate or mean age did not vary between LGL and 

LGL/MDS cases (Table S2). Patients with LGL/MDS had more thrombocytopenia than 

those with LGL (p = 0.014) in whom single-lineage cytopenias were more common, with 

neutropenia and anemia present in 43% and 53% of LGL. Similarly, pancytopenia or 

bi-lineage cytopenias were also less common in LGL versus LGL/MDS and MDS (not 

shown). When we systematically applied deep NGS for 36 most common mutant genes 

in MDS (Fig. 1d; Table S6), we did indeed detect the presence of mutant myeloid clones 

in 41/161 patients with pure LGL with an average VAF of 35 ± 1.6% and average 1.7 

mutations per patient. As these mutations may present early in MDS or CHIP, we compared 
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the mutational spectrum of LGL patients with those of typical MDS (as disease control; 

Fig. 1a) and CHIP (through meta-analysis; Table S7) [9]. Indeed, myeloid mutations were 

found in 26% of patients with otherwise typical LGL (Fig. 1e). Most of the carriers had 

a singular mutation 69% versus 29% in MDS, (p < 0.0001; Fig. 1a) but the allelic burden 

did not differ (Fig. 1b). The general distribution of the individual mutations was similar in 

patients with MDS/LGL, MDS and LGL. Notable differences include the overrepresentation 

of spliceosomal mutations, cohesin complex, PRC2 and RAS mutations in MDS and CHIP 

[8]. The typical CHIP mutations (e.g., TET2, ASXL1, and DNMT3A) were present in LGL 

suggesting that some of the cases may represent a coincidence between CHIP and LGL due 

to overlapping demographics or through a pathophysiologic link as stipulated above. Clonal 

burden in CHIP appears to be lower than that observed in LGL indicating a more advanced 

myeloid disease in LGL versus CHIP. It is worth mentioning that BCOR/BCORL1 hits were 

more common in LGL, a finding consistent with that made for aplastic anemia (AA) and 

possibly indicating an immune stress exerted on the hematopoietic stem cell compartment 

[10]. We stipulate that BCOR mutations in LGL are present in the myeloid fraction as 

previously described for AA and are, without specific molecular context, passenger lesions 

rather than drivers [10]. Alternatively, the presence of BCOR/BCORL1 hits are also reported 

in B cell lymphomas, and are thought to play a role in modulation of the immune system 

and interactions between germinal center (GC) B and GC B helper T cells [11], raising an 

interesting possibility that the BCOR/BCORL1 could be a lymphoid hit.

Theoretically, in paroxysmal nocturnal hematuria (PNH) PIGA defects acquired by 

hematopoietic stem cells (HSCs) lead to clonal escape in lieu of immune attack. However, 

in contrast to AA, target cells in LGL likely include committed progenitor (resulting in 

single-lineage cytopenias) and thus the selection process would not be operative due to a 

limited life span of progenitor versus HSC. In contrast to these assumptions, there is a case 

report of a PNH patient within LGL in the literature [12], and we have also described LGL 

like clonal expansions in PNH [13]. In our series of LGL we detected 3 AA/PNH patients, 

but because of the lack of complete records we have not included one of these cases in our 

LGL cohort.

Our results may indicate LGL is often associated with the presence of myeloid mutations, 

generally consistent with CHIP. Some of the notable differences such as lower frequency 

of DNMT3A mutations (Fig. 1), higher allelic burden and the occasional presence of 

more penetrant hits may indicate that LGL identifies with a more advanced disease. 

It is possible that common age-associated pathogenic mechanisms, including mutagenic 

stress, inflammation, metabolic changes could also be contributing to both LGL and 

CHIP outgrowth [4]. Conversely, LGL may, in fact, evolve as a consequence of immune 

surveillance reaction to CHIP or myeloid neoplasms with one of three possible outcomes; 

(1) the aberrant clone is completely eradicated; (2) a partial eradication, e.g., in form 

of persistent CHIP; (3) further myeloid clonal expansion, mutational diversification with 

disease evolution to overt LGL/MDS cases to be viewed as a failure of immune surveillance. 

Driver antigens have been suspected in the past, but it has not been established whether 

these are shared antigens between patient groups or are patient specific and correspond 

to auto- or neo-antigens induced by a breach of tolerance or molecular mimicry e.g., 

a viral antigen. Though WT-1 and cyclin D have been proposed previously, neither has 
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been successfully identified as auto-antigens, unless the neo-antigens are derived from 

mutant proteins. However, given the prevalence of myeloid clones in LGL, one would 

stipulate that the expected rate of MDS evolution should be higher (54/174 myeloid clones 

versus 13 MDS cases in LGL), if LGL-mediated tumor surveillance was absent (Fig. 2). 

Alternatively, it can also be hypothesized that the MDS evolution may indeed be the result of 

recurrent DNA damages provoked by the excessive LGL proliferation, immune inhibition of 

myelopoietic evolution and persistence of a myeloid escape clone (Fig. 2) [14]. It is unclear 

why the LGL proliferation persists in cases where the obvious insult has been eradicated (no 

aberrant myeloid clone).

In sum, LGL may represent an extreme spectrum of CTL responses involved in the tumor 

surveillance of malignant hematopoiesis. To that end, interestingly, LGL may be very 

analogous to genetically engineered CAR-T cells shown to display predominance of a single 

or few most effective clone [15].
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Fig. 1. 
Comparative data analysis of LGL, LGL/MDS, MDS, and CHIP. a Bar chart representation 

of percentage of patients observed to have >1 target somatic mutation in LGL, MDS/LGL, 

and MDS patients. The Pie chart in a depicts the distribution of LGL patients, annotated 

numbers reflect the number of observed mutations (1, 2, and >3); b bar chart data describes 

the average variant allelic frequency for LGL, MDS/LGL, MDS, and CHIP (CHIP average 

VAF% was calculated by averaging the reported median VAF from meta-analysis in ASH 

[8], c bar chart data for STAT3/5b positive patients in LGL and MDS/LGL as a percentage 

of patient cohort; d bar chart data describes the percentage of target somatic mutation seen 

in LGL and MDS. Colored circles represent the number of mutations plotted against the 

target gene (some genes with very low frequencies have been omitted, genes part of; e most 

common mutations observed as a color coded pie chart
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Fig. 2. 
Pathogenesis model for LGL leukemia. Activation resulting in the oligoclonal/purely clonal 

cytotoxic T cell expansion. a LGL coexistent theory confers to the development of 

clonopathies and persistence as the result of age-related changes. LGL may coexist with 

ICUS, BCUS, MGUS, CHIP, and TCUS. b, c Pressured evolution theory, however, suggests 

that LGL evolution is either the result of myeloid aberrancies or may indeed be the cause 

of myeloid aberrancy occurrence. Further, LGL may play an integral role in either (1) 

Eradicating or (2) Controlling the aberrancy or completely failing to harness the escape 

clone leading to disease advancement to MDS. d Fate of precursor (myeloid and erythroid) 

and hematopoietic stem cells (Normal and MDS) when targeted by LGL and the associated 

clinic-pathological conditions
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