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Next-generation sequencing (NGS) has demonstrated the existence of recurrent activating
mutations in STAT3 and STATSB in approximately 40-50% of patients with T-cell large granular
lymphocytic leukemia (T-LGLL) and 20-30% of patients with NK cell granular lymphocytic
leukemia (NK-LGLL, also known as chronic lymphoproliferative disorder of NK cells)."”
STAT3/5B mutations alone are not specific to T/NK-LGLL, as they have been frequently found
in other lymphoid neoplasms (LNs), as well as in myeloid neoplasms (MNs), aplastic anemia and
other autoimmune disorders, and rarely in asymptomatic individuals with clonal hematopoiesis
of indeterminate potential."*® Compounding the issue of specificity is that clonal LGL
expansions are frequently observed in MNs and frequent STAT3/5B mutations have been
reported in MNs with associated LGL expansion.*”® Rarely, have LGLLs been diagnosed
concomitantly in patients with otherwise typical MNs.”'?

Based on morphology, flow cytometry, and T-cell clonality studies alone, it may be

challenging to classify a marrow process with both LGL expansion“'14

and morphologic
dysplasia’ (Fig. S1) as an LGLL versus an MN or both.” To present further challenges, both
manifest with varying degrees of cytopenias and heterogenous lymphocyte counts, and are
frequently found in the elderly. Genetic profiling using NGS supports an accurate diagnosis in
challenging cases and is an area of investigation as cytopenic patients with different underlying
causes require different therapy.'”

In this multi-institutional study, we examined how a targeted myeloid NGS panel can
distinguish T/NK-LGLLs from MNs. We retrospectively identified 118 hematologic neoplasm
patients (66 LNs, 50 MNs and 2 cases of concomitant LGLL and myelodysplastic syndrome,

MDS, Fig. 1a), all with pathogenic/likely-pathogenic (P/LP) STAT3/5B variants as well as 18

MDS patients with clonal LGL expansions®'” in the absence of STAT3/5B mutations (Fig. 1a)
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amongst an unselected cohort of 6690 patients who underwent NGS testing (Tab. S1-2). We then
analyzed the demographic and genomic profiles, clonal metrics of STAT3/5B variants, T-cell
clonality, and flow cytometric studies (Fig. la and Tab. S3). Further details on material and
methods are available in the Supplementary Materials.

There was a significant male predominance in T-LGLL (70%) and NK-LGLL (100%) as
well as in all other LNs (91%), whereas it was not observed to the same extent in MNs (52%
male, Tab. S4). The median age at the time of LGLL diagnosis was 71-73 years old (range 19-89
years), which was similar to those of patients with other lymphoproliferative disorders (LPDs) or
MNs (Tab. S4).

LNs showed predominantly STAT3 variants as compared to STATSB (Fig. 1b-c, 92% in
LN versus 65% in MN, P=0.0003), and variants appeared concentrated in the SH2 domain of
both genes. Amongst STAT3 variants, similar to those reported in the literature,”* the D661 and
Y 640F variants were more prevalent in LNs, and S614R and G618R variants were common in
both lymphoid and myeloid neoplasms (Fig. 1b-c). p.N642H was the most common variant in
STATS5B in MNs, comparable to those reported in the literature.”' In contrast to MNs, STAT5B
variants were rare in LGLLs in this retrospective study (Fig. 1a, 4% in STAT3/5B mutant LGLLs
versus 34% in STAT3/5B mutant MNs, P<0.0001), similar to previous case series.>*!"?" The
median VAF of STAT3/5B variants*' was 8.8 (range: 1.4 to 48.6) amongst LGLLs and 12.0 in
MNs (range: 1.1 to 65.2, P=0.01, Fig.1d-e). There appeared a bimodal and broader distribution in
MNs with two predominant populations of around 10% or between 40 and 50% (Fig. le),
whereas most VAFs were between 5 and 18% in LGLLs (Fig. 1d, dashed lines),

Further, there was a robust correlation (Fig. 2a-b) between the VAFs of STAT3/5B

variants and the percentage of aberrant T-/NK large granular lymphocytes detected by flow
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cytometry in LGLLs (Fig. 2a), whereas such a correlation did not exist in MNs (Fig. 2b). These
findings suggested STAT3/5B variants were the founder clone in LGLLs driving neoplastic cell
proliferation. Amongst LGLLs, concomitant mutations were uncommon (Fig. 2c, 35% in LGLL
vs 92% in MN, P<0.0001) and most occurred in genes involved in epigenetic regulation (light
green in Fig. 1a). In contrast, MNs showed more complex genetic profiles (Fig. 1a and Tab. S3)
demonstrated by a greater number (Fig. 2d, 1.65 in LGLL vs 4.17 variants in MN per case,
P<0.0001), greater diversity of concomitant variants (Fig. 1a) and greater VAFs of the leading
non-STAT3/5B variants (Fig. 2¢) in comparison to LGLLs. In LGLLs, a strong correlation arose
between the VAFs of STAT3/5B variants and those of the leading non-STAT3/5B variant/clone
(Fig. 2f, R?=0.90), suggesting STAT3/5B variants as the leading clones in all LGLLs (Fig. 4f,
100% in LGLL vs 52% in MN, P<0.0001). In MNs, 48% of STAT3/5B variants appeared
subclones (Fig. 2g-h). The complex genetic profiles in MNs were also reflected by the otherwise
similar genetic characteristics in MNs with LGL expansions, detected by flow cytometry, in the
absence of STAT3/5B mutations (Fig. 1a, 18 columns on the right). These findings may be the
result of the myeloid-directed NGS panel used in this study, and should not be interpreted to
mean that LGLLs generally harbor fewer total mutations.*

Cytogenetics showed predominantly normal or low-risk karyotypes amongst LGLLs
(64%) and a greater proportion of complex karyotypes (CK) amongst MNs (Fig. 1a, 36% in
LGLL vs 64% in MN with CK, P=0.01). T-cell clonality was uniformly positive amongst T-
LGLL and other T-LPD cases, and uniformly negative in NK-LGLL and MN cases in which it
was performed, with two exceptions of composite T-LGLL and MDS cases (patients 66 and 67
in Tab. S3 and Fig. 1a). Rare cytopenia cases with STAT3 variants (patients 69 — 76 in Tab. S3

and Fig. la) had mutational profiles more like LGLLs, among which T-cell clonality was
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negative in two and unknown in the remaining five. Given that mutations involving epigenetic
regulation are common in both clonal cytopenia of undetermined significance and in LGLLs,**
diligent T-cell clonality evaluation, accompanied by flow cytometric studies, could be helpful to
avoid missed diagnoses of LGLL in such cases.

This study was limited by the lack of a subgroup analysis of LGLLs versus STAT3/5B
mutant MDS cases with known, persistent clonal LGL expansions™'” since only three such cases
were identified (patients #89, 90, and 107 in Tab. S3) while attempts of T-cell clonality provided
no further supports. Such a study would require performance of T-cell clonality and possibly cell
sorting in all STAT3/5B-mutated MNs with clonal LGL expansions prospectively.'®*2*
Although a myeloid NGS panel is often sufficient when evaluating cytopenias, use of an
expanded panel that includes genes whose mutations are common in LNs** would provide more
information for classification, especially in cases with composite LGLLs and MNs,'*!?

In conclusion, this is the first study to characterize the molecular features of STAT3/5B
mutant LGLLs and MNs using a myeloid malignancy-targeted NGS panel. This study supports
NGS as a necessary test for facilitating an accurate diagnosis of LGLL versus MN in challenging
cases. Summarizing genetic features distinguishing LGLLs from MNs include more frequent
STAT3 mutations, a lower median VAF of STAT3/5B variants, the absence or reduced diversity
of concomitant somatic variants, and STAT3/5B variants being the founder and leading clonal
driver variant.
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Figure legends

Figure 1. Comprehensive genetic profiles, the hotspots and VAF distribution of STAT3 and
STATSB variants in both lymphoid and myeloid neoplasms. (a) Lymphoid neoplasms (LN)
were displayed on left (light blue, top row) and myeloid neoplasms (MN) on right (light orange,
top row). The WHO entities in each group were listed on the second row. The concomitant
variants were grouped into six categories based on their gene function: epigenetic, epigenetic
regulators, genes involving DNA methylation or histone acetylation and deacetylation (light
green); SFs, RNA splicing factors (purple); TFs, transcription factors (orange); Signaling,
molecules in tyrosine kinase pathway or RAS/MAPK pathways (pink); C, cohesins (light
purple); Others, genes with functions beyond the above categories (variable colors). Each
column represented one patient. Each bar represented one variant and split bars indicated two or
more variants in the same gene. LN, lymphoid neoplasm; MN, myeloid neoplasm; T-LGLL, T-
cell large granulocytes lymphocytic leukemia; NK-LGLL, NK cell large granulocytes
lymphocytic leukemia or chronic lymphoproliferative disorder of NK cells; LPD,
lymphoproliferative disorders; MDS, myelodysplastic syndrome; MPN, myeloproliferative
neoplasm; AML, acute myeloid leukemia; APL, acute promyelocytic leukemia; NL, normal; NI,
no information. (b-¢) LNs showed predominantly STAT3 variants (b) as compared to STATSB (c)
variants (P = 0.0003), and variants appeared concentrated in in the SH2 domain of both genes.
(b) Amongst STAT3 variants, the D661 variants were most prevalent in lymphoid neoplasms
including both D661V and D661Y, followed by Y640F. In contrast in MNs, D661Y, not D661V
was the most common hotspot mutation followed by F614R and Y640F. (c¢) STATSB N642H
variant was particularly represented amongst those in MNs, and only rarely detected in LNs.

SH2, Src homology 2 domain ; TAD, topologically associating domain. (d) The distribution of
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VAFs in amongst LGLL peaked at a median of 8.8% (solid line; range: 1.4 to 48.6%). (e) The
VAF distribution in MNs appeared wider with a median VAF at 12.0% (solid line; range: 1.1 to
65.2 ; *, P=0.01 by unpaired t-test) and significant second population concentrated around 48-
50% (P=0.006 by Chi-square test for trend). The dashed lines represented the 25th and 75th
percentile. The relative density of VAF distribution was displayed as previously descripted.?'

Figure 2. Correlation of STAT3/5B variants to neoplastic cells identified by flow cytometry
and genetic features in STAT3/5B mutant LGLLs and MNs. (a) VAFs of STAT3/5B variants
correlated with their corresponding percentage of atypical T/NK cells detected by flow
cytometry (R*=0.92) in LGLL, (b) while there appeared no such a correlation in those in myeloid
neoplasms (R?=0.12). (¢) In LGLLs, 35% of all cases had concomitant somatic pathogenic and
likely pathogneic variants, whereas 92% (P<0.0001) of MNs were accompanied by at least one
concomitant variants beyond STAT3/5B variants. (d) The average number of somatic variants
was significantly lower in LGLLs (median 1.7 per case, range 1 to 4), than that in MNs (median
4.1 per case, range 1 to 8 ; **** P<(0.0001). (e) The VAFs of the leading concomitant, beyond
STAT3/5B, variant in LGLLs (mean + SEM, 11.9 + 2.5) appeared significant smaller that in MNs
(37.5 £4.0, P=0.0003). (f) In LGLLs, there appeared a significant correlation (R?=0.90) between
the VAFs of STAT3/5B variants to the VAF of the leading non-STAT3/5B variants, suggesting
STAT3/5B variants being the leading variants in all LGLL cases (100% in h, blue). (g) This
correlation did not exist in MNs (R*=0.20), and indeed the data suggested 48% of all STAT3/5B
variants (above the dashed line in g) being a subclone (h, orange, P<0.0001). LGLL, T/NK cell

large granular lymphocytic leukemia; MN, myeloid neoplasm.
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