
liver iron concentrations. This by itself
will eliminate unnecessary concerns in
patients with a nonspecific increase in
serum ferritin in conditions other than HC;
(2) Use of first- and second-level genetic
tests. In white patients negative for HFE-
related HC and all other subjects with
clinical indication of CH, second-level
genetic workup based on next-generation
sequencing gene panel should be rec-
ommended, but this should not delay
optimal clinical management; (3) As
long as a second-level genetic workup
has not been completed and/or if
complete workup failed to disclose
one of the known genetic variants of
HC, such patients will be designated
“molecularly undefined”; (4) “Digenic
inheritance,” deriving from the combina-
tion of heterozygous pathogenic var-
iants in 2 different genes involved in
iron metabolism, is recognized as a
special entity.9,10

The aim of the new classification is to
offer practical help when a detailed
molecular characterization of HC is not
yet available. Although the principles
guiding these recommendations are
sound, a critical assessment of the bene-
fits or limitations of the new classification
would only be feasible following long-
term monitoring of patient health and
quality of life.
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Interrogating molecular
genetics to refine LGLL
classification
Gianpietro Semenzato1,2 and Renato Zambello1,2 | 1University of Padova;
2Veneto Institute of Molecular Medicine

In this issue of Blood, Cheon et al1 leverage an integrated, comprehensive
genomic approach to better define the molecular characteristics of large
granular lymphocyte leukemia (LGLL) subtypes. By including the STAT3 muta-
tion status, they defined distinct molecular signatures and STAT3 mutation-
specific clinical associations. They also explored the molecular characteristics
of these disorders that contribute to lymphoproliferation, such as recurrent
mutations in the death domain of FAS and hotspot PIK3R1 mutations. Their
finding of epigenetic alterations coupled with STAT mutations offers new
clues into the pathogenesis of these disorders.

Mature LGL disorders have recently
aroused considerable interest. These
diseases are at the intersection of clonal
lymphoproliferative diseases, autoim-
munity, and chronic inflammation.2 Fur-
thermore, several underrecognized and
borderline conditions are likely to be
included in this intriguing arena of dif-
ferential diagnosis (eg, Felty syndrome,
hypoplastic myelodysplastic syndromes,
and the clonal hematopoiesis of inde-
terminate potential). Therefore, a better
understanding of the biological and
clinical features of these overlapping
diseases should lead to more accu-
rate diagnoses and better clinical
management.

Mature LGL neoplasms are rare disorders
encompassing remarkable phenotypic
and genotypic heterogeneity. The clinical
presentations are similarly divergent,
ranging from indolent to aggressive, with

different treatments required. The World
Health Organization (WHO) classification
of LGLL so far includes patients with
chronic proliferation of T (T-LGLL), NK
(chronic lymphoproliferative disorder of
natural killer lymphocytes [CLPD-NK, still
provisional]), and aggressive NK leukemia
[ANKL]) lymphocytes. However, the land-
scape is getting busier. Evidence has
been accumulating that T-LGLL is actually
2 distinct clinicopathological subtypes,
the more common CD81 T-LGLL and
the less frequent CD41 T-LGLL with CD4
being expressed, either alone or with
CD8dim. Likewise T-LGLL can be divided
by surface T-cell receptor expression with
Ta/b-LGLL and Tg/d-LGLL subsets. Dif-
ferent mutations, including signal trans-
ducer and activator of transcription-3
(STAT3), STAT5b, and TET2, just to men-
tion the most relevant, can be harbored
in leukemic cells in T-LGLL, CLPD-NK,
and ANKL, further subdividing mutated

3002 blood® 19 MAY 2022 | VOLUME 139, NUMBER 20

D
ow

nloaded from
 http://ashpublications.org/blood/article-pdf/139/20/3002/1897333/bloodbld2021015301c.pdf by guest on 19 M

ay 2023

http://www.bloodjournal.org/content/139/20/3058
http://www.bloodjournal.org/content/139/20/3058
https://crossmark.crossref.org/dialog/?doi=10.1182/blood.2021015301&domain=pdf&date_stamp=2022-05-19


from wild-type patients. The upcoming
fifth edition of the WHO classification of
hematolymphoid neoplasms will have to
take these variants into account.

The hypothesis that an antigen-driven,
aberrant immune response underlies
the pathogenesis of LGLL is tantalizing,
but its etiology remains elusive. STAT
signaling is central in directing cells
toward survival, as STAT is an inducer of
transcription of many prosurvival genes.
STAT mutations are unlikely to be the
inciting trigger, but compelling evidence
indicates that they represent an acquired
event during the course of disease that
confers an advantage on clone develop-
ment. Supporting the role of this activa-
tor pathway is the finding that �40% of
patients with LGLL3 have mutations in
STAT3 and STAT5b. These mutations are
the commonest gain-of-function genetic
lesions up to now identified in patients with
LGLL (see the figure legend for details).

Several recent studies have attempted to
unravel the pathogenesis of LGL leukemias
and to correlate immunophenotype, geno-
mic analysis, and clinical features.1,3-8 In
this regard, the detection of STAT muta-
tions is becoming increasingly important in
distinguishing discrete disease subsets.3-5

Symptomatic patients, usually presenting
with disease-associated cytopenias, are
included in CD81 Ta/b-LGLL (characterized

by a CD31/CD81/CD161/CD562 clone
harboring a STAT3 mutation), Tg/d-LGLL,
and mutated CLPD-NK. Conversely,
patients with CD81 T-LGLL STAT3 wild-
type, CD41 Ta/b-LGLL, and CLPD-NK
wild-type are usually asymptomatic (see fig-
ure). The role of JAK-STAT alterations has
been demonstrated in ANKL (CD21/
CD161/CD561), an extremely aggressive
NK cell leukemia frequently associated with
Epstein-Barr virus.9

The extensive genomic approach used
by Cheon et al1 sheds light on unique
differences between STAT mutant and
wild-type leukemic samples in mutational
burden and signatures, transcriptome,
and clinical associations. This study and
others3-9 have made an important contri-
bution to the LGLL field by expanding
our understanding of LGL leukemo-
genesis and improving classification of
these disorders. The use of STAT muta-
tion screening as a diagnostic tool,
together with appropriate immunophe-
notypic analysis, is recommended for
accurate characterization of patients with
LGLL. As in other hematological condi-
tions, the time has come for molecular
genetics in routine diagnostic workup of
LGL disorders.

Several questions remain to be addressed.
For instance, STAT5b mutation identi-
fies an aggressive disorder that is

refractory to therapy when found in
CD8 T-LGLL and ANKL, whereas the
same mutation in CD41 T-LGLL does
not lead to clinical aggressiveness.
Why? One possibility is that the recur-
rent mutations in chromatin and epige-
netic modifying genes, especially
KMT2D and SETD1B, that co-occur
with STAT3 mutations in LGL leukemia,
as discovered by Cheon et al,1 may be
the key to interpreting the actual role
of STAT in this disorder. As Cheon et al1

mention in the “Discussion” of their
article, the use of nonsorted peripheral
blood mononuclear cell samples to
generate whole exome and RNA-
sequencing data represents a potential
limitation of their study by not allowing
for clear distinction of specific altera-
tions of the leukemic clone from
those of the nonleukemic fraction.
The latter constraint and the consid-
erable heterogeneity in samples from
patients deserve further investiga-
tion; to this end, single-cell transcrip-
tomic studies are currently being
conducted.10

Beside the molecules that sow the
seeds of leukemia, it must be deter-
mined how genetic and epigenetic
alterations regulate the whole immune
cell repertoire that influences immuno-
competent cells and their antitumor
immune responses, in particular the
cross-talk between leukemic cells and
nonleukemic mononuclear cells in the
microenvironment, including Th17,
Treg, and monocytes. These cell popu-
lations account for production of
interleukin-6 (IL-6), IL-15, CCL5, Fas-L,
and other proinflammatory molecules
that are central in triggering clonal LGL
expansion and its persistence (Cristina
Vicenzetto, Vanessa R. Gasparini, Gre-
gorio Baril�a, Antonella Teramo, Giulia
Calabretto, Samuela Carraro, Valentina
Trimarco, Livio Trentin, Monica Facco,
Gianpietro Semenzato, and Renato
Zambello, manuscript in preparation).

With a growing demand for improved and
personalized treatment options in LGL dis-
orders, these studies6-10 should help by
providing genetic barcodes to design
new compounds (JAK/STAT blockers and
demethylating agents, among others) that
improve our therapeutic armamentarium
for these patients.
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The current status of relationships between STAT mutations and clinical features according to recently pub-
lished studies.3,5,6,8 Y640F and D661Y are the most frequent STAT3 genetic lesions. For the STAT5b gene, the
most common mutations are N642H and Y665F, which are largely found in the SH2 domain. Other less fre-
quent point mutations and insertion or deletions have been found, including the hotspot PIK3R1 mutations
and the recurrent mutations in the death domain of FAS, as reported by Cheon et al. The resulting constitutive
activation of STAT3 and STAT5b genes translates both into global hypermethylation and into the upregulation
of expression of genes that are required for cytokine signaling, cell proliferation, and survival, such as c-Myc,
cyclins D1 and D2, Bcl-xl, and Mcl1. Despite the high incidence of STAT genetic lesions, other recurrently
mutated genes have been found, including TNFAIP3 and, less frequently, BCL11B, FLT3, and PTPN23 in
T-LGLL. Professional illustration by Somersault18:24.
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A (modifiable) way to
better Hodgkin lymphoma
survivorship?
James R. Cerhan | Mayo Clinic

In this issue of Blood, Williams et al,1 through a new report from the Child-
hood Cancer Survivor Study (CCSS), bring into clearer perspective the added
burden of neurocognitive, psychosocial, and quality of life impairments to
the well-recognized physiologic morbidity and premature mortality in long-
term survivors of childhood Hodgkin lymphoma (HL). While there is some
“bad news,” the authors did identify potentially modifiable factors that
might prevent or mitigate adverse outcomes.

While childhood HL is a rare cancer in the
United States (estimated at 1077 cases in
those ,20 years old in 2021), its high rela-
tive survival with treatment (current 5-year
estimate is 94.3% for this age group)
leads to a large population of survivors
(2018 estimate is 40851 survivors).2 Fur-
thermore, HL is one of the top cancer
types based on the proportion of survivors
at $15 years after diagnosis.3 Thus,
understanding and optimally managing
the long-term impacts of treatment across
a range of health4 as well as psychosocial

and quality of life5 domains is of high clini-
cal importance. These latter issues are
comprehensively addressed in this new
report from the CCSS, which focuses on
HL survivors diagnosed from 1970 to
1999 along with a comparison group of
siblings of the CCSS cohort. This research
extends recent findings from the entire
CCSS cohort that included many different
types of childhood cancers.6-8 This report
provides results specific to childhood HL
and treatments used for HL (including
those from the 1980s and 1990s).

First, some bad news. Compared with
CCSS siblings, HL survivors reported
greater neurocognitive impairments (most
significantly for emotional regulation
impairment, 11.5% vs 16.6%; and mem-
ory impairment, 5.7% vs 8.1%), and psy-
chosocial impairments (most significantly
for depression, 7.0% vs 9.1%). They
reported lower quality of life across multi-
ple domains (most significantly for general
health, 9.7% vs 30.4%; and physical func-
tion, 3.0% vs 11.2%). HL survivors were
also more likely to be unemployed (4% vs
10%).

Now for the good news. First, while the
risk of neurocognitive, psychosocial, and
quality of life impairments and lower
social attainment was increased for the
HL survivors relative to the CCSS siblings,
the absolute risk must be kept in per-
spective in that the vast majority of HL
survivors did not experience these
impairments. Second, and of relevance
to HL survivors who experience these
impairments, this report found that the
impairments were correlated with several
modifiable risk factors. Specifically, never
smoking, body mass index ,25 kg/m2,
and meeting Centers for Disease Control
and Prevention guidelines for physical
activity were associated with fewer
impairments. Third, major HL treatments
and treatment intensity were largely not
associated with impairments in most of
the domains assessed. Fourth, while sev-
eral chronic health conditions, highlighted
by hypertension and stroke, were associ-
ated with impairment in most of the neu-
rocognitive, psychosocial, and quality of
life domains, this does raise the potential
that adequate management of these con-
ditions could mitigate these outcomes.
Finally, all associations between HL treat-
ments and neurocognitive impairments
were fully mediated by chronic health
conditions.

There are many strengths of this report,
including the use of HL participants from
a defined survivor cohort; a large
sample size of HL survivors and sibling
controls; inclusion of participants diag-
nosed through 1999, which included HL
treatments used up to this time point and
of high relevance to many current long-
term HL survivors; use of sibling controls
for a comparison group; national scope of
the study; use of comprehensive and vali-
dated measures; and sophisticated statis-
tical analyses.
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