
figure). There was increased T-cell recep-
tor diversity in disease sites in respond-
ers, consistent with new T-cell clones
mobilized to these sites. If this finding is
confirmed, it suggests that ipilimumab
may induce epitope spreading, which is
the recruitment of other T-cell clones to
mediate tumor eradication. Epitope
spreading could be beneficial even in
non-HSCT settings, potentially inducing
resting antileukemia T cells to participate
in antitumor immunity, thereby helping
to overcome tumor evasion mediated via
downregulation of the target antigens, as
has been seen in many immunotherapy
settings.9

Penter et al also report that responders
had marked upregulation of proinflamma-
tory cytokine and chemokines involved
with T-cell proliferation, activation, infiltra-
tion, effector function, as well as inflam-
mation or activation of other cellular
subsets, using differential protein expres-
sion. Few of these cytokines have been
tested clinically to evaluate whether they
elicit antileukemia responses. If confirmed
in other studies and supported by preclin-
ical work, some of these may offer novel
targets to evaluate for in vitro or in vivo
T-cell stimulation to enhance GVL, al-
though the in vivo administration may be
similarly plagued by GVHD akin to check-
point blockade. It is also possible though
that this inflammatory milieu was sparked
by robust GVL and that the nonrespond-
ers were nonresponders due to either
lack of anti-AML T cells or rapid exhaus-
tion of antitumor immunity.

Although these data include few patients
and early data, this article provides im-
portant insights for the field. The multi-
modality approach led to internal
confirmation of some findings through in-
dependent methods, increasing the con-
fidence of such data in a complex clinical
setting. These studies could provide a
roadmap to interrogate samples for fu-
ture leukemia immunotherapy trials. Us-
ing this approach, this work adds to
others that have supported the concept
that GVL may be present but insufficient
in AML relapse, and may be enhanced
through checkpoint blockade.8,10 Penter
et al offer an early glimpse into the
mechanisms that mediate GVL and
GVHD after AML relapse, which may pro-
mote novel therapies if confirmed in larg-
er studies. Such translational studies that
identify the biology underlying AML re-
lapse and that of successful

immunotherapy will likely be critical to
promote GVL and avert severe GVHD.
That said, most would agree that a good
strategy would be a move like the
Queen’s gambit, sacrificing a small
pawn, a little GVHD, to control the board
and checkmate AML.
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Tracing the roots of CLPD-
NK by TET2 and STAT3
Marco Herling and Till Braun | University of Cologne

In this issue of Blood, Pastoret et al present an immunophenotypic and geno-
mic characterization of samples from 114 patients with suspected chronic
lymphoproliferative disorders of natural killer cells (CLPD-NK). They report a
high incidence of TET2 mutations, including the detection of these as a pos-
tulated precursor cell lesion in the myeloid compartment.1 As a novel biolog-
ic and diagnostic hallmark of CLPD-NK, this finding provides a clinically
useful marker for distinguishing CLPD-NK from reactive NK-cell expansions
as well as for the discrimination of defined CLPD-NK subsets. The bilinear
presence of TET2 variants substantiates existing epidemiological links be-
tween CLPD-NK and myeloid disorders.

In the current World Health Organiza-
tion classification of hematologic neo-
plasms,2 CLPD-NK represents a distinct
entity within the category of large gran-
ular lymphocyte leukemias (LGL). Pa-
tients with CLPD-NK typically present
with expansions of mature NK cells,
which display an LGL morphology and

a restricted killer immunoglobulin-like
receptor (KIR) pattern.

The rarity and the NK-cell nature of
CLPD-NK impose major diagnostic ob-
stacles. The lack of antigen-receptor
gene rearrangements, normally a reliable
readout for clonality in T-lineage
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neoplasms, such as T-LGL, requires the
use of KIR phenotyping for diagnosis.
However, this is not a well-established
technique in routine diagnostic laborato-
ries. Until this report by Pastoret et al, so-
matic STAT3 mutations have been
considered the most reliable genomic
marker in the diagnostic workup of
CLPD-NK. However, these lesions were
only found in �30% of cases and often
at low allelic fractions.3 Moreover, such
mutations, formerly thought to provide
evidence for the clonal nature of a given
process, have been increasingly detected
in chronic inflammatory conditions, for
example, in rheumatoid arthritis (RA),
with recurrent STAT3 lesions found in the
autoreactive cytotoxic T cells.4

Pastoret et al performed targeted high-
throughput sequencing of samples from
a cohort of patients with NK-cell expan-
sions. They retrospectively classified
these as 46 cases of CLPD-NK and 68
cases of reactive NK-cell expansions.

Loss-of-function TET2 mutations were
detected in 34% of CLPD-NK. A TET2
mutation was previously described by Ra-
ess et al5 in a single case of NK-LGL and
by Gasparini et al6 in 2 cases NK-LGL.
The present paper also confirmed the re-
currence of activating STAT3 variants by
detecting them in 27% of CLPD-NK. In-
terestingly, TET2 and STAT3 lesions
were almost mutually exclusive, as only 1
sample was identified as doubly mutat-
ed. In addition, rarer mutations were de-
tected in TNFAIP3 (10%), DNMT3A (7%),
NRAS or KRAS (7%), and STAT5B (5%).

The authors integrated these findings to
generate an algorithm to better classify
NK-cell proliferations. Their new NK clon-
ality score is based on the NK-cell blood
count as well as on immunophenotypic
(KIR restriction, elevated expression of
CD94 and NKG2A) and genomic data (at
least 1 mutation in TET2, STAT3,
STAT5B, and/or TNFAIP3). This score
performed robustly in discriminating

between patients with CLPD-NK and
those with reactive NK proliferations in
an independent validation cohort.

It is intriguing that the 2 major CLPD-NK
subsets, namely those of mutated TET2
and STAT3, differed markedly in pheno-
typic and clinical features.1 STAT3-
mutated CLPD-NK predominantly pre-
sented with a cytotoxic CD16highCD57neg

profile, lower neutrophil counts, de-
creased hemoglobin levels, and a gene
expression signature of STAT pathway ac-
tivation. Conversely, CLPD-NK with TET2
mutations exhibited aCD16low phenotype,
presented with lower platelet counts, and
showed an “angioimmunoblastic T-cell
lymphoma (AITL)-like” transcriptome.

Of great interest in the field of leukemo-
genesis is the role of TET2 lesions as
ancestral events. Pastoret et al demon-
strated that TET2 mutations coexist in
the myeloid compartment in 4 of 6
CLPD-NK. No TET2 mutations were de-
tected in the T-cell lineage. Moreover,
the incidence of cooccurring hematologic
malignancies was increased in the TET2-
mutated cohort; in fact, at least 1 con-
comitant hematologic malignancy was
detected in 38% of the patients with
TET2-mutated CLPD-NK, whereas only
7% of the TET2 wild-type cohort showed
a second malignant disorder. One pa-
tient developed AITL 2 years prior to the
diagnosis of CLPD-NK, and both neo-
plasms shared the same TET2 mutation.
Together, this adds important data to
the reported associations of myeloid
neoplasms7 or clonal hematopoiesis of
indeterminate potential (CHIP)8 with
AITL, believed to be due to a common
TET2/DNMT3A molecular trunk with sub-
sequently divergent context-dependent
oncogenic branches (see figure). Such a
conceptual framework also provides for
alternative paths for NK-cell ontogeny,
which might not be exclusively lymphoid,
but also of myeloid origin.9

It is also important to highlight that the
NK-cell proliferations that were catego-
rized as ”reactive” showed DNMT3A
mutations in 13% and TET2 mutations in
7% of cases.1 Fittingly, these 2 genomic
variants were identified as the most fre-
quent in the CHIP that accompany active
RA.10

This paper indicates that there are 2 dis-
tinct pathogenetic routes for CLPD-NK:
(1) up to this point, the mechanistic
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(eg DNMT3A)

Other
(eg DNMT3A)

Chronic cytokine
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STAT3

CLPD-NK
   • CD16highCD57neg

   • Hemoglobin , neutrophils 

   • STAT pathway activation

CLPD-NK
   • CD16low

   • Platelets 

   • AITL-like gene expression

Other TET2mut initiated
hematologic disorders

TET2

CHCHIP
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The discovery of genomic TET2 variants in CLPD-NK has redefined the understanding of the clonal evolution
in 2 major subsets of the disease. Fish plots capture the postulated clonal hierarchy of STAT3-mutated (A)
and TET2-mutated (B) CLPD-NK. Until recently, the mechanistic model of CLPD-NK had been centered on
pronounced cytokine exposure of the precursor cell and/or its gain-of-function STAT3 SH2 domain mutations,
both leading to constitutive STAT activation (beige 5 myeloid/lymphoid precursor cells; green 5 STAT3-mu-
tated clone). Pastoret et al provide evidence of highly recurrent loss-of-function TET2 mutations in CLPD-NK
(34%) and in the myeloid compartment of affected cases. Such TET2 lesions are likely to have their origin in
common progenitor cells. Generally, they are frequent nonconsequential constituents of a CHIP and are also
likely under the right conditions to give rise to myeloid and NK/T-cell neoplasms (beige 5 myeloid/lymphoid
precursor cells; red 5 TET2-mutated clone; blue 5 DNMT3A-mutated clone). TET2-mutated cases are obvi-
ously distinct, histogenetically and clinically. In fact, TET2-mutated cases presented with lower platelet
counts, a CD16low phenotype, an “AITL-like” transcriptome, and more frequently other malignant hematolog-
ic diseases, whereas the almost mutually exclusive STAT3-mutated cases (27%) were characterized by anemia,
lower neutrophil counts, a cytotoxic CD16highCD57neg pattern, and a gene expression signature that resem-
bles STAT pathway activation. Professional illustration by Somersault18:24.
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model of CLPD-NK had focused on con-
stitutive STAT activation, either based on
pronounced cytokine exposure of the
precursor or via activating STAT3 muta-
tions; and (2) although confirming
STAT3/5B variants in approximately one-
third of cases (32%), Pastoret et al pro-
vide the first evidence of loss-of-function
variants of TET2 in another third (34%) of
CLPD-NK. They illustrate the cooccur-
rence of mutated TET2 in the myeloid
lineage and postulate a TET2-based an-
cestral trajectory that is expanded and
refined in the figure.

Collectively, the landmark paper by Pas-
toret et al is an important contribution to
the fields of LGL and of general leuke-
mogenesis. It establishes TET2 mutations
as a diagnostic marker in CLPD-NK, in-
cluding its use in a new clonality score or
as an informative lesion to define a clini-
copathological subset of CLPD-NK that
is set apart from cases with an underlying
STAT signature. Pastoret et al also have
set the stage for further exploration (eg,
single-cell resolved approaches to se-
quential samples) to refine our concepts
of lesion-based clonal relationships in
perturbed hematopoiesis and its transla-
tional implications. Related questions in-
clude the leukemogenic factors that
cooperate with mutated TET2 to increase
its penetrance and provision of context-
specificity (ie, lineage commitment), such
as particular comutations or permissive
milieus of protracted inflammation.
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Mantle cell lymphoma
continues to surprise,
and inform!
Michael E. Williams | University of Virginia Cancer Center

In this issue of Blood, Thurner and colleagues from the European MCL Net-
work report a subset of cases with B-cell receptor (BCR) reactivity against
the self-antigen LRPAP1 (LDL receptor–related protein–associated protein 1),
and that these patients have an improved clinical outcome.1

In the 30 years since the identification of
the hallmark molecular marker of mantle
cell lymphoma (MCL), the t(11;14)(q13;
q32) that leads to dysregulated expres-
sion of cyclin D1, the remarkable biologic
and clinical complexity of the disease
continues to amaze.2,3 Thurner et al, fol-
lowing up on their initial discovery,4 now
have analyzed sera obtained during the
Network’s phase 3 trials in previously un-
treated MCL. The MCL Younger Trial
studied the role of high-dose cytarabine
plus autologous stem cell transplant
(ASCT) consolidation, and the MCL Elder-
ly Trial assessed the role of maintenance
rituximab after chemoimmunotherapy.
Surprisingly, they found that patients with
anti-LRPAP1 seropositivity experienced
improved 5-year failure-free and over-
all survival (OS) independent of other
established prognostic markers. The
presence of LRPAP1 autoantibodies
did not correlate with presenting clini-
cal characteristics.

MCL patients may exhibit slow-paced dis-
ease that can be observed for months or

years without therapy, while others have
highly aggressive lymphoma with poor sur-
vival. Correlative research has established
a number of MCL prognostic factors, most
in the context of chemoimmunotherapy
rather than agents that target the BCR or
BCL2 pathways (see table). However, no
biomarker nor the Mantle Cell Internation-
al Prognostic Index (MIPI) scoring system
currently is used in clinical practice to de-
termine the timing or type of initial thera-
py, although the role of consolidative
ASCT in TP53-mutated or deleted MCL
has been questioned due to typically short
remission durations in these patients.5 A
high tumor cell proliferation rate is the
common theme among those with poor
treament outcomes, as demonstrated by a
Ki-67 score .30%, blastoid morphology,
or a high-risk MCL35 proliferation assay
score.5,6

Achieving a deep initial treatment re-
sponse is emerging as the strongest sin-
gle determinant of outcome, as reflected
by the presence or absence of measur-
able residual disease (MRD) in peripheral
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