
in the indications for the FDA-approved
products. Further studies in these settings
are eagerly awaited.
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MYELOID NEOPLASIA

Comment on Zhang et al, page 867

Illuminating neutrophilic
myeloid neoplasms
Robert P. Hasserjian | Massachusetts General Hospital

In this issue of Blood, Zhang et al1 have performed a genetic interrogation of
neutrophilic myeloid neoplasms, revealing a distinct combination of genetic
events and suggesting that the current use of clinicopathologic features to
distinguish some individual entities may not be biologically relevant.

Myeloid neoplasms presenting predomi-
nantly with neutrophilia include the myelo-
proliferative neoplasms (MPN) chronic
myeloid leukemia (CML) and chronic
neutrophilic leukemia (CNL) as well as
diseases considered within World Health
Organization (WHO)-defined group of
myelodysplastic/myeloproliferative neo-
plasms (MDS/MPN). Aside from the com-
mon feature of leukocytosis and presence
or absence of BCR-ABL1 rearrangement
(which defines CML), these diseases tra-
ditionally have been distinguished from
one another by a host of clinicopathologic
features, such as monocytosis, left-shifted
granulocytes in the peripheral blood, and
morphologic dysplasia of hematopoietic
elements. These diseases can be chal-
lenging to treat, because the patient’s

symptoms may be related to marked leu-
kocytosis and splenomegaly, ineffective
hematopoiesis with anemia and/or throm-
bocytopenia, or a combination of both.
Moreover, determining the optimal treat-
ment has been difficult: aside from CML,
these rare diseases have been subjected
to few clinical trials or have been included
in clinical trials for myelodysplastic syn-
dromes (MDS).

Zhang et al perform a detailed genetic
analysis of a large number of CNL and
MDS/MPN in order to determine their
genomic landscape and relationship to
other myeloid neoplasms, such as MDS.
These neoplasms usually display muta-
tions in 3 or 4 major pathways: ASXL1/
ASXL2, TET2, or GATA2, and a signaling

and/or splicing pathway mutation. This
pattern of comutation had been recog-
nized for chronic myelomonocytic leuke-
mia (CMML),2 but until now its prevalence
among otherMDS/MPN andCNL had not
been clearly delineated. Importantly, this
comutation pattern is uncommon in age-
related hematopoiesis, MDS, and the JAK2/
MPL/CALR-associated MPN. It is also rare
in another MDS/MPN, juvenile myelomono-
cytic leukemia (JMML), which typically bears
only RAS pathway mutations. These data
raise the question as to the clinical relevance
of separating neutrophilic myeloid neo-
plasms into subtypes distinguished by their
morphology (see figure).OnceCML, JMML,
and the JAK2/MPL/CALR-associated MPN
are excluded, these diseases appear to
have common genetic features and may
be best considered together in terms of
prognostic modeling, optimal clinical ap-
proach, and inclusion in clinical trials.

What does determine biologic hetero-
geneity within this disease group? Not
surprisingly, the authors find complex
mutation associations, including comu-
tations of genes in the same pathway.
Certain mutation patterns are associated
with clinicopathologic parameters, such
as monocyte percentage, degree of leu-
kocytosis, and degree of dysplasia. In
addition, certain mutation patterns are
overrepresented in particular disease
subtypes, such as comutation of SRSF2
and TET2 in CMML, as has been shown in
prior studies.2,3 However, the mutation
patterns do not clearly segregate with the
specific disease types recognized by the
WHO classification. Gene expression pro-
filing identifies 3 major clusters with variable
representations of mutation frequencies
and also does not segregate specific
disease subtypes. Presumably, the varied
clinical presentations among these dis-
eases are influenced by the specific port-
folio of mutations and their interactions,
variant allele frequencies and mutational
hierarchies of individual genes, and epige-
netic factors influencing gene expression.
The pattern of mutation hierarchy suggests
sequential linear mutation acquisition, which
differs from the more complex pattern of
mutation acquisition in acute myeloid leu-
kemia. The predicted order of mutation ac-
quisition is heterogeneous, a factor that may
also influence the clinical disease presenta-
tion, as has also been shown for other my-
eloid neoplasms such as polycythemia vera.4

This study also challenges the impor-
tant tenet in the WHO classification that in
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MDS/MPN, the dysplastic and proliferative
features must be present at the time of the
initial diagnosis, with the exception ofMDS/
MPN with ring sideroblasts and thrombo-
cytosis, in which the JAK2mutation driving
the thrombocytosis is acquired after the
SF3B1 mutation driving the anemia and
ring sideroblasts.5 Patients with other MDS/

MPN may also present in earlier phases in
which the full disease phenotype is not yet
realized: should these diseases be arbitrarily
classified differently from patients who pres-
ent with fully evolved MDS/MPN? Indeed, a
recent publication has proposed broadening
the category of CMML to encompass vari-
ants in which monocytosis develops after a

prior diagnosis of a myeloid neoplasm
(currently excluded from this category) or
patients presenting with monocyte counts
below the current threshold.6 The current
study supports this notion, given the mu-
tational ontogeny of CMML and its overlap
with other related myeloid neoplasms.

Do the results of this study imply that mor-
phology is no longer relevant in the diag-
nostic approach to neutrophilic myeloid
neoplasms? In fact, the authors do find
significant associations of dysplasia with
certain mutations (SRSF2 and TET2) and
also correlate disease subtypes with clin-
ical parameters such as red blood cell
transfusion dependence. Another study
found that circulating left-shifted granu-
locytic precursors and bone marrow blast
percentages (but not dysgranulopoiesis)
predicted inferior outcome in a group of
MDS/MPN patients.7 The data from the
Zhang et al study, together with prior work,
suggest that parameters such as blood
counts and morphologic findings are op-
timally used in combination with the mu-
tational data to help predict the disease
course.

Accurate disease classification is critical not
only to determine the prognosis of individual
patients but also to establish effective
treatment paradigms. All effective disease
classifications are built upon historical
precedent; this precedent ensures consis-
tency over time, but also creates an inertia
that may impede the integration of new
information. The rapid incorporation of
molecular sequencing data into diagnostic
hematopathology requires us to reexamine
current concepts of disease categorization.
The study by Zhang et al challenges current
boundaries that separate CNL (currently
classified as a “pure” MPN) from closely
related MDS/MPN diseases and questions
the relevance of using arbitrary morpho-
logic features, such as monocyte counts or
granulocytic dysplasia, to define distinct dis-
ease categories within MDS/MPN. On the
other hand, they suggest that the MDS/
MPN disease group is unique in its cascade
of genetic events involving multiple path-
ways. Future classifications of myeloid
neoplasms should take into account the
genetic ontogeny in defining the borders
of both large disease groupings (MDS,
MPN, and MDS/MPN) and specific dis-
eases within these broad categories.
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Distribution of myeloid neoplasms discussed in Zheng et al based on the current classification vs genetic pathway
alterations revealed in the study. (A) Venn diagram of current (2016) WHO classification reflecting associations with
leukocytosis, dysplasia, or monocytosis. Currently, monocytosis supersedes other features in determining a di-
agnosis of CMML, whereas granulocytic dysplasia (with left-shift) is the main feature distinguishing atypical CML
(aCML), BCR-ABL1 negative from CNL. (B) A proposed Venn diagram showing the association of these disease
subtypes with pathway mutations. There is significant overlap between entities that are considered distinct in the WHO
classification, yet CNL and the MDS/MPN diseases remain largely separate from MDS and from the other “pure” MPN:
essential thrombocythemia (ET), polycythemia vera (PV), and primary myelofibrosis (MF). MDS/MPN-U, MDS/MPN,
unclassifiable. Panel B has been adapted from Figure 2D in the article by Zhang et al that begins on page 867.
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TRANSPLANTATION

Comment on Battipaglia et al, page 892

PTCY keeps on giving!
Vedran Radojcic1 and Leo Luznik2 | 1University of Utah Huntsman Cancer
Institute; 2Johns Hopkins Sidney Kimmel Comprehensive Cancer Center

In this issue of Blood, Battipaglia and colleagues report improved outcomes
for patients receiving posttransplant cyclophosphamide (PTCY) vs antithymocyte
globulin (ATG) as backbone of their immunosuppression regimen after 1-antigen
mismatched unrelated donor (MMUD) allogeneic hematopoietic cell trans-
plantation (alloHCT) for treatment of acute myeloid leukemia (AML).1

AML is the most common indication for
an alloHCT, and .3000 patients are trans-
planted annually in the United States. Be-
cause transplant success rates are higher
with alloHCT pursued soon after diagnosis,
timely identification of a suitable donor
used to represent the biggest challenge
to optimally timed alloHCT. However,
the days of difficult donor searches for
an alloHCT patient are behind us. With
the use of PTCY, which permits trans-
plantation across human leukocyte antigen
(HLA) barriers and promotes tolerance in-
duction, haploidentical donors are a safe,
efficacious, and rapid choice.2 Haploidentical
transplants are not feasible only for a small
fraction of patients for whom an MMUD
strategy is a viable option. HLAmismatches
have been associated with worse overall
outcomes in unrelated donor alloHSCT,
particularly in terms of graft-versus-host
disease (GVHD) and nonrelapse mor-
tality. Thus, the addition of in vivo T-cell
depletion with ATG or alemtuzumab to
calcineurin-based immunosuppression has
become an immunosuppression back-
bone in the MMUD setting. Both ATG
and PTCY have a well-documented
efficacy in GVHD prevention, with
greater variability of ATG effects driven

by distinct ATG formulations, a continued
source of debate in the field. However,
with increasing evidence supporting
comparable feasibility and efficacy of PTCY-
and conventional immunosuppression-
based allografting in AML,3,4 PTCY has
become a viable option forMMUDalloHCT.
Limited single-center studies have eval-
uated PTCY use inMMUDmostly through
a feasibility prism, and the current report
represents the largest real-world body
of evidence supporting PTCY use in this
setting.

In this matched-pair analysis of 93 PTCY
and 179 ATG patients identified in the
European Society for Blood and Marrow
Transplantation registry, PTCY not only is
confirmed as a viable agent in MMUD
alloHCT but also hints of its superiority
emerge as well. This includes control of
grade III to IV acute GVHD, enhanced
leukemia-free survival, and composite
end point of GVHD/relapse-free survival.
Subset analyses further identify patients
in whom PTCY might be particularly ben-
eficial, with documentation of improved
overall survival in recipients transplanted
with their primary disease in complete
remission and with peripheral blood stem

cells as a source. The former finding is par-
ticularly noteworthy, given the majority of
PTCY recipients was transplanted beyond
the first complete remission, awell-defined
risk factor for inferior outcomes.

Caveats regarding long(er)-term benefits
of PTCY remain and are primarily driven
by the significantly shorter follow-up dura-
tion in the PTCY group (median of 14 vs
27months), an issue likely to be addressed
with updated data in the future. A few
additional aspects require greater clarifi-
cation to determine the optimal approach
for an individual patient. Increasingly, these
reasons are cost driven. Although both
platforms allow for safe and perma-
nent discontinuation of long-term im-
munosuppression in the large majority
of patients,5,6 the immediate peritrans-
plant immunosuppression burden and
consequent infection risk remain high.
This is particularly pertinent to the ATG
recipients, who in this study exhibited a
higher rate of lethal infections, possibly
contributing to the observed survival dif-
ferences. In addition, the optimal immu-
nosuppressive agents added to PTCY and
duration of their administration remain
undefined. Unfortunately, no further in-
sight into these issues was possible due to
limitations of registry-based retrospective
analyses; however, they should be ex-
plored in the future. What mechanisms
drive the outcome differences between
ATG and PTCY recipients remains un-
known as well. Both platforms have long
been considered to derive benefits pri-
marily from lymphodepleting effects and
increasingly regulatory T-cell modulation.7,8

Prolonged lymphopenia with ATG doses
used in alloHCT, however, is not observed
with PTCY use, which is associated with
enhanced conversion to donor T-cell
chimerism and the early survival advan-
tage for CD41 T cells, regulatory T cells,
anda/b T cells.9 These phenomenaoffer a
potential biological rationale for favorable
PTCY outcome, although they require fur-
ther investigation.

The work by Battipaglia et al adds to the
increasing body of evidence supporting
the benefits of PTCY-based allografting
across different transplant scenarios and
includes indications previously relying
on ATG-based regimens.10 Although a
prospective and randomized trial com-
paring PTCY and ATG outcomes would
provide the highest-quality assessment
of both strategies, such an endeavor re-
mains highly unlikely given the cost and
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