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Chronic myelomonocytic leukemia
associated with myeloid sarcomas
and NPM1 mutation: a case report

and literature review

Abstract: We present a case of chronic myelomonocytic leukemia (CMML) associated

with myeloid sarcomas. The CMML also harbored a NPM7 mutation, which is uncommonly
described outside the context of acute myeloid leukemia (AML]). We describe our treatment
strategy, which involved remission-induction chemotherapy that led to rapid resolution of
myeloid sarcomas, and we present a literature review highlighting the treatment challenges

that similar cases pose.
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We present a case report of chronic myelomono-
cytic leukemia (CMML) harboring an NPM1
mutation associated with extensive myeloid sar-
comas. The unusual case highlights the chal-
lenges of managing CMML with unusual
manifestations and rare mutations.

Chronic myelomonocytic leukemia (CMML) is a
clonal hematopoietic malignancy characterized
by overlapping features of both a myeloprolifera-
tive neoplasm and a myelodysplastic syndrome.!
It is a rare hematological malignancy with a
reported incidence of 0.3—0.52/100,000 patients.?

The hallmark of myeloid sarcoma (MS) (also
referred to as granulocytic sarcoma or chloroma)
is the presence of myeloid blasts in the extramed-
ullary tissues.?* Lymphadenopathy as a manifes-
tation of MS has been described in case series.’
MS is typically associated with acute myeloid leu-
kemia (AML) but it can also be seen in cases of
myelodysplastic syndromes (MDS).® The associ-
ation of MS with myeloproliferative neoplasm
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(MPN) or MDS/MPN overlap syndromes is
infrequent.” In a large series of 452 patients
reported by the Mayo Clinic, 119 patients had
extramedullary manifestations.® Of those, 15%
had lymphadenopathy, 6% leukemia cutis, 3%
gingival infiltrates, and two patients had MS. Few
cases of CMML have presented with pericardial
effusion or lymph node involvement.%10

Molecular testing using PCR-based techniques or
next-generation sequencing (NGS) mutational
analysis has become a valuable tool in the context
of hematological disorders. NPMI mutations
have been described predominantly in AML with
a potential association with chloromas.!!>12 NPM 1
mutations have been reported, but less frequently,
in MDS, MPN, or MDS/MPN cases.!? NPM1 in
the context of CMML is very infrequent; for
example, it was reported in only 2% of patients in
a series of 383 CMML cases, !4 with other reports
having similar frequency.'> NPMI mutations
have a prognostic impact at least in AML,!¢ but
the impact of these mutations in other hemato-
logical disorders is not well defined.
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Complete blood count at various points.

Timeline of WBC (103 Hgb (g/dl) Platelet Neutrophils Monocytes %

CBC cells/mm?3) count (103 (103 cells/ (cells/mm3) Blasts
cells/mm?3) mms3) (percentage)

4 months 4.9 1.7 255 1.8 598 (12.2%) 0

prior to first

BM biopsy

~2 weeks 27 7.8 96 9.4 1890 (14%) 12

prior to first

BM biopsy

Day 131 post  4.32 6.9 50 2.68 302 (7%) 0

alloHSCT

Day 223 post  6.41 8 127 3.01 448 (7%) 0

alloHSCT

CBC, Complete blood count; WBC, white blood cells; Hgb hemoglobin; BM, bone marrow; alloHSCT, matched unrelated

donor allogeneic bone marrow transplant.

This is a case of a 46-year-old woman with initial
presentation of progressive fatigue and shortness of
breath. After multiple visits to different physicians
she was noted to have developed abnormalities in
peripheral blood counts. Namely, she developed
leukocytosis with neutrophilia and monocytosis,
accompanied by anemia and thrombocytopenia
(Table 1). She had a bone marrow (BM) biopsy
for further evaluation by her hematologist (Table
2). The BM was hypercellular with 10% mono-
cytes and approximately 4% blasts. Karyotype was
normal. NGS analysis revealed NPM1, NRAS,
and ETV6 aberrations. Overall, the findings were
considered to represent MDS/MPN unclassifiable
(Table 2). Given leukocytosis, patient was placed
on cytoreductive therapy with hydrea.

The patient developed lymphadenopathy (LLAD)
soon after. Computed tomography (CT) imaging
studies of neck and chest confirmed bilateral axil-
lary, mediastinal, right hilar LAD, and with promi-
nent lymphoid tissue in nasopharynx. A CT scan of
the abdomen and pelvis noted hepatosplenomegaly
and enlarged bilateral inguinal lymph nodes.

A right axillary lymph node biopsy was obtained
approximately 50 days from the initial evaluation
by her hematologist and was consistent with MS.
The tissue was infiltrated by mildly enlarged, lym-
phoid-like cells, with a scant amount of cytoplasm,
hyperchromatic nuclei, focally irregularly shaped,
and with tiny nucleoli. A few inflammatory

cells were also noted in the background.
Immunohistochemistry stains of the lymph node
revealed myeloid and megakaryocytic precursors.
Given the disparity between MPO and CD68, it
was considered that many of the cells represented
monocytes. Furthermore, there was a significant
number of CD117-positive cells compatible with
promonocytes, but CD34 negative/CD117 posi-
tive blasts could not be entirely excluded.
Chromosomal analysis was unsuccessful.

The patient had another BM biopsy approxi-
mately 2 months after the first (second BM biopsy
in Table 2), which revealed a markedly hypercel-
lular BM with myelomonocytic hyperplasia and
trilineage  myelodysplasia.  Karyotype  was
47,XX+21[11]/46,XX[9]. Despite being on
hydrea, accompanying CBC revealed that leuko-
cytosis persisted, as well as the anemia and throm-
bocytopenia. Monocytosis also persisted (10% of
WBC), and the patient had 6% blasts in the
peripheral blood. The overall findings of the BM
biopsy supported a diagnosis of CMML-2.

The patient was transferred to the care of our
institution and a repeat BM biopsy was performed
2.5 months after the first (third BM biopsy in
Table 2). The sample showed marked aspiration
artifact with focal hypercellular area (Figure 1).
Fluorescence in situ hybridization (FISH) analy-
sis demonstrated three copies of the RUNX1 gene
at 21g22 and a karyotype similar to the previous
one (47,XX,+21[18]/46,XX[4]). NGS revealed
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Figure 1. Top panel (pre-induction). Peripheral blood smear with blasts and immature monocytes (left).
BM core biopsy at high magnification (40X] demonstrating early myeloid lineage cells (right). Bottom panel
(post-induction at count recovery). Peripheral blood smear without circulating blasts (left). Normocellular

bone marrow (right).

similar aberrations as the report from the initial
BM biopsy. Because the patient had monocytosis
that persisted for 3 months; was without evidence
of another etiology for monocytosis; had an exten-
sive work up, excluding chronic myeloid leuke-
mia, primary myelofibrosis, polycythemia vera;
FISH analysis without evidence of PDGFRA,
PDGFRB, FGFRI, and JAK2 rearrangements,
the diagnosis of CMML was reaffirmed. The
blast percentage on the peripheral blood by mor-
phology and the BM flow cytometry did not sup-
port progression to AML.

Repeat CT imaging of neck, chest, abdomen, and
pelvis noted persistent extensive LAD. Due to
unusual presentation, needle biopsy of the right
inguinal lymph node and excisional biopsy of a
neck lymph node were performed and were inter-
preted as MS. Namely, immunohistochemical

stains were performed on the needle biopsy sam-
ple of the inguinal node, and the neoplastic cells
were positive for CD33 and CD43. CD15+ was
noted in a subset of neoplastic cells and CD163
exhibited focal positivity. The neoplastic cells
were negative for CD117, CD34, CD14, CD3,
CD79a, and CD123. Overall, immunohisto-
chemistry (IHC) and morphology revealed dense
infiltration of predominantly immature myeloid
cells with some degree of monocytic differentia-
tion. The histologic features of the neck lymph
node were similar, and, morphologically, the two
cases were identical. Notably, the lymph node
biopsy measured more than 4 cm and was com-
pletely replaced by immature myeloid infiltrates
(Figure 2).

Given the findings of MS and presence of the
NPM 1 mutation, the decision was made to treat
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Figure 2. Lymph node is completely replaced by immature myeloid infiltrate, and flow cytometry was positive

for aberrant immature myeloid cells.

with intensive chemotherapy schema. The patient
received idarubicin 12 mg/m? and cytarabine 100
mg/m? as part of the standard induction protocol
[3+7]. Importantly, a CT scan performed at
approximately day 14 of induction revealed sig-
nificant improvement of LAD.

Remission induction was complicated by a
Clostridioides difficile infection and necrotizing enter-
itis of the jejunum. The patient underwent jejunum
excision, with pathology negative for any evidence
of MS. Upon count recovery, another BM biopsy
was done (fourth BM biopsy in Table 2), which
revealed resolution of the hyperplasia and normali-
zation of the karyotype. NGS revealed persistence
of the ETV6 alteration at a variant allelic frequency
of 40-50%, whereas NPM1 and NRAS mutation
was not detected. Given persistence with variant
allelic frequency 40-50% at remission, this could
represent a germline variant. A search of ExAC
(Exome Aggregation Consortium) population fre-
quency databases revealed that this variant is
reported but is very infrequent. In silico analysis
including SIFT, Polyphen, and FATHMM algo-
rithms did not support a detrimental functional
consequence. The three cases reported in the
COSMIC database involved colon and lung cancer
cases. Taken together, the clinical significance of
this variant, if any, was deemed uncertain. Notably,
repeat CT imaging while in remission revealed res-
olution of lymphadenopathy.

The patient completed one cycle of consolidation
with high dose cytarabine followed by matched
unrelated donor allogeneic bone marrow trans-
plant (alloHSCT) utilizing a regimen of fludara-
bine and melphalan. Her post-transplant course
was complicated by CMV and EBYV reactivation,

and graft-vs-host disease (GVHD) of skin (grade
I, stage III) and intestine (grade III). The GVHD
manifestation improved with topical and intrave-
nous followed by oral steroids respectively. At
day 55 post alloHSCT BM biopsy is reported as
fifth biopsy in Table 2. It was suboptimal for
evaluation but karyotype remained normal and
flow cytometry did not reveal aberrant myeloid
population; patient did not have further BM
biopsies. Despite her complicated post-trans-
plant course, the patient continues to recover
slowly without recurrence of LAD (Table 1
includes CBC at various points post alloHSCT).
The patient is approximately 230 days post
alloHSCT at the time of the submission of this
manuscript.

Discussion

Several reports examined the mutational land-
scape of CMML and frequently reported muta-
tions are TET2, SRSF2, ASXL1, RUNX 1,
NRAS, and CBL.'"'8 NPM1 has been rarely
reported with CMML, !4 and its presence appears
to be an ominous marker for progression to
AML."> To the best of our knowledge, our case of
NPM I mutated CMML with extensive extramed-
ullary disease has not been previously reported.

Our case posed significant diagnostic dilemmas.
Mutations affecting the NPM1 gene are reported
rarely in CMML and frequently in AML. The
World Health Organization (WHO) recognize AML
with mutated NPM1 as a separate entity; however,
the mutation by itself without 20% or more blasts is
not enough to classify a case as AML. The mutation
that was detected in our case was a 4 bp insertion
[c.859_860insTCTG (p.W288Cfs)] and has been
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previously described in AMIL.1%20 The particular
NPM 1 mutation leads to creation of a nuclear export
sequence, ultimately leading to loss-of-function due
to aberrant localization of the Npm1 protein (Jackson
laboratory Clinical Knowledgebase; https://ckb.jax.
org/geneVariant/show?geneVariantld=11363).
Given the rarity of the cases it is very difficult to
determine if NPMI mutation is associated with
favorable outcomes in CMML.

The clinical significance of ETV6 p.P223L,, if any, is
unknown. It appears to be benign based on a previ-
ous report,2! and has been reported in population
databases, but infrequently; i siico analysis did not
predict detrimental functional consequences. Apart
from the unusual molecular aberrations, our case
had cytogenetic evolution, with acquisition of an
extra chromosome 21. Acquisition of cytogenetic
abnormalities has been described in CMML and
may be associated with progression to AML.22 Peng
and colleagues noted also in their series that two out
of eight patients with CMML and NPM1 mutation
had trisomy 21; however, this association has not
been observed consistently.! In the same series, one
patient had rash, but no definite report of extramed-
ullary manifestations. In another report of NPM1I
mutation, a patient developed splenomegaly infil-
trated by CMML.23 It will be of interest to examine
if NPM1 mutation is associated with propensity for
involvement of extramedullary tissues in CMML or
MDS/MPN overlap syndromes, but research would
be hampered by the rarity of such cases.

Management of patients with CMML or other
MDS/MPN overlap syndromes with extramedul-
lary manifestations is challenging as large series are
lacking. CMMUL may have only a transient response
to remission induction regimens, such as 3+7, and
may not recover normal hematopoiesis. Other reg-
imens reported in the literature include topotecan
alone2* or in combination with cytarabine.25:26
Although responses with these regimens could
include complete remissions, toxicities limit the
application of these regimens in elderly patients
with comorbidities. An alternative approach is the
use of hypomethylating agents such as 5-azacyti-
dine or decitabine.?? Recent publications highlight
and summarize treatment outcomes with the dif-
ferent chemotherapy regimens.2829

Ultimately, alloHSCT is considered the only cura-
tive approach for CMML. Outcomes of CMML
patients undergoing alloHSCT were reported to be

affected by blast percentage at the time of transplant,
cytogenetics, and existing comorbidities.2?23 The
reported studies are mostly relatively small and ret-
rospective (summarized in recent publications3%-31),
Reports are conflicting for the relative impact of
factors determining outcomes of alloHSCT, but,
given the rarity of CMML, the prospect of large
randomized studies is unlikely.32 It remains unclear
if pre-transplant treatment with hypomethylating
agents is the optimal treatment modality.32:33 Relapse
of CMML occurs in a significant percentage of
patients that had alloHSCT. In an analysis of 85
patients, Eissa and colleagues report a relapse rate of
24% at 2 years and 27% at 10 years.?*

Data regarding MS and CMML are scant. We
were able to find case reports of using hypometh-
ylating agents for CMMUL associated with leuke-
mia cutis,?>3% and a few patients treated with
AML induction followed by involved field radia-
tion.?” We employed a strategy similar to MS
associated with AML, given that the patient had
few comorbidities and a high burden of symp-
toms. Moreover, given reports that NPM1 is asso-
ciated with chemo-sensitivity,3%3° and high CR
rates, at least on AML, we extrapolated that a
similar response might occur in our case. Indeed,
it was notable that LAD resolved quickly after ini-
tiation of 7+3 induction chemotherapy. There is
limited information regarding optimal consolida-
tion approach in patients with MS. Extrapolating
from the AML literature, we recommended
alloHSCT.%% Notably, the impact of NPMI muta-
tion in MS associated with AML is unknown.4°
The mechanisms leading to formation of MS are
not well understood, and include a complex inter-
play of metalloproteinases with B,-integrin*1:42
and it is unclear if mechanisms are common
between different diseases.

CMML with MS is not reported often, and opti-
mal treatment has not been established. In the
case reported, NPM1 was present and the patient
had rapid resolution of LAD and attained remis-
sion, highlighting that the NPM1 chemosensitiv-
ity noted on AML might be applicable to other
hematological conditions.
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