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Abstract
Natural killer (NK) cells are lymphocytes of the native immune system that play a pivotal role in host defense and immune
surveillance. While the conceptual view of NK-neoplasms is evolving, little is known about the rare NK lymphoblastic
leukemia (NK-LL), which remains as a provisional entity in the 2016 WHO Classification. The goal of this study is to
characterize NK-LL cases and compare with other CD56 co-expressing acute leukemias. We identified 105 cases, diagnosed
as NK-LL (6), CD56+ acute undifferentiated leukemia (AUL) (6), CD56+ T-lymphoblastic leukemia (T-LL) (51), and
CD56+ acute myeloid leukemia (AML) (42). Compared to AUL patients, NK-LL patients were significantly younger (p=
0.021) and presented with higher white blood cell (WBC) (p= 0.037) and platelet counts (p= 0.041). Flow cytometry
showed more frequent expression of cytoplasmic CD3 (cCD3, p= 0.064) and CD33, (p= 0.065), while HLA-DR was
significantly absent from NK-LL (p= 0.035) compared to AUL. Compared to T-ALL, NK-LL cases showed less frequent
cCD3 (p= 0.002), CD4 (p= 0.051), and CD10 expression (p= 0.06). The frequency of abnormal karyotypes was similar
between NK-LL, AUL, and T-ALL. The mutational profile differed in four leukemia groups, with a significance enrichment
of NOTCH1 (p= 0.002), ETV6 (p= 0.002) and JAK3 (p= 0.02) mutations in NK-LL as compared to AML. As compared to
T-ALL, NK-LL cases showed a higher number of total mutations (p= 0.04) and significantly more frequent ETV6 mutations
(p= 0.004). Clinical outcome data showed differences in overall survival between all four groups (p= 0.0175), but no
difference in event free survival (p= 0.246). In this largest study to date, we find that that NK-LL shows clinical
presentation, immunophenotypic and molecular characteristics distinct from AUL, T-ALL, and AML. Our findings suggest
NK-LL is a distinct acute leukemia entity and should be considered in the clinical diagnosis of acute leukemias of ambiguous
lineage.

Introduction

Natural killer (NK) cells arise from hematopoietic stem cells
in the bone marrow and undergo differentiation in second-
ary lymphoid tissues including peripheral blood, liver,
mucosa-associated lymphoid tissues, lymph nodes, and
other organs [1]. NK cells mediate immune-surveillance not
only via cytotoxic effector functions, but also by serving as

regulatory lymphocytes that secrete cytokines and interact
with both innate and adaptive immune cells [1–4]. Mature
NK cells have large granular lymphocyte cytology, express
T-cell associated antigens including CD2, CD7, CD16, and
CD56, and lack both T-cell receptor (TCR) gene rearran-
gements (i.e., have TCR genes in germline configuration)
and a fully assembled TCR-CD3 complex. NK cells can
originate from lymphoid as well as myeloid precursors and
from precursors with lympho-myeloid potential [5, 6]. Early
markers expressed by CD34 positive hematopoietic cells
associated with propensity to differentiate into NK cells
include CD7, CD10, CD45RA, and CD127 [5–7]. The
stages of NK cell maturation have been defined both in vitro
and in vivo and expression of CD94 and loss of CD117
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mark an important step in this process [8]. Leukemias
derived from NK cells, including the precursor neoplasm
NK lymphoblastic leukemia (NK-LL), are a rare and het-
erogeneous group of disorders with several recognized
phenotypes that lack expression of specific markers of
T cells, myeloid cells, or plasmacytoid dendritic cells. As
absence of specific markers makes it difficult to clearly
establish the origin of these malignancies, the current 2016
World Health Organization (WHO) classification system
considers NK-LL as a provisional entity [9]. A diagnosis of
NK-LL is considered in cases expressing CD56 along with
immature markers and T-cell markers such as CD2 and
CD7, but lacking B-cell and myeloid markers. Aggressive
NK-cell leukemia is a systemic neoplastic proliferation of
NK cells with a similar immunophenotype to NK-LL, but
lacking markers of immaturity; this entity is frequently
associated with EBV infection [9].

The phenotypic and clinicopathologic spectra of NK-LL
can potentially overlap with other CD56-positive hemato-
poietic neoplasms. In particular, blastic plasmacytoid den-
dritic cell neoplasm (BPDCN) is a CD56+ neoplasm with
blastic morphology, potentially mimicking NK-LL.
BPDCN is derived from the precursors of plasmacytoid
dendritic cells and presents in the skin with frequent
involvement of the bone marrow, peripheral blood, and
lymph nodes. In a study of 47 cases of putative NK cell
neoplasms with immature morphologic features, Suzuki
et al. in 2005 found that 28 (59%) had cutaneous involve-
ment [10]. The cutaneous group showed more frequent
mediastinal involvement, thrombocytopenia, CD4 and
HLA-DR expression, and absence of CD34 and CD16
expression, as well as better survival compared to the non-
cutaneous cases [10]. However, CD123 and other more
specific markers to exclude the possibility of BPDCN were
not assessed in this study. A series by Bayerl et al. of seven
blastic NK-cell lymphoma/leukemias suggested that CD4
positive cases had frequent cutaneous involvement
(5/7, 71%) but included BPDCN cases [11]. A case report
and review of literature by Dubois et al. suggested that
pediatric acute blastic NK leukemia showed distinct clinical
characteristics and infrequent skin involvement [12].

In T-ALL/LBL, CD56 expression has been reported in a
small subset of cases (7–28%) and these have distinct
clinicopathologic findings [13]. In one study, expression of
both CD56 and CD16 in T-ALL correlated with older age,
higher platelet count, expression of cytotoxic markers,
CD34, and CD33, and significantly worse prognosis [14]. In
pediatric T-ALL, CD56-positive cases were also char-
acterized by more frequent expression of myeloid and
precursor markers, higher rate of early T-cell precursor
(ETP) subtype, and shorter event free survival and overall
survival [15]. Molecular genetic data showed that the fre-
quency of mutations in NOTCH1, PTEN, and FBXW7 in the

CD56+ cases did not differ significantly from the CD56-
cases [16]. These findings are suggestive of a common T/
NK/myeloid precursor cell as the biological origin of CD56-
positive T-ALLs.

CD56 expression is also seen in a subset (14–58%) of
AML cases [17]. Its prognostic significance is controversial,
but it has been associated with worse prognosis in acute
promyelocytic leukemia and in AML with t(8;21) [18]. One
study of adult AML patients demonstrated that CD56
expression in AML was associated with extramedullary
infiltrates at diagnosis, 11q23 karyotypic abnormalities, low
complete remission rate and poor overall survival [19].
Junge et al. found that expression of CD56 and also another
NK marker CD16 on blasts in AML was associated with
particularly adverse outcome in multivariate analysis [20].
As compared to other AML cases, these CD56+/CD16+
AML cases showed similar rates of FLT3 mutations and
overall infrequent complex karyotype. Other studies have
previously reported inferior outcome in subsets of AML
patients with a NK/T‐cell phenotypes defined as CD7 and
CD56 expression or an HLA‐DR−, CD33+, CD56+, and
CD16− phenotype [21, 22]. Some investigators have used
the term “myeloid/NK acute leukemia” to encompass these
cases and have suggested that they are of precursor NK-cell
origin and show an immunophenotypic overlap with AML
with minimal differentiation [10].

We have recently shown that AML with minimal dif-
ferentiation shares many features with acute undiffer-
entiated leukemia (AUL), a rare acute leukemia that lacks
evidence of differentiation along any lineage, but can show
co-expression of CD56 and T-cell markers, similar to NK-
LL [23]. The most common mutations in AUL were mostly
myeloid type and included PHF6 (also enriched in T-ALL),
SRSF2, RUNX1, ASXL1, and BCOR; the mutational profile
of NK-LL has not as of yet been described. Given the
paucity of reports of NK-LL and its continued provisional
status in the most recent WHO classification, we conducted
a multi-institutional study in order to characterize its clin-
icopathologic, cytogenetic, and molecular genetic findings
in comparison to other CD56 positive precursor hematolo-
gic neoplasms (AUL, T-ALL, and AML).

Methods

Patients

We searched the databases of multiple institutions (Brigham
and Women’s Hospital/Dana-Farber Cancer Institute
(DFCI), Massachusetts General Hospital, Seattle Chil-
dren’s, MD Anderson Cancer Center, University of North
Carolina, University of Minnesota, University of Utah,
Yale, Stanford Health Care, University of Pennsylvania,
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and Weill Cornell Medical Center) for patients with diag-
noses of NK-LL as well as cases of AUL, T-ALL, and AML
with CD56 expression. Pathology slides or reports includ-
ing flow cytometry and ancillary testing results were
reviewed by at least one author of this paper at each insti-
tution to confirm that each case met the criteria for T-ALL,
AUL, and NK-LL based on the 2016 WHO classification.
Specifically, cases meeting criteria of BPDCN (with
expression of CD123, CD4, and TCL1 and lacking
expression of CD34) were excluded from initial analysis. A
separate control group of 39 BPDCN cases from MD
Anderson Cancer Center was included to assess immuno-
phenotype differences from NK-LL. Clinical information
and follow-up were retrieved from the electronic medical
records. This study was approved by the Institutional
Review Boards of all participating institutions.

Immunophenotyping

Flow cytometric immunophenotyping was performed at
each institution using comprehensive panels for acute leu-
kemia work-up. Although the panels varied among different
institutions, all panels were adequate to assess the lineages
of leukemic blasts. In the case of cytoplasmic or nuclear
antigens, samples were also permeabilized during antibody
labeling. The total markers assessed in all institutions
included CD34, CD117, CD13, CD33, CD15, CD11b,
CD64, myeloperoxidase (MPO), HLA-DR, sCD3, cCD3,
CD2, CD4, CD5, CD7, CD56, CD1a, CD19, CD20, CD10,
CD22, CD79a, TdT, CD38, and MPO. CD16, CD94, and
CD123 were assessed in some, but not all institutions.

Cytogenetic and FISH analysis

Conventional chromosomal analysis was performed on G-
banded metaphase cells prepared from unstimulated 24- and
48-h bone marrow aspirate cultures at the time of diagnosis
using standard techniques and was documented according
to the International System for Human Cytogenetic
Nomenclature. Fluorescence in situ hybridization was per-
formed as a part of the clinical evaluation in some cases to
identify common gene rearrangements/fusions

Targeted next-generation sequencing

Targeted next-generation sequencing (NGS) studies were
performed to detect gene mutations that are commonly
identified in hematolymphoid malignancies. DNA was
prepared from bone marrow or peripheral blood at each
participating institution. Specific NGS methodologies var-
ied between institution, but all included an amplicon based
library preparation and sequencing and panels ranged from
33 to 103 genes. The following genes were included in

every panel: NOTCH1, ETV6, RUNX1, TET2, FLT3, IDH1,
IDH2, JAK2, NPM1, NRAS and TP53. In addition, genes
present in at least six of the eight panels were ASXL1,
BRAF, CBL, DNMT3A, EZH2, KRAS, JAK2, PHF6,
PTPN11, SETBP1, SF3B1, U2AF1, WT1, and ZRSR2.

Statistical Analysis

Fisher’s exact test was used to compare categorical vari-
ables. Relapse free survival and overall survival (OS) from
diagnosis were estimated using the method of Kaplan and
Meier. Complete remission was defined according to the
criteria of Cheson et al. [24]. A p value of <0.05 was
considered to be statistically significant.

Results

Patient cohort

A total of six cases fulfilled immunophenotypic features of
NK-LL using the 2016 WHO Classification criteria
(Table 1). The remaining CD56 cases control cohort
included 6 AUL, 52 T-ALL/LBL patients and 42 AML. The
blasts in NK-LL were small to medium in size with scant,
agranular cytoplasm and prominent nucleoli. An example of
NK-LL case is shown in Fig. 1.

NK-LL patients

Clinical presentation data for all six NK-LL patients is listed
in Tables 1 and 2. NK-LL presented with a median age of
13 years (range 4–72 years) (Table 2). Bone marrow eva-
luation showed hypercellular marrow with a median cellu-
larity of 95% (range 60–95) and median of 88% blasts
(range 30–95%). In all six cases, blasts expressed CD56,
CD34, and CD7 while 3/6 cases showed cytoplasmic CD3
and TdT. None of the cases had skin involvement or had
significant CD4 or CD123 expression. The additional NK
markers CD94 and CD16 were performed in three NK-LL
cases and were positive in all three NK-LL cases. T-cell
receptor gene rearrangement was performed in 3/6 NK-LL
cases and was negative in all of these cases. The remaining
three cases were presumptive NK LL based on their overall
immunophenotype; these three cases all showed expression
of CD56, CD16, and CD94 and 2/3 lacked cCD3 expres-
sion. Two NK-LL cases had a normal karyotype and
the remaining four had an abnormal karyotype, including
three with complex karyotype. NGS data were available in
five NK-LL cases and showed a median of five mutations
(range 0–7). The most common pathogenic mutations found
in NK-LL patients were in NOTCH1 (3/5), ETV6 (3/5), and
JAK3 (2/5) genes (Fig. 2). Most (5/6) NK-LL patients

1360 O. K. Weinberg et al.



received ALL-type therapy and 5/6 were alive at last follow
up. Median overall follow up time was 36 months (range
2–189, illustrated in Fig. 3). Three of six patients relapsed
after therapy and two patients received a stem cell
transplant.

NK-LL compared to CD56+ AUL patients

As compared with the six CD56+AUL patients, the six
NK-LL patients were significantly younger (p= 0.021) and
presented with higher white blood cell counts (p= 0.037)
and platelet count (p= 0.041), but with no difference in
hemoglobin, circulating blasts or bone marrow cellularity
(Table 2). Flow cytometry data showed that expression of
CD34 was seen in all NK-LL cases (6/6) and half of all
AUL cases (3/6) (Table 3, p= 0.061). T-cell marker
expression was similar in both groups, but cytoplasmic CD3
was present in 3/6 of NK-LL cases and, by definition,
absent from all AUL cases (p= 0.064). Myeloid markers
were less frequently expressed in AUL cases as compared
to NK-LL (CD33, p= 0.064). HLA-DR was present in only
1/6 NK-LL, significantly less frequent than AUL (p=
0.035). CD56 expression intensity was similar in both
groups (p= 0.62). Two NK-LL cases had a normal kar-
yotype and the remainder showed an abnormal karyotype,
which was not significantly different from AUL (2/6 vs 3/6,
p= 0.21). NGS data were available in five AUL cases and
the most common mutations were ASXL1 (2/5) and TET2
(2/5) genes. In contrast to the ALL-type therapy given to
most NK-LL patients, the majority of AUL patients (4/5)
received AML-type therapy; the remaining AUL patient
received supportive care only. There was no significant
difference in OS and EFS between NK-LL and AUL
patients (p > 0.05, Fig. 3).

NK-LL compared to CD56+ T-ALL patients

The control group of CD56 T-ALL patients had a median
age of 25 years (range 1–80 years). As compared with NK-
LL patients, T-ALL patients presented with similar WBC
count, hemoglobin, platelet count, bone marrow cellularity
and blast percentage (all p > 0.05). NK-LL showed less
frequent cytoplasmic CD3 (p= 0.002), CD4 (p= 0.051)
and CD10 expression (p= 0.06) compared to T-ALL.
CD16 was assessed in 12 T-ALLs and was negative in all
cases. The myeloid marker CD13 was expressed in similar
numbers but NK-LL had more frequent CD33 expression
(p= 0.038). No difference in TdT, CD123, HLA-DR, or
monocytic markers was seen (all p > 0.05).

Molecular analysis was performed in 29 T-ALL patients.
The most common mutations included NOTCH1 (9/29),
WT1 (7/29), PHF6 (5/29), and IL7R (4/29). As compared
with T-ALL, NK-LL cases had higher total medianTa
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mutation count (5 versus 2, p= 0.04) and were enriched in
ETV6 mutations (3/5 as compared with 1/29, p= 0.016).
Karyotype was available in 46 cases with 12 cases (26%)
showing a normal karyotype. Abnormal karyotypes in

T-ALL included deletion of 9p21 in 4/46 (9%) cases and
complex karyotype in 9/46 (19%) cases.

All 51 T-ALL patients were treated with T-ALL therapy
with varied Children’s Oncology group (COG) or Dana

Fig. 1 NK-LL case morphology. A Blasts show scant, agranular cytoplasm and prominent nucleoli on aspirate smears. B The biopsy is
hypercellular with marked predominance of blasts (C) Blasts are diffusely positive for CD56 and also express CD34 (D).

Table 2 Comparison of clinical presenting characteristics of NK-LL, AUL, T-ALL and AML patients.

NK LL (n= 6) AUL (n= 6) T-ALL (n= 51) AML (n= 42)

Patient characteristics

Median of age (range), yrs 13 (4–72) 44 (31–80)* 25 (1–80) 64 (5–82)*

M:F 4:2 4:2 38:13 20:22

Clinical parameters

Hemoglobin (g/dL), median (range) 8.7 (4.7–11.3) 9.3 (7–14.3) 10 (4–9.2) 9.6 (7–12.4)

WBC (K/µL), median (range) 28.4 (2.6–62.6) 4.1 (1.9–14.3)* 6.7 (0.7–871) 16.5 (1.2–340)

Platelet count (K/µL), median
(range)

142 (30–274) 22 (8–137)* 86 (5–317) 38 (2–224)*

Median of BM cellularity, %
(range)

95 (60–95) 85 (40–95) 90 (30–95) 90 (30–95)

Median of BM Blasts, % (range) 88 (30–95) 74 (23–98) 76 (23–96) 75 (20–97)

Skin involvement 0 0 0 0

The values in asterics are significant at p < 0.05.
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Farber Cancer Institute (DFCI) regiments. Median follow
up time for T-ALL patients was 20 months (range 1–132)

and median relapse free time was 15 months (range 0–132).
Eighteen patients relapsed and 20 ultimately died during the
follow up period. There was no significant difference in OS
and EFS between NK-LL and T-ALL patients (p > 0.05,
Fig. 3).

NK-LL compared to CD56+ ETP-ALL patients

Patients with ETP-ALL were identified on the basis of the
following immunophenotypes: CD1a−, CD8−, CD5−(dim),
and positivity for 1 or more precursor or myeloid antigens
[10]. 14/51 (27%) T-ALL cases fulfilled criteria for ETP-
ALL. CD56+ ETP-ALL patients had a median age of 45
years (range 3–80 years). As compared with NK-LL patients,
ETP-ALL patients presented with similar WBC count,
hemoglobin, platelet count, bone marrow cellularity, and blast
percentage and similar rate of abnormal karyotype (all p >
0.05). NK-LL patients showed brighter CD56 expression as
compared to ETP-ALL patients (p= 0.015) and less frequent
cytoplasmic CD3 (p= 0.039), but there were no significant
differences in expression of TdT, CD123, HLA-DR, CD13,
CD33, or monocytic markers (all p > 0.05). Mutational ana-
lysis was available in eight ETP ALL cases and most frequent
mutations included NOTCH1 four cases), DNMT3A (three
cases), and ETV6 (two cases). There was no significant dif-
ference in OS and EFS between NK-LL and ETP-ALL
patients (p > 0.05).

Fig. 2 Molecular landscape in CD56-positive leukemias. Pathogenic mutations, total number of mutations and karyotype abnormalities found in
NK-LL, CD56-positive T-ALL, AML, and AUL patients.

Fig. 3 Clinical outcome of CD56-positice acute leukemias. Overall survival and event free survival in NK-LL, AUL, T-ALL and AML patients.

Table 3 Comparison of immunophenotypic blast characteristics of
NK-LL, AUL, T-ALL, AML, and BPDCN patients.

NK-LL %
(n= 6)

AUL %
(n= 6)

T-ALL %
(n= 51)

AML %
(n= 42)

BPDCN %
(n= 39)

CD56 100 100 100 100 97

CD34 100 50 60 37 0*

CD117 17 50 28 68* 9

CD13 33 0 40 88* 0

CD33 83 33* 37 88 47

CD15 0 0 2 29 0

cCD3 50 0* 91* 0 0

CD2 17 50 44 12 16

CD4 0 33 40* 12 100*

CD5 50 17 91 5 3

CD7 100 83 86 20* 63

CD8 0 0 28 0

CD19 0 0 9 0 0

CD10 0 17 42* 0

CD123 0 67 12 27 100*

HLA-DR 17 83* 26 61 100

CD22 0 0 5 5 0

CD11b 0 0 14 46*

CD64 0 0 5 51* 0

TdT 50 67 77 7* 25

The values with asterisks are significant at p < 0.05.
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NK-LL compared to CD56+ AML patients

The control group of 42 CD56 AML had a median age of
52 (range 5–82), which was significantly older than NK-LL
(p= 0.023). Distribution of AML subtypes included nine
AML with myelodysplasia-related changes, 17 AML with
mutated NPM1 and 16 patients with AML, not otherwise
specified. When comparing NK-LL patients with CD56
positive AML patients, NK-LL patients presented with
similar WBC count and hemoglobin but with a significantly
higher platelet count (142 vs 38 k/uL p= 0.03). Bone
marrow cellularity and bone marrow blast percentages were
the same between groups (p > 0.05).

As compared with AML, blasts in NK-LL patients
showed less frequent expression of CD117 (p= 0.04) and
CD13 (p= 0.002). Monocytic markers, including CD11b
(p= 0.033) and CD64 (p= 0.024) were frequently seen in
AML. Blasts in NK-LL patients showed significantly more
frequent expression of CD7 (p= 0.001), CD5 (p= 0.03)
and TdT (p= 0.005).

Molecular analysis was performed on 35 AML patients.
The most common mutations included NPM1 (17/35),
TET2 (13/35), DNMT3A (12/35), PTPN11 (7/35), ASXL1
(4/35); the median number of total mutations was three
(range 0–7). As compared with AML, NK-LL patients show
significantly higher frequency of NOTCH1 (p= 0.002),
ETV6 (p= 0.002) and JAK3 (p= 0.02) and absence of
TET2 mutations (p= 0.05). Cytogenetic analysis showed a
normal karyotype in 26 (65%) AML patients, four with
abnormalities of chromosome 8, and seven patients with
complex karyotype.

Median follow up time was 11 months (range 1–88) and
27 AML patients received standard cytotoxic induction
while the remainder were treated with hypomethylating
agents. At time of last follow up, 21 patients were deceased.
18 AML patients relapsed with median relapse-free time of
9 months. There was no significant difference in OS and
EFS between NK-LL and AML patients (p > 0.05, Fig. 3).

Discussion

NK leukemia is a rare and heterogeneous group of imma-
ture disorders with several recognized phenotypes. The first
description of this latter entity included myeloid/NK cell
acute leukemia which was suggested to be of precursor NK
cell origin but has since been shown to have a phenotype
that is indistinguishable from AML with minimal differ-
entiation [13]. Currently NK-LL is a provisional entity in
the 2016 WHO classification and relatively little is known
of its immunophenotypic, cytogenetic and molecular land-
scape. After an extensive search of numerous large insti-
tutions, we identified 6 NK-LL cases and report on the

clinical characteristics and outcome in comparison to
CD56-positive T-ALL and AML cases. CD56 is a pheno-
typic marker of natural killer cells but can be expressed by
other immune cells, including alpha-beta T cells, gamma-
delta T cells, dendritic cells, and monocytes. Common to all
these CD56-expressing cell types are strong immunosti-
mulatory effector functions, including T helper 1 cytokine
production and an efficient cytotoxic capacity [25].

Early descriptions of NK-LL showed an overlap with
BPDCN. In a series of 47 blastic NK cell leukemia/lym-
phoma cases, Suzuki et al. found cutaneous involvement in
28 patients that was associated with older presenting age
[10]. In contrast, our six NK-LL cases occurred in young
patients (with a median age of 13) and all of these patients
lacked cutaneous involvement. None of our NK-LL cases
expressed CD4 and only minimal CD123 was seen in one
case, while a group of 39 BPDCN control cases showed
significantly more frequent expression of CD123, CD4,
CD56 (often partial), and complete absence of CD34
(Table 3). Incorporation of more specific plasmacytoid
dendritic cell-associated antigens (CD303, TCF4, TCL1,
and CD2AP) and transcription factors (TCF4) can help
establish the diagnosis of BPDCN and exclude diseases that
present similarly to BPDCN [26]. While there is no domi-
nant cytogenetic lesion described in BPDCN, the most
commonly observed mutations include TET2, ASXL1, RAS,
and TP53 [19, 26–28]. In contrast, the mutational profile of
our NK-LL cases included frequent NOTCH1, ETV6, and
JAK3 mutations. BPDCN patients generally have a very
poor prognosis with most patients relapsing into drug-
resistant malignancy with poor overall survival. In this
study, NK-LL patients showed a relatively favorable out-
come with five of six patients alive at last follow up and
median survival of 36 months.

AML is a heterogeneous group of disorders which often
present with different morphologic, immunophenotypic and
cytogenetic patterns. CD56 can be found across the spec-
trum of AML subtypes; our CD56 AML cohort cases
showed a high frequency of NPM1 mutations and included
a subset of cases with complex karyotypes. Although some
NK-LL patients also showed a complex karyotype, most
presented at a younger age than AML cases and showed a
mutational profile more similar to T-ALL with significant
enrichment of NOTCH1, ETV6, and JAK3 mutations and a
distinctly better outcome as compared to AML (Fig. 2).

A diagnosis of AUL requires a thorough immunophe-
notypic investigation that reveals none of the lineage-
specific markers and less than two myeloid-associated
markers CD13, CD33, and/or CD117. In a recent study we
found that AUL shows frequent mutations in PHF6, SRSF2,
RUNX1, ASXL1, and BCOR with similar clinical presenta-
tion to AML with minimal differentiation [23]. As com-
pared to CD56 positive AUL, NK-LL patients were
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significantly younger and expressed more myeloid markers
and cytoplasmic CD3 and also lacked HLA-DR expression.
Molecular findings in our NK-LL patients resembled more a
T-ALL signature. Not surprisingly NK-LL patients were
treated with ALL therapy while AUL patients received
AML type therapy.

In T-ALL, CD56 expression has been reported in a small
subset of cases and an association with worse outcome has
been suggested [29–32]. Prior studies showed that CD56-
positive pediatric and adult T-ALL cases were characterized
by a more frequent expression of myeloid and progenitor
markers [14, 16], similar to our NK-LL cases. Our CD56+T-
ALL control group included 27% ETP ALL cases, which
appears to be higher rate than previously reported the range of
5–16% [33, 34]. Although number of total mutations was
significantly higher in NK-LL cases, the overall distribution
of mutations was similar with exception of higher ETV6
mutations. NK-LL cases had longer OS compared to T-ALL,
but were also characterized by younger age at presentation.

In conclusion, in our multi-institutional study, we con-
firm the rarity of NK-LL. Recognition of this entity is
especially difficult given the nonspecific profile of early NK
cell and flow cytometry panels in work up of acute leuke-
mias should consider including CD94, CD56, CD16.
CD161, another marker seen in NK cells [35], may also
may be helpful and could be explored in future studies, but
was not tested in this study and is not widely used in clinical
flow cytometry laboratories. The differential diagnosis for
this entity includes CD56+AUL, T-ALL, and AML, as
well as BPDCN. Our series shows that NK-LL patients tend
to be young and have an overall favorable outcome com-
pared to other CD56+ precursor hematopoietic neoplasms.
The molecular profile of NK-LL is similar to T-ALL. Our
findings support retention of NK-LL in the classification of
acute leukemias and suggest that among other CD56+
precursor neoplasm, it bears most similarity to T-ALL,
including frequent NOTCH1 mutations.
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