LETTERS TO THE EDITOR

Clinical correlates, prognostic impact and survival
outcomes in chronic myelomonocytic leukemia
patients with the JAK2V617F mutation

Chronic myelomonocytic leukemia (CMML), a
myeloid neoplasm with overlapping features of
myelodysplastic syndromes (MDS) and myeloprolifera-
tive neoplasms (MPN), is characterized by peripheral
blood (PB) monocytosis [absolute monocyte count
(AMC) =1x10°/L and =10% of white blood cell
count/WBC) differential], bone marrow (BM) dysplasia,
and an inherent risk for leukemic transformation (LT)
(15-30% over 3-5 years).! Gene mutations commonly
encountered in CMML include, TET2 (approx. 60%),
SRSF2 (approx. 50%), ASXL1 (approx. 40%) and onco-
genic RAS pathway (NRAS, KRAS, CBL and PTPN11)
mutations.”” Primary myelofibrosis (PMF), a prototypic
MPN, is characterized by the presence of megakaryocytic
proliferation, atypia and clustering, reticulin fibrosis, and
the presence of characteristic driver mutations;
JAK2V617F (approx. 60%), CALR (approx. 20%) and
MPL (approx. 10%).>° Absolute monocytosis has been
documented in approximately 15% of patients with PMF,
and has been associated with adverse outcomes.” While
patients with CMML can have MPN-features, such as
leukocytosis, circulating immature myeloid cells (IMC),
BM fibrosis, splenomegaly and associated constitutional
symptoms, classical MPN associated-driver mutations are
infrequent; JAK2V617F (approx. 10%), MPL (<1%) and
CALR (<1%)." In fact, the 2016 World Health
Organization (WHO) guidelines state that the presence of
these driver mutations tends to support a diagnosis of
MPN with monocytosis, rather than CMML.>*® In addi-
tion, while megakaryocytic atypia can be seen in CMML
(hypolobated or dwarf megakaryocytes), in PMF, the
megakaryocytes are often enlarged with hypersegmented
nuclear lobes and associated clusters.” Given the spec-
trum of overlap of CMML with MPN/PME, we carried
out this study to assess: i) clinical correlates; ii) prognostic
impact; and iii) survival outcomes in CMML patients
with MPN associated-driver mutations.

Three hundred and twenty-four Mayo Clinic patients
with CMML defined according to WHO 2016 criteria,
diagnosed from 1994 to 2017 were identified from the
institutional database.” All patients had BM aspirates,
core biopsies and cytogenetic studies performed at diag-
nosis. Reticulin staining to assess BM fibrosis was avail-
able for assessment in 133 (41%) patients. The distinc-
tion between CMML and MPN with monocytosis was
made on morphological grounds, based on the WHO
2016 diagnostic criteria.” Although we have developed a
multi-parametric flow cytometry-based monocyte repar-
titioning assay to help distinguish patients with CMML
from MPN with monocytosis, this assay has not been
validated on viably frozen PB and BM samples and was
not used in this study."” A 29-gene panel next generation
sequencing (NGS) assay was carried out on BM DNA
specimens on all patients obtained at diagnosis, or at the
time of first referral after diagnosis to our institution, for
the following genes; TET2, DNMT3A, IDH1, IDHZ,
ASXL1, EZH2, SUZ12, SRSF2, SF3B1, ZRSR2, U2AFI,
PTPN11, Tp53, SH2B3, RUNX1, CBL, NRAS, KRAS,
JAK2, CSF3R, FLT3, KIT, CALR, MPL, NPM1, CEBPA,
IKZ?ETNK1 and SETBP1, by previously described meth-
ods.

The performance characteristics of this NGS assay are
as follows: single base substitutions and insertion/dele-
tion events, accuracy >99%; reproducibility 100% (intra-

and inter-assay); sensitivity 2-5% variant allele fraction
(VAF), with minimum depth coverage of 250X.
JAK2V617F mutational analysis was also carried out by
allele specific polymerase chain reaction (PCR) (sensitivi-
ty approx. 0.01%), in all patients, by previously described
methods." For the NGS studies, base-calling was per-
formed using Illumina’s Real Time Analyser (RTA)
v.1.17.21.3.  Genesifter® software was utilized
(PerkinElmer, Danvers, MA, USA) to analyze sequencing
data. Nucleotide variants were called using the Genome
Analysis Toolkit (GATK, Broad Institute, Cambridge,
MA, USA).

All statistical analyses considered parameters obtained
at time of CMML diagnosis. Differences in the distribu-
tion of continuous variables between categories were
analyzed either by Mann-Whitney or Kruskal-Wallis
tests. Patient groups with nominal variables were com-
pared by y’ test. Overall survival (OS) was calculated
from the date of diagnosis to date of death or last contact.
Leukemia-free survival (LFS) was calculated from the date
of diagnosis to date of LT or death/last contact.
Thrombosis-free survival (TFS) was calculated from the
date of diagnosis to the date of first thrombotic event
after diagnosis, or death/last contact. Overall, LFS and
TES curves were prepared by the Kaplan-Meier method
and compared by the log-rank test. Cox proportional
hazard regression model was used for multivariable
analysis. The JMP® Pro 13.0.0 software from SAS
Institute, Cary, NC, USA, was used for all calculations.

The median age of the study cohort was 71 years
(range, 18-95 years) and 67% were male. Thirty-one
(9.5%) patients had CMML with MPN associated-driver
mutations; 30 (97 %) with JAK2V617F and 1(3%) with a
MPLW515L mutation. Given the rarity, the patient with
the /VPL mutation was not included in further analyses of
the study cohort. The JAK2V617F mutation was detect-
ed by NGS testing in 26 (87%) patients (median VAF
37%, range, 3-90%), while it was detected by allele spe-
cific PCR in 4 (13%) patients with negative NGS testing
(VAF 0.01%, 0.07%, 0.5% and not known). There were
no patients with CALR or JAK2 exon 12 mutations.
Additional signal-pathway mutations included NRAS
(15%), KRAS (4%), CBL (15%), PTPN11 (3%), CSF3R
(1%), and SH2B3 (1%).

Concerning clinical correlates, the median age of
JAK2V617F mutated CMML patients was 72 years
(range, 61-85) and 70% were male (Table 1). The WHO
morphological subtypes included: CMML-0 (63%),
CMML-1 (27%), and CMML-2 (10%), while 96% of
patients had a normal karyotype. The distribution of
additional mutations in this group included: TET2 (74%),
SRSF2 (48%), ASXL1 (48%), RUNX1 18%, SETBP1
(11%) and EZH2 (11%), NRAS (7%), SF3B1 7% (7%),
and U2AF1, CBL, PTPN11, FLT3-TKD, and Tp53, all 4%
each, respectively. Risk stratification by the Mayo
Molecular Model included high (17%), intermediate-2
(38%), intermediate-1 (31%), and low risk (14%), respec-
tively. In comparison to CMML patients without the
JAK2V617F mutation, those with, had a higher hemoglo-
bin (HB, P=0.003) and hematocrit (HCT, P=0.005), were
more likely to have leukocytosis (P=0.02) and elevated
lactate dehydrogenase (LDH) levels (P=0.0001), less like-
ly to have thrombocytopenia (P=0.002), more likely to
have a “proliferative” CMML phenotype (MP-CMML,
P=0.001) with palpable splenomegaly (P=0.002), more
likely to have a normal karyotype (P=0.001), and more
likely to have mutations involving TET2 (P=0.01). There
were no differences between the two groups with
regards to BM fibrosis (P=0.11), BM cellularity (P=0.32),
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Figure 1. Kaplan-Meier survival analysis curves demonstrating the impact of the JAK2V617F mutation on overall survival (0S), leukemia-free survival and
thrombosis-free survival, in 324 patients with chronic myelomonocytic leukemia (CMML) and in comparison with 73 patients with primary myelofibrosis (PMF)
and monocytosis. (A-C) All patients stratified by whether or not they had the JAK2V617F mutation. (A) OS in 324 patients with CMML. (B) Leukemia-free survival
in 324 patients with CMML. (C) Thrombosis-free survival in 324 patients with CMML. (D) OS analysis between 30 JAK2V617F mutant CMML patients and 73

patients with PMF with monocytosis.

degree of PB monocytosis (P=0.69), circulating IMC
(P=0.91), PB (P=0.15) and BM (P=0.54) blasts, and the
presence of BM megakaryocytic atypia (P=0.88). These
statistics, including BM fibrosis, did not change after
excluding the four patients with CMML who had a
detectable JAK2V617F mutation by PCR analysis only.
Seven (23%) JAK2V617F mutant patients were classi-
fied as having “dysplastic’ CMML at diagnosis (MD-
CMML; none were on cytoreductive agents such as
hydroxyurea); with a median JAK2V617F VAF of 11%
(range, 0.01-30%). One JAK2V617F mutant MD-CMML
patient did eventually evolve into MP-CMML six years
after diagnosis. With the exception of one patient with a
NRAS mutation, there were no additional signal pathway
mutations seen in the JAK2V617F mutant MD-CMML
group.  We compared the JAK2V617F mutant MP-
CMML (n=23) patients with MP-CMML patients with
other signal pathway mutations (n=69) (Online
Supplementary Table S1) and found that, in comparison to
the other signal pathway mutation group, JAK2V617F
mutant patients were more likely to have higher HB
(P=0.04) levels, higher platelet counts (P=0.02), higher
LDH levels (P=0.02), higher frequency of TET2 mutations
(P=0.01), a normal karyotype (P=0.001), with fewer PB
immature cells (P=0.03), and PB blasts (P=0.01). There
was no difference in BM morphological features includ-
ing BM fibrosis, or difference in survival between the two
groups (P=0.61). We then compared JAK2V617F mutant
CMML patients (n=30) with PMF patients with monocy-
tosis (n=73; JAK2V617F 66%, type 1 CALR 15%, type 2

CALR 4% and MPL 10%) (Online Supplementary Table S2)
and found that the JAK2V617F mutant CMML patients
were older in age (P=0.03), more likely to have higher HB
(P=0.03) levels and higher AMC (P=0.03), had lower LDH
(P=0.004) levels, and lower PB blasts (P=0.0001), were
less likely to have =grade 2 BM fibrosis (P=0.0001), pal-
pable splenomegaly (P=0.0005) and an abnormal kary-
otype (P=0.0002), and were more likely to have TET2
mutations (P=0.001).

Twenty-eight (9%) thrombotic events (n=16, arterial;
n=12, venous) were documented in the CMML cohort; 2
(6%) in JAK2V617F mutant CMML patients and 26 (9%)
in those without (P=0.67). Both thrombotic events in the
JAK2V617F mutant group were acute coronary syn-
dromes. There was no difference in thrombotic events
between the JAK2V617F mutated CMML patients and
the PMF patients with monocytosis.

Concerning prognostic impact and survival outcomes,
at last follow up, 221 (68%) deaths and 57 (18%) LT were
documented, of which 16 (53%) deaths (P=0.07) and 3
(10%) LT (P=0.22) occurred in the JAK2V617F mutant
group. The median OS for the entire cohort was 29
months (range, 22-32), 31 months for JAK2V617F mutant
CMML patients and 27 months for those without
(P=0.31) (Figure 1). On a univariate analysis, survival was
adversely impacted by age >65 years (P<0.0001), low HB
(P<0.0001), high WBC count (P=0.001) and AMC
(P=0.0002), circulating IMC (P=0.01), PB (P=0.0007) and
BM blasts (P=0.02), palpable splenomegaly (P=0.01),
abnormal karyotype (P=0.0001), presence of DNAT3A
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(P=0.006), ASXL1 (P=0.009), and Tp53 (P=0.03) muta-
tions and the absence of TET2 (P=0.0008) mutations. BM
fibrosis did not impact survival (P=0.2). On a multivari-
able analysis that included the aforementioned signifi-
cant variables, only age >65 years (HR 1.4, 95%CI: 1.07-
2.06; P=0.02), HB <10 gm/dL (HR 1.4, 95%CI: 1.1-2.1;
P=0.01), AMC>5 x 10°/L (HR 1.4, 95%CI: 1.03-1.95;
P=0.02), abnormal karyotype (HR 1.69, 95%CI: 1.2-2.3;
P=0.0009), absence of TET2 mutations (HR 1.4, 95%CI:
1.07-1.9; P=0.014), and the presence of DNMT3A (HR

2.6, 95%ClI: 1.3-4.6; P=0.006) mutations retained signifi-
cance. The presence of JAK2V617F mutations in CMML
did not impact OS (P=0.31), LES (P=0.24), or TFS
(P=0.81). There was also no difference in survival
between JAK2V617F mutant CMML patients and PMF
patients with monocytosis (P=0.04) (Figure 1D).

The JAK2V617F mutation is a gain of function muta-
tion resulting in myeloproliferation and is a driver muta-
tion in polycythemia vera (PV) (96%), essential thrombo-
cythemia (ET) (approx. 60%) and PMF (approx. 60%).°"

Table 1. Clinical and laboratory characteristics of 324 patients with chronic myelomonocytic leukemia (CMML), obtained at CMML diagnosis,

stratified by as to whether or not they had the JAK2V617F mutation.

All molecularly

CMML CMML

annotated patients with patients without
patients with the JAK2V617F the JAK2V617F
CMML mutation mutation
(n=324) (n=30) (n=294)
Age in years; median (range) 71 (18-95) 72 (61-85) 70 (18-95) 047
Sex (Male); n (%) 216 (67) 21 (70) 195 (66) 0.68
Hemoglobin g/dL; median (range) 10.8 (6.4-16.9) 12.1 (7.2-16.9) 10.7 (6.4-16.8) 0.003
Hematocrit; median (range) 33 (18-55) 37 (23-55) 32.8 (18-51) 0.005
WBC x 10%/L; median (range) 12.3 (1.8-264.8) 15.7 (4.1-131) 11.8 (1.8-264.8) 0.02
AMC x 10%/L; median (range) 2.5 (1.2-37.8) 3.2 (1.2-36.4) 2.5 (1.3-37.8) 0.69
Platelets x 10°%/L; median (range) 102 (10-840) 162 (16-840) 99 (10-726) 0.002
Presence of immature myeloid cells; n (%) 185 (58) 17 (57) 168 (58) 0.91
Evidence of leukoerythroblastosis, Yes; n (%) 194/311 (62) 19/30 (63) 175281 (62) 0.90
PB blasts %; median (range) 0 (0-19) 0 (0-10) 0 (0-19) 0.15
BM blasts %; median (range) 3 (0-19) 2 (0-16) 3 (0-19) 0.54
Lactate dehydrogenase; median (range) 226 (84-1296) 378 (137-971) 224 (84-1296) 0.0001
Dysplastic or proliferative CMML phenotype
Proliferative; n (%) 160 (49) 23 (1) 137 (47) 0.013
Dysplastic; n (%) 164 (51) 7(23) 157 (53)
WHO 2016 CMML morphological subtypes; n (%)
CMML-0 183 (57) 19 (63) 164 (56) 0.50
CMML-1 83 (26) 8 (27) 75 (26)
CMML-2 55 (17) 3 (10) 52 (18)
Myeloproliferative features:
BM cellularity; median (range) 80 (20-100) 90 (40-100) 80 (20-100) 0.32
Megakaryocytic atypia; n (%) 226/313 (72) 22/30 (73) 204/283 (72) 0.88
BM fibrosis; n (%) 66/133 (50) 12/18 (67) 54/115 (47) 0.11
Grade 1 48 (36) 11 (61) 37 (32)
Grade 2 10 (8) 0(0) 10 (9)
Grade 3 6 (4) 0(0) 6 (5)
Grade 4 2(2) 1(6) 1 (D)
Palpable splenomegaly; n (%) 69/305 (23) 13/30 (43) 56/275 (20) 0.002
Thrombotic events before diagnosis; n (%) 63 (19) 8 (27) 55 (19) 0.31
Arterial thrombosis 56 (17) 6 (20) 50 (17) 0.68
Venous thrombosis 7(2) 2(7) 5(2) 0.13
Thrombotic events after diagnosis; n (%) 28 (9) 2(T) 26 (9) 0.67
Arterial thrombosis 16 (5) 2(7 14 (5) 0.66
Venous thrombosis 12 (4) 0(0) 12 (4) 0.12
Abnormal karyotype n (%) n =317 n=28 n =289 0.001
96 (30) 1) 95 (33)
Mayo-French cytogenetic risk stratification; n (%) n=317 n=28 n=289 0.004
Low 238 (75) 27 (96) 211 (73)
Intermediate 54 (17) 1(4) 53 (18)
High 25 (8) 0(0) 25(9)

P-values in bold are statistically significant; P<0.05. CMML: chronic myelomonocytic leukemia; AMC: absolute monocyte count; WBC: white blood cell count; PB: peripher-

al blood; BM: bone marrow; WHO: World Health Organization; n: number.
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In patients with ET, the presence of a JAK2V617F muta-
tion is associated with higher HB/HCT levels, higher neu-
trophil counts, increased incidence of thrombosis, and
evolution to PV.® In MDS-ring sideroblasts (RS), the
acquisition of a JAK2V617F mutation results in thrombo-
cytosis with concomitant dysplasia (MDS/MPN-RS-T)."
Similarly in CMML, we demonstrate that JAK2V617F can
be seen in approximately 9% of patients, is associated
with higher HB/HCT levels, higher WBC, and platelet
counts, a MP-CMML phenotype, normal karyotype, and
TET2 mutations. While 23% of JAK2V617F mutant
CMAMIL patients had a MD-CMML phenotype, all of
these patients had low JAK2V617F VAF, indicating the
possible sub-clonal nature of these mutations, with one
case eventually progressing to MP-CMML. Within the
MP-CMML group, in comparison to other signal path-
way mutations, JAK2V617F conferred higher HB/HCT
levels, higher platelet counts, with no difference in the
degree of BM fibrosis or survival outcomes.

The presence of a JAK2V617F mutation in CMML
makes it challenging to assess as to whether the patient
has CMML or PMF with monocytosis. In this study, we
show that apart from diagnostic BM morphological fea-
tures, especially =grade 2 BM fibrosis, the JAK2V617F
mutant CMML cases had higher HB levels and higher
AMC, with a lower frequency of palpable splenomegaly
and karyotypic abnormalities, with no difference in OS
between the two groups. The significant co-occurrence
of TET2 mutations with the JAK2V617F mutation in
CMMIL is a novel finding, needing further elucidation.
The successful use of a multi-parametric flow cytometry-
based monocyte repartitioning assay to help distinguish
CMML from MPN with monocytosis has been docu-
mented, but needs prospective validation in a larger
cohort of patients."”With the JAK2V617F mutation being
associated with clonal hematopoiesis of indeterminate
potential (CHIP), the contribution of this mutation, espe-
cially at low VAF, to disease biology remains controver-
sial.”” In addition, the JAK2V617F mutation has been
associated with an increased thrombotic risk in patients
with CHIP and MPN; an association that was not seen in
our CMML study.”” In summary, we demonstrate that
JAK2V617F is the predominant MPN associated-driver
mutation in CMML and is associated with “proliferative”
disease features, higher hemoglobin/hematocrit levels
and platelet counts, and frequently co-occurs with TET2
mutations, with no impact on thrombosis-free, leukemia-
free, or overall survival.
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