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Abstract

Treatment options are limited for patients with advanced forms of myeloproliferative neoplasms
(MPN), including blast phase disease (MPN-BP). Decitabine has frequently been employed but its
efficacy and safety profile are not well described in this population. We retrospectively reviewed
42 patients treated with decitabine either alone or in combination with ruxolitinib at our
institution: 16 MPN-BP, 14 MPN accelerated phase (MPN-AP), and 12 myelofibrosis with high
risk features (MF-HR). The median overall survival (OS) for MPN-BP patients was 2.6 months,
and in those who received 2 or more cycles of decitabine therapy it was 6.7 months [3.8-29.8].
MPN-BP patients with a poor performance status and required hospitalized at time of initiation of
decitabine had a dismal survival. After a median follow up of 12.4 months in MPN-AP patients,
and 38.7 months in MF-HR patients, the median OS was not reached for either cohort, with one
and two patients alive at 60 months, respectively. The probability of spleen length reduction or
transfusion independence within 12 months of initiating decitabine was 28.6% or 23.5%,
respectively. The combination of decitabine and ruxolitinib appeared to improve overall survival
over single agent decitabine (21 versus 12.9 months, respectively). Decitabine alone or in
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combination with ruxolitinib appears to have clinical benefit in patients with advanced phase MPN
when initiated early in disease course prior to evolution to MPN-BP.
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1.

INTRODUCTION

The BCR-ABL I-negative myeloproliferative neoplasms (MPN) are a heterogeneous group
of clonal hematopoietic stem cell malignancies whose pathogenesis are linked to
hyperactivity of the JAK-STAT pathway [1]. Amongst the many sequelae affecting
morbidity and mortality is transformation to acute myeloid leukemia (AML), defined by the
presence of 20% or greater myeloblasts in the peripheral blood or bone marrow. Chronic
phase (CP) primary myelofibrosis (MF), polycythemia vera (PV), and essential
thrombocythemia (ET) are associated with a 10-20%, 4%, and 1% risk, respectively, of
transformation to blast phase (BP) disease, predominantly of a myeloid phenotype [2, 3].

Retrospective studies have identified prognostic factors associated with development of
MPN-BP. Noted patient-specific risk factors are advanced age and exposure to cytoreductive
agents such as radioactive P-32 and alkylating agents [4, 5]. Disease-specific risk factors
include anemia, red blood cell transfusion dependence, platelet count < 100 x 10%/L, and
peripheral blood blasts = 3% [6-9]. Furthermore, certain disease genotypes in MF including
the absence of a driver mutation (JAKZ, CALR, MPL), and presence of a of certain non-
driver mutations including ASXL1, TETZ2, SRSFZ, RUNXI1, and TP53have been shown to
confer an increased risk of leukemic transformation [10-14]. Cytogenetic abnormalities
involving chromosomes 5, 7, or 17p have also been associated with a six-fold increased risk
of evolution to MPN-BP, in addition to +1q [10, 3, 15].

MPN-BP is generally associated with poor outcomes, with a median overall survival (OS) of
approximately 3-5 months [16-18]. Currently, there is no standard approach to treatment of
this patient population. Intensive chemotherapy alone provides minimal benefit, most studies
showing an OS similar to supportive care [16, 19, 17, 20]. Hematopoietic stem cell
transplantation (HSCT) is the only treatment modality shown to alter the course of the
disease, but has historically been limited in practice as most patients are not candidates due
to advanced age and/or significant competing comorbidities [21, 22]. Therefore, the lack of
effective management options for advanced phases of MPN represents an urgent unmet
clinical need.

Decitabine (deoxyazanucleoside 5-aza-2’-deoxycytidine) (DEC) is an S-phase specific
therapeutic activated by deoxycytidine kinase resulting in a pyrimidine analogue that is
incorporated into DNA causing irreversible inhibition of DNA methyltransferase [23]. In
2010, Mascarenhas et al. reported the clinical benefit of DEC in reducing spleen size and
RBC transfusion requirements, and an associated median OS that was not reached at 9
months in a small cohort of MPN-BP patients [24]. Bader et a/. later confirmed this
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mortality benefit in a single institutional retrospective study at MD Anderson, with a median
OS of 6.9 months in MPN-BP patients, 9.7 months in MPN-AP patients (10-19% blasts),
and 27 months in MF-high-risk patients (<10% blasts) [25].

In this current study, we aim to further characterize the patient population with advanced
phases of MPN treated with DEC alone or in combination with ruxolitinib, delineate the
clinical and survival outcomes, and examine the safety profile of DEC in this setting.

METHODS

2.1 Patient Population

We retrospectively reviewed the electronic medical records of all patients seen in the
Myeloproliferative Disorders Program at Mount Sinai Hospital that were treated with DEC
from 2012-2018. Patients with MPN-BP seen in consultation at our institution but treated by
a local physician were not included in this analysis. Cohorts were assigned a particular
disease status at DEC initiation. MPN-BP was defined by the presence of 220% blasts in the
bone marrow or peripheral blood, while accelerated phase (AP) was defined as 10 to 19%
blasts [26]. The MF-high risk (HR) cohort was defined as intermediate-2 or high risk disease
by the Dynamic International Prognostic Scoring System (DIPSS) and was determined to be
at a heightened risk for leukemic transformation by the presence of circulating blasts of 4—
9% in the peripheral blood, 5-9% blasts in the bone marrow, or MPN-MDS
(myelodysplastic syndrome) overlap. [9]. Patients were included in this study if they were
receiving single agent DEC or combination therapy of DEC and ruxolitinib (Jakafi, Incyte).

2.2 Mutational Profiles

Mutational profiles were determined from PCR detection of JAK2V617F, or when available,
a next-generation sequencing (NGS) panel of 44 genes associated with myeloid
malignancies (Genoptix, Carlsbad, CA, USA) from cells harvested from either the peripheral
blood or a bone marrow aspirate when obtained [27].

2.3 Cytogenetic Information

Cytogenetic analyses were performed by the Tumor CytoGenomics Laboratory at Mount
Sinai. As previously reported, an unfavorable karyotype was defined as the presence of +1q,
inv(3)/t(3;3), —5/del(5q),-7/del7(7q),+8,11923 rearrangements, and del(12p) [28-30].

2.4 Clinical Responses

Patients were assessed for clinical response on at a monthly basis for up to 24 months on
DEC therapy. Spleen length was categorized as minimal (0-5cm), moderate (6—10cm) or
severe (11+cm) by palpation and a spleen response was defined as a downgrade in spleen
length category. Red blood cell transfusion (RBC) dependence was defined by Gale Criteria
(2+ units/month over a 3 month period), and a response in transfusion dependence was
improvement from dependence to independence [31]. A response in ECOG performance
status was any decrease along the scale. The absence of blasts or a 50% reduction in
peripheral blast numbers by manual review of the peripheral blood smear was considered a
blast response. Complication rates in the same follow-up period were also assessed.
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Complications of interest included infections (bacterial, viral, or fungal), thromboses
(arterial, venous) documented by radiological studies, and hemorrhage requiring
hospitalization and/or transfusional support. Time frames for all events were documented.

2.5 Statistical Analysis

Continuous patient-related, disease-related, and treatment-related variables were
summarized by the median and interquartile range (IQR), while categorical variables were
summarized by frequency (N) and percentage (%). Cumulative incidence functions (CIF)
were used to estimate the cumulative probabilities of spleen reduction, transfusion
independence, ECOG score <3, and blast percentage reduction over time in a competing risk
setting with death from any cause as the competing event. The Aalen estimator method,
based on the theory of counting processes, was used to estimate the standard error of the CIF
[32]. The method of Kaplan-Meier was used to estimate the OS distribution with patients
censored at the last date known to be alive. The reverse Kaplan-Meier method introduced by
Schemper and Smith was used to estimate the median follow-up time, treating censored
observations as ‘events’ and patients that were deceased as ‘censored’ [33]. Statistical
analyses were performed with the SAS Version 9.4 (SAS Institute Inc., Cary, North
Carolina) software package.

3. RESULTS

3.1 Baseline Demographics

Overall, a total of 42 patients treated with DEC were identified including 16 MPN-BP, 14
MPN-AP, and 12 MF-HR patients (Table 1). The median age for the MPN-BP and AP
cohorts at the time of disease evolution were 66.5 and 67.3 years, respectively, while MF-
HR patients were older with a median age of 72.3 years. There was no gender preference
and the Charlson Comorbidity Index (CCl) scores varied widely. 42.9% (18/42) of the
merged cohort had an initial MPN diagnosis of MF, 19.0% (8/42) post-PV MF, 28.6%
(12/42) post-ET MF, and 9.5% (4/42) myelodysplastic syndrome (MDS)/MPN overlap
syndrome. None of the MPN-BP patients had received more than three prior therapies, and
only 2 (15.4%) MPN-AP patients had received more than three prior therapies. Of those who
had received prior MPN therapy, hydroxyurea (47.6%) was the most common treatment
prior to the current disease state requiring DEC therapy.

Overall, 83.3% (35/42) of patients included in this study had JAKZ mutational testing
available and 38.1% (16/42) of patients had NGS results available at time of MF-HR, MPN-
AP, or MPN-BP diagnosis. Of those who had JAKZ mutational testing, 60.0% harbored
JAK2V617F with a median variant allele fraction (VAF) of 56.7% (range, 2.4 to 94.4).
Additional available genomic data included 18.8% (3/16) MPL mutations, 25.0% (4/16)
CALR mutations, and 12.5% (2/16) triple negative (JAKZ, MPL, CALR). 68.8% (11/16) of
available patients had a high molecular risk mutation (HMR), including 18.8% (3/16) with a
TP53 mutation. Mutated JAKZ and ASXL 1 were the most commonly co-occurring
mutations (Figure 1). Additionally, 64% (27/42) of patients tested had abnormal karyotype
and 38% (16/42) were unfavorable. Unfavorable karyotype was most common in MPN-BP
patients with 56.3% (9/16) compared to 25.0% (5/14) in MPN-AP patients and 16.7% (2/12)
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in MF-HR patients. The most common karyotypic abnormality was —7/7q, which was
present in 15.5% (7/42) of patients (1 MPN-BP, 5 MPN-AP, and 1 MF-HR) followed by 1q
abnormality present in 7.1% (3/42) of patients (all MPN-BP). Co-occurrence of +1q and
del(5q) occurred in one MPN-BP patient and with +8 in another patient. Co-occurrence of
t(3;3) and monosomy 7 was identified in 1 MPN-BP patient and del(12p) and monosomy 7
in another MPN-BP patient.

Over half of the patients were RBC transfusion dependent (54.8%, 23/42), most frequently
in the MPN-BP cohort (68.8%, 11/16). ECOG score was also highest in MPN-BP patients
with 17.6% (3/17) of patients noted to have an ECOG score of 3.

3.2 Decitabine

All patients received DEC 20 mg/m? intravenously for five consecutive days every 4 weeks.
The median number of cycles of DEC was 1.5 in MPN-BP, 4.5 in MPN-AP, and 6.5 in MF-
HR patients (Table 2). Overall, 35.7% (15/42 — 6 BP, 6 AP, 3 HR) of patients received
concurrent ruxolitinib therapy. Four patients with MPN-BP were enrolled in the
Myeloproliferative Disorder Research Consortium (MPD-RC) 109 prospective trial of
combination DEC and ruxolitinib (NCT02076191).

3.3 Outcomes

The median follow-up duration was 23.6 [2.1-NE] months in MPN-BP, 12.4 [2.1-48.8]
months in MPN-AP, and 38.7 [1.8-61.5] months in MF-HR patient cohort. The median OS
for the MPN-BP patients was 2.6 months, with the longest living patient alive at 24 months.
The discrepancy between median follow-up and OS in the MPN-BP is due to the method
used to estimate median follow-up (reverse Kaplan-Meier estimator), which does not
consider deaths as events when calculating follow-up. Thus, early deaths in the MPN-BP
group do not influence the median follow-up. Patients who received at least 2 cycles of DEC
in the MPN-BP group had an OS of 6.7 months with a median duration of follow-up of 23.6
months. [3.8-29.8]. Median OS was not reached for MPN-AP and MF-HR patients, with
one and two patients alive at 60 months, respectively (Figure 2, Figure 3). Across the
integrated cohort of patients, DEC monotherapy (27 patients — 11 BP, 7 AP, 9 HR) was
associated with a median OS of 12.9 months while DEC combination therapy with
ruxolitinib (15 patients — 6 BP, 6 AP, 3 HR) was associated with a median OS of 21.0
months (Supplemental Figure 1).

Overall, the probability of spleen length reduction from moderate or massive splenomegaly
to minimal splenomegaly within 12 months of initiating DEC therapy was 28.6% [95% CI:
9.5%-51.3%]. The 12-month probability of transfusion independence among patients
transfusion dependent at the start of DEC, was 23.5% [95% CI: 9.0%-41.8%] and
probability of improvement of ECOG score was 28% [95% ClI: 11.7%-47%]. Lastly,
probability of attaining a complete or 50% reduction in peripheral blast count within 12
months of DEC treatment was 54.6% [95% CI: 35.7%-70%] (Supplemental Table 1).
Patients who achieved at least a 50% reduction in blast count within 24 months of initiating
DEC were more likely to be spleen responders (p=0.05). No such association existed
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between blast reduction and transfusion independence (p=0.22) or OS (p=0.62). Follow up
cytogenetics were not sufficiently available to assess for karyotypic response.

DEC was well tolerated with minimal clinically significant adverse events noted
(Supplemental Table 2, Supplemental Table 3)). Bacterial infections were the most common
complication, with the highest risk in the first month, and the prevalence was not
significantly different between the patients who received concomitant ruxolitinib and those
who did not. Viral infections (n=2), however, occurred only in patients receiving concurrent
ruxolitinib. No cases of arterial thrombosis were observed, and all venous thrombotic events
(n=3) were deep venous thromboses that occurred within the first 6 months of DEC therapy.
Similarly, all hemorrhagic events (n=2: uncontrolled epistaxis requiring hospitalization,
uncontrolled epistaxis requiring cauterization) occurred within the first three months of DEC
therapy and were associated with extreme thrombocytopenia. Additionally, only two patients
in the cohort had to discontinue treatment due to treatment related adverse events. The most
common reasons for discontinuation were: death (n=10), progression of disease (n=7),
transplantation (n=3), and no improvement while receiving DEC therapy (n=3).

4. DISCUSSION

MPN-BP has historically been associated with a dismal outcome with HSCT as the only
therapeutic approach offering a potential for cure and long term survival [21, 22, 34].
Supportive care only is associated with a median OS of 3-5 months, and AML-like
induction chemotherapy regimens do not meaningfully improve progression-free or OS in
the absence of HSCT consolidation [16, 19, 17, 20]. DEC is Food and Drug Administration-
approved for the treatment of MDS and frequently used off-label for the treatment of AML.
DEC has also been shown to have clinical activity in MPN-BP with a favorable OS of 6-9
months and has emerged as a promising outpatient treatment option for this secondary AML
population [24, 25]. The objective of this single-center, retrospective study, was to clarify the
clinical benefit and tolerability of DEC across a group of advanced-phase MPN patients
including “high risk” MF, MPN-AP, and MPN-BP.

Surprisingly, the MPN-BP cohort within this study had an associated median OS of only 2.6
months with DEC therapy. This was lower than reported from prospective studies and is
comparable to historical cohorts of supportive care only. There are several potential
explanations for this discrepancy. Importantly, patients treated by their local physician were
not included in this study. Because these patients are likely to have a good performance
status and be eligible for outpatient DEC therapy, the MPN-BP cohort included in our study
is enriched with higher risk, sicker patients with a poor performance status, many of whom
may require rapid initiation of DEC. This is reflected in the poor baseline performance status
of our MPN-BP patients (50% ECOG 2/3) and the fact that 56% required hospitalization at
time of DEC initiation. Secondly, half of the MPN-BP cohort (8 patients) had only 1 cycle of
DEC before death. In a large phase 111 study of DEC in patients with AML, the median time
to best response was 4.3 months [35]. Therefore, it is reasonable to conclude that a single
cycle of DEC did not have sufficient time to achieve therapeutic effect and that these deaths
were secondary to rapidly progressive disease. In fact, this poor OS of patients with MPN-
BP suggests that many patients do not live long enough to garner benefit from DEC.
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The MPN-AP and MF-HR cohorts did not reach a median OS. While these patients are
anticipated to have better outcomes than MPN-BP, this difference in OS may also suggest
optimal benefit of DEC when initiated early in the course of disease evolution. For
comparison, in one single center study the OS of patients with MPN-AP and MF-HR (as
defined in our study) was 24 [52-66] months and 28 [18-38] months, respectively[36].
Masarova et al. showed that patients with bone marrow blasts >5% or peripheral blood blasts
4-9% had a survival comparable to MPN-AP and should, therefore, be considered
candidates for cytoreductive therapy with DEC or HSCT [36]. Furthermore, blast count
influence on OS was independent of DIPSS score and driver mutation status. In agreement
with Masarova and colleagues, MPN-AP and MF-HR patients treated with DEC in our study
had similar survivals (p=0.85). Clinical benefit with DEC treatment was seen in terms of
reduction in spleen size, transfusion burden, peripheral blood blast count, and improvement
in performance status. DEC was well tolerated throughout the combined cohorts. Of note,
patients in our cohort received DEC for 5 days, and not a 10-day regimen as is common in
many European centers. This dosing schedule is standard at our institution and has recently
been confirmed to be equivalent to 10 days in a head-to-head comparison in older patients
with newly diagnosed AML [37].

It is important to highlight that 36% (15/42) of the cohort also received concurrent
ruxolitinib therapy with a median OS of 21 months compared to 12.9 in the DEC
monotherapy group, however, this difference was not statistically significant (p=0.77). This
observation is notable given the recent final results of the Myeloproliferative Disorders
Research Consortium (MPD-RC) 109 multicenter, phase 1/2 trial of combination DEC and
ruxolitinib therapy in MPN-AP/BP patients. The median OS of the combined dose
escalation cohorts was 7.9 months in the phase 1 study, and at the recommended phase 2
dose of 25 mg twice daily of ruxolitinib in cycle 1 and then 10 mg twice daily in subsequent
cycles, a median OS of 9.7 months in the MPN-BP group was demonstrated [38, 39].

This current study is not without its limitations. Given the retrospective nature, details
related to certain outcome measures may not be captured. For example, the cause of death
was unknown in 10 patients. Additionally, a number of patients were lost to follow-up
limiting survival analyses. Furthermore, the small sample size precluded multivariate
analysis for OS. Finally, we have incomplete mutational data on the majority of our patients,
reducing our ability to fully characterize this cohort of patients.

5. CONCLUSION

DEC either alone or in combination with ruxolitinib appears to have clinical benefit and the
potential to extend survival in patients with advanced phase MPN when initiated early in
disease course evolution to MPN-BP. For hospitalized patients or those with poor
performance status, DEC is unlikely to significantly alter the natural course of disease.
Bacterial infection was the most common treatment emergent adverse event. The
combination of DEC and ruxolitinib may confer additional survival benefit over DEC alone
and warrants further prospective evaluation. Overall, DEC is a viable treatment option with
existing preclinical rationale and MPN murine modeling to support its use in patients with
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disease in evolution with a goal of survival extension and may be optimally employed prior
to development of MPN-BP.
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Figure 1. Chord diagram by gene appearance.
Mutated JAKZ and ASXL1 were the most commonly co-occurring mutations. MPL did not

co-occur with other non-driver mutations while CALR and ASXL 1 did not occur in
isolation.
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Kaplan-Meier plot of survival probability from decitabine initiation by disease phase.
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The most common reason for decitabine discontinuation in the MPN-BP and MF-HR

cohorts is death, while in the MPN-AP cohort is disease progression.
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Table 1:
Baseline demographics by disease phase
Patient Baseline Char acteristics
AP (N=14) HR (N=12) Total (N=26)
Age, Median (Range) 67.3(48.7-76.2) | 72.3(58.0-82.8) | 70.3 (48.7-82.8)
Female Gender, N (%) 4(28.6%) 6 (50.0%) 10 (38.5%)
CClI
0-1 8 (57.1%) 3 (25%) 11 (42.3%)
2-4 4(28.6%) 4(33.3%) 8 (30.8%)
4+ 2 (14.3%) 5 (41.7%) 7 (26.9%)
Initial MPN
MF 5 (35.7%) 7 (58.3%) 12 (46.2%)
PV 1(7.1%) 3 (25.0%) 4 (15.4%)
ET 7 (50.0%) 0 (0.0%) 7 (26.9%)
MDS-MPN 1(7.1%) 2 (16.7%) 3 (11.5%)
Number of Prior Therapies
0 3 (21.4%) 1 (8.3%) 4 (15.4%)
1 7 (50.0%) 5 (41.7%) 12 (46.2%)
2 2 (14.3%) 6 (50.0%) 8 (30.8%)
3+ 2 (14.3%) 0 (0.0%) 2 (7.7%)
Type of Prior Therapy
Cytoreductive 11 (78.6%) 7 (58.3%) 18 (69.2%)
Hydroxyurea 8 (57.1%) 3 (25.0%) 11 (42.3%)
IFN-alpha 1 (7.1%) 2 (16.7%) 3 (11.5%)
JAK?2 Inhibitor 4(28.6%) 4(33.3%) 8 (30.8%)
Hypomethylating Agent 0 (0.0%) 0 (0.0%) 0 (0.0%)
Immunomodulating 1(7.1%) 1(8.3%) 2 (7.7%)
Busulfan 0 (0.0%) 0 (0.0%) 0 (0.0%)
Erythropoietic/Danazol 1(7.1%) 4 (33.3%) 5 (19.2%)
Splenectomy 1(7.1%) 2 (16.7%) 3(11.5%)
Genetics
JAK2 6 (42.9%) 5 (71.4%) 11 (42.3%)
Missing N=0 N=5 N=5
Myeloid Molecular Panel
MPL 3 (50.0%) 0 (0.0%) 3 (11.5%)
CALR 1 (16.7%) 1 (25.0%) 2 (7.7%)
Triple Negative 0 (0.0%) 1 (25.0%) 1(3.8%)
High Molecular Risk 3 (50.0%) 4(100.%) 7 (26.9%)
Missing N=8 N=8 N=16
Cytogenetic
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Patient Baseline Characteristics

AP (N=14) HR (N=12) Total (N=26)
Normal 6 (41.9%) 5 (41.7%) 11 (42.3%)
Abnormal 8 (57.1%) 7 (58.3%) 15 (57.7%)
Adverse 5 (35.7%) 2 (16.7%) 7 (26.9%)

Baseline Blood Counts, Median (Range)

WBC, x 10%L

6.4 (2.5-122.0)

15.9 (1.7-218.1)

13.1 (L.7-218.1)

Hemoglobin, g/dL

8.9 (7.1-12.4)

9.0 (6.2-13.5)

9.0 (6.2-13.5)

Platelet, x 109/L

180.0 (9.0-482.0)

28.0 (8.0-602.0)

100.0 (8.0-602.0)

Peripheral Blasts, % 10.0 (1.0-26.0) 3.5(0.0-8.0) 5.5 (0.0-26.0)
Tranfusion Dependence 4 (28.6%) 8 (66.7%) 12 (46.2%)
ECOG

0 4 (28.6%) 1 (8.3%) 5 (19.2%)
1 5 (35.7%) 7 (58.3%) 12 (46.2%)
2 5 (35.7%) 4 (33.3%) 9 (34.6%)
3 0 (0.0%) 0 (0.0%) 0 (0%)

BP = blast phase, AP = accelerated phase; HR = MF-"high risk”; CCI = Charlson Comorbidity Index; MPN = myeloproliferative neoplasm; MF =
myelofibrosis; PV = polycythemia vera; ET = essential thrombocytopenia; MDS-MPN = myelodysplastic syndrome-myeloproliferative neoplasm
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Table 2:

Decitabine administration by disease phase

Decitabine Data

AP(N=14) HR(N=12) Total (N=26)

Cycles of Decitabine

Median (Range) 4.5 (1-56) 6.5 (0-54) 5.5 (1-56)
Timeto Decitabine, months

Median (Range) 0.5 (0-3) 0 (0-0) 0.2 (0-3)
Concurrent Therapy

Ruxolitinib 6 (42.9%) 3 (25.0%) 9 (34.6%)

Other 1(7.1%) 0 (0.0%) 1 (3.8%)

BP = blast phase; AP = accelerated phase; HR = MF-"high risk”

Acta Haematol. Author manuscript; available in PMC 2022 January 01.

Page 16



	Abstract
	INTRODUCTION
	METHODS
	Patient Population
	Mutational Profiles
	Cytogenetic Information
	Clinical Responses
	Statistical Analysis

	RESULTS
	Baseline Demographics
	Decitabine
	Outcomes

	DISCUSSION
	CONCLUSION
	References
	Figure 1.
	Figure 2.
	Figure 3:
	Table 1:
	Table 2:

