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Abstract

INTRODUCTION—Primary myelofibrosis (PMF) is the least common but the most aggressive of
the classic Philadelphia chromosome-negative myeloproliferative neoplasms. Survival is much
shorter in PMF than in polycythemia vera (PV) or essential thrombocythemia (ET). Post-PV/ET
myelofibrosis (MF) is clinically indistinguishable from PMF and approached similarly.

AREAS COVERED—Current pharmacologic therapy of MF revolves around the Janus kinase
1/2 (JAK1/2) inhibitor ruxolitinib, which dramatically improves constitutional symptoms and
splenomegaly in the majority of patients, and improves overall survival (OS). However, allogeneic
stem cell transplantation remains the only potential cure. Other JAK inhibitors continue to be
developed for MF, and momelotinib and pacritinib are in phase 111 clinical trials. Anemia is
common in MF, and initially worsened by ruxolitinib. Momelotinib and pacritinib may prove
advantageous in this regard. Current strategies for managing anemia of MF include danazol,
immunomodulatory drugs and erythroid stimulating agents, either alone or in combination with
ruxolitinib.

EXPERT OPINION—A number of other agents, representing diverse drug classes, are in various
stages of development for MF. These include newer JAK inhibitors, other signaling inhibitors,
epigenetic modifiers, anti-fibrotic agents, telomerase inhibitors, and activin receptor ligand traps
(for anemia). Hopefully, these novel therapies will further extend the clinical benefits of
ruxolitinib.
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1. INTRODUCTION

Primary myelofibrosis (PMF) is an uncommon but aggressive myeloproliferative neoplasm
(MPN), with an estimated prevalence of 4-6 per 100,000 individuals living in the US in
2010.(1) Besides varying degrees of bone marrow reticulin fibrosis, the disease is
characterized by anemia, splenomegaly, a variety of constitutional symptoms,
extramedullary hematopoiesis, a higher rate of transformation to acute myeloid leukemia
(AML) than other “classic” MPN and short survival.(2) In a European multi-national
study(3) looking at the survival of PMF patients diagnosed between 1980 and 1995 and
1996 and 2007, median survival increased from 4.5 to 6.5 years between the two periods
studied, but there was no improvement for patients with intermediate-2 or high risk disease
according to the International Prognostic Scoring System.(4) A Swedish Cancer Registry
study of over 9000 MPN patients found no improvement in survival of myelofibrosis (MF)
patients after the year 2000.(5) Activating mutations in Janus kinase 2 (JAK2), the
thrombopoietin receptor, MPL and the endoplasmic reticulum (ER) chaperone protein,
calreticulin (CALR) are found in approximately 50-60%, 5-10% and 20-30% of patients
with PMF, respectively; OS and leukemia-free survival (LFS) are best in CALR-mutated and
worst in so called “triple negative” patients.(6—8) However, activated JAK-signal transducer
and activator of transcription (STAT) signaling is universal across Philadelphia
chromosome-negative (Ph™) MPN,(9, 10) and the JAK1/2 inhibitor, ruxolitinib, is effective
in higher risk patients with PMF and post-polycythemia vera/essential thrombocythemia
myelofibrosis (post-PV/ET MF) without regard to the mutational status of JAKZ, MF
subtype (PMF or post-PV/ET MF), age, IPSS risk, performance status, baseline hemoglobin
level, spleen size or symptom burden.(11) Demonstration of superiority over placebo and
best available therapy (BAT), respectively, in the COMFORT I and Il trials(12, 13)
established this agent as the cornerstone of drug therapy in MF.(14) Current guidelines
recommend consideration of allogeneic stem cell transplantation (ASCT) for all patients
with IPSS intermediate-2 and high risk disease, as well as for selected patients with
intermediate-1 risk disease who have other high-risk features such as refractory, transfusion-
dependent anemia, >2% circulating blasts or adverse cytogenetics.(15) Efforts are in place to
incorporate information on presence/absence of specific driver mutations into prognostic
scoring systems, along with information on mutations in the epigenetic regulators ASXL1,
EZHZ2and IDH1/2, as well as the spliceosome component, SRSFZ, which have also been
identified as being prognostically adverse in PMF.(16, 17)

2. RUXOLITINIB

In a phase 1/2 trial in 153 patients with intermediate-2 or high risk MF, 17 of 33 patients
(52%) receiving ruxolitinib at a dose of 15 mg twice daily experienced =250% reduction in
splenomegaly that lasted at least 12 months, and <10% of patients had grade 3 or 4 adverse
events (AEs) at this dose.(18) Patients with debilitating symptoms, including weight loss,
fatigue, night sweats, and pruritus, had rapid improvement, benefits that were associated
with a marked diminution in circulating cytokine levels that are commonly elevated in MF
and have been associated with worse survival.(19) Comparison of the long-term outcomes of
107 patients enrolled on this trial at the MD Anderson Cancer Center (MDACC) with those
of 310 matched historical controls revealed significantly better OS among the ruxolitinib-
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treated patients; further, patients with =50% reduction in splenomegaly had significantly
prolonged OS versus those with <25% reduction.(20) Following the discovery of phenotypic
driver CALR mutations(21, 22) and prognostically detrimental somatic mutations in PMF
(ASXL1, EZHZ2, IDH1, IDHZ, SRSF2),(16) detailed molecular annotation using targeted
next-generation sequencing (NGS) of 95 patients from this cohort of 107 was performed.
(23) Spleen response (=50% reduction in palpable splenomegaly) was inversely correlated
with the number of mutations; patients with <2 mutations had nine-fold higher odds of a
spleen response than those with =3 mutations. Patients with =3 mutations also had a shorter
time to treatment discontinuation and shorter OS than those with fewer mutations.(23)
Investigators at the Mayo Clinic also separately reported their experience (n = 51) with
ruxolitinib in this phase 1/2 trial.(24) Response rates according to the 2006 International
Working Group for Myelofibrosis Research and Treatment (IWG-MRT) criteria(25) were
29% for spleen, 21% for anemia, 63% for constitutional symptoms, and 92% for pruritus.
(24) Grade =2 anemia and thrombocytopenia occurred in 33% and 26%, respectively. In
contrast to the MDACC experience, they reported high rates of treatment discontinuation
(51%, 72% and 89% at 1, 2 and 3 years, respectively), major reasons for which included
disease progression/loss or lack of response (40%) and toxicity (34%).(24) Also unlike the
MDACC experience, the Mayo Clinic investigators found no significant difference in
survival between these 51 ruxolitinib-treated patients and a cohort of 410 PMF patients
treated with standard therapy at their institution within the most recent 10-year period.(24)
Indeed, independent experts in the field have noted that “the reasons for the discrepancies in
the conclusions drawn from these reports from MDACC and Mayo Rochester are not readily
apparent but highlight the deficiencies of relying on conclusions drawn from analyses
generated from data at single institutions where clinical practices may dramatically differ”.
(26)

The pivotal phase |1l COMFORT trials compared ruxolitinib to placebo and BAT,
respectively, in patients with intermediate-2 or high risk MF in the US/Canada/Australia and
Europe.(12, 13) In both studies, the primary endpoint was the proportion of patients
achieving =35% reduction in spleen volume (at 24 weeks in COMFORT | and 48 weeks in
COMFORT II); the primary endpoint was reached in 41.9% of patients in the ruxolitinib
group at 24 weeks as compared with 0.7% in the placebo group in COMFORT I, and in 28%
and 32% of patients in the ruxolitinib group at 48 and 24 weeks, as compared with 0% at
either time point in the group receiving BAT in COMFORT 11.(12, 13) Spleen responses
were durable in both trials. Additionally, marked symptom benefits were observed;
specifically, the MPN symptom assessment form total symptom score (MPN SAF TSS)(27)
improved by >50% at 24 weeks in 45.9% of patients randomized to ruxolitinib versus 5.3%
of those receiving placebo in COMFORT 1.(12) Similarly, in COMFORT II, patients
randomized to ruxolitinib had marked reductions in MF-associated symptoms, including
anorexia, dyspnea, fatigue, insomnia, and pain, accompanied by substantial improvements in
FACT-Lym scores, whereas patients receiving BAT had worsening symptoms and
consistently worsening FACT-Lym scores.(13) Extensive crossover to ruxolitinib occurred in
both studies, and an OS benefit for ruxolitinib was noted early in COMFORT I, but not in
COMFORT 11.(12, 13) Based on the results of the COMFORT trials, the US Food and Drug
Administration (FDA) approved ruxolitinib in November 2011 for the treatment of patients
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with intermediate or high risk MF, making it the first drug to be approved specifically for
MF.(28) In Europe, ruxolitinib is approved for adults with MF and splenomegaly or
symptoms related to the disease, not based on IPSS risk. The marked benefit of ruxolitinib
treatment in alleviating MF-related symptoms(29) led to the incorporation of “clinical
improvement (CI)” in symptoms into the revised (2013) IWG-MRT and European
LeukemiaNet (ELN) response criteria.(30)

A comparison of the survival from diagnosis of 100 PMF patients receiving ruxolitinib on
COMFORT Il with that of 350 matched ruxolitinib-naive subjects from the cohort used to
develop the Dynamic IPSS (DIPSS)(31) using the statistical techniques of left-truncation
and right-censoring in order to only compare IPSS intermediate-2 and high risk patients
showed that patients receiving ruxolitinib had significantly longer survival.(32) Furthermore,
3-year follow-up (median, 151 weeks) of the COMFORT 11 trial demonstrated that patients
randomized to ruxolitinib had longer OS than those randomized to BAT (p = 0.009).(33)
This survival benefit of ruxolitinib was observed regardless of the profile of MF-associated
mutations, and ruxolitinib reduced the risk of death in patients harboring the aforementioned
prognostically detrimental mutations.(34) Spleen and symptom responses occurred at similar
frequencies across different mutation profiles.(34) Median 3-year (149 weeks) follow-up of
COMFORT I showed that overall survival continued to favor ruxolitinib despite the majority
of placebo patients crossing over to ruxolitinib (p = 0.067).(35) Finally, a pooled analysis of
OS across both the COMFORT studies using an intent-to-treat analysis (after a median 3
years of follow-up) and an analysis correcting for crossover from the control arms showed
that patients receiving ruxolitinib had prolonged OS compared with patients receiving
placebo or BAT (p = 0.01).(36) Ruxolitinib improved OS both in patients with
intermediate-2 and high risk disease. Patients with high-risk disease in the ruxolitinib group
had survival similar to that of patients with intermediate-2-risk disease in the control group,
and spleen responses to ruxolitinib correlated with longer survival,(36) recapitulating the
findings of the comparison of long-term outcomes of the MDACC patients participating in
the phase 1/2 trial to matched institutional historical controls.(20)

The final (5-year) results of the COMFORT trials were recently presented.(37, 38) In
COMFORT I, the mean spleen volume reduction (SVR) for patients who continued on
ruxolitinib was 37.6% at week 264.(37) At week 264, 18.5% of patients originally
randomized to ruxolitinib had 235% reduction from their baseline spleen volume. Median
duration of spleen response (=35% SVR) was 168.3 weeks for ruxolitinib. OS favored
ruxolitinib (p = 0.025) despite 111 of 154 placebo patients crossing over to ruxolitinib.(37)
In COMFORT II, all patients randomized to BAT had crossed over to ruxolitinib or
discontinued by November 2011.(38) 53.4% of patients in the ruxolitinib arm achieved
>35% SVR at any point of time during treatment; SVR was maintained for a median of 3.2
years. Ruxolitinib reduced the risk of death compared to BAT by 33% (p = 0.06), with the
estimated 5-year probability of survival being 56% with ruxolitinib and 44% with BAT.
Median OS was not reached in the ruxolitinib arm and was 4.1 years in the BAT arm.(38)

In both COMFORT | and |1, anemia and thrombocytopenia were the most frequent toxicities
attributable to ruxolitinib, secondary to the essential role of JAK2 in hematopoiesis.(39) In
both trials, they were generally manageable, stabilized or improved over time, and rarely led
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to treatment discontinuation.(33, 35) The mean hemoglobin level and platelet count initially
declined (through the first 3 months) in COMFORT I, after which the mean hemoglobin
level gradually increased towards the baseline; overall, both values remained stable through
5 years after the first 24 weeks.(37) In practice, it is critical to not discontinue ruxolitinib
prematurely because of on-target anemia and/or thrombocytopenia. The starting doses of
ruxolitinib for MF are based on baseline platelet count: 20 mg twice daily (bid) if platelets
>200 x 109/L, 15 mg bid if 100-200 x 10%/L, and 5 mg bid if 50-99 x 10%L; use of
ruxolitinib is generally not recommended in patients with platelets <50 x 10%/L. The
prescribing information contains guidance on dose modification of ruxolitinib for treatment-
emergent neutropenia or thrombocytopenia. Guidelines are also available in the prescribing
information for dose increases for insufficient response. In general, doses should not be
increased during the first 4 weeks of therapy and not more frequently than every 2 weeks.
For patients with platelets =100 x 10%/L, the maximum dose recommended is 25 mg bid, and
10 mg bid for those with platelets between 50 and 99 x 10%L. In our practice, we manage
anemia with erythrocyte transfusions and concomitant therapy with agents such as danazol,
erythroid stimulating agents (ESAs) or immunomodulatory agents (Imids, see next section).

In COMFORT II, the most common non-hematologic AEs reported by patients who
received ruxolitinib at any time (during randomized treatment, in the extension phase or
after crossover from BAT) were diarrhea and peripheral edema (of low grade), both affecting
approximately a third of patients.(38) However, the exposure-adjusted rates were much
lower, 13.9 and 12.9 per 100 patient-years, respectively.(38) As ruxolitinib is
immunosuppressive, infections are of particular interest. In COMFORT II, the proportions of
ruxolitinib-treated patients who developed urinary tract infection (UTI), pneumonia, herpes
zoster, sepsis/septic shock and tuberculosis were 24.6%, 13.1%, 11.5%, 7.9% and 1%,
respectively.(38) The exposure-adjusted rates per 100 patient-years were 5.3 and 4.3 for UTI
and herpes zoster, respectively.(38) In COMFORT I, herpes zoster occurred in 10.3% and
13.5% of patients randomized to ruxolitinib and crossed over from placebo, respectively.(37)
There has been one report of progressive multifocal leukoencephalopathy developing in a
patient with MF on ruxolitinib therapy.(40) Another concern with ruxolitinib is the potential
for rapid return of symptoms and splenic enlargement and worsening of cytopenias with
abrupt discontinuation of the drug.(41)

The survival benefit of ruxolitinib in MF has been attributed to indirect effects such as
improvements in weight, appetite, hypocholesterolemia, muscle mass and general well-
being.(26, 42) “Disease-modifying” actions of the drug, such as regression of bone marrow
fibrosis and reduction of the allelic burden of mutated JAKZ, have been modest, and it is felt
that this is due, at least in part, to dose-limiting anemia and thrombocytopenia from JAK2
inhibition.(43) In COMFORT Il, 38.3% and 31% of evaluable JAK2VV617F* patients had
>20% reduction in the mutated allele burden at 3.2 and 3.7 years, respectively, and bone
marrow fibrosis improved in 15.8% of patients.(38) In COMFORT I, of 236 JAK2V617F*
patients analyzed, 20 achieved partial (PMR) and 6 complete molecular responses (CMR),
and mutated allele burden reductions correlated with reductions in spleen volume.(44) Allele
burden reductions were greater in patients with shorter disease duration.(44) This
observation, combined with the improved OS of patients originally randomized to
ruxolitinib in the COMFORT studies despite extensive crossover suggests a potential benefit
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of earlier treatment with ruxolitinib in MF. Accordingly, the ReTHINK trial
(NCT02598297) is a multicenter, randomized (1:1), double-blind, placebo-controlled, phase
3 study investigating the efficacy and safety of ruxolitinib (10 mg twice daily) in early MF
pts with high risk somatic mutations (ASXL1, EZHZ, SRSF2, IDH1, IDHZ2), a non-palpable
spleen (or palpable <5 cm) and MF 7-item symptom scale (MF-7) score of < 15 (with each
individual symptom score < 3).(45)

3. MANAGEMENT OF ANEMIA: ESAs, DANAZOL, IMIDs AND STEROIDS

Anemia is frequently encountered in MF, and an independent poor prognostic factor for
survival.(4, 31) As discussed above, it is the only common clinical manifestation of MF not
improved by ruxolitinib, the only currently available JAK inhibitor. Furthermore, red cell
transfusion dependence is an independent adverse factor for survival in MF that retains
prognostic significance even when anemia is accounted for.(46) Current therapeutic options
for anemia in MF include androgens such as danazol, ESAs and Imids, with or without
steroids.(14)

The initial choice for treatment of anemia in patients with MF is usually an ESA or danazol.
(14) Like in myelodysplastic syndromes (MDS),(47) responses to ESAs are usually
restricted to patients with low endogenous erythropoietin levels and lower or no transfusion
burden.(48-50) In small studies, response rates have ranged from 40% to 60%.(48-50)
Smaller spleen size also predicts for anemia responses to ESAs.(50) Although
counterintuitive given the critical role of JAK-STAT signaling downstream of the
erythropoietin receptor,(39) the limited experience with concomitant use of ESAs and
ruxolitinib in MF suggests that ESAs do not adversely impact the efficacy of ruxolitinib and
may help improve anemia in patients with MF on ruxolitinib.(51) 20,000 units of
recombinant human erythropoietin, or 150 ug of darbepoietin-a weekly are reasonable
starting doses that can be doubled if no response is seen after 4 weeks. Responses should
occur within 3 months.(14) Splenic enlargement may occur with ESA therapy.(14)

The synthetic androgen danazol (600 mg daily) was evaluated in 30 patients with PMF, with
progressive tapering to the minimum effective dose in the responders after 6 months.(52)
The anemia response rate was 37%, and the median time to response was 5 months.(52)
Transfusion-independent patients and those with higher hemoglobin at treatment initiation
were significantly more likely to respond.(52) Screening for prostate cancer is important
before initiating danazol treatment in men and periodically afterwards, and regular
monitoring of liver function should be performed in all patients.(14) Unfortunately, a multi-
center, pilot phase Il study of ruxolitinib and danazol in patients with MF was closed early
due to lack of anemia response.(53)

In a pooled analysis of individual patient data from 5 studies (n = 62) of thalidomide
employing starting doses of =100 mg daily, the anemia response rate was 29%.(54) 38% of
patients with moderate to severe thrombocytopenia had an increase in platelet counts, and
41% with high grade splenomegaly demonstrated a measurable reduction in splenic size.
However, 66% of the patients discontinued the drug before 6 months of treatment due to
intolerance.(54) In a phase Il trial (n = 21) in MF using 50 mg/d of thalidomide and a 3-
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month prednisone taper, tolerability was markedly improved, and 62% had an anemia
response (40% achieved transfusion independence (T1)).(55) Platelets increased by =50% in
6 of 8 (75%) patients with baseline thrombocytopenia (<100 x 10%/L).(55) Another phase 11
study in MF used thalidomide, starting at 50 mg/d and increasing monthly to 400 mg/d as
tolerated, in conjunction with current therapy (30% were taking cytostatic drugs and 22%
steroids) in 63 patients.(56) The drop-out rate was 51% at 6 months, but anemia improved in
22% overall and 39% of transfusion-dependent patients became transfusion-independent.
Platelets rose by =50 x 109/L in 22% of patients with initial counts <100 x 10%/L.(56)
Spleen shrinkage >50% occurred in 19% of patients in both trials.(55, 56) In a phase Il trial
of thalidomide in PMF conducted at MDACC (n = 44), the overall response rate (ORR) was
41%.(57) The starting dose was 200 mg/d, and could be increased by weekly increments of
200 mg/d as tolerated up to 800 mg/d. Improvements in anemia (baseline hemoglobin <10 g/
dL), thrombocytopenia (baseline platelets <100 x 10%/L), splenomegaly and TI were
observed in 20%, 21%, 31% and 21% of patients, respectively.(57) However, a placebo-
controlled, doubled-blind, randomized, phase 1B trial evaluating thalidomide 400 mg/d in
52 anemic (baseline hemoglobin <9 g/dL or transfusion-dependent) patients with MF was
negative, although the spleen size increased significantly less in the thalidomide group than
in the placebo group.(58) In current clinical practice, when indicated, low dose thalidomide
(50 mg daily) with a 3-month prednisone taper is preferred. A clinical trial of ruxolitinib
plus thalidomide in patients with MF is planned.

In 2 separate phase Il studies analyzed jointly (n = 68), lenalidomide (10 mg daily; 5 mg
daily if baseline platelet count <100 x 109/L) produced ORRs of 22% for anemia, 33% for
splenomegaly and 50% for thrombocytopenia.(59) Occasional patients experienced
resolution of erythroblastosis, improvement in bone marrow fibrosis, disappearance of del5q
and reduction of the JAKZ2V617F allelic burden.(59) Lenalidomide, dosed as above, for 3
weeks out of every 4, was then studied in combination with a 3-month prednisone taper (30
mg/d, 15 mg/d and 15 mg every other day in cycles 1, 2 and 3) in 40 patients with MF.(60)
After a median follow-up of 22 months, the ORR was 30% and the median time to response
was 12 weeks. By the 2006 IWG-MRT criteria,(25) 7.5% of patients had a partial response
(PR) and 22.5% CI durable for a median of 18 months. ORRs were 30% for anemia and
42% for splenomegaly. 10 of 11 evaluable responders had improvement of their bone
marrow fibrosis and all 8 JAK2V617F* responders experienced a reduction of their baseline
mutant allele burden (3 PMR, 1 CMR).(60) Median follow-up of 9 years of this trial and
response evaluation using the 2013 IWG-MRT/ELN criteria(30) showed an ORR of 35%,
with anemia responses in 32% and spleen responses in 39% of patients; the median duration
of response (DOR) was 34.6 months.(61) However, a cooperative group trial of lenalidomide
and prednisone in 48 subjects with MF and anemia only reported ClI of anemia in 19% and
Cl-spleen in 10% according to the 2006 IWG-MRT criteria,(25) and the treatment was very
myelosuppressive (grade =3 hematologic toxicity in 88%).(62) In cross-trial comparisons at
MDACC, lenalidomide-prednisone appeared more effective and safer than monotherapy
with either lenalidomide or thalidomide,(63) but the thalidomide trial used high doses, as
noted above.(57) Lenalidomide is significantly more myelosuppressive than thalidomide,
which makes concomitant administration of lenalidomide with ruxolitinib difficult.(64)
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Lenalidomide may be particularly effective in MF patients with del5q,(65) but this
chromosomal abnormality is extremely rare in MF.(66)

In a 4-arm, phase I, randomized, multi-center, double-blind study, pomalidomide (0.5 or 2
mg daily) with or without prednisone was compared to prednisone alone in 84 patients with
MF-associated anemia.(67) Anemia responses were seen in all arms, but was highest (36%)
in the low dose pomalidomide plus prednisone arm. Reponses were durable in all
pomalidomide arms and pomalidomide was well-tolerated.(67) Dose escalation of
pomalidomide was then attempted in a phase I/11 study at the Mayo Clinic, but doses higher
than 0.5 mg/d were associated with increasing myelosuppression and possibly decreasing
efficacy.(68) In another Mayo Clinic study (n=58), the anemia response rate (using the 2006
IWG-MRT criteria)(25) to single agent pomalidomide (0.5 mg/d) was 24% in JAK2V617F*
patients but 0% in those without this mutation; 9 of 10 anemia responders achieved TI.(69)
14 of 24 (58%) patients with baseline platelets < 100 x 109%/L experienced a >50% increase
in platelet count, but there were no spleen responses.(69) Predictive factors for anemia
response to pomalidomide were identified as being: JAKZ2V617F positivity, palpable
splenomegaly <10 cm and <5% circulating blasts.(70) Treatment-emergent peripheral
neuropathy (PN) was seen over time.(70) The MDACC group reported their experience with
pomalidomide 0.5 mg/d in 29 patients with MF-associated anemia: 10% experienced Cl-
anemia (by the 2006 IWG-MRT criteria),(25) and 20% of transfusion-dependent patients
(per Delphi criteria)(71) attained TI.(72) Pomalidomide 0.5 mg/d was also evaluated
separately in conjunction with prednisone for the first 3 cycles at MDACC (n = 29): six
(21%) patients responded, including four who achieved TI (per Delphi criteria)(71) and one
each with CI(25) in platelets and spleen.(73) Unfortunately, however, in a phase Ill,
randomized trial in transfusion-dependent patients with MF defined as per the Delphi
criteria,(71) the Tl rate to pomalidomide (16%) was identical to that with placebo,
diminishing enthusiasm for further development of this agent for anemia of MF.(74)

Importantly, corticosteroids alone may be beneficial in ameliorating anemia in some patients
with MF. In a retrospective study, 12 of 30 MF patients with severe anemia, most of whom
had failed other therapies, received prednisone at an initial dose of 0.5-1 mg/kg/day,
tapering to the minimum effective dose in responders.(75) 12 (40%) patients achieved an
IWG-MRT (2013) anemia response; median time to response was 1.1 months and median
response duration was 12.3 months.(75) Furthermore, median survival from prednisone
initiation was significantly longer (5 versus 1.5 years, p = 0.002) in anemia responders.(75)

1duosnuep Joyiny

4. OTHER COMMERCIALLY AVAILABLE AGENTS: HYDROXYUREA,
INTERFERON AND HYPOMETHYLATING AGENTS

4.1 Hydroxyurea

The use of hydroxyurea in MF has largely been supplanted by ruxolitinib and at present, the
role of hydroxyurea is essentially limited to settings where access to JAK inhibitors is
difficult.(14) Hydroxyurea’s main role in the treatment of MF is in ameliorating
splenomegaly, but responses are not comparable to those seen with JAK inhibitors, and
myelosuppression is common, especially at the higher doses often required for control of
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splenomegaly (i.e., 2—-3 grams per day), leading to worsening of anemia.(14, 76) Other
common toxicities include mucocutaneous ulceration and gastrointestinal (GI) upset. In a
study in 40 patients with MF, the rate of CI (per the 2006 IWG-MRT criteria)(25) was 40%,
and the median duration of response was 13.2 months.(77) Hydroxyurea rarely induces
complete resolution of splenomegaly, or even sustained >50% reductions in palpable spleen
length, but even modest reductions in splenomegaly may be beneficial for some patients.(76)
Spleen responses to hydroxyurea generally occur within 2-3 months, and the dose is titrated
by following the lowering of the leukocyte count.(76)

4.2 Interferon

Unlike in PV and ET, the results of interferon-a therapy in MF have been disappointing.(78,
79) In a small study (n = 17) in patients with low or intermediate-1 risk PMF, recombinant
interferon-a.-2b produced 2 complete responses (CRs), 7 PRs, 1 Cl and stable disease (SD)
in 4 patients (by IWG-MRT 2006 criteria),(25) leading the authors to conclude that
recombinant interferon-a may retard the progression of early PMF.(80) However, in another
study of interferon-a in 11 patients, mostly low risk by Lille criteria,(81) no appreciable
changes in bone marrow (BM) reticulin fibrosis or osteosclerosis, the degree of angiogenesis
or karyotype were observed.(82) Interferon-a is also poorly tolerated, and early
discontinuation due to unacceptable toxicity is common, even with pegylation.(78, 79, 82)
Interferon-a is not commonly used in the treatment of MF and is not specifically approved
for the treatment of Ph-negative MPN. However, clinical trials of ropeginterferon-a-2b (a
novel, pegylated interferon-a-2b with a long elimination half-life, enabling fortnightly
administration that has shown high efficacy in PV)(83) in patients with early MF
(NCT02370329) and of pegylated interferon-a-2a in combination with ruxolitinib in
patients with intermediate or high risk MF (NCT02742324) are ongoing.

4.3 Hypomethylating agents

PMF is characterized by both aberrant hypo- and hyper-methylation, with the latter being
particularly associated with mutations in ASXL1and TETZ.(84) Epigenetic silencing
through hypermethylation is believed to lead to reduced expression of CXCR4 on CD34*
PMF progenitors, resulting in impaired homing to the BM.(85, 86) Epigenetic silencing of
SOCS1/3, negative regulators of JAK-STAT signaling, via hypermethylation has been
reported in both JAKZ2V617F and JAKZ wild type MPN.(87, 88) Secreted frizzled-related
proteins (SFRP) are physiologic antagonists of Wnt signaling that are down-regulated by
promoter hypermethylation in MPN, particularly in the presence of JAK2 V617F, leading to
activation of the Wnt pathway.(89) However, the hypomethylating agent (HMA) azacitidine,
widely used for the treatment of MDS and AML, is only modestly effective (response rate
24%) as monotherapy in MF.(90) This contrasts with encouraging efficacy (response rate
52%, median OS 11 months) of azacitidine in post-MPN MDS and AML..(91) Decitabine
appeared active in patients with DIPSS-plus(46) high risk MF and accelerated phase MPN
(82% and 62% of patients benefited, respectively) in a retrospective study, although the ORR
among patients with post-MPN AML in this study was only 29%.(92) These observations
have led to the combination of ruxolitinib and an HMA being explored in both MF(93) and
in post-MPN AML (NCT02076191, NCT02257138). In a phase Il study (n=35), azacitidine
(25 mg/m?/d x 5 days every 28 days) was added after patients with MF had been on
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ruxolitinib 15-20 mg twice daily for 3 months.(93) The dose of azacitidine could be
increased to 75 mg/m2/d as tolerated. Using the 2013 IWG-MRT criteria,(30) objective
responses were noted in 82% of evaluable patients (n=28).(93) Median time to response (of
any type) was 1 month. Both JAKZ2V617F allelic burden reduction and improvement in BM
fibrosis were documented in evaluable patients (in 85% and 27%, respectively).(93) Dose
interruptions and adjustments were frequent.

5. NEW JAK INHIBITORS IN PHASE IIl TRIALS: PACRITINIB AND
MOMELOTINIB

Of a number of JAK2 inhibitors that entered clinical testing, only three agents remain in
development, the others having been discontinued, mostly due to toxicity.(94) Of the drugs
currently in clinical trials, pacritinib, an inhibitor of JAK2 and fms-like tyrosine kinase 3
(FLT3), and momelotinib, a JAK1/2 inhibitor, are farthest in clinical development.

5.1 Pacritinib

A phase Il trial of pacritinib (400 mg/d) enrolled 35 JAK2 inhibitor-naive patients with MF
requiring therapy and palpable (=5 cm) splenomegaly who either had disease that had
relapsed after or was not controlled well with standard therapy or, if previously untreated,
had Lille(81) intermediate or high risk disease.(95) Importantly, patients with any degree of
cytopenia were eligible.(95) 9 patients (26%) discontinued because of AEs. Up to week 24,
31% of patients had =35% spleen volume reduction (SVR) from baseline by imaging at any
time point and 42% had a maximum reduction in palpable spleen length of >50%.(95)
Symptomatic improvement was measured using the MF SAF.(96) Up to week 24, a 250%
reduction in TSS from baseline was observed in 48.4%.(95) Improvement in MF-related
symptoms was durable (>9 months). Gl toxicities (diarrhea 77.1%, 8.6% grade 3; nausea
45.7% and vomiting 31.4%, all grade 1/2) and fatigue (37.1%, grade 3/4 in 11.5%) were the
most common treatment-emergent AEs.(95) Although anemia and thrombocytopenia were
reported as AEs in 34.3% and 22.9% of patients, respectively, the percentage change in
hemoglobin levels at each study visit compared to baseline remained within a median of 6%
and a mean of 8%.(95) One episode each of dose reduction and dose interruption due to
anemia occurred, but no patients discontinued treatment because of anemia. The median
decrease in platelet count was 12% (mean 0.3%) at week 12 and 17.6% (mean 5%) at week
24, but platelet counts remained stable at these levels through week 60.(95) A total of 3
patients had to have pacritinib interrupted or discontinued due to thrombocytopenia. Two
bleeding events led to discontinuation of pacritinib, even though one was considered
unrelated. Only 1 patient each (2.9%) had leukopenia, lymphopenia and febrile neutropenia,
while neutropenia occurred in 2 patients (5.7%), leading to a total of two interruptions, one
dose reduction and no instances of discontinuation of pacritinib.(95) Neutropenia was
considered clinically significant in only one case, and resulted in interruption of dosing. This
trial was terminated by the sponsor for commercial reasons while some patients (23%) were
still receiving pacritinib, precluding long-term follow-up. Other major causes for treatment
discontinuation were disease progression in 20%, lack of response in 17% and treatment-
emergent AEs in 26%.(95)
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Based on these encouraging results, two phase 111 studies of pacritinib have been conducted.
PERSIST-1 compared pacritinib to BAT (2:1) in 327 JAK inhibitor-naive patients with
intermediate to high risk(31) MF, palpable splenomegaly (=5 cm) and MPN SAF TSS(27)
=13, regardless of baseline platelet count or hemoglobin level.(97) The SVR rates at week
24 were 19.1% for pacritinib versus 4.7% for BAT (p=0.0003) and 25% versus 5.9%
(p=0.0001) in the intention-to-treat (ITT) and evaluable populations, respectively.(97)
Symptom responses rates (measured by the MPN SAF TSS)(27) were 24.5% for pacritinib
versus 6.5% for BAT (p<0.0001) by ITT analysis, and 40.9% vs. 9.9% among evaluable
patients (p<0.0001).(97) Among transfusion-dependent patients, 25.7% of pacritinib patients
became transfusion-independent versus 0% of BAT pts (p=0.043).(97) Crossover was
permitted after 24 weeks or earlier in the event of disease progression, and 84% of BAT-
treated patients crossed over to pacritinib.(98) At week 60, 24% of evaluable patients in the
pacritinib group achieved SVR >35%.(98) Among evaluable patients who crossed over from
BAT to pacritinib, 19% achieved =35% SVR at week 36 after crossover.(98) Diarrhea was
frequent with pacritinib, especially in the first 8 weeks of treatment (all grades 51%, 2.7%
grade 3/4).(98) Anemia, thrombocytopenia, and neutropenia were reported in 29% versus
22%, 23% versus 14%, and 5% versus 2% of pacritinib- versus BAT-treated patients,
respectively.(98) PERSIST-2 (NCT02055781) compared pacritinib to BAT in symptomatic
patients with intermediate or high risk MF, palpable splenomegaly (=5 cm) and
thrombocytopenia (<100 x 10%/L). Up to 2 prior JAK2 inhibitors were allowed. Of 311
patients enrolled, 221 had reached week 24 by the time the clinical hold was imposed and
constituted the ITT population analyzed for efficacy, according to a press release from the
manufacturer.(99) The co-primary endpoint of a statistically significant improvement in
SVR favoring pacritinib over BAT was met (p<0.01), while the other co-primary endpoint of
a =50% reduction in TSS(27) was not, although the difference approached statistical
significance (p=0.0791).(99) However, the FDA has placed a “full clinical hold” on trials of
pacritinib, noting a detrimental effect on OS in PERSIST-2, although patients deriving
benefit from pacritinib at the time the full clinical hold was imposed may now resume it
under a compassionate use program.

5.2 Momelotinib

Momelotinib was initially evaluated in a phase 1/2 study (n=166) in patients with
intermediate-2 or high risk MF, or intermediate-1 risk disease with either symptomatic
hepatosplenomegaly or unresponsiveness to available therapies.(100) Part 1 of this study was
conducted at a single center (Mayo Clinic) and results on these 60 patients, all of whom
received the drug once daily, were published separately.(101) 300 mg daily was declared the
maximal tolerated dose (MTD) in the initial dose escalation phase (n=21), although both 150
and 300 mg/d were recognized as being biologically effective and, therefore, 18 and 21
additional patients were accrued at these doses, respectively (dose expansion). Per the 2006
IWG-MRT criteria,(25) anemia and spleen responses were seen in 59% and 48% of patients,
respectively.(101) 70% of previously transfusion-dependent patients achieved TI. High rates
of response were observed for pruritus, night sweats, cough, bone pain, and fever.(101)
Modest JAK2V617F allele burden reduction and a broad anti-cytokine drug effect were
seen. Considering patients enrolled at all centers (n=166), the anemia and spleen response
rates among evaluable subjects were 53% and 39%, respectively; the median duration of
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spleen response was 324 days.(100) The most common grade 3/4 toxicity was
thrombocytopenia (29%); grade 1/2 PN, mainly sensory, was reported by 38% of subjects.
(100) The Mayo Clinic reported a 44% incidence of treatment-emergent PN among 100
patients with MF receiving momelotinib at their institution, with a median time to onset of
32 weeks and median duration of 11 months.(102) Improvement after drug dose reduction or
discontinuation was documented in only two patients.(102)

Based on the short half-life of momelotinib (4-6 hours), a separate phase 1/2 study of
momelotinib, employing twice daily dosing, in 61 patients with intermediate or high risk MF
was conducted.(103) 250 mg twice daily was not found to be tolerable, and the 200 mg
twice daily dose was chosen for expansion. The most frequent toxicities were diarrhea
(45.9%), PN (44.3%), dizziness (36.1%) and hypotension (24.6%), particularly with the first
dose, and thrombocytopenia (39.3%).(103) SVR of =35% at 24 weeks was documented in
45.8%, and the overall anemia response rate was 45%.(103) BM fibrosis improved in 11 of
39 evaluable subjects, and worsened in three. The median JAK2V617F allelic burden
decreased by 21.1% from baseline by week 24 among 41 evaluable patients. Among
cytokines assessed, levels of interleukin-6 declined most rapidly after the first dose of
momelotinib. Momelotinib is currently being studied in two phase 11 trials (SIMPLIFY-1
and SIMPLIFY-2). SIMPLIFY-1 is a double-blind, head-to-head study versus ruxolitinib in
JAK inhibitor-naive patients with MF (NCT01969838). SIMPLIFY-2 compares momelotinib
to BAT in anemic or thrombocytopenic subjects with MF who have previously received
ruxolitinib (NCT02101268).

1duosnuen Joyiny

1duosnuep Joyiny

6. NEW AGENTS IN EARLIER STAGES OF DEVELOPMENT (preclinical,
phase I/11)

6.1 Newer JAK inhibitors

NS-018 is a JAK2-selective inhibitor that is currently undergoing phase 1l testing. In a phase
| trial in 48 patients, 23 of whom had previously received a JAK inhibitor, it produced =50%
reductions in palpable spleen size in 56% of patients (47% in patients with prior JAK
inhibitor therapy) and improved MF-associated symptoms; however, anemia (15%) and
thrombocytopenia (27%) were common.(104) Table 1 lists ongoing studies of pacritinib,
momelotinib and NS-018. A novel mechanism of resistance to JAK?2 inhibitors is “JAK?2
inhibitor persistence”, in which functional adaptation and reactivation of JAK-STAT
signaling occur despite the presence of the inhibitor through heterodimeric activation of
JAK?2 by other JAK family members such as JAK1 or TYK2.(105) This phenomenon
appears to be restricted to conventional, “type 1” adenosine triphosphate-competitive JAK2
inhibitors that bind to the active conformation of JAK2.(43) CHZ868 is a “type 11" JAK2
inhibitor that stabilizes the inactive conformation of JAK2 and reverses type | JAK2
inhibitor persistence /in vitro, displaying marked activity in JAKZ- and MPL-mutated murine
MPN models and inducing greater reductions in mutant allele burden than are seen with type
I JAK? inhibitors.(106)
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6.2 Novel drug classes: Telomerase inhibitors and anti-fibrotic agents

Given the relatively modest survival benefit conferred by ruxolitinib and the limited effects
of JAK2 inhibitors currently in the clinic on BM fibrosis and JAK2V617F allelic burden,
there is considerable interest in novel agents that target other pathways in MF. It has also
been reported that primary MF cells may be intrinsically more resistant to pharmacologic
JAK inhibition than primary cells from patients with PV or ET.(107) In a pilot study (n=33)
in MF, the telomerase inhibitor imetelstat produced CRs or PRs in 21% of patients, 48% of
whom had received prior JAK inhibitor therapy.(108) BM fibrosis was reversed in all 4
patients who achieved a CR, and 3 of these 4 patients also had molecular responses.
However, responses did not correlate with baseline telomere length, and the drug was quite
myelosuppressive (grade 3 anemia in 30%, grade 4 neutropenia in 12% and grade 4
thrombocytopenia in 18%).(108) PRM-151 is a very well-tolerated, recombinant form of
pentraxin-2, an endogenous human protein that acts at sites of tissue damage, inducing
macrophage differentiation to prevent and reverse fibrosis.(109) In the first stage of a phase
Il trial (n=27) in MF, the ORR was 35%, with both IWG-MRT-defined CI in symptoms and
BM fibrosis responses seen.(109) Among 13 of these patients who completed at least 72
weeks of treatment, 54% had a BM morphologic response, and 85% by computer-assisted
image analysis.(110) Patients with baseline anemia and/or thrombocytopenia saw
improvements in hemoglobin levels and platelet counts, and most of those who were
transfusion-dependent achieved T1.(110) Improvements in TSS(27) were marked, while
spleen responses were more modest. Thus, the benefits of PRM-151 appear to become more
pronounced with longer treatment duration. Both PRM-151 and imetelstat are administered
intravenously.

6.3 Combination strategies

Many ongoing trials are evaluating the combination of novel agents from several different
classes with ruxolitinib in MF (Table 2). Besides its well-known role in transducing signals
from membrane cytokine and growth factor receptors, JAK2 has several non-canonical
actions that influence epigenetic regulation of transcription and cell cycle progression. Thus,
JAK?2 translocates to the nucleus and removes the inhibitory influence of heterochromatin
la on gene transcription by phosphorylating histone H3 at residue Tyr41.(111) JAK2 also
phosphorylates the histone arginine methyltransferase PRMT5 to down-regulate it,(112) as
well as the endogenous cyclin-dependent kinase inhibitor p27Kip1.(43) JAKZV617F up-
regulates the CDC25A phosphatase at the translational level, promoting S-phase entry and
driving myeloproliferation in MPN.(113) Among other actions, histone deacetylase
inhibitors (HDACI), specifically those that inhibit HDACS, e.g. panobinostat, down-regulate
JAK2 V617F in MPN cells by disabling the chaperone function of heat shock protein 90
(HSP90) through acetylation, and synergize with JAK2 inhibitors in induction of apoptosis.
(114) These findings were recapitulated in a clinical trial of panobinostat in MF, but limited
clinical activity was observed because of poor tolerance.(115) However, the combination of
ruxolitinib 15 mg twice daily and panobinostat 25 mg three times a week every other week
seems tolerable and appears to yield a higher rate of spleen response than observed with
ruxolitinib alone in the COMFORT trials.(116) Preclinical studies in MPN cells also support
the combination of JAK2 inhibitors with inhibitors of the phosphatidylinositol-3-kinase
(PI3K)/Akt/mammalian target of rapamycin (mTOR)(117) and hedgehog(118) pathways,
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and the mTOR inhibitor everolimus was promising in a phase 1/2 study in patients with MF,
(119) but ruxolitinib-based combinations with PI3K and hedgehog inhibitors have thus far
been somewhat disappointing.(120, 121) In a phase Il study, 30 patients with PV (n=20),
PMF (n=7) or post-PV MF (n=3), mostly previously treated with interferon-a (n=27),
received pegylated interferon-a.2a, either 45 or 35 micrograms weekly, plus ruxolitinib, 20
mg twice daily.(122) 2 PMF and 2 post-PV MF patients achieved CR, 1 post-PV MF patient
attained a PR, and 2 PMF patients a major response.(122) In the study population as a
whole, marked improvements in symptoms and palpable splenomegaly, hematocrit control
(in PV patients) and significant reductions in JAK2V617F allelic burden were seen.(122)
Figure 1 depicts the various classes of agents that have been or are being studied in
combination with ruxolitinib in MF. Finally, the “activin receptor ligand trap” sotatercept,
thought to improve erythropoiesis by sequestering ligands of the transforming growth factor
beta superfamily that block terminal erythroid differentiation,(123) is under evaluation in
patients with MF and anemia, both as monotherapy and in combination with ruxolitnib
(NCT01712308).

7. CONCLUSION

Ruxolitinib has brought remarkable clinical benefits to patients with MF, effectively and
durably shrinking the spleen, markedly improving symptoms and overall well-being and
modestly prolonging survival. While the therapeutic armamentarium for MF today is still
largely limited to ruxolitinib, the current landscape of agents in clinical development, as
discussed in this review, is both diverse and exciting. Hopefully, regulatory approval of some
of these agents will follow in the near future. The use of ruxolitinib (in the context of a
clinical trial) in patients with less advanced disease for its putative disease-modifying effects
is also interesting and will shed additional light on the role of the JAK-STAT pathway in the
pathophysiology of MF.

8. EXPERT OPINION

The discovery of JAK2V617F in 2005 as the phenotypic driver mutation in the majority of
patients with MPN sparked the development of pharmacologic JAK2 inhibitors, culminating
in the approval of ruxolitinib in 2011. The success of ruxolitinib has shown that altering the
natural course of MF, the most clinically challenging of the MPN, is possible. Despite the
success of ruxolitinib in ameliorating MF-related symptoms and splenomegaly, thereby
substantially enhancing patients’ quality of life, there continue to be several areas of unmet
need in the therapy of MF. The survival benefit of ruxolitinib therapy is modest, and the drug
does not induce complete, partial or clonal remissions or regression of BM fibrosis in the
majority of patients. ASCT remains the only potentially curative modality, and should be
offered to eligible patients despite its risks in the absence of medical therapies that can
achieve long-term disease control in the majority of patients, such as in chronic myeloid
leukemia (CML). Indeed, MF is much more genetically complex than CML, and although
JAK-STAT pathway activation is universal,(10) JAK2V617F is felt to not be the disease-
initiating mutation.(124, 125) However, data from the COMFORT studies, in particular the
survival benefit of ruxolitinib despite nearly universal crossover, argue for evaluation of this
agent in earlier stages of the disease.(45) Ruxolitinib is also typically used before ASCT at
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the present time in patients who are candidates for ASCT, although the optimal duration of
this remains unknown.(15)

Rational, mechanism-based combinations of ruxolitinib with other targeted therapies should
be and are being explored. Combination with HDACi is supported by sound preclinical
rationale, but successful translation of these concepts is somewhat limited by long-term
tolerability concerns with HDACI, especially since the disease-modifying effects of the latter
only seem to emerge with prolonged therapy.(126) Nevertheless, early results from the
ongoing phase I/11 trial of ruxolitinib and panobinostat appear promising.(116) Similarly,
there is strong preclinical data to support the combination of HSP90 inhibitors with JAK
inhibitors, (127, 128) but the former have proven difficult to develop as therapeutic agents
thus far, e.g., AUY922,(129) although efforts involving newer agents are ongoing. As noted
above, the combination of ruxolitinib with HMAs may hold particular promise for patients
with accelerated and blast phase disease.(130) Novel epigenetic modifiers such as
bromodomain inhibitors (e.g., CPI-0610) are in early phases of testing (NCT02158858), and
it is possible that this class of agents will be investigated in the future in combination with
ruxolitinib, perhaps initially in post-MPN AML. Although preliminary results of the
combination of ruxolitinib with the pan-PI3K inhibitor buparlisib do not clearly suggest a
benefit over ruxolitinib alone,(120) ruxolitinib is now being studied in combination with
selective inhibitors of the delta isoform of PI3K (NCT02718300, NCT02436135,
NCT02493530). However, experience in chronic lymphocytic leukemia with the PI3K$
inhibitor, idelalisib, suggests that immune-mediated toxicity, particularly hepatic, could be a
class effect of these agents.(131) The addition of the investigational hedgehog (smoothened)
inhibitor, sonidegib, did not appear to significantly improve upon the efficacy of ruxolitinib
monotherapy,(121) but ruxolitinib is now being combined with the approved (for advanced
basal cell carcinoma) agent, vismodegib (NCT02593760). The combination of ruxolitinib
with interferon-a is more intuitive, based on the latter’s ability, at least in ET and PV,(132)
to induce high remission rates, including molecular remissions, and is one that is definitely
worth exploring in MF (NCT02742324).

The anemia of MF which, at least early on, is compounded by ruxolitinib represents another
important therapeutic challenge in everyday practice.(133) The activin receptor 1A
antagonist drugs have been promising in correcting anemia in lower risk MDS, particularly
with ringed sideroblasts,(134) and could prove to be a very useful addition to the therapeutic
armamentarium for anemia of MF if substantial efficacy is demonstrated in the ongoing
study (NCT01712308). While momelotinib and pacritinib may be superior to ruxolitinib in
this regard, the “full clinical hold” placed on pacritinib is concerning, especially in the
context of multiple JAK inhibitors having been discontinued for toxicity reasons.(94) At this
time, further details from the PERSIST-2 study are eagerly awaited, as are data from the
phase 111 SIMPLIFY-1 and -2 studies of momelotinib. Results from the phase 1 portion of
the ongoing phase 1/2 trial of NS-018 are encouraging in that this agent demonstrates
efficacy in patients previously exposed to JAK inhibitors, and because a subset of patients
appears to have early improvement in BM fibrosis.(104) The type 11 JAK2 inhibitor,
CHZ868, is yet to enter the clinic, but holds promise in reversing at least some forms of type
1 JAK2 inhibitor resistance (i.e., persistence) based on the preclinical data.(106)
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Imetelstat initially engendered considerable interest, mainly due to the CRs and molecular
remissions described in the pilot study,(108) but the early enthusiasm has been tempered
somewhat by news of the 4.7 mg/kg cohort in the ongoing randomized phase Il study
(NCT02426086) closing and patients discontinuing therapy, owing to lack of efficacy.(135)
Although enrollment has been halted to the 9.4 mg/kg cohort, because of “encouraging
trends in efficacy”, those enrolled so far (about 20 patients) are to be continued on therapy
and evaluated again in six months.(135) Furthermore, the toxicity of this agent, particularly
myelosuppression, is of concern, and its mechanism of action remains somewhat obscure.
(108) In the limited experience to date, PRM-151 has demonstrated good tolerability and
durable efficacy in a proportion of patients,(110) and the unique mechanism of action of this
agent makes it an attractive option for patients who fail or are unable to tolerate JAK2
inhibitors.
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Figure 1. Optimizing myelofibrosis therapy. Potential combination partners of ruxolitinib that
have been or are being studied in clinical trials

Abbreviations: Imids, immunomodulatory agents, e.g., thalidomide, lenalidomide,
pomalidomide. ActRIIA ligand traps, activin receptor type 1A ligand traps, e.g., sotatercept,
luspatercept; HMAS, hypomethylating agents, e.g., azacitidine, decitabine; HDAC inhibitors,
histone deacetylase inhibitors, e.g., panobinostat, pracinostat; PI3 kinase inhibitors,
phophsatidylinositol-3-kinase inhibitors, e.g., buparlisib, INCB050465.
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Table 1
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Clinicaltrials.gov number Drug Phase Major inclusion criteria Comments

NCT02515630 Momelotinib 1l PMF or post-PV/ET MF 21-day washout from prior
requiring therapy, int-2 or | JAK inhibitor; grade > 2
high risk, or int-1 risk peripheral neuropathy not
with symptomatic allowed
organomegaly,
transfusion-dependent,
platelets > 50 x 109/L

NCT02124746 Momelotinib 1l Long-term extension Patients can receive
study for patients with momelotinib for up to 4 years
PMF, post-PV/ET MF, PV
or ET who have tolerated
momelotinib and achieved
at least stable disease on a
previous trial

NCT01969838 (SIMPLIFY-1) Momelotinib vs. ruxolitinib | 111 PMF or post-PV/ET MF Frontline, head to head study;
requiring therapy, int-2 or | patients must be JAK
high risk, or int-1 risk inhibitor-naive; grade = 2
with symptomatic peripheral neuropathy not
organomegaly, anemia allowed
(Hgb < 10 g/dL), and/or
unresponsive to available
therapy; plts = 50 x 109/L,
ANC > 0.75 x 10%L, <
10% peripheral blasts

NCT02101268 (SIMPLIFY-2) Momelotinib 11 PMF or post-PV/ET MF, Comparator is BAT; grade = 2
spleen palpable =5 cm peripheral neuropathy not
below LCM, int-2 or high allowed; designed for
risk, or int-1 risk with ruxolitinib failures and
symptomatic ruxolitinib-intolerant patients
organomegaly, < 10%
peripheral blasts, ANC >
0.75 x 10%/L, current or
prior ruxolitinib required

NCT02564536 Pacritinib (200 mg bid) 0 (pilot) | Intermediate or high risk . Decitabine

plus decitabine PMF or post-PV/ET MF administered

who are unresponsive to subcutaneously
or unable to receive ondays 1,5, 8,
current therapy, or 12, 15, 19, 22,
MDS/MPN patients; ANC and 26 of a 28-
>0.5 x 10%/L, < 20% BM day cycle.
blasts

NCT01423851 NS-018 1 PMF or post-PV/ET MF . Phase I results

requiring therapy; prior
JAK?2 inhibitor therapy
required, R/R or
intolerant; ANC > 1 x
10%L, plts > 25 x 10%/L

published(104)

NCT02055781 (PERSIST-2)(99)

Pacritinib (400 mg daily or
200 mg bid)

Intermediate or high risk
MF with plts < 100 x
10%/L, spleen palpable = 5
cm below LCM, MPN
SAFTSS =13

Comparison arm is BAT;
cannot have had > 2 prior
JAK2 inhibitors

NCT01773187 (PERSIST-1)(97, 98)

Pacritinib (400 mg daily)

Intermediate or high risk
MF, spleen palpable = 5
cm below LCM, MPN
SAFTSS = 13

Comparison arm is BAT; prior
JAK?2 inhibitor not allowed

*
Does not include trials involving stem cell transplant.

Abbreviations: MF, myelofibrosis; PMF, primary myelofibrosis; PV, polycythemia vera; ET, essential thrombocythemia; ANC, absolute neutrophil
count; plt, platelet; JAK, Janus kinase; MDS, myelodysplastic syndrome; MPN, myeloproliferative neoplasm; bid, twice daily; Hgb, hemoglobin;
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R/R, relapsed/refractory; BAT, best available therapy; LCM, left costal margin; MPN SAF TSS, myeloproliferative neoplasm symptom assessment
form total symptom score. Modified with permission from JNCCN-Journal of the National Comprehensive Cancer Network [136]: Bose P,
Verstovsek S. Drug Development Pipeline for Myeloproliferative Neoplasms (MPN): Potential Future Impact on MPN Guidelines and
Management. JNCCN 2016. In press.
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