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Abstract

Purpose of Review The management of myelofibrosis is risk-adapted when considering transplant eligibility and symptom-
directed, prioritizing the most burdensome symptoms for the patient. Unfortunately, myelofibrosis-anemia is common,
multifactorial in its origin, and impactful regarding prognosis. While clinical trials are advised, not all patients have con-
venient access, and therefore, hematologists should be aware of the data supporting the use of conventional agents such as
erythropoietin-stimulating agents, steroid treatments (danazol and prednisone), and immunomodulatory drugs (thalidomide
and lenalidomide). This review summarizes the conventional approach to treating myelofibrosis-anemia and highlights recent
data from 3 novel agents that are under phase 3 evaluation.

Recent Findings Momelotonib is a JAK1/2 and ACVR1 inhibitor that has demonstrated not only improvements in spleno-
megaly and symptoms, but also amelioration of anemia on the SIMPLIFY 1 and 2 clinical trial program. This may occur
through suppression of hepcidin production. Luspatercept promotes late-stage hematopoiesis, and the phase 2 study has
shown promise in ameliorating anemia as a monotherapy, and especially in combination with ruxolitinib. Finally, CP-0160,
a BET inhibitor, has shown efficacy as an anemia-directed agent, when used as monotherapy and in combination. This agent
reduces cytokine production and promotes erythroid differentiation. Results have been presented for patients previously
treated with JAK inhibitors, as well as those who were naive to JAK inhibitor therapy.

Summary Safety and effectiveness are reviewed for both conventional and selected novel agents used in the treatment of
MF-anemia. A practical approach to treatment is presented, and data from ASH 2020 are presented.
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Introduction for progression to overt fibrotic or leukemic phase. Rec-

ognizing these shared features, Dr. William Dameshek

The myeloproliferative neoplasms (MPNs) are stem cell-
derived clonal disorders characterized by myeloid prolif-
eration, with shared clinical consequences that include a
significant symptom burden that impacts the quality of life,
a thrombotic and/or hemorrhagic tendency, organomegaly
(usually hepatomegaly or splenomegaly), and the possibility
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first proposed that essential thrombocythemia (ET), poly-
cythemia vera (PV), and myelofibrosis. (PMF) be classified
together [1]. Dr. Dameshek also suggested that these entities
had a shared pathogenesis, likely due to a “myelostimula-
tory factor” [1]. Of course, he was correct, though it took
more than 50 years before the molecular pathogenesis of
the MPNs was defined. It is now clear that ET, PV, and
MF harbor driver mutations (JAK2 V617F, CALR, or MPL)
which lead to JAK-STAT dysregulation; additional non-
JAK-STAT pathway mutations are often present and impact
prognosis [2]. Recognition of JAK-STAT dysregulation in
the MPNss led to the development of JAK inhibitors, which
are approved for use in polycythemia vera and myelofibrosis.
Two agents are commercially available, including ruxolitinib
and fedratinib, and can help address inflammation-associated
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symptoms and splenomegaly (and phlebotomy burden in
PV) but do not ameliorate cytopenias [3-7].

Unlike ET or PV, the course of MF is frequently compli-
cated by anemia. Anemia in MF can be multifactorial, due to
ineffective erythropoiesis, inflammatory iron sequestration,
splenic sequestration or hemolysis, and, occasionally, blood
loss (especially if there is portal hypertension). In addition
to impacting the clinical course, anemia has an adverse
impact on prognosis [8]. Management of anemia represents
an unmet treatment need—unfortunately, currently avail-
able JAK inhibitors can exacerbate rather than ameliorate
anemia. Conventional agents to treat MF-anemia offer mod-
est responses, often lacking in durability. In this review, a
practical approach to managing anemia is presented, with
attention to conventional agents as well as three promising
anemia-directed treatments on the horizon, tested in phase 3
(momelotonib, luspatercept, CPI-0610) (Fig. 1).

Standard Therapy

Prior to considering conventional agents to treat MF-anemia,
potentially reversible, co-existing causes of anemia should
be evaluated for and managed, if possible [9]. These causes
typically include vitamin/mineral deficiencies (iron, B12,
and/or folate deficiency) and blood loss. The latter is an
important cause in MPN patients with portal hypertension,
due to prior abdominal venous thrombosis, marked sple-
nomegaly, or extramedullary hematopoiesis involving the
liver. Hemolysis should be excluded, but direct antiglobulin
test-positive hemolysis is very rarely identified [10]. With
respect to supportive care, red cell transfusions are indi-
cated to relieve symptoms from anemia, and leuko-reduced
blood products are especially important for patients con-
templating future stem cell transplantation [9]. While iron
chelation is to be considered for patients that have received

Fig. 1 The management of MF
anemia requires the exclusion

more than 20 units of packed red cells, and/or with a ferritin
of 2500 ng/ml or more, the overall impact in MF remains
unknown [9]. A recently published retrospective study of
45 MF patients treated with deferasirox demonstrated that
29% had a response to iron chelation (ferritin < 1000 mg/1
or 50% reduction from baseline), and 43% had an erythroid
response (17% with transfusion independence; 27% with
a partial reduction in transfusion burden or hemoglobin
increase) [11e]. Toxicity was noted in 20 (44%) of patients,
and 24% discontinued because of grade 2 or more toxicity.
Clearly, prospective studies are needed, but this retrospective
study supports observations of improved hematopoiesis with
iron chelation [11e].

Erythropoietin-Stimulating Agents

Erythropoiesis-stimulating agents (e.g., darbepoetin alfa or
epoetin alfa) are considered as appropriate options when
the serum erythropoietin (Epo) level is <500 mU/ml [9].
While the NCCN guidelines emphasize the importance of
the baseline Epo level, there are additional risk factors that
may influence the response. The aim of a multi-center ret-
rospective study of 163 MF patients treated with ESAs for
anemia (transfusion-dependent or Hb < 10 g/dl at the start
of ESA) was to report predictors of response [12]. In all
but 16 patients, Epo levels were below 125 mU/ml, and
90% of patients started with standard doses of recombinant
Epo (20,000-40,000 units per week) or darbepoetin-alpha
(150mcg/week). Nearly half (72/147 patients) required dose
escalation after 4—8 weeks of therapy. Anemia response was
achieved in 86 patients (53%), including 7 of 24 patients
dependent on transfusions; response rates were similar
whether or not patients were taking JAK inhibitors with ESA
therapy (62.5% vs 50%, p=0.16) [12]. In the multivariate
analysis, only female sex (OR 3.64, p=0.007), leukocyte
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count>10x 10%/1 (OR 2.99, p=0.033), and serum ferritin
level <200 ng/ml (OR 4.35, p=0.002) predicted response.
Among the 86 responders, the median duration of response
was 19.3 months. With over 373 patient-years of follow-up,
9 patients (2.41 per 100 patient-years) experienced throm-
botic events (6 arterial, 3 venous)—this was felt comparable
to the thrombotic rate in MF at large [12]. Finally, one-quar-
ter of the patients experienced an increase in spleen size by
2 cm or more, though this was not always attributed to ESA
treatment alone [12].

Another multicenter retrospective study evaluated the
safety and efficacy of ESA therapy with concurrent rux-
olitinib [13]. Among 59 patients, the anemia response was
54%, achieved by a median of 4 months. Similar response
rates were noted among patients starting ESA therapy within
3 months of ruxolitinib therapy or after 3 months of rux-
olitinib initiation [13]. Though not statistically significant,
anemia responses appeared more likely in patients that expe-
rienced a reduction in splenomegaly with ruxolitinib. Here,
the only predictor of an anemia response was a lower base-
line Epo level (< 125 mU/ml); neither disease risk, ferritin,
mutational profile, age, disease duration, nor transfusion
dependency impacted response [13]. No thrombotic events
were noted, and an increase in spleen size was only noted
in 1 patient.

Steroid Treatment

In the event of an increased baseline Epo level, or should
an ESA fail to address anemia, steroid therapy is another
option to treat MF-anemia. In a retrospective analysis of 30
MF (27 primary MF, 3 post-ETMF) patients treated with
prednisone (0.5-1 mg daily, then tapered to minimum effec-
tive dose), 12 patients responded, typically after a median
of 1.1 months, with duration for a median of 12.3 months
[14]. Three of 11 patients with baseline thrombocytopenia
improved their platelet count by at least 50 10%/1. Investiga-
tors reported lower response rates in patients with constitu-
tional symptoms or > 2% peripheral blasts, but these asso-
ciations lacked statistical significance. Laboratory features
suggesting hemolysis did not predict response either. There
was no difference in response when considering a baseline
prednisone dose of either 0.5 mg/kg or 1 mg/kg [14].
Danazol, a semi-synthetic androgen, is another option
for the treatment of MF-anemia. A retrospective study
has evaluated outcomes among 50 consecutively treated
patients, including 23 who received first-line danazol
[15]. The dose was 600 mg daily for 6 months, followed
by a reduction to 400 mg daily X 6 months, and then a
taper to the minimum effective dose which was usually
200 mg daily. Using accepted response criteria, anemia
responses were seen in 15 patients (30%), including 5 of

27 that were transfusion-dependent. The time to response
was 5 months, and the median duration of response was
14 months. An overall thrombocytopenia response of 23%
was also observed (3/13 with platelet counts < 100 X 10°/1)
[15]. No baseline variable was considered predictive of
response, though there was a trend toward worse response
among transfusion-dependent patients. The most com-
mon adverse event included liver function abnormalities
of grade 1 or 2 severity though 2 patients developed severe
cholestatic liver injury; 1 patient developed prostate cancer
and another developed liver peliosis, resulting in discon-
tinuation [15].

Danazol has also been studied as an agent in com-
bination. With a potential aim of offsetting treatment-
induced anemia, danazol was combined with ruxolitinib
in a prospective study of 14 patients [16]. Here, the most
common response was that of stable disease (9 patients,
64.2%) as opposed to clinical improvement in anemia. In
another study of 88 patients, when danazol was added to
thalidomide/prednisone (N =42), anemia response rates
were 71% compared to 46% (p =0.014) in those receiving
thalidomide/prednisone alone [17]. In this retrospective
study, authors reported a median of 2 months to response
in both groups, but a longer duration of response in the
triple therapy group (HR 2.18) [17].

Immunomodulatory Drugs

Thalidomide or lenalidomide are considered if ESA and/
or androgen/steroid therapy fails to ameliorate anemia. A
prior phase 3 study of pomalidomide versus placebo did not
demonstrate benefit [18]. Modest efficacy has been noted
with thalidomide and lenalidomide in prior studies [19, 20].
More recently, a single-center, retrospective study includ-
ing 176 patients treated with either thalidomide (N=79) or
lenalidomide (N=97) between 1998 and 2019 has been pub-
lished [21e]. Most patients were treated concurrently with
steroids. Patients treated with thalidomide were more likely
to have thrombocytopenia and have higher risk of disease.
Splicing mutations were identified in 41% and 61% of lena-
lidomide- and thalidomide-treated patients, respectively;
the latter group was more likely to have SRSF2 or U2AF1
mutations [21e]. Clinical benefit was noted in 49% (16%
became transfusion-independent) and 42% (11% became
transfusion-independent) of lenalidomide- and thalidomide-
treated patients, respectively. There was no predictive vari-
able regarding a response or lack thereof. Adverse events
were not explicitly discussed, due to the retrospective nature
of the study, but the median treatment duration was 4.9
and 3.8 months for lenalidomide- and thalidomide-treated
patients, respectively [21e].
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Novel Agents
Momelotonib

Momelotonib is a JAK1/2 and ACVRI inhibitor under
investigation for myelofibrosis. This agent holds promise
given the possibility of not only ameliorating symptoms
and splenomegaly, but also addressing anemia. While JAK
inhibition is typically associated with myelosuppression,
this agent may address iron dysregulation. Preclinical
work has shown that momelotonib inhibits the interleu-
kin-6/JAK-STAT pathway, as well as the BMP6-ACVR1/
SMAD signaling pathways, both of which upregulate
hepcidin production [22e, 23]. Elevated hepcidin results
in a functional iron deficiency, as seen in the anemia of
inflammation. With suppression of hepcidin, the ferropor-
tin channel opens, improving iron availability. This is the
suspected mechanism by which momelotonib may actually
improve anemia in some MF patients.

Momelotinib has been studied in randomized clini-
cal trials. In SIMPLIFY-1, momelotonib 200 mg daily
was compared to ruxolitinib in 432 JAK inhibitor-naive
patients [24]. The mean hemoglobin was 10.6 and 10.7 g/
dl respectively in the momelotinib and ruxolitinib groups,
and a similar proportion were transfusion-dependent
(24.7% and 24%, respectively). The effect on anemia was
analyzed as a secondary endpoint. More patients were
transfusion-independent at week 24 in the momelotinib
versus ruxolitinib groups (66.5% versus 49.3%, p <0.001);
fewer patients were transfusion-dependent at week 24 in
the momelotinib versus ruxolitinib groups (30.2% vs.
40.1%, p=0.019) [24]. The median rate of red cell trans-
fusions was 0 units/month in the momelotonib group,
compared to 0.4 units/month in the ruxolitinib group
(p<0.001) [24]. SIMPLIFY-2 compared momelotonib
with the best available therapy (BAT) in patients previ-
ously treated with ruxolitinib [25]. Similarly, the impact
on anemia was evaluated as a secondary endpoint. Here,
baseline hemoglobin values were similar in momelotinib
versus BAT (9.4 vs 9.5 g/dl), though more patients in the
momelotonib group had hemoglobin values < 8 g/dl (26%
vs. 11%). Fifty-six and 52% of patients in the momelo-
tonib and ruxolitinib groups, respectively, were transfu-
sion-dependent. Following treatment, more patients in the
momelotinib group were transfusion-independent at week
24, compared to the BAT arm (43% vs. 21%, p=0.0012)
[25]. Forty percent of the momelotonib-treated patients
did not require transfusion during the study, compared to
27% of patients treated with ruxolitinib. The median rate
of RBC transfusion was 0.5 units per month compared to
1.2 units per month, in the momelotonib versus ruxolitinib
groups, respectively (p =0.39) [25].
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In a subsequently published multicenter, open-label
phase 2 study, momelotonib 200 mg daily was evaluated
in 41 transfusion-dependent MF patients [22e]. Seventeen
of 41 (41%) achieved transfusion independence for at least
12 weeks. As proof of concept, investigators measured hep-
cidin levels which decreased as soon as 6 h after drug admin-
istration, and downward trends were noted over the 24-week
study period. Iron levels increased by week 2 in responding
patients [22e]. Further, reductions in C-reactive protein were
noted, consistent with the anti-inflammatory effect. Though
there was missing data, total symptom score and spleno-
megaly responses were noted in 29% and 19% of patients,
respectively. The safety profile was in keeping with prior
reports, including > grade 3 anemia and neutropenia in 12%;
12% (all grade 1) experienced peripheral neuropathy [22e].
The MOMENTUM study, which is currently underway, is
a randomized, double-blind study comparing momelotonib
with danazol (NCT04173494).

Luspatercept

Having been previously approved for the treatment of
myelodysplastic syndrome with ring sideroblasts as well
as transfusion-dependent beta-thalassemia, luspatercept is
now under evaluation in myelofibrosis-anemia. The mecha-
nism of action is unique—unlike recombinant erythropoietin
which works at earlier stages of hematopoiesis, luspatercept
promotes later stages of hematopoiesis. This occurs through
the binding of TGF- superfamily ligands to decrease sign-
aling by SMAD2 and SMAD3, which otherwise inhibit red
cell maturation.

Results from the open-label phase 2 study (ACE-
536-MF-001) in myelofibrosis-associated anemia were
presented at the American Society of Hematology annual
meeting in 2019 and 2020. In the first update (2019), 74
patients were enrolled into 4 cohorts, depending on the use
of ruxolitinib and transfusion dependence [26]. Cohorts
1 and 2 received luspatercept as monotherapy; the former
were not transfusion-dependent (cohort 1, N=20) while the
latter received 2—4 units of blood in the 3 months prior to
treatment (cohort 2, N=21). Cohorts 3A and 3B received
a stable dose of ruxolitinib; cohort 3A patients were not
receiving transfusions, while cohort 3B received transfu-
sions. Luspatercept was administered each 21 days, start-
ing at 1 mg/kg, increasing to the maximal dose of 1.75 mg/
kg [26]. Most patients were older (median 71 years) and
classified as intermediate-2 or high risk by DIPSS classifi-
cation. Among the transfusion-independent patients, 10%
and 21% of cohort 1 and 3A (combination) patients experi-
enced a Hgb increase of at least 1.5 g/dl, respectively. Of the
transfusion-dependent patients, 10% and 32% of cohorts 2
(monotherapy) and 3B (combination therapy) achieved red
cell transfusion independence over any 12-week period,
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respectively. Treatment-related adverse events included
hypertension (11%), bone pain (8%), and diarrhea (4%) [26].

At the American Society of Hematology 2020 Annual
Meeting, updated results from 43 transfusion-dependent
patients were presented [27]. Patients in cohort 2 (mono-
therapy) and 3B (ruxolitinib) received a median of 8 cycles
of luspatercept. With respect to the primary endpoint, 2/21
(10%) and 6/22 (27%) achieved transfusion independence
during a consecutive 12-week period. The median duration
of response was 49 and 42 weeks, respectively. The authors
noted that 4/15 (27%) and 8/15 (57%) in cohorts 2 and 3B,
respectively, experienced clinical benefit and extended
therapy [27]. Luspatercept is being compared to placebo in
patients on JAK? inhibitor therapy who require transfusions
in the INDEPENDENCE trial (NCT04717414).

CPI-0610 (Now Also Known as Pelabresib)

Bromodomain and extraterminal domain (BET) protein
inhibition is another promising strategy to ameliorate MF-
anemia. Preclinical data have implicated aberrant NF-k3
signaling in MPN disease pathogenesis, leading to increased
cytokine production and bone marrow fibrosis; BET inhibi-
tion has been shown to reduce NF-«f signaling and cytokine
production in vitro and reduce cytokine production, disease
burden, and marrow fibrosis when combined with a JAK
inhibitor in a mouse model [28]. These preclinical data
provide a rationale for use in MF patients. CPI-0610 is a
BET inhibitor in clinical development, with a mechanism of
action that involves the reduction in cytokine production and
promotion of erythroid and megakaryocytic differentiation
through BET protein and NF-kf} inhibition.

The agent is under investigation through the MANIFEST
clinical trial program, which includes monotherapy and
combination therapy arms (with ruxolitinib), for transfusion-
dependent and transfusion-independent patients. Updated
results have been presented at the ASH 2020 annual meeting.
Patients in arm 1 were intolerant or refractory, lost response
to, or were ineligible for JAK inhibitors and treated with
monotherapy; patients were further stratified by transfusion-
independent (non-TD, N=27) or transfusion-dependent
(TD, N=16) status [29]. Among the non-TD patients, the
mean age was 68.3 years, and 81.4% had DIPSS intermedi-
ate 2 or high-risk disease. Nearly 52% had high molecular
risk mutations, and 63% had a Hgb < 10 g/dl. Eleven of 19
patients experienced an at least 1.5 g/dl increase in hemo-
globin. Of the 16 TD patients (mean age 71.9, 93.8% DIPSS
intermediate-2 or higher risk disease, 56.3% high-molecular
risk mutations), 3 (21.4%) converted to non-TD status. Com-
mon adverse events included thrombocytopenia (25.6%, 14%
grade 3 or 4), anemia (11.6%, 9.3% grade 3 or 4), nausea
(32.6%), and diarrhea (30.2%, 4.7% grade 3 or 4) [29].

Patients in arm 2 received CPI-0610 as an add-on to rux-
olitinib in patients with a suboptimal response, after at least
6 months of ruxolitinib treatment, and 8 weeks of a stable
dose [30]. Here, 44 patients were treated in the TD cohort
(95.5% Hgb < 10 g/dl, 97.7% with DIPSS intermediate-2
or high-risk disease, 52.3% with high-molecular risk muta-
tions). At the time of presentation, 11/32 (34.4%) became
transfusion-independent. Results were presented for spleen
volume improvement (22.2%) and symptom improvement
(36.8%), but not hemoglobin improvement in 26 non-TD
combination therapy patients. In this cohort, the most com-
mon AEs included thrombocytopenia (47.1%; 24.3% grade
3/4), anemia (11.4%, 8.5% grade 3 or 4), nausea (35.7%),
cough (24.3%), and fatigue (22.9%) [30].

Finally, JAK inhibitor treatment-naive patients in arm 3
received the combination of CPI-0610 and ruxolitinib [31].
At the time of the ASH 2020 presentation, 64 patients had
been treated (mean 67.1 years, 75% DIPSS intermediate-2
or higher risk disease, 64.1% with Hgb < 10 g/dl, 53.1% with
high-risk mutations) with the combination (median ruxoli-
tinib dose 10 mg BID, CPI-0610 125 mg daily). Hemoglobin
improvements in all patients and in non-TD patients were
reported, but results were not quantified in the abstract pres-
entation [31]. At the meeting, the investigators reported that
16/48 (33%) patients had an at least one grade improvement
in their bone marrow fibrosis, with most (14/16) changes
occurring in the first 6 months of the combination. The most
common AEs included anemia (23.4%; 17.2% grade 3 or
4), thrombocytopenia (20.3%; 4.7% grade 3 or 4), diarrhea
(26.6%), respiratory tract infections (18.8%, 4.7% grade 3 or
4), and nausea (18.8%) [31].

Demonstration of efficacy and safety in these 3 arms
has led to the continued development of CPI-0610. In the
MANIFEST-2 phase 3 study, CPI-0610 plus ruxolitinib
will be compared to placebo plus ruxolitinib in JAK inhibi-
tor—naive MF patients with at least DIPSS intermediate-1
disease, splenomegaly by imaging, and symptomatic MF
(NCT04603495).

Conclusion

The management of MF-anemia remains an unmet clinical
need. In part, the challenge lies in the multifactorial set of
etiologies for MF-anemia and the lack of effective agents.
An algorithmic approach includes the exclusion of revers-
ible causes, followed by treatment sequences influenced by
the baseline erythropoietin level. In patients with lower Epo
levels, ESA therapy is first administered, followed by steroid
treatment (danazol or prednisone) in the event of treatment
failure. Thalidomide or lenalidomide are typically consid-
ered thereafter.
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Unfortunately, these conventional options offer only mod-
est responses, often with a limited duration of effectiveness.
Clearly, novel treatments for MF-anemia are needed, and
thankfully, there are three agents in phase 3 clinical trials
that hold promise in the treatment of MF anemia. Impor-
tantly, these agents appear tolerable and effective when

combined with JAK inhibitor therapy, often a backbone of

MF therapy, when symptoms and splenomegaly are present.
Hematologists will eagerly await results from the phase 3
evaluation of these novel agents.
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