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Abstract

Background: Myelofibrosis (MF) can be primary (PMF) or sec-
ondary (SMF), with PMF driven by Janus kinases-signal transducer
and activator of transcription proteins (JAK-STAT) pathway activa-
tion due to Janus kinase 2 (JAK?2), the thrombopoietin receptor gene
(myeloproliferative leukemia virus oncogene (MPL)), or calreticulin
(CALR) mutations. Nearly 50% of PMF patients experience anemia
(hemoglobin (Hb) < 10 g/dL), often worsened by JAK inhibitors like
ruxolitinib and fedratinib. Momelotinib, an oral ACVRI1, JAK1, and
JAK?2 inhibitor, improves anemia, symptoms, and splenomegaly, like-
ly through hepcidin regulation. This review evaluates its efficacy and
safety, with a focus on anemia.

Methods: A systematic review and meta-analysis were conducted
following the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines, including randomized con-
trolled trials (RCTs) and clinical studies assessing momelotinib’s effi-
cacy and safety. Primary outcomes included spleen volume reduction
(= 35%) and anemia response (transfusion independence). Secondary
endpoints included symptom burden reduction and safety.

Results: Six studies, including three RCTs, met inclusion criteria.
Meta-analysis showed momelotinib was noninferior to ruxolitinib in
spleen volume reduction but superior in anemia benefits, increasing
transfusion independence (odds ratio (OR): 2.09; 95% confidence
interval (CI): 1.53 - 2.85) and reducing transfusion dependence (OR:
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0.62; 95% CI: 0.45 - 0.84). Symptom burden reduction was com-
parable to other JAK inhibitors. Common adverse events included
dizziness (OR: 1.70; 95% CI: 1.05 - 2.74) and nausea (OR: 3.07;
95% CI: 1.82 - 5.18), with no significant increase in serious adverse
events.

Conclusions: Momelotinib improved anemia-related outcomes and
quality of life in MF without increased adverse events. However,
heterogeneity in control groups limited direct efficacy comparisons.
Larger studies are needed to confirm its effectiveness and safety.

Keywords: Myelofibrosis; Momelotinib; Anemia; Myeloprolifera-
tive neoplasms

Introduction

Myelofibrosis (MF) is a chronic myeloproliferative neoplasm
(MPN) characterized by progressive bone marrow fibrosis
(BMF), cytopenias, extramedullary hematopoiesis, and debili-
tating constitutional symptoms [1]. The disease is driven by
dysregulated signaling by Janus kinases-signal transducer and
activator of transcription proteins (JAK-STAT), commonly re-
sulting from mutations in Janus kinase 2 (JAK2), calreticulin
(CALR), or thrombopoietin receptor gene (myeloproliferative
leukemia virus oncogene (MPL)), leading to ineffective hemat-
opoiesis and chronic inflammation [2]. The clinical course of
MF is variable; some patients experience stable disease, while
others develop severe anemia, thrombocytopenia, or progres-
sion to acute myeloid leukemia (AML), which is associated
with a poor prognosis [3]. Current treatments mainly aim to
relieve symptoms and reduce spleen size, while disease-mod-
ifying approaches remain under investigation [4]. Ruxolitinib,
a JAK1/2 inhibitor, has been the foundation of MF treatment,
demonstrating significant improvements in symptom burden
and spleen volume reduction. However, its use is often lim-
ited by hematologic toxicities, particularly the worsening of
anemia and thrombocytopenia, which may require dose reduc-
tions or treatment discontinuation [5]. Other JAK inhibitors,
such as fedratinib and pacritinib, have expanded treatment op-
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tions, but each presents specific safety challenges. Given these
limitations, there remains an unmet need for therapies that pro-
vide symptom control while improving hematologic parame-
ters, particularly anemia [6]. Momelotinib, a selective JAK1/2
and activin A receptor type 1 (ACVR1) inhibitor, has emerged
as a promising therapy for MF by targeting anemia through
hepcidin suppression and enhanced erythropoiesis [7]. Clinical
trials have shown that momelotinib offers comparable spleen
volume reduction to ruxolitinib while providing superior ben-
efits for anemia, positioning it as a valuable option for patients
with transfusion dependence [8]. Despite these advantages,
uncertainties remain regarding its overall efficacy in symptom
improvement and potential for long-term disease modification.
This systematic review and meta-analysis aim to comprehen-
sively evaluate the efficacy and safety of momelotinib in MF,
with a particular focus on spleen volume reduction, symptom
burden, and anemia-related outcomes. By synthesizing data
from randomized controlled trials (RCTs) and clinical studies,
this analysis seeks to clarify momelotinib’s clinical role, high-
light its strengths and limitations, and inform future directions
for MF management.

Materials and Methods

Institutional Review Board approval was not required for this
study, as it is based entirely on publicly available data from
previously published studies. This article is based on previ-
ously conducted studies and does not contain any new studies
with human participants or animals performed by any of the
authors. This systematic review and meta-analysis followed
the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines [9] and the Cochrane
Handbook of Systematic Reviews and Meta-Analyses [10].
To minimize bias and ensure transparency, the study was reg-
istered with the International Registration of Systematic Re-
views (PROSPERO) under ID CRD4202459139.

A comprehensive search was conducted in PubMed, Sco-
pus, the Cochrane Central Register of Controlled Trials (CEN-
TRAL), and the US National Institutes of Health Ongoing Tri-
als Register (Clinical Trials.gov), covering all available records
up to July 2023. The search strategy included key concepts
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such as “myelofibrosis”, “thrombocytopenia”, “polycythemia
vera”, “momelotinib”, and “CYT387”, with a combination of
free-text terms, truncated words, and medical subject head-
ing (MeSH) terms. Boolean logic operators (AND, OR, NOT)
were used to refine the results, and a customized search strat-
egy was developed for each database (Supplementary Material
1, jh.elmerpub.com).

Interventionary studies involving animals or humans, and
other studies that require ethical approval, must list the author-
ity that provided approval and the corresponding ethical ap-
proval code.

Included studies were RCTs, open-label clinical trials,
or non-randomized clinical trials that enrolled adults (> 18
years) diagnosed with primary MF, post-essential thrombo-
cythemia MF, or post-polycythemia vera MF, according to
World Health Organization (WHO) criteria [11]. The interven-

tion was momelotinib administered at any dose, with compara-
tor groups including other available therapies, placebo, or no
treatment.

The primary outcome was a > 35% reduction in spleen
volume from baseline at week 24. Secondary outcomes in-
cluded the proportion of patients achieving a > 50% reduction
in total symptom score (TSS) based on the modified Myelo-
proliferative Neoplasm Symptom Assessment Form TSS diary
[12, 13], transfusion independence and dependence rates, and
overall response rate per the International Working Group-
Myeloproliferative Neoplasms Research and Treatment (IWG-
MRT) criteria [14]. Safety was assessed based on the incidence
of adverse events (AEs) [15]. Observational studies (cohort,
case-control, and cross-sectional) and descriptive reports (case
reports and case series) were excluded.

Search results were imported into EndNote, and dupli-
cates were removed. Two independent reviewers screened the
titles and abstracts, excluding non-eligible studies. Disagree-
ments during full-text screening and risk of bias assessment
were resolved through discussion and consensus among the
reviewers, with input from a third reviewer when needed. Full-
text screening was subsequently conducted by two additional
reviewers, with final eligibility decisions adjudicated when
needed. Reference lists of included studies were manually
searched for additional relevant articles.

Two independent reviewers performed data extraction us-
ing a pre-specified form. Extracted data included study char-
acteristics (country, study design, total participants, inclusion
criteria, primary outcome, and follow-up duration), baseline
patient characteristics (age, sex, body mass index (BMI),
race, ethnicity, MF subtype, IPSS risk category, JAK2V617F
mutation status, TSS, Eastern Cooperative Oncology Group
(ECOG) performance status, mean hemoglobin, platelet count,
and neutrophil count), efficacy outcomes (splenic response,
TSS response, transfusion dependence and independence
rates), and safety outcomes (AEs and serious adverse effects).
In multi-arm studies, data were extracted separately and ag-
gregated to obtain a single outcome measure.

Two reviewers independently assessed study quality us-
ing the Cochrane risk-of-bias tool (version 2) [16] for RCTs
and open-label trials, evaluating five domains: bias from ran-
domization, deviations from intended interventions, missing
outcome data, outcome measurement, and selective reporting.
For non-randomized trials, the Risk of Bias in Nonrandomized
Studies of Interventions (ROBINS-I) tool [17] was used to
assess seven domains, including confounding, participant se-
lection, intervention classification, deviations from intended
interventions, missing data, outcome measurement, and selec-
tive reporting. Risk of bias for each domain was classified as
low, unclear, or high.

Meta-analysis was performed using R software (version
4.3.1). Odds ratios (ORs) with 95% confidence intervals (Cls)
were calculated, with statistical significance set at P < 0.05.
Heterogeneity was assessed using the 12 statistic, with thresh-
olds of <25% indicating low heterogeneity, 25-75% indicating
moderate heterogeneity, and > 75% indicating high heteroge-
neity [10]. A random-effects model was used when heteroge-
neity was significant, and subgroup analyses were conducted
when feasible [18]. In the absence of significant heterogeneity,
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a fixed-effects model was applied [19]. Sensitivity analyses
were performed to identify heterogeneity sources.

Results

Search results and study selection

The database search retrieved 433 records. After removing 44
duplicates, 389 records remained for screening. Following ti-
tle and abstract review, 36 articles were selected for full-text
evaluation, and six studies met the inclusion criteria. These in-
cluded three double-arm RCTs and three single-arm clinical
trials [20-26] (Fig. 1). Risk of bias assessments for RCTs and
single-arm trials are detailed here (Supplementary Materials 2,
3, jh.elmerpub.com).

Characteristics of included studies

Six studies investigated the efficacy and safety of momelotin-
ib, with three RCTs [21-23] comparing momelotinib to a con-
trol group (included in the meta-analysis) and three single-arm
studies [20, 24-26] reported in a qualitative synthesis (Sup-
plementary Material 4, jh.elmerpub.com). Baseline character-
istics of participants across included trials are presented here
(Supplementary Material 5, jh.elmerpub.com), while details
the outcomes characteristics for each study are detailed here
(Supplementary Material 6, jh.elmerpub.com).

Efficacy outcomes

Momelotinib did not significantly improve the overall re-
sponse rate compared to the control group (OR: 1.80; 95% CI:
0.72 - 4.46) (Supplementary Material 7, jh.elmerpub.com).
The splenic response rate was also not significantly different
(OR: 1.96; 95% CI: 0.53 - 7.25) (Fig. 2). Given the high heter-
ogeneity (I> = 75%), a random-effects model was applied, and
sensitivity analysis identified NCT04173494 as a major source
of heterogeneity (Supplementary Material 8a, jh.elmerpub.
com). However, momelotinib significantly increased transfu-
sion independence (OR: 2.09; 95% CI: 1.53 - 2.85) (Fig. 3)
and reduced transfusion dependence (OR: 0.62; 95% CI: 0.45
- 0.84) (Fig. 4). No significant effect was observed for TSS re-
sponse rate (OR: 2.02; 95% CI: 0.51 - 8.00) (Fig. 5), with high
heterogeneity (I> = 90%) attributed to NCT01969838 (Sup-
plementary Material 8b, jh.elmerpub.com). Due to the limited
number of studies, subgroup analyses were not conducted.

Safety outcomes

Momelotinib did not significantly alter the overall incidence
of AEs (OR: 1.13; 95% CI: 0.39 - 3.30) (Supplementary Ma-
terial 9a, jh.elmerpub.com). However, dizziness (OR: 1.70;
95% CI: 1.05 - 2.74) (Supplementary Material 9b, jh.elmer-
pub.com) and nausea (OR: 3.07; 95% CI: 1.82 - 5.18) (Sup-

plementary Material 9c, jh.elmerpub.com) were more com-
mon in the momelotinib group. There were no significant
differences in drug discontinuation (OR: 2.34; 95% CI: 0.53
- 10.38) (Supplementary Material 9d, jh.elmerpub.com), mor-
tality (OR: 0.73; 95% CI: 0.43 - 1.23) (Supplementary Mate-
rial 9e, jh.elmerpub.com), dose reduction (OR: 0.89; 95% CI:
0.23 - 3.46) (Supplementary Material 10a, jh.elmerpub.com),
or serious AEs (OR: 1.21; 95% CI: 0.81 - 1.82) (Supplemen-
tary Material 10b, jh.elmerpub.com). High heterogeneity was
observed in several safety outcomes, with sensitivity analyses
identifying specific studies as contributors (Supplementary
Material 11a-f, jh.elmerpub.com).

Discussion

This systematic review and meta-analysis evaluated the effi-
cacy and safety of momelotinib in the treatment of MF, with
a focus on its effects on anemia, splenic response, and symp-
tom burden. MF is a chronic MPN characterized by progres-
sive BMF, cytopenias, and constitutional symptoms [27, 28].
While ruxolitinib has been the standard JAK inhibitor for
symptomatic MF [29], its limited impact on anemia has led to
the exploration of alternative therapies such as momelotinib,
a JAK1/2 and ACVRI1 inhibitor [30]. Our findings highlight
momelotinib’s distinct clinical profile, particularly its benefits
for anemia, while identifying areas where its efficacy is com-
parable or inferior to existing therapies.

Ruxolitinib, the first approved JAK inhibitor, targets
JAK1, JAK2, and tyrosine kinase 2 (TYK2) [31]. Pivotal
clinical trials, including COMFORT-I and COMFORT-II, led
to its Food and Drug Administration (FDA) approval in 2011
for intermediate- and high-risk MF [29]. However, its use is
often limited by AEs such as anemia, thrombocytopenia, non-
melanoma skin cancers, infections, and hyperlipidemia [32].
Fedratinib, which targets JAK2, JAK3, and FMS-like tyros-
ine kinase 3 (FLT3), was approved in 2019 based on the JA-
KARTA-2 and FREEDOM trials and is associated with gas-
trointestinal toxicity, thiamine deficiency, and cytopenias [33].
Pacritinib, targeting JAK?2, interleukin-1 receptor-associated
kinase 1 (IRAK1), and ACVRI, was approved in 2022 for MF
patients with platelet counts below 50 x 10%/L, based on the
PERSIST-1, PERSIST-2, and PAC-203 trials, but carries risks
of gastrointestinal side effects, cardiac events, QT prolonga-
tion, and hemorrhage [34]. Momelotinib, distinct in its ability
to address anemia, was approved in 2023 for intermediate- and
high-risk MF with anemia based on the SIMPLIFY-1, SIM-
PLIFY-2, and MOMENTUM trials, with key AEs including
gastrointestinal disturbances and cytopenias [35].

A major advantage of momelotinib demonstrated in this
analysis is its impact on transfusion independence. Our me-
ta-analysis showed a significant increase in transfusion in-
dependence (OR: 2.09; 95% CI: 1.53 - 2.85) and a reduction
in transfusion dependence (OR: 0.62; 95% CI: 0.45 - 0.84),
emphasizing its role in addressing anemia, a critical issue for
MF patients. These results align with the MOMENTUM trial,
which demonstrated that momelotinib significantly improved
anemia-related outcomes compared to danazol [23]. Addi-
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Figure 1. PRISMA chart of the reported studies showing the search selection strategy and exclusion criteria. PRISMA: Preferred

Identification of studies via databases and registries

Identification

Screening

Included

Records identified from:
PubMed (n=81)
Scopus (n=293)
Cochrane Library (n =48)
ClinicalTrials.gov (n=11)
Total (n=433)

v

Records screened

(n=389)

Reports sought for retrieval

(n=38)

Reports assessed for eligibility
n=36)

Studies included in review

(n=6)

Studies included in meta-analysis
n=3)

Reporting ltems for Systematic Reviews and Meta-Analyses.

Duplicate records removed (n

> =44)
N Records excluded
(n=351)
) Reports not retrieved
(n=2)
Reports excluded:
—

Duplicates (n=12)

Irrelevant study population
(n=2)

Irrelevant study design (n=4)
Protocol (n=3)

Articles © The authors | Journal compilation © ] Hematol and Elmer Press Inc™ | = https://jh.elmerpub.com

217



Efficacy and Safety of Momelotinib in MF

| Hematol. 2025;14(4):214-222

Experimental Control Odds Ratio Odds Ratio
Study Events Total Events Total Weight MH, Random, 95% ClI MH, Random, 95% CI
NCT01969838 57 184 63 204 422% 1.00[0.65; 1.55]
NCT02101268 7 104 3 52 29.4% 1.18[0.29; 4.76]
NCT04173494 29 130 2 65 284% 9.04[2.09;39.22] ——
Total (95% CI) 93 418 68 321 100.0% 1.96 [0.53; 7.25]
Heterogeneity: Tau® = 1.0033, Chi’ = 7.94, df = 2 (P = 0.02); I* = 75% { T 1
01 051 2 10

Favours Control Favours Momelotinib

Figure 2. Forest plot of splenic response rate. NCT identifiers correspond to: NCT02101268 - SIMPLIFY-2; NCT01969838 - SIM-

PLIFY-1; NCT04173494 - MOMENTUM. CI: confidence interval.
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Figure 3. Forest plot of transfusion independence. NCT identifiers correspond to:
- SIMPLIFY-1; NCT04173494 - MOMENTUM. CI: confidence interval.
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NCT02101268 - SIMPLIFY-2; NCT01969838

Experimental Control Odds Ratio Odds Ratio
Study Events Total Events Total Weight MH, Fixed, 95% CI MH, Fixed, 95% CI
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Figure 4. Forest plot of transfusion dependence. NCT identifiers correspond to: NCT02101268 - SIMPLIFY-2; NCT01969838 -

SIMPLIFY-1; NCT04173494 - MOMENTUM. ClI: confidence interval.
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Figure 5. Forest plot of TSS response rate. NCT identifiers correspond to: NCT02101268 - SIMPLIFY-2; NCT01969838 - SIM-
PLIFY-1; NCT04173494 - MOMENTUM. CI: confidence interval; TSS: total symptom score.
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tionally, SIMPLIFY-1 demonstrated noninferiority to ruxoli-
tinib in spleen volume reduction, suggesting that momelotinib
provides comparable control of splenomegaly while offering
additional hematologic benefits [22]. A post-hoc analysis of
SIMPLIFY-1 showed that momelotinib was beneficial for
JAK inhibitor-naive MF patients regardless of baseline hemo-
globin, with greater anemia-related advantages observed in
patients with hemoglobin < 12 g/dL [36]. A subgroup analysis
of SIMPLIFY-2 similarly found that switching to momelotinib
led to improved outcomes compared to continuing ruxolitinib
with supportive treatments in patients with moderate-to-severe
anemia [37]. However, Oh et al reported that momelotinib’s
anemia benefit is independent of changes in BMF, challenging
the use of BMF improvement as a surrogate marker for clinical
outcomes with JAK inhibitors [38]. Our findings are further
supported by real-world data from a recent study by Harrison
et al, which assessed transfusion burden over time in both
JAK inhibitor-naive and -experienced patients treated with
momelotinib [39]. Across the SIMPLIFY-1, SIMPLIFY-2, and
MOMENTUM trials, momelotinib consistently reduced or
stabilized transfusion requirements in a higher proportion of
patients compared to ruxolitinib, best available therapy, and
danazol. These time-dependent analyses provide additional
evidence of momelotinib’s anemia benefit beyond binomial
endpoints.

Despite these advantages, momelotinib did not demon-
strate clear superiority over comparator treatments in terms of
spleen response or symptom burden. Our meta-analysis found
no statistically significant improvement in spleen response
(OR: 1.96; 95% CI: 0.53 - 7.25) or TSS reduction (OR: 2.02;
95% CI: 0.51 - 8.00). These results are consistent with SIM-
PLIFY-1 and SIMPLIFY-2, which reported that momelotinib
was comparable to ruxolitinib in spleen response but inferior
in symptom improvement [21, 22]. Similarly, the MOMEN-
TUM trial showed that while momelotinib improved symp-
toms compared to danazol, it did not meet noninferiority cri-
teria when compared to ruxolitinib [23]. Notably, the OR for
drug-related mortality (OR 0.73; 95% CI: 0.43 - 1.23), though
not statistically significant, slightly favored the comparator.
While not conclusive, this finding underscores the need for
continued safety monitoring and further comparative studies.

Combination therapy strategies have been increasingly
explored in MF management following the approval of rux-
olitinib [40]. Approaches such as combining ruxolitinib with
erythropoiesis-stimulating agents (ESAs) [41], danazol, or im-
munomodulatory drugs (IMiDs) for anemia [40], and ruxoli-
tinib combined with hypomethylating agents such as azaciti-
dine [42] or decitabine [43] for accelerated or blast-phase MF,
are under investigation. Ongoing phase 3 trials are evaluating
JAK inhibitor combinations with novel agents aimed at dis-
ease modification and overall survival improvement, including
immune-directed therapies such as interferon (IFN) formula-
tions [44] and CALR-targeted vaccines [45]. Additionally,
novel therapeutic targets and mutant-specific platforms are be-
ing developed [46]. Future treatment paradigms are expected
to focus on broader endpoints beyond spleen and symptom
control, including overall survival, progression-free survival,
event-free survival, AML transformation rates, anemia im-
provement, transfusion burden reduction, driver variant al-

lele frequency (VAF) reduction, cytokine modulation, BMF
reduction, and clearance of high-risk mutations [47]. These
endpoints will likely be the focus of future studies evaluating
momelotinib and other therapies.

Anemia-directed therapies in development include elriter-
cept, an investigational activin receptor type IIA ligand trap,
which has shown promise in early-phase studies, including
the ongoing phase 2 RESTORE trial (NCT05037760). Elriter-
cept demonstrated improvements in hemoglobin, reductions in
transfusion burden, and maintenance of platelet counts, both as
monotherapy and in combination with ruxolitinib [48].

The Myelofibrosis Symptom Assessment Form version
4.0 (MFSAF v4.0), used in the MOMENTUM trial, has been
validated as a reliable tool for evaluating symptom burden
in MF [49]. The safety profile of momelotinib was generally
comparable to other JAK inhibitors, with no significant differ-
ences in serious AEs, treatment discontinuation, or mortality.
However, our analysis identified a higher incidence of dizzi-
ness (OR: 1.70; 95% CI: 1.05 - 2.74) and nausea (OR: 3.07,;
95% CI: 1.82 - 5.18) associated with momelotinib. Peripheral
neuropathy was also reported, particularly in the SIMPLIFY-2
trial.

Importantly, despite the baseline risk of anemia and
thrombocytopenia in MF, momelotinib did not significantly
exacerbate these cytopenias compared to other JAK inhibi-
tors. This may be attributed to its inhibition of ACVR1, which
regulates hepcidin and iron metabolism, providing a potential
mechanism for its anemia-improving effects [50]. The MoRe-
Life real-world analysis further supports momelotinib as an
effective and safe option for heavily pretreated cytopenic MF
patients [51].

While this meta-analysis focuses exclusively on momelo-
tinib, we recognize that a broader comparison with other ap-
proved JAK inhibitors (ruxolitinib, fedratinib, pacritinib)
would enhance clinical context. Momelotinib’s unique anemia
benefits set it apart, but differences in toxicity, symptom con-
trol, and spleen response across agents are clinically relevant.
Future network meta-analyses are needed to better inform in-
dividualized treatment decisions.

Conclusions

Momelotinib is an emerging therapeutic option for patients
with MF, particularly those with anemia. It has demonstrated
improvements in transfusion independence while providing
spleen volume reduction comparable to ruxolitinib. However,
its effect on symptom burden appears less robust than that of
ruxolitinib, highlighting the need for further optimization. As
the treatment landscape for MF continues to evolve, the role
of momelotinib should be further investigated through studies
evaluating combination therapies and long-term outcomes.
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