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Momelotinib is an ATP-competitive small molecule inhibitor of
Janus kinase proteins (JAKi), including JAK1, JAK2, JAK3, and TYK2;
its other clinically relevant targets include activin A receptor type 1
(ACVR1), also known as activin receptor like kinase 2 (ALK2) [1].
Momelotinib was recently approved (September 15, 2023) for use
in anemic patients with high/intermediate risk myelofibrosis (MF),
including primary (PMF) [2] and secondary variants, the latter
emerging from antecedent polycythemia vera (post-PV) [3] or
essential thrombocythemia (post-ET) [4]. All three MF variants
belong to the broader category of myeloproliferative neoplasms
(MPNs), which are characterized by the presence of JAK-STAT
activating mutations (JAK2, CALR or MPL) and predominantly
megakaryocytic myeloproliferation with variable degrees of bone
marrow fibrosis [5]. Patients with MF face premature death with
10-year survival estimates ranging from >80% in very low-risk
diseases to <5% in very high-risk diseases [6]. In addition, the
clinical course of the disease in MF is complicated by progressive
anemia, extramedullary hematopoiesis with marked splenomegaly
and hepatomegaly, constitutional symptoms, and cachexia.
Causes of death in MF include disease transformation into acute
myeloid leukemia [7].
Treatment in MF aspires to prolong life, primarily, and improve

quality-of-life (QoL), secondarily. The latter is compromised by
severe anemia, marked splenomegaly, profound constitutional
symptoms, and progressive cachexia [2]. Drug therapy in MF,
including the use of JAKi, has yet to succeed in securing long-term
survival, which is currently accomplished only by allogeneic
hematopoietic stem cell transplantation (AHSCT) [8]. A recent
study of over 4000 patients with MF receiving AHSCT revealed
3-year survival, relapse, and non-relapse mortality rates of 58%,
22%, and 29%, respectively [9]. More importantly, the particular
study disclosed a recent shift in the distribution of recipient age
and donor source towards older patients and matched unrelated,
respectively. For the individual patient, it is important to justify the
risk of transplant-related mortality and morbidity, through
contemporary molecular prognostication systems [6]. Non-
transplant treatment options in MF are mostly palliative with
choices made based on treatment indications. Accordingly,
anemia is often managed with red blood cell (RBC) transfusions
or drug therapy with erythropoiesis stimulating agents (ESAs),
androgen preparations, prednisone, danazol, and immunomodu-
latory drugs (IMiDs; thalidomide, lenalidomide) [2]. Prior to the
advent of JAKi, MF-associated splenomegaly and constitutional
symptoms were managed mostly with hydroxyurea [10] and in
resistant cases with splenectomy [11] or splenic irradiation [12].
The discovery of JAK2V617F in 2005 [13] and subsequently MPL

[14, 15] and CALR [16] mutations, led to the development of
several JAKi, with the objective to target constitutive JAK-STAT

activation, which is believed to be the primary driver of disease
phenotype in MF, including splenomegaly and constitutional
symptoms [17]. Currently available JAKi are not specific to
mutation-specific JAK-STAT activation [18] but their non-specific
inhibition of JAK2 and JAK1 resulted in broad suppression of
inflammatory cytokines and myeloproliferation with favorable
effects on constitutional symptoms and splenomegaly [2]. The
demonstration of benefit in QoL, has so far allowed FDA approval
of four JAKi: ruxolitinib (November 16, 2011), fedratinib (August
16, 2019), pacritinib (February 28, 2022), and most recently
momelotinib (September 15, 2023). None of these JAKi induce
morphologic, cytogenetic or molecular remissions and their value
is limited to control of splenomegaly and symptoms. In addition,
momelotinib has been uniquely identified for its erythropoietic
effect, believed to result from its inhibition of ACVR1(ALK2) [19].
Our story with momelotinib started in 2009 with a preclinical

study report where we showed IC50 inhibition of <100 nM for
JAK1, JAK2, CDK2/cyclin A, JNK1, ROCK2, TBK1, PKD3, and PRKD1
and inhibition of (i) proliferation of JAK2V617F harboring HEL and
Ba/F3 cell lines, (ii) phosphorylation of STAT-5 and STAT-3 in HEL
cells, and (iii) in vitro erythroid colony formation in PV patients
[20]. Subsequently, our group led the first in human phase-1/
2 study with momelotinib (NCT00935987) in high/intermediate-
risk MF, serially published between 2013 and 2023 [21–29] and
recently reviewed [1]. A total of 166 patients (143 JAKi-naïve) were
enrolled in the study between November 2009 and august 2011
with 165 having received at least one dose of the drug and had at
least one baseline efficacy evaluation; drug doses ranged between
100 and 400mg once-daily while the dose confirmation phase
utilized 150 or 300 mg once-daily [27]. The study included 100
patients from the Mayo Clinic with our first patient enrolled on 11/
20/2009 and our last on 3/24/2011.
In 2013, we published the very first report on the efficacy and

toxicity of momelotinib in the first 60 patients from the above
mentioned phase-1/2 study [21]; treatment response according to
the international working group (IWG-MRT) criteria [30] included
0% complete remission, 2% partial remission, 57% clinical
improvement, 45% anemia response, 53% resolution of transfu-
sion need, and 42% clinically-vetted spleen response [21]; grade 3/
4 adverse events considered at least possibly related to
momelotinib included thrombocytopenia (32%), increased AST/
ALT (3.3%/3.3%), increased lipase (5%), and headache (3.3%);
grade 1/2 treatment-related adverse events included thrombocy-
topenia (27%), nausea (18.3%), diarrhea (13.3%), increased AST/
ALT (13.3%/11.7%), increased bilirubin (11.7%), increased lipase
(5%), dizziness (25%), peripheral neuropathy (26.7%), headache
(13.3%), and flushing (11.7%); comparison of patients receiving
150mg vs. 300mg daily dose suggested higher frequency of
peripheral neuropathy (33.3% vs. 14.3%) and diarrhea (22.2% vs.
4.8%) with the higher dose [21].
In 2015, we reported detailed account of momelotinib-

associated neuropathy among Mayo Clinic patients with
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documentation of treatment-emergent peripheral neuropathy in
44 (44%) out of 100 treated patients [28]; median time of onset
was 32 weeks; improvement after drug dose reduction or
discontinuation was documented in 2 patients [28]. Also in
2015, we reported significant associations between spleen
response and the presence of CALR and absence of ASXL1
mutation while resolution of RBC transfusion need was favorably
impacted by intermediate vs. high risk disease, normal vs.
abnormal karyotype, and platelet count <100 × 10(9)/L vs. higher
level [29]. In 2018, we reported the long-term results of all 166
patients enrolled in the original phase-1/2 clinical trial [27]; anemia
response was 54% and spleen 40% while adverse events included
grade-3/4 thrombocytopenia (34%) and neutropenia (8%), grade-
1/2 diarrhea (48%), nausea (39%), vomiting (24%), dizziness (40%),
peripheral neuropathy (30%), and first-dose effects of flushing,
hypotension, dizziness and nausea (11%); in addition, increases in
liver function tests and pancreatic enzymes were documented in
15–18% and 11–13%, respectively [27].
Between 2018 and 2023, we reported more mature data in

terms of overall survival as well as predictors of treatment
response to momelotinib, from the above-described phase-1/
2 study [22–24, 26]. In a retrospective comparison between 79
JAKi-naïve patients treated with momelotinib and 50 patients
treated with ruxolitinib in a separate clinical trial (NCT00509899)
[24], median survivals from initiation of study drug were 3.5 years
(10-year survival 20%) for momelotinib and 4.0 years (10-year
survival 23%) for ruxolitinib (p= 0.32) [24]; however, drug
retention was superior for momelotinib, compared to ruxolitinib,
with 3-year drug discontinuation rate of 68% vs 88% (p < 0.01). A
separate publication of 183 Mayo Clinic patients with JAKi-naïve
high/intermediate risk MF enrolled in consecutive phase 1/2 JAKi
clinical trials that included momelotinib (N= 79), ruxolitinib
(N= 50), fedratinib (N= 23), and BMS-911543 (N= 31), the 10-
year survival rate for all 183 patients was 16% and not significantly
different across the four drug cohorts (p= 0.33) [22]; multivariable
analysis identified age >65 years, absence of type 1/like CALR
mutation, baseline transfusion need, and presence of ASXL1/SRSF2
mutation as risk factors for survival. In addition, spleen and anemia
responses were independently associated with improved short-
term survival while long-term survival was secured only by AHSCT
(10-year survival rate 45% vs 19% in non-transplanted patients;
p < 0.01) [22].
In another analysis of 72 Mayo Clinic patients who were JAKi-

naïve and anemic prior to treatment with momelotinib [23], 44%
experienced anemia response (median response duration
∼20 months; range 3–81); spleen and symptom responses were
documented in 45% and 44% of evaluable patients, respectively.
In multivariable analysis, predictors of anemia response included
post-ET MF (83% vs 37%) and serum ferritin level of <55 mcg/L
(89% vs 38%); among all 72 study patients, treatment was
discontinued in 93% after median treatment duration of
20 months. Post-momelotinib median survival was 3.2 years with
5 and 10-year survival rates at 31% and 19%, respectively. In
multivariable analysis, survival was positively affected by anemia
response (median 3.8 vs 2.8 years), presence of type 1/like CALR
mutation (median 11 vs 3 years), and absence of ASXL1 or SRSF2
mutation (median 3.7 vs 2.9 years). The favorable impact of
anemia response on survival was also confirmed in transfusion-
dependent patients (median 3.7 vs 1.9 years: 10-year survival 8%
vs 0%). In our most recent report that was presented at the 2023
annual American Society of Hematology meeting, we found CALR
type-1/like mutation to be the most prominent favorable risk
factor for both overall and drug survival [31], as was also observed
by others [32].
Our above-elaborated observations on momelotinib therapy

in MF have since been confirmed by multiple phase-2 and
phase-3 studies (recently reviewed by Tefferi et al.) [1, 33–35],
leading to its recent FDA approval. Although this is welcome

news to anemic patients with MF, a number of provisions are in
order: (i) the drug is still another JAKi with potential to cause a
number of side effects including immune suppression, which
requires due diligence in monitoring for opportunistic infections
and pre-treatment documentation of routine vaccinations,
including for COVID and Herpes Zoster, (ii) the potential for
drug-associated peripheral neuropathy must be disclosed to
patients and clinical monitoring ensued, and (iii) indiscriminate
use in anemic patients with MF who are otherwise not
compromised by marked splenomegaly or constitutional symp-
toms is discouraged since safer and less expensive alternative
therapy might be available for such patients. On the other hand,
combining momelotinib with other erythropoietic or cytoreduc-
tive agents is a promising prospect for enhancing its palliative
value in MF. Unfortunately, as has been the case with other JAKi,
momelotinib has not been shown to reverse morphological or
molecular features of the disease in MF and is unlikely to modify
its natural history.
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