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Simple Summary: Many patients with the rare blood cancer myelofibrosis have anemia (too few red
blood cells), which is associated with negative effects on their general well-being, daily activities, and
how long they may live. However, treating anemia in myelofibrosis has previously been thought of
as less important than reducing symptoms and spleen size, in part because there were treatments
available for those aspects of the disease. A newer treatment, momelotinib, is now available that can
treat anemia as well as reduce spleen size and symptoms, and other treatments targeting anemia are
also being evaluated in clinical trials. In light of these developments, we believe that the priority
of treating anemia should be increased in myelofibrosis. In this review, we describe some different
types of patients with myelofibrosis and anemia, how their treatment used to be approached, and the
clinical trial data that support momelotinib as an option in those patients.

Abstract: Background: Anemia is a common and progressive clinical manifestation of myelofibrosis
that may occur as part of the disease pathogenesis as well as due to the myelosuppressive effects
of some treatments, with a substantial impact on quality of life, prognosis, and healthcare resource
utilization. Despite these burdens, anemia management has traditionally been a secondary priority to
spleen and symptom control, due in part to the limitations of available therapeutic approaches. With
the initial regulatory approvals of momelotinib, a Janus kinase 1 (JAK1), JAK2, and activin A receptor
type 1 inhibitor that provides anemia-related benefits in addition to addressing splenomegaly and
symptoms, re-evaluation of anemia as an early and prominent treatment consideration is warranted.
Methods: In this review, we discuss the journey of patients with myelofibrosis and anemia across
various severities and clinical scenarios. Results: Summarized are traditional approaches to anemia
management and the clinical trial efficacy and safety data that support momelotinib as an option in
each setting from mild to severe anemia, including in the context of co-occurring thrombocytopenia.
Conclusions: With the availability of momelotinib and other emerging therapies directed at anemia
control, early treatment of anemia to avoid progression and support improvement in eligible patients
with myelofibrosis should be a primary consideration.

Keywords: anemia; cytopenic myelofibrosis; momelotinib; myelofibrosis; thrombocytopenia

1. Introduction
1.1. Anemia in Myelofibrosis

Anemia is a prevalent and debilitating hallmark of myelofibrosis, a chronic myelo-
proliferative neoplasm arising de novo (primary myelofibrosis) or developing secondarily
from essential thrombocythemia or polycythemia vera [1,2]. At the time of myelofibrosis
diagnosis, between 30% and 40% of patients are anemic, defined by a hemoglobin level
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<100 g/L, and nearly all will become so over time [3,4]. In one study, 47% of patients
who were not anemic at myelofibrosis diagnosis developed anemia after a median of
3.3 years [3]. In another, rates of anemia increased from 38% at myelofibrosis diagnosis
to 58% at 1 year following diagnosis [4]. In addition, anemia severity over time increased
with disease progression, as evidenced by a doubling in the rate of patients who were red
blood cell (RBC) transfusion dependent from diagnosis to 1 year later (24% vs. 46%) [4].

The pathogenesis of anemia in myelofibrosis is multifactorial and incompletely un-
derstood, but contributions from multiple disease-related mechanisms suggest that it is
an intrinsic component of myelofibrosis. These mechanisms include pro-inflammatory
cytokine signaling due to aberrant Janus kinase–signal transducer and activator of tran-
scription (JAK-STAT) pathway signaling, leading to bone marrow fibrosis and ineffective
extramedullary hematopoiesis, RBC sequestration and dilution due to splenomegaly and
associated increases in plasma volume, and a loss of RBCs through bleeding or destruction
in circulation; dysregulated iron metabolism and non–JAK-STAT molecular alterations
also contribute to dysfunctional erythropoiesis in myelofibrosis [5–8]. In addition, anemia
can be induced or exacerbated by myelofibrosis treatment, as in the case of some JAK
inhibitors such as ruxolitinib and fedratinib, which provide spleen and symptom benefits
in many patients but are often myelosuppressive [9,10]. Notably, management considera-
tions for anemia in myelofibrosis are distinct from those of iron, vitamin B12, and other
nutrient-deficiency anemias.

1.2. Burden of Anemia in Myelofibrosis

The impact of anemia on patients with myelofibrosis is profound and increases as
anemia severity increases. Due in part to associated symptoms such as fatigue, anemia nega-
tively impacts health-related quality of life and daily functioning, and anemia improvement
has been implicated in improved patient-reported outcomes. Post hoc clinical trial analyses
have demonstrated the incremental negative effect of baseline anemia severity on physical
functioning in patients with myelofibrosis; these analyses also highlighted improvements
in transfusion burden and hemoglobin levels at week 24 as positively associated with
multiple domains related to quality of life, mental health, and daily living [11,12].

Anemia of any severity also negatively impacts survival, with one study finding a
difference of >5 years in median survival in patients with no anemia vs. those with severe
anemia (hemoglobin levels <80 g/L or transfusion dependence) [13]. A hemoglobin level
<100 g/L is included as a negative prognostic factor across validated myelofibrosis risk
scoring systems, such as the Dynamic International Prognostic Scoring System (DIPSS) and
DIPSS-plus [3,14]. Potential survival benefits with JAK inhibitors are also compromised
by anemia, with an analysis of the phase 3 COMFORT studies of ruxolitinib finding that
the presence of baseline anemia adversely impacted the overall survival observed with
treatment [15]. Although that study found that only baseline, or disease-related, anemia
was negatively prognostic, subsequent analyses from the phase 3b JUMP study illustrated
that new or worsening anemia during treatment in patients who were nonanemic at baseline
also negatively impacted survival in ruxolitinib-treated patients [16]. Baseline or treatment-
related anemia is also associated with an increased risk of blast phase progression [17].

The quality of life and prognostic detriments of anemia also adversely affect healthcare
resource utilization and costs in the management of patients with myelofibrosis. One
retrospective analysis based on Medicare claims data found an incremental increase in
inpatient admissions, emergency department visits, and both medical and pharmacy costs
based on anemia severity, with severe anemia associated with a nearly 2-fold increase in
total costs compared to mild anemia [18].

1.3. Reprioritizing Anemia Management

The substantial burden of anemia in myelofibrosis, and the incremental effect of in-
creasing anemia severity on these burdens, suggests that anemia improvement, or at least
the avoidance of anemia worsening, should be a key priority. However, anemia manage-
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ment has traditionally been secondary to spleen and symptom control in terms of treatment
prioritization [19]. This may have been due in part to the aforementioned prominence of
ruxolitinib in the therapeutic landscape and the absence of treatment options that directly
targeted the mechanisms of anemia. Traditional approaches to anemia management in-
clude dose reduction of JAK inhibitors such as ruxolitinib to mitigate myelosuppressive
effects, RBC transfusions, and supportive therapies such as erythropoiesis-stimulating
agents (ESAs), androgens, and immunomodulatory drugs [19]. While these remain appro-
priate and potentially effective treatment options for many patients with anemia, each is
associated with limitations (discussed in more detail later in this review) that may have
contributed to anemia’s placement as a secondary consideration in treatment selection.

We believe this perception warrants re-evaluation in light of the emergence of newer
JAK inhibitors such as momelotinib and pacritinib, as well as investigational agents that
may offer anemia-related benefits. Momelotinib, a JAK1, JAK2, and activin A receptor type
1 (ACVR1) inhibitor, became the first and, to date, only treatment indicated for patients with
myelofibrosis and anemia when initially approved by the US Food and Drug Administra-
tion in September 2023, with subsequent approvals by the European Commission, the UK
Medicines and Healthcare products Regulatory Agency, and the Ministry of Health, Labour
and Welfare of Japan [20–23]. Like all JAK inhibitors, momelotinib can improve constitu-
tional symptoms and splenomegaly, but through its inhibition of ACVR1, it also provides
anemia-related benefits [24]. As illustrated both preclinically and in a phase 2 translational
biology study, ACVR1 inhibition by momelotinib decreases the production of hepcidin,
a master regulator of iron metabolism, thus restoring iron homeostasis and increasing
erythropoiesis [25,26]. The role of ACVR1 inhibition in anemia-related benefits in myelofi-
brosis is also supported by the more recent finding that pacritinib, another JAK inhibitor
previously described as a JAK2/fms-related receptor tyrosine kinase 3 (FLT3)/interleukin
1 receptor-associated kinase 1 inhibitor, also inhibits ACVR1 and showed retrospective
evidence of anemia-related benefits in clinical trial analyses [27,28].

1.4. Momelotinib

The clinical benefits of momelotinib were evaluated in three phase 3 trials, which
showed spleen, symptom, and anemia benefits in the intent-to-treat (ITT) populations
across trials but mixed results with respect to statistical significance (Table 1) [29–31].
SIMPLIFY-1 evaluated momelotinib vs. ruxolitinib in JAK inhibitor–naive patients, and the
primary endpoint of noninferiority in spleen volume reduction ≥35% (SVR35) at week 24
was met; however, noninferiority was not achieved on the key secondary endpoint related
to symptom improvement, as assessed by a ≥50% reduction in Total Symptom Score (TSS50)
at week 24 [31]. Potential contributing factors to not achieving this secondary endpoint
include a lack of stratification by TSS, leading to a higher mean TSS in the momelotinib
arm; no minimum TSS required for enrollment, leading to the inclusion of patients who
were asymptomatic; and a protocol design that resulted in higher rates of momelotinib vs.
ruxolitinib discontinuation prior to week 24, leaving more patients with missing data to
be documented as non-responders. Notably, individual symptom item improvement was
comparable between the momelotinib and ruxolitinib arms [32].

SIMPLIFY-2 compared momelotinib vs. best available therapy (BAT), which was con-
tinued ruxolitinib in 88% of patients, in the JAK inhibitor–experienced setting. The primary
endpoint of SVR35 superiority was not met, with splenic response rates notably low in
both treatment arms likely due to the lack of washout of prior JAK inhibitors; however,
momelotinib was nominally superior in the proportion of patients achieving TSS50, a key
secondary endpoint [30]. A second trial in the JAK inhibitor–experienced setting, MOMEN-
TUM, was conducted to more definitively characterize the benefits of momelotinib and
so was restricted to patients who were symptomatic (TSS ≥ 10) and anemic (hemoglobin
level <100 g/L) at baseline and included danazol, an androgen commonly used to manage
myelofibrosis-related anemia, as the comparator; momelotinib was superior for both the
primary TSS50 and key secondary SVR35 endpoints [29]. In all three trials, momelotinib
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demonstrated an improvement in anemia, which was assessed as a key secondary endpoint
via a stringent definition of transfusion independence response at week 24 that required no
transfusions and all hemoglobin levels ≥80 g/L in the previous 12 weeks [29–31]. Other
secondary and exploratory measures of anemia improvement across the phase 3 program,
including the mean hemoglobin levels over time, the rate of transfusions through week 24,
and the zero transfusion rate, also favored momelotinib [29–31].

Table 1. Summary of momelotinib phase 3 trials (intent-to-treat populations) [29–31].

SIMPLIFY-1 SIMPLIFY-2 MOMENTUM

JAK Inhibitor Naive JAK Inhibitor Experienced JAK Inhibitor Experienced,
Symptomatic and Anemic

Momelotinib
(n = 215)

Ruxolitinib
(n = 217)

Momelotinib
(n = 104)

BAT
(n = 52)

Momelotinib
(n = 130)

Danazol
(n = 65)

SVR35 27% 29% 7% 6% 22% 3%

Endpoint Primary
(noninferiority)

Primary
(superiority)

Key secondary
(superiority)

Significance p = 0.011 p = 0.90 p = 0.0011

TSS50 28% 42% 26% 6% 25% 9%

Endpoint Key secondary (noninferiority) Key secondary (superiority) Primary
(superiority)

Significance p = 0.98 Nominal p = 0.0006 p = 0.0095

TI 67% 49% 43% 21% 30% 20%

Endpoint Key secondary
(superiority) Key secondary (superiority) Key secondary (noninferiority)

Significance Nominal p < 0.001 Nominal p = 0.0012 p = 0.0116

BAT, best available therapy; JAK, Janus kinase; SVR35, spleen volume reduction ≥ 35%; TI, transfusion indepen-
dent; TSS50, Total Symptom Score reduction ≥ 50%.

Given the substantial burden of anemia in myelofibrosis, the approval of a treatment
such as momelotinib, with robust clinical trial evidence of anemia, spleen, and symptom
benefits, should now facilitate the elevation of proactive anemia management to a key
consideration in eligible patients (Figure 1). However, the breadth and complexity of
the momelotinib clinical trial data, much of which were not limited to patients with
anemia, may make it challenging to identify those patients in practice for whom anemia
management can and should be prioritized. To highlight the importance of early treatment
of anemia as a paradigm shift in myelofibrosis management, we review several clinical
scenarios that may be encountered throughout the journey of a patient with myelofibrosis
and anemia, describing the rationale for early treatment, the limitations of previously
available approaches to treatment, and the clinical trial evidence that supports momelotinib
as an additional option for proactive anemia management in both the JAK inhibitor–naive
and –experienced settings.
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Figure 1. Anemia management priorities and traditional approaches across the patient journey in
myelofibrosis. JAK, Janus kinase.

2. Mild Anemia

We first consider the case of Patient A, a 77-year-old man who previously presented
with palpable splenomegaly, constitutional symptoms including weight loss and night
sweats, and a hemoglobin level of 109 g/L. Following a bone marrow biopsy, a diagnosis of
myelofibrosis was confirmed, and he has returned to you for initial treatment. Subsequent
laboratory testing revealed that the hemoglobin level has decreased slightly to 102 g/L, but
the patient does not report any substantial anemia-associated symptoms such as fatigue.
Other laboratory findings are unremarkable (Table 2).

Table 2. Clinical scenarios in patients with myelofibrosis and anemia a.

Sex Age,
Years

JAK
Inhibitor

Status
Transplant Eligibility? Hb Level,

g/L

Spleen/
Symptom
Burden?

Transfusion Status Relevant Momelotinib
Publications

Mild anemia

Patient A Male 77 Naive No (age) 102 Yes TI
Efficacy/safety: [33]

Thrombocytopenia: [34]
Long-term safety: [35]

Moderate anemia

Patient B Female 63 Naive Yes (but deferred due to patient
preference) 91 Yes TI

Efficacy/safety: [33]
Thrombocytopenia: [34]
Long-term safety: [35]

Patient C Male 72 Experienced No (pulmonary comorbidity) 87 Yes TR (1 unit/month)

Efficacy/safety: [29,36]
Switching: [37,38]

Thrombocytopenia: [34]
Long-term safety: [35]

Severe anemia

Patient D Male 73 Naive No (cardiovascular comorbidity) 69 Yes TR (1 unit/month)
Efficacy/safety: [26,33,36]
Thrombocytopenia: [34]
Long-term safety: [35]

Patient E Female 68 Experienced Yes (but deferred due to patient
preference) 82 Yes TD (3 units/month)

Efficacy/safety: [29,36]
Switching: [37,38]

Thrombocytopenia: [34]
Long-term safety: [35]

Hb, hemoglobin; JAK, Janus kinase; TD, transfusion dependent; TI, transfusion independent; TR, transfusion
requiring. a Patients are hypothetical and representative of potential presentations of myelofibrosis and anemia
that may be encountered in practice.
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As anemia progresses over time with advancing disease course [4], Patient A represents
the most likely scenario in which mild anemia will be encountered: a newly diagnosed
patient who is JAK inhibitor naive. An initial challenge in the evaluation of this patient
is that the very definition of mild anemia can be variable; according to the World Health
Organization (WHO), the upper threshold that broadly defines anemia is any hemoglobin
level that is below the lower limit of normal, which varies by factors such as age, sex
(e.g., 120 g/L in women vs. 130 g/L in men), race, and geography [13,39,40]. Per these
WHO guidelines, a lower threshold of 110 g/L defines mild anemia [39]. However, this
is contradicted by other sources, such as the Common Terminology Criteria for Adverse
Events (CTCAE) Version 5.0, which employ a threshold of 100 g/L to define grade 1 anemia;
the clinical trial data included in momelotinib regulatory labeling also favor this lower
threshold of 100 g/L [20,23,41].

In a transplant-ineligible patient with mild anemia who also presents with spleen
and symptom burdens, prioritization of anemia management is also challenged by the
fact that such patients have not traditionally been considered for anemia-directed therapy
(Figure 1) [42]. However, even mild anemia may have clinical consequences, with one
study finding that median survival was reduced by 3 years in patients with mild anemia
(hemoglobin levels ≥100 g/L to below the sex-adjusted lower limit of normal) vs. no
anemia [13,39]. Thus, there is strong rationale for considering some patients with mild
anemia for treatment, particularly if therapeutic options that can also provide spleen and
symptom benefits are available. Factors such as comorbidities, the burden of anemia-related
symptoms (e.g., fatigue), and the stability of hemoglobin levels over time (e.g., if a patient’s
hemoglobin level is 102 g/L, but this represents a substantial decrease from the previous
reading and other causes have been ruled out) may predict patients who are more likely to
experience worsening anemia and may benefit from earlier anemia management, although
these are not well defined.

2.1. Previous Treatment Options in Mild Anemia

We pause here to acknowledge that hematopoietic stem cell transplant remains the only
curative treatment option in myelofibrosis and should always be an initial consideration,
dependent on prognostic risk scoring in line with the latest guideline recommendations and
factors such as age and comorbidity, which might impact eligibility [43]. As considerations
for transplant have been reviewed elsewhere [43–45], we focus on treatment decisions in
patients with myelofibrosis and anemia for whom transplant is not an option.

JAK inhibitors are the traditional treatment of choice in this patient scenario, and
selection may be informed by the potential impact on this patient’s mild anemia. In
the phase 3 trials of both the JAK1/JAK2 inhibitor ruxolitinib and JAK2/FLT3 inhibitor
fedratinib, indicators of anemia worsening such as decreased mean hemoglobin levels
and increased transfusions were evident in the initial weeks of treatment [46–48]. Dose
reductions of these JAK inhibitors may be required in the event of new or worsening
anemia [49,50], which can compromise clinical efficacy [10,51]; furthermore, the Response
to Ruxolitinib After 6 Months (RR6) prognostic model identifies both lower dosing and RBC
transfusion need among the risk factors associated with poor survival after 6 months of
ruxolitinib [51]. In addition to dose reductions of ruxolitinib or fedratinib, the introduction
of concomitant anemia supportive therapies such as ESAs may also be considered but
are more frequently reserved for patients with greater anemia severity and thus will be
discussed later in this review [2,42]. In the United States, pacritinib is also an option and has
demonstrated anemia-related benefits in retrospective analyses from the phase 3 PERSIST-2
trial [28]. However, as of writing this review, pacritinib is indicated specifically in patients
with severe thrombocytopenia and is therefore only an option if the patient with mild
anemia also has platelet counts <50 × 109/L [27]. Considerations for the treatment of
patients with both anemia and thrombocytopenia are discussed in more detail later in this
review.
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2.2. Momelotinib Clinical Trial Evidence in Mild Anemia

Clinical evidence for momelotinib in patients with mild anemia comes primarily from
a subgroup analysis of SIMPLIFY-1, which defined this population by baseline hemoglobin
levels ≥ 100 to <120 g/L [33]. The majority of these patients were transfusion independent
at baseline (90% in the momelotinib arm and 83% in the ruxolitinib arm). Most patients
retained this status at week 24 with momelotinib (86%), while 58% did so with ruxolitinib,
which suggests that momelotinib was associated with higher maintenance of transfusion
independence and the prevention of anemia progression. Among the 19 patients who
were not transfusion independent at baseline, 29% (2 of 7) became so at week 24 with
momelotinib vs. 17% (2 of 12) with ruxolitinib [33].

Beyond this stringent response/non-response endpoint, which includes data only
from the 12 weeks before week 24 and does not capture anemia-related benefits that may
be meaningful to patients but fall below the threshold for response, longitudinal analy-
ses of transfusion burden over time (units per 28 days) have also been reported for this
subgroup. Compared with baseline, 93% of patients had stable or reduced transfusion
intensity throughout the 24 weeks of momelotinib treatment vs. 51% with ruxolitinib [33].
Again, demonstrating the association of momelotinib with the avoidance of anemia wors-
ening, 94% of patients who were transfusion free at baseline retained this status throughout
treatment vs. only 50% with ruxolitinib [33]. Mean hemoglobin levels also indicate the
avoidance of anemia worsening with momelotinib and remained stable over time. In
contrast, mean hemoglobin levels decreased with ruxolitinib and plateaued below the
100-g/L threshold; notably, mean hemoglobin levels increased in patients initially random-
ized to ruxolitinib who switched to open-label momelotinib after week 24 [33].

SVR35 (26% vs. 25%) and TSS50 (35% vs. 45%) results in this subgroup were consistent
with the ITT; notably, despite the numerically higher TSS50 rate with ruxolitinib, individual
symptom items were stable or improved in a similar number of patients between arms [33].
Moreover, dual responses (SVR35 or TSS50 + transfusion independence) were also common
with momelotinib; all (19 of 19 [100%]) and nearly all (24 of 25 [96%]) splenic and symptom
responders, respectively, were also transfusion independent at week 24, compared with
8 of 17 (47%) and 17 of 29 (59%) with ruxolitinib [33]. Thus, while JAK inhibitors such as
ruxolitinib remain an appropriate choice for Patient A, clinical trial evidence also supports
the consideration of momelotinib in such a patient with mild anemia as well as spleen and
symptom burdens to comprehensively address the clinical manifestations of myelofibrosis
by preventing anemia worsening and providing spleen and symptom control.

3. Moderate Anemia

Continuing the patient journey with increasing anemia severity, we now consider
some patients who have progressed beyond the early stages of anemia to the point where
they would be traditionally considered for anemia-directed therapy (Figure 1) [42]. Patient
B, a 63-year-old woman, is similar to Patient A in that she presents with recently diagnosed
myelofibrosis, palpable splenomegaly, and constitutional symptoms; however, Patient B
also reports worsening fatigue, and, on laboratory workup, her hemoglobin level is found
to be 91 g/L. Although transplant would be an appropriate initial therapeutic option for this
patient, she is not interested at this time and would prefer to pursue other treatment options
(Table 2). Meanwhile, Patient C, a 72-year-old man with a history of interstitial lung disease,
has been receiving JAK inhibitor treatment for myelofibrosis under your care for 2 years
and is generally happy with the spleen and symptom control he is experiencing. However,
Patient C’s hemoglobin levels have prompted transfusion twice in the past 2 months, and
his most recent laboratory workup shows worsening anemia, with a hemoglobin level
decrease from 98 g/L at the previous assessment to 87 g/L at present (Table 2).

As with mild anemia, the definition of moderate anemia that is applied will inform
treatment considerations for both Patient B and Patient C. WHO and CTCAE grading are
aligned with a threshold of 80 g/L defining severe anemia; thus, moderate anemia can be
considered to constitute hemoglobin levels from 80 to <110 (WHO) or 80 to <100 (CTCAE)
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g/L [39,41]. These thresholds are consistent with updated International Working Group-
European LeukemiaNet criteria for anemia response, which broadly suggest definitions of
baseline anemia in the context of clinical trials, considering thresholds <110 g/L for men and
<100 g/L for women [52]. It is in these patients with moderate anemia that anemia-directed
treatment is traditionally first considered, typically in the form of supportive therapies [53].
While transfusion dependence is generally associated with more severe anemia (and thus
will be discussed in more detail later in this review), occasional transfusions may be
introduced as part of the management approach at this stage. Therefore, the avoidance of
transfusion dependence and decreasing transfusion intensity become greater priorities in
these patients, along with improvement in hemoglobin levels to reduce anemia severity if
possible.

3.1. Previous Treatment Options in Moderate Anemia

Traditional anemia supportive therapies include ESAs, androgens such as danazol,
and immunomodulatory drugs with or without corticosteroids [2]. None of these agents are
specifically indicated for the management of anemia in myelofibrosis, they do not directly
target its mechanism, and high-quality evidence of their utility is limited [2]. ESAs, such
as epoetin or darbepoetin alfa, may be useful in patients with serum erythropoietin levels
<125 IU/L. Smaller spleen size and transfusion independence are also associated with an
increased likelihood of response to ESAs; however, even in these situations, responses are
limited in number and duration [2,54,55]. Among the androgens, danazol has the most evi-
dence in patients with myelofibrosis and is generally associated with lower toxicity [2,56,57].
However, screening for prostate cancer or elevated prostate-specific antigen levels and liver
function tests are recommended [2,56,57]. Response rates are low, particularly in patients
with transfusion dependence, and the onset of response may be slow [2,56,57]. Response
rates are also low with immunomodulatory drugs such as thalidomide or lenalidomide,
and toxicity is a concern albeit somewhat mitigated when used in combination with pred-
nisone [2,58]. Notably, investigational agents with anemia indications in therapeutic areas
outside myelofibrosis, such as luspatercept, are also often used off label or in the context
of clinical trials [9,59]. The ongoing phase 3 INDEPENDENCE trial of luspatercept in
combination with a JAK2 inhibitor will shed additional light on this approach to anemia
management in transfusion-dependent patients with myelofibrosis [60].

In a transplant-ineligible patient with spleen and symptom burdens in addition to
moderate anemia, these anemia supportive therapies would traditionally be paired with a
JAK inhibitor. In the case of Patient B, who is JAK inhibitor naive with moderate anemia,
considerations for JAK inhibitor selection are largely the same as those described for Patient
A, who is also JAK inhibitor–naive but with mild anemia. However, increased regard for
how the JAK inhibitor selected might compound anemia burden may be warranted in
Patient B. For a patient like Patient C, who is experiencing new or worsening anemia on a
first-line JAK inhibitor such as ruxolitinib, it may be possible to continue his current JAK
inhibitor, typically at a reduced dose to mitigate its myelosuppressive effects, and add an
anemia supportive agent; however, we explore later in this review how this approach may
not be optimal for all patients. Switching JAK inhibitors is also an option, particularly to
pacritinib or momelotinib, which may offer anemia-related benefits, although concerns
related to ruxolitinib discontinuation syndrome (i.e., loss of spleen and symptom response,
hemodynamic decompensation) must be taken into account [61,62].

3.2. Momelotinib Clinical Trial Evidence in Moderate Anemia
3.2.1. Moderate Anemia: JAK Inhibitor Naive

There is ample clinical trial evidence surrounding momelotinib in both the JAK
inhibitor–naive and –experienced settings in the context of moderate anemia. In the
JAK inhibitor–naive setting, this evidence comes from a subgroup analysis of SIMPLIFY-1,
which considered patients with hemoglobin levels <100 g/L; thus, patients with more
severe anemia were also included in this dataset [33]. This subgroup comprised 86 pa-
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tients in the momelotinib arm (58 with moderate anemia) and 94 patients in the ruxolitinib
arm (73 with moderate anemia), most of whom (63%) had some transfusion burden at
baseline [33]. In patients who were transfusion independent at baseline, 72% vs. 34%
maintained this status at week 24 with momelotinib vs. ruxolitinib, while an additional
36% vs. 21% who were not transfusion independent at baseline became so at week 24,
demonstrating evidence of both the avoidance of anemia worsening and anemia-related
improvement with momelotinib [33].

In longitudinal analyses of transfusion intensity, 84% on momelotinib vs. 43% on
ruxolitinib had stable or reduced transfusion intensity during treatment, despite the fact that
fewer patients started out as transfusion free at baseline before treatment with momelotinib
(34%) vs. ruxolitinib (53%); 86% vs. 30% of those patients who were transfusion free
at baseline remained so during treatment with momelotinib vs. ruxolitinib, while 25%
vs. 11% of those with some transfusion burden at baseline also became transfusion free
during treatment [33]. Mean hemoglobin levels improved rapidly with momelotinib but
declined before plateauing with ruxolitinib [33]. These increases in anemia worsening with
ruxolitinib were observed despite mean daily doses decreasing over time, indicative of dose
reductions due to cytopenias; in contrast, momelotinib was administered at near-full dose
through week 24 [33]. SVR35 (31% vs. 33%) and TSS50 (25% vs. 35%) for momelotinib vs.
ruxolitinib were consistent with the ITT and the mildly anemic subgroup [33]. With respect
to dual responses, 23 of 27 (85%) splenic responders and 15 of 21 (71%) symptom responders
in the momelotinib arm were also transfusion independent at week 24, compared with 7 of
31 (23%) and 9 of 33 (27%) with ruxolitinib [33]. Thus, if treatment of anemia, splenomegaly,
and symptoms were prioritized equally, the clinical trial evidence would support the use of
momelotinib in JAK inhibitor–naive patients with moderate anemia and spleen/symptom
burdens to maintain or improve anemia-related burdens.

3.2.2. Moderate Anemia: JAK Inhibitor Experienced

In the JAK inhibitor–experienced setting, evidence of momelotinib efficacy and safety
following previous ruxolitinib treatment also comes from SIMPLIFY-1, although data are
not available specifically from the moderate to severely anemic subpopulation. Although
SIMPLIFY-1 enrolled JAK inhibitor–naive patients at baseline, after week 24, all patients
received open-label momelotinib, meaning that patients initially randomized to ruxolitinib
were immediately transitioned to momelotinib with no washout [37]. Mean hemoglobin
levels improved rapidly after crossover to momelotinib, and mean spleen volume was
maintained; 46% of patients who were not transfusion independent at crossover became
so by week 12 [37]. Although 57% of patients required a dose modification of ruxolitinib
through week 24, 90% initiated momelotinib at the full 200-mg daily dose at week 24,
and most maintained this dosing 12 weeks after crossover [37]. No ruxolitinib discontin-
uation syndrome or unexpected safety signals were observed after crossover [37]. Thus,
patients can be safely transitioned to momelotinib from ruxolitinib without compromising
efficacy [37].

JAK inhibitor–experienced data specifically in patients with moderate to severe ane-
mia comes from MOMENTUM, in which all patients had hemoglobin levels <100 g/L at
baseline; approximately half of the patients were also transfusion dependent [29]. As sum-
marized in Table 1, momelotinib exhibited significantly improved spleen, symptom, and
transfusion independence rates vs. danazol in this patient population [29]. Looking more
closely at anemia-related benefits in this study, longitudinal analysis of transfusion intensity
found that while only 20% and 17% of patients in the momelotinib and danazol arms were
transfusion free at baseline, 92% retained this status on momelotinib treatment vs. only 64%
with danazol, while 21% vs. 7% of those with transfusion burden at baseline also became
transfusion free during treatment; 48% vs. 38% of patients overall had improved transfu-
sion intensity [36]. Thus, switching to momelotinib in moderately anemic patients who
require anemia-directed therapy is associated with anemia-related benefits and continued
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spleen and symptom control; patients with lower transfusion burden maintain this status
and avoid anemia worsening.

4. Severe Anemia/Transfusion Dependence

Hemoglobin levels <80 g/L and/or transfusion dependence are consistently defined
as severe anemia; by the time a patient has reached this stage, the anemia burden is sub-
stantial, and most must rely on frequent transfusions to temporarily improve or maintain
hemoglobin levels [39,41]. While severe anemia is often encountered in the context of more
advanced disease when a patient is likely to be JAK inhibitor experienced, it is important
to note that some patients may present with severe anemia and require transfusions even
in the JAK inhibitor–naive setting.

Consider the case of Patient D, a 73-year-old man with a history of congestive heart
failure. This patient was diagnosed with myelofibrosis last month and has palpable
splenomegaly, pronounced fatigue, and a laboratory workup that revealed several ab-
normalities, including a hemoglobin level of 69 g/L. He was immediately referred for a
transfusion and now needs to begin treatment (Table 2). On the other hand, Patient E is a
68-year-old woman who has been under your care for myelofibrosis for the past 3 years.
Transplant was previously discussed with the patient as an appropriate therapeutic option,
but she declined due to personal preference and has been doing well on her initial JAK
inhibitor since then. However, she has recently become increasingly dependent on transfu-
sions to maintain her hemoglobin levels, receiving three in the past month; nevertheless,
her latest laboratory workup revealed a hemoglobin level of 82 g/L (Table 2).

4.1. Previous Treatment Options in Severe Anemia

Anemia management is naturally a priority in both of these patients with severe
anemia, but while transfusions may temporarily relieve anemia-related symptoms, they
also compound the quality of life, survival, and healthcare resource burdens that these
patients will experience (Figure 1). Post hoc clinical trial analyses have demonstrated
that patients who are transfusion dependent at baseline score worse vs. those who are
transfusion requiring (infrequent transfusions) or independent across patient-reported
outcome domains related to quality of life; physical, social, and mental functioning; and
daily living [11]. Transfusion dependence at diagnosis, as seen in Patient D, is also as-
sociated with poor overall survival, with one study observing median survival of only
2.6 years compared with 8 years in patients who were transfusion independent [63]. Be-
coming transfusion dependent at any time, as seen in Patient E, is also associated with
poor overall survival and is included as an independent negative prognostic factor beyond
anemia itself in DIPSS-plus, providing additional rationale to prioritize the maintenance of
transfusion independence whenever possible [14,63]. Conversely, a consistent association
between achieving transfusion independence at week 24 with momelotinib and prolonged
overall survival has also been reported [64,65]. Similar to the effects observed with anemia
severity, multiple claims-based analyses have demonstrated an incremental increase in
costs and healthcare resource utilization with increasing transfusion burden, with one
analysis identifying total medical costs up to nine times higher for transfusion-dependent
patients than for those who were not [18,66]. Additionally, chronic transfusion dependence
can lead to high rates of complications, including iron overload, which can damage the
liver, heart, and other organs, and an increased risk of infections [67–69].

Eligible patients with severe anemia and transfusion dependence will likely have
intermediate- or high-risk disease and should routinely be considered for transplant [43].
Otherwise, JAK inhibitors are the primary treatment option for a severely anemic, transplant-
ineligible patient with spleen and symptom burden. For JAK inhibitor–naive patients with
severe anemia like Patient D, the selection of an initial JAK inhibitor that will not compound
their anemia burden is even more critical than in those previously discussed. For severely
anemic patients like Patient E who are already receiving a JAK inhibitor, considerations are
largely the same as in a patient with moderate anemia, although transfusion dependence is
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associated with a decreased likelihood of response to many traditional anemia supportive
therapies. Thus, switching to a JAK inhibitor that may be able to offer anemia-related
benefits should be a prominent consideration.

4.2. Momelotinib Clinical Trial Evidence in Severe Anemia
4.2.1. Severe Anemia: JAK Inhibitor Naive

Momelotinib has been extensively studied in both the JAK inhibitor–naive and
–experienced settings in the context of severe anemia and transfusion dependence. In
a phase 2 translational biology study, 88% of patients were JAK inhibitor naive, yet all
patients evaluable for transfusion status (98%) were transfusion dependent at baseline,
providing key evidence for the often overlooked JAK inhibitor–naive population with
a heavy transfusion burden [26]. While 34% of patients achieved the strict criteria for
transfusion independence at week 24, additional insights are gleaned from longitudinal
analyses of transfusion intensity [26]; 85% of patients had a numeric reduction in transfu-
sion intensity with treatment [36]. While no patients were transfusion free at baseline, 22%
became transfusion free with treatment, and 90% of patients overall had improved or stable
transfusion intensity [36]. This trial therefore provides robust evidence that momelotinib
can provide anemia-related benefits in many JAK inhibitor–naive patients with severe
anemia.

While we have already reviewed the results in the SIMPLIFY-1 subgroup with
hemoglobin levels <100 g/L, including those who were transfusion dependent at baseline,
in the context of moderate anemia, separate results have also been reported in the subgroup
of patients with hemoglobin levels <80 g/L [33]. All of these patients were transfusion
dependent at baseline, but 29% vs. 14% experienced anemia improvement with momelo-
tinib vs. ruxolitinib to the point where they achieved transfusion independence at week
24. In longitudinal analyses of transfusion intensity, 79% with momelotinib vs. 38% with
ruxolitinib had stable or reduced transfusion intensity with treatment, and nearly twice as
many patients were transfusion free (18% vs. 10%) for the duration of treatment [33].

4.2.2. Severe Anemia: JAK Inhibitor Experienced

In the JAK inhibitor–experienced setting, previously discussed evidence regarding
transition from ruxolitinib to momelotinib in SIMPLIFY-1, as well as the MOMENTUM
trial in patients with hemoglobin levels <100 g/L, also applies to patients with severe
anemia [29,37]. In addition, a subgroup analysis of the SIMPLIFY-2 trial focused on patients
who were non-transfusion independent at baseline has also been described; because there
was no washout of prior therapy in this trial, and 88% of patients in the BAT arm continued
on ruxolitinib, this population effectively represents those who, in practice, may continue on
a reduced-dose first-line JAK inhibitor and add an anemia supportive agent vs. switching
to a different JAK inhibitor [38]. The analysis suggests that switching to momelotinib in
this context may be advantageous, as week 24 transfusion independence (35% vs. 3%),
SVR35 (10% vs. 3%), and TSS50 (29% vs. 0%) all favored momelotinib; these rates are
comparable to those observed in the ITT for momelotinib, but lower for BAT [38]. Moreover,
4 of 7 splenic responders (57%) and 10 of 21 symptom responders (48%) who were not
transfusion independent at baseline achieved transfusion independence with momelotinib
at week 24; no patients achieved such dual responses with BAT. Mean hemoglobin levels
also increased over time with momelotinib compared with BAT, despite a lower rate of
transfusions through week 24 [38].

While momelotinib was initiated at the full 200 mg daily dose in all patients in this
subgroup, 59% (17 of 29) who received ruxolitinib in the BAT arm initiated ruxolitinib at
≤10 mg twice daily; nevertheless, mean dose intensity was maintained in the momelotinib
arm over time, while the percentage of patients receiving lower-dose ruxolitinib continued
to increase through week 24 [38]. Notably, ESAs were the most common anemia supportive
therapies administered in the BAT arm, with four of five patients receiving an ESA in
combination with ruxolitinib; none of these patients in the subgroup of interest achieved a
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spleen, symptom, or transfusion independence response at week 24, further suggesting
that this strategy may not be an optimal approach in patients with a baseline transfusion
burden [38]. Collectively, these datasets highlight momelotinib as an effective treatment
option for spleen, symptom, and anemia-related benefits even in the context of severe
anemia and transfusion dependence, a setting in which anemia management should already
be a top priority.

5. Additional Considerations

Having reviewed the patient journey from mild through severe anemia, it is important
to note that there are some factors that warrant consideration across these different settings.

5.1. Safety

Given the substantial quality-of-life impact of anemia and transfusions, an individual-
ized approach to anemia management is required that considers patient characteristics and
preferences. The presence of certain comorbidities (e.g., renal or hepatic impairment) in any
of the patients previously discussed may inform treatment selection or switching, and the
tolerability of JAK inhibitors or other therapies under consideration will also impact these
decisions [23,27,49,50]. In the case of momelotinib, monitoring for adverse events consis-
tent with the JAK inhibitor therapeutic class, including infections, hepatotoxicity, major
adverse cardiovascular events, thrombosis, and malignancies, is recommended; however,
momelotinib is initiated at the full 200-mg daily dose regardless of baseline cytopenias,
renal impairment, or mild-to-moderate hepatic impairment [23].

The long-term safety profile of momelotinib was thoroughly characterized in a pooled
analysis of data from the phase 3 clinical trial program [35]. Across 725 patients, the median
duration of exposure was 11.3 months, and the relative dose intensity was maintained
at a median of 97.3% during that time [35]. The most common nonhematologic adverse
events were diarrhea (27%) and nausea (19%), and most were low grade, which is notable
as no protocol-mandated prophylaxis was required [35]. Peripheral sensory neuropathy,
an early safety signal in previous trials of momelotinib, was reported in 12% of patients
and was not considered a reaction of significant concern [35]. Other adverse events of
interest consistent with the JAK inhibitor therapeutic class, including infections, cytopenias,
major adverse cardiovascular events, and nonmelanoma skin cancer, were consistent with
previous observations and did not increase in frequency over time; no cumulative toxicity
was noted [35]. In the context of patients with anemia, the SIMPLIFY-1 subgroup analyses
in patients with mild, moderate, and severe anemia notably did not identify any new safety
signals in these populations [33]. This safety profile of momelotinib should be considered
in the context of a given patient’s comorbidities and managed in accordance with the
regulatory label [20,23].

5.2. Thrombocytopenia

A key consideration in patients with myelofibrosis and anemia is the potential for
co-occurring thrombocytopenia, which is characteristic of the so-called myelodepletive
phenotype associated with an increased frequency of high-molecular-risk mutations and
poor outcomes [70]. In one study, 18% of patients presented with moderate or severe throm-
bocytopenia (platelet counts <100 × 109/L) at diagnosis and, as with anemia, incidence
increased over time [4]. Patients with severe thrombocytopenia are more likely to be anemic
and transfusion dependent, with poor overall survival and significant rates of leukemic
transformation [71]. Moderate or severe thrombocytopenia also joins anemia and trans-
fusion dependence as a negative prognostic indicator in myelofibrosis risk stratification
(DIPSS-plus) [14].

5.2.1. Previous Treatment Options for Patients with Thrombocytopenia

For any of the previously discussed patients, how might the approach to treatment
have changed if, in addition to hemoglobin levels indicative of anemia, their laboratory



Cancers 2024, 16, 4064 13 of 18

findings also indicated thrombocytopenia? When considering JAK inhibitor selection in
a patient with both anemia and thrombocytopenia, note that ruxolitinib has mandated
starting dose reductions based on baseline platelet counts, while both ruxolitinib and
fedratinib are dose-reduced in the event of decreasing platelet counts upon treatment and
are not indicated in patients with counts <50 × 109/L [49,50]. Given the potential impact of
dose reduction on clinical efficacy [10,51], JAK inhibitors that can be administered at the full
daily dose may be preferred. In that context, pacritinib has received accelerated approval
in the United States based on spleen volume reduction specifically in patients with platelet
counts <50 × 109/L; given the retrospective evidence of anemia benefits in pacritinib-
treated patients, consideration should be given in eligible patients with anemia [27,28].
However, pacritinib’s continued approval in the United States and availability in other
regions will depend on the outcome of the phase 3 PACIFICA trial, expected to read out in
2026 [72].

5.2.2. Momelotinib in Patients with Thrombocytopenia

Although dose reduction for decreased platelet counts during treatment is also re-
quired with momelotinib, patients with platelet counts <50 × 109/L are eligible to initiate
treatment; the starting dose is 200 mg daily regardless of baseline platelet counts, and there
are no prospective data suggesting that initiation at a lower dose is appropriate or war-
ranted in patients with counts <50 × 109/L [20,23]. All three phase 3 trials of momelotinib
included patients with moderate thrombocytopenia (platelet counts 50–100 × 109/L), while
SIMPLIFY-2 and MOMENTUM also enrolled some patients with severe thrombocytopenia
(<50 × 109/L) [34].

A post hoc analysis of momelotinib efficacy and safety in the populations with platelet
counts <100 × 109/L in each trial found SVR35, TSS50, and transfusion independence rates
comparable to or higher than those observed in the ITT, including patients who were both
thrombocytopenic and anemic (hemoglobin levels <100 g/L). In contrast, the results from
the SIMPLIFY studies found lower response rates with ruxolitinib in thrombocytopenic
patients compared with the ITT, perhaps due in part to associated dose reductions [34].
Momelotinib dose intensity remained high throughout treatment, with mean daily doses
>150 mg across all three trials [34]. In momelotinib-treated patients, <20% of patients had
dose reductions and <10% of patients discontinued treatment due to thrombocytopenia,
and the rates of safety signals of potential concern in this subpopulation such as bleeding
and hemorrhage were low [34]. Mean platelet counts remained stable over time in the
overall trial populations as well as in the anemic and thrombocytopenic subgroups [33–35].
Although the number of patients with platelet counts <50 × 109/L in these trials was small,
the results were generally consistent with those from the <100 × 109/L group [34]. Overall,
robust clinical trial evidence supports the use of momelotinib in patients with myelofibrosis
and thrombocytopenia.

6. Conclusions

Anemia and transfusions impose a substantial burden on patients with myelofibrosis,
providing strong rationale for prioritizing the avoidance of anemia worsening and/or
transfusion dependence and the achievement of anemia-related benefits as treatment
goals. With JAK inhibitors being the mainstay of myelofibrosis therapy in eligible patients
who also have spleen and symptom burden, the selection of an optimal JAK inhibitor
in the context of anemia burden is of paramount importance. While traditionally this
consideration was deprioritized given the lack of available treatment options beyond
transfusions and supportive therapy, the approval of momelotinib and the many emerging
therapies under evaluation for anemia-related benefits should bring anemia management
to the forefront.

Anemia-related factors such as hemoglobin level and transfusion status may help to
inform the treatment of patients with myelofibrosis who have anemia. However, many
additional patient-specific considerations may inform therapeutic decision-making, includ-
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ing the need for symptom and spleen control, prior JAK inhibitor exposure, quality-of-life
impacts, and comorbidities such as thrombocytopenia. This review summarizes the clinical
trial evidence supporting momelotinib as an appropriate treatment option for patients with
myelofibrosis and anemia in the context of five hypothetical patients representing different
scenarios that may be encountered in practice. The evidence supports early treatment
with momelotinib to avoid transfusion dependence when possible, and that switching to
momelotinib in patients who develop anemia on other JAK inhibitors may provide greater
benefits than dose reductions and the addition of anemia supportive therapy. Future
real-world analyses may provide insights into the use of momelotinib in scenarios not
described here (e.g., patients with cytopenic myelofibrosis who have anemia but not neces-
sarily symptom burden); early real-world reports on momelotinib use in clinical practice
are consistent with the clinical trial results discussed here regarding its anemia-related
benefits [73,74]. While longitudinal analyses of transfusion burden in clinical trials suggest
that most patients derive some anemia-related benefit with momelotinib, these benefits are
not universal. Therefore, future studies may also explore whether combination therapy
with momelotinib and investigational anemia-directed agents has the possibility to lead
to deeper responses in more patients; momelotinib may be well suited as a combination
partner given its spleen, symptom, and anemia benefits as well as safety profile. Ulti-
mately, with the availability of momelotinib and future potential anemia-directed therapies,
treating anemia early should now become a priority in patients with myelofibrosis.

Funding: This article was funded by GSK.

Acknowledgments: Medical writing support was provided by Amy Ghiretti (Nucleus Global, an
Inizio company), and funded by GSK.

Conflicts of Interest: H.K.A.-A. reports research funding from BMS and Incyte; advisory board
participation with and/or honoraria from AbbVie, AOP Pharma, Blueprint, BMS, GSK, Otsuka,
and Novartis; and travel assistance from AbbVie, BMS, and Alexion. A.T.K. reports consulting fees
from CTI Biopharma, GSK, and Imago Biosciences; payment or honoraria from BMS, Incyte, and
MorphoSys; travel support from AbbVie and MorphoSys; and advisory board participation with
Incyte. C.E.E. and J.S. report employment with and stock/stock options from GSK. R.M. reports
consulting fees/honoraria from AbbVie, Blueprint, Bristol Myers Squibb, CTI, Genentech, Geron,
GSK, Incyte, MorphoSys, Novartis, Sierra, Sierra Oncology, and Telios. All authors acknowledge
editorial support in the preparation of this manuscript, funded by GSK. The funder was not involved
in drafting the manuscript or the decision to publish the article.

References
1. Tefferi, A. Primary myelofibrosis: 2023 update on diagnosis, risk-stratification, and management. Am. J. Hematol. 2023, 98,

801–821. [CrossRef] [PubMed]
2. Naymagon, L.; Mascarenhas, J. Myelofibrosis-related anemia: Current and emerging therapeutic strategies. Hemasphere 2017, 1,

e1. [CrossRef] [PubMed]
3. Passamonti, F.; Cervantes, F.; Vannucchi, A.M.; Morra, E.; Rumi, E.; Pereira, A.; Guglielmelli, P.; Pungolino, E.; Caramella,

M.; Maffioli, M.; et al. A dynamic prognostic model to predict survival in primary myelofibrosis: A study by the IWG-MRT
(International Working Group for Myeloproliferative Neoplasms Research and Treatment). Blood 2010, 115, 1703–1708. [CrossRef]
[PubMed]

4. Tefferi, A.; Lasho, T.L.; Jimma, T.; Finke, C.M.; Gangat, N.; Vaidya, R.; Begna, K.H.; Al-Kali, A.; Ketterling, R.P.; Hanson, C.A.; et al.
One thousand patients with primary myelofibrosis: The Mayo Clinic experience. Mayo Clin. Proc. 2012, 87, 25–33. [CrossRef]
[PubMed]

5. Vainchenker, W.; Favale, F. Myelofibrosis, JAK2 inhibitors and erythropoiesis. Leukemia 2013, 27, 1219–1223. [CrossRef]
6. Wang, X.; Cho, S.Y.; Hu, C.S.; Chen, D.; Roboz, J.; Hoffman, R. C-X-C motif chemokine 12 influences the development of

extramedullary hematopoiesis in the spleens of myelofibrosis patients. Exp. Hematol. 2015, 43, 100–109.e1. [CrossRef]
7. Tefferi, A.; Vaidya, R.; Caramazza, D.; Finke, C.; Lasho, T.; Pardanani, A. Circulating interleukin (IL)-8, IL-2R, IL-12, and IL-15

levels are independently prognostic in primary myelofibrosis: A comprehensive cytokine profiling study. J. Clin. Oncol. 2011, 29,
1356–1363. [CrossRef]

8. Pardanani, A.; Finke, C.; Abdelrahman, R.A.; Lasho, T.L.; Tefferi, A. Associations and prognostic interactions between circulating
levels of hepcidin, ferritin and inflammatory cytokines in primary myelofibrosis. Am. J. Hematol. 2013, 88, 312–316. [CrossRef]

9. Bose, P.; Verstovsek, S. Management of myelofibrosis-related cytopenias. Curr. Hematol. Malig. Rep. 2018, 13, 164–172. [CrossRef]

https://doi.org/10.1002/ajh.26857
https://www.ncbi.nlm.nih.gov/pubmed/36680511
https://doi.org/10.1097/HS9.0000000000000001
https://www.ncbi.nlm.nih.gov/pubmed/31723730
https://doi.org/10.1182/blood-2009-09-245837
https://www.ncbi.nlm.nih.gov/pubmed/20008785
https://doi.org/10.1016/j.mayocp.2011.11.001
https://www.ncbi.nlm.nih.gov/pubmed/22212965
https://doi.org/10.1038/leu.2013.72
https://doi.org/10.1016/j.exphem.2014.10.013
https://doi.org/10.1200/JCO.2010.32.9490
https://doi.org/10.1002/ajh.23406
https://doi.org/10.1007/s11899-018-0447-9


Cancers 2024, 16, 4064 15 of 18

10. Palandri, F.; Breccia, M.; Mazzoni, C.; Auteri, G.; Elli, E.M.; Trawinska, M.M.; Polverelli, N.; Tiribelli, M.; Benevolo, G.; Iurlo, A.;
et al. Ruxolitinib in cytopenic myelofibrosis: Response, toxicity, drug discontinuation, and outcome. Cancer 2023, 129, 1704–1713.
[CrossRef]

11. Mesa, R.A.; Palandri, F.; Verstovsek, S.; Masarova, L.; Harrison, C.; Mazerolle, F.; Gorsh, B.; M’Hari, M.; Wang, Z.; Ellis, C.E.; et al.
Impact of transfusion burden on health-related quality of life (HRQOL) and functioning in patients (pts) with myelofibrosis (MF):
Post hoc analysis of SIMPLIFY-1 (S1) and -2 (S2). Poster 7066. In Proceedings of the 2023 ASCO Annual Meeting, Chicago, IL,
USA, 2–8 June 2023.

12. Palmer, J.; Mazerolle, F.; Liu, T.; M’Hari, M.; Regnault, A.; Zhang, S.; Cardellino, A.; Wang, Z.; Strouse, B.; Sahni, J.; et al.
Association between hemoglobin improvement and patient-reported outcomes in patients with myelofibrosis and anemia: Post
hoc pooled analysis of momelotinib phase 3 trials. Poster 6574. In Proceedings of the 2024 ASCO Annual Meeting, Chicago, IL,
USA, 31 May–4 June 2024.

13. Nicolosi, M.; Mudireddy, M.; Lasho, T.L.; Hanson, C.A.; Ketterling, R.P.; Gangat, N.; Pardanani, A.; Tefferi, A. Sex and degree
of severity influence the prognostic impact of anemia in primary myelofibrosis: Analysis based on 1109 consecutive patients.
Leukemia 2018, 32, 1254–1258. [CrossRef] [PubMed]

14. Gangat, N.; Caramazza, D.; Vaidya, R.; George, G.; Begna, K.; Schwager, S.; Van Dyke, D.; Hanson, C.; Wu, W.; Pardanani, A.; et al.
DIPSS plus: A refined Dynamic International Prognostic Scoring System for primary myelofibrosis that incorporates prognostic
information from karyotype, platelet count, and transfusion status. J. Clin. Oncol. 2011, 29, 392–397. [CrossRef] [PubMed]

15. Gupta, V.; Harrison, C.; Hexner, E.O.; Al-Ali, H.K.; Foltz, L.; Montgomery, M.; Sun, W.; Gopalakrishna, P.; Kantarjian, H.;
Verstovsek, S. The impact of anemia on overall survival in patients with myelofibrosis treated with ruxolitinib in the COMFORT
studies. Haematologica 2016, 101, e482–e484. [CrossRef] [PubMed]

16. Al-Ali, H.K.; Guglielmelli, P.; Hamer-Maansson, J.E.; Braunstein, E.; Gupta, V. The impact of new or worsening anemia on clinical
outcomes in 2233 patients with myelofibrosis treated with ruxolitinib: Results from the expanded-access JUMP study. Poster
P1044. In Proceedings of the EHA 2024 Hybrid Congress, Madrid, Spain, 13–16 June 2024.

17. Palandri, F.; Palumbo, G.A.; Benevolo, G.; Iurlo, A.; Elli, E.M.; Abruzzese, E.; Polverelli, N.; Tiribelli, M.; Auteri, G.; Tieghi, A.;
et al. Incidence of blast phase in myelofibrosis patients according to anemia severity at ruxolitinib start and during therapy.
Cancer 2023, 130, 1270–1280. [CrossRef] [PubMed]

18. Gerds, A.T.; Tkacz, J.; Moore-Schiltz, L.; Schinkel, J.; Phiri, K.; Liu, T.; Gorsh, B. Evaluating estimated health care resource
utilization and costs in patients with myelofibrosis based on transfusion status and anemia severity: A retrospective analysis of
the Medicare Fee-For-Service claims data. J. Manag. Care Spec. Pharm. 2024, 30, 1395–1404. [CrossRef]

19. Verstovsek, S. How I manage anemia related to myelofibrosis and its treatment regimens. Ann. Hematol. 2023, 102, 689–698.
[CrossRef]

20. Omjjara [Momelotinib]. Summary of Product Characteristics. GSK. 2024. Available online: https://www.ema.europa.eu/en/
documents/product-information/omjjara-epar-product-information_en.pdf (accessed on 25 November 2024).

21. GSK. Press Release. Available online: https://www.gsk.com/en-gb/media/press-releases/gsk-s-omjjara-momelotinib-
approved-in-japan-for-treatment-of-myelofibrosis/ (accessed on 25 November 2024).

22. GOV.UK. Available online: https://www.gov.uk/government/news/omjjara-licensed-for-anaemic-myelofibrosis-patients-to-
treat-the-symptoms-of-their-disease (accessed on 25 November 2024).

23. Ojjaara [Momelotinib]. Prescribing Information. GSK. 2023. Available online: https://gskpro.com/content/dam/global/
hcpportal/en_US/Prescribing_Information/Ojjaara/pdf/OJJAARA-PI-PIL.PDF (accessed on 25 November 2024).

24. Chifotides, H.T.; Bose, P.; Verstovsek, S. Momelotinib: An emerging treatment for myelofibrosis patients with anemia. J. Hematol.
Oncol. 2022, 15, 7. [CrossRef]

25. Asshoff, M.; Petzer, V.; Warr, M.R.; Haschka, D.; Tymoszuk, P.; Demetz, E.; Seifert, M.; Posch, W.; Nairz, M.; Maciejewski, P.; et al.
Momelotinib inhibits ACVR1/ALK2, decreases hepcidin production, and ameliorates anemia of chronic disease in rodents. Blood
2017, 129, 1823–1830. [CrossRef]

26. Oh, S.T.; Talpaz, M.; Gerds, A.T.; Gupta, V.; Verstovsek, S.; Mesa, R.; Miller, C.B.; Rivera, C.E.; Fleischman, A.G.; Goel, S.; et al.
ACVR1/JAK1/JAK2 inhibitor momelotinib reverses transfusion dependency and suppresses hepcidin in myelofibrosis phase 2
trial. Blood Adv. 2020, 4, 4282–4291. [CrossRef] [PubMed]

27. Vonjo (Pacritinib). Prescribing Information. CTI BioPharma Corp. 2022. Available online: https://www.ctibiopharma.com/wp-
content/uploads/2022/02/VONJO_USPI.pdf (accessed on 25 November 2024).

28. Oh, S.T.; Mesa, R.A.; Harrison, C.N.; Bose, P.; Gerds, A.T.; Gupta, V.; Scott, B.L.; Kiladjian, J.J.; Lucchesi, A.; Kong, T.; et al.
Pacritinib is a potent ACVR1 inhibitor with significant anemia benefit in patients with myelofibrosis. Blood Adv. 2023, 7, 5835–5842.
[CrossRef]

29. Verstovsek, S.; Gerds, A.T.; Vannucchi, A.M.; Al-Ali, H.K.; Lavie, D.; Kuykendall, A.T.; Grosicki, S.; Iurlo, A.; Goh, Y.T.; Lazaroiu,
M.C.; et al. Momelotinib versus danazol in symptomatic patients with anemia and myelofibrosis (MOMENTUM): Results from
an international, double-blind, randomised, controlled, phase 3 study. Lancet 2023, 401, 269–280. [CrossRef] [PubMed]

30. Harrison, C.N.; Vannucchi, A.M.; Platzbecker, U.; Cervantes, F.; Gupta, V.; Lavie, D.; Passamonti, F.; Winton, E.F.; Dong, H.;
Kawashima, J.; et al. Momelotinib versus best available therapy in patients with myelofibrosis previously treated with ruxolitinib
(SIMPLIFY 2): A randomised, open-label, phase 3 trial. Lancet Haematol. 2018, 5, e73–e81. [CrossRef] [PubMed]

https://doi.org/10.1002/cncr.34722
https://doi.org/10.1038/s41375-018-0028-x
https://www.ncbi.nlm.nih.gov/pubmed/29568091
https://doi.org/10.1200/JCO.2010.32.2446
https://www.ncbi.nlm.nih.gov/pubmed/21149668
https://doi.org/10.3324/haematol.2016.151449
https://www.ncbi.nlm.nih.gov/pubmed/27587385
https://doi.org/10.1002/cncr.35156
https://www.ncbi.nlm.nih.gov/pubmed/38153814
https://doi.org/10.18553/jmcp.2024.24050
https://doi.org/10.1007/s00277-023-05126-4
https://www.ema.europa.eu/en/documents/product-information/omjjara-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/omjjara-epar-product-information_en.pdf
https://www.gsk.com/en-gb/media/press-releases/gsk-s-omjjara-momelotinib-approved-in-japan-for-treatment-of-myelofibrosis/
https://www.gsk.com/en-gb/media/press-releases/gsk-s-omjjara-momelotinib-approved-in-japan-for-treatment-of-myelofibrosis/
https://www.gov.uk/government/news/omjjara-licensed-for-anaemic-myelofibrosis-patients-to-treat-the-symptoms-of-their-disease
https://www.gov.uk/government/news/omjjara-licensed-for-anaemic-myelofibrosis-patients-to-treat-the-symptoms-of-their-disease
https://gskpro.com/content/dam/global/hcpportal/en_US/Prescribing_Information/Ojjaara/pdf/OJJAARA-PI-PIL.PDF
https://gskpro.com/content/dam/global/hcpportal/en_US/Prescribing_Information/Ojjaara/pdf/OJJAARA-PI-PIL.PDF
https://doi.org/10.1186/s13045-021-01157-4
https://doi.org/10.1182/blood-2016-09-740092
https://doi.org/10.1182/bloodadvances.2020002662
https://www.ncbi.nlm.nih.gov/pubmed/32915978
https://www.ctibiopharma.com/wp-content/uploads/2022/02/VONJO_USPI.pdf
https://www.ctibiopharma.com/wp-content/uploads/2022/02/VONJO_USPI.pdf
https://doi.org/10.1182/bloodadvances.2023010151
https://doi.org/10.1016/S0140-6736(22)02036-0
https://www.ncbi.nlm.nih.gov/pubmed/36709073
https://doi.org/10.1016/S2352-3026(17)30237-5
https://www.ncbi.nlm.nih.gov/pubmed/29275119


Cancers 2024, 16, 4064 16 of 18

31. Mesa, R.A.; Kiladjian, J.J.; Catalano, J.V.; Devos, T.; Egyed, M.; Hellmann, A.; McLornan, D.; Shimoda, K.; Winton, E.F.; Deng, W.;
et al. SIMPLIFY-1: A phase III randomized trial of momelotinib versus ruxolitinib in Janus kinase inhibitor-naive patients with
myelofibrosis. J. Clin. Oncol. 2017, 35, 3844–3850. [CrossRef] [PubMed]

32. Mesa, R.A.; Hudgens, S.; Floden, L.; Harrison, C.N.; Palmer, J.; Gupta, V.; McLornan, D.P.; McMullin, M.F.; Kiladjian, J.J.; Foltz, L.;
et al. Symptomatic benefit of momelotinib in patients with myelofibrosis: Results from the SIMPLIFY phase III studies. Cancer
Med. 2023, 12, 10612–10624. [CrossRef]

33. Gupta, V.; Oh, S.; Devos, T.; Dubruille, V.; Catalano, J.; Somervaille, T.C.P.; Platzbecker, U.; Giraldo, P.; Kosugi, H.; Sacha, T.; et al.
Momelotinib vs. ruxolitinib in myelofibrosis patient subgroups by baseline hemoglobin levels in the SIMPLIFY-1 trial. Leuk.
Lymphoma 2024, 65, 965–977. [CrossRef]

34. Kiladjian, J.J.; Vannucchi, A.M.; Gerds, A.T.; Gupta, V.; Verstovsek, S.; Egyed, M.; Platzbecker, U.; Mayer, J.; Grosicki, S.; Illes, A.;
et al. Momelotinib in myelofibrosis patients with thrombocytopenia: Post hoc analysis from three randomized phase 3 trials.
Hemasphere 2023, 7, e963. [CrossRef]

35. Verstovsek, S.; Mesa, R.A.; Gupta, V.; Lavie, D.; Dubruille, V.; Cambier, N.; Platzbecker, U.; Hus, M.; Xicoy, B.; Oh, S.T.; et al.
Momelotinib long-term safety and survival in myelofibrosis: Integrated analysis of phase 3 randomized-controlled trials. Blood
Adv. 2023, 7, 3582–3591. [CrossRef]

36. Harrison, C.N.; Mesa, R.; Talpaz, M.; Gupta, V.; Gerds, A.T.; Perkins, A.; Goh, Y.T.; Fox, M.L.; McLornan, D.; Palmer, J.; et al.
Longitudinal assessment of transfusion intensity in patients with JAK inhibitor-naive or -experienced myelofibrosis treated with
momelotinib. Clin. Lymphoma Myeloma Leuk. 2024. ahead of print. [CrossRef]

37. Mesa, R.; Verstovsek, S.; Platzbecker, U.; Gupta, V.; Lavie, D.; Giraldo, P.; Recher, C.; Kiladjian, J.J.; Oh, S.T.; Gerds, A.T.; et al.
Clinical outcomes of patients with myelofibrosis after immediate transition to momelotinib from ruxolitinib. Haematologica 2024,
109, 676–681. [CrossRef]

38. Harrison, C.N.; Vannucchi, A.M.; Recher, C.; Passamonti, F.; Gerds, A.T.; Hernandez-Boluda, J.C.; Yacoub, A.; Sirhan, S.; Ellis, C.;
Patel, B.; et al. Momelotinib versus continued ruxolitinib or best available therapy in JAK inhibitor-experienced patients with
myelofibrosis and anemia: Subgroup analysis of SIMPLIFY-2. Adv. Ther. 2024, 41, 3722–3735. [CrossRef]

39. World Health Organization. Haemoglobin Concentrations for the Diagnosis of Anaemia and Assessment of Severity. Available
online: https://apps.who.int/iris/bitstream/handle/10665/85839/WHO_NMH_NHD_MNM_11.1_eng.pdf (accessed on 25
November 2024).

40. Addo, O.Y.; Yu, E.X.; Williams, A.M.; Young, M.F.; Sharma, A.J.; Mei, Z.; Kassebaum, N.J.; Jefferds, M.E.D.; Suchdev, P.S.
Evaluation of hemoglobin cutoff levels to define anemia among healthy individuals. JAMA Netw. Open 2021, 4, e2119123.
[CrossRef] [PubMed]

41. Common Terminology Criteria for Adverse Events (CTCAE). Version 5.0; Published 27 November 2017. Available online:
https://ctep.cancer.gov/protocolDevelopment/electronic_applications/ctc.htm#ctc_50 (accessed on 25 November 2024).

42. Vannucchi, A.M.; Barbui, T.; Cervantes, F.; Harrison, C.; Kiladjian, J.J.; Kroger, N.; Thiele, J.; Buske, C.; Committee, E.G.
Philadelphia chromosome-negative chronic myeloproliferative neoplasms: ESMO Clinical Practice Guidelines for diagnosis,
treatment and follow-up. Ann. Oncol. 2015, 26 (Suppl. S5), v85–v99. [CrossRef] [PubMed]

43. Kroger, N.; Bacigalupo, A.; Barbui, T.; Ditschkowski, M.; Gagelmann, N.; Griesshammer, M.; Gupta, V.; Hamad, N.; Harrison, C.;
Hernandez-Boluda, J.C.; et al. Indication and management of allogeneic haematopoietic stem-cell transplantation in myelofibrosis:
Updated recommendations by the EBMT/ELN International Working Group. Lancet Haematol. 2024, 11, e62–e74. [CrossRef]

44. Ali, H.; Bacigalupo, A. 2024 update on allogeneic hematopoietic stem cell transplant for myelofibrosis: A review of current data
and applications on risk stratification and management. Am. J. Hematol. 2024, 99, 938–945. [CrossRef] [PubMed]

45. Bacigalupo, A.; Innocenti, I.; Rossi, E.; Sora, F.; Galli, E.; Autore, F.; Metafuni, E.; Chiusolo, P.; Giammarco, S.; Laurenti, L.; et al.
Allogeneic hemopoietic stem cell transplantation for myelofibrosis: 2021. Front. Immunol. 2021, 12, 637512. [CrossRef]

46. Verstovsek, S.; Mesa, R.A.; Gotlib, J.; Levy, R.S.; Gupta, V.; DiPersio, J.F.; Catalano, J.V.; Deininger, M.; Miller, C.; Silver, R.T.; et al.
A double-blind, placebo-controlled trial of ruxolitinib for myelofibrosis. N. Engl. J. Med. 2012, 366, 799–807. [CrossRef]

47. Harrison, C.; Kiladjian, J.J.; Al-Ali, H.K.; Gisslinger, H.; Waltzman, R.; Stalbovskaya, V.; McQuitty, M.; Hunter, D.S.; Levy, R.;
Knoops, L.; et al. JAK inhibition with ruxolitinib versus best available therapy for myelofibrosis. N. Engl. J. Med. 2012, 366,
787–798. [CrossRef]

48. Pardanani, A.; Harrison, C.; Cortes, J.E.; Cervantes, F.; Mesa, R.A.; Milligan, D.; Masszi, T.; Mishchenko, E.; Jourdan, E.; Vannucchi,
A.M.; et al. Safety and efficacy of fedratinib in patients with primary or secondary myelofibrosis: A randomized clinical trial.
JAMA Oncol. 2015, 1, 643–651. [CrossRef]

49. Inrebic (Fedratinib). Prescribing Information. Bristol Myers Squibb. 2024. Available online: https://packageinserts.bms.com/pi/
pi_inrebic.pdf (accessed on 25 November 2024).

50. Jakafi (Ruxolitinib). Prescribing Information. Incyte. 2023. Available online: https://www.jakafi.com/pdf/prescribing-
information.pdf (accessed on 25 November 2024).

51. Maffioli, M.; Mora, B.; Ball, S.; Iurlo, A.; Elli, E.M.; Finazzi, M.C.; Polverelli, N.; Rumi, E.; Caramella, M.; Carraro, M.C.; et al. A
prognostic model to predict survival after 6 months of ruxolitinib in patients with myelofibrosis. Blood Adv. 2022, 6, 1855–1864.
[CrossRef]

https://doi.org/10.1200/JCO.2017.73.4418
https://www.ncbi.nlm.nih.gov/pubmed/28930494
https://doi.org/10.1002/cam4.5799
https://doi.org/10.1080/10428194.2024.2328800
https://doi.org/10.1097/HS9.0000000000000963
https://doi.org/10.1182/bloodadvances.2022009311
https://doi.org/10.1016/j.clml.2024.10.001
https://doi.org/10.3324/haematol.2023.283106
https://doi.org/10.1007/s12325-024-02928-4
https://apps.who.int/iris/bitstream/handle/10665/85839/WHO_NMH_NHD_MNM_11.1_eng.pdf
https://doi.org/10.1001/jamanetworkopen.2021.19123
https://www.ncbi.nlm.nih.gov/pubmed/34357395
https://ctep.cancer.gov/protocolDevelopment/electronic_applications/ctc.htm#ctc_50
https://doi.org/10.1093/annonc/mdv203
https://www.ncbi.nlm.nih.gov/pubmed/26242182
https://doi.org/10.1016/S2352-3026(23)00305-8
https://doi.org/10.1002/ajh.27274
https://www.ncbi.nlm.nih.gov/pubmed/38450790
https://doi.org/10.3389/fimmu.2021.637512
https://doi.org/10.1056/NEJMoa1110557
https://doi.org/10.1056/NEJMoa1110556
https://doi.org/10.1001/jamaoncol.2015.1590
https://packageinserts.bms.com/pi/pi_inrebic.pdf
https://packageinserts.bms.com/pi/pi_inrebic.pdf
https://www.jakafi.com/pdf/prescribing-information.pdf
https://www.jakafi.com/pdf/prescribing-information.pdf
https://doi.org/10.1182/bloodadvances.2021006889


Cancers 2024, 16, 4064 17 of 18

52. Tefferi, A.; Barosi, G.; Passamonti, F.; Hernandez-Boluda, J.C.; Bose, P.; Dohner, K.; Ellis, M.; Gangat, N.; Garcia, J.S.; Gisslinger, H.;
et al. Proposals for Revised International Working Group-European LeukemiaNet Criteria for Anemia Response in Myelofibrosis.
Blood 2024, 144, 1813–1820. [CrossRef]

53. Cervantes, F. How I treat myelofibrosis. Blood 2014, 124, 2635–2642. [CrossRef] [PubMed]
54. Crisa, E.; Cilloni, D.; Elli, E.M.; Martinelli, V.; Palumbo, G.A.; Pugliese, N.; Beggiato, E.; Frairia, C.; Cerrano, M.; Lanzarone, G.;

et al. The use of erythropoiesis-stimulating agents is safe and effective in the management of anaemia in myelofibrosis patients
treated with ruxolitinib. Br. J. Haematol. 2018, 182, 701–704. [CrossRef] [PubMed]

55. Huang, J.; Tefferi, A. Erythropoiesis stimulating agents have limited therapeutic activity in transfusion-dependent patients with
primary myelofibrosis regardless of serum erythropoietin level. Eur. J. Haematol. 2009, 83, 154–155. [CrossRef] [PubMed]

56. Cervantes, F.; Isola, I.M.; Alvarez-Larran, A.; Hernandez-Boluda, J.C.; Correa, J.G.; Pereira, A. Danazol therapy for the anemia of
myelofibrosis: Assessment of efficacy with current criteria of response and long-term results. Ann. Hematol. 2015, 94, 1791–1796.
[CrossRef]

57. Cervantes, F.; Alvarez-Larran, A.; Domingo, A.; Arellano-Rodrigo, E.; Montserrat, E. Efficacy and tolerability of danazol as a
treatment for the anaemia of myelofibrosis with myeloid metaplasia: Long-term results in 30 patients. Br. J. Haematol. 2005, 129,
771–775. [CrossRef]

58. Jabbour, E.; Thomas, D.; Kantarjian, H.; Zhou, L.; Pierce, S.; Cortes, J.; Verstovsek, S. Comparison of thalidomide and lenalidomide
as therapy for myelofibrosis. Blood 2011, 118, 899–902. [CrossRef]

59. Gerds, A.T.; Harrison, C.N.; Kiladjian, J.J.; Mesa, R.; Vannucchi, A.M.; Komrokji, R.S.; Bose, P.; Kremyanskaya, M.; Mead, A.;
Gotlib, J.; et al. Safety and efficacy of luspatercept for the treatment of anemia in patients with myelofibrosis. Blood Adv. 2024, 8,
4511–4522. [CrossRef]

60. ClinicalTrials.gov. Available online: https://clinicaltrials.gov/study/NCT04717414 (accessed on 25 November 2024).
61. Palandri, F.; Palumbo, G.A.; Elli, E.M.; Polverelli, N.; Benevolo, G.; Martino, B.; Abruzzese, E.; Tiribelli, M.; Tieghi, A.; Latagliata,

R.; et al. Ruxolitinib discontinuation syndrome: Incidence, risk factors, and management in 251 patients with myelofibrosis. Blood
Cancer J. 2021, 11, 4. [CrossRef]

62. Tefferi, A.; Pardanani, A. Serious adverse events during ruxolitinib treatment discontinuation in patients with myelofibrosis.
Mayo Clin. Proc. 2011, 86, 1188–1191. [CrossRef]

63. Elena, C.; Passamonti, F.; Rumi, E.; Malcovati, L.; Arcaini, L.; Boveri, E.; Merli, M.; Pietra, D.; Pascutto, C.; Lazzarino, M. Red
blood cell transfusion-dependency implies a poor survival in primary myelofibrosis irrespective of IPSS and DIPSS. Haematologica
2011, 96, 167–170. [CrossRef]

64. Verstovsek, S.; Oh, S.T.; Kiladjian, J.J.; Platzbecker, U.; Passamonti, F.; Gerds, A.T.; Vannucchi, A.M.; McLornan, D.P.; Gupta, V.;
Grosicki, S.; et al. Transfusion independence response as a potential surrogate for overall survival in JAKi-experienced patients
with myelofibrosis from MOMENTUM. Poster 3028. In Proceedings of the 65th Annual ASH Meeting & Exposition, New Orleans,
LA, USA, 10–13 December 2022.

65. Mesa, R.; Harrison, C.; Oh, S.T.; Gerds, A.T.; Gupta, V.; Catalano, J.; Cervantes, F.; Devos, T.; Hus, M.; Kiladjian, J.J.; et al. Overall
survival in the SIMPLIFY-1 and SIMPLIFY-2 phase 3 trials of momelotinib in patients with myelofibrosis. Leukemia 2022, 36,
2261–2268. [CrossRef] [PubMed]

66. Gerds, A.T.; Harrison, C.; Thompson, S.; Snopek, F.; Pemmaraju, N. The burden of illness and the incremental burden of
transfusion dependence in myelofibrosis in the United States. Poster 1729. In Proceedings of the 65th Annual ASH Meeting &
Exposition, New Orleans, LA, USA, 10–13 December 2022.

67. Carreau, N.; Tremblay, D.; Savona, M.; Kremyanskaya, M.; Mascarenhas, J. Ironing out the details of iron overload in myelofibrosis:
Lessons from myelodysplastic syndromes. Blood Rev. 2016, 30, 349–356. [CrossRef] [PubMed]

68. Shander, A.; Cappellini, M.D.; Goodnough, L.T. Iron overload and toxicity: The hidden risk of multiple blood transfusions. Vox
Sang. 2009, 97, 185–197. [CrossRef] [PubMed]

69. Caocci, G.; Vignetti, M.; Patriarca, A.; Breccia, M.; Platzbecker, U.; Palumbo, G.A.; Stauder, R.; Cottone, F.; Petranovic, D.; Voso,
M.T.; et al. High serum ferritin levels in newly diagnosed patients with myelodysplastic syndromes are associated with greater
symptom severity. Int. J. Hematol. 2020, 112, 141–146. [CrossRef]

70. Chifotides, H.T.; Verstovsek, S.; Bose, P. Association of myelofibrosis phenotypes with clinical manifestations, molecular profiles,
and treatments. Cancers 2023, 15, 3331. [CrossRef]

71. Masarova, L.; Alhuraiji, A.; Bose, P.; Daver, N.; Pemmaraju, N.; Cortes, J.; Pierce, S.; Kantarjian, H.; Verstovsek, S. Significance
of thrombocytopenia in patients with primary and postessential thrombocythemia/polycythemia vera myelofibrosis. Eur. J.
Haematol. 2018, 100, 257–263. [CrossRef]

72. Mascarenhas, J.; Gerds, A.T.; Kiladjian, J.J.; Dohner, K.; Buckley, S.; Smith, J.A.; Craig, A.R.; Singh, S.B.; Verstovsek, S.; Harrison, C.
PACIFICA: A randomized, controlled phase 3 study of pacritinib versus physician’s choice in patients with primary or secondary
myelofibrosis and severe thrombocytopenia. Poster 4316. In Proceedings of the 65th Annual ASH Meeting & Exposition, New
Orleans, LA, USA, 10–13 December 2022.

https://doi.org/10.1182/blood.2024025802
https://doi.org/10.1182/blood-2014-07-575373
https://www.ncbi.nlm.nih.gov/pubmed/25232060
https://doi.org/10.1111/bjh.15450
https://www.ncbi.nlm.nih.gov/pubmed/29984826
https://doi.org/10.1111/j.1600-0609.2009.01266.x
https://www.ncbi.nlm.nih.gov/pubmed/19366369
https://doi.org/10.1007/s00277-015-2435-7
https://doi.org/10.1111/j.1365-2141.2005.05524.x
https://doi.org/10.1182/blood-2010-12-325589
https://doi.org/10.1182/bloodadvances.2024012939
https://clinicaltrials.gov/study/NCT04717414
https://doi.org/10.1038/s41408-020-00392-1
https://doi.org/10.4065/mcp.2011.0518
https://doi.org/10.3324/haematol.2010.031831
https://doi.org/10.1038/s41375-022-01637-7
https://www.ncbi.nlm.nih.gov/pubmed/35869266
https://doi.org/10.1016/j.blre.2016.04.003
https://www.ncbi.nlm.nih.gov/pubmed/27106071
https://doi.org/10.1111/j.1423-0410.2009.01207.x
https://www.ncbi.nlm.nih.gov/pubmed/19663936
https://doi.org/10.1007/s12185-020-02920-y
https://doi.org/10.3390/cancers15133331
https://doi.org/10.1111/ejh.13005


Cancers 2024, 16, 4064 18 of 18

73. Segura, A.; Garcia Delgado, R.; Perez Lamas, L.; Senin Magan, M.A.; Fox, M.L.; Trejos Carvajal, D.M.; Ossorio Prendes, O.; de
las Hera, N.; Angona Figueras, A.; Carreno Gomez-Tarragona, G.; et al. Real-world outcomes of momelotinib as an alternative
therapy to other JAK inhibitors in myelofibrosis patients with anemia. Poster P1067. In Proceedings of the EHA 2024 Hybrid
Congress, Madrid, Spain, 13–16 June 2024.

74. Jilg, S.; Schwaab, J.; Sockel, K.; Crodel, C.C.; Brueckl, V.; Stegelmann, F.; Jentzsch, M.; Sasca, D.; Moyses, M.; Fuhrmann, S.;
et al. MoReLife—Real-life data support the potential of momelotinib as a safe and effective treatment option for cytopenic
myelofibrosis patients. Ann. Hematol. 2024, 103, 4065–4077. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1007/s00277-024-05908-4

	Introduction 
	Anemia in Myelofibrosis 
	Burden of Anemia in Myelofibrosis 
	Reprioritizing Anemia Management 
	Momelotinib 

	Mild Anemia 
	Previous Treatment Options in Mild Anemia 
	Momelotinib Clinical Trial Evidence in Mild Anemia 

	Moderate Anemia 
	Previous Treatment Options in Moderate Anemia 
	Momelotinib Clinical Trial Evidence in Moderate Anemia 
	Moderate Anemia: JAK Inhibitor Naive 
	Moderate Anemia: JAK Inhibitor Experienced 


	Severe Anemia/Transfusion Dependence 
	Previous Treatment Options in Severe Anemia 
	Momelotinib Clinical Trial Evidence in Severe Anemia 
	Severe Anemia: JAK Inhibitor Naive 
	Severe Anemia: JAK Inhibitor Experienced 


	Additional Considerations 
	Safety 
	Thrombocytopenia 
	Previous Treatment Options for Patients with Thrombocytopenia 
	Momelotinib in Patients with Thrombocytopenia 


	Conclusions 
	References

