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ABSTRACT

Introduction:  Some Janus kinase (JAK) inhibi‑
tors such as ruxolitinib and fedratinib do not 
address and may worsen anemia in patients with 
myelofibrosis. In these cases, the JAK inhibi‑
tor may be continued at a reduced dose in an 

effort to maintain splenic and symptom con‑
trol, with supportive therapy and/or red blood 
cell (RBC) transfusions added to manage ane‑
mia. This post hoc descriptive analysis of the 
phase 3 SIMPLIFY-2 trial evaluated the relative 
benefits of this approach versus switching to the 
JAK1/JAK2/activin A receptor type 1 inhibitor 
momelotinib in patients for whom anemia man‑
agement is a key consideration.
Methods:  SIMPLIFY-2 was a randomized (2:1), 
open-label, phase 3 trial of momelotinib ver‑
sus best available therapy (BAT; 88.5% contin‑
ued ruxolitinib) in JAK inhibitor-experienced 
patients with myelofibrosis (n = 156). Patient 
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subgroups (n = 105 each) were defined by either 
baseline (1) hemoglobin (Hb) of < 100 g/L or (2) 
non-transfusion independence (not meeting the 
criteria of no transfusions and no Hb of < 80 g/L 
for the previous 12 weeks); outcomes have been 
summarized descriptively.
Results:  In both subgroups of interest, week 24 
transfusion independence rates were higher with 
momelotinib versus BAT/ruxolitinib: baseline Hb 
of < 100 g/L, 22 (33.3%) versus 5 (12.8%); baseline 
non-transfusion independent, 25 (34.7%) versus 1 
(3.0%). Mean Hb levels over time were also gener‑
ally higher in both subgroups with momelotinib, 
despite median transfusion rates through week 24 
with momelotinib being comparable to or lower 
than with BAT/ruxolitinib. Spleen and symptom 
response rates with momelotinib in these sub‑
groups were comparable to the intent-to-treat 
population, while rates with BAT/ruxolitinib were 
lower.
Conclusion:  In patients with moderate-to-severe 
anemia and/or in need of RBC transfusions, out‑
comes were improved by switching to momelo‑
tinib rather than continuing ruxolitinib and using 
anemia supportive therapies.
Trial Registration :   ClinicalTrials.gov: 
NCT02101268.

PLAIN LANGUAGE SUMMARY

Patients with the rare blood cancer myelofibro‑
sis often experience symptoms such as tiredness, 
an increase in the size of their spleens (an organ 
involved in filtering the blood), and anemia (too 
few red blood cells). One type of treatment for 
myelofibrosis, called a Janus kinase (JAK) inhibi‑
tor, can help patients to feel better and reduce the 
size of their spleens, but some JAK inhibitors do 
not help with anemia and may make it worse. In 
those situations, patients may continue to take 
their JAK inhibitor but also receive another type 
of treatment, called an anemia supportive therapy, 
and may also receive red blood cell transfusions. 
This study compared 2 treatment approaches, con‑
tinuing the JAK inhibitor ruxolitinib and adding an 
anemia supportive therapy and/or transfusions ver‑
sus switching to another treatment called momelo‑
tinib, in 2 groups of patients from a clinical trial: 

(1) patients with levels of hemoglobin (a red blood 
cell protein) at the start of the trial that indicated 
that they had anemia, and (2) patients who were 
already receiving red blood cell transfusions at the 
start of the trial. In both groups, more patients did 
not need red blood cell transfusions anymore at 
week 24 with momelotinib, and their hemoglobin 
levels on average became higher over time. More 
patients also had improvements in spleen size and 
symptoms with momelotinib. Overall, outcomes 
were improved by switching to momelotinib rather 
than continuing ruxolitinib and using supportive 
therapies and/or red blood cell transfusions to treat 
anemia.

Keywords:  Anemia; Anemia  supportive 
therapy; Erythropoiesis-stimulating agents; 
Hemoglobin; Momelotinib; Myelofibrosis; Red 
blood cell transfusions; Ruxolitinib; Transfusion 
independence

Key Summary Points 

Although Janus kinase (JAK) inhibitors are 
the mainstay of myelofibrosis treatment 
for their ability to improve spleen size and 
symptoms, some, such as ruxolitinib, do not 
address, and may worsen, anemia; supportive 
therapies—such as erythropoiesis-stimulating 
agents (ESAs), androgens, and immunomodu‑
lators—and/or red blood cell (RBC) transfu‑
sions are often added to reduced-dose ruxoli‑
tinib to mitigate anemia, but the efficacy of 
this approach may be suboptimal

This post hoc descriptive analysis of the 
phase 3 SIMPLIFY-2 study of momelotinib 
versus best available therapy (BAT; 88.5% 
ruxolitinib) in JAK inhibitor-experienced 
patients with myelofibrosis was conducted 
to evaluate whether outcomes in patient 
subgroups for whom anemia management is 
a key consideration are improved by switch‑
ing to momelotinib versus the traditional 
approach of continuing ruxolitinib and add‑
ing anemia supportive therapies and/or RBC 
transfusions
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Anemia-related benefits, including week 24 
transfusion independence rates and mean 
hemoglobin levels over time, were higher 
with momelotinib versus BAT/ruxolitinib 
in both subgroups evaluated (patients with 
baseline hemoglobin of < 100 g/L and 
patients who were non-transfusion independ‑
ent at baseline); spleen and symptom benefits 
with momelotinib in these subgroups were 
consistent with the intent-to-treat population 
but lower with BAT/ruxolitinib

In JAK inhibitor-experienced patients who 
require anemia management, switching 
to momelotinib improves anemia-related 
outcomes while maintaining spleen and 
symptom responses in contrast to the lower 
transfusion independence, spleen, and symp‑
tom response rates observed with continued 
ruxolitinib plus anemia supportive therapies 
and/or RBC transfusions

INTRODUCTION

Anemia represents a substantial medical need 
in myelofibrosis; approximately one-third of 
patients have hemoglobin (Hb) of < 100 g/L at 
diagnosis, and nearly all become anemic over 
time [1, 2]. Many patients receive red blood cell 
(RBC) transfusions to manage anemia, but trans‑
fusion dependency is associated with dimin‑
ished quality of life and is a negative prognostic 
factor for survival [1]. While Janus kinase (JAK) 
inhibitors are the backbone of myelofibrosis 
treatment due to their efficacy in managing 
symptoms and splenomegaly, some, such as 
ruxolitinib and fedratinib, do not alleviate, and 
may exacerbate, anemia [3–7]. In the absence 
of therapies that directly address the mecha‑
nisms of anemia in myelofibrosis—including 
increased pro-inflammatory signaling, RBC 
sequestration, and dysregulated iron metabo‑
lism [1]—anemia supportive therapies such as 
erythropoiesis-stimulating agents (ESAs; e.g., 
epoetin alfa), androgens (e.g., danazol), corti‑
costeroids, and immunomodulatory drugs have 
been traditionally added in combination with 

continued ruxolitinib or fedratinib to manage 
new or worsening anemia [1, 3]. However, these 
adjunct treatments offer limited efficacy, dura‑
bility, and tolerability, while dose reduction of 
the concomitant JAK inhibitor to mitigate mye‑
losuppressive effects may compromise clinical 
benefit [3].

Momelotinib, a JAK1/JAK2/activin A receptor 
type 1 (ACVR1) inhibitor approved specifically 
for the treatment of patients with myelofibrosis 
who have anemia [7], has demonstrated clini‑
cally meaningful and durable improvements in 
anemia, splenomegaly, and symptoms in both 
JAK inhibitor-naive and -experienced patients 
with myelofibrosis across 3 phase 3 trials [8–10]. 
Thus, both JAK inhibitor-naive patients who 
already present with disease-related anemia and 
JAK inhibitor-experienced patients who develop 
new or worsening anemia on ruxolitinib or fed‑
ratinib may benefit from momelotinib. While 
clinical guidelines include momelotinib for 
patients with myelofibrosis and anemia, tradi‑
tional anemia supportive therapies continue to 
be considered as well, particularly for patients 
who also have splenomegaly and constitutional 
symptoms that are well controlled on an alterna‑
tive first-line JAK inhibitor [11].

In the phase 3 SIMPLIFY-2 trial, momelotinib 
was evaluated versus best available therapy 
(BAT) in JAK inhibitor-experienced patients 
who had experienced hematologic toxicity 
while receiving ruxolitinib [9]. While the pri‑
mary endpoint of superiority in the rate of 
spleen volume reduction ≥ 35% from baseline 
at week 24 with momelotinib versus BAT was 
not met (6.7% vs. 5.8%; P = 0.90), momelo‑
tinib was associated with nominally significant 
improvements in the rates of total symptom 
score (TSS) reduction ≥ 50% (26.2% vs. 5.9%; 
nominal P = 0.0006) and RBC transfusion inde‑
pendence at week 24 (43.3% vs. 21.2%; nomi‑
nal P = 0.0012) [9]. Notably, treatment washout 
from prior ruxolitinib was not permitted, and 
88.5% of patients in the BAT arm remained on 
ruxolitinib, including some who continued to 
receive therapeutic doses [9]. Thus, this trial 
provides an opportunity to evaluate the ane‑
mia-related benefits of switching to momelo‑
tinib versus continuing ruxolitinib and manag‑
ing anemia with supportive therapies and/or 
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RBC transfusions. To that end, we performed 
a post hoc descriptive analysis of SIMPLIFY-2 
focused on patient subgroups for whom ane‑
mia management is a key consideration: (1) 
patients with moderate-to-severe anemia, 
defined by baseline Hb of < 100 g/L, and (2) 
patients who were not transfusion independ‑
ent (TI) at baseline.

METHODS

Study Design

SIMPLIFY-2 (NCT02101268) was a multicenter, 
open-label, phase 3 study in which patients 
were randomized 2:1 to receive momelotinib or 
BAT [9]. It was conducted in accordance with 
the Declaration of Helsinki and Good Clinical 
Practice. The study protocol was approved by 
the institutional review board or independent 
ethics committee at each study site, and all par‑
ticipants provided written informed consent.

Consistent with the primary analysis [9], the 
present analyses are based on the 24-week rand‑
omized period, during which patients received 
either momelotinib 200 mg once daily or BAT 
according to the standard of care and investi‑
gator discretion. Clinical assessments, includ‑
ing laboratory values, were every 2 weeks, and 
abdominal scans for spleen size were every 
12 weeks. The modified Myeloproliferative Neo‑
plasm Symptom Assessment Form TSS electronic 
diary was self-completed by patients daily, and 
all transfusions were recorded. After the primary 
endpoint was assessed at week 24 [9], all patients 
were eligible to receive open-label momelotinib.

Patients

A total of 156 patients were randomized 
to receive momelotinib (n  =  104) or BAT 
(n = 52); full inclusion and exclusion criteria 
have been previously described [9]. Eligible 
patients were ≥ 18 years of age with primary, 
post-polycythemia vera, or post-essential 
thrombocythemia myelofibrosis classified as 
high, intermediate-2, or intermediate-1 (with 

symptomatic splenomegaly or hepatomegaly) 
risk (per Dynamic International Prognostic 
Scoring System criteria); there was no mini‑
mum platelet count requirement. All patients 
were currently or previously treated with rux‑
olitinib for ≥ 28 days and either required RBC 
transfusions or dose adjustment of ruxolitinib 
to < 20 mg twice daily with grade ≥ 3 anemia, 
thrombocytopenia, or bleeding on treatment; 
no washout of ruxolitinib was required prior 
to enrollment. Stratification factors included 
transfusion dependence (yes or no) and TSS 
(< 18 or ≥ 18).

The patient subgroups for the present anal‑
ysis were defined post hoc by either baseline 
(1) Hb of < 100 g/L or (2) transfusion status, 
namely all patients who were non-TI. Per the 
study protocol, baseline transfusion inde‑
pendence was defined as the absence of RBC 
transfusions and no Hb of  <  80  g/L in the 
12 weeks before randomization, while transfu‑
sion dependence was defined as ≥ 4 RBC units 
transfused or an Hb of < 80 g/L in the 8 weeks 
before randomization. Thus, the baseline non-
TI subgroup in the present analysis comprised 
patients who either met these criteria for trans‑
fusion dependence or were transfusion requir‑
ing (TR; received transfusions but did not meet 
the criteria for either transfusion independence 
or dependence).

As few patients received anemia supportive 
therapies other than RBC transfusions (e.g., 
ESAs), results in the small subgroup of the 
overall intent-to-treat (ITT) population who 
did were also summarized.

Endpoints and Statistical Analysis

The primary endpoint (superiority) was splenic 
response rate (spleen volume reduction ≥ 35% 
from baseline) at week 24. Secondary endpoints 
included TSS response rate (≥ 50% reduction 
from baseline) and transfusion independence 
rate (no RBC transfusions or Hb of < 80 g/L 
in the last 12 weeks before week 24). TSS was 
assessed in patients with baseline TSS of > 0 or 
baseline TSS of 0 but missing or > 0 at week 
24. In addition to the prespecified terminal 
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12-week definition of transfusion independ‑
ence at week 24, transfusion independence by 
week 24 was also assessed post hoc using a roll‑
ing 12-week definition (no RBC transfusions 
or Hb of < 80 g/L during any 12-week period 
through week 24). All statistical power was 
used at the time of the primary analysis [9]; 
efficacy and safety results from this exploratory 
analysis are summarized descriptively.

RESULTS

Baseline Characteristics, Dosing, and Safety

Overall baseline characteristics in these sub‑
groups of interest, other than those related to 
Hb level and/or transfusion status, were consist‑
ent with the ITT population [9]. Mean duration 
of prior ruxolitinib was > 1 year across all arms 
and subgroups (Table 1).

At baseline, 66 of 104 patients (63.5%) in the 
momelotinib arm and 39 of 52 patients (75.0%) 
in the BAT/ruxolitinib arm had Hb of < 100 g/L. 
In this subgroup, 86.7% had some transfusion 
need at baseline [i.e., were transfusion depend‑
ent (TD) or TR]; however, 14 patients were TI 
(5 in the momelotinib arm, 9 in the BAT/rux‑
olitinib arm) despite their moderate-to-severe 
anemia (Table 1).

In contrast, by definition, all patients in the 
baseline non-TI subgroup, which included 72 
of 104 (69.2%) in the momelotinib arm and 
33 of 52 (63.5%) in the BAT/ruxolitinib arm, 
had some transfusion need at baseline. In this 
subgroup, 81.0% met the criteria for transfu‑
sion dependence; the remaining 19.0% were 
TR. Despite their transfusion needs, 14 patients 
in this subgroup (11 in the momelotinib arm, 
3 in the BAT/ruxolitinib arm) had baseline Hb 
of ≥ 100 g/L (Table 1).

In both subgroups, all patients in the 
momelotinib arm received a starting dose of 
200 mg daily. In the BAT arm, 34 of 39 patients 
(87.2%) in the Hb < 100 g/L subgroup and 29 
of 33 (87.9%) in the non-TI subgroup received 
ruxolitinib, alone or in combination with other 
BAT (Table 1); 59% of patients who received 

ruxolitinib in both subgroups [Hb < 100 g/L: 20 
of 34 (58.8%); non-TI: 17 of 29 (58.6%)] received 
a baseline ruxolitinib dose of ≤ 10 mg twice 
daily. Near-full mean daily doses of momelo‑
tinib were maintained through week 24, while 
the percentage of patients receiving lower-dose 
ruxolitinib continued to increase over time in 
both subgroups (Supplementary Material). Over‑
all safety results in these subgroups were consist‑
ent with those previously reported for the ITT 
population (Supplementary Material) [9], and no 
new or unexpected safety signals were observed.

Anemia supportive therapies, administered 
alone or in combination with ruxolitinib, in 
the BAT/ruxolitinib arm in these subgroups are 
shown in Table 1. In the overall BAT/ruxolitinib 
arm, the most common were ESAs, which were 
administered to 5 patients (4 of these patients 
also received ruxolitinib). At baseline, 3 of these 
ESA-treated patients were TI (Hb: 98, 103, and 
96 g/L), 1 was TR (Hb: 85 g/L), and 1 was TD 
(Hb: 76 g/L).

Anemia‑Related Efficacy

In both subgroups of interest, week 24 trans‑
fusion independence rates were higher with 
momelotinib versus BAT/ruxolitinib. Among 
patients with baseline Hb of  <  100  g/L, 22 
(33.3%) were TI at week 24 with momelotinib 
per the prespecified terminal 12-week definition; 
25 (37.9%) were TI by week 24 per the rolling 
12-week definition (Fig. 1). In contrast, only 5 
(12.8%) and 7 (17.9%) in this subgroup were TI 
per the week 24 terminal and rolling definitions, 
respectively, with BAT/ruxolitinib.

Similarly, 25 patients (34.7%) in the non-TI 
subgroup were TI with momelotinib per the 
terminal 12-week definition and 29 (40.3%) 
were TI per the rolling 12-week definition ver‑
sus only 1 (3.0%) and 3 (9.1%) with BAT/rux‑
olitinib, respectively (Fig. 1). Transfusion inde‑
pendence rates at week 24 based on baseline 
erythropoietin (EPO) level were also assessed 
within these subgroups of interest; there was 
no influence of baseline EPO levels on trans‑
fusion independence rates with momelotinib, 
and response rates were consistently higher 
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Table 1   Baseline characteristics of patients in the baseline Hb < 100 g/L and non-TI subgroups

Baseline Hb < 100 g/L Baseline non-TI

Momelotinib (n = 66) BAT/RUX (n = 39) Momelotinib (n = 72) BAT/RUX (n = 33)

Age, median, years 67.0 70.0 69.0 70.0

Sex, n (%)

 Male 52 (78.8) 18 (46.2) 55 (76.4) 16 (48.5)

 Female 14 (21.2) 21 (53.8) 17 (23.6) 17 (51.5)

DIPSS risk category, n (%)

 Intermediate-1 5 (7.6) 7 (17.9) 6 (8.3) 8 (24.2)

 Intermediate-2 44 (66.7) 24 (61.5) 48 (66.7) 17 (51.5)

 High 17 (25.8) 8 (20.5) 18 (25.0) 8 (24.2)

Total symptom score, mean 
(SD)

16.7 (11.2) 20.7 (15.7) 17.5 (11.7) 21.0 (16.3)

ECOG performance status, n (%)

 0 19 (28.8) 15 (38.5) 23 (31.9) 11 (33.3)

 1 44 (66.7) 18 (46.2) 44 (61.1) 16 (48.5)

 2 3 (4.5) 6 (15.4) 5 (6.9) 6 (18.2)

Duration of prior ruxolitinib 
treatment, mean (SD), weeks

62.7 (63.3) 62.5 (56.2) 64.6 (61.8) 59.5 (56.6)

JAK2 V617F mutation, n (%)a

 Positive 43 (65.2) 27 (69.2) 47 (65.3) 23 (69.7)

 Negative 22 (33.3) 9 (23.1) 23 (31.9) 7 (21.2)

TI, n (%)b 5 (7.6) 9 (23.1) 0 0

TD, n (%)c 52 (78.8) 25 (64.1) 58 (80.6) 27 (81.8)

TR, n (%)d 9 (13.6) 5 (12.8) 14 (19.4) 6 (18.2)

Hb level

 n 66 39 72 33

 Mean (SD), g/L 82 (9) 88 (8) 86 (13) 87 (10)

 < 100 g/L, n (%) 66 (100) 39 (100) 61 (84.7) 30 (90.9)

Platelet count

 n 64 39 70 33

 Mean (SD), × 109/L 186.4 (161.6) 123.5 (95.4) 190.8 (159.0) 119.4 (93.0)

Absolute neutrophil count

 n 66 38 72 33
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with momelotinib versus BAT/ruxolitinib (Sup‑
plementary Material).

Similar to the overall ITT population [9], 
mean Hb levels in these subgroups improved 
rapidly with momelotinib and remained higher 

BAT/RUX best available therapy/ruxolitinib, DIPSS Dynamic International Prognostic Scoring System, ECOG Eastern 
Cooperative Oncology Group, EPO erythropoietin, ESA erythropoiesis-stimulating agent, Hb hemoglobin, JAK Janus 
kinase, N/A not applicable, RBC red blood cell, TD transfusion  dependent, TI transfusion  independent, TR transfu-
sion requiring
a In the Hb < 100 g/L subgroup, 65 of 66 patients in the momelotinib arm and 36 of 39 in the BAT/RUX arm were previ-
ously assessed for the JAK2 V617F mutation. In the non-TI subgroup, 70 of 72 patients in the momelotinib arm and 30 of 
33 in the BAT/RUX arm were previously assessed
b Defined as no RBC transfusions and no Hb of < 80 g/L in the previous 12 weeks
c Defined as ≥ 4 units of RBC transfusions or an Hb of < 80 g/L in the previous 8 weeks
d Defined as not meeting the criteria for transfusion independence or dependence
e Of the patients who received ruxolitinib in the BAT/RUX arm (34 in the Hb < 100 g/L subgroup, 29 in the non-TI sub-
group), the remaining 8 and 9 patients, respectively, not represented here received ruxolitinib plus another therapy not 
directed at anemia supportive care
f One patient received both danazol and prednisolone
g A total of 5 patients received ESAs with or without ruxolitinib; 1 of these patients received ESAs plus ruxolitinib but did 
not have Hb of < 100 g/L or non-TI at baseline
h No patients received lenalidomide, but it is included for completeness

Table 1   continued

Baseline Hb < 100 g/L Baseline non-TI

Momelotinib (n = 66) BAT/RUX (n = 39) Momelotinib (n = 72) BAT/RUX (n = 33)

 Mean (SD), × 109/L 8.8 (13.1) 7.3 (9.4) 10.3 (15.0) 6.0 (7.3)

EPO level

 n 63 37 68 32

 Mean (SD), IU/L 442.6 (503.6) 281.3 (438.0) 410.4 (495.2) 350.7 (487.0)

 < 100 IU/L, n (%) 19 (28.8) 19 (48.7) 22 (30.6) 13 (39.4)

 < 500 IU/L, n (%) 45 (68.2) 31 (79.5) 50 (69.4) 25 (75.8)

Ruxolitinib and/or anemia supportive agents received, n (%)e

 Ruxolitinib only N/A 18 (46.2) N/A 15 (45.5)

 Danazol onlyf 2 (5.1) 1 (3.0)

 Ruxolitinib + danazol 1 (2.6) 1 (3.0)

 Prednisolone onlyf 1 (2.6) 1 (3.0)

 Ruxolitinib + prednisolone 1 (2.6) 1 (3.0)

 ESA only 1 (2.6) 0

 Ruxolitinib + ESAg 3 (7.7) 2 (6.0)

 Lenalidomide onlyh 0 0
 Ruxolitinib + lenalidomideh 0 0
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over time than in those treated with BAT/rux‑
olitinib, including additional improvement 
in the BAT/ruxolitinib groups after crossover 
to momelotinib at week 24 (Fig. 2). These Hb 
improvements in the momelotinib versus 
BAT/ruxolitinib groups were apparent despite 
median transfusion rates through week 24 
being comparable or lower with momelo‑
tinib [units/month (range), Hb < 100 g/L: 1.6 
(0–8.2) vs. 1.4 (0–7.6); non-TI: 1.2 (0–8.7) vs. 
1.8 (0–7.6)].

Spleen, Symptom, and Dual/Triple Responses

Although these subgroups of interest were 
selected primarily to evaluate the anemia-
related benefits of momelotinib versus 
BAT/ruxolitinib, rates of splenic response 
[Hb < 100 g/L: 6 (9.1%) vs. 2 (5.1%); non-TI: 
7 (9.7%) vs. 1 (3.0%)] and symptom response 
[Hb < 100 g/L: 21 (32.3%) vs. 1 (2.6%); non-TI: 

21 (29.2%) vs. 0] at week 24 were also higher 
with momelotinib (Fig. 3).

Many responders with momelotinib 
achieved 2 or all 3 endpoints (splenic, symp‑
tom, and transfusion independence response), 
including 15 of 33 responders (45.5%) in the 
Hb < 100 g/L subgroup and 16 of 36 responders 
(44.4%) in the non-TI subgroup; there were no 
dual or triple responses in the BAT/ruxolitinib 
arm in either subgroup. In the Hb < 100 g/L 
subgroup, 3 of 6 splenic responders (50.0%) 
and 10 of 21 symptom responders (47.6%) with 
momelotinib were also TI at week 24. Similarly, 
in the non-TI subgroup, 4 of 7 splenic respond‑
ers (57.1%) and 10 of 21 symptom responders 
(47.6%) with momelotinib were also TI at week 
24 (Supplementary Material).

Fig. 1   Week 24 transfusion independence in the baseline 
Hb  <  100  g/L and non-TI subgroups. Transfusion inde-
pendence at week 24 (terminal 12-week definition; defined 
as no RBC transfusions and no Hb of < 80 g/L in the last 
12 weeks before week 24) or by week 24 (rolling 12-week 

definition; defined as no RBC transfusions and no Hb 
of < 80 g/L during any 12-week period through week 24). 
BAT best available therapy, Hb hemoglobin, RBC red 
blood cell, TI transfusion independent
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Fig. 2   Mean Hb levels over time in the baseline 
Hb  <  100  g/L (A) and non-TI (B) subgroups. Results 
through week 84  are shown for illustrative purposes, 

although the study continued beyond this time point. BAT 
best available therapy, BL baseline, Hb hemoglobin, TI 
transfusion independent
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Efficacy in Patients Who Received ESAs

Among the 5 patients in the overall BAT/rux‑
olitinib arm who received ESAs with or without 
ruxolitinib, there were 3 single responses (1 for 
each endpoint: splenic, symptom, and transfu‑
sion independence response). The ESA-treated 
patient who achieved a symptom response at 
week 24 did not receive ruxolitinib, while the 
splenic and transfusion independence respond‑
ers received an ESA in combination with ruxoli‑
tinib. Both the splenic and symptom responders 
were included in the Hb < 100 g/L subgroup, 
while the transfusion independence responder 
was not in either subgroup of interest. Thus, 
no patients with Hb of < 100 g/L or who were 
non-TI at baseline achieved transfusion inde‑
pendence at week 24 with ESAs. Furthermore, 
no patients in these subgroups of interest who 
received other anemia  supportive therapies 
achieved transfusion independence at week 24.

DISCUSSION

These exploratory analyses of the phase 3  
SIMPLIFY-2 trial focused on JAK inhibitor-expe‑
rienced patient subgroups for whom anemia 
management is typically a key consideration: 
patients with Hb of < 100 g/L and patients who 
were non-TI. In both populations, anemia-
related benefits and continued spleen and symp‑
tom control were greater with momelotinib than 
with BAT/ruxolitinib, suggesting that it may be 
advantageous to switch to momelotinib ver‑
sus continuing ruxolitinib and managing ane‑
mia with supportive care. Because there was 
no washout of prior ruxolitinib in SIMPLIFY-2, 
these results complement a recent analysis of 
the phase 3 SIMPLIFY-1 trial illustrating that 
patients can be immediately transitioned from 
ruxolitinib to momelotinib at full dose with no 
safety concerns, derive rapid anemia benefits, 
and maintain splenic and symptom control [12].

The subgroups in these analyses comprise 
similar but not completely overlapping patient 
populations. Hb of < 100 g/L broadly constitutes 

Fig. 3   SVR35 and TSS50 at week 24 in the baseline 
Hb < 100 g/L and non-TI subgroups. For TSS50, response 
rates are based on the number of patients evaluable for 
TSS at week 24. BAT best available therapy, Hb hemo-

globin, SVR35 spleen volume reduction  ≥  35%, TI trans-
fusion  independent, TSS50 total symptom score reduc-
tion ≥ 50%. aIn the Hb < 100 g/L subgroup, n = 65 for the 
momelotinib arm and n = 38 for the BAT/ruxolitinib arm
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moderate-to-severe anemia, and while support‑
ive therapies are typically considered at this 
threshold, the introduction of RBC transfusions 
may be reserved for more severely anemic indi‑
viduals [3, 13–17]. Thus, it is possible to encoun‑
ter patients with Hb of < 100 g/L who require 
anemia-directed therapy but are nevertheless TI 
(14 patients in the present analysis). Conversely, 
as transfusions may themselves increase Hb lev‑
els, there may be patients with Hb of ≥ 100 g/L 
who are nevertheless TD or TR (as is the case for 
a separate group of 14 patients in the present 
analysis). While anemia-related benefits are of 
particular importance in the management of 
both of these subgroups, the goals of treatment 
may vary (e.g., Hb improvement versus transfu‑
sion burden reduction). Momelotinib was asso‑
ciated with comprehensive anemia benefits, 
including higher mean Hb levels over time and 
increased rates of week 24 transfusion independ‑
ence, versus BAT/ruxolitinib in both subgroups.

Anemia supportive therapies do not address 
the underlying mechanism of anemia in mye‑
lofibrosis and are unable to halt its progression; 
however, adding these supportive therapies to 
ongoing treatment with a JAK inhibitor such 
as ruxolitinib may be perceived as a preferred 
approach, particularly in patients who are other‑
wise experiencing symptom and spleen control 
[1, 3, 18]. In fact, our analyses suggest that this 
approach provides not only limited anemia ben‑
efit but also lower symptom and spleen control 
compared with switching to momelotinib. Con‑
sistent with the ITT analysis, in which the pri‑
mary superiority endpoint was not met, splenic 
response rates were low across treatment arms 
and subgroups, likely attributable to the lack of 
washout from prior ruxolitinib [9]. However, 
splenic response rates with momelotinib in these 
subgroups were higher than in the ITT popu‑
lation (ITT, 6.7%; subgroups, 9.1% and 9.7%), 
while those with BAT/ruxolitinib were lower 
(ITT, 5.8%; subgroups, 5.1% and 3.0%). A simi‑
lar trend was observed with symptom responses; 
notably, no patients in the non-TI subgroup, 
and only 1 in the Hb < 100 g/L subgroup, treated 
with BAT/ruxolitinib had a symptom response, 
while approximately 30% did with momelo‑
tinib. These poor splenic and symptom response 
rates in the BAT/ruxolitinib arm may be the 

result of suboptimal ruxolitinib dosing, as most 
patients in these subgroups received ≤ 20 mg 
daily. These observations are consistent with 
recent real-world analyses of ruxolitinib, which 
found lower overall doses, splenic and symptom 
response rates, and survival in patients with 
cytopenias, primarily anemia [19]. In contrast, 
most patients in the present analysis received 
full daily doses of momelotinib, which not only 
provides spleen and symptom benefits through 
inhibition of JAK1/JAK2 but directly addresses 
anemia in myelofibrosis through inhibition of 
ACVR1, leading to increased serum iron avail‑
ability and erythropoiesis [3, 20]. Thus, the 
decision to continue first-line treatment or 
switch may be informed in part by the dose of 
the initial JAK inhibitor that can be maintained 
and the corresponding depth and durability of 
spleen and symptom responses.

The prespecified terminal 12-week definition 
of transfusion independence in SIMPLIFY-2 
[9] ensures the durability of the rate reported 
at week 24, as it requires patients to have 
remained transfusion-free for at least the previ‑
ous 12 weeks. In contrast, the rolling 12-week 
definition [21] is less stringent, as patients 
may achieve transfusion independence over 
any 12-week period through week 24; even if 
this independence is later lost, they will still 
be counted as responders at week 24. The fact 
that week 24 transfusion independence rates 
with momelotinib were similar by the terminal 
and rolling 12-week definitions (e.g., 40.3% vs. 
34.7% in the non-TI subgroup) provides further 
evidence of durability, as it indicates that few 
patients lost response with momelotinib once 
achieved; in contrast, few patients met the strict 
terminal 12-week criteria for transfusion inde‑
pendence in the BAT/ruxolitinib arm.

The most common anemia supportive ther‑
apy, other than transfusions, in the BAT/ruxoli‑
tinib arm of SIMPLIFY-2 was ESAs (5 patients). 
Current guidelines recommend ESAs primarily 
for patients with serum EPO levels of < 500 IU/L 
[11], with responses more common in those 
with levels of < 125 IU/L [16]. In the subgroups 
evaluated in the present analysis, more patients 
in the BAT/ruxolitinib arm versus the momelo‑
tinib arm had baseline EPO levels of < 500 IU/L, 
including approximately 40–50% versus 30% 
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with levels of < 100 IU/L. However, transfusion 
independence responses with momelotinib were 
observed regardless of baseline EPO level, sug‑
gesting that this criterion should not impact 
consideration of momelotinib in patients who 
require an anemia benefit. Notably, no patients 
in either SIMPLIFY-2 subgroup of interest 
achieved transfusion independence at week 24 
with ESAs.

The primary limitation of the present anal‑
yses is their post hoc and descriptive nature; 
SIMPLIFY-2 was not powered to prospectively 
evaluate momelotinib versus BAT/ruxolitinib in 
these patient subgroups; thus, statistical signifi‑
cance could not be determined. The crossover 
design of SIMPLIFY-2 also represents a limita‑
tion, as this precludes comparative analyses of 
endpoints such as duration of transfusion inde‑
pendence beyond week 24.

CONCLUSION

Collectively, these data suggest that, in patients 
with moderate-to-severe anemia and/or in 
need of RBC transfusions, outcomes—notably 
anemia benefits, including week 24 transfu‑
sion independence rates, onset and duration of 
transfusion independence, median transfusion 
rates through week 24, and mean Hb levels over 
time—are improved by switching to momelo‑
tinib rather than continuing ruxolitinib and 
using ESAs or other supportive therapies to man‑
age anemia.
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