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ABSTRACT 
Myelofibrosis (MF) is a chronic myeloproliferative neoplasm that typically manifests with debilitating symptoms that progressively worsen, 
negatively impacting patients’ quality of life. Fatigue is a multifactorial and burdensome MF-related symptom due to its severity, per-
sistence, and prevalence, with anemia a contributing factor and major unmet need. Clinical trials of the Janus kinase (JAK)1/JAK2/
activin A receptor type 1 inhibitor momelotinib have shown consistent anemia benefits, in addition to improvements in MF-related 
symptoms. The phase 3 MOMENTUM trial in symptomatic and anemic patients met its primary end point, with a greater proportion 
having a Myelofibrosis Symptom Assessment Form (MFSAF) Total Symptom Score (TSS) reduction ≥50% at week 24 with momelotinib 
versus danazol. To support the positive primary end point result, we conducted longitudinal, responder, and time-to-event analyses 
of patient-reported outcomes from MOMENTUM, as measured by the MFSAF, European Organization for Research and Treatment of 
Cancer Quality of Life Questionnaire (EORTC QLQ-C30), and Patient-Reported Outcomes Measurement Information System (PROMIS) 
assessments. These analyses demonstrated rapid and durable response benefits with momelotinib, with achievement of first TSS 
response by day 29 and continued improvement over time. Improvements favored momelotinib versus danazol for each MFSAF indi-
vidual item, and greater improvements were observed for disease- and cancer-related fatigue and physical functioning at week 24, with 
significant results for multiple items/domains across the 3 assessments. These findings are consistent in demonstrating that momelotinib 
provides substantial symptom benefit.

INTRODUCTION

Myelofibrosis (MF) is a chronic and progressive myelopro-
liferative neoplasm largely driven by dysregulated Janus kinase 
(JAK)-signal transducer and activator of transcription signaling, 

leading to uncontrolled myeloid proliferation, increased cyto-
kine release, bone marrow fibrosis, and cytopenias (eg, throm-
bocytopenia and anemia).1,2 Most patients with MF have high 
symptom burden due to debilitating constitutional symptoms 
(night sweats, fever, and weight loss), other systemic symptoms 
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(eg, fatigue, bone pain, and pruritus), and symptoms associated 
with an enlarged spleen (abdominal pain and early satiety), all 
contributing to a severely compromised quality of life (QOL).3,4 
Symptoms become progressively disabling—as the number of 
symptoms from diagnosis increases, and emotional well-be-
ing, QOL, and ability to work decrease.5–7 In the international 
MPN Landmark Survey, 90% of patients reported experiencing 
symptoms in the past 12 months; the majority reported that 
their symptoms reduced their QOL, including both activities of 
daily living (eg, family/social life) and work/productivity (eg, 
reduced work hours, sick leave, and job termination).6,7 While 
high prognostic risk and symptom severity were associated with 
higher QOL impact, even respondents considered low prognos-
tic risk or with the lowest symptom severity reported reduced 
QOL, demonstrating the substantial and wide-ranging impact 
of symptoms on patients.6

Fatigue is recognized as a predominant symptom in MF due to 
its severity, persistence, and high prevalence, resulting in drasti-
cally impaired QOL and diminished physical and social function-
ing.8 In a survey of 207 patients with MF, 81% reported reduced 
QOL due to disease-related symptoms, of which fatigue was the 
most common and severe.6 Additionally, a study evaluating symp-
toms in 293 patients with MF revealed that 96% experienced 
fatigue, which also represented the highest symptom intensity.9 
While drivers of fatigue in MF are diverse, including cytokine 
dysregulation and deconditioning, anemia may contribute to 
the weakness and fatigue experienced by patients.8,10 However, 
fatigue is complex and multifactorial, and patients’ activity levels 
and patient experience data (timing and duration of fatigue) must 
also be taken into account to accurately assess fatigue.11

Although JAK inhibitors are a mainstay of MF treatment, 
some approved JAK inhibitors (eg, ruxolitinib and fedratinib) 
do not address and may even exacerbate anemia, depending on 
disease phenotype, and none are specifically indicated to treat 
disease-associated anemia, potentially contributing to fatigue 
burden.12,13 Momelotinib is a JAK inhibitor that blocks JAK1, 
JAK2, and activin A receptor type 1 (ACVR1) and has previ-
ously demonstrated clinical activity against anemia, symptoms, 
and splenomegaly in MF clinical trials.12,14 Studies have shown 
that suppression of ACVR1-mediated hepcidin production leads 
to increased serum iron availability and erythropoiesis, resulting 
in anemia benefits, including the increased transfusion indepen-
dence (TI) observed with momelotinib.15–19

Anemia benefits with momelotinib have been consistent 
across trials, but associated symptom improvement results have 
been more complex to interpret. In SIMPLIFY-1, momelotinib 
demonstrated symptom improvement in JAK inhibitor–naive 
patients, as assessed by the percentage of patients achieving 
a Myeloproliferative Neoplasm Symptom Assessment Form 
(MPN-SAF) Total Symptom Score (TSS) reduction ≥50% at 
week 24 (secondary end point), but noninferiority of momel-
otinib to ruxolitinib was not met.15 Notably, the prespecified 
noninferiority margin was based on a historical metric that 
did not include a measure of fatigue, which individual symp-
tom analysis identified as the most prevalent and severe item 
reported at baseline in SIMPLIFY-1; the margin was also more 
conservative than the standard application of the fixed-mar-
gin method. Post hoc longitudinal mixed-effects model for 
repeated measures (MMRM) analysis showed similar changes 
from baseline in TSS on a continuous scale with momelotinib 
and ruxolitinib in both the intent-to-treat (ITT) and symp-
tomatic (TSS ≥10) populations.15,20 Meanwhile, in patients 
previously treated with ruxolitinib (SIMPLIFY-2), there was 
a nominally significant difference in favor of momelotinib ver-
sus best available therapy (88.5% ruxolitinib) in MPN-SAF 
TSS.16 Because the threshold for superiority for the primary 
end point (splenic response rate [SRR]) was not met, symp-
toms could not be formally assessed. Findings from post hoc 
MMRM and individual item analyses further supported the 

TSS results.16,20 Collectively, these symptom analyses across 
SIMPLIFY-1 and SIMPLIFY-2 not only highlight the symptom 
benefits associated with momelotinib but also illustrate the 
importance of considering patient-reported outcome (PRO) 
analyses beyond TSS response in assessing the impact of treat-
ment on symptoms.

The effects of momelotinib in symptomatic patients were 
further explored in MOMENTUM, a randomized, phase 
3 trial evaluating momelotinib versus danazol (an andro-
gen) in symptomatic and anemic patients with MF previ-
ously treated with JAK inhibitor therapy.17 Notably, to our 
knowledge, MOMENTUM is the first phase 3 trial to include 
Myelofibrosis Symptom Assessment Form (MFSAF) TSS 
response rate as the primary end point. The study met the 
primary end point with a significantly greater proportion of 
patients achieving a ≥50% reduction in MFSAF TSS from 
baseline with momelotinib versus danazol (25% versus 9%; P 
= 0.01). All key secondary end points were also met, demon-
strating statistical noninferiority of momelotinib versus 
danazol in TI, with a numerically higher rate with momelo-
tinib (30% versus 20%; P = 0.012), and statistical superior-
ity in spleen volume reduction ≥25% (39% versus 6%; P < 
0.001), mean TSS change from baseline (−11.5 versus −3.9; P 
= 0.001), spleen volume reduction ≥35% (22% versus 3%; P 
= 0.001), and rate of zero transfusions to week 24 (35% ver-
sus 17%; P = 0.001).17 Several other PRO assessments, such 
as the European Organization for Research and Treatment of 
Cancer Quality of Life Questionnaire (EORTC QLQ-C30),21 
Patient-Reported Outcomes Measurement Information System 
(PROMIS) Short Form 10b,22 and EuroQOL Five Dimension 
5-Level (EQ-5D-5L),23 were included as secondary end points 
to more thoroughly characterize the effects of momelotinib 
on the most clinically relevant symptoms and other aspects of 
QOL.17 Here, we report results from the MOMENTUM study 
evaluating the effect of momelotinib on patient-reported 
health status and health-related QOL, including the impact 
on fatigue and physical function.

MATERIALS AND METHODS

MOMENTUM study design
MOMENTUM (NCT04173494) is a randomized, dou-

ble-blind, global, phase 3 trial evaluating momelotinib plus pla-
cebo versus danazol plus placebo in anemic (hemoglobin <10 g/
dL) and symptomatic (TSS ≥10 assessed by a single MFSAF 
v4.0 assessment at screening) patients who previously received 
approved JAK inhibitor therapy for MF for ≥90 days (≥28 days 
if therapy was complicated by ≥4 red blood cell units transfused 
in 8 weeks or grade 3/4 thrombocytopenia, anemia, or hema-
toma). Patients were randomized 2:1 to receive momelotinib 
200 mg orally once daily plus placebo or danazol 300 mg orally 
twice daily plus placebo for 24 weeks. The primary end point 
was MFSAF TSS response rate at week 24 (≥50% reduction in 
mean TSS over the 28 days immediately before the end of week 
24 compared with baseline). Key secondary end points included 
TI rate, SRR, change from baseline of mean TSS at week 24, and 
proportion of patients with zero red blood cell units transfused 
through week 24.17

PRO assessments
PRO assessments reported in this analysis included the 

MFSAF v4.0,24 EORTC QLQ-C30 v3.0,21 and PROMIS Short 
Form 10b.22 All questionnaires were completed using an elec-
tronic device at the time points noted below.

MFSAF v4.0
The MFSAF v4.0 is an MF-specific symptom questionnaire 

comprising 7 individual item scores (fatigue, early satiety, 
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abdominal discomfort, night sweats, itching, bone pain, and 
rib pain assessed on an 11-point numeric rating scale ranging 
0–10) and TSS (sum of the 7 individual item scores, represent-
ing a range of scores from 0 to 70; higher score corresponds to 
more severe symptoms). Patients were assessed at screening (≤6 
weeks before randomization), baseline (average of the daily TSS 
for the 7 days before randomization), randomization (daily for 
week 1), and daily during the randomized phase from weeks 2 
to 24. Change from baseline for MFSAF TSS was calculated for 
every 4-week period based on the average of consecutive 28-day 
periods for weeks 4, 8, 12, 16, 20, and 24 (at least 20 daily TSS 
readings in each 28-day period were required; otherwise, the 
score was reported as missing).

EORTC QLQ-C30
EORTC QLQ-C30 is a questionnaire that assesses the QOL 

of patients with cancer. It consists of 5 functional scales, 3 symp-
tom scales, 1 Global Health Status (GHS)/QOL scale, and 6 sin-
gle items, and scores range from 0 to 100; for functional and 
GHS/QOL scales, higher scores indicate better QOL, and for 
symptom scales, higher scores indicate more severe symptoms. 
Assessments were conducted at baseline and at weeks 12 and 24 
during the randomized phase.

PROMIS Physical Function Short Form 10b
PROMIS is a bank of 124 items assessing various aspects 

of physical functioning based on self-reporting, and the Short 
Form 10b includes 10 of these items. PROMIS Short Form 10b 
was administered at baseline, at weeks 2 and 4, and then every 
4 weeks during the randomized phase.

Statistical methods

Week 24 responder analyses
A data cutoff of December 3, 2021 was used for these analy-

ses (consistent with the main analysis) and they were performed 
in the ITT population.17 Descriptive responder analyses were 
performed for MFSAF individual items and TSS, EORTC QLQ-
C30−derived scales and items, and PROMIS Short Form physi-
cal function total score for the scheduled visits in the randomized 
treatment period. The number and percentage of responders for 
improvement at week 24 by corresponding meaningful change 
threshold (MCT) were summarized (Suppl. Table S1). The dis-
tribution of change from baseline for nonresponders was further 
summarized as improvement of less than MCT and deteriora-
tion. All summaries were performed by the randomized treat-
ment arm. The response rate was compared between treatments 
with the Cochran-Mantel-Haenszel test using nonresponder 
imputation (ie, missing response was considered nonresponse) 
for the primary week 24 responder analysis.

MMRM change from baseline
Longitudinal change from baseline scores were analyzed with 

MMRM using an unstructured covariance matrix.20 The distri-
bution of change from baseline was summarized by descriptive 
statistics.

Longitudinal analyses of response
Longitudinal analyses of response were performed for MFSAF 

TSS and PROMIS physical function total score by randomized 
treatment visit. Missing scores were imputed by multiple impu-
tation first and transformed into response status based on the 
corresponding MCT (Suppl. Table S1). A generalized estimat-
ing equation (GEE) model was fitted on the data set, and the 
model included treatment effect, time point, treatment versus 
time point interaction, and stratification variables (except study 
sites). Odds ratio (OR) for response, 95% confidence interval 
(CI), and P value were derived from the GEE model and pre-
sented at each time point as the treatment effect (momelotinib 
versus danazol).

Time-to-event analyses
Time-to-event analysis was conducted for MFSAF TSS and 

individual items and for PROMIS physical function total score 
in the 24-week randomized treatment period. For each patient, 
time to first response was defined as the duration from the first 
dose to the date of first visit day with response and analyzed 
using the Kaplan-Meier method. Time to first response for 
patients without a response was censored at the last visit day 
with nonmissing response status, and patients without postbase-
line measurements were censored at day 1. A stratified log-rank 
test with randomization stratification factors was performed to 
compare the treatment arms. Hazard ratio (HR) and its 95% CI 
were estimated from a stratified Cox regression model.

RESULTS

Study population and baseline characteristics
A total of 195 patients were randomized (130 to the mom-

elotinib arm and 65 to the danazol arm). Of those patients, 94 
(72.3%) in the momelotinib arm and 38 (58.5%) in the danazol 
arm completed randomized treatment; the most common rea-
sons for early treatment discontinuation were adverse events 
and patient decision. Baseline characteristics and demographics 
were similar between the treatment arms. Full study population 
details and baseline characteristics have been previously pub-
lished (Suppl. Table S2).17

MFSAF TSS and individual items

Responder analysis, TSS, and individual items
Data for MFSAF TSS and individual items at week 24 were 

available for 92 patients (70.8%) in the momelotinib arm and 
37 patients (56.9%) in the danazol arm. As previously reported, 
the MFSAF TSS response rate based on percentage change (MCT 
≥50%) was significantly higher with momelotinib (24.6% 
[32/130 patients]) versus danazol (9.2% [6/65 patients]; P = 
0.01).17 Similarly, TSS response rate by absolute change (MCT 
≥19-point change) was also significantly higher with momelo-
tinib versus danazol (16.2% versus 6.2%; P = 0.046).

Median improvements from baseline at week 24 were greater 
with momelotinib versus danazol in all individual items, with the 
greatest treatment difference with momelotinib versus danazol 
seen in night sweats, abdominal discomfort, bone pain, and rib 
pain (Figure 1A). Responder analyses also favored momelotinib 
versus danazol for all individual items, with significant differ-
ences in the same 4 items (Figure 1B). The proportion of patients 
who declined (defined as an increase/worsening in a score of >0 
compared with baseline) was lower for all items in the momel-
otinib versus danazol arm, except for early satiety (itching was 
equivalent for both arms) (Suppl. Figure S1).

Least-squares mean change from baseline and MMRM
At week 4, mean (SD) change from baseline for MFSAF 

TSS was −5.67 (8.15) and −2.34 (6.02) with momelotinib and 
danazol, respectively. As previously reported, mean (SD) change 
from baseline was −11.5 (12.9) with momelotinib and −3.9 
(11.9) with danazol at week 24.17 Mean change from baseline 
for each of the individual MFSAF items showed improvement 
at every 4-week period in the momelotinib arm, and a greater 
magnitude of improvement was observed for each item at every 
time point in the momelotinib versus danazol arm, demonstrat-
ing superiority of momelotinib (Suppl. Table S3). MMRM anal-
yses further showed that the least-squares (LS) mean difference, 
momelotinib versus danazol, for change from baseline in each 
individual item favored momelotinib (Table 1).

Longitudinal analysis of response
Longitudinal analysis of response (defined as ≥50% reduc-

tion) was performed for the MFSAF TSS after imputing 

http://links.lww.com/HS/A509
http://links.lww.com/HS/A509
http://links.lww.com/HS/A509
http://links.lww.com/HS/A509
http://links.lww.com/HS/A509
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missing TSS raw scores with multiple imputation. Throughout 
the 24-week randomized period, the likelihood of improvement 
in MFSAF TSS based on percent change favored the momelo-
tinib versus danazol arm. The OR for response in the overall 
treatment period was 2.5 (95% CI, 1.2-5.1), and the treatment 
effect favoring momelotinib was observed as early as week 8 
and onward; at week 24, the OR (derived by a GEE model) was 
2.3 (95% CI, 1.0-5.4).

Time-to-event analysis
The median time to first response, represented on the first 

day of the averaged 28-day period during which the MCT was 
achieved, was not reached for TSS with either momelotinib or 
danazol. First TSS response (≥50% reduction) by percent change 
for 25% of patients was achieved by day 29 (first day of the 
week 8 assessment) in the momelotinib arm and by day 57 (first 
day of the week 12 assessment) in the danazol arm (Figure 2). 
First TSS ≥−19-point change response by absolute change for 
25% of patients was achieved by day 141 (first day of the week 
24 assessment) with momelotinib and was not achieved with 
danazol (Suppl. Figure S2). For MFSAF TSS percent change 
(≥50%) and absolute change (≥−19 points), the proportion of 
patients with a response by any time point during randomized 
treatment was higher with momelotinib versus danazol.

Fatigue
Disease-related fatigue

Data on disease-related fatigue (one of the individual items 
in the MFSAF) were available for 92 patients (70.8%) in the 
momelotinib arm and 37 patients (56.9%) in the danazol arm 
at week 24. As shown in Figure 1B, responder analysis of the 
individual MFSAF fatigue item favored momelotinib versus 
danazol, with a higher proportion of patients demonstrating 
improvement (MCT defined as ≥3-point reduction from base-
line) in MFSAF disease-related fatigue at week 24 (P = 0.108). 
Categorical response analysis for the MFSAF disease-related 
fatigue item showed a greater proportion of patients who 
improved or remained stable with momelotinib (56.2%) ver-
sus danazol (36.9%) (Suppl. Figure S1). Mean (SD) change 
from baseline for the MFSAF fatigue item was −1.79 (2.20) 
and −0.81 (2.36) at week 24 in the momelotinib and danazol 
arms, respectively. The proportion of patients with MFSAF 
fatigue response at week 24 was higher in the momelotinib 
versus danazol arm, with an HR for time to first response at 
any time in the randomized period demonstrating a trend in 
favor of momelotinib (Figure 3). MMRM analysis showed that 
the LS mean difference, momelotinib versus danazol (SE), for 
disease-related fatigue by MFSAF was −0.71 (0.36; P = 0.051; 
Table 2).

A

B

Figure 1.  MFSAF individual item scores and descriptive responder analysis by corresponding MCTs.  (A) MFSAF individual item scores at baseline 
and week 24 in the momelotinib and danazol arms. (B) Descriptive responder analysis for MFSAF at week 24; response was defined as a reduction from base-
line ≥ MCT (≥3-point score reduction). Response rate difference and P values were stratified by Cochran-Mantel-Haenszel with missing week 24 results as 
nonresponders. aP < 0.05. MCT = meaningful change threshold; MFSAF = Myelofibrosis Symptom Assessment Form. 

http://links.lww.com/HS/A509
http://links.lww.com/HS/A509
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Of the 38 patients in the momelotinib arm who were trans-
fusion independent (TI) at week 24 (no red blood cell or 
whole blood transfusions and all hemoglobin levels ≥8 g/dL 
in the last 12 weeks of the 24-week randomized treatment 
period) and also had fatigue data, 13 (34.2%) showed an 
MFSAF fatigue response (≥3-point score reduction), and 33 
(86.8%) had some improvement in fatigue (>0-point score 
reduction). Of the 13 patients in the danazol arm who were 
TI and also had fatigue data at week 24, two (15.4%) were 
fatigue responders, and 8 (61.5%) had some improvement in 
fatigue. Of patients with baseline and week 24 data, 11 of 
54 (20.4%) who were not TI at week 24 in the momelotinib 
arm and 4 of 24 (16.7%) who were not TI at week 24 in 
the danazol arm were fatigue responders. Similarly, hemoglo-
bin improvements of ≥1 g/dL from baseline at week 24 were 
noted in both fatigue responders and nonresponders. Among 
83 patients in the momelotinib arm evaluable for hemoglobin 
response, 14 of 43 hemoglobin responders (32.6%) were also 
fatigue responders, while 29 of 43 (67.4%) were not. Among 
29 evaluable patients in the danazol arm, 4 of 16 hemoglobin 

responders (25.0%) were also fatigue responders, while 12 of 
16 (75.0%) were not.

Cancer-related fatigue
Data for the EORTC QLQ-C30 cancer-related fatigue sub-

scale were available for 89 of 130 patients (68.5%) in the mom-
elotinib arm and 35 of 65 patients (53.8%) in the danazol arm 
at week 24. Momelotinib was superior to danazol, with a signif-
icant proportion difference of 20% between momelotinib and 
danazol and a response rate difference of 0.21 (95% CI, 0.07-
0.33; P = 0.005). Change from baseline analysis using MMRM 
showed that the LS mean difference (SE) for cancer-related 
fatigue by EORTC QLQ-C30 was −10.82 (4.21; P = 0.011; 
Table 2).

EORTC QLQ-C30 domains

Responder analysis
Similar to the availability of data for the cancer-related 

fatigue subscale, data for all other EORTC QLQ-C30 domains 
were available for 89 of 130 patients (68.5%) in the mom-
elotinib arm and 35 of 65 patients (53.8%) in the danazol 
arm at week 24, except for the constipation domain in the 
momelotinib arm (completed by 88 patients [67.7%]) and 
the insomnia, appetite loss, and constipation domains in the 
danazol arm (completed by 34 patients [52.3%]) (Figure 4). 
The proportion of patients who met the response rate defi-
nition (based on corresponding MCTs) was higher in the 
momelotinib versus danazol arm for most subscales (similar 
for nausea and vomiting and constipation, equivalent for dys-
pnea, and lower for diarrhea). For the GHS/QOL scale, a sig-
nificant difference was observed, with a higher proportion of 
patients experiencing improvement with momelotinib versus 
danazol (36.2% versus 21.5%). The proportion of patients 
who reported an improvement in pain, fatigue, insomnia, 
social functioning (ability to fulfill one’s role within various 
environments, including work, social activities, and relation-
ships with partners and family), and role functioning (ability 
to perform daily activities, leisure time activities, and work) 
subscales were significantly higher with momelotinib versus 
danazol (P < 0.05).

Table 1

Treatment Differences Using MMRM in MFSAF Individual Item 
Change From Baseline Score at Week 24

MFSAF Individual Item Score LS Mean Difference (95% CI)a,b 

Fatigue −0.71 (−1.42 to 0)
Night sweats −1.27 (−2.00 to −0.53)c

Itching −0.31 (−1.14 to 0.51)
Abdominal discomfort −1.11 (−1.91 to −0.31)c

Rib pain −0.80 (−1.54 to −0.05)c

Early satiety −0.78 (−1.58 to 0.01)
Bone pain −1.19 (−1.92 to −0.46)c

aBased on MMRM adjusted for baseline MFSAF TSS (≥22 vs <22), baseline palpable spleen length 
below the LCM (≥12 vs <12 cm), and baseline RBC or whole blood units transfused in the 8-wk 
period before randomization (0, 1–4, ≥5 units).
bNegative LS mean difference values indicate that the treatment benefit in the momelotinib arm 
was greater than treatment benefit in the danazol arm.
c95% CI does not cross zero.
CI = confidence interval; LCM = left costal margin; LS = least squares; MFSAF = Myelofibrosis 
Symptom Assessment Form; MMRM = mixed-effects model for repeated measures; RBC = red 
blood cell; TSS = Total Symptom Score.

Figure 2.  Time to first MFSAF total symptom score percent change response in randomized treatment period. aHazard ratio (momelotinib divided 
by danazol) is from stratified Cox proportional hazards model with a single factor of treatment group, stratified by baseline MFSAF TSS (≥22 vs <22), baseline 
palpable spleen length below the LCM (≥12 vs <12 cm), and baseline RBC or whole blood units transfused in the 8-wk period before randomization (0, 1–4, and 
≥5). bP value is from log-rank test stratified by baseline MFSAF TSS (≥22 vs <22), baseline palpable spleen length below the LCM (≥12 vs <12 cm), and baseline 
RBC or whole blood units transfused in the 8-wk period before randomization (0, 1–4, and ≥5). LCM = left costal margin; MFSAF = Myelofibrosis Symptom Assessment 
Form; RBC = red blood cell; TSS = Total Symptom Score. 
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Physical function
Responder analysis and MMRM

Data for the PROMIS physical function assessments were 
available for 89 of 130 patients (68.5%) in the momelotinib 
arm and 32 of 65 patients (49.2%) in the danazol arm at week 
24. Momelotinib was associated with a significantly greater 
response rate (defined as a reduction of ≥6 points) versus 
danazol for physical function based on the Short Form 10b (P 
= 0.014) (Figure 5). Mean (SD) change from baseline in phys-
ical function based on the Short Form 10b was 1.94 (8.74) 

with momelotinib versus 0.22 (5.79) with danazol, and the 
LS mean difference per MMRM analysis was 1.31 (SE, 1.42; 
[95% CI, −1.49 to 4.11]; P = 0.357) (Table 2). Longitudinal 
analysis of response showed that the likelihood of improve-
ment in the Short Form 10b raw score trended in favor of 
the momelotinib arm for every time point in the randomized 
treatment period. The OR for response was 1.7 (95% CI, 0.8-
3.6) in the overall treatment period and 1.7 (95% CI, 0.6-4.8) 
at week 24.

Time-to-event analysis
Time to first response was assessed for PROMIS phys-

ical function 10b total score (Figure  6). Median time to first 
response was 24.6 weeks with momelotinib and not estima-
ble with danazol. For 25% of patients, first response for the 
PROMIS physical function 10b total score was achieved by day 
84 (week 12) in the momelotinib arm and not estimable in the 
danazol arm. The proportion of PROMIS physical function 10b 
total score response events was higher in the momelotinib ver-
sus danazol arm. The proportion of patients with a response at 
any time point during the randomized treatment was also higher 
with momelotinib versus danazol, and the HR favored momelo-
tinib for each additional PROMIS question.

DISCUSSION

The descriptive responder, longitudinal responder, and time-
to-event analyses described in this study support the primary 
end point of MOMENTUM in demonstrating that patients 
who received momelotinib derived proportionally greater and 
consistent improvement in symptoms compared with those 
who received danazol across multiple PRO assessments based 
on their corresponding MCTs at week 24. The increasing mag-
nitude of response and results from time-to-event analyses 
showed rapid, progressive, and durable symptom benefit of 
momelotinib in patients with MF, as evidenced by achievement 
of first TSS reduction ≥50% by day 29 and continued improve-
ment of MFSAF TSS at every 4-week period. Improvements 
favored momelotinib for each MFSAF individual item, includ-
ing significantly increased proportions of responders for night 
sweats, abdominal discomfort, rib pain, and bone pain. Notably, 
patients treated with momelotinib also experienced greater 

Figure 3.  Time to first MFSAF fatigue response in randomized treatment period. aHazard ratio (momelotinib divided by danazol) is from stratified Cox 
proportional hazards model with a single factor of treatment group, stratified by baseline MFSAF TSS (≥22 vs <22), baseline palpable spleen length below the 
LCM (≥12 vs <12 cm), and baseline RBC or whole blood units transfused in the 8-wk period before randomization (0, 1–4, and ≥5). bP value is from log-rank 
test stratified by baseline MFSAF TSS (≥22 vs <22), baseline palpable spleen length below the LCM (≥12 vs <12 cm), and baseline RBC or whole blood units 
transfused in the 8-wk period before randomization (0, 1–4, and ≥5). LCM = left costal margin; MFSAF = Myelofibrosis Symptom Assessment Form; RBC = red blood cell; TSS 
= Total Symptom Score. 

Table 2

Treatment Differences Using MMRM in Disease-Related Fatigue 
(MFSAF), Cancer-Related Fatigue (EORTC QLQ-C30), and Physical 
Function (PROMIS) by Change From Baseline Score at Week 24

Change From Baseline at week 24 Momelotinib (n = 130) Danazol (n = 65) 

Disease-related fatigue by MFSAF
 � LS mean (SE)a −1.53 (0.20) −0.82 (0.31)
LS mean difference (SE)a −0.71 (0.36)
 � 95% CIa −1.42 to 0
 � P valueb 0.051
Cancer-related fatigue by EORTC QLQ-C30
 � LS mean (SE)a −14.34 (2.35) −3.52 (3.65)
LS mean difference (SE)a −10.82 (4.21)
 � 95% CIa −19.15 to −2.48
 � P valueb 0.011
Physical function by PROMIS
 � LS mean (SE)a 1.19 (0.77) −0.11 (1.21)
LS mean difference (SE)a 1.31 (1.42)
 � 95% CIa −1.49 to 4.11
 � P valueb 0.357

aBased on MMRM adjusted for baseline MFSAF TSS (≥22 vs <22), baseline palpable spleen length 
below the LCM (≥12 vs <12 cm), and baseline RBC or whole blood units transfused in the 8-wk 
period before randomization (0, 1–4, and ≥5 units).
bP value for LS mean difference between the 2 arms from the MMRM.
CI = confidence interval; EORTC QLQ-C30 = European Organization for Research and Treatment 
of Cancer Quality of Life Questionnaire; LCM = left costal margin; LS = least squares; MFSAF = 
Myelofibrosis Symptom Assessment Form; MMRM = mixed-effects model for repeated measures; 
PROMIS = Patient-Reported Outcomes Measure Information System; RBC = red blood cell; TSS = 
Total Symptom Score.
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improvement in both disease-related (MFSAF) and cancer-re-
lated (EORTC QLQ-C30) fatigue, and a higher proportion of 
patients demonstrated improvement in physical functioning 
(PROMIS, EORTC QLQ-C30) at week 24 versus those treated 
with danazol.

Consistent with the individual item analysis results from 
SIMPLIFY-1,15,20 the baseline scores for fatigue were higher 
(patients experienced more fatigue) than those of other symp-
toms in this current analysis. Nevertheless, a higher proportion 
of patients experienced an improvement in MFSAF disease-re-
lated fatigue with momelotinib versus danazol at week 24, and 
more patients who were TI at week 24 with momelotinib ver-
sus danazol showed improvement in fatigue. Additionally, the 

cancer-specific EORTC QLQ-C30 fatigue subscale showed a 
significant proportion difference favoring momelotinib versus 
danazol (P = 0.005). The MFSAF v4.0 includes 1 question asking 
patients how severe their worst MF-related fatigue was during 
the past 24 hours, which is averaged over a 28-day period, 
whereas the EORTC QLQ-C30 evaluates general fatigue over 
the past week via 3 questions. Differences in assessment may 
contribute to variance in fatigue outcomes, although trends 
between the 2 tests both favored improvement with momelo-
tinib. For physical function, a significantly greater response was 
observed with momelotinib versus danazol, and a higher pro-
portion of PROMIS physical function 10b total score response 
events occurred with momelotinib versus danazol. These results 

Figure 4.  Descriptive responder analysis for EORTC QLQ-C30 at week 24 by corresponding MCTs. Response rate difference and P values were 
stratified by Cochran-Mantel-Haenszel with missing week 24 results as nonresponders. aP < 0.05; bResponse was defined as a reduction from baseline ≥MCT; 
MCT defined as >(1) 7-, (2) 8-, (3) 9-, (4) 10-, (5) 11-, (6) 12-, and (7) 13-point improvement from baseline. EORTC QLQ-C30 = European Organization for Research and 
Treatment of Cancer Quality of Life Questionnaire; HRQOL = health-related quality of life; MCT = meaningful change threshold. 

Figure 5.  Descriptive responder analysis for PROMIS at week 24 by corresponding MCTs.  Response rate and P values were stratified by Cochran-
Mantel-Haenszel with missing week 24 results as nonresponders. aP < 0.05; bResponse was defined as a reduction from baseline ≥MCT; MCT defined as >(1) 
6-point score reduction from baseline. MCT = meaningful change threshold; PROMIS = Patient-Reported Outcomes Measure Information System. 
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collectively demonstrate the positive impact of momelotinib 
on MF-associated symptoms, particularly fatigue and physical 
function, which may be driven in part by its effects on anemia, 
meeting a key unmet need and improving the QOL of patients 
with MF.

Anemia is a negative prognostic factor for survival in 
patients with MF, and ≥50% present with symptomatic ane-
mia at the time of diagnosis.25 Additionally, anemia has con-
sistently been correlated with inferior QOL.25,26 In a survey 
of 1179 patients with myeloproliferative neoplasms, 81% 
reported fatigue, which was a substantially higher rate than 
that of any other symptom, and the presence of anemia cor-
related with a stepwise increase in fatigue. Fatigue was 
reported as the main barrier to partaking in physical activ-
ity.10 Therefore, effective treatment options for MF-related 
anemia and associated symptoms represent a substantial med-
ical need. Momelotinib’s mechanism of action, through the 
inhibition of JAK1, JAK2, and ACVR1, has been associated 
with improvement in anemia end points, including TI.18 Thus, 
MOMENTUM was designed to evaluate momelotinib ver-
sus danazol in symptomatic patients with moderate-to-severe 
anemia. Although momelotinib demonstrated both symptom 
and anemia benefits, and a greater proportion of TI patients 
also showed fatigue improvement, some patients who did not 
achieve TI also showed fatigue improvement, demonstrating 
both that fatigue in MF is not attributable to anemia alone 
and that anemia benefits do not fully account for the symptom 
benefits of momelotinib. Potential alternative mechanisms of 
fatigue improvement may include reduced cytokine produc-
tion leading to reduced inflammation, or reduction in spleen 
volume improving overall patient well-being. This is consistent 
with previous literature on JAK inhibitors such as ruxolitinib, 
which is not associated with anemia benefit but was shown to 
reduce fatigue in the COMFORT trials.5,27,28 It is also possible 
that some patients experienced an anemia benefit with momel-
otinib that was not captured by the strict TI end point, such as 
reduced transfusion burden over time29 that nevertheless may 
have contributed to fatigue improvement.

Momelotinib enhances patient global QOL by not only 
treating MF (ie, reducing spleen size and improving disease 
symptoms), but also by reducing inflammation associated with 
MF, decreasing hematologic toxicity, and improving anemia,30 
as evidenced by the results in this analysis. Most EORTC QLQ-
C30 scales showed greater improvement with momelotinib 

versus danazol, including significant differences in the GHS/
QOL, pain, fatigue, insomnia, social functioning, and role func-
tioning subscales. Collectively, achieving significance on these 
diverse subscales suggests that momelotinib comprehensively 
improves patients’ symptoms (eg, pain, fatigue, and insomnia), 
role functioning (ability to perform activities of daily living, 
including chores, leisure time activities, and work), and social 
functioning (ability to fulfill one’s roles within various envi-
ronments), ultimately enhancing multiple aspects of QOL.

Despite the extensive results obtained by using multiple assess-
ment tools (MFSAF, EORTC QLQ-C30, and PROMIS Short 
Form 10b), the methods of evaluating and scoring—including 
differences in frequency of assessments—vary for each tool and 
therefore any changes that occurred during the times between 
assessments may have been missed and potential correlations 
between assessments could not be determined, representing 
a limitation of the present analysis. Furthermore, although 
patient-reported fatigue (EORTC QLQ-C30 domain) was a sec-
ondary end point of MOMENTUM, the trial was not designed 
to investigate the relationship between anemia and symptoms, 
including fatigue; thus, this likely multifactorial relationship 
cannot be further evaluated or formally defined based on the 
present study. Finally, treatment with danazol was not necessar-
ily expected to improve symptoms,25,31 as TSS data had never 
been formally captured and reported in the literature; however, 
danazol was chosen as the comparator arm in MOMENTUM 
based on the guidelines for the management of MF-associated 
anemia—9% of patients randomized to danazol did achieve 
a TSS response, and modest improvements were observed for 
the other PRO measures captured in this study.17 The phase 3 
SIMPLIFY-1 and SIMPLIFY-2 studies provide some evidence 
of the symptom benefits of momelotinib versus ruxolitinib, an 
active comparator expected to improve symptoms; while statis-
tical significance varied across trials and analyses, these studies 
collectively suggest that symptom benefits are comparable.15,16,20

Nevertheless, consistent with the positive primary end 
point result of MOMENTUM (≥50% reduction in mean TSS 
at week 24 from baseline), these responder, longitudinal, and 
time-to-event analyses demonstrate that momelotinib provides 
comprehensive improvements in disease-related symptoms 
with associated improvement in physical function and overall 
health-related QOL compared with danazol in patients with 
MF.17 Momelotinib showed significantly greater symptom 
and QOL improvement compared with danazol at week 24 
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for fatigue, abdominal discomfort, night sweats, pain, phys-
ical function, social functioning, role functioning, insomnia, 
and global health-related QOL as measured by the MFSAF, 
EORTC QLQ-C30, and PROMIS assessments. Taken together, 
the MOMENTUM results demonstrated superior symptom 
response with momelotinib compared with danazol in patients 
with MF who were symptomatic, anemic, and previously treated 
with an approved JAK inhibitor.
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