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Abstract
Background: Myelofibrosis (MF)-associated constitutional symptoms can severely 
impact health-related quality of life. Clinical trials in MF traditionally measure 
symptom response to treatment as a landmark endpoint of total symptom score 
(TSS) reduction ≥50% from baseline. However, this dichotomous assessment pro-
vides a limited view of clinically relevant symptomatic changes. Herein we evalu-
ated longitudinal change from baseline in TSS over the continuous 24-week period 
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1   |   INTRODUCTION

Myelofibrosis (MF) is a rare myeloproliferative neoplasm 
characterized by bone marrow fibrosis, constitutional 
symptoms, anemia, and splenomegaly with an annual 
incidence of 0.5–1.5 cases per 100,000 individuals in the 
United States.1 Constitutional symptoms triggered by cy-
tokine overproduction cause a significant burden in the 
physical functioning and health-related quality of life of 
patients diagnosed with this chronic and progressive ill-
ness. Symptom burden has also been associated with poor 
prognosis and overall survival.2

The manifestation of MF symptoms is heterogeneous 
because some patients may experience none, some, or 
all common MF symptoms in differing degrees of sever-
ity. Approved JAK inhibitors (i.e., ruxolitinib, fedratinib) 
are currently recommended as standard of care,3 based in 
part on the ability to improve MF symptom burden,4–6 but 
many patients discontinue therapy due to loss of clinical 
response, intolerability, or adverse toxicity.7–9

Momelotinib is a potent, selective, orally bioavail-
able inhibitor of JAK1, JAK2, and activin A receptor 
type 1 (ACVR1), also known as activin receptor-like 
kinase-2, with a differentiated therapeutic profile in 
MF, which was examined in the phase III SIMPLIFY 
trials.10,11 In SIMPLIFY-1, a non-inferiority study of 432 
intermediate- and high-risk JAK inhibitor-naïve pa-
tients with MF randomly assigned 1:1 to momelotinib 
or ruxolitinib, the primary endpoint of splenic response 
was met (momelotinib: 26.5% vs. ruxolitinib: 29.5%), 
but the secondary endpoint of non-inferiority of total 
symptom score (TSS) response rate was not met (mom-
elotinib: 28.4% vs. ruxolitinib: 42.2%).10 However, in 
the SIMPLIFY-2 superiority study of 156 patients pre-
viously treated with ruxolitinib and randomly assigned 
2:1 to momelotinib or best available therapy (BAT; 
which was ruxolitinib in 88.5% of patients), a nominally 
greater proportion of patients assigned to momelotinib 
achieved symptomatic benefit at Week 24 compared 
with those randomly assigned to BAT (momelotinib: 
26.2% vs. BAT: 5.9%).11

Funding information
Gilead Sciences; Sierra Oncology, a GSK 
company

and individual symptom scores to obtain a more comprehensive understanding of 
symptom benefits experienced by patients with MF receiving therapy.
Methods: Longitudinal symptom change was evaluated using mixed-effect 
model repeated measure (MMRM) methodology with individual item-level anal-
yses to complement the interpretation of the landmark symptom results in the 
completed phase III SIMPLIFY studies of momelotinib in MF. MMRM compared 
mean change in TSS from baseline with Week 24 using data from all patient vis-
its. Generalized estimating equations were used to estimate item-level odds ratios 
using multiple predictive imputations for missing data.
Results: Momelotinib and ruxolitinib groups reported similar overall symptom 
improvements, with a TSS difference of <1.5 points between groups for each post-
baseline visit in SIMPLIFY-1. In SIMPLIFY-2, the improvement in TSS observed in 
momelotinib-treated patients was consistent with that observed in SIMPLIFY-1, 
whereas progressive TSS deterioration was observed with control. Item-level 
scores were heterogeneous in both studies. A similar and greater proportion of 
momelotinib-treated patients were categorized as “improved” or “stable” com-
pared with control in SIMPLIFY-1 and SIMPLIFY-2, respectively. Odds ratios for 
between-group comparison ranged from 0.75 to 1.21 in SIMPLIFY-1, demonstrat-
ing similarity in likelihood of symptom improvement. In SIMPLIFY-2, the likeli-
hood of symptom improvement in each item was higher in the momelotinib arm.
Conclusions: These findings suggest that momelotinib provides clinically rel-
evant symptom benefits in the JAK inhibitor-naïve and JAK inhibitor-exposed 
settings.

K E Y W O R D S
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Phase III trials evaluating JAK inhibitors in MF have 
historically defined symptom response as achieving at 
least a 50% reduction in TSS, measured by the modified 
Myeloproliferative Neoplasm Symptom Assessment Form 
(MPN-SAF) at the end of a 24-week treatment period 
compared with baseline.4–6,10,11 Notably, the study popula-
tions in these trials have included both symptomatic and 
asymptomatic patients. Prior to 2022, studies reflecting 
the impact of a JAK inhibitor on symptoms in an exclu-
sively symptomatic MF population had not been reported.

Analyses beyond the dichotomous “responder” or “non-
responder” method of evaluating symptom response may 
further depict the true impact of the disease and treatment 
effects on patient experiences. A continuous endpoint, such 
as mean change from baseline as assessed by a mixed-effect 
model for repeated measures (MMRM) analysis, has greater 
statistical power and quantifies the degree of benefit experi-
enced by each patient and may be more discriminatory than 
the dichotomous response analysis, which defines non-
responders as those with an improvement of less than 50% 
or achieving no meaningful benefit.

Daily digital collection of patient-reported outcome 
(PRO) data allows for longitudinal benefit assessment 
throughout the duration of the trial rather than land-
mark data that use scores only from Week 21 through 
Week 24 for response rate. Furthermore, individual 
items of the MPN-SAF are scored collectively to reflect a 
construct and, therefore, detailed insights into the driv-
ing factors that influence treatment-related changes are 
lost. For example, some items may have greater clini-
cal importance than others or may be more sensitive to 
treatment effects.12 Changes in TSS could be the result 
of movement (improvement or worsening) of only a few 
symptoms but are interpreted as change in the entire 
construct. Assessing patient-reported responses on sin-
gle items can provide meaningful information that may 
better inform treatment decisions aimed to target spe-
cific therapeutic benefits tailored to individual patients 
in the clinical setting.13

Here, we report longitudinal change from baseline of 
MF domain-level symptoms using a continuous endpoint 
based on the MMRM methodology with accompanying 
individual item-level analyses to support the interpreta-
tion of symptom benefit experienced by patients with MF 
in each of the 2 SIMPLIFY trials.

2   |   METHODS

2.1  |  Study design and PRO assessments

SIMPLIFY-1 (NCT01969838) and SIMPLIFY-2 
(NCT02101268) study designs have been previously 

described.10,11 In SIMPLIFY-1, patients had intermediate-
 or high-risk primary MF, post-polycythemia vera (PV) 
MF, or post-essential thrombocythemia (ET) MF. Patients 
with intermediate-1 risk had symptomatic splenomegaly, 
hepatomegaly, or anemia (hemoglobin <10.0  g/dL). All 
patients had palpable splenomegaly ≥5  cm and platelet 
counts ≥50 × 109/L (≥100 × 109/L if alanine aminotrans-
ferase or aspartate aminotransferase ≥2 × upper limit of 
normal); and must not have received prior JAK inhibi-
tor therapy.10 In SIMPLIFY-2, patients had intermedi-
ate- or high-risk primary MF, post-PV MF, or post-ET 
MF. Patients with intermediate-1 risk had symptomatic 
splenomegaly or hepatomegaly. All patients had palpable 
splenomegaly ≥5  cm and no minimum baseline platelet 
count was required. Patients had been previously treated 
with ruxolitinib for ≥28 days and had experienced hema-
tologic toxicity while receiving ruxolitinib, and a washout 
period from prior ruxolitinib treatment was prohibited 
for patients actively receiving ruxolitinib as they entered 
study screening.11

The modified MPN-SAF version 2 is an eight-item 
patient-reported questionnaire developed to assess 
symptom burden in patients with MPNs. All items 
were assessed by patients as the “worst incidence” in 
the prior 24 h using a 0–10 numeric rating scale, with 
0 corresponding to “absent” and 10 corresponding to 
“worst imaginable.” The daily TSS was calculated as the 
sum of seven of the eight items (excluding the eighth 
item, “inactivity”) for a score ranging from 0 to 70, with 
higher TSS indicating greater severity. Baseline TSS was 
calculated as the average of daily TSS of the 7 days prior 
to randomization. Upon randomization, the MPN-SAF 
was administered daily for the first 24 weeks of both 
the SIMPLIFY-1 and SIMPLIFY-2 clinical trials. For the 
prespecified analysis at Week 24, TSS was calculated as 
the average score from the prior 28-day period and com-
pared with baseline.

2.2  |  Statistical analysis, general 
considerations

The analytic population was defined as patients with PRO 
assessments at baseline and at least one post-baseline as-
sessment at any time point within the intention-to-treat 
population. All analyses were performed using SAS ver-
sion 9.4.

Descriptive statistics were used to characterize pa-
tient demographics, clinical characteristics, and PRO 
instrument completion rates.10,11 The SIMPLIFY-1 and 
SIMPLIFY-2 trials included a distribution of symptomatic 
(defined post hoc as MPN-SAF TSS ≥10) and asymptom-
atic (MPN-SAF TSS <10) patients.
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      |  10615MESA et al.

2.3  |  Change in TSS on the modified 
MPN-SAF V2.0: Derivation of a non-
inferiority margin

As a double-blind, head-to-head comparison of two active 
JAK inhibitors, momelotinib versus ruxolitinib, a prespec-
ified objective of SIMPLIFY-1 was to demonstrate non-
inferiority for TSS response at Week 24. In SIMPLIFY-2, 
the open-label comparison of momelotinib to BAT in pre-
viously JAK inhibitor-treated patients, a prespecified ob-
jective was to demonstrate superiority for TSS at Week 24.

Here, the method for deriving the between-groups non-
inferiority margin in SIMPLIFY-1 considers the preserved 
fraction of the variability closest to estimating a null effect 
MPN-SAF TSS change score. In this case, the upper bound 
of the 95% CI for the overall change score in the popula-
tion at Week 24 is preserved. Results were presented for 
preserved fractions of 50%, 75%, and 90%. To support this 
interpretation, the magnitude of the effect size differences 
in MPN-SAF TSS was presented using Cohen's d thresh-
olds: ≥0.20, ≥0.50, and ≥0.80 (small, moderate, and large), 
with the hypothesis that the estimate does not exceed a 
moderate effect (≥0.50; Cohen's d).14

where M1 is the preserved fraction and ULCI is the upper 
limit confidence interval TSS pooled change score.

The within-patient-group non-inferiority margin for 
SIMPLIFY-1 in this study used two metrics: (1) the anchor-
based meaningful change threshold (MCT) derived using 
treatment agnostic trial data15 and (2) a sensitivity value of 
the upper limit CI of the MCT. The derived MCT provides a 
parameter for determining the degree to which the within-
patient change from baseline at Week 24 exceeds an amount 
meaningful to patients within the trial. The Patient Global 
Impression of Change (PGIC) anchor was used to derive 
the MCT in SIMPLIFY-1.15 Responses to the PGIC were an-
chored to the TSS change from baseline for each category 
of change. An MCT was chosen to ensure no overlap in the 
range of TSS in the “no change” group compared with the 
“minimally improved” group. The upper limit confidence 
interval (ULCI) for the “within-group non-inferiority mar-
gin” represents the ULCI of the absolute TSS change from 
baseline in the minimally improved group for the overall 
and symptomatic populations, respectively, leading to the 
selection of eight points as the MCT.

2.4  |  Mixed-effect model for 
repeated measure

The longitudinal MMRM model was used to evalu-
ate the adjusted treatment group mean differences in 

SIMPLIFY-1 and SIMPLIFY-2. The differences in mean 
change of MPN-SAF TSS from baseline across each 
planned assessment (i.e., every-4 week interval up to 
Week 24) were tested using an MMRM model with treat-
ment, time, treatment-by-time interaction, age, race, and 
baseline MPN-SAF TSS included as fixed and random 
covariates. The restricted maximum likelihood estima-
tion was implemented with an unstructured covariance 
matrix shared across treatment groups for modeling the 
within-patient errors.

Least squares (LS) means, corresponding standard 
errors, and 95% two-sided CIs were determined for the 
within-group change for all time points. For the between-
treatment group comparison, the difference in LS means, 
corresponding standard errors, 95% two-sided CI, and p-
value were reported. Graphic representation of change 
from baseline was presented using cumulative distribu-
tion function (CDF) curves.

2.5  |  Change from baseline in 
individual symptoms and categorical 
responder analysis

Descriptive analyses of the individual MPN-SAF TSS 
items include the absolute proportion of patients as-
signed to each response category at baseline and at Week 
24 based on the average of their reported scores (none: 0 
points; mild: 1–3 points; moderate: 4–6 points; severe: 7–9 
points; very severe: 10 points). Missing responses were 
not included in the denominator reporting proportions of 
responses.

The proportion of patients experiencing change (e.g., 
improved, stable, declined/worsened) was also reported at 
Week 24. “Declined/worsened” was defined as an increase 
of at least two points, “stable” as a change of at most one 
point, and “improved” as a decrease of at least two points.

2.6  |  Generalized estimation equations

Generalized estimating equations were used to model cat-
egorical change on the individual symptom items of the 
MPN-SAF v2.0 to estimate the treatment-related differ-
ence in the odds of “improved” versus “stable or declined/
worsened.” Models included fixed effects of treatment, 
time point, treatment-by-time point interaction, and strat-
ification variables, along with an R-side random patient 
effect. Results were accompanied by graphic presenta-
tions for each statistical test conducted including forest 
plots of odds ratios for experiencing meaningful change in 
the treatment group versus placebo with 95% CIs around 
each odds ratio for each symptom item.

(1 −M1) ×ULCI
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3   |   RESULTS

3.1  |  Study population

Overall, patient demographics and clinical characteris-
tics were similar across treatment groups for both studies 
(Tables S1 and S2). The median TSS in the SIMPLIFY-1 
overall population was 17.0 (momelotinib: 17.4; ruxoli-
tinib: 16.4), whereas in the symptomatic population it 
was 23.0 (momelotinib: 23.5; ruxolitinib: 21.9). Baseline 
TSS was available for 427 of the 432 patients enrolled in 
SIMPLIFY-1; 135 patients had a baseline TSS <10 points 
(68 patients in the momelotinib arm and 67 patients in 
the ruxolitinib arm). The median TSS in the overall 
SIMPLIFY-2 population was 15.6 (momelotinib: 15.6; 
BAT: 15.9), whereas in the symptomatic population, the 
median TSS was 22.4 (momelotinib: 21.6; BAT: 24.1). Of 
the 152 patients enrolled in SIMPLIFY-2, 51 patients had a 
baseline TSS <10 (32 patients in the momelotinib arm and 
19 patients in the BAT arm).

3.2  |  Non-inferiority margin 
(SIMPLIFY-1)

The derived non-inferiority margin for SIMPLIFY-1 is 
presented in Table 1. Non-inferiority margins were then 
applied to support the interpretation of clinical meaning-
fulness for the between-treatment groups–and within-
patient groups–change from baseline in the MMRM 

analyses. The non-inferiority margin for the between-
treatment group comparison was set using the ULCI of 
the absolute TSS change from baseline at Week 24 in 
the pooled momelotinib and ruxolitinib groups (overall 
population: −5.80; symptomatic population: −8.28).

3.3  |  Mixed-effect model for repeated 
measure analyses

Change in total scores on the modified MPN-SAF v2.0 
by treatment is shown in Table 2. In SIMPLIFY-1, the 
actual LS mean progressively decreased from Week 1 to 
Week 24, indicating that both momelotinib and ruxoli-
tinib groups reported an improvement in MF-associated 
symptoms. Specifically, in the overall population, LS 
mean change from baseline was −5.87 and −7.11 for 
the momelotinib and ruxolitinib groups, respectively. 
This exceeded the sensitivity non-inferiority margin of 
−3.38 and indicates that a minimal improvement (i.e., 
a 1-category improvement) was observed for most pa-
tients. Similar results were observed for the sympto-
matic population, where the LS mean change at Week 
24 for the momelotinib treatment group was −8.12 
versus −9.39 for the ruxolitinib group. This exceeded 
the sensitivity margin of −5.16 as well as the MCT 
non-inferiority margin of −8.0, indicating meaning-
ful improvement was achieved by most patients in the 
symptomatic population in both arms.

SIMPLIFY-1 non-inferiority margin

Non-inferiority margin (between 
groups) Fraction of the margin

Population ULCI (absolute 
TSS population 
change from 
baseline at 
Week 24)

50% 75% 90%

Overall −5.80 −2.90 −1.45 −0.58

Symptomatic −8.28 −4.14 −2.07 −0.83

Non-inferiority margin (within groups)

Population MCT valuea ULCI (PGIC minimally improved group 
anchored to absolute TSS change from 
baseline at Week 24)

Overall −8.0 −3.38

Symptomatic −8.0 −5.16

Abbreviations: MCT, meaningful change threshold; PGIC, Patient Global Impression of Change; TSS, 
total symptom score; ULCI, upper limit confidence interval.
aThe non-inferiority margin for the within-patient group used the ULCI of the MCT, which was derived 
to be 8 points. The MCT of 8 points was determined using an anchor-based method as previously 
described.15

T A B L E  1   SIMPLIFY-1 non-inferiority 
margins.
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Comparing between-treatment groups, a slightly 
greater reduction in the Week 24 LS mean change scores 
from baseline was observed in the ruxolitinib treatment 
group compared with the momelotinib treatment group 
(a difference of 1.24 points in the overall population). The 
differences in the overall population did not exceed the 
-2.90 non-inferiority 50% fraction of the margin and was 
near the −1.45 non-inferiority 75% fraction of the margin. 
Similar results were observed in the symptomatic popula-
tion, where a difference of 1.26 points did not exceed the 
−4.14 non-inferiority 50% fraction of the margin or the 
−2.07 non-inferiority 75% fraction of the margin (Table 1).

In SIMPLIFY-2, the LS mean scores progressively de-
creased from baseline to Week 24 for the momelotinib 
group, and progressively increased in the BAT group. 
Specifically, in the overall population, LS mean change 
from baseline was −3.80 at Week 24 in the momelotinib 
group, and +2.75 at Week 24 in the BAT group (Table 2). 
In the symptomatic population, the LS mean change from 
baseline was −5.92 at Week 24 in the momelotinib group, 
and +2.45 at Week 24 in the BAT group (Table 2).

Cumulative distribution function of change in MPN-
SAF TSS from baseline at Week 24 by treatment in the 
symptomatic populations of SIMPLIFY-1 and SIMPLIFY-2 
are shown in Figure  1. In SIMPLIFY-1, the CDF curves 
for momelotinib and ruxolitinib are nearly overlapping, 
demonstrating that the distribution of absolute change in 
TSS is similar in the momelotinib and ruxolitinib groups 
(Figure 1A). In the SIMPLIFY-2 CDF curve, momelotinib 
shows a greater proportion of patients in the improve-
ment levels of change (Figure 1B). Cumulative distribu-
tion function of change in MPN-SAF TSS from baseline 
at Week 24 in the overall populations of SIMPLIFY-1 and 
SIMPLIFY-2 were generally similar to those of the symp-
tomatic population and are shown in Figure S1.

3.4  |  Individual item analysis

Distribution of individual item scores at baseline was exam-
ined (Figure S2). Mean scores for each item demonstrated 
variability in severity in the overall and symptomatic 

Primary modela

Overall population
Symptomatic population 
(baseline MPN-SAF TSS ≥10)

SIMPLIFY-1 MMB (n = 215) RUX (n = 217) MMB (n = 145) RUX (n = 147)

(non-inferiority)

Baseline

LS mean (SE) 18.98 (1.73) 17.48 (1.74) 25.13 (1.92) 23.11 (1.92)

Week 24

Overall change

LS mean (SE) −5.87 (0.93) −7.11 (0.91) −8.12 (1.22) −9.39 (1.20)

Difference from ruxolitinib

LS mean (SE) 1.24 (0.83) 1.26 (1.11)

95% CI −0.40, 2.88 −0.92, 3.45

SIMPLIFY-2 MMB (n = 104) BAT (n = 52) MMB (n = 75) BAT (n = 35)

(superiority)

Baseline

LS mean (SE) 16.71 (2.09) 19.84 (2.69) 23.13 (2.65) 28.82 (3.34)

Week 24

Overall change

LS mean (SE) −3.80 (1.38) 2.75 (1.87) −5.92 (2.05) 2.45 (2.76)

Difference from BAT

LS mean (SE) −6.55 (1.99) −8.37 (2.75)

95% CI −10.48, −2.61 −13.83, −2.91

Abbreviations: BAT, best available therapy; LS, least squares; MPN-SAF, Myeloproliferative Neoplasm 
Symptom Assessment Form; MMB, momelotinib; MMRM, mixed-effect model for repeated measure; 
RUX, ruxolitinib; SE, standard error; TSS, total symptom score.
aThe primary model includes treatment, time, treatment × time, age, race.

T A B L E  2   MMRM-based TSS change 
from baseline.
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populations of both SIMPLIFY-1 and SIMPLIFY-2. In the 
SIMPLIFY-1 momelotinib group, for example, 38% reported 
no or mild tiredness, and 79% reported no or mild itching. 
Tiredness remained the most severe and prevalent item 
reported at baseline in both treatment groups. Consistent 
with other items in SIMPLIFY-1, patients were more likely 
to report severe or very severe tiredness scores at baseline 
in the momelotinib group than in the ruxolitinib group. In 
SIMPLIFY-2, patients were more likely to report severe or 
very severe tiredness scores at baseline in the BAT group. 
Itching was the least prevalent item reported across both 
studies at baseline in either treatment arms. Similar results 
were observed in the symptomatic population (Figure S2).

The majority of patients in SIMPLIFY-1 and 
SIMPLIFY-2 experienced stability or improvement (i.e., 
a change of at most one point or an improvement of at 
least two points, respectively, from baseline to Week 24) in 

both the overall and symptomatic populations (Figures 2 
and 3). In the overall population in SIMPLIFY-1, rates of 
symptom improvement and stability were similar in both 
the momelotinib and ruxolitinib arms. Rates of symptom 
decline/worsening were generally low, particularly for 
early satiety, abdominal discomfort, and rib pain (below 
8% in both groups). In general, symptomatic patients in 
SIMPLIFY-1 experienced higher rates of symptom im-
provement than the overall population, with rates of de-
clined/worsened remaining low. In SIMPLIFY-2, patients 
in the overall and symptomatic populations treated with 
momelotinib experienced higher rates of symptom im-
provement and stability, but lower rates of symptom de-
cline/worsening than patients who received BAT. The 
likelihood of experiencing any improvement over the 
course of the study in SIMPLIFY-1 was roughly equivalent 
in the momelotinib and ruxolitinib arms with variability 

F I G U R E  1   Cumulative distribution 
function of absolute change in MPN-SAF 
TSS from baseline to Week 24 in the (A) 
SIMPLIFY-1 symptomatic population and 
(B) SIMPLIFY-2 symptomatic population. 
BAT, best available therapy; MPN-SAF, 
Myeloproliferative Neoplasm Symptom 
Assessment Form; TSS, total symptom 
score.
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in the observed likelihood estimates (Figure  4). More 
specifically, the criterion value for equivalence is an odds 
ratio = 1.0. In the observed outcomes, the CIs suggest that 
additional covariates may impact these outcomes because 
the CIs for each item consistently fall above and below 
this value. In SIMPLIFY-2, the likelihood of experiencing 
improvement in each symptom was higher in the momel-
otinib arm. Forest plots for the likelihood of improvement 
are shown in Figure 4.

4   |   DISCUSSION

Here, we employed MMRM methodology with accom-
panying individual item-level analyses using a con-
tinuous endpoint to examine longitudinal changes in 
MF domain-level symptoms in each of the phase III 
SIMPLIFY trials of momelotinib. The benefits of using 
the MMRM approach are that it (1) estimates TSS treat-
ment effect as a continuous variable and provides greater 

statistical power and clinically relevant granularity, (2) 
incorporates longitudinal data from every 4-week period 
leading up to Week 24 (not just the terminal 4 weeks), 
(3) does not automatically assign a non-responder sta-
tus to patients with missing data but rather models the 
outcome at each time point where data are present, and 
(4) quantifies the overall degree of benefit experienced 
by each patient. Thus, this MMRM model provides an 
improved understanding of symptom response and the 
degree of benefit experienced by each patient, when 
compared with the dichotomous landmark symptom re-
sponse endpoint traditionally used in MF clinical trials. 
The benefit of using individual item-level data is to com-
prehensively inform the baseline severity and response to 
treatment over time of symptoms that compose the TSS. 
Future technological advances, such as the development 
of an application for patients to self-monitor their symp-
toms, may be useful for clinical practice. Findings from 
these MMRM and individual item analyses demonstrate 
comparable symptom improvement on the MPN-SAF 

F I G U R E  2   Percent improved, stable, 
or declined/worsened on MPN-SAF TSS 
items by treatment group in SIMPLIFY-1 
(A) overall and (B) symptomatic 
populations. MMB, momelotinib; 
MPN-SAF, Myeloproliferative Neoplasm 
Symptom Assessment Form; RUX, 
ruxolitinib; TSS, total symptom score.
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TSS between the momelotinib and ruxolitinib treatment 
arms in SIMPLIFY-1 and greater improvement in the 
momelotinib group compared with the BAT group in 
SIMPLIFY-2, supporting the clinical relevance of symp-
tom benefits with momelotinib for JAK inhibitor-naïve 
and JAK inhibitor-exposed patients with MF.

Several design nuances in the SIMPLIFY-1 trial limited 
the interpretability of the symptom response outcome. First, 
the prespecified TSS endpoint was based on a 50%-responder 
definition, with the non-inferiority margin based on historical 
data of a six-item score from the MPN-SAF to measure TSS, 
whereas the seven-item score from the modified MPN-SAF 
v2.0 was used to determine responder rate in SIMPLIFY-1. 
The six-item score does not include tiredness, typically the 
most severe and prevalent item. The SIMPLIFY-1 secondary 
endpoint of TSS response rate at Week 24 failed to demon-
strate non-inferiority for momelotinib versus ruxolitinib. 
Second, baseline severity on the MPN-SAF TSS was not an 
inclusion criterion in SIMPLIFY-1, which led to a substan-
tial number of asymptomatic patients entering the trial. 

For those patients, an a priori maintenance hypothesis was 
not considered. This may also have resulted in variations in 
symptom improvement between the momelotinib and rux-
olitinib arms because (1) the 50% improvement threshold 
required for response may be achieved by vastly different 
absolute scores when patients with high and low baseline 
TSS are analyzed alongside each other; and (2) TSS was not 
a stratification factor, which resulted in a numerically higher 
mean baseline TSS in patients in the momelotinib arm 
than the ruxolitinib arm. This was evidenced by our results 
herein showing that the momelotinib and ruxolitinib groups 
achieved very similar absolute change in TSS from baseline 
when excluding patients with very low TSS (<10) at baseline. 
Additionally, missing data may have also contributed to the 
variation in symptom improvement between the momelo-
tinib and ruxolitinib arms. More patients in the momelotinib 
arm discontinued treatment early due to low-grade adverse 
events, which resulted in an imbalance in early discontinu-
ation rates between the treatment arms (momelotinib: 15%; 
ruxolitinib: 6%). The SIMPLIFY-1 study protocol included a 

F I G U R E  3   Percent improved, stable, 
or declined/worsened on MPN-SAF TSS 
items by treatment group in SIMPLIFY-2 
(A) overall and (B) symptomatic 
populations. BAT, best available 
therapy; MMB, momelotinib; MPN-SAF, 
Myeloproliferative Neoplasm Symptom 
Assessment Form; RUX, ruxolitinib; TSS, 
total symptom score.
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ruxolitinib-oriented dose modification schema, which likely 
led to higher rates of dose reductions and interruptions, but 
lower rates of early discontinuation due to low-grade adverse 
events with ruxolitinib. Because patients who discontinued 
prior to Week 24 were considered non-responders in the 
TSS analysis, this contributed to a lower TSS response rate at 
Week 24 in the momelotinib arm. Furthermore, change from 
baseline was not considered in the primary or key secondary 
endpoint strategy. Scores were dichotomized into responder 
categories rather than using the full score variability (e.g., 
heterogeneity of variance was not assessed).

There were also several design nuances in the 
SIMPLIFY-2 study that limited the interpretability of the 
PROs. Specifically, the only prespecified MPN-SAF TSS 
endpoint performed was based on a 50%-responder defi-
nition; the new analyses in this report augment this stan-
dard TSS response definition. Also, SIMPLIFY-2 was an 
open-label study, which could be regarded with more bias 
than a blinded trial. However, to address this potential 
bias, multiple item and domain level analyses were con-
ducted and the impact of the open-label design on symp-
tomatic benefit appeared negligible, as observed in similar 
studies.16 Specifically, similar completion rates were ob-
served and the magnitude of benefit observed in the mom-
elotinib group was substantial compared with that in BAT 
as shown by the higher symptomatic responder rates, 
MMRM, and individual item analyses.

In both SIMPLIFY-1 and SIMPLIFY-2, the items on 
the MPN-SAF TSS were assumed unidimensional in the 
scoring; however, the face validity review demonstrates 
heterogeneity across the instrument. Furthermore, the 
studies were not powered to assess differences in individ-
ual items of TSS, which vary in prevalence. One limitation 
of the MMRM model is that it assumes a missing observa-
tion is equally likely to be a response or a non-response, 
regardless of the health status of the patient, whereas 
the dichotomous approach assumes that all patients with 
missing data are not responders. However, it is not possi-
ble to confirm whether MMRM modeling yielded results 
that more closely reflect the true treatment differences 
than the dichotomous approach.

Beyond these limitations, evidence from the SIMPLIFY 
studies demonstrates that momelotinib provides compre-
hensive improvements in symptoms with a similar mag-
nitude across trials, reduction in spleen size, decreased 
anemia, and reduced transfusions.10,11 The efficacy of 
momelotinib is consistent with inhibition of JAK1 and 
JAK2, whereas the inhibitory function of ACVR1 is unique 

among the JAK inhibitor class, leading to differentiated 
pro-erythropoietic activity. Individual item analyses fur-
ther support the anemia- and spleen-associated benefits of 
momelotinib through improvement in fatigue, abdominal 
pain, early satiety, and pain under ribs on the left side.

Findings from the SIMPLIFY trials support the 
demonstration of symptomatic improvement in terms 
of statistical results and clinically meaningful interpre-
tation. Metrics for deriving between- and within-patient 
analysis contextualize the TSS findings providing further 
confidence in the symptomatic benefit of momelotinib. 
Pertinent findings from the analyses described in this re-
port were considered in the design of the PRO-specific sta-
tistical analysis plan for the MOMENTUM phase III study 
(NCT04173494) to ensure appropriate interpretation of 
the symptom data arising from that study.

Overall, results from SIMPLIFY-1 illustrate that the 
momelotinib-treated patients had similar symptom ben-
efits to ruxolitinib treatment groups for both the overall 
and symptomatic populations. Differences between treat-
ments were small relative to the derived non-inferiority 
margin. The magnitude of improvement for each item 
was similar, with some symptoms favoring momelotinib 
treatment and others favoring ruxolitinib. Results from 
SIMPLIFY-2 support the finding that momelotinib signifi-
cantly improves MF symptoms compared with the BAT 
group, where 88.5% of patients were treated with ruxoli-
tinib. The magnitude of symptom response for patients 
treated with momelotinib was similar in both SIMPLIFY 
studies, demonstrating that momelotinib provides robust 
symptom benefit in JAK inhibitor-naïve patients and in 
those with prior JAK inhibitor treatment. This study, 
together with other evidence from SIMPLIFY-1 and 
SIMPLIFY-2, demonstrates that momelotinib addresses 
the key hallmark features of MF and the unmet medical 
needs for patients with MF.
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