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A B S T R A C T

Purpose
To assess the effects of ruxolitinib on symptom burden and quality of life (QoL) and to evaluate the
ability of the modified Myelofibrosis Symptom Assessment Form (MFSAF) v2.0 to measure
meaningful changes in myelofibrosis-related symptoms in patients with myelofibrosis.

Patients and Methods
COMFORT-I (Controlled Myelofibrosis Study With Oral JAK Inhibitor Treatment–I) is a double-blind,
placebo-controlled phase III study evaluating ruxolitinib in patients with intermediate-2 or high-risk
myelofibrosis. Exploratory analyses were conducted on the following patient-reported outcomes
(PROs) assessments: modified MFSAF v2.0 (individual symptoms and Total Symptom Score [TSS]),
European Organisation for Research and Treatment of Cancer Quality of Life Questionnaire-Core 30
(EORTC QLQ-C30), Patient Reported Outcomes Measurement Information System (PROMIS) Fatigue
Scale, and Patient Global Impression of Change (PGIC).

Results
Patients receiving ruxolitinib experienced improvements in individual myelofibrosis-related symptoms,
although patients receiving placebo experienced worsening (P � .001). The majority (91%) of
ruxolitinib-treated patients designated as � 50% TSS responders (� 50% TSS improvement)
self-reported their condition as either “Much improved” or “Very much improved” on the PGIC. These
patients achieved significant improvements in the EORTC QLQ-C30 functional domains and Global
Health Status/QoL versus patients receiving placebo, who experienced worsening on these measures
(P � .0135). Ruxolitinib-treated patients with a lesser degree of symptom improvement (� 50% TSS
responders) also achieved improvements over placebo on these measures. The degree of spleen
volume reduction with ruxolitinib correlated with improvements in TSS, PGIC, PROMIS Fatigue Scale,
and EORTC Global Health Status/QoL. Ruxolitinib-treated patients who achieved a � 35% reduction in
spleen volume experienced the greatest improvements in these PROs.

Conclusion
Ruxolitinib-treated patients achieved clinically meaningful improvements in myelofibrosis-related
symptoms and QoL, but patients receiving placebo reported worsening of symptoms and
other PROs.

J Clin Oncol 31:1285-1292. © 2013 by American Society of Clinical Oncology

INTRODUCTION

Myelofibrosis is characterized by splenomegaly,1 cy-
topenias,1 and symptoms that may be debilitating,
such as fatigue, pruritus, night sweats, fever, bone
pain, and weight loss.2 These symptoms are highly
prevalent among patients with myelofibrosis and
can adversely affect quality of life (QoL).2 The
presence of myelofibrosis-related constitutional

symptoms (unexplained fever, drenching night
sweats, weight loss) has been identified as a risk
factor for shortened survival.3 Splenomegaly and
myelofibrosis symptoms are thought to be driven
by dysregulation of the Janus kinase (JAK) –STAT
pathway resulting from mutations that lead to
constitutively active JAK24,5 or increased proin-
flammatory cytokines that signal through JAK1
and JAK2.6
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There are many types of patient-reported outcome (PRO) tools
used in oncology; until recently, none were specifically designed to
evaluate the symptoms of myelofibrosis.7 The Myelofibrosis Symp-
tom Assessment Form (MFSAF) was developed to evaluate the pres-
ence and severity of myelofibrosis-related symptoms.7 In a phase II
study of patients with myelofibrosis treated with ruxolitinib, a JAK1/
JAK2 inhibitor, the MFSAF proved sensitive to ruxolitinib-associated
improvements in symptoms over time, and symptom improvements
correlated with objective measures of efficacy.8 Subsequently, a more
streamlined version of the MFSAF, the modified MFSAF v2.0, was
developed and was used in a phase III, double-blind, placebo-
controlled study (COMFORT-I; Controlled Myelofibrosis Study
With Oral JAK Inhibitor Treatment–I).9 In this analysis, we evaluated
the ability of the modified MFSAF v2.0 to measure meaningful
changes in myelofibrosis-related symptoms and the effects of rux-
olitinib on symptom burden and other PROs in COMFORT-I.

PATIENTS AND METHODS

Patients

Adult patients who were diagnosed with primary myelofibrosis, postpo-
lycythemia vera myelofibrosis, or postessential thrombocythemia myelofibro-
sis10; were classified as International Prognostic Scoring System3 high risk or
intermediate 2 risk; had palpable splenomegaly (� 5 cm below left costal
margin); and were resistant or refractory to, intolerant of, or not candidates for
available therapy (in the investigator’s opinion) were enrolled. Full inclusion
and exclusion criteria have been previously reported.9

Study Design

In this multicenter, double-blind phase III trial, patients were randomly
assigned 1:1 to receive placebo or ruxolitinib (starting doses of 15 mg twice
daily for platelet counts 100 to 200 � 109/L and 20 mg twice daily for platelet
counts � 200 � 109/L). Dose modification occurred in a blinded fashion for
both arms on the basis of predefined criteria. Dose increases for lack of efficacy
were permitted, and dose reductions for declining platelet or absolute neutro-
phil counts were required. The minimum recommended dose was 5 mg twice
per day and the maximum permitted dose was 25 mg twice per day.9 Before
week 24, patients receiving placebo were eligible for early unblinding and
crossover to ruxolitinib if they had a � 25% increase from baseline in spleen
volume along with worsening early satiety accompanied by weight loss or
worsening splenic pain with increased narcotic requirements. After week 24,
patients receiving placebo with asymptomatic spleen growth� 25% could also
cross over to ruxolitinib. The primary end point was the proportion of patients
who achieved a � 35% reduction in spleen volume by magnetic resonance
imaging or computed tomography scans from baseline to week 24. The com-
parative secondary end point controlled for type I error was the proportion of
patients who achieved � 50% reduction (improvement) in the Total Symp-
tom Score (TSS) from baseline to week 24 by using the modified MFSAF v2.0
electronic diary.9

This study was conducted in accordance with local regulatory require-
ments and Good Clinical Practice guidelines of the International Conference
on Harmonisation. All patients provided written informed consent.

PRO Assessments

The PRO measures used in the COMFORT-I study have been previously
described in detail9; a brief overview is provided here.

Modified MFSAF v2.0 and TSS

The modified MFSAF v2.0, an electronic daily symptom diary, was
developed for the COMFORT-I study on the basis of prior paper versions of
myelofibrosis symptom assessment forms7,8 along with feedback from the US
Food and Drug Administration. Patients completed the modified MFSAF v2.0
every night from baseline through week 24 (25 weeks total) with electronic
data downloaded to a central server. Patients rated the following myelofibrosis

symptoms, at their worst as experienced in the 24 hours before assessment, by
using a scale from 0 (absent) to 10 (worst imaginable): night sweats, pruritus/
itching, abdominal discomfort, pain under the ribs (left side), early satiety,
bone/muscle pain, and inactivity. The TSS reflects the sum of the scores of
these symptoms except inactivity, for a maximum possible score of 60 (ie, most
severe symptom experience). The baseline TSS was the average of seven daily
measurements before baseline (at least four of which had to be non-missing),
and the week 24 TSS was the average of 28 daily measurements before week 24
(at least 21 of which had to be non-missing).

PGIC Scale

The Patient Global Impression of Change (PGIC) scale assessed patients’
perceptions of change in their myelofibrosis symptoms over time. The PGIC
has been widely used to evaluate a patient’s overall sense of whether a treat-
ment has been beneficial.11 In this study, patients answered the following
question at monthly study visits beginning at week 4: “Since the start of the
treatment you’ve received in this study, your myelofibrosis symptoms are (1)
Very much improved, (2) Much improved, (3) Minimally improved, (4) No
change, (5) Minimally worse, (6) Much worse, (7) Very much worse.”

EORTC QLQ-C30

The European Organisation for Research and Treatment of Cancer
Quality of Life Questionnaire-Core 30 (EORTC QLQ-C30) is a 30-item ques-
tionnaire used to evaluate QoL and includes five functional domains (physical,
cognitive, role, emotional, and social) and a global health status scale. Each
subscale is evaluated on a standardized scale of 0 (worst) to 100 (best).12

Patients completed the EORTC QLQ-C30 at the baseline visit and at each
study visit.

PROMIS Fatigue Scale: Short Form

This scale measures the frequency and impact of fatigue.13 The Patient
Reported Outcomes Measurement Information System (PROMIS) Fatigue
Scale contains seven items with a recall period of 7 days. Each of the items uses
a 5-point response option with scores of 1 (never) to 5 (always). An average
score is calculated and transformed to a final score on a 100-point scale ranging
from 0 (never fatigued) to 100 (always fatigued). Patients completed the
instrument at the baseline visit and at each study visit.

Statistical Analysis

Patient disposition and baseline PRO scores were summarized descrip-
tively. Percent changes from baseline in individual symptom scores (average
symptom scores from the previous 28 days, as measured by the modified
MFSAF v2.0), EORTC QLQ-C30 subscale scores and PROMIS Fatigue Scale
scores were calculated at weeks 4, 8, 12, 16, 20 (individual symptom scores
only), and 24. Treatment comparisons (ruxolitinib v placebo) in these percent
changes were performed by using Wilcoxon rank sum test at each time point.
Percent changes were calculated at the patient level before descriptive statistics
were derived.

Previous data14 suggested that ruxolitinib doses as low as 10 mg twice per
day were associated with symptom benefits similar to those of higher doses in
patients with myelofibrosis. To confirm this, we also assessed the effect of dose
on symptom improvements. Median percent change from baseline in TSS at
week 24 was calculated across groups on the basis of final titrated ruxolitinib
dose at week 24 (average ruxolitinib dose during weeks 21 to 24). Median
percent change from baseline in TSS at week 24 in ruxolitinib-treated patients
with and without new onset/worsening of grade 3 to 4 anemia or grade 3 to 4
thrombocytopenia were also calculated. These TSS analyses were descriptive.

The relationships between the following variables were also evaluated:
(1) improvement in TSS (� 50% or�50% TSS response) with the PGIC score
and change from baseline in EORTC QLQ-C30 scores at week 24 and (2)
spleen volume reductions (� 10%, 10% to 35%, � 35%) with the PGIC,
percent change from baseline in TSS, and changes from baseline in PROMIS
Fatigue Scale and EORTC QLQ-C30 Global Health Status/QoL scores at week
24. For the relationship between TSS response and EORTC QLQ-C30 subscale
score, an analysis of covariance was used with the baseline EORTC QLQ-C30
subscale as the covariate, the TSS response as the main effect, and the all-
placebo group as the reference level for comparisons. For the relationship
between spleen volume reduction and improvement on the PROs, analysis
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of covariance was used with the baseline value as the covariate, the spleen
volume reduction group as the main effect, and with the all-placebo group
as the reference level for comparisons. Because these analyses were explor-
atory and descriptive, no adjustments were made for multiple compari-
sons. These analyses were based on observed data (no missing value
imputation was performed).

The interpretability of the modified MFSAF v2.0 was explored as de-
scribed in the Appendix (online only). Test-retest reliability between week 7
and week 8 was measured by using intraclass correlation coefficients.

RESULTS

Patient Disposition and Baseline PRO Measures

Patient disposition (N � 309) at the time of the primary analysis,
when all patients completed at least 24 weeks of treatment or discon-
tinued and at least half the remaining patients completed 36 weeks of
treatment, is shown in Figure 1. As reported previously, baseline
characteristics were generally similar in the two treatment arms.9 The
primary and secondary efficacy end points were also previously re-
ported.9 Briefly, by week 24, a significantly greater proportion of
ruxolitinib-treated patients had a � 35% reduction in spleen volume
compared with patients in the placebo group (41.9% v 0.7%; odds
ratio, 134.4; 95% CI, 18.0 to 1,004.9; P � .001).9 Ruxolitinib treatment
also provided improvement in symptom burden, with 45.9% of pa-
tients achieving a � 50% reduction in TSS from baseline to week 24
versus 5.3% of the placebo arm (odds ratio, 15.3; 95% CI, 6.9 to 33.7;
P � .001).9 Only 3.9% of ruxolitinib-treated patients showed a signif-
icant worsening of TSS from baseline to week 24 (ie,�50% increase in
TSS) compared with 33.0% of patients receiving placebo.

The majority of patients completed the EORTC QLQ-C30,
PGIC, and PROMIS Fatigue Scale at each study visit (Appendix Table
A1, online only), and the electronic daily data capture for the modified
MFSAF v2.0 resulted in high compliance rates for completion of this
PRO and almost no missing data. Completion of the electronic daily
diary required 1 minute or less for 94% of patients, and test-retest
reliability intraclass correlation coefficients (week 7 to week 8) were

0.97 for patients treated with placebo and 0.98 for patients treated
with ruxolitinib.

Mean scores at baseline in the PRO measures were similar
between treatment groups (Table 1). Moreover, all individual
myelofibrosis-related symptoms assessed by the modified MFSAF
v2.0 were prevalent in the majority of patients in the COMFORT-I
study population at baseline. The most prevalent symptoms (reported
by � 90% of patients receiving ruxolitinib and placebo) were abdom-
inal discomfort, early satiety, and inactivity. Of note, these same symp-
toms ranked greatest in severity (Fig 2). EORTC QLQ-C30 subscales
reflected poor QoL at baseline and were similar to scores of other
populations with advanced cancer and another patient population
with myeloproliferative neoplasms.15,16 Of the five functional do-
mains, patients suffered the greatest burden in role functioning.

Changes in Individual Myelofibrosis-Related

Symptoms, QoL, and Fatigue

Overall, individual symptom scores as assessed by the modified
MFSAF v2.0 at each 4-week time point in patients receiving rux-
olitinib showed improvement relative to baseline (Fig 3). There was
approximately linear worsening in symptom scores for patients re-
ceiving placebo over the entire 24 weeks. The differences between
ruxolitinib- and placebo-treated groups were significant at all time
points for all symptoms (P � .001; Fig 3). Improvements relative to
baseline and placebo in PROMIS Fatigue Scale score and most
EORTC QLQ-C30 subscales were also seen with ruxolitinib treatment
(Appendix Table A2, online only).

Improvement in TSS by Average Total Daily Ruxolitinib

Dose and Effect of Anemia or Thrombocytopenia on TSS

in Ruxolitinib-Treated Patients

Although patients in the study began dosing at either 15 or 20 mg
twice per day, individualized dose optimization resulted in an overall
average dose exposure for ruxolitinib-treated patients of 15.5 mg twice
per day. Median improvements from baseline at week 24 in TSS

Enrolled and randomly assigned
(N = 309)

Crossed over to 
   ruxolitinib
      Before week 24
      After week 24

(n = 36)

(n = 16)
(n = 20)

Assigned to ruxolitinib
15 or 20 mg twice per day

(n = 155)

Assigned to placebo
twice per day

(n = 154)*

Continuing randomly 
assigned treatment

(n = 134)

Continuing randomly 
assigned treatment

(n = 78)

Discontinued 
   ruxolitinib
      Death
      Adverse event
      Disease 
         progression
      Consent 
         withdrawn

(n = 21)

(n = 9)
(n = 8)
(n = 3)

(n = 1)

Discontinued 
   placebo
      Death
      Adverse event
      Disease 
         progression
      Consent 
         withdrawn
      Other

(n = 37)

(n = 9)
(n = 8)

(n = 12)

(n = 5)

(n = 3)

Fig 1. CONSORT diagram illustrating the
disposition of the 309 enrolled patients at
the time of primary analysis data cutoff.
(*) Three patients not evaluable for safety
but included in the intent-to-treat analysis
of efficacy.
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exceeding 50% were observed for all dose groups in which the dose
was � 10 mg twice per day: 71.1% (n � 30), 59.6% (n � 23), 67.7%
(n � 38), and 66.2% (n � 20) for dose groups of 10 mg twice per day,
15 mg twice per day, 20 mg twice per day, and 25 mg twice per day,
respectively. Ruxolitinib-treated patients who developed new-onset
or worsening of grade 3 or 4 anemia achieved TSS improvements at
week 24 that were similar in magnitude to improvements in those who
did not experience grade 3 or 4 anemia (median, �46.4% [n � 47]
and �58.3% [n � 82], respectively). Ruxolitinib-treated patients with
and without new-onset or worsening of grade 3 or 4 thrombocytope-
nia also experienced TSS improvements (median, �26.8% [n � 13]
and �62.5% [n � 116], respectively). Although there was an apparent
difference in the magnitude of the improvements between these
groups, the number of patients with grade 3 or 4 thrombocytopenia
was too small to draw a clear conclusion. In contrast, patients receiving
placebo showed worsening TSS scores (median, 14.6% [n � 103]).

Relationship Between TSS Improvement and PGIC

As detailed in Table 2, 62 (91.2%) of ruxolitinib patients who
were � 50% TSS responders characterized their condition as either
“Much improved” or “Very much improved.” In addition, 67 (73.7%)
of the placebo group who were less than 50% TSS responders charac-
terized their condition as “unchanged” or “worsening.” These results
suggest a relationship between the TSS and the PGIC in that the
individual patient perceived and reported meaningful benefit from
the treatment in terms of an overall improvement in myelofibrosis
symptoms, which further supports the use of the modified
MFSAF v2.0.

Relationship Between TSS Improvement

and EORTC QLQ-C30

For each subscale of the EORTC QLQ-C30, ruxolitinib-
treated patients reported increases (improvements) from baseline,
whereas patients receiving placebo reported decreases (worsening).
Ruxolitinib-treated patients defined as � 50% TSS responders
achieved significantly greater improvements in the EORTC QLQ-C30
subscales versus patients receiving placebo who continued to show
deterioration in their QoL (P � .0135; Fig 4). Notably, ruxolitinib-
treated patients with a lesser degree of symptom response (� 50% TSS
responders) also achieved significant improvements over placebo for
all EORTC QLQ-C30 subscales (P � .0075), with the exception of the
Emotional Functioning and Cognitive Functioning domains (Fig 4).

Relationship Between Spleen Volume Reductions

and PROs

In the ruxolitinib arm, improvements in TSS, abdominal symp-
toms, nonabdominal symptoms, and the PGIC score correlated with
reductions in spleen size; patients who had a � 35% reduction in
spleen volume had the greatest improvement in symptoms and per-
ceived change in condition (Figs 5A to 5D). Of note, however,
ruxolitinib-treated patients who exhibited even small spleen volume
reductions (� 10%) achieved meaningful improvements in these
PRO measures compared with patients in the placebo group. In addi-
tion, ruxolitinib-treated patients who achieved a � 10% reduction in
spleen volume had significant improvements versus placebo in both
the PROMIS Fatigue Scale (P � .001; Fig 5E) and EORTC QLQ-C30
Global Health Status (P � .001; Fig 5F). Indeed, the improvements in

Table 1. Baseline Scores on Patient-Reported Outcome Measures

Parameter Measured

Ruxolitinib Placebo

Maximum Score PossibleMean Range Mean Range

Modified MFSAF v2.0, TSS 18.2 0-50.1 16.9 0-52.7 60 (worst possible)
EORTC QLQ-C30 Subscales

Global Health Status/QoL 52.7 0-100 52.9 0-100 100 (best possible)
Physical Functioning 69.7 0-100 67.2 20-100 100 (best possible)
Role Functioning 64.5 0-100 63.2 0-100 100 (best possible)
Emotional Functioning 73.3 0-100 75.5 0-100 100 (best possible)
Cognitive Functioning 80.7 0-100 80.1 16.7-100 100 (best possible)
Social Functioning 68.0 0-100 66.1 0-100 100 (best possible)

PROMIS Fatigue Scale 43.7 10.7-85.7 43.3 0-89.3 100 (worst possible)

Abbreviations: EORTC QLQ-C30, European Organisation for Research and Treatment of Cancer Quality of Life Questionnaire-Core 30; MFSAF, Myelofibrosis
Symptom Assessment Form; PROMIS, Patient Reported Outcomes Measurement Information System; QoL, quality of life; TSS, Total Symptom Score.
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PRO parameters for ruxolitinib-treated patients who achieved � 35%
reduction in spleen volume versus those who achieved a 10% to less
than 35% reduction in spleen volume were not significantly different
(all P � .07).

DISCUSSION

In this randomized, placebo-controlled study, patients showed a high
prevalence and severity of individual myelofibrosis-related symptoms
at baseline, and the modified MFSAF v2.0 was sensitive to differenti-

ating responses in the placebo and ruxolitinib arms over time. Indi-
vidual symptom scores with ruxolitinib showed improvement relative
to baseline and to placebo early in the course of study treatment. The
true magnitude of symptom response within 4 weeks of initiating
ruxolitinib therapy may be underestimated in this analysis, because
symptom scores calculated by using a 28-day average included scores
from the initial days of treatment that may have potentially diluted the
benefit seen later in the treatment period. Analysis of TSS in
ruxolitinib-treated patients by using a 7-day moving average over time
shows that the majority of TSS responses (� 50% reduction in TSS
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relative to baseline) occur within the first 4 weeks of treatment.9 The
nightly recording of symptoms by the patient and electronic data
transfers contributed to a high degree of compliance by patients in
obtaining symptom data. Overall, the baseline prevalence of symp-
toms and rapid, clinically meaningful improvements exhibited by

ruxolitinib-treated patients are consistent with those from the
phase II study, in which a paper-pencil version of the MFSAF was
sensitive to detecting early and sustained symptom improvements
with ruxolitinib treatment.8 Meaningful reductions in symptom
burden were observed for ruxolitinib doses � 10 mg twice per day,

Table 2. Relationship Between PGIC Scale and TSS

PGIC Scale

Ruxolitinib� (n � 127) Placebo� (n � 100) Total Sample� (N � 227)

� 50% TSS
Responder

(n � 68)

� 50% TSS
Responder

(n � 59)

� 50% TSS
Responder

(n � 9)

� 50% TSS
Responder

(n � 91)

� 50% TSS
Responder

(n � 77)

� 50% TSS
Responder
(n � 150)

No. % No. % No. % No. % No. % No. %

Very much improved 35 51.5 8 13.6 1 11.1 0 0.0 36 46.8 8 5.3
Much improved 27 39.7 19 32.2 3 33.3 7 7.7 30 39.0 26 17.3
Minimally improved 3 4.4 22 37.3 3 33.3 17 18.7 6 7.8 39 26.0
No change 0 0.0 6 10.2 2 22.2 30 33.0 2 2.6 36 24.0
Minimally worse 2 2.9 3 5.1 0 0.0 19 20.9 2 2.6 22 14.7
Much worse 1 1.5 0 0.0 0 0.0 14 15.4 1 1.3 14 9.3
Very much worse 0 0.0 1 1.7 0 0.0 4 4.4 0 0.0 5 3.3

NOTE. � 50% TSS responders are patients who achieved a � 50% improvement in modified Myelofibrosis Symptom Assessment Form (MFSAF) v2.0 Total
Symptom Score (TSS; baseline TSS–week-24 TSS); � 50% TSS responders are patients who achieved a � 50% improvement in modified MFSAF v2.0 TSS (baseline
TSS–week-24 TSS).

Abbreviation: PGIC, Patient Global Impression of Change.
�Number of patients with a baseline and week-24 TSS and who completed the PGIC at week 24.
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Fig 4. (A-F) Relationship between symptoms as assessed by the modified Myelofibrosis Symptom Assessment Form v2.0, with quality of life (QoL) as assessed by
the European Organisation for Research and Treatment of Cancer Quality of Life Questionnaire Core 30 (EORTC QLQ-C30) at baseline. Patients receiving ruxolitinib
who were categorized as � 50% Total Symptom Score (TSS) responders achieved significantly greater improvements in the EORTC QLQ-C30 subscales versus
patients in the placebo group.
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while placebo-treated patients reported symptom worsening. No-
tably, ruxolitinib-treated patients also demonstrated improvement
in fatigue (a common symptom in patients with myelofibrosis)
relative to baseline and to patients in the placebo group on two
PRO instruments.

The modified MFSAF v2.0 was also shown to correlate well with
other established PRO assessment tools, including the PGIC and the
EORTC QLQ-C30, further supporting use of the MFSAF in patients
with myelofibrosis. At baseline, many of the scores for EORTC QLQ-
C30 subscales, such as the Global Health Status/QoL, were much
lower than those of the general population15,16 and were consistent
with scores for other populations with advanced cancer15 as well as for
another patient population with myelofibrosis.16 Moreover, the
changes in the EORTC QLQ-C30 subscale scores with treatment mir-
rored trends in the MFSAF, with ruxolitinib � 50% TSS responders
showing the most improvement. Even ruxolitinib less than 50% TSS
responders demonstrated significant improvements compared with
those in the placebo group in EORTC QLQ-C30 subscale scores ex-
cept for the Emotional Functioning and Cognitive Functioning do-
mains; scores for these two domains were similar between the
COMFORT-I population and general population at baseline.16

Finally, improvements in symptom burden and perceived
change in condition, fatigue, and QoL in ruxolitinib-treated patients
were not dependent on reaching the protocol-defined threshold of

spleen response (� 35% reduction in spleen volume at week 24). Even
patients with spleen volume reductions � 10% who received rux-
olitinib had significant improvements in symptom burden and per-
ceived change in condition, fatigue, and QoL. A similar finding was
observed in the phase II study.8

In conclusion, changes in the modified MFSAF v2.0 with rux-
olitinib therapy were clinically meaningful. In addition, the modified
MFSAF v2.0 correlated well with established PRO measures. Although
there was a trend for greater improvements in PROs with greater spleen
volumereductionswithruxolitinib,evenpatientswithmodestchanges in
spleen size or symptom scores demonstrated improvements in symptom
burdenandQoL,whereaspatientsreceivingplacebocontinuedtoworsen
by these same measures. These data support the use of the MFSAF in
clinical studies of treatments for myelofibrosis.
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Fig 5. (A-F) Relationship between spleen volume reduction with ruxolitinib and patient-reported outcomes (PROs). Ruxolitinib-treated patients who achieved a � 35%
reduction in spleen volume experienced the greatest improvements in all PROs, whereas patients receiving placebo reported worsening of symptoms on these
measures. However, patients given ruxolitinib who had � 10% reduction in spleen volume also achieved significant improvements in all PROs. (D) Change from
baseline in patient perception of their disease (baseline � score of 4 [no change]). PROMIS, Patient Reported Outcomes Measurement Information System; QoL,
quality of life.
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