
The impact of anemia on overall survival in patients
with myelofibrosis treated with ruxolitinib in the
COMFORT studies

Myelofibrosis (MF), including primary myelofibrosis
(PMF) and MF secondary to essential thrombocythemia
(ET) or polycythemia vera (PV), is a chronic Philadelphia
chromosome–negative myeloproliferative neoplasm
associated with progressive bone marrow fibrosis.1 Many
patients with MF experience new or worsening anemia
during disease progression. Varying from study to study,
35% to 54% of patients with PMF have been reported to
have anemia (i.e., hemoglobin <10 g/dL) at the time of
diagnosis.2-5 Anemia adversely affects overall survival
(OS), and is included as a key negative prognostic factor
in validated prognostic scoring systems for patients with
PMF, which were developed before the introduction of
Janus kinase (JAK) inhibitor therapy.2,3,5 Ruxolitinib, a
JAK1/JAK2 inhibitor, improved OS compared with place-
bo and best available therapy in patients with intermedi-
ate-2 or high-risk MF5 in the phase 3 COntrolled
MyeloFibrosis Study With ORal JAK Inhibitor Treatment
(COMFORT) studies.6-10 However, in these studies, rux-
olitinib treatment was also associated with dose-depen-
dent anemia and thrombocytopenia.6,7 Typically, these
events occurred in the first 12 weeks of therapy and were
managed with dose adjustments and/or red blood cell
(RBC) transfusions. Mean hemoglobin levels reached a
nadir at 8-12 weeks and recovered to near baseline levels
by week 24 of treatment.6,7 Likewise, the proportion of
patients requiring RBC transfusions in the ruxolitinib arm
of COMFORT-I increased during the first 8-12 weeks and
subsequently decreased to levels similar to those in the
placebo arm at approximately week 24.6 We asked
whether ruxolitinib-associated anemia has the same
adverse prognostic impact on OS as disease-related ane-

mia. To address this question, we conducted exploratory
analyses of pooled data from the COMFORT studies,
designed to differentiate the effects of disease-related
anemia and anemia associated with ruxolitinib therapy
on OS in patients with MF. 

In COMFORT-I (clinicaltrials.gov identifier:00952289)
and COMFORT-II (clinicaltrials.gov identifier:00934544),
patients were randomized to receive ruxolitinib or place-
bo, and ruxolitinib or best available therapy, respective-
ly.6,7 Eligible patients were ≥18 years of age, had PMF,
post-PV MF, or post-ET MF, intermediate-2 or high-risk
disease [per International Prognostic Scoring System
(IPSS)], platelet count ≥100×109/L, and palpable
splenomegaly ≥5 cm below the left costal margin. The
starting dose of ruxolitinib was 15 mg twice-daily (BID)
for patients with a baseline platelet count 100-200×109/L,
and 20 mg BID for patients with a baseline platelet count
>200×109/L. Protocol-specified dose reductions were
mandated for patients who developed neutropenia or
thrombocytopenia, but not for those who developed ane-
mia. RBC transfusions were permitted for the manage-
ment of anemia. 

For this analysis, baseline anemia was defined as
hemoglobin <10 g/dL at baseline or the requirement for
any units of RBC transfusions within 12 weeks prior to
day 1 of the study medication. Postbaseline anemia,
regardless of RBC transfusion status at baseline, was
defined as new or worsening anemia within the first 
12 weeks after the initiation of ruxolitinib therapy that
was grade ≥2 (per Common Terminology Criteria for
Adverse Events v3.0) and a higher grade than that at
baseline. COMFORT-I and COMFORT-II 3-year data
were pooled for patients who survived at least 12 weeks
after day 1. Patients randomized to placebo or best avail-
able therapy were combined into 1 control group.
Kaplan-Meier analyses of OS were performed for
patients in the control group based on baseline anemia
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Table 1. Baseline characteristics in patients stratified by baseline anemia (ruxolitinib and control arm) and postbaseline anemia status (rux-
olitinib arm only).

Ruxolitinib Control
Baseline anemia No baseline anemia

Characteristic Postbaseline No postbaseline Postbaseline No postbaseline Baseline No baseline 
anemia anemia anemia anemia anemia anemia
(n=93) (n=41) (n=99) (n=63) (n=113) (n=114)

Age, mean (SD), years 67.9 (8.2) 67.0 (10.4) 65.4 (8.8) 63.0 (10.2) 69.0 (8.9) 66.2 (9.6)
Female, n (%) 43 (46) 17 (42) 56 (57) 21 (33) 53 (47) 43 (38)
Tumor type, n (%)

PMF 55 (59) 23 (56) 42 (42) 23 (37) 66 (58) 57 (50)
Post-PV MF 17 (18) 11 (27) 39 (39) 31 (49) 24 (21) 43 (38)
Post-ET MF 21 (23) 7 (17) 18 (18) 9 (14) 23 (20) 13 (11)

IPSS risk, n (%)
High 66 (71) 27 (66) 41 (41) 23 (36) 81 (72) 54 (47)
Intermediate-2 26 (28) 14 (34) 58 (59) 40 (64) 32 (28) 59 (52)

Platelet count, mean (SD), ×109/L 304.3 (198.5) 299.1 (205.4) 321.2 (172.1) 301.4 (180.2) 254.8 (131.0) 301.9 (171.3)
Hemoglobin, mean (SD), g/dL 9.4 (1.0) 8.8 (1.1) 11.5 (1.2) 13.6 (1.5) 9.0 (1.3) 12.0 (1.7)
Leukocytes, mean (SD), ×109/L 15.5 (14.1) 20.2 (21.9) 21.0 (17.2) 27.6 (23.4) 16.7 (14.5) 24.8 (16.4)
Weight, mean (SD), kg 69.5 (13.7) 74.3 (15.9) 69.7 (13.6) 76.1 (16.7) 67.6 (13.6) 71.2 (13.0)
Spleen palpation length, median, cm 16.0 15.0 15.0 14.0 14.0 16.5
Spleen volume, median, cm3 2457.6 2651.0 2531.3 2444.0 2156.6 2815.4
JAK2 mutation-positive, n (%)* 63 (68.5) 26 (66.7) 78 (78.8) 54 (85.7) 78 (72.2) 94 (84.7)
ET: essential thrombocythemia; IPSS: International Prognostic Scoring System; JAK: Janus kinase; MF: myelofibrosis; PMF: primary myelofibrosis; PV: polycythemia vera; SD: stan-
dard deviation. *Percentages are based on patients with evaluable data.



status, and for ruxolitinib-treated patients based on base-
line and postbaseline anemia status. Patients were
assessed for OS using a Cox model, stratified by study
and baseline anemia status. All analyses are exploratory
and P-values are nominal. 

Of 296 patients randomized to ruxolitinib who quali-
fied for this analysis, 162 (54.7%) patients had no base-

line anemia and 134 (45.3%) patients had baseline ane-
mia. In the control arm, 113 out of 227 (49.8%) patients
had baseline anemia. Among patients with anemia at
baseline, the proportions of those with PMF (vs. other MF
subtypes) and those with IPSS high-risk (vs. intermediate-
2-risk) disease were higher than they were among
patients without anemia at baseline (Table 1). Eighty-five
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Figure 1. Effect of disease- and treatment-related anemia on overall survival (OS). OS is shown by baseline anemia status (A, B) in the control (A) and ruxolitinib
(B) arms; by treatment group (C, D) in patients with no anemia at baseline (C) and anemia at baseline (D); and by postbaseline anemia status in the ruxolitinib
arm (E, F) in patients with (E) and without (F) baseline anemia. BL: baseline; CI: confidence interval; HR: hazard ratio; Rux: ruxolitinib.*After week 144, the inter-
pretation of the curves is affected by low numbers of patients. 
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percent of new or worsening grade ≥2 anemia events
(compared with baseline) in the ruxolitinib arm occurred
during the first 12 weeks of therapy. Of the patients in
the ruxolitinib group who had no baseline anemia, 61%
(99 out of 162) developed postbaseline anemia, and of
those with baseline anemia, 69% (93 out of 134) experi-
enced worsening anemia. 

Kaplan-Meier estimates of OS among patients strati-
fied by baseline anemia status within the ruxolitinib and
control groups suggest that baseline anemia was associ-
ated with inferior survival, regardless of treatment (Figure
1A,B). However, similar to previously published data,10

patients randomized to ruxolitinib in COMFORT-I and
COMFORT-II studies had improved OS compared with
the control group [hazard ratio (HR) = 0.644; 95% confi-
dence interval (CI) 0.459-0.903; P=0.0102 for ruxolitinib
vs. control]. Importantly, improved survival associated
with ruxolitinib versus control treatment was seen both
among patients with anemia at baseline and among those
without anemia at baseline (Figure 1C,D). OS probability
at 3 years for ruxolitinib versus control was 0.66 versus
0.57 among patients with baseline anemia, and 0.87 
versus 0.66 among patients without baseline anemia. In
addition, within the subgroups of patients with and with-
out baseline anemia, new or worsening postbaseline ane-
mia did not affect OS during ruxolitinib therapy (Figure
1E,F; HR = 1.030; 95% CI 0.615-1.725 for no postbase-
line anemia vs. postbaseline anemia in the ruxolitinib
group).

MF-related anemia is a negative prognostic factor in the
IPSS and related scoring systems that were developed
before the advent of JAK inhibitor therapy.2,3,5 As anemia
is a common adverse effect of JAK inhibitor therapy,
including ruxolitinib,6,7 it is important to assess whether
treatment-related anemia has the same adverse prognos-
tic impact as disease-related anemia. In this exploratory
analysis of the COMFORT studies, baseline anemia was
associated with shortened OS in both the ruxolitinib and
control groups, confirming the previously established
negative prognostic impact of disease-related anemia in
MF.2,3,5 In contrast, new or worsening anemia that
occurred during, and possibly as a result of, ruxolitinib
therapy, had no effect on OS. Furthermore, although rux-
olitinib therapy did not abrogate the survival disadvan-
tage associated with MF-related anemia prior to ruxoli-
tinib therapy, it provided a survival advantage compared
with control treatments in patients with and without
baseline anemia. Consistent with our findings, a related
analysis from the COMFORT studies showed that hemo-
globin decreases from baseline of ≤30 g/L versus >30 g/L
at week 12 had no significant association with OS 
(HR = 0.84; 95% CI 0.47-1.52).11 Together, these findings
suggest that early-onset ruxolitinib-related anemia may
not have the same deleterious prognostic implication for
OS as disease-related anemia, and therefore, by itself
should not be considered a cause for treatment discontin-
uations. Of note, experience from the COMFORT studies
indicates that ruxolitinib-associated decreases in hemo-
globin early during ruxolitinib therapy may often be tran-
sient,6,12 can be successfully managed by RBC transfu-
sions, and rarely lead to treatment discontinuations.6,7 In
conclusion, ruxolitinib-associated anemia, which occurs
predominantly during early therapy, is not predictive of
shortened survival. Unlike disease-related anemia, ruxoli-
tinib-related anemia in patients with MF is manageable
and does not appear to adversely impact survival.
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