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ORIGINAL ARTICLE
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mNovartis AG, Basel, Switzerland; nRabin Medical Center, Petah Tikva & Sackler Faculty of Medicine, Tel-Aviv University, Tel Aviv, Israel

ABSTRACT
Data from the large, prospective, multinational, phase 3b JUMP study were analyzed to identify
factors predictive of spleen and symptom responses in myelofibrosis patients receiving ruxoliti-
nib. Factors associated with higher spleen response rates included International Prognostic
Scoring System (IPSS) low/intermediate-1 risk vs intermediate-2/high risk (43.1% vs 30.6%;
adjusted OR [aOR] 0.65 [95% CI 0.44–0.95]), ruxolitinib as first- vs second- or later-line therapy
(40.2% vs 31.5%; aOR 0.53 [95% CI 0.38–0.75]), and a ruxolitinib total daily dose at Week 12 of
>20mg/day vs �20mg/day (41.3% vs 30.4%; aOR 0.47 [95% CI 0.33–0.68]). No association was
seen between baseline characteristics or total daily dose at Week 12 and symptom response.
Ruxolitinib led to higher spleen response rates in patients with lower IPSS risk, and when used
earlier in treatment. Higher doses of ruxolitinib were associated with higher spleen response
rates, but not with symptom improvement.
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Introduction

Primary myelofibrosis (PMF) is a rare chronic myelo-
proliferative neoplasm with an estimated incidence of
0.3 cases per 100,000 persons [1]. A form of myelofib-
rosis (MF) that is indistinguishable from PMF can occur
as part of the natural history of polycythemia vera
(post-polycythemia vera myelofibrosis [PPV-MF]) or
essential thrombocythemia (post-essential thrombo-
cythemia myelofibrosis [PET-MF]. Clonal myeloprolifer-
ation and bone marrow fibrosis associated with MF
can lead to clinical manifestations that include

splenomegaly and constitutional symptoms [2], which

might have an impact on patients’ health-related qual-

ity of life (HRQoL). Symptoms include pruritus, night

sweats, bone pain, fever, and fatigue [3].
Allogeneic stem cell transplantation is an option for

eligible patients; however, it has limited applicability

[4]. According to the European Society for Blood and

Marrow Transplantation and European LeukemiaNet

(EBMT–ELN) working group consensus, patients are

potential candidates for allogeneic stem cell trans-

plantation if: (1) they have International Prognostic
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Scoring System (IPSS), Dynamic IPSS (DIPSS) or DIPSS-
plus intermediate-2- or high-risk disease and are age
<70 years; or (2) they have intermediate-1-risk disease,
are age <65 years, and present with either refractory
transfusion-dependent anemia, >2% blasts in the per-
ipheral blood, or adverse cytogenetics [5]. The major-
ity of patients with MF are not candidates for
transplantation due to their advanced age, associated
comorbidities, or due to a lack of suitable donors.
Therefore, for the majority of patients with MF, treat-
ment is generally palliative and aimed at symp-
tom control.

JAK2, CALR, or MPL mutations are present in
approximately 90% of patients with MF [2], and the
disease is characterized by dysregulation of the Janus
kinase–signal transducer and activator of transcription
(JAK–STAT) pathway [6]. Ruxolitinib is a potent JAK1/
JAK2 inhibitor that leads to durable improvements in
splenomegaly, symptoms, and HRQoL measures when
compared with placebo [7] or best available therapy
in patients with intermediate-2-risk or high-risk PMF
[8,9]. The phase 2 ROBUST study included patients
categorized as having intermediate-1-risk disease, and
demonstrated that treatment with ruxolitinib results in
clinically meaningful reductions in spleen length and
symptoms [10]. Due to the limited number of events
at data cutoff and crossover in the randomized trials
[11], questions remain as to whether ruxolitinib offers
an improvement in overall survival compared with
best available therapy [8,9] or placebo [7,12].

The phase 3b JUMP (JAK Inhibitor RUxolitinib in
Myelofibrosis Patients; NCT01493414) study was initi-
ated to collect additional safety and efficacy data, and
to provide access to ruxolitinib for patients in coun-
tries where the drug is not available outside of a clin-
ical trial [13]. The JUMP study included 2233 patients,
and is the largest study of ruxolitinib in MF to date.
Consistent with results from previous studies, patients
in the JUMP study experienced durable improvements
in splenomegaly and MF symptoms.

Although most patients with MF benefit from ruxo-
litinib treatment, response may vary among individual
patients; in addition, factors associated with response
are not well defined. The JUMP study provides data
from a large patient population with MF that can be
used to analyze and identify clinical factors that might
be associated with response to ruxolitinib. Here, using
data collected during the JUMP study, we assess the
association of patient and disease characteristics and
ruxolitinib dose levels with spleen response and symp-
tom improvement.

Methods

Study design and patients

Details of the JUMP study have been published previ-
ously [13]. In brief, the JUMP study is a single-arm,
open-label, phase 3b, expanded-access study con-
ducted globally in patients with MF (Figure 1). Eligible
patients were age �18 years, had a diagnosis of pri-
mary or secondary MF according to the World Health
Organization criteria [14,15], and a baseline platelet
count of �50� 109/L. After a protocol amendment
(amendment 2, September 2012), IPSS risk status was
added as an eligibility criterion. Following the amend-
ment, patients with IPSS intermediate-2- or high-risk
MF [16], with or without splenomegaly, and those
with IPSS intermediate-1-risk MF with a palpable
spleen (�5 cm in length; measured at the left costal
margin) were eligible.

Ruxolitinib starting dose was based on the baseline
platelet count: ruxolitinib 5mg twice daily was given to
patients with a platelet count of �50 to <100� 109/L;
ruxolitinib 15mg twice daily was given to patients with a
platelet count of �100 to �200� 109/L; and ruxolitinib
20mg twice daily was given to patients with a platelet
count of >200� 109/L. Dose increases were allowed for
insufficient efficacy if neutrophil and platelet counts were
adequate, and dose decreases or interruptions per a

Figure 1. Study design. aIncluded by amendment to the protocol. bPatients were treated for up to 24months after the last
patient’s first visit (December 23, 2014), unless discontinuation criteria were met. BID: twice daily; Int: intermediate; PET-MF: post-
essential thrombocythemia myelofibrosis; PLT: platelet; PMF: primary myelofibrosis: PPV-MF: post-polycythemia vera myelofibrosis.

JUMP PREDICTORS OF RESPONSE 919



protocol-specified scheme were mandatory for
safety reasons.

The primary endpoint was the safety and tolerabil-
ity of ruxolitinib. Additional endpoints included the
proportion of patients with a �50% reduction in palp-
able spleen length, and change from baseline in
patient-reported outcome measures assessing fatigue
(Functional Assessment of Chronic Illness Therapy –
Fatigue [FACIT-F] scale) and symptoms (Functional
Assessment of Cancer Therapy – Lymphoma [FACT-
Lym] total score).

The study was approved by the institutional review
board at each participating institution and conducted
in accordance with applicable local regulations and
the principles of the Declaration of Helsinki. All
patients provided written informed consent before
study entry.

Study assessments

In post hoc analyses, spleen response was evaluated
according to the International Working Group –
Myeloproliferative Neoplasms Research and Treatment
(IWG–MRT) criteria [17]. Response was defined as hav-
ing a nonpalpable spleen at Week 24 (in patients with
a palpable spleen of 5 to 10 cm in length at baseline)
or a decrease in spleen length of �50% at Week 24 (in
patients with a palpable spleen of >10 cm at baseline).
Patients with a palpable spleen of <5 cm at baseline
were not eligible for spleen response analyses.

Patients who discontinued treatment prematurely
because of adverse events, progressive disease, or
death were considered non-responders. Patients were
considered transfusion-dependent if they received �6
units of transfusions within the 12-week period prior
to ruxolitinib treatment initiation.

Symptom responses were evaluated using the FACT-
Lym total score [18,19] and the FACIT-F scale [20]. For
the current analysis, DIPSS risk status was determined
using baseline patient and disease characteristics for
the 1844 of the 2233 enrolled patients who had infor-
mation available for all 5 baseline parameters (white
blood cell [WBC] count, age, hemoglobin [Hb], constitu-
tional symptoms, and blasts). IPSS risk status was deter-
mined at the time of diagnosis. However, since the
requirement for an IPSS assessment was instituted by a
protocol amendment (amendment 2, September 2012)
after 50% of the patients had already been recruited,
some patients are missing IPSS information. DIPSS
scores were calculated based on baseline values of Hb,
WBC count, blasts, age, and the presence of constitu-
tional symptoms [21].

Statistical analyses

Odds ratios (ORs) and corresponding 95% confidence
intervals (CIs) were derived by fitting a logistic regression
with response as a binomial independent variable and
the patient subgroups as binomial covariates. Baseline
characteristics included as covariates were sex (male vs
female), IPSS risk status (intermediate-2/high risk vs low/
intermediate-1 risk), spleen length (�10 vs <10 cm),
transfusion dependence (dependence vs independence),
Hb level (<10 vs �10g/dL), platelet count (<100 vs
�100� 109/L), time since MF diagnosis (>2 vs �
2 years), age (>65 vs � 65 years), WBC count (>25 vs �
25� 109/L), MF subtype (primary vs secondary MF),
DIPSS risk status (low/intermediate-1 vs intermediate-2/
high), prior treatment (ruxolitinib as first-line vs as a
later-line therapy), and blasts (�1% vs <1%). The titrated
total daily dose of ruxolitinib at 12weeks (� 20mg/day
vs >20mg/day) was also assessed.

Analyses were performed on the total patient
population, and on subpopulations after stratification
by DIPSS risk status.

Overall survival by spleen response in the low/inter-
mediate-1 and intermediate-2/high DIPSS risk groups
was assessed using Kaplan–Meier methods, with a
good spleen response defined as described in Study
Assessments.

Results

Patients

This analysis includes results for 2233 patients who
were treated in the JUMP study from 2011 to 2017
[13] at 279 clinical sites across 26 countries in Europe
(82.0% [n¼ 1831]), Latin America (8.5% [n¼ 190]),
North America (2.4% [n¼ 53]), and other regions
(7.1% [n¼ 159]).

Median patient age was 67 years, mean time from
initial diagnosis was 51.7months, and 59.4% of
patients had PMF (Table 1). In almost half of patients
(49.1%), IPSS risk status information was missing; 0.1%
(2 patients) were defined as low risk, 16.3% were
defined as low/intermediate-1 risk, and 34.6% were
defined as intermediate-2/high risk per IPSS stratifica-
tion. DIPSS stratification was determined for the 1844
patients (82.6% of the total group) who had informa-
tion available for all 5 required parameters: 60 of these
1844 patients (3.3%) were classified as low risk; Hb
level <10 g/dL and platelet count <100� 109/L were
reported in 38.5% and 6.2% of patients, respectively;
7.1% of patients were considered transfusion-depend-
ent. More patients had received prior treatment
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(59.3%) than were treatment-naive (40.7%), and most
patients (65.9%) had a palpable spleen of �10 cm in
length. The mean FACT-Lym total score at baseline
was 113.9, and the mean FACIT-F score was 32.7.

Drug exposure

Most patients (93.1% [n¼ 2078]) started ruxolitinib
treatment at >20mg/day, while 6.9% (n¼ 155) started
treatment at � 20mg/day. Median duration of ruxoliti-
nib exposure was 12.4months (range <0.1 to 59.7),
and the mean daily dose of ruxolitinib was 28.7mg.
Patients with an Hb level >10 g/dL and/or a platelet
count >100� 109/L more frequently received doses of
ruxolitinib >20mg/day when compared with patients
who had an Hb level <10 g/dL and a platelet count
<100� 109/L (Table 2). A total of 1138 patients
(51.0%) had >1 year, 674 patients (30.0%) had
>2 years, and 289 patients (13.0%) had >3 years of
exposure to ruxolitinib.

Characteristics associated with spleen response

Most patients experienced a reduction in spleen size
while receiving ruxolitinib. Of 2049 patients assessed,
the mean change from baseline in palpable spleen
length was �68.3% (median �75.0% [range �100.0%
to 133.3%]). At Week 24, 34.3% of evaluable patients
(672 of 1960) achieved a spleen response by
IWG–MRT criteria.

In the univariate analysis, baseline factors associ-
ated with higher spleen response rates were IPSS low/
intermediate-1 risk status, Hb level �10 g/dL, platelet
count �100� 109/L, time since MF diagnosis of
�2 years, ruxolitinib as first-line treatment, blasts <1%,
and ruxolitinib dose >20mg/day. The predictive
power of receipt of prior treatment (vs no prior treat-
ment) was restricted to patients in the DIPSS inter-
mediate-2/high-risk group (37.3% vs 26.8%; adjusted
OR [aOR] 0.62 [95% CI 0.45–0.84]).

In the multivariate analysis, IPSS low/intermediate-1
risk, ruxolitinib as first-line treatment, and ruxolitinib
dose >20mg/day at Week 12 were significant predic-
tors of spleen response (Figure 2). Ruxolitinib as first-
line treatment (vs as second or later line of therapy)
was also a significant predictor of spleen response
irrespective of DIPSS risk status (low/intermediate-1
risk: 45.2% vs 38.0%; aOR 0.59 [95% CI 0.37–0.93];
intermediate-2/high risk: 37.3% vs 26.8%; aOR 0.46
[95% CI 0.27–0.79]).

Table 2. Comparison of baseline Hb levels and platelet counts with ruxolitinib dose at Week 12.

Subgroup Hematologic parameters at baseline
Evaluable
patients, n

Total daily dose of
ruxolitinib >20mg/day
at Week 12, n (%)

Total daily dose of
ruxolitinib �20mg/day
at Week 12, n (%)

1 Hb level>10 g/dL and platelet count >100� 109/L 1162 781 (67.2) 381 (32.8)
2 Either Hb level<10 g/dL or platelet count <100� 109/L 813 456 (56.1) 357 (43.9)
3 Both Hb level<10 g/dL and platelet count <100� 109/L 60 3 (5.0) 57 (95.0)

Hb: hemoglobin.

Table 1. Patient baseline characteristics.
Characteristic N¼ 2233

Age, median (range), years 67.0 (18–89)
�65 years, n (%) 1334 (59.7)

Male, n (%) 1217 (54.5)
Time since initial diagnosis, mean (SD), months 51.7 (64.4)
n 2229
>2 years, n (%) 1152 (51.6)
�2 years, n (%) 1081 (48.4)

MF subtype, n (%)
Primary 1326 (59.4)
Secondary 906 (40.6)
Missing 1 (<0.1)

IPSS risk, n (%)a

Low/intermediate-1 365 (16.3)
Intermediate-2/high 772 (34.6)
Missing 1096 (49.1)

DIPSS risk, n (%)b

Low/intermediate-1 895 (40.1)
Intermediate-2 755 (33.8)
High 194 (8.7)
Missing 389 (17.4)

Hb level, mean (SD), g/dL 10.9 (2.3)
n 2226
<10 g/dL, n (%) 856 (38.5)
�10 g/dL, n (%) 1370 (61.5)

Platelet count, mean (SD), � 109/L 318.9 (238.6)
n 2225
<100� 109/L, n (%) 138 (6.2)
�100� 109/L, n (%) 2087 (93.8)
Missing, n (%) 8 (0.4)

WBC count, mean (SD), � 109/L 16.4 (16.05)
n 2223
�25� 109/L, n (%) 1827 (81.2)
>25� 109/L, n (%) 396 (17.8)
Missing, n (%) 10 (0.4)

Treatment history, n (%)
Treatment-naive 909 (40.7)
Prior treatment 1324 (59.3)
Prior transfusions 578 (25.9)

Transfusion-dependent, n (%)c 158 (7.1)
Transfusion-independent, n (%) 2075 (92.9)
Peripheral blasts�1%, n (%) (n¼ 2025) 713 (31.9)
Palpable spleen length, median (range), cm 12.0 (0.5–45.0)
n 2079
�10 cm, n (%) 1472 (65.9)
<10 cm, n (%) 761 (34.1)

DIPSS: Dynamic International Prognostic Scoring System; Hb: hemoglobin;
IPSS: International Prognostic Scoring System; MF: myelofibrosis; SD:
standard deviation; WBC: white blood cell.
aIPSS risk data were collected following a protocol amendment (amend-
ment 2, September 2012).
bDIPSS risk was calculated based on available patient data.
cTransfusion-dependence was defined as having received � 6 transfusion
units over the 12-week period prior to starting treatment with ruxolitinib.
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Higher spleen response rates correlated with a
higher ruxolitinib dose in both univariate and multi-
variate analyses. Patients who received a titrated dose
of ruxolitinib of >20mg/day at Week 12 had higher
spleen response rates than those who received
�20mg/day (41.3% vs 30.4%; aOR 0.47 [95% CI
0.33–0.68] by multivariate analysis) (Figure 2). Spleen
response rates according to ruxolitinib dose were con-
sistent across both DIPSS risk groups (low/intermedi-
ate-1 risk: 46.7% with >20mg/day vs 35.6% with
�20mg/day; aOR 0.44 [95% CI 0.27–0.70]; intermedi-
ate-2/high risk: 37.4% with >20mg/day vs 26.4% with
� 20mg/day; aOR 0.5 [95% CI 0.28–0.88]).

Characteristics associated with symptom
improvement

In the univariate analysis, only a titrated total daily
dose of ruxolitinib at >20mg/day at Week 12 of ther-
apy was correlated with achieving a symptom
response based on the FACT-Lym total score (48.2%
with � 20mg/day vs 56.7% with >20mg/day; OR 0.71
[95% CI: 0.57–0.88]) and the FACIT-F scale (44.9% with
� 20mg/day vs 51.5% with >20mg/day; OR 0.77
[95% CI 0.62–0.96]).

In the multivariate analysis, no associations
between baseline characteristics or titrated dose at
Week 12 and symptom response were seen (Figure 3),
even after stratification by DIPSS risk status (low/inter-
mediate-1 risk vs intermediate risk-2/high risk).

Overall survival by DIPSS risk group stratification

When analyzed by DIPSS risk status, the Kaplan–Meier
analysis of median overall survival was not reached in
patients in the DIPSS low/intermediate-1 risk group.
The Kaplan–Meier analysis of median overall survival
in patients in the DIPSS intermediate-2/high risk group
and who achieved a spleen response at Week 24 was
229.1weeks (vs 253.6weeks in those who did not
respond) (Figure 4). Interpretation of this result must
be approached with caution given the small sample
sizes; 32 patients achieved spleen response and 122
patients did not.

Discussion

This secondary analysis of the JUMP study identified
less advanced disease, higher doses of ruxolitinib, and
ruxolitinib as the first-line therapy as independent

Figure 2. Factors predicting higher spleen response rates in multivariate analysis. ORs and the corresponding 95% CIs were
derived by fitting a logistic regression with response as a binomial independent variable and the patient subgroups as binomial
covariates. Factors associated with a higher spleen response rate are shown in bold font. Patient characteristics favored by the OR
are labeled with a dot (�). BL: baseline; CI: confidence interval; DIPSS: Dynamic International Prognostic Scoring System; IPSS:
International Prognostic Scoring System; LCM: left costal margin; MF: myelofibrosis; OR: odds ratio; WBC: white blood cell.
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Figure 3. Factors predicting improvements in HRQoL and symptoms, assessed by improvements in FACT–Lym total score (A) and
FACIT-F score (B) in multivariate analyses. ORs and the corresponding 95% CIs were derived by fitting a logistic regression with
response as a binomial independent variable and the patient subgroups as binomial covariates. Factors associated with a higher
spleen response rate are shown in bold font. Patient characteristics favored by the OR are labeled with a dot (�). BL: baseline; CI:
confidence interval; DIPSS: Dynamic International Prognostic Scoring System; FACT-Lym: Functional Assessment of Cancer Therapy-
Lymphoma; FACIT-F: Functional Assessment of Chronic Illness Therapy-Fatigue; HRQoL: health-related quality of life; IPSS:
International Prognostic Scoring System; LCM: left costal margin; MF: myelofibrosis; OR: odds ratio; WBC: white blood cell.
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factors associated with higher spleen response rates.
The study included a large population that comprised
diverse MF patient subgroups, including patients with
DIPSS low and intermediate-1 risk, and those
with lower platelet counts. Although clinically meaning-
ful improvements in symptoms were seen as early as
4weeks after starting ruxolitinib in the JUMP study [13],
symptom improvement (as assessed using the FACT-
Lym total score and the FACIT-F scale) was not associ-
ated with any of the clinical or demographic factors
assessed in the multivariate analyses. These results are
in line with the main findings of the JUMP study, show-
ing that symptom response rates were not affected by
the ruxolitinib starting dose, and were similar when
evaluated according to MF subtype [13].

A previous subgroup analysis of the COMFORT-I
trial (NCT00952289) did not show any baseline factors
associated with spleen response to ruxolitinib [22].
The COMFORT trials primarily focused on patients with
higher-risk MF (intermediate-2 risk and high risk), and
most of the patients had already failed one or more
lines of prior treatments. The study population of the
JUMP study is more diverse, and further enhances our
understanding of the use of ruxolitinib in a real-life
setting. The current study allowed for upward or
downward titrations of the ruxolitinib dose based on
platelet counts at baseline and during follow-up. We
found that in patients with a good hematologic
reserve (Hb level >10 g/dL and platelet count
>100� 109/L), the likelihood of maintaining a higher
dose of ruxolitinib at Week 12 is high. However, in
patients with a lower hematologic reserve (Hb level

<10 g/dL and platelet count <100� 109/L), the likeli-
hood of maintaining a higher dose at Week 12 is low.
Therefore, patients with a low hematologic reserve
may benefit from starting at a relatively lower dose of
ruxolitinib, which should be gradually titrated upwards
if blood counts allow. Our finding that doses of ruxoli-
tinib >20mg/day led to higher spleen response rates
suggests that patients should be titrated to the high-
est tolerated dose of ruxolitinib to achieve a max-
imal response.

Our study shows that ruxolitinib provides higher
spleen response rates when given as first-line therapy,
as opposed to being used as a later-line therapy. This
outcome is also supported by results from the
COMFORT-II study (NCT00934544), in which no mean-
ingful responses were observed with best available
therapy when compared with ruxolitinib [9].
Furthermore, this analysis extends the findings of the
JUMP [13] and ROBUST [10] trials, showing efficacy of
ruxolitinib with higher spleen response rates in
patients with low or intermediate-1 risk MF.

The results from the current analysis are also con-
sistent with those of a previous study conducted at
18 Italian centers and examining factors associated
with response to ruxolitinib in patients with MF [23].
The baseline characteristics of this study population
were broadly similar to those of the JUMP study
population, with the exception of the proportion of
patients defined as IPSS intermediate-2/high risk
(84.3%; 64.9% in the current study) and the mean
time since initial diagnosis (44.4months; 51.7months
in the current study). Factors associated with a lower

Figure 4. Kaplan–Meier estimate of overall survival of spleen responders vs non-responders at Week 24 stratified by DIPSS risk
status. Spleen response was defined as having a non-palpable spleen at Week 24 (in patients with a palpable spleen 5–10 cm
below the left costal margin at baseline) or a decrease in spleen length by �50% at Week 24 (in patients with a palpable spleen
>10 cm at baseline). Patients with missing spleen data were considered non-responders. CI: confidence interval; DIPSS: Dynamic
International Prognostic Scoring System; Int: intermediate; NE: not evaluable.

924 V. GUPTA ET AL.



probability of spleen response were those related to
more advanced disease (IPSS intermediate-2 or high
risk, a greater degree of splenomegaly, transfusion
dependency), >2 years from initial diagnosis to start-
ing ruxolitinib, and a platelet count of <200� 109/L,
which also corresponded to a lower ruxolitinib start-
ing dose [23].

The limitations of the current analysis include the
lack of MF-specific HRQoL data, and the fact that cyto-
genetic and molecular data were not available, as well
as attrition in the study due to the commercial avail-
ability of ruxolitinib limiting the length of follow-up
time. Therefore, this study is unable to address the
question of durability of response in a meaning-
ful way.

This secondary analysis of the JUMP study data
identified lower IPSS risk as a significant factor for pre-
dicting higher spleen response rates. The findings also
demonstrate that treating patients with ruxolitinib ear-
lier in the disease course, using ruxolitinib as first-line
therapy, and maintaining ruxolitinib treatment at a
higher dose all lead to higher spleen response rates.
The predictive factors identified in this study are
applicable to routine clinical practice, and might help
healthcare professionals optimize the use of ruxolitinib
in the management of patients with MF.
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