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Key Points

• The JAK2p.V617F mutation
leads to constitutive activation
of JAK2 and contributes to
dysregulated JAK signaling in
myelofibrosis.

• Long-term ruxolitinib treatment
decreased JAK2p.V617F
allele burden, with some
patients achieving complete
or partial molecular
remissions.

The JAK2 c.1849G>T (p.V617F) mutation leads to constitutive activation of Janus kinase

(JAK)2 and contributes to dysregulated JAK signaling in myelofibrosis (MF), polycythe-

mia vera (PV), and essential thrombocythemia (ET). In the phase 3 Controlled Myelofibrosis

Study with Oral JAK Inhibitor Treatment-I trial, patients with MF, post-PV MF, or post-ET MF

achieved significant reductions in splenomegaly and improvements in symptoms with

ruxolitinib vs placebo at week 24. This long-term follow-up analysis was performed to deter-

mine whether ruxolitinib therapy altered the JAK2p.V617F allele burden in JAK2p.V617F-

positive patients. Assessments at baseline and weeks 24, 48, 120, 144, 168, and 216

demonstrated reductions in allele burden from baseline with ruxolitinib treatment that

correlated with spleen volume reductions. Of 236 JAK2p.V617F-positive patients

analyzed, 20 achieved partial and 6 achieved completemolecular responses,withmedian

times to response of 22.2 and 27.5 months, respectively. Allele burden reductions were

greater in patients with shorter disease duration, which suggests a potential benefit of

earlier treatment. This trial was registered at www.clinicaltrials.gov as #NCT00952289.

(Blood. 2015;126(13):1551-1554)

Introduction

The JAK2 c.1849G.T (p.V617F)mutation is present in a high propor-
tion of patients with BCR-ABL1–negative myeloproliferative neo-
plasms (MPNs): essential thrombocythemia (ET), polycythemia vera
(PV), andmyelofibrosis (MF).1 The valine-to-phenylalanine change in
the Janus kinase (JAK)2 pseudokinase domain leads to constitutive
JAK2activity, increased signal transducer and activator of transcription
(STAT) signaling, and growth factor hypersensitivity/independence.2

Increased signaling through the JAK/STAT pathway is an important
contributor to the MPN phenotype. Additional mutations leading to
JAK/STAT activation in MPNs include activating MPL mutations,3

JAK2 exon 12 mutations,4 and CALRmutations.5,6

Ruxolitinib, an oral JAK1/JAK2 inhibitor, demonstrated rapid
and durable reductions in splenomegaly and improvements in disease-
related symptoms in patients with intermediate-2 or high-risk MF in
Controlled Myelofibrosis Study with Oral JAK Inhibitor Treatment
(COMFORT)-I and COMFORT-II. Findings also suggested an over-
all survival benefit for ruxolitinib over placebo and best available
therapy.7-10 Presence of the JAK2p.V617F mutation was not required
for enrollment; responses to ruxolitinib were achieved in patients with
and without the mutation. However, JAK2p.V617F allele burden
(percentage of mutant allele relative to total [wild type 1 mutant])
has been associated with disease phenotype; patients with higher
leukocyte counts and hemoglobin levels and more profound spleno-
megaly have higher allele burden.11-14 Ruxolitinib and other MF
therapies have demonstrated overall modest changes in JAK2p.V617F

allele burden7,11; however, those findings were based on relatively
short-term follow-up. This analysis was designed to evaluate the effect
of ruxolitinib on allele burden in JAK2p.V617F-positive patients in
COMFORT-I after long-term follow-up.

Study design

In COMFORT-I, patients with intermediate-2 or high-riskMFwere randomized
to ruxolitinib (15 or 20mg twice daily; n5155) or placebo (n5154). Patients in
the placebo group were allowed to cross over to ruxolitinib for protocol-defined
progression of splenomegaly.7 This analysis incorporated the most recent allele
burden (October 2014) and efficacy data (September 2013, 3.5-year analysis).
Genomic DNA isolation from peripheral blood and JAK2p.V617F assays were
performed as described previously15 on samples collected at baseline and weeks
24, 48, 120, 144, 168, and 216.All patients providedwritten informed consent in
accordance with the Declaration of Helsinki. The COMFORT-I study protocol
was approved by the institutional review board at each participating site.

The allele burdenpercent change frombaselinewas calculated for all patients
harboring the JAK2p.V617F mutation at baseline (236 patients) with $1
postbaseline measurement (214 patients). Baseline was defined as the measure-
ment prior to the first dose of randomized treatment. For multiple same-day
observations, average allele burden was used. For patients who crossed over to
ruxolitinib, the percent change from the last allele burden measurement prior to
the first ruxolitinib dose to each postcrossover measurement was calculated.
Patients originally randomized to receive ruxolitinib with evaluable percent
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change in allele burden from baseline were classified into 3 tertiles, based on the
maximum reduction in allele burden (tertile 1: 2100% to #224.66%; tertile
2:.224.66% to#28%; tertile 3:.28%). Tertile 3 captured patients with no
reduction or increased allele burden. The lower limit of assay quantitation was
2%; values,2%were designated below quantifiable limit. Complete molecular
remission (CMR), partial molecular remission (PMR), and relapse of molecular
remission were defined based on the International Working Group-Myelopro-
liferative Neoplasms Research and Treatment/European LeukemiaNet consen-
sus criteria.16 Percent change in spleen volume and spleen response ($35%
reduction from baseline to week 24) was determined as described previously.7

Results and discussion

During the randomized phase (through week 24), the mean percent
change from baseline in allele burden decreased in the ruxolitinib group
and increased in placebo-treatedpatients (Figure 1A).After crossover (all
patients receiving ruxolitinib), the mean percentage change in allele bur-
den for those originally randomized to ruxolitinib and those originally

randomized to placebo continued to decrease with continued ruxolitinib
treatment.Themean/median (range)ofmaximal change in the ruxolitinib-
randomized arm was227%/216% (2100%, 36%) and in patients who
crossed over from placebo to ruxolitinib was 219%/211% (2100%,
12%).Twenty-eightpatients (12%)had.50%decreases inJAK2p.V617F
alleleburden (Figure1B).Of these, 20met the criteria forPMR;1patient
with baseline allele burden of ,20% was disqualified from having
a PMR, despite a 64% decrease in JAK2p.V167F. Six patients had
JAK2p.V617F values below quantifiable limit for 2 successive samples
collected 6 months apart, meeting the criteria for CMR (Figure 1C).
Median times to PMR andCMR among patients achieving these remis-
sions were 22.2 and 27.5 months, respectively, with all responses on-
going at the time of this analysis.

The relative allele burden reduction was independent of baseline
allele burden; patients with high and low allele burdens both showed
significant reductions. Changes in allele burden are shown in supple-
mental Figures 1 and 2, available on theBloodWeb site.When baseline
characteristics were compared among tertiles of best JAK2p.V617F
response for patients in the ruxolitinib arm (supplemental Table 1),

Figure 1. JAK2p.V617F allele burden reductions and correlations with spleen volume reductions in patients with myelofibrosis. (A) Mean percent change (6SE) in allele

burden from baseline. (B) Best molecular response in individual patients randomized to ruxolitinib and in patients receiving ruxolitinib after crossover from placebo. (Inset) Change from

baseline at week 24 for individuals randomized to ruxolitinib and placebo. (C) Allele burden change over time for patients achieving CMR (,2% with confirmation). Solid green lines,

patients randomized to ruxolitinib; dashed green line, patient initially randomized to placebo who crossed over to ruxolitinib, with time 0 marking the start of ruxolitinib treatment.

(D) Mean percent change in spleen volume stratified by tertile of maximum allele burden reduction. SE, standard error. *Patients on placebo who did not cross over to ruxolitinib. †All

patients randomized to placebo; shading of the line in this group represents crossover of patients from placebo to ruxolitinib.
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decreases in JAK2p.V617F allele burden were inversely associated
with time from diagnosis (patients with the largest decreases in allele
burden had the shortest mean and median times from diagnosis;
Table 1). Patients with greater decreases in allele burden also tended to
have intermediate-risk MF, post-PV MF, and primary MF. Patients
with greater allele burden decreases also had larger percent changes in
spleen volume (mean/median changes atweek24 for tertile 1:241.2%/
245.2%; tertile 2:238.3%/237.1%; tertile 3:223.4%/222.7%;
Figure 1D), and a greater proportion had a spleen response (tertile 1:
63.9%; tertile 2: 55.6%; tertile 3: 31.4%). However, even patients with
smaller decreases in JAK2p.V617F allele burden (31.4% of 35 patients
in tertile 3) and those who were JAK2p.V617F negative at baseline
(27.5%) had spleen responses. For patients without an allele burden
response or with a subsequent increase after a decrease while on
therapy, there was no clear signal that allele burden either correlated
with or predicted spleen response. Ruxolitinib dose intensity leading up
to the allele burdennadirwas similar across tertile groups (supplemental
Table 2). Changes in JAK2p.V617F allele burden did not correlatewith
changes in other clinical/hematologic parameters, bone marrow mor-
phology, constitutional symptoms, or cytokines.

These analysesdemonstrate that extendeddurationof ruxolitinib ther-
apy can decrease JAK2p.V617F allele burden. Although mean changes
weremodest, a subset of patients achievedmolecular remissions. Patients
with both high and low initial allele burdens had allele burden responses,
indicating that changes were not dependent on starting allele burden.
Furthermore, JAK2p.V617F reductions correlated with spleen volume

reductions, similar to findings from COMFORT-II.17 Analysis of
baseline patient characteristics showed that patients with less severe
disease and shorter times from diagnosis had a greater reduction in allele
burden. This observation is consistent with the survival and clinical
benefits observed with earlier ruxolitinib treatment; eg, in the 2-year
follow-up of COMFORT-I, patients originally randomized to ruxolitinib
had prolonged survival and greater percentage reductions in spleen
volume from the time of randomization vs patients who crossed over
from placebo to ruxolitinib (ie, patients with delayed treatment).9 Future
research should assess if these findings extend to patients with PV.

Because this studywas not designed to determine PMRs andCMRs,
allele burden measurements were sparse, which may have led to an un-
derestimateof confirmedPMRsandCMRs.Additionally, theseanalyses
did not evaluate other MPN-associated mutations (MPL, CALR, etc) or
concurrent genetic factors that may affect JAK2p.V617F allele respon-
siveness to ruxolitinib.Given themarkedalleleburdenchangesobserved
in some patients over extended treatment durations, further analyses are
warranted to assess treatment-related changes in other JAK-STAT
pathwaymutants in JAK2p.V617F-negativeMPNs and to determine the
role for response-modifying background mutations that may impact
clonal sensitivity to treatment.
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