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The clinical dilemma of JAK inhibitor failure in myelofibrosis: 
Predictive characteristics and outcomes

John O. Mascarenhas, MD 1; and Srdan Verstovsek, MD, PhD2

Two Janus- associated kinase inhibitors (JAKi) (initially ruxolitinib and, more recently, fedratinib) have been approved as treatment op-

tions for patients who have intermediate- risk and high- risk myelofibrosis (MF), with pivotal trials demonstrating improvements in spleen 

volume, disease symptoms, and quality of life. At the same time, however, clinical trial experiences with JAKi agents in MF have dem-

onstrated a high frequency of discontinuations because of adverse events or progressive disease. In addition, overall survival benefits 

and clinical and molecular predictors of response have not been established in this population, for which the disease burden is high and 

treatment options are limited. Consistently poor outcomes have been documented after JAKi discontinuation, with survival durations 

after ruxolitinib ranging from 11 to 16 months across several studies. To address such a high unmet therapeutic need, various non- JAKi 

agents are being actively explored (in combination with ruxolitinib in first- line or salvage settings and/or as monotherapy in JAKi- 

pretreated patients) in phase 3 clinical trials, including pelabresib (a bromodomain and extraterminal domain inhibitor), navitoclax (a 

B- cell lymphoma 2/B- cell lymphoma 2- xL inhibitor), parsaclisib (a phosphoinositide 3- kinase inhibitor), navtemadlin (formerly KRT- 232; 

a murine double- minute chromosome 2 inhibitor), and imetelstat (a telomerase inhibitor). The breadth of data expected from these trials 

will provide insight into the ability of non- JAKi treatments to modify the natural history of MF. Cancer 2022;0:1-11. © 2022 The Authors. 
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Creative Commons Attribution- NonCommercial License, which permits use, distribution and reproduction in any medium, provided the 

original work is properly cited and is not used for commercial purposes. 
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INTRODUCTION
Myelofibrosis (MF) is a clonal stem cell disease characterized by bone marrow fibrosis and a heterogeneous disease pheno-
type, with a variable degree of splenomegaly, cytopenias, and constitutional symptoms that significantly affect quality of 
life and survival. Currently, allogeneic hematopoietic stem cell transplantation is the only treatment capable of inducing 
long- term remission of MF. However, the majority of patients are ineligible for hematopoietic stem cell transplantation 
because of advanced age and/or the presence of comorbidities. Two Janus- associated kinase (JAK) inhibitors (JAKi), 
ruxolitinib1,2 and, more recently, fedratinib,3,4 have been approved for the treatment of intermediate- risk and high- risk 
MF— reducing spleen volume and improving disease- related symptoms. With responses to ruxolitinib typically observed 
within the first 3 to 6 months after therapy initiation,1,2 it has been suggested that, for patients who have not had a 
reduction in spleen size or an improvement in symptoms after that period, alternative therapies should be considered.5 
For patients who progress to blast phase disease during ruxolitinib treatment, survival is typically measured in weeks to 
months.6 Suboptimal adherence to ruxolitinib, translating into undertreatment and associated poor outcomes, is also a 
concern in clinical practice.7

Defining progressive disease (PD) in MF poses clinical challenges.8 The International Working Group for 
Myeloproliferative Neoplasms Research and Treatment criteria (2013 revision) are focused on new or worsening spleno-
megaly and leukemic transformation as signs of progression. However, PD may take other forms, including worsening 
anemia and/or thrombocytopenia, progressive myeloproliferative neoplasms symptoms or leukocytosis, or extramedullary 
hematopoiesis, compromising organ function or causing pain. In recent years, stringent criteria for ruxolitinib failure 
have been adopted in the design and analysis of some clinical trials9,10; however, discordance among clinicians in defining 
ruxolitinib failure persists in real- world practice.11 Here, we explore the characteristics and outcomes of patients with MF 
who discontinue JAKi treatment because of resistance, progression, or intolerance.
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OVERVIEW OF KEY CLINICAL TRIAL 
EXPERIENCES WITH APPROVED 
JAK INHIBITORS

Ruxolitinib
Efficacy

Primary and follow- up results of pivotal phase 3 clinical tri-
als, referred to as COMFORT- I (ClinicalTrials.gov identi-
fier NCT00952289) and COMFORT- II (ClinicalTrials.
gov identifier NCT00934544),1,2,12- 16 collectively dem-
onstrate reduced spleen volume, improved MF- related 
symptoms and quality- of- life measures, and prolonged 
overall survival in patients with intermediate- 2– risk or 
high- risk MF compared with controls (Table 1).1,2,13,15 A 
combined analysis of COMFORT- I and COMFORT- II 
demonstrated a significant survival benefit for ruxolitinib 
as frontline treatment for patients with MF (5.3 vs 2.4 
years for controls), irrespective of baseline anemia status 
or transfusion requirements at week 24.16 The phase 3b 
expanded- access JUMP study (ClinicalTrials.gov iden-
tifier NCT01493414) demonstrated that ruxolitinib 
confers meaningful improvements in spleen length and 
symptoms, which were also observed in a low- platelet- 
count cohort, and symptomatic benefits also apply to pa-
tients without splenomegaly.17

Safety

At the 5- year data cutoff in COMFORT- I, ruxolitinib 
treatment was ongoing in 27.7% of patients who origi-
nally were randomized to receive ruxolitinib and 25.2% 
of patients who crossed over from ruxolitinib to placebo.15 
Death was the most common reason for early discontinu-
ation, followed by PD, and adverse events (AEs). AEs led 
to ruxolitinib discontinuation in approximately one- third 
of patients who were randomized or crossed over to ruxoli-
tinib, a rate that was substantially higher than the 12.6% 
AE- related discontinuation rate with placebo. Nearly 3% 
of ruxolitinib- randomized patients discontinued treat-
ment for acute myeloid leukemia or anemia (2.6% each), 
and nearly 4% discontinued treatment for acute myeloid 
leukemia or thrombocytopenia (3.6% each) in the rux-
olitinib crossover group. In COMFORT- II, early discon-
tinuations before 5 years of ruxolitinib were because of 
AEs and PD in 24% and 22% of patients, respectively.13 
Overall, AE- related study discontinuations occurred in 
25% of patients who received ruxolitinib (in the rand-
omized and extension phases or after crossover from best 
available therapy [BAT]), most commonly for thrombo-
cytopenia (3.7%) or for anemia, splenomegaly, pneumo-
nia, or prostate cancer (1% each). No new safety concerns 
were identified in the phase 3b expanded- access JUMP 

study.17 Long- term safety has been described in the real- 
world setting, supporting an AE- related discontinuation 
rate <10% but more a frequent need for dose adjustment 
(approximately 25% of patients).18

Fedratinib
Efficacy

Fedratinib was evaluated in a pivotal phase 3 clinical trial, 
JAKARTA (ClinicalTrials.gov identifier NCT01437787) 
and demonstrated spleen volume reductions along with 
symptomatic and quality- of- life benefits relative to pla-
cebo in patients with intermediate- 2– risk or high- risk, 
primary or secondary MF (Table 2).3,4,9,19,20 Of note, the 
JAKARTA trial had been terminated in 2013 in response 
to a clinical hold on development because of a suspected 
emergence of Wernicke encephalopathy; however, the 
hold was lifted in 2017 after consideration of additional 
safety data (supporting that these cases were in patients 
receiving 500 mg daily), thus resuming the regulatory 
submission process.4,19 Reanalyzed efficacy results from 
JAKARTA, which formed the basis for the US Food 
and Drug Administration approval of fedratinib 400 mg 
daily, showed a 24- week spleen response rate of 47% (vs 
1% with placebo) or 37% when confirmed with 4- week 
scans, along with a symptom response rate of 40%.19 A 
subsequent phase 2 clinical trial specifically in ruxolitinib- 
resistant or ruxolitinib- intolerant patients, JAKARTA- 2 
(ClinicalTrials.gov identifier NCT01523171), met its 
primary end point of spleen response in the primary anal-
ysis3 and in an updated analysis using stringent criteria for 
ruxolitinib failure (Table 2),9 with quality- of- life benefits 
also demonstrated.21

Survival data have been presented for patients 
receiving fedratinib 400 mg daily in JAKARTA and 
JAKARTA- 2. Although the results were confounded 
by the clinical hold on fedratinib development and 
crossover to fedratinib in JAKARTA, first- line fedrati-
nib showed a significant progression- free survival ben-
efit and appeared to confer an overall survival benefit 
when used early (based on interpretation of the separa-
tion of the overall survival curves, even after the point 
of crossover from placebo to fedratinib).22 Outcomes 
in ruxolitinib- pretreated patients, including a median 
overall survival that had not been reached and 1- year 
and 18- month overall survival rates of 84% and 67%, 
respectively, were encouraging.

Of note, efficacy results are awaited from ad-
ditional ongoing phase 3 evaluations of fedratinib in 
MF, including a single- arm trial of the long- term effi-
cacy and safety of fedratinib in ruxolitinib- pretreated 



Clinical dilemma of JAKi failure/Mascarenhas and Verstovsek

3Cancer  Month 0, 2022

T
A

B
L

E
 1

. 
K

e
y
 E

ff
ic

a
c
y
 F

in
d

in
g

s 
fr

o
m

 P
iv

o
ta

l 
C

lin
ic

a
l 
T
ri

a
ls

 o
f 

R
u

x
o

lit
in

ib
 i
n

 M
y
e
lo

fi
b

ro
si

s

S
tu

d
y

P
op

ul
at

io
n

Tr
ea

tm
en

t
S

p
le

en
 R

es
p

on
se

 R
at

es
S

ur
vi

va
l

C
O

M
FO

R
T-

 I
• 

P
M

F,
 P

P
V-

 M
F,

 o
r 

P
E

T-
 M

F
R

ux
ol

iti
ni

b
 (1

5 
or

 2
0 

m
g 

B
ID

 
[p

er
 p

la
te

le
t 

co
un

t])
 o

r 
p

la
ce

b
o

—
 

—
 

• 
In

te
rm

ed
ia

te
- 2

 o
r 

hi
gh

 r
is

k
• 

R
es

is
ta

nt
 o

r 
re

fr
ac

to
ry

 d
is

ea
se

 o
r 

in
to

le
ra

nt
 

of
 o

r 
no

t 
su

ite
d

 fo
r 

av
ai

la
b

le
 t

he
ra

p
ie

s
P

rim
ar

y 
re

su
lts

 (V
er

st
ov

se
k 

20
12

2 )
—

 
—

 
S

V
R

 ≥
35

%
 a

t 
w

k 
24

:
• 

41
.9

%
 r

ux
ol

iti
ni

b
• 

8.
4%

 d
ea

th
s 

ru
xo

lit
in

ib
• 

0.
7%

 p
la

ce
b

o 
(P

 <
 .0

01
)

• 
15

.7
%

 d
ea

th
s,

 p
la

ce
b

o 
(H

R
, 0

.5
0;

 9
5%

 
C

I, 
0.

25
- 0

.9
8;

 P
 =

 .0
4)

5-
 y 

up
d

at
e 

(V
er

st
ov

se
k 

20
17

15
)

—
 

—
 

S
V

R
 ≥

35
%

 a
t 

an
y 

tim
e 

d
ur

in
g 

st
ud

y:
M

ed
ia

n 
O

S
:

• 
59

.4
%

 r
ux

ol
iti

ni
b

- r
an

d
om

iz
ed

• 
N

R
 r

ux
ol

iti
ni

b
 r

an
d

om
iz

ed
• 

10
8 

w
ks

, p
la

ce
b

o-
 ra

nd
om

iz
ed

, c
en

-
so

re
d

 a
t 

cr
os

so
ve

r
• 

20
0 

w
ks

, a
ll 

p
la

ce
b

o-
 ra

nd
om

iz
ed

C
O

M
FO

R
T-

 II
• 

P
M

F,
 P

P
V-

 M
F,

 o
r 

P
E

T-
 M

F
R

ux
ol

iti
ni

b
 (1

5 
or

 2
0 

m
g 

B
ID

 
[p

er
 p

la
te

le
t 

co
un

t])
 o

r 
B

AT
—

 
—

 

• 
In

te
rm

ed
ia

te
- 2

 o
r 

hi
gh

 r
is

k
• 

N
o 

p
rio

r 
JA

K
i a

nd
 u

ns
ui

ta
b

le
 fo

r 
A

S
C

T 
at

 
en

ro
llm

en
t

P
rim

ar
y 

re
su

lts
 (H

ar
ris

on
 2

01
21 )

—
 

—
 

S
V

R
 ≥

35
%

 a
t 

w
k 

48
:

• 
28

%
 r

ux
ol

iti
ni

b
• 

8%
 d

ea
th

s 
ru

xo
lit

in
ib

• 
0%

 B
AT

 (P
 <

 .0
01

)
• 

5%
 d

ea
th

s,
 B

AT
 (H

R
, 1

.0
1;

 9
5%

 C
I, 

0.
32

- 3
.2

4)
5-

 y 
up

d
at

e 
(H

ar
ris

on
 2

01
613

)
—

 
—

 
S

V
R

 ≥
35

%
 a

t 
an

y 
tim

e 
d

ur
in

g 
st

ud
y:

M
ed

ia
n 

O
S

:
• 

53
.4

%
 r

ux
ol

iti
ni

b
- r

an
d

om
iz

ed
• 

N
R

 r
ux

ol
iti

ni
b

 r
an

d
om

iz
ed

• 
42

.2
%

 B
AT

- r
an

d
om

iz
ed

 w
ith

 
cr

os
so

ve
r 

to
 r

ux
ol

iti
ni

b
• 

4.
1 

y,
 B

AT
- r

an
d

om
iz

ed
 (H

R
, 0

.6
7;

 9
5%

 
C

I, 
0.

44
- 1

.0
2;

 P
 =

 .0
6)

A
b

b
re

vi
at

io
ns

: A
S

C
T,

 a
llo

ge
ne

ic
 s

te
m

 c
el

l t
ra

ns
p

la
nt

at
io

n;
 B

AT
, b

es
t 

av
ai

la
b

le
 t

he
ra

p
y;

 B
ID

, t
w

ic
e 

d
ai

ly
; C

I, 
co

nf
id

en
ce

 in
te

rv
al

; H
R

, h
az

ar
d

 r
at

io
; J

A
K

i, 
Ja

nu
s-

 as
so

ci
at

ed
 k

in
as

e 
in

hi
b

ito
r;

 N
R

, n
ot

 r
ea

ch
ed

; O
S

, o
ve

ra
ll 

su
rv

iv
al

; P
E

T-
 M

F,
 p

os
te

ss
en

tia
l t

hr
om

b
oc

yt
he

m
ia

 m
ye

lo
fib

ro
si

s;
 P

M
F,

 p
rim

ar
y 

m
ye

lo
fib

ro
si

s;
 P

P
V-

 M
F,

 p
os

tp
ol

yc
yt

he
m

ia
 v

er
a 

m
ye

lo
fib

ro
si

s;
 S

V
R

, s
p

le
en

 v
ol

um
e 

re
d

uc
tio

n.



Review Article

4 Cancer  Month 0, 2022

T
A

B
L

E
 2

. 
K

e
y
 E

ff
ic

a
c
y
 F

in
d

in
g

s 
fr

o
m

 P
iv

o
ta

l 
C

lin
ic

a
l 
T
ri

a
ls

 o
f 

F
e
d

ra
ti

n
ib

 i
n

 M
y
e
lo

fi
b

ro
si

s

S
tu

d
y

P
op

ul
at

io
n

Tr
ea

tm
en

t
S

p
le

en
 R

es
p

on
se

 R
at

es
S

ur
vi

va
l

JA
K

A
R

TA
• 

P
M

F,
 P

P
V-

 M
F,

 o
r 

P
E

T-
 M

F
Fe

d
ra

tin
ib

 4
00

 o
r 

50
0 

m
g 

Q
D

 
(p

er
 r

an
d

om
iz

at
io

n)
 o

r 
p

la
ce

b
o

—
 

—
 

• 
In

te
rm

ed
ia

te
- 2

 o
r 

hi
gh

 r
is

k
P

rim
ar

y 
re

su
lts

 (P
ar

d
an

an
i 2

01
54 )

S
V

R
 ≥

35
%

 a
t 

w
k 

24
 (a

nd
 c

on
fir

m
ed

 
af

te
r 

4 
w

ks
):

• 
4%

 d
ea

th
s 

fe
d

ra
tin

ib
 4

00
 m

g

• 
36

%
 fe

d
ra

tin
ib

 4
00

 m
g

• 
10

%
 d

ea
th

s 
fe

d
ra

tin
ib

 5
00

 m
g

• 
40

%
 fe

d
ra

tin
ib

 5
00

 m
g

• 
11

%
 d

ea
th

s 
p

la
ce

b
o 

(n
o 

fo
rm

al
 O

S
 

an
al

ys
es

 d
ue

 t
o 

lim
ite

d
 n

um
b

er
 o

f 
ev

en
ts

)
• 

1%
 p

la
ce

b
o 

(P
 <

 .0
01

 fo
r 

ea
ch

 d
os

e 
vs

 p
la

ce
b

o)
U

p
d

at
ed

 a
na

ly
si

s 
(P

ar
d

an
an

i 2
02

119
)

S
V

R
 ≥

35
%

 a
t 

w
k 

24
 (a

nd
 c

on
fir

m
ed

 
af

te
r 

4 
w

ks
):

N
ot

 r
ep

or
te

d

• 
37

%
 fe

d
ra

tin
ib

 4
00

 m
g 

(re
co

m
-

m
en

d
ed

 d
os

e)
• 

1%
 p

la
ce

b
o 

(P
 <

 .0
00

1)
JA

K
A

R
TA

- 2
• 

P
M

F,
 P

P
V-

 M
F,

 o
r 

P
E

T-
 M

F
Fe

d
ra

tin
ib

 (4
00

 m
g 

Q
D

)
—

 
—

 
• 

In
te

rm
ed

ia
te

- 1
 (w

ith
 c

on
st

itu
tio

na
l s

ym
p

-
to

m
s)

, i
nt

er
m

ed
ia

te
- 2

, o
r 

hi
gh

 r
is

k
• 

R
es

is
ta

nt
 o

r 
in

to
le

ra
nt

 t
o 

ru
xo

lit
in

ib
 a

ft
er

 
at

 le
as

t 
14

 d
 o

f t
re

at
m

en
t 

(u
nl

es
s 

d
is

co
n-

tin
ue

d
 d

ue
 t

o 
al

le
rg

y 
or

 in
to

le
ra

nc
e)

P
rim

ar
y 

re
su

lts
 (H

ar
ris

on
 2

01
73 )

S
V

R
 ≥

35
%

 a
t 

w
k 

24
:

• 
7%

 d
ea

th
s

• 
55

%
 o

ve
ra

ll
• 

53
%

 r
ux

ol
iti

ni
b

- r
es

is
ta

nt
 s

ub
se

t
• 

63
%

 r
ux

ol
iti

ni
b

- i
nt

ol
er

an
t 

su
b

se
t

U
p

d
at

ed
 a

na
ly

si
s 

(H
ar

ris
on

 2
02

09 )
S

V
R

 ≥
35

%
 a

t 
w

k 
24

:
N

ot
 r

ep
or

te
d

• 
31

%
 IT

T,
 n

 =
 9

7
• 

30
%

 s
tr

in
ge

nt
 c

rit
er

ia
 c

oh
or

t,
 n

 =
 7

9a

• 
36

%
 s

en
si

tiv
ity

 a
na

ly
si

s 
co

ho
rt

, n
 =

 
66

b

A
b

b
re

vi
at

io
ns

: 
IT

T,
 in

te
nt

io
n-

 to
- t

re
at

; 
O

S
, 

ov
er

al
l s

ur
vi

va
l; 

P
E

T-
 M

F,
 p

os
te

ss
en

tia
l t

hr
om

b
oc

yt
he

m
ia

 m
ye

lo
fib

ro
si

s;
 P

M
F,

 p
rim

ar
y 

m
ye

lo
fib

ro
si

s;
 P

P
V-

 M
F,

 p
os

tp
ol

yc
yt

he
m

ia
 v

er
a 

m
ye

lo
fib

ro
si

s;
 Q

D
, 

d
ai

ly
; 

S
V

R
, 

sp
le

en
 

vo
lu

m
e 

re
d

uc
tio

n.
a Th

is
 w

as
 a

 s
ub

se
t 

of
 p

at
ie

nt
s 

fr
om

 t
he

 IT
T 

p
op

ul
at

io
n 

w
ho

 w
er

e 
ru

xo
lit

in
ib

- i
nt

ol
er

an
t 

or
 w

er
e 

cl
as

si
fie

d
 a

s 
ha

vi
ng

 r
el

ap
se

d
/r

ef
ra

ct
or

y 
d

is
ea

se
 a

cc
or

d
in

g 
to

 t
he

 m
or

e 
st

rin
ge

nt
 c

rit
er

ia
, r

ev
is

ed
 fr

om
 t

he
 o

rig
in

al
 a

na
ly

si
s.

b
Th

is
 w

as
 a

 s
ub

se
t 

of
 p

at
ie

nt
s 

fr
om

 t
he

 s
tr

in
ge

nt
 c

rit
er

ia
 c

oh
or

t 
w

ho
 r

ea
ch

ed
 c

yc
le

 6
 o

r 
d

is
co

nt
in

ue
d

 b
ef

or
e 

cy
cl

e 
6 

fo
r 

re
as

on
s 

ot
he

r 
th

an
 s

tu
d

y 
te

rm
in

at
ed

 b
y 

th
e 

sp
on

so
r.



Clinical dilemma of JAKi failure/Mascarenhas and Verstovsek

5Cancer  Month 0, 2022

patients (FREEDOM; ClinicalTrials.gov identifier 
NCT03755518) and an open- label, randomized com-
parison of fedratinib versus other active MF thera-
pies, including ruxolitinib, in ruxolitinib- pretreated 
patients (FREEDOM2; ClinicalTrials.gov identifier 
NCT03952039).

Safety

In the initial analysis of JAKARTA, fedratinib treatment 
was ongoing in 67% of patients originally randomized 
to fedratinib 400 mg daily and in 90% (27 of 30) of 
patients who crossed over from placebo to fedratinib 
400 mg.4 In the cohort randomized to fedratinib 400 
mg daily, most of the discontinuations by the end of 
week 24 were for AEs (13 of 21 patients). In the re-
analyzed JAKARTA safety data, patients randomized to 
fedratinib had AE- related treatment interruption and 
dose reduction rates 21% and 14%, respectively, mostly 
for gastrointestinal AEs (eg, diarrhea; responsible for 
5% and 4% of patients interrupting or dose- reducing 
treatment) or anemia (the most common cause of dose 
reductions; 6% of patients).19 Thirteen patients, or 
14%, had permanent discontinuations of fedratinib: 3 
of these patients had cardiac failure, and 2 each dis-
continued for thrombocytopenia, myocardial ischemia, 
diarrhea, or increased blood creatinine. In JAKARTA- 2, 
most study discontinuations were related to the afore-
mentioned fedratinib clinical hold (65%), followed by 
AEs (19%), and PD (6%).9 AEs leading to treatment 
interruption, dose reduction, permanent discontinua-
tion, or death were reported in 26%, 39%, 20%, and 
7% of patients, respectively. Like in the JAKARTA 
study, the most common reasons for dose interruptions 
or reductions were gastrointestinal AEs or anemia. AEs 
resulting in permanent discontinuation in >1 patient 
were diarrhea (n = 2) and thrombocytopenia (n = 2), 
and the AE- related deaths included PD (n = 4) and 
cardiopulmonary AEs that were considered to be unre-
lated to fedratinib. No cases of Wernicke encephalopa-
thy were reported.

Safety and tolerability data for fedratinib 400 
mg daily have been presented from the phase 3b 
FREEDOM trial, which, unlike early clinical trials of 
fedratinib, included AE mitigation strategies for gastro-
intestinal events (prophylactic or symptomatic use of 
antiemetic and antidiarrheal agents) as well as monitor-
ing and management of thiamine level reductions and 
surveillance for Wernicke encephalopathy.23 The most 
common gastrointestinal AEs were constipation (47%), 
diarrhea (35%), nausea (26%), abdominal pain (24%), 

and vomiting (18%), all of grade 1 or 2 severity, except 
for 1 case of abdominal pain, which was not considered 
to be related to fedratinib. Diarrhea, nausea, and vomit-
ing were primarily seen during the first cycle, with rates 
falling below 5% after cycle 1 for nausea/vomiting and 
after cycle 2 for diarrhea and with no occurrences at 
cycle 6. Anemia was the most common all- grade (32%) 
and grade 3 and 4 (21%) nongastrointestinal AE. Oral 
thiamine supplementation was used therapeutically in 
5 patients who had thiamine level reductions (with 
prophylactic or empirical use in 5 additional patients), 
effectively preventing the need for fedratinib dose re-
duction or interruption, and there were no reports of 
Wernicke encephalopathy.

DETERMINING PREDICTORS OF RESPONSE 
TO JAK INHIBITOR TREATMENT

Clinical Characteristics
Benefits for ruxolitinib were demonstrated across all clini-
cal subgroups evaluated in both COMFORT- I (Fig. 1) and 
COMFORT- II.1,24 In analyzing predictors of response in 
the phase 3b expanded- access JUMP study, higher spleen 
response rates were observed with the use of ruxolitinib 
in patients with lower International Prognostic Scoring 
System risk (43.1% for low/intermediate- 1 risk vs 30.6% 
for intermediate- 2/high risk; adjusted odds ratio [OR], 
0.65; 95% CI, 0.44- 0.95), earlier in treatment (40.2% 
for first- line vs 31.5% for second- line or later therapy; 
adjusted OR, 0.53; 95% CI, 0.38- 0.75), or at a higher 
total daily dose after 12 weeks (41.3% for >20 mg daily 
vs 30.4% for ≤20 mg daily; adjusted OR, 0.47; 95% 
CI, 0.33- 0.68).25 These characteristics, which were pre-
dictive of spleen responses, however, were not predictive 
of symptomatic responses. In a large cohort of patients 
treated with ruxolitinib across 23 European Hematology 
Centers, whether treated within or outside of a clinical 
trial, patients with a lower disease burden state were more 
likely to achieve spleen or symptom responses, whereas 
ruxolitinib dosing appeared to affect spleen responses but 
not symptom responses.26 By using this same European 
clinical database, a separate analysis was conducted 
that stratified patients into 3 groups based on type of 
spleen response (stable, unstable, or never achieved).27 
Characteristics of statistical significance for patients who 
attained a spleen response (stable or unstable) versus no 
response included lower frequencies of high- risk disease 
(OR, 0.45; P = .01) or splenomegaly >10 cm (OR, 0.24; 
P = .001), higher frequencies of early initiation of rux-
olitinib within 2 years of diagnosis (OR, 0.51; P = .04), 
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and having received higher 12- week ruxolitinib doses of 
≥15 mg (OR, 1.98; P = .03). Additional findings derived 
from these European data are that responses to ruxolitinib 
do not appear to differ based on primary versus second-
ary MF (although the latter have been shown to have a 
lower propensity for developing ruxolitinib- induced cyto-
penia)28 and that comorbidities and body mass index are 
not predictive of spleen or symptom response.29

Limited published data are available to draw any 
insights into clinical predictors of response to fedratinib. 
In JAKARTA- 2, an ad hoc analysis found that duration 
of prior ruxolitinib therapy and baseline spleen size did 
not substantially affect spleen responses with fedratinib.3

Molecular Predictors
Accumulating data are providing insight into molecular 
predictors of response to ruxolitinib. In COMFORT- I, 
JAK2 V617F (JAK2V617F) mutation status seemed to 

influence response to ruxolitinib, with spleen response 
rates of 33% and 14% in positive and negative sub-
groups, respectively, with the investigators emphasizing 
the overall similarity of responses across subgroups and 
that longer follow- up would be needed to determine the 
significance of baseline JAK2V617F allele burden.1 Barosi 
et al evaluated predictive characteristics for spleen re-
sponse in 69 consecutive patients receiving ruxolitinib 
for MF and associated splenomegaly as part of a clinical 
trial or off- study.30 In these patients, spleen response 
rates were 38%, 32%, and 41% at 3 months, 6 months, 
and 1 year, respectively. No significant associations were 
seen between spleen response and most baseline demo-
graphic and clinical characteristics. Although a hemo-
globin concentration ≥100 g/L, higher ruxolitinib 
dose intensity, genotype other than CALR mutation, 
and JAK2V617F allele burden ≥50% were significantly 

FIGURE 1. This is a forest plot of survival by patient subgroup in the COMFORT- I trial. The red line represents the hazard ratio (HR) 
of the intent- to- treat (ITT) population, and the dashed line represents an HR of 1.0. The squares represent the HR and sample size 
for each subgroup, where the area of the square is proportional to the subgroup sample size. CI indicates confidence interval; ECOG 
PS, Eastern Cooperative Oncology Group performance status; HR, hazard ratio; IPSS, International Prognostic Scoring System; ITT, 
intention- to- treat; JAK, Janus- associated kinase; PET- MF, postessential thrombocythemia myelofibrosis; PMF, primary myelofibrosis; 
PPV- MF, postpolycythemia vera myelofibrosis. Reproduced from: Verstovsek S, Mesa RA, Gotlib J, et al. The clinical benefit of 
ruxolitinib across patient subgroups: analysis of a placebo- controlled, phase III study in patients with myelofibrosis. Br J Haematol. 
2013;161:508- 516.24 © 2013 Wiley- Blackwell.
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associated with spleen response in univariable analyses, 
only dose intensity and JAK2V617F allele burden ≥50% 
were identified as independent predictors in multivari-
ate analyses. For patients who had a JAK2V617F allele 
burden ≥50%, spleen response probability was 5.5- fold 
higher compared with those wo had a burden <50% or 
any other mutation, and they represented 19 of the 22 
patients who maintained response at the data cutoff.

A subset analysis of COMFORT- II, focused on MF- 
associated mutations, showed no impact of molecular 
profiles (including those of high molecular risk) on spleen 
or symptom responses, hematologic toxicity, or over-
all survival in ruxolitinib- treated patients.31 Conversely, 
Patel et al applied next- generation sequencing to baseline 
bone marrow or peripheral blood samples derived from 
95 patients who participated in a phase 1 and 2 study 
of ruxolitinib, finding an association between mutational 
burden and spleen response.32 During that study, 72% of 
patients had achieved a spleen response. Spleen responses 
were less likely to occur among patients who had ≥1 mu-
tation(s) in ASXL1, EZH2, or IDH1/IDH2 or ≥3 muta-
tions of any type, with no associations involving JAK2, 
CALR, MPL, or triple- negative mutation status. Further 
analysis of 20 long- term responders who were continuing 
to receive ruxolitinib after a median of 6.4 years found 
that all had only 1 or 2 mutations, and 18 had no iden-
tifiable high- molecular- risk mutations, including ASXL1, 
DNMT3A, EZH2, or IDH1/IDH2.

Outcomes After JAKi Discontinuation
Recent observational data (capturing patients treated in 
the JUMP trial or off study) support that approximately 
one- half of patients discontinue JAKi/ruxolitinib treat-
ment within 3 years because of lack of response, loss of 
therapeutic effect or PD, or toxicities, including cyto-
penias.33 Based on previously published phase 1 and 2 
clinical trial data for ruxolitinib in MF, the 1- year, 2- 
year, and 3- year discontinuation rates were 49%, 71% 
and 86%, respectively.34 Of note, a phenomenon of 
ruxolitinib- discontinuation syndrome has been described, 
in which some patients experience a symptomatic re-
lapse and worsening splenomegaly along with potentially 
life- threatening AEs (eg, respiratory distress, septic- like 
shock, and disseminated intravascular coagulation- 
like syndrome) from an acute postruxolitinib cytokine 
storm.35 Real- world data also indicate a rising burden of 
cytopenias after ruxolitinib discontinuation relative to the 
period of active treatment.36 Ruxolitinib rechallenge may 
be a consideration for some patients who discontinue 
treatment, particularly those who initially discontinue for 

intolerance, although most will go on to permanently dis-
continue ruxolitinib.37

Overall, outcomes after ruxolitinib discontinuation 
are poor, including poor overall survival in the range of 
11 to 16 months.36,38- 40 In an early analysis of outcomes 
after ruxolitinib discontinuation in patients with MF en-
rolled in a phase 1 and 2 study, the median overall sur-
vival after discontinuation was 14 months.39 Kuykendall 
et al, in evaluating salvage treatment options and clini-
cal outcomes among patients with MF who received and 
discontinued ruxolitinib outside the context of a clinical 
trial, reported that the median overall survival after rux-
olitinib discontinuation was 13 months.38 Similarly, in a 
population- based cohort study of Swedish and Norwegian 
patients with an MF diagnosis in the National Cancer 
Registries, the median relative survival (vs a matched 
general population) was 16 months among patients who 
discontinued ruxolitinib.40 Most recently, a retrospective 
analysis of medical claims- based data for the MF popu-
lation provided insight into outcomes after ruxolitinib 
discontinuation as well as patient characteristics associ-
ated with an increased risk of PD or death, reporting a 
median overall survival of 11.1 months after ruxolitinib 
discontinuation.36 In that retrospective analysis, signifi-
cant predictors of poor overall survival included age older 
than 65 years at ruxolitinib discontinuation (hazard ratio, 
3.8) and, to a lesser extent, a higher Charlson comorbid-
ity index score (hazard ratio, 1.2). Both advanced age and 
higher comorbidities were also significant predictors of 
a composite outcome of treatment progression or death, 
along with female gender.

Overview of Ongoing Phase 3 Clinical 
Development Efforts of Non- JAK Inhibitors 
in MF
Currently, most agents in phase 3 clinical develop-
ment for MF are being evaluated as ruxolitinib- based 
combination strategies in JAKi- naive patients, as sin-
gle agents to address spleen and/or symptom burden 
in the case of ruxolitinib discontinuation, or in com-
bination with ruxolitinib to salvage suboptimal spleen 
and symptom response. Pelabresib, a bromodomain 
and extraterminal domain inhibitor, is being evalu-
ated in combination with ruxolitinib in the placebo- 
controlled phase 3 MANIFEST- 2 study in patients 
with ruxolitinib- naive MF (ClinicalTrials.gov identi-
fier NCT04603495). Phase 3 evaluation of navitoclax, 
a B- cell lymphoma 2/B- cell lymphoma 2- xL inhibitor, 
includes a placebo- controlled study of navitoclax plus 
ruxolitinib in JAKi- naive patients (TRANSFORM- 1; 
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ClinicalTrials.gov identifier NCT04472598) as well as 
a comparison of the combination with BAT as second- 
line treatment in suboptimal responders to ruxoli-
tinib monotherapy (TRANSFORM- 2; ClinicalTrials.
gov identifier NCT04468984). The phosphoinositide 
3- kinase inhibitor parsaclisib is undergoing phase 3 
evaluation in combination with ruxolitinib, both in 
the first- line setting (LIMBER- 313; ClinicalTrials.
gov identifier NCT04551066) and in a combina-
tion salvage setting (LIMBER- 304; ClinicalTrials.gov 
identifier NCT04551053). In addition, a randomized 
phase 3 study (Boreas; ClinicalTrials.gov identifier 
NCT03662126) is comparing the murine double- 
minute chromosome 2 inhibitor navtemadlin (formerly 
KRT- 232) with BAT (hydroxyurea, chemotherapy, and 
supportive care, excluding JAKi) in patients with MF 
who are relapsed or refractory to JAKi treatment. All of 
these studies are evaluating spleen volume reduction as 
the primary outcome, building on the established ben-
efits of ruxolitinib in terms of spleen and symptomatic 
benefit, with the added potential of demonstrating 
other aspects of disease modification using secondary 
end points, such as reduction in bone marrow fibro-
sis, modulation of the driver mutation allele fraction, 
and ultimately extending survival. Currently, reliable 
predictive biomarkers are not available to guide treat-
ment decision making in MF; therefore, the potential 
to introduce multiple JAKi and non- JAKi agents into 
the commercial space will add a welcomed layer of com-
plexity to MF management.

Imetelstat, a telomerase inhibitor, is an important 
non- JAKi in phase 3 testing of patients with MF who 
are refractory to JAKi treatment. The comparator arm 
of this randomized phase 3 trial (IMpactMF/MYF3001; 
ClinicalTrials.gov identifier NCT04576156) is BAT, 
excluding JAKi, and uniquely and importantly has a 
primary end point of overall survival— reflecting the 
reproducibly poor outcomes in those patients with MF 
who are refractory to JAKi and thus the urgent unmet 
need to extend survival. It is important to note that, 
in phase 2 testing of 2 doses of single- agent imetelstat 
in JAKi relapsed/refractory MF, the median survival 
of 30 months achieved with imetelstat 9.4 mg/kg was 
not only favorable compared with the lower dose of 
4.7 mg/kg (median survival, 20 months),41 it was also 
prolonged relative to a propensity score- matched, real- 
world population of patients with MF (median survival, 
12 months).42 Importantly, this survival improvement 
was achieved with a median duration of 33 weeks of 
imetelstat therapy and was maintained with censoring 

for subsequent lines of therapy including transplanta-
tion,41,42 suggesting that continued exposure to this 
infusional agent may not even be necessary to confer 
improvements in progression- free and overall survival. 
Further analyses of the phase 2 imetelstat data showed 
reductions in bone marrow fibrosis and mutation vari-
ant allele frequency that correlated with prolongation 
of overall survival.43,44 Whether a minimum duration 
of telomerase inhibition is required to alter the natu-
ral history of this PD and whether maintenance ther-
apy with imetelstat can extend benefits will also need 
to be explored. Of note, preclinical data supporting 
synergy with a JAKi45 has also inspired the ongoing 
phase 1b clinical trial evaluation of the addition of 
imetelstat to ruxolitinib after 12 weeks of JAKi therapy 
(IMproveMF).

SUMMARY AND FUTURE PERSPECTIVES
JAKi agents have changed the treatment approach for 
MF, setting a standard of spleen and symptom burden 
alleviation, but they do not reliably alter the natural his-
tory of disease. The identification of reliable predictors of 
response have remained elusive. With high rates of rux-
olitinib discontinuation by the third year of treatment, 
the prognostic outlook is poor for this patient population. 
After JAKi failure, the overarching treatment goal for 
many patients may be prolongation of life— representing 
an unmet need for which new therapies hold potential to 
confer a meaningful impact.

MF is broadly classified as primary MF or second-
ary MF, the latter of which includes both postessential 
thrombocythemia and postpolycythemia vera MF. It 
is appreciated that primary MF tends to behave more 
aggressively than secondary MF and is associated with 
shorter survival,46 resulting in the development of a 
prognostic tool for secondary MF (known as MYSEC) 
that takes these nuances into account.47 At the same 
time, however, current treatment algorithms for the 
management of MF do not distinguish between pri-
mary versus secondary MF.48 A practical approach to 
MF therapy is presented in Figure 2. It is possible to 
envision a future with multiple approved JAKi options 
that can be personalized and sequenced according to the 
degree of cytopenias or driver mutation status, with the 
option to add therapies that can improve upon depth 
and duration of spleen or symptomatic benefit and may 
modify disease features, such as grade of bone marrow 
fibrosis and driver mutation burden, in subsets of pa-
tients.49 However, current JAKi therapy options alone 
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are unlikely to ensure disease course modification be-
yond an improvement in inflammatory cytokine- driven 
systemic symptoms, reversal of cachexia, and recovery 
of performance status that largely underlies the survival 
benefit seen in the COMFORT trials. Treatments with 
non- JAKi mechanisms of action that effectively deplete 
the malignant hematopoietic stem cell pool are required 
to salvage the poor outcomes uniformly reported across 
multiple independent studies after JAKi discontinua-
tion. In the future, as meaningful outcome measures 
with salvage therapies are confirmed in prospective tri-
als, it will then be natural to evaluate disease course- 
modifying therapies earlier in the treatment paradigm, 
either in combination with a JAKi or perhaps even be-
fore JAKi therapy.
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