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ü  Hematopoie6c	
  stem	
  cell	
  transplanta6on	
  is	
  the	
  only	
  cura6ve	
  therapy	
  for	
  
primary	
  (PMF)	
  and	
  secondary	
  (post-­‐TE	
  or	
  post-­‐PV)	
  myelofibrosis;	
  

ü  It’s	
  associated	
  with	
  significant	
  risk	
  of	
  treatment-­‐related	
  	
  morbidity	
  and	
  
mortality	
  ;	
  

ü  The	
  op6mal	
  6ming	
  of	
  HSCT	
  for	
  MF	
  has	
  been	
  a	
  maNer	
  of	
  debate;	
  

ü  The	
  complexity	
  of	
  decision-­‐making	
  for	
  transplanta6on	
  has	
  increased	
  further	
  
following	
  the	
  wider	
  availability	
  of	
  JAK1/2	
  inhibitor	
  therapy.	
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Table 4. Summary of major reports on HCT outcomes in MF

Reference
Timeline of

HCT N
Median age, y

(range) Conditioning regimen
% of patients

with RIC
% with
MRD NRM PFS OS Comment

Guardiola11 1979-1997 55 42 (4-53) TBI based (63%) 0 90 27% at 1 y 39% at 5 y 47% at 5 y Hb ! 10 g/dL and osteomyelosclerosis associated with

lower survival

Deeg10 1980-2002 56 43 (10-66) Bu/Cy in 78% 0 64 14% at 3 mo NR 58 at 3 y Targeted Bu use improved survival; cGVHD 59% at 2 y

Daly9 1990-2002 25 48 (45-50) TBI based (92%) 0 52 48% at 1 y NR 41 at 2 y Prohibitive NRM; no benefit of splenectomy

Rondelli66 NR 21 54 (27-68) Multiple 100 85 10% at 1 y 81% at 2.7 y 85% at 2.7 y Extensive cGVHD in 44%; 2 patients needed DLI for 100% donor

chimerism; resolution of fibrosis and splenomegaly in majority

Kerbauy58 NR 104 49 (18-70) Multiple, Bu/Cy (62%) 9 50 35% at 5 y NR 61% at 5 y 3 syngeneic donors, 54 of the patients overlapped with a prior

report10; targeted Bu improved OS; comorbidity score had

impact on survival

Patriarca65 1986-2006 100 49 (21-68) Multiple, Bu/Cy 50% of full

intensity;

Thiotepa " Cy in 46%

of RIC

52 78 43% at 3 y 35% at 3 y 42% at 3 y AHCT before 1995; unrelated donor and longer interval from

diagnosis predicted worse outcome but not conditioning

intensity; relapse at 2 y 41%, progressive decline in NRM

over 20 y studied

Kroger54 2002-2007 103 55 (32-68) Flu-Bu (100%) 100 32 16% at 1 y 51% at 5 y 67% at 5 y First prospective study in MF, cGVHD in 43%; 12% NRM for fully

matched donor AHCT; age # 55 y and HLA mismatch

adversely affected OS; JAK2-positive recipients had better

EFS and OS; splenectomy increased risk of relapse

Gupta64 1998-2005 46 47 y MAC;

54 y RIC

Multiple, Cy TBI (96%) for

MAC; Flu Bu (70%) for

RIC

50 54 48% for MAC and

27% for RIC

at 3 y

43% for MAC and

58% for RIC

at 3 y

48% for MAC and

68% for RIC

at 3 y

RIC recipients had more advanced disease and poor KPS;

low risk of relapse after either conditioning; lower GVHD with

novel conditioning possibly related to use of ATG

Ballen56 1989-2002 289 47 (18-73) Multiple, Bu/Cy (43%) 21 56 35% siblings 50%

for URD at 5 y

33% siblings 27%

for URD at 5 y

37% siblings 30%

for URD at 5 y

Relapse at 5 y, 32% in sibling and 23% in URD; performance

status, peripheral blasts sibling donor status impacted OS;

RIC was similar in outcomes, except early NRM

Alchalby71 1999-2009 162 56 (32-73) Flu-Bu in 96% 100 27 22% at 1 y 46% at 5 y 62% at 5 y 82 patients reported previously54; age and HLA mismatch

impacted NRM; 23% relapse at 3 y; clearance of mutated

JAK2 at median of 96 days, and this reduced relapse risk

Bacigalupo63 1994-2007 46 51 (24-67) Thiotepa-Cy " melphalan 100 65 24% at 5 y NR 45% at 5 y A risk score based on transfusion history, spleen # 22 cm

and alternative donor use predicted lower OS; no benefit

for splenectomy

Stewart76 1989-2005 51 49 (19-64) Multiple, RIC in 47% 47 65 41% at 2 y 44% and 24%

at 3 y for MAC

and RIC

44% and 31%

at 3 y for MAC

and RIC

Robin92 1997-2008 147 53 (20-68) Multiple 69 61 39% at 4 y 32% at 4 y 39% at 4 y 19% patients had LT; poor outcome with mismatched donor

Samuelson13 1999-2007 30 65 (60-78) Multiple 63 50 13% at day 100 40% at 3 y 45% at 3 y Studied outcomes in patients ! 60 y, 7 patients had preceding LT

Abelsson67 1982-2009 92 46 for MAC,

55 for RIC

Multiple 56 40 32% for MAC and

24% for RIC

at 2 y

NR 49% for MAC and

59% for RIC

at 5 y

Overall NRM similar, but 5-year OS superior for RIC younger than

age 60 years; less advanced MF associated with better OS

Nivison-

Smith69

1993-2005 57 47 (16-71) Multiple 26 68 25% at 1 y 58% at 5 y Poor outcome in patients # 50 y

Ditschkowski70 1994-2010 76 50.5 (22-67) Multiple NR 35 36% at 5 y 50% at 5 y 53% at 5 y Significant high risk of relapse in patients without cGvHD;

DIPSS was predictive of survival

Scott57 1990-2009 170 51.5 (12-78) Multiple NR 50 34% at 5 y 57% at 5 y 57% at 5 y Post-HCT success was dependent on pre-HCT DIPSS scores

MRD indicates matched related donor; PFS, progression-free survival; OS, overall survival; TBI, total body irradiation; Hb, hemoglobin; Bu, busulfan; Cy, cyclophosphamide; cGvHD, chronic GVHD; NR, not reported; DLI, donor lymphocyte
infusion; AHCT, allogeneic HCT; EFS, event-free survival; KPS, Karnofsky performance status; and ATG, antithymocyte globulin.
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Overall Survival
For the secondary end point of overall survival, at 
the time of data cutoff, 10 deaths were reported 
in the ruxolitinib group (6.5%) as compared with 

14 deaths in the placebo group (9.1%) (hazard ratio, 
0.67; 95% CI, 0.30 to 1.50; P = 0.33). Subsequently, a 
survival analysis based on a planned data cutoff 
with 4 additional months of follow-up (median 
follow-up, 51 weeks) revealed a significant survival 
advantage for patients who received ruxolitinib, 
with 13 deaths in the ruxolitinib group (8.4%) and 
24 deaths in the placebo group (15.6%) (hazard 
ratio, 0.50; 95% CI, 0.25 to 0.98; P = 0.04) (Fig. 3).

Safety
A total of 155 patients in the ruxolitinib group and 
151 in the placebo group received at least one 
dose of the study medication and were included 
in the analysis of safety. The number of patient-
years of exposure was 105 in the ruxolitinib group 
and 87 in the placebo group; study discontinuation 
and crossover to ruxolitinib accounted for lower 
exposure in the placebo group. Seventeen patients 
who received ruxolitinib (11.0%) and 16 patients 
who received placebo (10.6%) discontinued the 
study treatment because of adverse events (of any 
grade). Twenty deaths occurred during the study or 
within 28 days after the last dose was administered 
(9 deaths in the ruxolitinib group and 11 deaths in 
the placebo group, including 1 death after cross-
over) (see the Supplementary Appendix for more 
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Figure 2. Change in Symptom Scores.

Panel A shows the results of an intention-to-treat analysis 
of the proportion of patients with at least a 50% reduction 
in the total symptom score over time (each value plotted 
represents the moving average for the previous 7 days). 
Patients who discontinued the study drug or for whom 
data were missing were considered not to have had a re-
sponse. The majority of responses occurred rapidly, with-
in the first 4 weeks after treatment. Only patients with 
baseline data were included in this analysis. Panel B 
shows the percent change from baseline in the total 
symptom score at week 24 (in 129 patients in the ruxoli-
tinib group and 103 patients in the placebo group) and  
at the last evaluation during receipt of the randomly as-
signed study drug (in 16 patients in the ruxolitinib group 
and 42 patients in the placebo group). Five patients with 
a baseline score of 0, 8 patients with missing baseline val-
ues, and 6 patients with insufficient data after baseline 
are not included. Whereas most patients who received 
ruxolitinib had a reduction in the total symptom score, 
the majority of patients who received placebo had a wors-
ening of symptoms (worsening in the total symptom 
score of ≥150% is shown as 150%). Panel C shows the 
mean percent change in the score for each symptom in 
the modified Myelofibrosis Symptom Assessment Form, 
version 2.0. All symptoms improved in the ruxolitinib 
group and worsened in the placebo group (P<0.01 for all 
comparisons with placebo). T bars denote standard errors.
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Subgroups
In a post hoc analysis of subgroups, mean changes 
in spleen volume among patients with the JAK2 
V617F mutation were −34.6% in the ruxolitinib 
group and 8.1% in the placebo group; the corre-
sponding changes among patients without the mu-
tation were −23.8% and 8.4% (P value for interac-
tion, 0.07). The changes in the total symptom score 
among patients with the JAK2 V617F mutation were 
−52.6% (improvement) in the ruxolitinib group and 
42.8% (worsening) in the placebo group, and the 
changes among those without the mutation were 
−28.1% and 37.2%, respectively (P = 0.11 for inter-
action). Across myelofibrosis subtypes (primary 
myelofibrosis, post–polycythemia vera myelofibro-
sis, and post–essential thrombocythemia myelo-
fibrosis), patients who received ruxolitinib had a 
decrease in spleen volume and improvement in the 
total symptom score; patients receiving placebo 
had increases in spleen volume (P = 0.52 for inter-
action) and worsening of the total symptom score 
(P = 0.46 for interaction) (Fig. S5A and S5B in the 
Supplementary Appendix).

Biomarkers
In a prespecified analysis of biomarkers, patients 
who received ruxolitinib had mean reductions in 
the JAK2 V617F allele burden of 10.9% at week 24 

and 21.5% at week 48; patients who received pla-
cebo had a mean increase of 3.5% at week 24 and 
6.3% at week 48 (Fig. S6 in the Supplementary 
Appendix). Furthermore, patients receiving ruxoli-
tinib had reductions in plasma levels of C-reactive 
protein and the proinflammatory cytokines tumor 
necrosis factor α and interleukin-6, and they had 
increases in levels of plasma leptin and erythro-
poietin (Fig. S7 in the Supplementary Appendix).
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Figure 1. Change in Spleen Volume.
Panel A shows the results of the intention-to-treat anal-
ysis of the percentage of patients in each study group 
who reached the primary end point of a reduction of 
35% or more in spleen volume as assessed by means 
of magnetic resonance imaging (MRI) or computed  
tomography (CT). Patients who discontinued the study 
drug before week 24 or crossed over before week 24 were 
counted as not having had a response. Only patients 
with baseline data were included in this analysis. I bars 
denote 95% confidence intervals. CI denotes confidence 
interval. Panel B shows the percent change from base-
line in spleen volume at week 24 (in 139 patients in the 
ruxolitinib group and 106 in the placebo group) or at 
the last evaluation before week 24 (in 16 patients in the 
ruxolitinib group and 47 in the placebo group). Data for 
1 patient with a missing baseline value are not included 
on the graph. Most patients in the ruxolitinib group 
(150 of 155) had a reduction in spleen volume, where-
as most patients in the placebo group had either an in-
crease in spleen volume (102 of 153 patients) or no change 
(15 of 153 patients). Panel C shows the median percent 
change in spleen volume as assessed by means of MRI 
or CT over time. Reductions in spleen volume were ap-
parent at the first on-study measurement at 12 weeks 
and were maintained over the course of the study. The 
upper edge of each I bar corresponds to the 75th per-
centile, and the lower edge to the 25th percentile.
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detect differences in time-to-event end points, and 
a limited number of patients remain in the group 
receiving the best available therapy for further 
time-to-event end-point analyses.

Marrow Histomorphologic and Biomarker 
Assessments
No major changes in marrow histomorphologic 
features were observed in a prespecified secondary 
analysis of data from patients receiving any therapy. 
In a prespecified exploratory analysis, ruxolitinib 
treatment was associated with changes in plasma 
biomarkers (Table 5 in the Supplementary Appen-
dix); levels of several proinflammatory cytokines, 
including interleukin-6, tumor necrosis factor al-
pha, and C-reactive protein were reduced, whereas 
erythropoietin and leptin levels were increased.

Symptoms and Other Patient-Reported Outcomes
In prespecified exploratory analyses of patient-
reported outcomes (as assessed by means of the 
EORTC QLQ-C30 and FACT-Lym subscales), pa-
tients in the ruxolitinib group, as compared with 
patients receiving the best available therapy, had 
improved quality-of-life and role functioning (Fig. 
2A). At week 48, patients receiving ruxolitinib had 
marked reductions in myelofibrosis-associated 
symptoms, including appetite loss, dyspnea, fa-
tigue, insomnia, and pain, whereas patients re-
ceiving the best available therapy had worsening 
symptoms (Fig. 2B). Similarly, substantial improve-
ments in FACT-Lym scores indicated that patients 
receiving ruxolitinib had a reduction in myelofi-

9.1

3.4

9.9

−5.4

11.3

−0.9

9.1

−0.9

8.9

0.1

6.0

0.7

−12.8

0.4

−1.9

3.0

−6.3

4.8

−12.3

6.0

−8.2

9.5

B EORTC QLQ-C30 Symptom Scores

C FACT-Lym Scores

A EORTC QLQ-C30 Core Model Scores

M
ea

n 
C

ha
ng

e 
fr

om
 B

as
el

in
e

12

8

10

6

4

2

0

−2

FA
CT-Ly

m Tota
l S

co
re

FA
CT-TOI S

co
re

FA
CT-G

 Tota
l S

co
re

Ly
mS Sco

re

 
Im

provem
ent

W
orsening

M
ea

n 
C

ha
ng

e 
fr

om
 B

as
el

in
e

15

5

10

0

−5

−10

−15

Fa
tig

ue
Pain

Dys
pnea

Appeti
te 

Lo
ss

In
so

mnia

Im
provem

ent
W

orsening

M
ea

n 
C

ha
ng

e 
fr

om
 B

as
el

in
e

12

8

10

6

4

2

0

−8

−6

−4

−2

Global Health Status
and Quality of Life

Role Functioning

Ruxolitinib BAT

Im
provem

ent
W

orsening

Figure 2. Changes in Quality-of-Life and Symptom-
Assessment Scores, According to Treatment Group.

Mean changes from baseline at week 48 are shown for 
scores on the European Organization for Research and 
Treatment of Cancer (EORTC) Quality of Life question-
naire core model (QLQ-C30) global health status–quality 
of life and selected functioning scores (Panel A); selected 
EORTC QLQ-C30 symptom scores (Panel B); and 
Functional Assessment of Cancer Therapy–Lymphoma 
(FACT-Lym) scores, including total scores, disease- 
specific subscale (FACT-LymS) scores, Trial Outcome 
Index (FACT-TOI) scores (a summary of physical, func-
tional, and disease-specific outcomes), and general 
(FACT-G) scores (Panel C). In Panels A and C, improve-
ment is represented by positive numbers, whereas in 
Panel B, improvement is represented by negative num-
bers (reduction in symptoms). For EORTC QLQ-C30 
functioning and symptom subscales that are not shown, 
there only were minimal between-group differences (i.e., 
a difference of <10 points in the mean change in scores 
between the ruxolitinib group and the best-available-
therapy [BAT] group at weeks 24 and 48). The ranges 
for minimal clinically important differences for the 
FACT-Lym are as follows: FACT-Lym total score, 6.5 to 
11.2; FACT-TOI score, 5.5 to 11; FACT-G total score,  
3 to 7; and LymS score, 2.9 to 5.4.19,20
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response of a R35% spleen reduction. Six patients achieved the
spleen response after the primary analysis at week 48 and are
included in this analysis. BAT patients who crossed over to
ruxolitinib had reductions in spleen volume after crossover (Figure 1).
One patient in the BAT arm achieved a R35% reduction in spleen
volume at week 15 but did not maintain the response at week 48.
This patient crossed over to the ruxolitinib arm without having
a protocol-defined progression event and was excluded from the
per-protocol analysis. The spleen reductions ofR35% obtained with
ruxolitinib were sustained with continued therapy (median duration
not yet reached; Figure 2). The Kaplan-Meier estimated probabilities
of maintaining the spleen response at weeks 48 and 144 were
73% (95% CI, 61-82) and 50% (95% CI, 36-63), respectively.

JAK2 V617F allele burden. At baseline, 110 patients (76%)
in the ruxolitinib arm and 49 patients (71%) in the BAT arm were
determined to be JAK2 V617F-positive, and the median allele
burdens were 84.5% (range, 5% to 96%) and 81% (range, 1% to

95%) in the ruxolitinib and BAT arms, respectively. Overall,
patients in the ruxolitinib arm had a median change from baseline
of 27.0% at week 48 (range, 247% to 8%; n 5 69) and 28.0% at
week 72 (range,251% to 15%; n5 53), whereas those in the BAT
arm had no median change from baseline at either time point (week
48: range, 213% to 10%; n 5 22) (week 72: range, 24% to 12%;
n 5 8). More patients in the ruxolitinib arm had allele burden
reductions ofR10% compared with BAT patients at week 48 (42%
[29 of 69] vs 9% [2 of 22]) and at week 72 (40% [21 of 53] vs 0%).
Of these, 15 of 69 ruxolitinib-treated patients (22%) had reductions
of R20% at week 48 (median, 232%; range, 247% to 221%),
and 83% of patients maintained their reduction at the last time
point of week 72 (median, 240%; range, 251% to 220%). Allele
burden reductions in most patients treated with ruxolitinib were
gradual over the course of the study, and were similar across MF
subtypes (supplemental Figure 2). Among patients who achieved
R20% of a reduction in allele burden, 39% had PMF, 39% had
PPV-MF, and 22% had PET-MF, similar to the overall study
population. No patient receiving the BAT had allele burden reduc-
tions of R20% at either time point. Additionally, a higher propor-
tion of patients with R20% of an allele burden reduction achieved
a protocol-defined spleen response with ruxolitinib compared with
those with ,10% of a reduction at both week 48 (73% vs 19%;
odds ratio, 4.6) and week 72 (69% vs 22%; odds ratio, 4.2)
(supplemental Figure 3).

Safety

Nonhematologic toxicity was primarily grade 1/2, and the overall
pattern and frequency of the most common AEs (ie, observed in
R10% of patients) did not change with longer treatment. When
adjusted for exposure to study medication (Table 2), the rates of
nonhematologic AEs generally decreased with longer-term rux-
olitinib treatment and were lower than in the BAT. Additionally,
no single nonhematologic AE led to treatment discontinuation in
more than 1 patient.

The AEs of special interest included anemia, thrombocytopenia,
leukopenia, bleeding, infections, thromboembolic events, elevated
transaminase levels, increased systolic blood pressure, weight gain,
and secondary malignancies. All grade AEs of special interest that
occurred in R5% of patients in any interval and in any preferred
term are shown by 6-month intervals in Table 3. The rate of these
events generally decreased with longer exposure to ruxolitinib
treatment, with the highest rates occurring within the first 6 months
of treatment. Over the entire course of the study, 2 patients (1.4%)
in the ruxolitinib arm had tuberculosis.

New or worsening AEs that occurred within 28 days after
ruxolitinib discontinuation were also recorded (supplemental Table 1).
The rate and severity of these AEs did not differ from what was
reported for AEs occurring for patients on treatment, or they were
consistent with those expected for patients receiving no treatment.
Overall, 30.1% of patients (31 of 103) reported experiencing AEs
after discontinuation of ruxolitinib treatment (including after cross-
over from BAT), and the most common were infections (13.6%
[14 of 103]) and thrombocytopenia (9.7% [10 of 103]). The
majority of safety events occurred in only 1 patient each; events
occurring after discontinuation in .1 patient in either the ruxolitinib
arm or after crossover from the BAT included preferred terms of
thrombocytopenia (n 5 10), pneumonia (n 5 3), anemia (n 5 2),
and hypoalbuminemia (n 5 2).

The most common laboratory abnormalities were anemia and
thrombocytopenia. However, the majority of these AEs were grade

Table 1. Patient disposition at 3-year follow-up of the COMFORT-II Trial

n (%)
Ruxolitinib
(n 5 146)

BAT
(n 5 73)

Ruxolitinib
after

BAT (n 5 45)

Still on treatment 66 (45.2) 0 —

Discontinued 80 (54.8) 28 (38.4) —

Crossed over* — 45 (61.6) —

After qualifying progression

event

— 26 (35.6) —

After protocol amendment 5 — 13 (17.8) —

Other† — 6 (8.2) —

Still on treatment after crossover — — 22 (48.9)

Discontinued after crossover — — 23 (51.1)

Primary reasons for

discontinuation

AE 24 (16.4) 5 (6.8) 6 (13.3)

Consent withdrawn 9 (6.2) 9 (12.3) 0

Protocol deviation 2 (1.4) 0 5 (11.1)

Disease progression 22 (15.1) 4 (5.5) 6 (13.3)

Noncompliance with study

medication

3 (2.1) 0 1 (2.2)

Noncompliance with study

procedures

0 1 (1.4) 0

Unsatisfactory therapeutic

effect

5 (3.4) 0 1 (2.2)

Other‡ 15 (10.3) 9 (12.3) 4 (8.9)

*Patients randomized to the BAT arm could crossover to ruxolitinib treatment at
any time during the study upon a protocol-defined progression event. Patients in the
ruxolitinib arm who had a protocol-defined progression event could continue
receiving ruxolitinib in the extension phase at any time during the study if, in the
investigator’s opinion, they were still receiving a benefit from ruxolitinib treatment.
Progression events that qualified for the crossover and extension phases included
the need for splenectomy and progressive splenomegaly as defined by a 25%
increase in spleen volume compared with the on-study nadir (including baseline).
After the primary analysis, the study protocol was amended (amendment 5) in
January 2011 to allow all patients to enter the extension phase, including those who
did not meet the criteria for progression.

†Six patients crossed over from BAT to ruxolitinib prior to protocol amendment 5
without experiencing qualifying progression events (5 patients discontinued due to
the protocol deviation and 1 patient discontinued due to other reason).

‡Other reasons for discontinuation in the ruxolitinib arm included patients who
underwent stem cell transplant (n5 5), interruption of study medication for.8 weeks
(n 5 2), lack of efficacy (n 5 2), meeting protocol-defined imaging discontinuation
criteria (n 5 2), investigator decision (n 5 1), diagnosis of lung cancer with the start
of chemotherapy treatment (n 5 1), unspecified safety event (n 5 1), and modest
spleen response (n5 1). Other reasons in the BAT arm included stem cell transplant
(n5 2), investigator decision (n5 2), patient decision (n5 2), splenic irradiation (n5 1),
hematemesis and thrombocytopenia (n 5 1), unwillingness to undergo magnetic
resonance imaging (n 5 1), enrollment in a ruxolitinib compassionate use program
(n 5 1), splenectomy (n 5 1), initiating treatment with hydroxyurea (n 5 1), and
thrombocytopenia as sign of disease progression (n 5 1).
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Key Points

• Long-term analysis of the
COMFORT-II Trial shows
that ruxolitinib treatment
results in durable reductions
in splenomegaly and is well
tolerated.

• Patients randomized to
ruxolitinib showed longer
overall survival than those
receiving the BAT.

Ruxolitinib is a potent Janus kinase (JAK)1/JAK2 inhibitor that has demonstrated rapid

reductions in splenomegaly and marked improvement in disease-related symptoms and

quality of life in patients with myelofibrosis (MF). The present analysis reports the 3-year

follow-up (median, 151 weeks) of the efficacy and safety of Controlled Myelofibrosis

Study With Oral Janus-associated Kinase (JAK) Inhibitor Treatment-II (the COMFORT-II

Trial), comparing ruxolitinib with the best available therapy (BAT) in 219 patients with

intermediate-2 and high-risk MF. In the ruxolitinib arm, with continued therapy, spleen

volume reductions of ‡35% by magnetic resonance imaging (equivalent to approxi-

mately 50% reduction by palpation) were sustained for at least 144 weeks, with the

probability of 50% (95% confidence interval [CI], 36-63) among patients achieving such

degree of response. At the time of this analysis, 45% of the patients randomized to

ruxolitinib remained on treatment. Ruxolitinib continues to be well tolerated. Anemia

and thrombocytopenia were the main toxicities, but they were generally manageable,

improved over time, and rarely led to treatment discontinuation (1% and 3.6% of patients,

respectively). No single nonhematologic adverse event led to definitive ruxolitinib discontinuation in more than 1 patient. Additionally,

patients randomized to ruxolitinib showed longer overall survival than those randomized to BAT (hazard ratio, 0.48; 95% CI, 0.28-0.85;

log-rank test, P 5 .009). This trial was registered at clinicaltrials.gov as #NCT00934544. (Blood. 2013;122(25):4047-4053)

Introduction

Myelofibrosis (MF) is a myeloproliferative neoplasm that can
appear de novo (primary MF) or follow polycythemia vera (PV) or
essential thrombocythemia.1 MF is characterized by bone marrow
fibrosis, extramedullary hematopoiesis with progressive splenomegaly,
cytopenias or cytosis, and a leukoerythroblastic blood picture.2,3

Main symptoms include those derived from anemia, splenomegaly
(eg, abdominal pain, early satiety), and debilitating constitutional
symptoms (ie, night sweats, weight loss, and fever) leading to
cachexia.3,4 Approximately 60% of patients with MF harbor the
V617F mutation of the Janus kinase (JAK) 2 (JAK2) gene. However,

dysregulation of the JAK/signal transducer and activator of tran-
scription pathway is present in all patients irrespective of their
JAK2 mutational status.5 Ruxolitinib is a potent JAK1/JAK2
inhibitor6 that has demonstrated rapid reductions in splenomegaly
and improved MF-related symptoms and quality of life in 2
phase 3 studies comparing ruxolitinib with placebo in the
Controlled Myelofibrosis Study With Oral JAK Inhibitor Treat-
ment (the COMFORT-I Trial)7 or best available therapy (BAT)
in the Controlled Myelofibrosis Study With Oral JAK Inhibitor
Treatment-II (the COMFORT-II Trial).8 Based on the results of
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3273 were autologous, the majority of which were probably part
of multiple transplant programs, for example, as for plasma cell
disorders. In total, 1272 were allogeneic HSCTs mainly to treat
relapse or graft failure. In addition, 794 HSCTs were reported as
allogeneic HSCT after a previous autologous HSCT and were
mainly for lymphoma or plasma cell disorders.

Indications
Indications for HSCT in 2015 are listed in detail in Table 1.
Main indications were myeloid malignancies (AML, CML,
myelodysplastic/MPN and MPN): 9413 (25% of total; 96% of which
were allogeneic); lymphoid malignancies (ALL, CLL, Hodgkin’s
disease, non-Hodgkin lymphoma and plasma cell disorder): 24 340
(65%; 20% allogeneic); solid tumors: 1516 (4%; 3% allogeneic); non-
malignant disorders: 2208 (6%; 90% allogeneic) and others: 149
(0.4%). As seen in previous years, the majority of HSCT for lymphoid
malignancies were autologous, whereas most transplants for
leukemia were performed using stem cells from allogeneic donors.
Autologous HSCT for non-malignant disorders predominantly
include patients with autoimmune disorders (207).
Figures 1a and b show as a pie graph the distribution of disease

indications for allogeneic (Figure 1a) and autologous (Figure 1b),
respectively. Of interest, we show that for allogeneic HSCT AML is

the most frequent indication (39%); of these, 21% were for
patients in CR1, 12% for patients with more advanced disease and
6% for patients with transformed AML, either therapy related or
from myelodysplastic /MPN. Compared with that in 2014, there
were increases in allogeneic HSCT for AML by 7.9% and MPN 3.5%
and a major decrease by 28% was seen in allogeneic HSCT use
for CLL (Figure 2), dropping from 504 patients in 2011 to 255 in
2015. Among allogeneic HSCT, 6933 were performed using
non-myeloablative conditioning. This is an increase of 1% since
in 2014 and is 40% of all allogeneic HSCT. For autologous HSCT,
there was an increase in myeloma by 8.1% and Hodgkin
lymphoma by 2.1%; proportions for most other diseases remained
stable.
Important trends in 2015 include continued increase in patients

treated with allogeneic and autologous HSCT as shown in
Supplementary Figure 1, and increasing use among allogeneic
HSCT recipients of unrelated donor transplantation,14 although
it might appear that the growth rate is slowing down
(Supplementary Figure 2). Figure 3a shows the continued use of
alternative donor transplantation and among these an impressive
increase of the use of haploidentical donors to 2012 patients in
2015 across Europe, an increase of 291% since 2005. The highest
growth is seen in myeloid malignancies (1008), with lymphoid
malignancies 636, nonmalignant disorders 316 and 52 others.
Figure 3b shows that the growth of haploidentical donor HSCT is
seen more in patients with myeloid malignancy, but also in
lymphoid malignancy and non-malignant disorders, although to a
lesser degree. Among myeloid malignancies, the majority (n= 735)
are patients with AML. Of note, there are equal proportions of
patients with AML receiving haploidentical donor HSCT trans-
planted in CR1 and with more advanced disease (Figure 3c).
Stem cell source for haploidentical donor HSCT is shown in
Figure 3d, peripheral blood is used more frequently than marrow.
The decreasing use of unrelated cord blood as donor source is
shown in Figure 3a for total HSCT, or by main indication in
Figure 3e. This decrease is in sharp contrast to the rise seen in
haploidentical donor HSCT. As shown in Figure 3e, this decrease
pertains to myeloid and lymphoid malignancies but not to
nonmalignant disorders where the use of unrelated cord blood is
stable over time.

Transplant rates
Supplementary Figures 3a and b show transplant rates by country
for allogeneic and autologous HSCT comparing rates in 2015 on
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Figure 1. Relative proportion of indications for HSCT in Europe in 2015. (a) Proportions of disease indications for allogeneic HSCT in Europe in
2015. (b) Proportions of disease indications for autologous HSCT in Europe in 2015.
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survival and were grouped together in an intermediate risk category
(median survival 5.8 years). Guglielmelli et al. subsequently demon-
strated the additional value of the number of prognostically detrimen-
tal mutations [44].

Risk factors for leukemia-free survival include !3% circulating
blasts, platelet count <100 3 109/L and presence of unfavorable karyo-
type [45, 46]. Although DIPSS has been shown to predict leukemia-free
survival [47], in the aforementioned DIPSS-plus study of 793 patients
with PMF [30], the only two risk factors for leukemic transformation
were unfavorable karyotype and platelet count <100 3 109/L; 10-year
risk of leukemic transformation were 12% in the absence of these two
risk factors and 31% in the presence of one or both risk factors. As is
becoming evident for overall survival, leukemia-free survival is also sig-
nificantly compromised in patients carrying certain mutations includ-
ing IDH and SRSF2 [35, 37]. CALR/ASXL1 mutational status and the
number of prognostically detrimental mutations, as outlined above,
were also predictive of leukemic transformation [43, 44].

! Risk-Adapted Therapy
Current drug therapy for PMF is not curative and has not been

shown to prolong survival; although there is controversy regarding
the value of JAK inhibitors, in this regard, these drugs have not been
shown to display disease-modifying activity, including reversal of
bone marrow fibrosis or induction of complete or partial remissions
[48–51]. ASCT for PMF is potentially curative but dangerous;
transplant-related death or severe morbidity occurs in about half of
transplanted patients, regardless of the intensity of conditioning regi-
mens used [52]. As a result, more and more patients with PMF (or
post-PV/ET MF) are seeking treatment with novel drugs. However, it
should be noted that many patients especially those with low or
intermediate-1 risk disease per DIPSS-plus or low risk molecular pro-

files (e.g., CALR1/ASXL12) can be observed without any therapeutic
intervention and some can be effectively managed by conventional
drug therapy (Fig. 2).

Management of low or intermediate-1 risk patients
There is no evidence to support the value of specific therapy in

asymptomatic patients with low or intermediate-1 risk disease. It is
conceivable that some low or intermediate-1 risk patients might
require therapy for symptomatic anemia, splenomegaly, non-
hepatosplenic EMH, bone pain, EMH-associated pulmonary hyper-
tension, or constitutional symptoms (e.g., fatigue, night sweats, and
pruritus). In addition, cytoreductive therapy is reasonable but not
mandated in the presence of extreme leukocytosis or thrombocytosis.

MF-associated anemia is usually treated with androgens (e.g., tes-
tosterone enanthate 400–600 mg IM weekly, oral fluoxymesterone 10
mg TID) [53], prednisone (0.5 mg/kg/day) [53], danazol (600 mg/
day) [54], thalidomide (50 mg/day)6 prednisone [55–57], or lenali-
domide (10 mg/day)6 prednisone [58, 59] (10 mg/day). I do not use
erythropoiesis stimulating agents because they are ineffective in
transfusion-dependent patients and could exacerbate splenomegaly
[60]. Response rates to each one of the aforementioned drugs are in
the vicinity of 15–25% and response durations average about 1–2
years. Lenalidomide works best in the presence of del(5q31) [61].
Drug side effects include hepatotoxicity and virilizing effects for
androgens, peripheral neuropathy for thalidomide, and myelosuppres-
sion for lenalidomide.

First-line therapy for MF-associated splenomegaly is hydroxyurea,
which is effective in reducing spleen size by half in approximately
40% of patients [62]. Spleen response to hydroxyurea lasts for an
average of 1 year and treatment side effects include myelosuppression
and mucocutaneous ulcers. Both thalidomide and lenalidomide might
improve splenomegaly and thrombocytopenia in some patients [55–

Figure 1. DIPSS-plus (dynamic international prognostic scoring system1 karyotype1platelet count1 transfusion status) risk stratification in 793 patients
with primary myelofibrosis seen at Mayo Clinic Rochester (with permission from Gangat et al.) [30] [Color figure can be viewed in the online issue, which is
available at wileyonlinelibrary.com.].
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Key Points

• Transplant vs nontransplant
approaches were compared
in PMF patients grouped by
DIPSS status.

• The net benefit of transplant
vs nontransplant is marked in
higher-risk patients.

Allogeneic hematopoietic stem cell transplantation (SCT) is the only curative option for

patients with primary myelofibrosis (PMF), but information on its net advantage over

conventional therapies is lacking. Using ad hoc statistical analysis, we determined

outcomes in 438 patients <65 years old at diagnosis who received allogenic SCT

(n 5 190) or conventional therapies (n 5 248). Among patients at low risk per the

Dynamic International Prognostic Scoring System (DIPSS) model, the relative risk

of death after allogenic SCT vs those treated with nontransplant modalities was 5.6

(95%CI, 1.7-19; P5 .0051); for intermediate-1 risk it was 1.6 (95%CI, 0.79-3.2; P5 .19),

for intermediate-2 risk, 0.55 (95% CI, 0.36-0.83; P 5 .005), and for high risk, 0.37 (95%

CI, 0.21-0.66; P 5 .0007). Thus, patients with intermediate-2 or high-risk PMF clearly

benefit from allogenic SCT. Patients at low risk should receive nontransplant therapy, whereas individual counseling is

indicated for patients at intermediate-1 risk. (Blood. 2015;125(21):3347-3350)
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Learning objectives

1. Describe the net benefit of allogeneic hematopoietic stem cell transplantation (SCT) vs conventional nontransplant therapies
for primary myelofibrosis (PMF) among patients of low Dynamic International Prognostic Scoring System (DIPSS) risk status, based
on findings of an ad hoc statistical analysis.

2. Discuss the net benefit of allogeneic SCT vs conventional nontransplant therapies for PMF among patients of intermediate-1
DIPSS risk status.
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corresponding time. In the nontransplant cohort, the risk category is treated
as a time-dependent attribute—that is, upon progression toward
a higher-risk category, a patient would leave the set of subjects at risk in
the former risk category and enter the “at-risk” set for the new one. By
backdating allogenic SCT data from enrollment to the date of diagnosis, we
generated left-truncated data, thereby potentially excluding candidate
patients who may have died before they were able to undergo allogenic
SCT. Regressions for left-truncated and right-censored survival data were
computed according to the standard Andersen-Gill model.6 Proportional
hazard models were built separately for the 4 DIPSS categories, considering
the cohort as a discrete covariate. The relative risks (RR) between the 2
cohorts were estimated under the proportional-hazards approximation,
and Wald tests were used to report significance. Statistical analyses
were performed using R version 3.1.1 and the “survival” package version
2.37.7,8

Results and discussion

We studied 190 patients who received allogenic SCT and 248 who
received conventional therapies. Available demographics are summa-
rized in Table 1, reporting data at the time of transplant for allogenic
SCT cohort and at the time of diagnosis for the nontransplant
cohort.

The RR of death among patients receiving allogenic SCT vs those
receiving conventional therapies was 5.6 (95% CI, 1.7-19; P5 .0051)
for low-risk DIPSS, 1.6 (95%CI, 0.79-3.2;P5 .19) for int-1 risk, 0.55
(95% CI, 0.36-0.83; P 5 .005) for int-2 risk, and 0.37 (95% CI,
0.21-0.66; P 5 .0007) for high-risk DIPSS patients. The 5-year pro-
portions surviving in the transplant and nontransplant cohorts were
69% and 95% for low-risk, 52% and 77% for int-1, 50% and 41% for
int-2, and 32% and 11% for high-risk patients, respectively. Analysis at
alternative time points and 95% CIs are shown in Table 1.

As illustrated in Figure 1, survival differences were pro-
nounced beyond 5 years from diagnosis for int-2 and high-risk
patients, and the survival curve for transplanted int-1 risk patients
crossed the survival curve for the nontransplant cohort between
15 and 20 years. Hazard ratios were not constant over time, thus

summarizing the risk in a single “average” RR figure ignores the
specifics of the survival trends.

We could not address the potentially confounding factor of
selection bias regarding allogenic SCT, nor the possible correla-
tions between time of transplant and patient characteristics. Some of
the concernsmight be addressable in aMarkovmodel, as reported for
patients with myelodysplastic syndrome,9 although that model has
other methodologic drawbacks.10

Despite the curative potential of allogenic SCT, inherent risks of
therapy-related complications andmortality, dependent upon disease
status and patient-specific risk factors, are of concern in patients with
MF.11 Hence, there is a need to select patients carefully for allogenic
SCT to obtain the maximum benefit with respect to survival and
therapy-related complications. This study gives an indication of al-
logenic SCT per DIPSS status; however, conclusions are restricted to
patients with primary and not with secondary myelofibrosis.

The recent implementation of the clinically-based risk scores
with mutational profile (JAK2/MPL/CALR–triple-negative or ASXL-1–
positive)12-14 will be of value in the future for risk stratification of
MFpatients and can help in the decisionmaking of patients in the int-
1 or low-risk DIPSS categories. The recognition of these mutations
and the introduction of new treatment modalities such as JAK2
inhibition are changing the landscape for MF treatment. Ruxoli-
tinib, the first JAK2 inhibitor approved for clinical practice, has led
to early and sustained clinical benefits in patients with int-2 and
high-risk MF, including spleen size reduction and improvement
of symptom burden in 2 phase 3 trials.15,16 A survival benefit with
ruxolitinib was shown in a long-term update of the COMFORT-I
and COMFORT-II studies.12,17,18 Because the present analysis did
not include ruxolitinib-treated patients, the impact of this drug
compared with that of allogenic SCT could not be assessed, and
results may be different if ruxolitinib patients can be included in
subsequent studies.

In conclusion, this study indicates that non–ruxolitinib-treated PMF
patients 65 years of age or younger at diagnosis with int-2 or high-risk
disease are likely to benefit from allogenic SCT, whereas for patients
with low-risk disease, nontransplant approaches may be appropriate.
Individual counseling is indicated for int-1 risk patients.

Figure 1. Survival probabilities for the 4 subgroups
(DIPSS risk: low, int-1, int-2, high). DIPSS score is
taken at stem cell transplant (solid, transplant cohort)
or at the indicated time (dotted, nontransplant cohort).
Time (horizontal axis) elapses from diagnosis.
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Abstract
Myeloproliferative neoplasms (MPN) are chronic marrow disorders with variable prognosis. Most 
patients with Polycythemia Vera, Essential Thrombocythemia or even Primary Myelofibrosis 
(PMF) are successfully managed by conservative strategies for years or even decades, and recent 
data suggest that even in patients with high-risk disease, in particular those with PMF, life 
expectancy can be extended by treatment with JAK2 inhibitors. However, none of those 
modalities are curative, and once marrow failure develops, the disease “accelerates” or transforms 
to acute leukemia, the only treatment option able to effectively treat and, in fact, cure MPN is 
allogeneic hematopoietic cell transplantation (HCT). Outcome is superior if HCT is performed 
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Table 2

Selected reports of HCT outcomes in patients with myelofibrosis [33]

Reference
Timeline
of HCT N

Median
age

(range),
years

Conditioning
regimen

% of
patients

with
RIC NRM PFS OS Comment

Rondelli [34] NR 21 54 (27–68) Multiple 100 10% at 1 y 81% at 2.7 y 85% at 2.7 y

Extensive cGVHD in 44%; 2 patients 
needed DLI for 100% donor chimerism; 

resolution of fibrosis and splenomegaly in 
majority

Kerbauy [35] NR 104 49 (18–70) Multiple, Bu/Cy (62%) 9 35% at 5 y NR 61% at 5 y

3 syngeneic donors, 54 of the patients 
overlapped with a prior report10; targeted 
Bu improved OS; comorbidity score had 

impact on survival

Patriarca [36] 1986–2006 100 49 (21–68)

Multiple, Bu/Cy 50% of full 
intensity; Thiotepa + Cy in 

46% of RIC 52 43% at 3 y 35% at 3 y 42% at 3 y

AHCT before 1995; unrelated donor and 
longer interval from diagnosis predicted 

worse outcome but not conditioning 
intensity; relapse at 2 y 41%, progressive 

decline in NRM over 20 y studied

Kroger [9] 2002–2007 103 55 (32–68) Flu-Bu (100%) 100 16% at 1 y 51% at 5 y 67% at 5 y

First prospective study in MF, cGVHD in 
43%; 12% NRM for fully matched donor 
AHCT; age > 55 y and HLA mismatch 
adversely affected OS; JAK2-positive 

recipients had better EFS and OS; 
splenectomy increased risk of relapse

Ballen [10] 1989–2002 289 47 (18–73) Multiple, Bu/Cy (43%) 21

35% siblings 
50% for URD 

at 5 y

33% siblings 
27% for 

URD at 5 y

37% siblings 
30% for URD 

at 5 y

Relapse at 5 y, 32% in sibling and 23% in 
URD; performance status, peripheral blasts 
sibling donor status impacted OS; RIC was 

similar in outcomes, except early NRM

Alchalby [31] 1999–2009 162 56 (32–73) Flu-Bu in 96% 100 22% at 1 y 46% at 5 y 62% at 5 y

82 patients reported previously54; age and 
HLA mismatch impacted NRM; 23% 

relapse at 3 y; clearance of mutated JAK2 
at median of 96 days, and this reduced 

relapse risk

Bacigalupo [37] 1994–2007 46 51 (24–67) Thiotepa-Cy + melphalan 100 24% at 5 y NR 45% at 5 y

A risk score based on transfusion history, 
spleen > 22 cm and alternative donor use 

predicted lower OS; no benefit for 
splenectomy

Robin [38] 1997–2008 147 53 (20–68) Multiple 69 39% at 4 y 32% at 4 y 39% at 4 y
19% patients had LT; poor outcome with 

mismatched donor

Samuelson [20] 1999–2007 30 65 (60–78) Multiple 63
13% at day 

100 40% at 3 y 45% at 3 y
Studied outcomes in patients ≥ 60 y, 7 

patients had preceding LT

Ditschkowski [13] 1994–2010 76 50.5 (22–67) Multiple NR 36% at 5 y 50% at 5 y 53% at 5 y

Significant high risk of relapse in patients 
without cGvHD; DIPSS was predictive of 

survival
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Table 3

Multivariate analysis for aGVHD, cGVHD, Relapse/Progression, NRM, PFS and Overall Survival.

N RR p-value 95% CI Overall p-value

Grade 2–4 acute GVHD

Donor type 0.02

 HLA-identical sibling 79 1

 Well-matched URD 104 1.98 0.006 1.22–3.22

 Partially matched/mismatched URD 50 1.52 0.18 0.83–2.80

Contrast

 Well-matched URD vs. Partially matched/mismatched URD 1.30 0.33 0.76–2.23

Chronic GVHD

Donor type 0.33

 HLA-identical sibling 79 1

 Well-matched URD 104 0.81 0.35 0.51–1.26

 Partially matched/mismatched URD 50 1.21 0.49 0.67–2.10

Relapse/Progression

DIPSS

 Low/Intermediate-1 141 1 0.04

 Intermediate-2/high 89 0.65 0.04 0.42–0.99

NRM

DIPSS

 Low/Intermediate-1 141 1 0.07

 Intermediate-2/high 89 1.70 0.07 0.96–3.01

Donor type

 HLA-identical sibling 79 1 < 0.001

 Well-matched URD 104 3.92 0.006 1.50–10.33

 Partially matched/mismatched URD 50 9.37 < 0.001 3.49–25.17

Contrast

 Well-matched URD vs. Partially matched/mismatched URD 0.42 0.005 0.23–0.77

PFS

DIPSS

 Low/Intermediate-1 141 1 0.55

 Intermediate-2/high 89 0.90 0.55 0.65–1.26

Donor type 0.03

 HLA-identical sibling 79 1

 Well-matched URD 104 1.17 0.42 0.80–1.69

 Partially matched/mismatched URD 50 1.75 0.01 1.14–2.68

Contrast

 Well-matched URD vs. Partially matched/mismatched URD 0.67 0.05 0.45–0.99

Overall Survival

DIPSS

 Low/Intermediate-1 141 1 0.10
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N RR p-value 95% CI Overall p-value

 Intermediate-2/high 89 1.37 0.10 0.95–1.98

Donor type

 HLA-identical sibling 79 1 0.002

 Well-matched URD 104 1.57 0.05 1.01–2.46

 Partially matched/mismatched URD 50 2.48 0.0003 1.51–4.04

Conditioning regimen

 FluTBI-based 51 1 0.14

 FluMel-based 65 0.71 0.23 0.41–1.23

 FluBu-based 89 1.13 0.63 0.70–1.82

 Others 28 1.41 0.28 0.76–2.62

Contrast

 FluMel-based vs. FluBu-based 0.63 0.06 0.39–1.02

 FluMel-based vs. Others 0.55 0.03 0.27–0.95

 FluBu-based vs. Others 0.80 0.44 0.46–1.41

 Well-matched URD vs. Partially matched/mismatched URD 0.64 0.04 0.41–0.98
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Introduction

Polycythemia vera (PV) and essential thrombocythemia
(ET) are BCR-ABL-negative myeloproliferative neoplasms
characterized by clonal proliferation of multiple lineage pro-
genitor cells in bone marrow and by a relatively long median
survival. The clinical course of both diseases is characterized
by thrombosis as a major cause of morbidity and mortality1

and by long-term severe complications, such as evolution to
myelofibrosis (MF) or acute myeloid leukemia (AML), which
may occur in 2-25% of cases.2-5 Evolution to MF or AML is
almost universally characterized by the development of
cytopenias, due to progressive bone marrow failure, sympto-
matic splenomegaly and severe constitutional symptoms and
is associated with early death.6 Once transformation devel-
ops, current medical treatments, which mainly include sup-

portive therapy and/or cytoreductive treatment, are of limited
efficacy and scanty prospective. Allogeneic hematopoietic
stem cell transplantation (HSCT) is currently the only poten-
tially curative treatment for advanced PV or ET, with the 3-
year overall survival rate of patients so treated ranging from
39% to 67%.7-12

However, allogeneic HSCT is associated with a significant
mortality (approximately 30%)10,13,14 and morbidity, mainly
due to graft-versus-host disease (GVHD)8,15,16 with a clinical out-
come that is particularly poor in patients of advanced age or in
those with medical comorbidities.17 At present, the need for
and timing of allogeneic HSCT remain under debate18 since its
inherent risks are difficult to justify in patients with myelopro-
liferative neoplasms who are usually elderly, often have asso-
ciated comorbidities and given that the existing literature is
significantly under-powered for definite conclusions. 
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The clinical course of polycythemia vera and essential thrombocythemia is potentially associated with long-term
severe complications, such as evolution to myelofibrosis or acute myeloid leukemia. Allogeneic stem cell transplan-
tation is currently the only potentially curative treatment for advanced polycythemia vera or essential thrombo-
cythemia. We analyzed 250 consecutive patients with an initial diagnosis of polycythemia vera (n=120) or essential
thrombocythemia (n=130), who underwent transplantation due to progression to myelofibrosis (n=193) or acute
myeloid leukemia (n=57) and who were reported to the European Group for Blood and Marrow Transplantation
registry between 1994 and 2010. Their median age was 56 years (range, 22-75) and in 52% of cases the interval
between diagnosis and transplantation was 10 years or more. With a median follow-up from transplantation of 13
months, the 3-year overall survival rate and relapse incidence were 55% and 32%, respectively. In univariate analy-
sis, the main parameters that negatively affected post-transplantation outcomes were older age (>55 years), a diag-
nosis at transplant of acute myeloid leukemia and the use of an unrelated donor. The overall 3-year cumulative inci-
dence of non-relapse mortality was 28%, but was significantly higher in older patients than in younger ones (>55
years, 35% versus 20%, P=0.032), in those transplanted from an unrelated donor rather than a related donor (34%
versus 18%, P=0.034) and in patients with a diagnosis of acute myeloid leukemia compared to myelofibrosis (29%
versus 27%, P=0.045). This large retrospective study confirms that transplantation is potentially curative for patients
with end-stage polycythemia vera/essential thrombocythemia progressing to myelofibrosis or acute myeloid
leukemia. Relapse and non-relapse mortality remain unsolved problems for which innovative treatment approaches
need to be assessed.
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ABSTRACT

ing that the main parameter in terms of better outcome is
probably the type of transformation before transplanta-
tion.

Among transplant-related factors, transplantation from
matched unrelated donors showed an adverse impact on
non-relapse mortality. These results are in keeping with
those recently reported by Rondelli et al., who showed
that after allogeneic HSCT with reduced intensity condi-
tioning with fludarabine/melphalan, the unrelated donor
transplants were associated with a higher risk incidence of
graft rejection and  failure and lower survival.27 It is worth
noting that stem cells were obtained from a mismatched
donor for only 11 patients and this should be carefully

Figure 1. (A) Cumulative overall survival of allogeneic transplanted
patients with transformed ET/PV. (B) Cumulative incidence of relapse
of allogeneic transplanted patients with transformed ET/PV. (c)
Cumulative overall survival of allogeneic transplanted patients with
transformed ET/PV according to diagnosis at transplant.

Table 2. Univariate analysis for the main clinical outcomes evaluated at 36
months after transplant.
Risk factor N. OS P RI P NRM P

(%) (%) (%)
at 3-year at 3-year at 3-year

Overall 250 55 32 28
Age, years

<55 114 65 - 27 - 20 -
≥55 136 47 0.015 39 0.047 35 0.032

Diagnosis at TRX
AML 57 28 - 53 - 29 -
MF 193 62 <0.001 28 0.001 27 0.045

Donor type
Related  115 65 - 35 - 18 -
Unrelated 124 50 0.085 30 0.562 34 0.034
Mismatched 11 30 0.390 35 0.775 49 0.342

Initial diagnosis
PV 120 60 - 34 - 28 -
ET 130 51 0.272 31 0.437 28 0.876

JAK2V617F mutation
Absent 11 36 - 36 - 36 -
Present 96 58 0.072 39 0.483 19 0.094
Unknown 193 55 0.168 27 0.174 33 0.365

Interval diagnosis-TRX
≤ 10 years 119 51 - 34 - 27 -
>10 years 131 59 0.327 31 0.454 29 0.870

Year of TRX
Before 2005 54 61 - 21 - 28 -
2005-2007 68 51 0.382 39 0.094 29 0.899
Onwards 2008 128 64 0.693 28 0.120 23 0.863

Disease status at TRX
Complete remission 23 63 0.652 93 0.200 7 0.178
Relapse/ 90 59 0.991 35 0.479 22 0.704
progression
Untreated      65 61 - 31 - 25 -
Other 59 47 0.181 36 0.768 36 0.454

Conditioning regimen
Myeloablative   80 56 - 16 - 30 -
Reduced intensity 170 55 0.231 40 0.097 27 0.396

CMV status
-/- 54 70 - 22 - 13 -
-/+ 27 55 0.335 41 0.219 13 0.862
+/- 51 55 0.137 19 0.659 35 0.081
+/+ 94 62 0.564 27 0.503 26 0.223

T-cell depletion
No   86 57 - 24 - 28 -
Yes 162 56 0.614 38 0.123 27 0.824

OS: overall survival; RI: relapse incidence; NRM: non-relapse mortality; TRX: transplantation;
CMV: cytomegalovirus.
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considered when evaluating the clinical outcome of this
cohort of patients. Since a large proportion of patients
(63%) received a graft subjected to in vivo T-cell depletion,
we observed a relatively low incidence of acute GVHD
grades 2-4, as compared to the incidence that would usu-
ally be expected in patients of such an advanced age.
While intensive GVHD prophylaxis with in vivo T-cell
depletion probably had a positive impact on the incidence
and severity of acute GVHD, this strategy was associated
with a high incidence of severe and fatal infections. 

We observed only a tendency, which did not reach sta-
tistical significance, to a different relapse incidence rate
when a standard myeloablative or reduced intensity con-
ditioning regimen was used. On this topic, conflicting
results have been reported and this uncertainty may be
partly due to the retrospective design of most studies
which have been highly heterogeneous regarding selec-
tion of patients, drugs used in the conditioning, donor
type and stem cell source.8,11,12,25,28 Therefore, although
many results would suggest the use of a busulfan-based
conditioning regimen10,25,29 as most appropriate, this issue
remains a matter of debate and of intense clinical investi-
gation. Other factors, including initial diagnosis (PV versus
ET), presence or absence of the JAK2V617F mutation,
patient/donor cytomegalovirus status, disease status at
transplantation, stem cell source and T-cell depletion, had
no influence on clinical outcome in our cohort of patients.
We found a significantly higher (90%) than expected pro-
portion of patients with mutated JAK2V617F (70%) con-
sidering the cohort composition: this discrepancy is likely
due to a reporting bias in the registry in favor of patients
carrying the mutation. Unfortunately, the data required
for calculating the Lille score were not available in the
database for a large proportion of patients and similarly
the data to calculate the more recent prognostic scoring
systems, created to identify higher risk patients with pri-
mary MF,23,30-32 were also missing. Although this lack of
information clearly represents a weakness of our study, it
should be considered that none of these prognostic scoring
systems has been validated for MF secondary to a previ-
ous PV and ET. 

As for all multicenter retrospective studies some limita-
tions need to be considered also for our study. First, this

retrospective analysis collected data from many different
European centers performing transplants over a long peri-
od of time with marked heterogeneity in terms of the
patients’ age, co-morbidities, pre-transplant transfusion
dependency, use of conditioning regimens and GVHD
prophylaxis. Moreover, although to our knowledge it is
the largest analysis published, it still does not allow an in-
depth evaluation of the different risk factors that may
characterize these patients, such as previous cytoreductive
treatments or cytogenetics at transplantation. Similarly, it
was not possible to get an accurate estimate of progres-
sion-free survival. The lack of this information in the data-
base probably reflects the difficulties in assessing response
in these diseases. Finally, the follow-up of the patients
reported in the registry was relatively short, although we
consider that this follow-up was probably sufficient to
enable a correct evaluation of the main clinical outcomes.
However, even if definitive conclusions cannot be drawn
due to these limitations, the clinical implications of our
findings are potentially very important: indeed, the poten-
tial curative effect of allogeneic HSCT is more consistently
supported, with a similar 3-year survival rate compared to
that of high-risk patients with MF who did not undergo
allogeneic HSCT,33 with the advantage that transplanted
patients may be definitely cured. These EBMT data are
consistent with those recently reported by other coopera-
tive study groups,8,28 indicating that overall survival follow-
ing allogeneic HSCT may reach approximately 50%. 

Nonetheless, non-relapse mortality and relapse remain
unsolved problems for which future studies should
explore the potential benefits of the use of new molecular
therapies, such as Jak2 inhibitors, before and/or after allo-
geneic HSCT. In fact, these drugs have been shown to
reduce spleen size and constitutional symptoms signifi-
cantly, despite being unable to cure MF.34 The effect on
spleen size could reduce the number of patients undergo-
ing splenectomy, which cannot be recommended as a
standard procedure before transplantation. Indeed, despite
a favorable impact on engraftment,8,35 splenectomy is asso-
ciated with significant surgery-related mortality (often
exceeding 10%) and it may also be associated with an
increased risk of relapse.25

In conclusion, this large retrospective study confirms
that allogeneic HSCT is potentially curative for end-stage
PV/ET patients progressing to MF or AML. Innovative
treatment approaches with new molecular targeted thera-
pies may increase the number of patients eligible for trans-
plantation and reduce the risk of relapse and non-relapse
mortality, but they need to be assessed in prospective clin-
ical trials.

Authorship and Disclosures
Information on authorship, contributions, and financial & other

disclosures was provided by the authors and is available with the
online version of this article at www.haematologica.org.

F. Lussana et al.

920 haematologica | 2014; 99(5)

Table 3. Causes of death (n=82).
Causes of death                                   N.                             (%)

Relapse/progression                                   29                                    35
Infection                                                         24                                    29
GVHD                                                               20                                    25
Organ damage/failure                                   1                                    <1
Cerebral hemorrhage                                   1                                     <1
Other causes                                                 10                                     4

References

1. Marchioli R, Finazzi G, Landolfi R, Kutti J,
Gisslinger H, Patrono C, et al. Vascular and
neoplastic risk in a large cohort of patients
with polycythemia vera. J Clin Oncol.
2005;23(10):2224-32.

2. Sterkers Y, Preudhomme C, Lai JL, Demory

JL, Caulier MT, Wattel E, et al. Acute
myeloid leukemia and myelodysplastic syn-
dromes following essential thrombo-
cythemia treated with hydroxyurea: high
proportion of cases with 17p deletion.
Blood. 1998;91(2):616-22.

3. Finazzi G, Ruggeri M, Rodeghiero F, Barbui
T. Second malignancies in patients with
essential thrombocythaemia treated with

busulphan and hydroxyurea: long-term fol-
low-up of a randomized clinical trial. Br J
Haematol. 2000;110(3):577-83.

4. Passamonti F, Rumi E, Pungolino E,
Malabarba L, Bertazzoni P, Valentini M, et al.
Life expectancy and prognostic factors for
survival in patients with polycythemia vera
and essential thrombocythemia. Am J Med.
2004;117(10):755-61.

	
  
	
  
	
  
	
  
	
  

Univariate	
  analysis	
  for	
  outcomes	
  at	
  36	
  months	
  

	
  
	
  

Lussana	
  F	
  et	
  Al.	
  Haematologica	
  2014	
  



ORIGINAL ARTICLE

Safety and outcome of allogeneic stem cell transplantation
in myelofibrosis
Miroslaw Markiewicz1, Monika Dzierzak Mietla1, Agata Wieczorkiewicz1, Sylwia Mizia2, Grzegorz
Helbig1, Malgorzata Kopera1, Krzysztof Bialas1, Malwina Rybicka1, Mariusz Matyja1, Anna Koclega1,
Lech Sedlak3, Tomasz Oleksy3, Sundar Raman3, Slawomira Kyrcz-Krzemien1

1Department of Hematology and Bone Marrow Transplantation, School of Medicine in Katowice, Medical University of Silesia, Katowice;
2Department of Public Health, Department of Organisation and Management, Faculty of Health Science, Wroclaw Medical University, Wroclaw;
3School of Medicine in Katowice, Medical University of Silesia, Katowice, Poland

Abstract

Objectives: We evaluated the safety and outcome of allo-HSCTs in myelofibrosis (MF). Methods: A total

of 27 patients with primary (n = 20) or secondary (n = 7) MF, aged 51 (21–63) yr, transplanted from HLA-

matched related (59%) or unrelated (41%) donors were analyzed. Conditioning was reduced in 26 and

myeloablative in one patient; and ATG was used in 25. Sources of stem cells were as follows: peripheral

blood (21), bone marrow (4) or both (2). Results: Prognostic factors that adversely affected overall survival

(OS) in the multivariate analysis were as follows: recipient age >45 yr (HR = 10.55, P = 0.025) and

unrelated donor (HR=3.73, P = 0.026). Post-transplant transfusion dependence adversely affected OS in

the univariate analysis: dependence from either both RBCs and platelets (HR = 33.26, P = 0.001) or from

either of them (HR = 10.53, P = 0.043). Of 16 JAK2V617F-positive patients evaluated post-transplant, it

was eradicated in 69% and decreased in 25%. Acute GVHD III-IV developed in 19% and extensive chronic

GVHD in 26% of patients; the relapse in four patients was treated with second allo-HSCT. Spleen

decreased in all evaluated patients (n = 24). Fibrotic changes improved or disappeared in 80% of evaluated

patients (n = 10). Conclusions: Allo-HSCT may prolong survival, provide disease regression and improve

quality of life in MF, especially in patients ≤45 yr transplanted from matched related donors. Achieving

transfusion independence post-transplant indicates the favorable outcome.
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Myelofibrosis (MF) is a chronic myeloid malignancy char-
acterized by clonal myeloproliferation, bone marrow fibrosis
and osteosclerosis, extramedullary hematopoiesis, pancyto-
penia, hepatosplenomegaly, peripheral blood leukoerythro-
blastosis, and constitutional symptoms. In the majority of
patients, it develops de novo and is called primary myelofi-
brosis (PMF), but patients with either polycythemia vera
(PV) or essential thrombocythemia (ET) may progress also
into post-PV or post-ET MF. MF is associated with short-
ened survival (median ~69 months) (1). Management of
MF includes conventional drug therapy, although it has not
been shown to prolong survival. Splenectomy or splenic

irradiation may be useful in symptomatic splenomegaly and
may also decrease red blood cell transfusion dependency.
Molecularly targeted therapy with JAK2 inhibitors is a
promising option which may improve outcomes of allo-
HSCT (2); however, this treatment is mainly effective in
decreasing disease symptoms (3). Despite all mentioned
therapeutic approaches, the only potentially curative treat-
ment is allogeneic hematopoietic stem cell transplantation
(allo-HSCT) (4). The aim of this study was to evaluate the
safety and outcomes of allo-HSCT in patients with MF
treated in Hematology and BMT Department, Medical
University of Silesia.

222 © 2015 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd
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from MUD (P < 0.01 for all four subgroups), as shown in
Fig. 1. At median follow-up time of 3 yr (range 0.4–5.4 yr),
no death was observed in patients who survived the first
year after transplantation.
Twenty patients (74%) presented anemia and/or thrombo-

cytopenia, and 14 (52%) were transfusion dependent before
transplant. Following transplantation, 12 of 27 (44%) patients
achieved blood count normalization and became transfusion
independent; 11 of them (92%) are alive and only one died

after day +100 because of cGVHD. In contrary, none of the 9
of 27 (33%) patients, who, following post-transplant aplastic
phase, remained both red blood cell and platelet transfusion
dependent, survived; five patients died before day +100: two

Table 2 Transplant-related characteristics

Year of the transplant

2004–2009 5/27 (19%)

2010–2014 22/27 (81%)

Follow-up in survivors

Median (range) months 41 (5–65)
Donor type

MRD 16/27 (59%)

MUD 11/27 (41%)

HLA matching

Match 25/27 (93%)

HLA-A mismatch 2/27 (7%)

AB0 matching

Match 9/27 (33%)

Minor mismatch 9/27 (33%)

Major mismatch 8/27 (30%)

Minor and major mismatch 1/27 (4%)

Source of stem cells

Bone marrow 4/27 (15%)

Peripheral blood 21/27 (78%)

Peripheral blood + bone marrow 2/27 (7%)

Transplanted TNC 910e8/kg

Peripheral blood

Median (range) 9.6 (1.7–21.4)
Mean ! SD 9.79 ! 4.17

Bone marrow

Median (range) 2.9 (2.4–3.5)
Mean ! SD 2.90 ! 0.59

Transplanted CD34 + cells 910e6/kg

Peripheral blood

Median (range) 6.5 (3.1–13.0)
Mean ! SD 6.97 ! 2.64

Bone marrow

Median (range) 3.1 (1.1–5.1)
Mean ! SD 3.11 ! 1.67

Transplanted CD3 + cells 910e7/kg

Peripheral blood

Median (range) 20.6 (2.6–162.6)
Mean ! SD 30.57 ! 35.58

Bone marrow

Median (range) 6.8 (2.7–66.0)
Mean ! SD 20.59 ! 30.46

Conditioning regimen

BuFlu 26/27 (96%)

BuCy 1/27 (4%)

MRD, matched related donor; MUD, matched unrelated donor; R,

recipient; D, donor; TNC, total nucleated cells; Bu, busulfan

4 9 3.2 mg/kg i.v.; Flu, fludarabine 5 9 30 mg/m2; Cy, cyclophospha-

mide 120 mg/kg.

Table 3 Univariate analysis of overall survival (OS) data

Factor
Hazard
ratio 95% CI P

Recipient sex

Male 1.00

Female 1.36 0.45–4.04 0.585

Recipient age 1.04 0.99–1.09 0.163

≤45 1.00

>45 9.85 1.27–76.30 0.029

Diagnosis

Primary MF 1.00

Secondary MF (post-ET or post-PV) 1.93 0.63–5.91 0.249

Diagnosis

Primary MF 1.00

MF post-essential thrombocythemia 0.72 0.09–5.75 0.756

MF post-polycythemia vera 3.36 1.00–11.27 0.050

Time diagnosis transplant (month) 1.00 0.99–1.01 0.541

DIPSS

Low or intermediate-1 1.00

Intermediate-2 or high 0.84 0.26–2.74 0.775

JAK2 before transplantation

Negative 1.00

Positive, <50% 2.77 0.46–16.63 0.264

Positive, >50% 2.49 0.50–12.37 0.265

% JAK2 before transplantation 1.01 0.99–1.02 0.296

Spleen before transplantation 1.08 0.94–1.23 0.297

Donor type

MRD 1.00

MUD 3.44 1.11–10.68 0.032

AB0 matching

Match 1.00

Minor mismatch 1.93 0.46–8.10 0.367

Major mismatch 1.95 0.44–8.75 0.382

Minor and major mismatch 4.26 0.43–42.52 0.216

Source of stem cells

Bone marrow 1.00

Peripheral blood and/or bone marrow 0.48 0.13–1.77 0.272

Transplanted TNC 0.93 0.81–1.06 0.282

Transplanted CD34 + cells 1.04 0.85–1.28 0.674

Transplanted CD3 + cells 0.99 0.96–1.01 0.305

Significant values in bold.

Table 4 Multivariate analysis of overall survival (OS) data – the final

model

Factor Hazard ratio 95% CI P

Age

≤45 1.00

>45 10.55 1.35–82.55 0.025

Donor type

MRD 1.00

MUD 3.73 1.18–11.84 0.026
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due to aGVHD, two infections, and one cerebral hemorrhage;
and four after day +100: two due to graft failure, one
cGVHD, and one infection. In the group of six of 27 (22%)
patients, who remained transfusion dependent post-transplant,
due to either anemia or thrombocytopenia, 3 (50%) patients
died: one before day +100 due to infection and two after day
+100 due to cGVHD. OS curves are presented in Fig. 2,
and OS analysis with regard to transfusion dependence post-
transplant is presented in Table 5.
Absolute neutrophil count >0.5 9 109/L and platelet count

>50 9 109/L were achieved after a median of 16 and
28 days post-transplant, respectively. Stable engraftment was

observed in 18 of 27 (67%) patients, whereas graft failure,
graft loss, or PRCA occurred in 2 (11%), 6 (19%), and 1
(4%) patients, respectively.

0 1 2 3 4 5 6
Yr

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

Pr
ob

ab
ili

ty
 o

f s
ur

vi
va

l

Sibling, ≤ 45 yr (N = 6, 0 dead)
Unrelated, ≤ 45 yr (N = 3, 1 dead)
Sibling, > 45 yr (N = 10, 5 dead)
Unrelated, > 45 yr (N = 8, 7 dead)

P = 0.00971

Figure 1 Overall survival after allo-HSCT in

myelofibrosis by donor type and patient age.
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Figure 2 Overall survival by transfusion

dependence after allo-HSCT.

Table 5 Univariate analysis of overall survival (OS) with regard to

post-transplant transfusion dependence status

Factor
Hazard
ratio 95% CI P

Transfusion independence 1.00

RBC or PLT transfusion dependence 10.53 1.08–102.70 0.043

RBC and PLT transfusion dependence 33.26 4.04–273.67 0.001
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Figure 2.
Disease free survival probability of adult patients receiving HLA- identical sibling HCT by
different risk groups for myelofibrosis reported to CIBMTR between 1989 and 2002.

Ballen et al. Page 13

Biol Blood Marrow Transplant. Author manuscript; available in PMC 2011 March 1.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Figure 3.
Survival probability of adult patients receiving unrelated donor allogeneic HCT by different
risk groups for myelofibrosis reported to CIBMTR between 1989 and 2002.
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7%-48%). Two patients died of relapsed disease, and 2 had long-
term responses to salvage therapy. One patient with DIPSS
intermediate-1 score MF had salvage therapy with interferon a-2b,
and is alive 8 years after relapse, and 1 patient also with DIPSS
intermediate-1 score MF had salvage therapy with azacytidine and is
alive in remission with 100% donor chimerism 4 years from relapse.

Fifteen patients died from NRM. Causes of death were GF (n ¼
3), graft versus host disease (GVHD) (n ¼ 3), veno-occlusive dis-
ease (n ¼ 3), pneumonia (n ¼ 2), sepsis (n ¼ 2), disseminated
aspergillus infection (n ¼ 1), and cerebrovascular accident (n ¼ 1).
The 1-year cumulative incidence of NRM was 57% (95% CI, 29%-
76%). In the competing risks regression model, increased LDH
level was associated with worse NRM (SHR, 2.82; 95% CI, 1.08-
7.35; P ¼ .03).

After a median follow-up of 49.5 months (range, 3-154 months),
the 4-year OS and RFS were 44% (95% CI, 29%-67%) and 37%
(95% CI, 23%-61%), respectively (Figure 2). In the multivariable
model, enlarged spleen was associated with worse OS (HR, 5.40;
95% CI, 1.19-24.56; P ¼ .03) (Figure 3A), whereas ECOG

Table 2 Continued

Characteristic Value
Cy/TBI 2 (7)

Other 4 (13)

ATG or Alemtuzumab 15 (50)

ATG 11 (37)

Alemtuzumab 4 (13)

GVHD Prophylaxis

Tacrolimus/methotrexate 23 (77)

Tacrolimus alone 4 (13)

Cyclosporine/methotrexate 3 (10)

Data are presented as n (%) or median (range).
Abbreviations: ATG ¼ antithymocyte globulin; Bu ¼ busulfan; Cy ¼ cyclophosphamide;
DIPSS ¼ Dynamic International Prognostic Scoring System; Flu ¼ fludarabine; GVHD ¼ graft
versus host disease; HLA ¼ human leukocyte antigen; JAK2 ¼ janis-associated kinase 2;
LDH ¼ lactate dehydrogenase; Mel ¼ melphalan; MRD ¼ HLA-identical related donor;
MUD ¼ HLA-identical unrelated donor; TBI ¼ total body irradiation; WBC ¼ white blood count.
aAlbumin normal value: 3.5-4.8 g/dL.
bLDH normal value: 98-192 IU/L.

Figure 1 (A) Effect of Splenomegaly on Neutrophil Engraftment. (B) Effect of Splenomegaly on Platelet Engraftment. (C) Effect of High
Lactate Dehydrogenase (LDH) on Platelet Engraftment
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Figure 2 (A) KaplaneMeier Curve of Overall Survival. (B) KaplaneMeier Curve of Relapse-Free Survival
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Figure 3 (A) Effect of Splenomegaly on Overall Survival (OS). (B) Effect of Eastern Cooperative Oncology Group (ECOG) Performance
Status > 1 on OS. (C) Effect of ECOG Performance Status > 1 on Relapse-Free Survival
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ORIGINAL ARTICLE

Allogeneic hematopoietic cell transplantation for myelofibrosis in
patients pretreated with the JAK1 and JAK2 inhibitor ruxolitinib
N Jaekel1, G Behre1, A Behning1, C Wickenhauser2, T Lange1, D Niederwieser1 and HK Al-Ali1

The Janus-activated kinase 1 (JAK1) and JAK2 inhibitor ruxolitinib is effective in decreasing symptomatic splenomegaly and
myelofibrosis (MF)-related symptoms. However, allogeneic hematopoietic cell transplantation (HCT) remains the only curative
option. We evaluated the impact of ruxolitinib on the outcome after HCT. A cohort of 14 patients (median age 58 years) received a
subsequent graft from related (n¼ 3) and unrelated (n¼ 11) donors after a median exposure of 6.5 months to ruxolitinib. At HCT,
MF risk for survival according to the International Prognostic Scoring System was intermediate-2 or high risk in 86% of patients.
Under ruxolitinib, MF-related symptoms were ameliorated in 10 (71.4%) patients and the palpable spleen reduced by a median of
41% in 7 (64%) of 11 patients with splenomegaly. Engraftment occurred in 13 (93%) patients. Acute GvHD grade-III occurred in 2
(14%) patients. Median follow-up was 9 months. Survival, EFS and treatment-related mortality were 78.6, 64 and 7%, respectively.
Through the anti-JAK-mediated reduction in both cytokines and splenomegaly as well as improvement in performance status,
ruxolitinib might improve outcome after allogeneic HCT in patients with MF. The downregulation of inflammatory cytokines might
have a beneficial impact on graft failure and acute GvHD.

Bone Marrow Transplantation (2014) 49, 179–184; doi:10.1038/bmt.2013.173; published online 2 December 2013

Keywords: JAK inhibitor; ruxolitinib; myelofibrosis; allogeneic hematopoietic cell transplantation

INTRODUCTION
Myelofibrosis (MF), including primary MF, post polycythemia vera
MF and post essential thrombocythemia MF, is a rare hemato-
logical disease affecting mainly elderly patients, characterized by a
variable clinical course, and often associated with constitutional
symptoms and splenomegaly.1 Identifying optimal treatment
strategies for patients with MF is challenging as options range
from ‘‘watch and wait’’ to allogeneic hematopoietic cell trans-
plantation (HCT). An individualized and risk-adapted approach is
usually required.

With the approval of ruxolitinib, a Janus-activated kinase 1
(JAK1) and JAK2 inhibitor which inhibits dysregulated JAK-STAT
(signal transducer and activator of transcription factor) signaling in
both JAK2V617F-positive and -negative diseases, the treatment
landscape for patients with MF has changed.2,3 Ruxolitinib is
effective in decreasing splenomegaly, MF-related symptoms and
causes improvement in quality of life. Some data also suggest
that treatment with ruxolitinib might be associated with a survival
benefit.2 However at this time, ruxolitinib cannot be considered to
be curative. Although a large proportion of patients is beyond the
transplant age group, allogeneic HCT remains the only curative
option for MF.

Despite notable advances that have improved outcome after
allogeneic HCT such as high-resolution typing of unrelated donors
and the introduction of reduced intensity conditioning (RIC),
controversies regarding its application in MF patients and
concerns regarding allogeneic HCT-related morbidity and mortal-
ity remain.4 In a rare and heterogeneous disease affecting mainly
elderly patients, challenges in the transplant setting are patient
selection, timing of allogeneic HCT and the type of conditioning
regimen. Though a variety of disease- and patient-related factors

have been identified that might support decision-making, the
complex issue of allocating patients to allogeneic HCT is often
subjective and based on the physician’s opinion. With the
availability of ruxolitinib, the risk/benefit considerations, at least
for some patients, might change. Thus, incorporating ruxolitinib in
treatment strategies might change the positioning of trans-
plantation and provide a chance to improve outcome in patients
with MF. In this analysis, we present data on 14 consecutive
patients with MF who received an allogeneic HCT following
treatment with ruxolitinib at the University of Leipzig, Leipzig,
Germany. Response to ruxolitinib preceding allogeneic HCT,
decision making and risk stratification for transplantation as well
as outcome after allogeneic HCT with focus on disease- and
patient-related features as prognostic determinants of outcome
are discussed.

PATIENTS AND METHODS
Between December 2009 and June 2012, a cohort of 47 consecutive
patients with MF-related symptoms and/or symptomatic splenomegaly
were treated with ruxolitinib within clinical protocols (INCB 18424-352,
CINC424A2401 and CINC424A2201) at the University of Leipzig. All patients
gave informed consent. Median age was 67 (range 33–80) years. Before
ruxolitinib, allogeneic HCT was not considered to be the appropriate
treatment option at the time because of age, comorbidities, poor
performance status (PS) due to MF-related symptoms and/or massive
splenomegaly. Disease risk according to the International Prognostic
Scoring System (IPSS) was: intermediate-1 risk in 7 (15%), intermediate-2
risk in 20 (42.5%), and high risk in 20 (42.5%) patients.5

Subsequently, potential candidates for allogeneic HCT were identified if
all of the following patient-related criteria were met: ECOG (Eastern
Cooperative Oncology Group) PSp2, ageo70 years, no significant

1Division of Hematology and Oncology, University Hospital Leipzig, Leipzig, Germany and 2Institute of Pathology, University Hospital of Leipzig, Leipzig, Germany.
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To date, TRM due to sepsis occurred in one patient (7%) after 10
months. Secondary AML after allogeneic HCT was diagnosed in
two patients who received IC before transplantation due to LT or
rapidly progressive leucocytosis under ruxolitinib.

Of particular interest is patient no. 11 who died 9.5 months after
allogeneic HCT because of progressive marrow fibrosis with
massive splenomegaly despite a 100% donor chimerism. Surpris-
ingly, the JAK2V617F mutation was identified after transplantation
for the first time although several evaluations confirmed the
absence of the mutation before allogeneic HCT (Figure 3). Re-
evaluation of the otherwise completely healthy MRD (brother)
confirmed the presence of the JAK2V617F mutation without
clinical features of a myeloproliferative neoplasia (MPN).

DISCUSSION
To our knowledge, these are the first data on the use of ruxolitinib
before allogeneic HCT in patients with MF. Although sample size is
small and follow-up short, several observations can be made
concerning patient selection, timing and outcome of allogeneic
HCT in the era of ruxolitinib.

The IPSS, DIPSS, DIPSS plus and the Lille scoring systems are
used for risk stratification regarding survival and decision making
in patients with MF. Although not validated in patients with post-
PV- and post ET-MF, these scoring systems are also used in these
entities. Transplantation is usually considered for patients with
intermediate-2 or high risk MF.1,13

Before commencing ruxolitinib, analysis of the prognostic factors
relevant for survival revealed that 12 (85%) patients were at high
risk and intermediate-2 risk according to IPPS. Two of the three
patients with low risk according to the Lille score had intermediate-

Table 3. Reason for commencing ruxolitinib, response to ruxolitinib, and outcome after allogeneic hematopoietic cell transplantation (HCT) in
patients with myelofibrosis (MF)

Patient
no.

Reason for commencing
ruxolitinib

Best response to ruxolitinib Durability of
response until

allogeneic
HCT

Outcome after allogeneic HCT

Splenomegalya

(cm)
MF-

related
symptoms

Reduction
in spleen
sizea (cm)

Decrease in MF-
related symptoms
from baseline (%)

1 Yes (24) Yes Yes (19) 50 Yes Died 10 months after HCT (sepsis)
2 Yes (12) Yes No 34 Nob Died 2 months after HCT (relapse of AML)
3 Yes (11) Yes Yes (7) 50 Yes Remission
4 — Yes — 66 Yes Remissionþ
5 Yes (8) — Yes (0) — Noc Remission
6 — Yes — 100 Yes Remission
7 — Yes — 50 Yes Remission
8 Yes (7) Yes Yes (3) 66 Yes Remissionþ
9 Yes (10) Yes Yes (5) 50 Yes Remission
10 Yes (16) Yes Yes (6) 55 Yes No engraftment. Restarted on ruxolitinib with a

very good response
11 Yes (25) Yes No 33 Yes Progression of MF. Died 9.5 months after HCT
12 Yes (10) Yes Yes (8) 80 Nod Second CRþ after relapse with AML 4 months

after allogeneic HCT treated with chemotherapy
and withdrawal of immunosuppression

13 Yes (10) Yes Yes (6) 100 Yes Remission
14e Yes (17) Yes Yes (10) 60 Yes Remission

aPalpable below costal margin in cm; remissionþ : including cytogenetic remission. bResponse occurred at week 4 and was lost at the time of leukemic
transformation (LT) 4 weeks later. cResponse occurred at week 8 with a duration of 4 months and was lost at the time of LT. dResponse occurred at week 8 but
progressive leucocytosis with 5% blasts in the peripheral blood emerged at week 10. eThe patient received a total daily dose of 15mg (5mg in the morning
and 10mg in the evening) because of platelets o100 000/mm3.
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Figure 2. Probability of survival at 1 year after allogeneic HCT.
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Age-adjusted DIPSS model

Because the age limit for treating patients using allogeneic SCT is
set at 65 years, we developed an age-adjusted DIPSS (aaDIPSS)
for younger patients (age ! 65). In a multivariable Cox propor-
tional hazard survival analysis, all covariates (hemoglobin level
! 100 g/L [10 g/dL], white blood cell count " 25 # 109/L, periph-
eral blood blasts ! 1%, and presence of constitutional symptoms)
were independent risk factors (Table 3), so they were all included in
the aaDIPSS. We assigned integer score weights close to the
corresponding HR (Table 4). When testing the score as a continu-
ous time-dependent covariate in a Cox survival regression model,
the resulting HR was 1.95 (95% CI: 1.68-2.27, P ! .001), meaning
a 1.95-fold increase in hazard when the patient acquires each score
value at any time from diagnosis. By comparing the Kaplan-Meier
survival curves corresponding to the 7 score values, both log-rank
test (P ! .001) and the test for trend (P ! .001) gave significant
results (supplemental Figure 2). We merged consecutive score
values into 4 risk categories: low (score $ 0), intermediate-1 (score
1 to 2), intermediate-2 (score 3 to 4), and high (score " 4). Median
survival was not reached in low-risk patients; it was 9.8 years in
intermediate-1, 4.8 years in intermediate-2, and 2.3 years in high
risk (Figure 4). To investigate the prognostic role of the aaDIPSS
score on survival, we analyzed the score as a categoric time-
dependent covariate in a Cox survival regression model. The HR
was 3.97 (95% CI: 1.5-10.5, P $ .005) when category shifted from
low to intermediate-1, 2.84 (95% CI: 1.46-5.54; P $ .002) from
intermediate-1 to intermediate-2, and 1.81 (95% CI: 1.08-3.04;
P $ .025) from intermediate-2 to high.

Discussion

The IWG-MRT has recently developed a prognostic model for
primary myelofibrosis based on 5 factors at diagnosis: age older
than 65 years, hemoglobin lower than 100 g/L (10 g/dL), white
blood cell count greater than 25 # 109/L, peripheral blood blasts
equal to or greater than 1%, and constitutional symptoms.17

Although this scoring system remains a milestone in the prognosti-
cation of PMF, this model is applicable only to stratify patients at
the time of diagnosis, given that it does not account for the effect of
time changes of risk factors on survival.

Therefore, the goal of the new project of the IWG-MRT was to
develop a dynamic prognostic model to classify patients with PMF
into prognostic categories anytime according to recognized clinical
features. This task was accomplished by evaluating patients
followed on a regular basis, which means at least 3 visits a year.
The DIPSS incorporates all risk factors identified at diagnosis by
prior IWG-MRT study.17 These were also statistically significant
when analyzed as time-dependent covariates in a multivariate Cox
model. This approach showed that the acquisition of anemia over
time affects survival with a HR roughly double than that of other
parameters. This allows us to assign a greater weight to anemia in
the score. Therefore, DIPSS differs from the Cervantes et al score,
which gave the same weight to each risk factor. Comparing the
2 models, the time-dependent analysis confers a higher prognostic
power to anemia. This is likely because anemia is the risk factor
acquired most frequently and earlier during follow-up. The toxic
effect of cytoreductive therapy on anemia should be ruled out,
according to the inclusion criteria of the study. We presume that the
relationship between the acquisition of anemia during follow-up

Figure 3. Kaplan-Meier estimate of survival in primary myelofibrosis according
to the DIPSS. Risk categories were according to the score obtained anytime during
follow-up. Low risk: score 0, intermediate-1 risk: score 1-2; intermediate-2 risk: score
3-4, and high risk: score 5-6.

Figure 4. Kaplan-Meier estimate of survival in primary myelofibrosis according
to the aaDIPSS. Risk categories were according to the score obtained at any time
during follow-up. Low risk: score 0, intermediate-1 risk: score 1-2; intermediate-2 risk:
score 3-4; and high risk: score " 4.

Table 3. DIPSS for survival in primary myelofibrosis

Prognostic variable

Value

0 1 2

Age, y " 65 " 65

White blood cell count, #109/L " 25 " 25

Hemoglobin, g/dL ! 10 ! 10

Peripheral blood blast, % ! 1 ! 1

Constitutional symptoms, Y/N N Y

The risk category is obtained adding up the values of each prognostic variable.
Risk categories are defined as low: 0; intermediate-1: 1 or 2; intermediate-2: 3 or 4;
and high: 5 or 6.

DIPSS indicates Dynamic International Prognostic Scoring System.

Table 4. Age-adjusted DIPSS for survival in primary myelofibrosis

Prognostic variable

Value

0 1 2

White blood cell count, #109/L " 25 " 25

Hemoglobin, g/dL ! 10 ! 10

Peripheral blood blast, % ! 1 ! 1

Constitutional symptoms, Y/N N Y

The risk category is obtained adding up the values of each prognostic variable.
Risk categories are defined as low: 0; intermediate-1: 1 or 2; intermediate-2: 3 or 4;
and high: more than 4.

DIPSS indicates Dynamic International Prognostic Scoring System.
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Age-adjusted DIPSS model

Because the age limit for treating patients using allogeneic SCT is
set at 65 years, we developed an age-adjusted DIPSS (aaDIPSS)
for younger patients (age ! 65). In a multivariable Cox propor-
tional hazard survival analysis, all covariates (hemoglobin level
! 100 g/L [10 g/dL], white blood cell count " 25 # 109/L, periph-
eral blood blasts ! 1%, and presence of constitutional symptoms)
were independent risk factors (Table 3), so they were all included in
the aaDIPSS. We assigned integer score weights close to the
corresponding HR (Table 4). When testing the score as a continu-
ous time-dependent covariate in a Cox survival regression model,
the resulting HR was 1.95 (95% CI: 1.68-2.27, P ! .001), meaning
a 1.95-fold increase in hazard when the patient acquires each score
value at any time from diagnosis. By comparing the Kaplan-Meier
survival curves corresponding to the 7 score values, both log-rank
test (P ! .001) and the test for trend (P ! .001) gave significant
results (supplemental Figure 2). We merged consecutive score
values into 4 risk categories: low (score $ 0), intermediate-1 (score
1 to 2), intermediate-2 (score 3 to 4), and high (score " 4). Median
survival was not reached in low-risk patients; it was 9.8 years in
intermediate-1, 4.8 years in intermediate-2, and 2.3 years in high
risk (Figure 4). To investigate the prognostic role of the aaDIPSS
score on survival, we analyzed the score as a categoric time-
dependent covariate in a Cox survival regression model. The HR
was 3.97 (95% CI: 1.5-10.5, P $ .005) when category shifted from
low to intermediate-1, 2.84 (95% CI: 1.46-5.54; P $ .002) from
intermediate-1 to intermediate-2, and 1.81 (95% CI: 1.08-3.04;
P $ .025) from intermediate-2 to high.

Discussion

The IWG-MRT has recently developed a prognostic model for
primary myelofibrosis based on 5 factors at diagnosis: age older
than 65 years, hemoglobin lower than 100 g/L (10 g/dL), white
blood cell count greater than 25 # 109/L, peripheral blood blasts
equal to or greater than 1%, and constitutional symptoms.17

Although this scoring system remains a milestone in the prognosti-
cation of PMF, this model is applicable only to stratify patients at
the time of diagnosis, given that it does not account for the effect of
time changes of risk factors on survival.

Therefore, the goal of the new project of the IWG-MRT was to
develop a dynamic prognostic model to classify patients with PMF
into prognostic categories anytime according to recognized clinical
features. This task was accomplished by evaluating patients
followed on a regular basis, which means at least 3 visits a year.
The DIPSS incorporates all risk factors identified at diagnosis by
prior IWG-MRT study.17 These were also statistically significant
when analyzed as time-dependent covariates in a multivariate Cox
model. This approach showed that the acquisition of anemia over
time affects survival with a HR roughly double than that of other
parameters. This allows us to assign a greater weight to anemia in
the score. Therefore, DIPSS differs from the Cervantes et al score,
which gave the same weight to each risk factor. Comparing the
2 models, the time-dependent analysis confers a higher prognostic
power to anemia. This is likely because anemia is the risk factor
acquired most frequently and earlier during follow-up. The toxic
effect of cytoreductive therapy on anemia should be ruled out,
according to the inclusion criteria of the study. We presume that the
relationship between the acquisition of anemia during follow-up

Figure 3. Kaplan-Meier estimate of survival in primary myelofibrosis according
to the DIPSS. Risk categories were according to the score obtained anytime during
follow-up. Low risk: score 0, intermediate-1 risk: score 1-2; intermediate-2 risk: score
3-4, and high risk: score 5-6.

Figure 4. Kaplan-Meier estimate of survival in primary myelofibrosis according
to the aaDIPSS. Risk categories were according to the score obtained at any time
during follow-up. Low risk: score 0, intermediate-1 risk: score 1-2; intermediate-2 risk:
score 3-4; and high risk: score " 4.

Table 3. DIPSS for survival in primary myelofibrosis

Prognostic variable

Value

0 1 2

Age, y " 65 " 65

White blood cell count, #109/L " 25 " 25

Hemoglobin, g/dL ! 10 ! 10

Peripheral blood blast, % ! 1 ! 1

Constitutional symptoms, Y/N N Y

The risk category is obtained adding up the values of each prognostic variable.
Risk categories are defined as low: 0; intermediate-1: 1 or 2; intermediate-2: 3 or 4;
and high: 5 or 6.

DIPSS indicates Dynamic International Prognostic Scoring System.

Table 4. Age-adjusted DIPSS for survival in primary myelofibrosis

Prognostic variable

Value

0 1 2

White blood cell count, #109/L " 25 " 25

Hemoglobin, g/dL ! 10 ! 10

Peripheral blood blast, % ! 1 ! 1

Constitutional symptoms, Y/N N Y

The risk category is obtained adding up the values of each prognostic variable.
Risk categories are defined as low: 0; intermediate-1: 1 or 2; intermediate-2: 3 or 4;
and high: more than 4.

DIPSS indicates Dynamic International Prognostic Scoring System.
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Age-adjusted DIPSS model

Because the age limit for treating patients using allogeneic SCT is
set at 65 years, we developed an age-adjusted DIPSS (aaDIPSS)
for younger patients (age ! 65). In a multivariable Cox propor-
tional hazard survival analysis, all covariates (hemoglobin level
! 100 g/L [10 g/dL], white blood cell count " 25 # 109/L, periph-
eral blood blasts ! 1%, and presence of constitutional symptoms)
were independent risk factors (Table 3), so they were all included in
the aaDIPSS. We assigned integer score weights close to the
corresponding HR (Table 4). When testing the score as a continu-
ous time-dependent covariate in a Cox survival regression model,
the resulting HR was 1.95 (95% CI: 1.68-2.27, P ! .001), meaning
a 1.95-fold increase in hazard when the patient acquires each score
value at any time from diagnosis. By comparing the Kaplan-Meier
survival curves corresponding to the 7 score values, both log-rank
test (P ! .001) and the test for trend (P ! .001) gave significant
results (supplemental Figure 2). We merged consecutive score
values into 4 risk categories: low (score $ 0), intermediate-1 (score
1 to 2), intermediate-2 (score 3 to 4), and high (score " 4). Median
survival was not reached in low-risk patients; it was 9.8 years in
intermediate-1, 4.8 years in intermediate-2, and 2.3 years in high
risk (Figure 4). To investigate the prognostic role of the aaDIPSS
score on survival, we analyzed the score as a categoric time-
dependent covariate in a Cox survival regression model. The HR
was 3.97 (95% CI: 1.5-10.5, P $ .005) when category shifted from
low to intermediate-1, 2.84 (95% CI: 1.46-5.54; P $ .002) from
intermediate-1 to intermediate-2, and 1.81 (95% CI: 1.08-3.04;
P $ .025) from intermediate-2 to high.

Discussion

The IWG-MRT has recently developed a prognostic model for
primary myelofibrosis based on 5 factors at diagnosis: age older
than 65 years, hemoglobin lower than 100 g/L (10 g/dL), white
blood cell count greater than 25 # 109/L, peripheral blood blasts
equal to or greater than 1%, and constitutional symptoms.17

Although this scoring system remains a milestone in the prognosti-
cation of PMF, this model is applicable only to stratify patients at
the time of diagnosis, given that it does not account for the effect of
time changes of risk factors on survival.

Therefore, the goal of the new project of the IWG-MRT was to
develop a dynamic prognostic model to classify patients with PMF
into prognostic categories anytime according to recognized clinical
features. This task was accomplished by evaluating patients
followed on a regular basis, which means at least 3 visits a year.
The DIPSS incorporates all risk factors identified at diagnosis by
prior IWG-MRT study.17 These were also statistically significant
when analyzed as time-dependent covariates in a multivariate Cox
model. This approach showed that the acquisition of anemia over
time affects survival with a HR roughly double than that of other
parameters. This allows us to assign a greater weight to anemia in
the score. Therefore, DIPSS differs from the Cervantes et al score,
which gave the same weight to each risk factor. Comparing the
2 models, the time-dependent analysis confers a higher prognostic
power to anemia. This is likely because anemia is the risk factor
acquired most frequently and earlier during follow-up. The toxic
effect of cytoreductive therapy on anemia should be ruled out,
according to the inclusion criteria of the study. We presume that the
relationship between the acquisition of anemia during follow-up
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3-4, and high risk: score 5-6.

Figure 4. Kaplan-Meier estimate of survival in primary myelofibrosis according
to the aaDIPSS. Risk categories were according to the score obtained at any time
during follow-up. Low risk: score 0, intermediate-1 risk: score 1-2; intermediate-2 risk:
score 3-4; and high risk: score " 4.

Table 3. DIPSS for survival in primary myelofibrosis

Prognostic variable

Value

0 1 2

Age, y " 65 " 65

White blood cell count, #109/L " 25 " 25

Hemoglobin, g/dL ! 10 ! 10

Peripheral blood blast, % ! 1 ! 1

Constitutional symptoms, Y/N N Y

The risk category is obtained adding up the values of each prognostic variable.
Risk categories are defined as low: 0; intermediate-1: 1 or 2; intermediate-2: 3 or 4;
and high: 5 or 6.

DIPSS indicates Dynamic International Prognostic Scoring System.
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Value
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White blood cell count, #109/L " 25 " 25

Hemoglobin, g/dL ! 10 ! 10

Peripheral blood blast, % ! 1 ! 1

Constitutional symptoms, Y/N N Y

The risk category is obtained adding up the values of each prognostic variable.
Risk categories are defined as low: 0; intermediate-1: 1 or 2; intermediate-2: 3 or 4;
and high: more than 4.

DIPSS indicates Dynamic International Prognostic Scoring System.
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Age-adjusted DIPSS model

Because the age limit for treating patients using allogeneic SCT is
set at 65 years, we developed an age-adjusted DIPSS (aaDIPSS)
for younger patients (age ! 65). In a multivariable Cox propor-
tional hazard survival analysis, all covariates (hemoglobin level
! 100 g/L [10 g/dL], white blood cell count " 25 # 109/L, periph-
eral blood blasts ! 1%, and presence of constitutional symptoms)
were independent risk factors (Table 3), so they were all included in
the aaDIPSS. We assigned integer score weights close to the
corresponding HR (Table 4). When testing the score as a continu-
ous time-dependent covariate in a Cox survival regression model,
the resulting HR was 1.95 (95% CI: 1.68-2.27, P ! .001), meaning
a 1.95-fold increase in hazard when the patient acquires each score
value at any time from diagnosis. By comparing the Kaplan-Meier
survival curves corresponding to the 7 score values, both log-rank
test (P ! .001) and the test for trend (P ! .001) gave significant
results (supplemental Figure 2). We merged consecutive score
values into 4 risk categories: low (score $ 0), intermediate-1 (score
1 to 2), intermediate-2 (score 3 to 4), and high (score " 4). Median
survival was not reached in low-risk patients; it was 9.8 years in
intermediate-1, 4.8 years in intermediate-2, and 2.3 years in high
risk (Figure 4). To investigate the prognostic role of the aaDIPSS
score on survival, we analyzed the score as a categoric time-
dependent covariate in a Cox survival regression model. The HR
was 3.97 (95% CI: 1.5-10.5, P $ .005) when category shifted from
low to intermediate-1, 2.84 (95% CI: 1.46-5.54; P $ .002) from
intermediate-1 to intermediate-2, and 1.81 (95% CI: 1.08-3.04;
P $ .025) from intermediate-2 to high.

Discussion

The IWG-MRT has recently developed a prognostic model for
primary myelofibrosis based on 5 factors at diagnosis: age older
than 65 years, hemoglobin lower than 100 g/L (10 g/dL), white
blood cell count greater than 25 # 109/L, peripheral blood blasts
equal to or greater than 1%, and constitutional symptoms.17

Although this scoring system remains a milestone in the prognosti-
cation of PMF, this model is applicable only to stratify patients at
the time of diagnosis, given that it does not account for the effect of
time changes of risk factors on survival.

Therefore, the goal of the new project of the IWG-MRT was to
develop a dynamic prognostic model to classify patients with PMF
into prognostic categories anytime according to recognized clinical
features. This task was accomplished by evaluating patients
followed on a regular basis, which means at least 3 visits a year.
The DIPSS incorporates all risk factors identified at diagnosis by
prior IWG-MRT study.17 These were also statistically significant
when analyzed as time-dependent covariates in a multivariate Cox
model. This approach showed that the acquisition of anemia over
time affects survival with a HR roughly double than that of other
parameters. This allows us to assign a greater weight to anemia in
the score. Therefore, DIPSS differs from the Cervantes et al score,
which gave the same weight to each risk factor. Comparing the
2 models, the time-dependent analysis confers a higher prognostic
power to anemia. This is likely because anemia is the risk factor
acquired most frequently and earlier during follow-up. The toxic
effect of cytoreductive therapy on anemia should be ruled out,
according to the inclusion criteria of the study. We presume that the
relationship between the acquisition of anemia during follow-up

Figure 3. Kaplan-Meier estimate of survival in primary myelofibrosis according
to the DIPSS. Risk categories were according to the score obtained anytime during
follow-up. Low risk: score 0, intermediate-1 risk: score 1-2; intermediate-2 risk: score
3-4, and high risk: score 5-6.

Figure 4. Kaplan-Meier estimate of survival in primary myelofibrosis according
to the aaDIPSS. Risk categories were according to the score obtained at any time
during follow-up. Low risk: score 0, intermediate-1 risk: score 1-2; intermediate-2 risk:
score 3-4; and high risk: score " 4.

Table 3. DIPSS for survival in primary myelofibrosis

Prognostic variable

Value

0 1 2

Age, y " 65 " 65

White blood cell count, #109/L " 25 " 25

Hemoglobin, g/dL ! 10 ! 10

Peripheral blood blast, % ! 1 ! 1

Constitutional symptoms, Y/N N Y

The risk category is obtained adding up the values of each prognostic variable.
Risk categories are defined as low: 0; intermediate-1: 1 or 2; intermediate-2: 3 or 4;
and high: 5 or 6.

DIPSS indicates Dynamic International Prognostic Scoring System.

Table 4. Age-adjusted DIPSS for survival in primary myelofibrosis

Prognostic variable

Value

0 1 2

White blood cell count, #109/L " 25 " 25

Hemoglobin, g/dL ! 10 ! 10

Peripheral blood blast, % ! 1 ! 1

Constitutional symptoms, Y/N N Y

The risk category is obtained adding up the values of each prognostic variable.
Risk categories are defined as low: 0; intermediate-1: 1 or 2; intermediate-2: 3 or 4;
and high: more than 4.

DIPSS indicates Dynamic International Prognostic Scoring System.
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analysis identified platelet count lower than 100 ! 109/L
(P " .0007) and unfavorable karyotype (P " .04), but not DIPSS or
transfusion status as independent predictors of leukemia-free sur-
vival (Table 2). Accordingly, we utilized these two variables, to
construct a prognostic model to predict leukemic transformation:
low risk (none of the adverse factors present) and high risk (at least
one adverse factor present). The respective 5- and 10-year risk of
leukemic transformation were 6% and 12% for the low-risk group

versus 18% and 31% for the high-risk group (P # .001; HR, 3.3;
95% CI, 1.9 to 5.6; Fig 4).

DISCUSSION

The IPSS is the most widely used prognostic scoring system in PMF
and was developed by the International Working Group for Myelo-
proliferative Neoplasms Research and Treatment.4 IPSS utilizes five

Table 2. Multivariable Analysis of Prognostic Factors for Overall and Leukemia-Free Survival in Patients With Primary Myelofibrosis (N " 793)

Survival

Patients Referred Within 1 Year of Diagnosis
(n " 428)

Patients Referred After 1 Year From Diagnosis
(n " 365)

95% CI Hazard Ratio P 95% CI Hazard Ratio P

Overall survival
DIPSS risk

High 4.0 to 13.3 7.3 # .001 2.9 to 15.9 6.8 # .001
Intermediate-2 2.1 to 6.0 3.6 # .001 2.1 to 10.3 4.6 .0002
Intermediate-1 1.2 to 3.1 1.9 .01 1.4 to 7.0 3.2 .005

Unfavorable karyotype! 1.7 to 3.4 2.4 # .001 1.2 to 2.3 1.7 .001
Platelets # 100 ! 109/L 1.2 to 2.2 1.6 .0009 1.1 to 1.9 1.4 .02
Red cell transfusion dependent 1.1 to 2.0 1.4 .01 0.9 to 1.6 1.2 .16

Leukemia-free survival, N " 793
DIPSS risk

High 0.9 to 26 5.0 .06
Intermediate-2 0.7 to 15 3.3 .12
Intermediate-1 0.9 to 16 3.7 .08

Unfavorable karyotype! 1.1 to 4.3 2.2 .02
Platelets # 100 ! 109/L 1.4 to 4.6 2.5 .003
Red cell transfusion dependent 0.6 to 2.3 1.2 .65

NOTE. Values were determined by the Cox regression model. Bold font indicates significant P values.
Abbreviation: DIPSS, Dynamic International Prognostic Scoring System.
!Unfavorable karyotype: complex karyotype or sole or two abnormalities that include $8, %7/7q-, i(17q), %5/5q-, 12p-, inv(3), or 11q23 rearrangement.
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Fig 1. Survival data of 428 patients with primary myelofibrosis evaluated within
1 year of their diagnosis and stratified by their Dynamic International Prognostic
Scoring System (DIPSS) $ karyotype $ platelet count $ transfusion status
prognostic scores. Low risk, zero adverse points; n " 46; median survival,
approximately 180 months. Intermediate-1 risk, one adverse point; n " 114;
median survival, approximately 80 months. Intermediate-2 risk, two or three
adverse points; n " 177; median survival, approximately 35 months. High risk,
four to six adverse points; n " 91; median survival, approximately 16 months.
Scale for DIPSS: high risk, three adverse points; intermediate-2, two adverse
points; intermediate-1, unfavorable karyotype, platelets # 100 x 109/L, and
transfusion need, one adverse point.
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Fig 2. Survival data of 365 patients with primary myelofibrosis evaluated beyond
the first year of their initial diagnosis and stratified by their Dynamic International
Prognostic Scoring System (DIPSS) $ karyotype $ platelet count $ transfusion
status prognostic scores. Low risk, zero adverse points; n " 20; median survival
not reached. Intermediate-1 risk, one adverse point; n " 60; median survival,
approximately 63 months. Intermediate-2 risk, two or three adverse points;
n " 183; median survival, approximately 33 months. High risk, four to six adverse
points; n " 102; median survival, approximately 16 months. Scale for DIPSS: high
risk, three adverse points; intermediate-2, two adverse points; intermediate-1,
unfavorable karyotype, platelets # 100 x 109/L, and transfusion need, one
adverse point.

New Prognostic Model in Myelofibrosis

www.jco.org © 2010 by American Society of Clinical Oncology 395

Downloaded from ascopubs.org by 195.57.117.22 on May 19, 2017 from 195.057.117.022
Copyright © 2017 American Society of Clinical Oncology. All rights reserved.

adverse risk factors measured at time of diagnosis: age older than 65
years, hemoglobin lower than 10 g/dL, leukocyte count higher than
25 ! 109/L, circulating blasts ! 1%, and constitutional symptoms.
Each one of these risk factors is assigned 1 adverse point. The presence
of 0, 1, 2, and ! 3 adverse points defines low, intermediate-1,
intermediate-2, and high-risk disease with corresponding median sur-
vivals of 11.3, 7.9, 4, and 2.3 years.4 The International Working Group
for Myeloproliferative Neoplasms Research and Treatment subse-
quently developed the DIPSS model that utilizes the same prognostic
variables as IPSS, but can be applied at any time during the disease

course.7 DIPSS assigns 2, instead of 1, adverse points for hemoglobin
lower than 10 g/dL and risk categorization is accordingly modified to
low (0 adverse points), intermediate-1 (1 or 2 points), intermediate-2
(3 or 4 points), and high (5 or 6 points); the corresponding median
survivals were not reached, 14.2, 4, and 1.5 years. IPSS-independent
risk factors for survival in PMF have since been described and include
unfavorable karyotype (ie, complex karyotype or sole or two abnor-
malities that include "8, #7/7q-, i(17q), #5/5q-, 12p-, inv(3), or
11q23 rearrangement),10 red cell transfusion need,8 and platelet count
lower than 100 ! 109/L.11 The proportion of patients with PMF with
these additional risk factors, within a given DIPSS risk category, is not
trivial. For example, in this study, 7%, 12% and 17% of patients
categorized as low, intermediate-1, and intermediate-2 risk by
DIPSS displayed unfavorable karyotype whereas the respective
figures for patients with platelets lower than 100 ! 109/L were 7%,
18%, and 32%.

In this study, we show that the above-mentioned IPSS-
independent risk factors for survival in PMF are also DIPSS indepen-
dent. Such prognostic information was effectively inserted into the
DIPSS model in order to identify otherwise lower risk patients with
unfavorable outcome and higher risk patients with favorable outcome
(Appendix Table A1, online only). For example, the median survival
of DIPSS low-risk patients with unfavorable karyotype or thrombocy-
topenia was 6.5 years as opposed to longer than 15 years in the absence
of these two additional risk factors. Similarly, DIPSS high-risk patients
with one or more of the above-mentioned risk factors carry an ex-
tremely poor prognosis with a median survival of shorter than 1.5
years as opposed to approximately 3 years otherwise. Also, according
to the new prognostic model, transfusion-dependent patients are
compulsorily assigned to an intermediate-2 risk category with a me-
dian survival of approximately 3 years; in the DIPSS model, such
patients would have been included in intermediate-1 risk category
with an expected median survival of 14 years.7 These observations
make it evident that the new prognostic model greatly enhances the
ability to select the appropriate patient for a specific treatment modal-
ity. For example, the risk of alloSCT is fully justified for DIPSS plus
high-, but not for DIPSS plus low-risk patients. alloSCT is also advised
for DIPSS plus intermediate-2 risk patients whereas experimental
drug therapy might be more appropriate for intermediate-1 risk pa-
tients with symptomatic disease.

This study also provides prognostic information for leukemia-
free survival in PMF by demonstrating a respective 5- and 10-year risk
of leukemic transformation at approximately 6% and 12%, for low-
risk group (ie, absence of both unfavorable karyotype and platelets $
100 ! 109/L). The corresponding values in the presence of one or both
of these risk factors were 18% and 31%. These observations are con-
sistent with our recent report on the prognostic value of cytogenetic
studies in newly diagnosed patients where the 5-year leukemic trans-
formation rate for unfavorable versus favorable karyotype were 46%
and 7%.10 The detrimental effect of unfavorable karyotype on
leukemia-free survival in PMF has also been noted by other investiga-
tors.15 Furthermore, in a recent MD Anderson Cancer Center study, a
survival of shorter than 1 year and leukemic transformation were
predicted by the presence of platelet count lower than 50 ! 109/L or
chromosome 17 abnormalities.16 Similarly, in an earlier study, leuke-
mic transformation in PMF was associated with a platelet count of
lower than 100 ! 109/L.17 Transfusion need in PMF has also been
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Fig 3. Survival data of 793 patients with primary myelofibrosis evaluated at time
of their first Mayo Clinic referral and stratified by their Dynamic International
Prognostic Scoring System (DIPSS) " karyotype " platelet count " transfusion
status prognostic scores. Low risk, zero adverse points; n % 66; median survival,
approximately 185 months. Intermediate-1 risk, one adverse point; n % 174;
median survival, approximately 78 months. Intermediate-2 risk, two or three
adverse points; n % 360; median survival, approximately 35 months. High risk,
four to six adverse points; n % 193; median survival, approximately 16 months.
Scale for DIPSS: high risk, three adverse points; intermediate-2, two adverse
points; intermediate-1, unfavorable karyotype, platelets $ 100 x 109/L, and
transfusion need, one adverse point.
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P < .001; HR, 3.3; 95% CI, 1.9 to 5.6

Fig 4. Leukemia-free survival data of 793 patients with primary myelofibrosis
evaluated at time of their first Mayo Clinic referral and stratified by their Dynamic
International Prognostic Scoring System " karyotype " platelet count " trans-
fusion status prognostic scores. Low risk for leukemic transformation (favorable
karyotype and platelets ! 100 x 109/L), n % 515; 5-year risk of leukemic
transformation, 6%; 10-year risk, 12%. High risk for leukemic transformation
(unfavorable karyotype or platelets $ 100 x 109/L), n % 278; 5-year risk of
leukemic transformation, 18%; 10-year risk, 31%.
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adverse risk factors measured at time of diagnosis: age older than 65
years, hemoglobin lower than 10 g/dL, leukocyte count higher than
25 ! 109/L, circulating blasts ! 1%, and constitutional symptoms.
Each one of these risk factors is assigned 1 adverse point. The presence
of 0, 1, 2, and ! 3 adverse points defines low, intermediate-1,
intermediate-2, and high-risk disease with corresponding median sur-
vivals of 11.3, 7.9, 4, and 2.3 years.4 The International Working Group
for Myeloproliferative Neoplasms Research and Treatment subse-
quently developed the DIPSS model that utilizes the same prognostic
variables as IPSS, but can be applied at any time during the disease

course.7 DIPSS assigns 2, instead of 1, adverse points for hemoglobin
lower than 10 g/dL and risk categorization is accordingly modified to
low (0 adverse points), intermediate-1 (1 or 2 points), intermediate-2
(3 or 4 points), and high (5 or 6 points); the corresponding median
survivals were not reached, 14.2, 4, and 1.5 years. IPSS-independent
risk factors for survival in PMF have since been described and include
unfavorable karyotype (ie, complex karyotype or sole or two abnor-
malities that include "8, #7/7q-, i(17q), #5/5q-, 12p-, inv(3), or
11q23 rearrangement),10 red cell transfusion need,8 and platelet count
lower than 100 ! 109/L.11 The proportion of patients with PMF with
these additional risk factors, within a given DIPSS risk category, is not
trivial. For example, in this study, 7%, 12% and 17% of patients
categorized as low, intermediate-1, and intermediate-2 risk by
DIPSS displayed unfavorable karyotype whereas the respective
figures for patients with platelets lower than 100 ! 109/L were 7%,
18%, and 32%.

In this study, we show that the above-mentioned IPSS-
independent risk factors for survival in PMF are also DIPSS indepen-
dent. Such prognostic information was effectively inserted into the
DIPSS model in order to identify otherwise lower risk patients with
unfavorable outcome and higher risk patients with favorable outcome
(Appendix Table A1, online only). For example, the median survival
of DIPSS low-risk patients with unfavorable karyotype or thrombocy-
topenia was 6.5 years as opposed to longer than 15 years in the absence
of these two additional risk factors. Similarly, DIPSS high-risk patients
with one or more of the above-mentioned risk factors carry an ex-
tremely poor prognosis with a median survival of shorter than 1.5
years as opposed to approximately 3 years otherwise. Also, according
to the new prognostic model, transfusion-dependent patients are
compulsorily assigned to an intermediate-2 risk category with a me-
dian survival of approximately 3 years; in the DIPSS model, such
patients would have been included in intermediate-1 risk category
with an expected median survival of 14 years.7 These observations
make it evident that the new prognostic model greatly enhances the
ability to select the appropriate patient for a specific treatment modal-
ity. For example, the risk of alloSCT is fully justified for DIPSS plus
high-, but not for DIPSS plus low-risk patients. alloSCT is also advised
for DIPSS plus intermediate-2 risk patients whereas experimental
drug therapy might be more appropriate for intermediate-1 risk pa-
tients with symptomatic disease.

This study also provides prognostic information for leukemia-
free survival in PMF by demonstrating a respective 5- and 10-year risk
of leukemic transformation at approximately 6% and 12%, for low-
risk group (ie, absence of both unfavorable karyotype and platelets $
100 ! 109/L). The corresponding values in the presence of one or both
of these risk factors were 18% and 31%. These observations are con-
sistent with our recent report on the prognostic value of cytogenetic
studies in newly diagnosed patients where the 5-year leukemic trans-
formation rate for unfavorable versus favorable karyotype were 46%
and 7%.10 The detrimental effect of unfavorable karyotype on
leukemia-free survival in PMF has also been noted by other investiga-
tors.15 Furthermore, in a recent MD Anderson Cancer Center study, a
survival of shorter than 1 year and leukemic transformation were
predicted by the presence of platelet count lower than 50 ! 109/L or
chromosome 17 abnormalities.16 Similarly, in an earlier study, leuke-
mic transformation in PMF was associated with a platelet count of
lower than 100 ! 109/L.17 Transfusion need in PMF has also been
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Fig 3. Survival data of 793 patients with primary myelofibrosis evaluated at time
of their first Mayo Clinic referral and stratified by their Dynamic International
Prognostic Scoring System (DIPSS) " karyotype " platelet count " transfusion
status prognostic scores. Low risk, zero adverse points; n % 66; median survival,
approximately 185 months. Intermediate-1 risk, one adverse point; n % 174;
median survival, approximately 78 months. Intermediate-2 risk, two or three
adverse points; n % 360; median survival, approximately 35 months. High risk,
four to six adverse points; n % 193; median survival, approximately 16 months.
Scale for DIPSS: high risk, three adverse points; intermediate-2, two adverse
points; intermediate-1, unfavorable karyotype, platelets $ 100 x 109/L, and
transfusion need, one adverse point.
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P < .001; HR, 3.3; 95% CI, 1.9 to 5.6

Fig 4. Leukemia-free survival data of 793 patients with primary myelofibrosis
evaluated at time of their first Mayo Clinic referral and stratified by their Dynamic
International Prognostic Scoring System " karyotype " platelet count " trans-
fusion status prognostic scores. Low risk for leukemic transformation (favorable
karyotype and platelets ! 100 x 109/L), n % 515; 5-year risk of leukemic
transformation, 6%; 10-year risk, 12%. High risk for leukemic transformation
(unfavorable karyotype or platelets $ 100 x 109/L), n % 278; 5-year risk of
leukemic transformation, 18%; 10-year risk, 31%.
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very-low-risk category, the estimated HR were 4.2 (95% CI, 1.4-12,
P5 .007) for the low risk, 10.2 (95% CI, 3.6-28.6, P, .001) for the
intermediate risk, 37.5 (95% CI, 13.3-105.8, P, .001) for the high
risk, and 88.6 (95% CI, 30.3-259, P , .001) for the very-high-risk
category.

Finally, we used the Akaike information criterion as a measure
of the relative quality of the clinical-molecular prognostic model
compared with the IPSS. The former had a lower AIC value (1744.5
vs 1764.3), indicating a better quality for the given set of data.

Discussion

The findings of this study provide a proof of concept that a genetic
classification of PMF is not only feasible but also highly relevant to
clinical decision-making as regards diagnostic approach and prog-
nostication. In addition, they indicate that PMF genotypes should
now be considered also in designing clinical trials on the use of novel
drugs for treatment of PMF.

The diversity of PMF subtypes was not fully appreciated as long
as the only known mutant genes associated with this condition were
JAK2 and MPL, as illustrated in Figure 7. The identification of
somatic mutations of calreticulin6,7 has substantially modified our
knowledge of PMF. In fact, this identification has split PMF patients

with nonmutated JAK2 and MPL (about one-third of all patients
with PMF) into 2 distinct subtypes (Figure 7): (1) CALR-mutant
PMF, a condition with an indolent clinical course and (2) PMF
with nonmutated JAK2, CALR, andMPL, a very aggressive myeloid
neoplasm. This advance clearly illustrates the clinical relevance of
defining the molecular basis of hematologic malignancies.

CALR-mutant ET and CALR-mutant PMF have a relatively
indolent clinical course compared with the respective JAK2-mutant
disorders.6,16,22-25 On the contrary, PMF with nonmutated JAK2,
CALR, orMPL has a poor prognosis with a particularly high risk of
leukemic transformation, as shown by a study of the Mayo Clinic23

and by the present work. It should be noted, however, that there are
major differences in median OS between the same genotypic entities
as estimated in theMayo Clinic vs the present study: 2.5 vs 3.2 years
in triple-negative, 4.1 vs 9.1 years inMPL-mutant, 4.3 vs 9.2 years in
JAK2-mutant, and 8.2 vs 17.7 years in CALR-mutant patients. At
least part of the difference is likely due to the fact that, in the Mayo
Clinic study, OS was estimated from the date of diagnosis or first
referral, whereas in this study it was always estimated from the
date of diagnosis. Analysis from first referral may clearly lead to
underestimation of survival.

Ongoing investigations are trying to identify the molecular basis
of PMF with nonmutated JAK2, CALR, orMPL, and to better define
the distinctive features of these patients. In terms of clinical features,
triple-negative PMF is similar to the myelodysplastic syndrome

Figure 7. Kaplan-Meier analysis of survival of PMF patients stratified according to their genotype, as it was known in different time periods. (A) OS of the whole
population of PMF patients: the genetic basis of MPNs was unknown before 2005, and therefore no genotypic subgroup could be defined. (B) PMF patients stratified
according to JAK2 or MPLmutation status: these mutant genes where identified in 2005 and 2006, respectively. (C) PMF patients stratified according to JAK2, CALR, or MPL
mutation status: somatic mutations of calreticulin were identified in 2013.
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very-low-risk category, the estimated HR were 4.2 (95% CI, 1.4-12,
P5 .007) for the low risk, 10.2 (95% CI, 3.6-28.6, P, .001) for the
intermediate risk, 37.5 (95% CI, 13.3-105.8, P, .001) for the high
risk, and 88.6 (95% CI, 30.3-259, P , .001) for the very-high-risk
category.

Finally, we used the Akaike information criterion as a measure
of the relative quality of the clinical-molecular prognostic model
compared with the IPSS. The former had a lower AIC value (1744.5
vs 1764.3), indicating a better quality for the given set of data.

Discussion

The findings of this study provide a proof of concept that a genetic
classification of PMF is not only feasible but also highly relevant to
clinical decision-making as regards diagnostic approach and prog-
nostication. In addition, they indicate that PMF genotypes should
now be considered also in designing clinical trials on the use of novel
drugs for treatment of PMF.

The diversity of PMF subtypes was not fully appreciated as long
as the only known mutant genes associated with this condition were
JAK2 and MPL, as illustrated in Figure 7. The identification of
somatic mutations of calreticulin6,7 has substantially modified our
knowledge of PMF. In fact, this identification has split PMF patients

with nonmutated JAK2 and MPL (about one-third of all patients
with PMF) into 2 distinct subtypes (Figure 7): (1) CALR-mutant
PMF, a condition with an indolent clinical course and (2) PMF
with nonmutated JAK2, CALR, andMPL, a very aggressive myeloid
neoplasm. This advance clearly illustrates the clinical relevance of
defining the molecular basis of hematologic malignancies.

CALR-mutant ET and CALR-mutant PMF have a relatively
indolent clinical course compared with the respective JAK2-mutant
disorders.6,16,22-25 On the contrary, PMF with nonmutated JAK2,
CALR, orMPL has a poor prognosis with a particularly high risk of
leukemic transformation, as shown by a study of the Mayo Clinic23

and by the present work. It should be noted, however, that there are
major differences in median OS between the same genotypic entities
as estimated in theMayo Clinic vs the present study: 2.5 vs 3.2 years
in triple-negative, 4.1 vs 9.1 years inMPL-mutant, 4.3 vs 9.2 years in
JAK2-mutant, and 8.2 vs 17.7 years in CALR-mutant patients. At
least part of the difference is likely due to the fact that, in the Mayo
Clinic study, OS was estimated from the date of diagnosis or first
referral, whereas in this study it was always estimated from the
date of diagnosis. Analysis from first referral may clearly lead to
underestimation of survival.

Ongoing investigations are trying to identify the molecular basis
of PMF with nonmutated JAK2, CALR, orMPL, and to better define
the distinctive features of these patients. In terms of clinical features,
triple-negative PMF is similar to the myelodysplastic syndrome

Figure 7. Kaplan-Meier analysis of survival of PMF patients stratified according to their genotype, as it was known in different time periods. (A) OS of the whole
population of PMF patients: the genetic basis of MPNs was unknown before 2005, and therefore no genotypic subgroup could be defined. (B) PMF patients stratified
according to JAK2 or MPLmutation status: these mutant genes where identified in 2005 and 2006, respectively. (C) PMF patients stratified according to JAK2, CALR, or MPL
mutation status: somatic mutations of calreticulin were identified in 2013.
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P5 .007) for the low risk, 10.2 (95% CI, 3.6-28.6, P, .001) for the
intermediate risk, 37.5 (95% CI, 13.3-105.8, P, .001) for the high
risk, and 88.6 (95% CI, 30.3-259, P , .001) for the very-high-risk
category.

Finally, we used the Akaike information criterion as a measure
of the relative quality of the clinical-molecular prognostic model
compared with the IPSS. The former had a lower AIC value (1744.5
vs 1764.3), indicating a better quality for the given set of data.

Discussion

The findings of this study provide a proof of concept that a genetic
classification of PMF is not only feasible but also highly relevant to
clinical decision-making as regards diagnostic approach and prog-
nostication. In addition, they indicate that PMF genotypes should
now be considered also in designing clinical trials on the use of novel
drugs for treatment of PMF.

The diversity of PMF subtypes was not fully appreciated as long
as the only known mutant genes associated with this condition were
JAK2 and MPL, as illustrated in Figure 7. The identification of
somatic mutations of calreticulin6,7 has substantially modified our
knowledge of PMF. In fact, this identification has split PMF patients

with nonmutated JAK2 and MPL (about one-third of all patients
with PMF) into 2 distinct subtypes (Figure 7): (1) CALR-mutant
PMF, a condition with an indolent clinical course and (2) PMF
with nonmutated JAK2, CALR, andMPL, a very aggressive myeloid
neoplasm. This advance clearly illustrates the clinical relevance of
defining the molecular basis of hematologic malignancies.

CALR-mutant ET and CALR-mutant PMF have a relatively
indolent clinical course compared with the respective JAK2-mutant
disorders.6,16,22-25 On the contrary, PMF with nonmutated JAK2,
CALR, orMPL has a poor prognosis with a particularly high risk of
leukemic transformation, as shown by a study of the Mayo Clinic23

and by the present work. It should be noted, however, that there are
major differences in median OS between the same genotypic entities
as estimated in theMayo Clinic vs the present study: 2.5 vs 3.2 years
in triple-negative, 4.1 vs 9.1 years inMPL-mutant, 4.3 vs 9.2 years in
JAK2-mutant, and 8.2 vs 17.7 years in CALR-mutant patients. At
least part of the difference is likely due to the fact that, in the Mayo
Clinic study, OS was estimated from the date of diagnosis or first
referral, whereas in this study it was always estimated from the
date of diagnosis. Analysis from first referral may clearly lead to
underestimation of survival.

Ongoing investigations are trying to identify the molecular basis
of PMF with nonmutated JAK2, CALR, orMPL, and to better define
the distinctive features of these patients. In terms of clinical features,
triple-negative PMF is similar to the myelodysplastic syndrome

Figure 7. Kaplan-Meier analysis of survival of PMF patients stratified according to their genotype, as it was known in different time periods. (A) OS of the whole
population of PMF patients: the genetic basis of MPNs was unknown before 2005, and therefore no genotypic subgroup could be defined. (B) PMF patients stratified
according to JAK2 or MPLmutation status: these mutant genes where identified in 2005 and 2006, respectively. (C) PMF patients stratified according to JAK2, CALR, or MPL
mutation status: somatic mutations of calreticulin were identified in 2013.
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Key Points

• Patients with PMF may carry
JAK2 (V617F), a CALR exon
9 indel, an MPL exon 10
mutation, or none of these
genetic lesions.

• The genetic subtypes of PMF
differ substantially as regards
clinical course, disease
progression, and overall
survival.

We studied the impact of driver mutations of JAK2, CALR, (calreticulin gene) or MPL on

clinical course, leukemic transformation, and survival of patients with primary myelo-

fibrosis (PMF). Of the 617 subjects studied, 399 (64.7%) carried JAK2 (V617F), 140 (22.7%)

had a CALR exon 9 indel, 25 (4.0%) carried an MPL (W515) mutation, and 53 (8.6%)

had nonmutated JAK2, CALR, and MPL (so-called triple-negative PMF). Patients with

CALR mutation had a lower risk of developing anemia, thrombocytopenia, and marked

leukocytosis compared with other subtypes. They also had a lower risk of thrombosis

compared with patients carrying JAK2 (V617F). At the opposite, triple-negative patients

had higher incidence of leukemic transformation compared with either CALR-mutant or

JAK2-mutant patients. Median overall survival was 17.7 years in CALR-mutant, 9.2 years

in JAK2-mutant, 9.1 years in MPL-mutant, and 3.2 years in triple-negative patients. In

multivariate analysis corrected for age,CALR-mutant patients had better overall survival

than either JAK2-mutant or triple-negative patients. The impact of genetic lesions on

survival was independent of current prognostic scoring systems. These observations

indicate that drivermutations definedistinct diseaseentitieswithinPMF.Accounting for them isnot only relevant to clinical decision-

making, but should also be considered in designing clinical trials. (Blood. 2014;124(7):1062-1069)

Introduction

Primary myelofibrosis (PMF) is a Philadelphia-negative myelopro-
liferative neoplasm (MPN) characterized by abnormal proliferation
of megakaryocytes, deposition of fibrous connective tissues in the
bone marrow, abnormal stem cell trafficking, and extramedullary
hematopoiesis (myeloid metaplasia).1,2 In an international study of
1054 patients with PMF, the overall median survival was found to be
5.8 years, but considerable variability was observed.3 This study
identified age .65 years, presence of constitutional symptoms,
hemoglobin level ,10 g/dL, leukocyte count .25 3 109/L, and
circulating blast cells 1% or greater as independent predictors of
shortened survival at diagnosis. The use of these parameters led to the
definition of the International Prognostic Scoring System (IPSS),
which identifies 4 prognostic groups with substantially different
survival in PMF.3 A subsequent study investigated whether the
acquisition of the above factors during follow-up predicted survival
of PMF patients, and eventually led to the development of the
dynamic IPSS (DIPSS).4

The 2008 World Health Organization (WHO) definition of
PMF includes JAK2 (V617F) orMPL (W515) mutations as a major
diagnostic criterion that unequivocally proves the clonal nature of
the disease.1 However, the genomic landscape of PMF has changed
considerably since then.5 In 2013, somatic mutations of CALR, the
gene encoding calreticulin, have been found in 20% to 25% of
patients with essential thrombocythemia (ET) or PMF.6,7 Like JAK2
and MPL mutations, somatic mutations of CALR behave as driver
mutations responsible for themyeloproliferative phenotype.5 Recent
studies have also identified subclonal mutations in genes like
ASXL1, SRSF2, EZH2, IDH1, and IDH2, which are commonly as-
sociated with disease progression and identify PMF patients at
high risk for leukemic transformation or premature death.8,9

In the original study on the identification of calreticulinmutations
in patients with ET or PMF, amultivariate Cox regression analysis of
overall survival (OS) showed that patients with aCALRmutation had
a lower risk of death than those with JAK2 (V617F) or an MPL
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These latter patients showed a higher incidence of leukemic trans-
formation compared with both CALR-mutant (P5 .016) and JAK2-
mutated patients (P 5 .043). After adjusting for age, the risk of
leukemic transformation remained higher in triple-negative patients
compared with JAK2-mutant patients (P 5 .04), whereas the
significance of the difference between triple-negative and CALR-
mutant patients was borderline (P5 .052).

OS according to JAK2, CALR, and MPL mutation status

The median follow-up of the study population was 3.5 years (range,
0.1-30.8 years). Death occurred in 176 patients (28.5%), including
115 of 399 patients with JAK2 (V617F) (29%), 27 of 140 with a
CALR exon 9 indel (19%), 10 of 25 (40%) with an MPL (W515)
mutation, and 24 of 53 triple-negative patients (45%).

Median OS was 17.7 years in CALR-mutant, 9.2 years in JAK2-
mutant, 9.1 years in MPL-mutant, and 3.2 years in triple-negative
patients, as shown in Figure 4. In univariate analysis, CALR-mutant
patients had a better OS than JAK2-mutant (hazard ratio [HR] 2.3,
P , .001), MPL-mutant (HR 2.6, P 5 .009), and triple-negative
patients (HR 6.2, P , .001). In a multivariate analysis corrected
for age, CALR-mutant patients maintained a better OS compared

with either JAK2-mutant (P 5 .019) or triple-negative patients
(P , .001).

When considering the type of CALR mutation, patients carrying
a type 1 CALR mutation had a better OS compared with patients
carrying JAK2 (V617F) (P , .001). No difference in OS was
observed between patients with type 1 and those with type 2 CALR
mutation (P 5 .235), and between patients with type 2 CALR
mutation and those with JAK2 (V617F) (P 5 .311). These results
were confirmed after adjusting for time-dependent DIPSS, with a better
OS of patients with type 1 CALR mutation compared with those with
JAK2 (V617F) (HR 2.01, P5 .04), and no difference between patients
with type 1 and those with type 2 CALR mutation, as well as between
patients with type 2 CALRmutation and those with JAK2 (V617F).

Relative contribution of JAK2, CALR, and MPL mutation status

to OS as predicted by IPSS or DIPSS

The impact of the driver mutations on OS was independent of IPSS
at diagnosis and of time-dependent DIPSS (maximum P value equal
to .033).

To further examine the impact of driver mutations on the clinical
course of the disease, we subdivided PMF patients into 2 subgroups
according to their IPSS risk: the “lower-risk” subgroup included

Figure 2. Cumulative incidence of thrombosis in PMF patients stratified ac-
cording to their driver mutation. Vertical tick marks indicate right-censored patients.
JAK2-mutant patients had a higher incidence of thrombosis than those with CALR
mutation (P 5 .021). This difference remained statistically significant after adjusting for
age (SHR, 2.19; 95% CI, 1.15-4.18; P 5 .017), the estimated risk of thrombosis being
about 2-fold in JAK2-mutant compared with CALR-mutant patients.

Figure 3. Cumulative incidence of leukemic transformation in PMF patients
stratified according to their driver mutation. Vertical tick marks indicate right-censored
patients. Triple-negative patients had higher incidence of leukemic transformation compared
with both CALR-mutant and JAK2-mutant patients (maximum P value equal to .043).

Figure 4. Kaplan-Meier analysis of survival of PMF
patients stratified according to their driver mutation.
Vertical tick marks indicate right-censored patients. In
univariate analysis, CALR-mutant patients had a better
OS than JAK2-mutant (HR 2.3, P , .001), MPL-mutant
(HR 2.6, P5 .009), and triple-negative patients (HR 6.2,
P , .001). Three JAK2-mutant patients had short
follow-up and were not included in the analysis.
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These latter patients showed a higher incidence of leukemic trans-
formation compared with both CALR-mutant (P5 .016) and JAK2-
mutated patients (P 5 .043). After adjusting for age, the risk of
leukemic transformation remained higher in triple-negative patients
compared with JAK2-mutant patients (P 5 .04), whereas the
significance of the difference between triple-negative and CALR-
mutant patients was borderline (P5 .052).

OS according to JAK2, CALR, and MPL mutation status

The median follow-up of the study population was 3.5 years (range,
0.1-30.8 years). Death occurred in 176 patients (28.5%), including
115 of 399 patients with JAK2 (V617F) (29%), 27 of 140 with a
CALR exon 9 indel (19%), 10 of 25 (40%) with an MPL (W515)
mutation, and 24 of 53 triple-negative patients (45%).

Median OS was 17.7 years in CALR-mutant, 9.2 years in JAK2-
mutant, 9.1 years in MPL-mutant, and 3.2 years in triple-negative
patients, as shown in Figure 4. In univariate analysis, CALR-mutant
patients had a better OS than JAK2-mutant (hazard ratio [HR] 2.3,
P , .001), MPL-mutant (HR 2.6, P 5 .009), and triple-negative
patients (HR 6.2, P , .001). In a multivariate analysis corrected
for age, CALR-mutant patients maintained a better OS compared

with either JAK2-mutant (P 5 .019) or triple-negative patients
(P , .001).

When considering the type of CALR mutation, patients carrying
a type 1 CALR mutation had a better OS compared with patients
carrying JAK2 (V617F) (P , .001). No difference in OS was
observed between patients with type 1 and those with type 2 CALR
mutation (P 5 .235), and between patients with type 2 CALR
mutation and those with JAK2 (V617F) (P 5 .311). These results
were confirmed after adjusting for time-dependent DIPSS, with a better
OS of patients with type 1 CALR mutation compared with those with
JAK2 (V617F) (HR 2.01, P5 .04), and no difference between patients
with type 1 and those with type 2 CALR mutation, as well as between
patients with type 2 CALRmutation and those with JAK2 (V617F).

Relative contribution of JAK2, CALR, and MPL mutation status

to OS as predicted by IPSS or DIPSS

The impact of the driver mutations on OS was independent of IPSS
at diagnosis and of time-dependent DIPSS (maximum P value equal
to .033).

To further examine the impact of driver mutations on the clinical
course of the disease, we subdivided PMF patients into 2 subgroups
according to their IPSS risk: the “lower-risk” subgroup included

Figure 2. Cumulative incidence of thrombosis in PMF patients stratified ac-
cording to their driver mutation. Vertical tick marks indicate right-censored patients.
JAK2-mutant patients had a higher incidence of thrombosis than those with CALR
mutation (P 5 .021). This difference remained statistically significant after adjusting for
age (SHR, 2.19; 95% CI, 1.15-4.18; P 5 .017), the estimated risk of thrombosis being
about 2-fold in JAK2-mutant compared with CALR-mutant patients.

Figure 3. Cumulative incidence of leukemic transformation in PMF patients
stratified according to their driver mutation. Vertical tick marks indicate right-censored
patients. Triple-negative patients had higher incidence of leukemic transformation compared
with both CALR-mutant and JAK2-mutant patients (maximum P value equal to .043).

Figure 4. Kaplan-Meier analysis of survival of PMF
patients stratified according to their driver mutation.
Vertical tick marks indicate right-censored patients. In
univariate analysis, CALR-mutant patients had a better
OS than JAK2-mutant (HR 2.3, P , .001), MPL-mutant
(HR 2.6, P5 .009), and triple-negative patients (HR 6.2,
P , .001). Three JAK2-mutant patients had short
follow-up and were not included in the analysis.
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patients with low or intermediate-1 IPSS risk, whereas the “higher-
risk” subgroup included patients with intermediate-2 or high IPSS
risk. Within “lower-risk” subjects (Figure 5A),CALR-mutant patients
had a better OS compared with either JAK2 (V617F)-mutant
(P5 .011) or triple-negative patients (P, .001). Within “higher-
risk” subjects (Figure 5B), CALR-mutant patients had a better OS
compared with all the remaining genetic subgroups (P 5 .023
compared with JAK2-mutant, P5 .003 compared withMPL-mutant,
and P5 .001 compared with triple-negative patients).

Evidence that accounting for JAK2, CALR, and MPL mutation

status improves the risk stratification provided by IPSS

We performed a multivariate Cox proportional hazard regression
considering type of mutation (CALR, JAK2, MPL, or none of the
previous mutations) and each single variable included in the IPSS
score at diagnosis (age .65 years, hemoglobin ,10 g/dL, WBC
count.253 109/L, peripheral blood blasts$1%, and presence of
constitutional symptoms). As shown in Table 2, all of these variables
retained a significant independent prognostic effect on OS.

Considering the independent significance of driver mutations, we
developed a prognostic model that includes JAK2, CALR, andMPL
mutation status in addition to the IPSS variables. All factors of
Table 2 were therefore included in the new prognostic model, here
defined as clinical-molecular prognostic model. We assigned each
factor an integer weight according to the corresponding HR in the
multivariable-Cox regression (Table 2): weight 1 for presence of

constitutional symptoms, peripheral blood blasts$1%, hemoglobin
,10 g/dL, and presence of JAK2 mutation; weight 2 for MPL mu-
tation or nonmutated JAK2,CALR, andMPL,WBCcount.253109/L,
and age.65 years.

To assess the prognostic impact of the resulting score, we included
the score as a continuous covariate in a Cox survival regression
model. TheHRwas 1.83 (95%CI, 1.69-1.99,P, .001), that is, there
was a 1.83-fold increase in hazard for a 1-point increase in the sum
of weights. To simplify the implementation of the score, we recoded
it into 5 broader categories of adequate numerosity by pooling
consecutive score values. The resulting risk categories were very
low (score 5 0), low (score 5 1), intermediate (score 2 or 3), high
(score 4 or 5), and very high (score $6). Of the 617 PMF patients,
the clinical-molecular risk was very low in 71 patients, low in 150
patients, intermediate in 202 patients, high in 141 patients, and very
high in 53 patients. Kaplan-Meier survival curves corresponding to
the 5 score categories were significantly different by log rank-test
(Figure 6, P, .001).

We then analyzed the categorical clinical-molecular score as
a covariate in a Cox survival regression model. Compared with the

Figure 5. Kaplan-Meier analysis of survival of PMF patients stratified according to their driver mutation and subdivided according to their IPSS risk. Vertical tick
marks indicate right-censored patients. (A) “Lower” IPSS risk subgroup, including patients with low or intermediate-1 IPSS risk: CALR-mutant patients had longer survival
compared with either JAK2 (V617F)-mutant (P 5 .011) or triple-negative patients (P , .001). (B) “Higher risk” subgroup, including patients with intermediate-2 or high IPSS
risk: CALR-mutant patients had longer survival compared with the remaining genetic subgroups (maximum P value equal to .023).

Table 2. Multivariate Cox proportional hazard regression analysis
of driver mutations (JAK2, CALR, and MPL) and IPSS variables
evaluated as risk factors for survival in patients with PMF

Covariates HR 95% CI P

Driver mutation (JAK2, CALR, and MPL mutation

status)

CALR exon 9 indel* 1

JAK2 (V617F) 1.9 1.2-3.0 .004

MPL exon 10 mutation 2.7 1.3-5.6 .009

Nonmutated JAK2, CALR, and MPL 2.6 1.4-4.6 .002

IPSS variables

Age .65 y 3.5 2.5-4.9 ,.001

WBC count .25 3 109/L 3.4 2.2-5.2 ,.001

Hemoglobin ,10 g/dL 2.0 1.4-2.9 ,.001

Peripheral blood blasts $1% 2.0 1.4-2.8 ,.001

Presence of constitutional symptoms 1.9 1.4-2.6 ,.001

*Reference category.

Figure 6. Kaplan-Meier analysis of survival of PMF patients stratified according
to the risk categories defined by a clinical-molecular prognostic model. This
model includes the variables reported in Table 2, that is, IPSS variables plus CALR,
JAK2, and MPL mutation status. We assigned each factor an integer weight according
to the corresponding HR in the multivariable-Cox regression of Table 2. Scores were
then recoded into the 5 risk categories shown in this figure: details are reported in the
last section of “Results.” Based on the Akaike information criterion, which compares
quality of models, the clinical-molecular model provided a better stratification than the
IPSS. This analysis serves as a proof of concept that accounting for driver mutations
improves the risk stratification provided by IPSS.
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CALR and ASXL1 mutations-based molecular prognostication in
primary myelofibrosis: an international study of 570 patients
A Tefferi1, P Guglielmelli2, TL Lasho1, G Rotunno2, C Finke1, C Mannarelli2, AA Belachew1, A Pancrazzi2, EA Wassie1, RP Ketterling3,
CA Hanson4, A Pardanani1 and AM Vannucchi2

Current prognostication in primary myelofibrosis (PMF) is based on the dynamic international prognostic scoring system (DIPSS)-
plus, which employs clinical and cytogenetic variables. We recently reported DIPSS-plus independent prognostic significance for
calreticulin (CALR) (favorable) and ASXL1 (unfavorable) mutations. In the current study, 570 PMF patients were recruited for
derivation (n¼ 277) and validation (n¼ 293) of a molecular prognostic model based on these two mutations. Survival was the
longest in CALRþASXL1# (median 10.4 years) and shortest in CALR#ASXL1þ patients (median, 2.3 years; hazard ratio (HR), 5.9; 95%
confidence interval (CI), 3.5–10.0). CALRþASXL1þ and CALR–ASXL1# patients had similar survival and were grouped together in an
intermediate-risk category (median survival, 5.8 years; HR, 2.5; 95% CI, 1.5–4.0). The CALR/ASXL1 mutations-based prognostic model
was DIPSS-plus independent (Po0.0001) and effective in identifying low-/intermediate-1-risk patients with shorter (median,
4 years) or longer (median 20 years) survival and high-/intermediate-2-risk patients with shorter (median, 2.3 years) survival.
Multivariable analysis distinguished CALR#ASXL1þ mutational status as the most significant risk factor for survival: HR 3.7 vs 2.8 for
age 465 years vs 2.7 for unfavorable karyotype. These observations signify immediate clinical relevance and warrant i) CALR and
ASXL1 mutation determination in all patients with PMF and ii) molecular revision of DIPSS-plus.

Leukemia (2014) 28, 1494–1500; doi:10.1038/leu.2014.57

INTRODUCTION
Karyotype and somatic mutations have a major part in disease
prognostication and management of patients with myeloid
malignancies. For example, the presence of unfavorable karyotype
is prognostically detrimental in both acute myeloid leukemia
(AML) and chronic myeloid neoplasms and is often an indication
for treatment with allogeneic stem cell transplant (ASCT).
The latter is also the preferred treatment of choice in AML
associated with FLT3-ITD, whereas chemotherapy alone might be
adequate for AML patients expressing NPM1 mutations without
FLT3-ITD.1 Similarly, the prognostic relevance of mutations in
myelodysplastic syndromes2 and primary myelofibrosis (PMF)3 has
been recognized but not yet implemented in clinical practice.

Somatic mutations have now been incorporated into formal
diagnostic criteria in myeloproliferative neoplasms (MPNs).4 JAK2
or MPL mutations are found in 50–70% of patients with PMF or
essential thrombocythemia (ET) and calreticulin (CALR) mutations
account for the majority of the remaining cases;5,6 in strictly World
Health Organization-defined disease, CALR mutations were seen in
49% of ET and 74% of PMF patients not expressing mutant JAK2 or
MPL.7,8 In ET, CALR mutations correlated with male sex, younger
age, lower leukocyte count, lower hemoglobin level and higher
platelet count8 and in PMF with younger age, higher platelet
count and lower incidences of anemia, leukocytosis and
spliceosome mutations.7 Furthermore, CALR mutations in ET
were associated with longer thrombosis-free survival8,9 and in
PMF with longer overall survival.7

Before the discovery of CALR mutations in ET and PMF, we had
identified mutant ASXL1 as dynamic international prognostic

scoring system (DIPSS)-plus10 and IPSS11 independent risk factor
for survival in PMF.3 More recently, we discovered the prognostic
synergism between CALR and ASXL1 mutations in PMF and
highlighted the inferior survival associated with ‘CALR#ASXL1þ ’
mutational status.7 The main objective of the current study was to
further explore the prognostic interaction between CALR and
ASXL1 mutations in PMF with the intent to derive (using a patient
cohort from the Mayo Clinic, USA) and validate (using a patient
cohort from the University of Florence, Italy) a molecular
prognostic model, in the context both DIPSS-plus and IPSS.

MATERIALS AND METHODS
The current study was approved by the institutional review boards of the
Mayo Clinic, Rochester, MN, USA and University of Florence, Florence, Italy.
All patients provided informed written consent for study sample collection
as well as permission for its use in research. Inclusion to the current study
required availability of archived peripheral blood or bone marrow sample
collected at the time of diagnosis or first referral; a total of 277 patients
from the Mayo Clinic (the Mayo cohort) and 293 from the University of
Florence (the Florence cohort) met these stipulations. The diagnoses of
PMF and leukemic transformation were according to World Health
Organization criteria.12 Unfavorable karyotype designation and DIPSS-
plus or IPSS risk categorization were as previously described.10,11,13

We used published methods to screen for CALR, JAK2, MPL, ASXL1, EZH2,
IDH1, IDH2 and spliceosome (SRSF2, SF3B1and U2AF1) mutations.7,8,14–18

All statistical analyses considered clinical and laboratory parameters
obtained at time of diagnosis (Florence cohort) or first referral (Mayo
cohort). Differences in the distribution of continuous variables between
categories were analyzed by either Mann–Whitney (for comparison of two
groups) or Kruskal–Wallis (comparison of three or more groups) test.
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occurring ASXL1 mutation. Survival was best in the presence of
CALR and absence of ASXL1 mutation (that is, CALRþASXL1" ) and
worst otherwise (that is, CALR"ASXL1þ ). This is somewhat similar
to the scenario in AML with NPM1þFLT3-ITD" vs NPM1"

FLT3-ITDþ mutational status, respectively.1 Furthermore, the
presence of CALR mutations appears to attenuate, but not fully
overcome, the unfavorable prognosis in ASXL1-mutated patients
(that is, CALRþASXL1þ ). Conversely, the absence of ASXL1 mutations
is associated with better survival, even in CALR-unmutated cases
(that is, CALR"ASXL1" ). DIPSS-plus had limited added value in
molecularly defined high-risk patients (that is, CALR"ASXL1þ ) but
was effective in identifying short-lived patients among the
molecularly low- (that is, CALRþASXL1" ) and intermediate-risk
(that is, CALR"ASXL1" or CALRþASXL1þ ) groups. On the other

hand, although the value of molecular risk stratification was most
evident in DIPSS-plus low-/intermediate-1-risk patients, it was also
apparent in high-/intermediate-2-risk patients. These results were
validated in an independent patient cohort and performed
similarly in the context of IPSS.

How does one translate this new information into clinical
practice? First, our observations provide strong evidence for the
prognostic relevance of performing CALR and ASXL1 mutation
determination in all patients with PMF. Second, survival in PMF is
significantly compromised (median o2.5 years) in the presence of
either CALR"ASXL1þ mutation status or DIPSS-plus high-risk
score. In other words, a high-risk molecular signature identifies
DIPSS-plus low- or intermediate-1-risk patients whose survival
might not be better than those with DIPSS-plus high-risk disease.
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Figure 3. Kaplan–Meier estimates of overall survival in 189 Mayo Clinic patients with high- or intermediate-2-risk PMF, according to the DIPSS-
plus,8 stratified by the presence or absence of CALR and ASXL1 mutations.
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Figure 4. Kaplan–Meier estimates of overall survival in patients of the Italian series (n¼ 293) stratified according to the mutational status of
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different survival curves were statistically significant, Po0.0001. The HR is presented together with the 95% CI, using CALRþ /ASXL1" as the
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MIPSS:	
  Molecular	
  Interna4onal	
  Prognos4c	
  Score	
  
System	
  

MULTIVARIATE	
  ANALYSIS	
   Weighted	
  	
  
value	
  

Variables	
   HR(95%	
  CI)	
   P	
  

Age	
  >60	
  yrs	
   3.8	
  (2.60-­‐5.51)	
   <	
  0.0001	
   1.5	
  

Hb	
  <100	
  g/L	
   1.4	
  (1.01-­‐1.99)	
   0.04	
   0.5	
  

Cons6tu6onal	
  Symptoms	
   1.5	
  (1.13-­‐2.16)	
   0.007	
   0.5	
  

PLT	
  <	
  200x109/L	
   2.5	
  ((1.77-­‐3.42)	
   <	
  0.0001	
   1.0	
  

Triple	
  nega6vity	
   3.9	
  (2.20-­‐6.80)	
   <	
  0.0001	
   1.5	
  

JAK2/MPL	
  muta6on	
   1.8	
  (1.11-­‐2.90)	
   0.016	
   0.5	
  

ASXL1	
  muta6on	
   1.4	
  (1.06-­‐1.99)	
   0.02	
   0.5	
  

SRSF2	
  muta6on	
   1.7	
  (1.08-­‐2.58)	
   0.02	
   0.5	
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Factors	
  influencing	
  the	
  choice	
  between	
  HCT	
  vs	
  non	
  transplant	
  therapies	
  
Characteris4cs	
   Reason	
  for	
  poorer	
  outcomes	
  with	
  nontransplant	
  therapy	
  

Severe	
  thrombocytopenia	
  
(<50x109/L)	
  

No	
  data	
  on	
  the	
  use	
  of	
  ruxoli6nib	
  	
  in	
  this	
  subgroup	
  
Challenging	
  to	
  safely	
  deliver	
  adequate	
  doses	
  of	
  ruxoli6nib	
  in	
  severely	
  
thrombocytopenic	
  pa6ents	
  

Heavily	
  transfusion-­‐
dependent	
  anemia	
  

Anemia	
  is	
  a	
  major	
  toxicity	
  of	
  JAK	
  inhibitor	
  therapy,	
  and	
  may	
  worsen	
  with	
  
treatment	
  

≥	
  3	
  muta6ons	
  	
   Shorter	
  6me	
  to	
  treatment	
  failure	
  with	
  ruxoli6nib	
  
Increased	
  risk	
  of	
  LT	
  

High-­‐risk	
  cytogene6cs	
   Increased	
  risk	
  of	
  LT	
  
Impact	
  of	
  high-­‐risk	
  cytogene6cs	
  on	
  ruxoli6nib-­‐treated	
  pa6ents	
  not	
  well	
  studied	
  

Increasing	
  blasts	
  in	
  peripheral	
  
blood	
  

Increasing	
  blasts	
  is	
  a	
  risk	
  factor	
  for	
  LT	
  

Characteris4cs	
   Reason	
  for	
  poorer	
  outcomes	
  with	
  HCT	
  

Poor	
  performance	
  status	
   Increased	
  NRM	
  and	
  decreased	
  survival	
  

Comorbidi6es	
   Severe	
  comorbidi6es	
  result	
  in	
  higher	
  NRM	
  

Advanced	
  age	
   Very	
  advanced	
  age	
  adversely	
  impacts	
  HCT	
  outcomes	
  	
  
Response	
  to	
  JAK	
  inhibitor	
  therapy	
  is	
  not	
  impacted	
  by	
  advanced	
  age	
  

Mismatched	
  donor	
   Mortality	
  almost	
  double	
  compared	
  with	
  MSD/well-­‐matched	
  URD	
  

Severe	
  portal	
  hypertension	
   Possible	
  increase	
  in	
  regimen-­‐related	
  hepatotoxicity	
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transplantation in patients with MF. A retrospective study re-
cently evaluated the outcome of patients undergoing HCT
who were exposed to JAK inhibitor therapy [11]. Based on
response to JAK inhibitor therapy and clinical status, this
study evaluated the outcomes of patients who had clinical
improvement (n=23) on JAK inhibitor therapy (similar to
the patient described in clinical vignette above) with patients
who had either stable disease or developed clinical issues on
JAK inhibitor therapy such as anemia, increasing blasts, or
intolerance. The survival in the former group at 2 years was
91 % compared with 56 % in the latter group. Although the
retrospective nature of this study precludes any strong conclu-
sions, it highlights the potentially valid option of early HCT in
patients showing clinical improvement as described above.

We recommend careful assessment of patient, disease and
transplant-related factors, and individualizing the decision
about HCT vs. non-HCT therapy (Fig. 1). Patients with sig-
nificant co-morbidities, very advanced age, or poor perfor-
mance status may benefit from continuing JAK inhibitor ther-
apy in such scenarios. In contrast, transplant may be preferable
in a relatively younger patient with good performance status
and no prohibitive co-morbidities. While assessing co-mor-
bidities, particular attention should also be given to MF-
related co-morbidities such as portal hypertension [12] and
pulmonary hypertension [1]. These co-morbidities can be
asymptomatic in some patients, and the presence of severe
portal or pulmonary hypertension may shift the decision to-
ward continuation of JAK inhibitor therapy rather than pro-
ceeding with HCT. However, if a patient has severe thrombo-
cytopenia or high-risk cytogenetics, one may prefer the option
of HCT rather than JAK inhibitor therapy as it is difficult to
deliver decent doses of available JAK inhibitor therapy in a
patient with severe thrombocytopenia, and JAK inhibitor ther-
apy does not reduce the risk of LT. Donor type is a major
transplant-related factor that can potentially impact the deci-
sion of whether to proceed with HCT.

Does Donor Type Play a Part in Decision About the Timing
of HCT?

A prospective study from the European Group for Blood and
Marrow Transplant (EBMT) has shown a significantly higher
incidence of non-relapse mortality (NRM) in mismatched do-
nors in comparison to well-matched donors (38 vs. 12 % at 1
year), and no significant difference between HLA-identical
siblings vs. 10/10 MUDs (10 vs. 13 %) [13] (Table 1).
Another prospective study from the MPN Research consor-
tium also found inferior survival following transplants from
unrelated donors compared with sibling transplants [14•]
(Table 1). A large study from the Center for International
Blood and Marrow Transplant Research (CIBMTR) showed
a very high mortality rate in patients with mismatched URD
transplants [15]. There are minimal data on umbilical cord
blood (UCB) and haplotransplant [16, 17]. UCB transplant
is associated with high risk of graft failure. A recent
Eurocord analysis showed 2-year overall survival (OS) and
event-free survival (EFS) of 44 and 30 %, respectively.

Based on careful review of available literature, we suggest
that in patients who are responding to JAK-1/2 inhibitor ther-
apy, HCT can be considered if a suitable matched sibling
donor (MSD) or well-matched URD is available.
Conversely, HCT with alternate donors can be considered in
those who are at a very high risk of leukemic transformation,
or those who lose response to, or become intolerant to JAK
inhibitor therapy.

Are There Any Factors Predicting Poor Response to JAK
Inhibitor Therapy?

Unlike BCR-ABL inhibitors, a significant number of patients
on JAK inhibitors discontinue therapy due to either loss of
response or intolerance. The rates of discontinuation in the
COMFORT-I trial were 21, 31, and 51 % at 1, 2, and 3 years,

Fig. 1 Assessment of patient,
disease, and transplant-related
factors in HCT therapy. QOL=
quality of life, GVHD=graft
versus host disease, HCT=
hematopoeitic cell transplant,
MF=myelofibrosis, LT=
leukemic transformation, JAK=
Janus kinase (adapted from [1])
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At	
  present,	
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Current	
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In addition to these ‘MPN nonspecific mutations’ a group of three mutually exclusive somatic
mutations involving JAK2, [22,23] MPL [24], and CALR [25,26] genes are seen in MPN, and they are
prognostically important in MF. Among these, CALR positive status is associated with best outcomes,
and triple negative status is associated with the worst [27]. Combining these two ‘groups of mutations’
a molecular risk stratification system is proposed. Outcomes are worst in CALRe/ASXL1þ, best in
CALRþ/ASXL1", and intermediate in other two combinations [28]. Integrations of these mutations in to
the currently established prognostic models are yet to be made.

We suggest considering HCT in INT-1 risk group patients, if risk factors for LT such as high-risk
mutations, adverse cytogenetics, higher peripheral blood blast count, and disease related throm-
bocytopenia are present. In addition, patients who are transfusion dependent also may be potential
candidates for HCT, if they have failed non-transplant strategies.

Timing of HCT in patients responding to JAK inhibitors

As highlighted in case#1, the decision making can be very complex in patients who are responding
to JAK-1/2 inhibitors. In such scenarios, there are three potential models regards to timing of HCT as
shown in Fig. 1:

At present, there are no comparative data on outcomes of HCT vs. JAK-1/2 inhibitors vs. other
available treatment options. Given the rarity of myelofibrosis, such comparative studies are logistically
extremely difficult, if not impossible. The field is currently dominated by strong opinions, rather than
data. We believe that in such scenarios patients should be provided a balanced discussion about pros
and cons of each approach.

Early HCT may lead to significant TRM and loss of quality of life in some patients who could have
years of reasonable quality life with other treatment options. On the other hand, delay in HCT may
result in worse outcome due to increasing age, higher disease specific score, poor performance status,
worsening splenomegaly, transfusion associated iron overload, and the risk of LT.

Another important factor to consider here is the discontinuation rate of JAK-1/2 inhibitors in MF,
unlike tyrosine kinase inhibitors in CML. Ruxolitinib discontinuation rates, due to loss of clinical benefit
or toxic side effects, were reported as 46%e89% at 3 years in single center studies [29,30]. A recent
update on multicenter COMFORT-1 trial reported discontinuation rates of 21%, 35%, and 51% at 1, 2 and
3 years respectively [31]. In general, outcomes of patients who have failed JAK-1/2 inhibitors due to loss
of clinical benefit are poor. Though, some of these patients may derive symptomatic benefit from
treatment with alternative JAK inhibitors [32].

Another important concern is whether failure of JAK inhibitor therapy has any adverse effect on HCT
outcomes. A small study from Germany showed that, the outcomes of transplantation were better in
patients whowere responding to JAK inhibitor, with regard to spleen size, compared to thosewho have
failed or lost response [33]. However, at present there are not enough data to arrive at a conclusion.

Let us review case#1 in this context. According to DIPSS/DIPSS plus, this patient meets the criteria
for high-risk diseasewith expectedmedian survival of 16e27months. Although this patient is deriving
the clinical benefit from JAK inhibitors now, there is 50% chance of treatment discontinuation in 3 years
due to disease progression or intolerance.

Fig. 1. Timing of HCT in patients responding to JAK inhibitor: Possible Options. HCT denotes, hematopoietic cell transplantation.
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a b s t r a c t
The impact of Janus kinase (JAK) 1/2 inhibitor therapy before allogeneic hematopoietic cell transplantation
(HCT) has not been studied in a large cohort in myelofibrosis (MF). In this retrospective multicenter study,
we analyzed outcomes of patients who underwent HCT for MF with prior exposure to JAK1/2 inhibitors.
One hundred consecutive patients from participating centers were analyzed, and based on clinical status
and response to JAK1/2 inhibitors at the time of HCT, patients were stratified into 5 groups: (1) clinical
improvement (n ¼ 23), (2) stable disease (n ¼ 31), (3) new cytopenia/increasing blasts/intolerance (n ¼ 15),
(4) progressive disease: splenomegaly (n ¼ 18), and (5) progressive disease: leukemic transformation (LT)
(n ¼ 13). Overall survival (OS) at 2 years was 61% (95% confidence interval [CI], 49% to 71%). OS was 91%
(95% CI, 69% to 98%) for those who experienced clinical improvement and 32% (95% CI, 8% to 59%) for those
who developed LT on JAK1/2 inhibitors. In multivariable analysis, response to JAK1/2 inhibitors (P ¼ .03),
dynamic international prognostic scoring system score (P ¼ .003), and donor type (P ¼ .006) were inde-
pendent predictors of survival. Among the 66 patients who remained on JAK1/2 inhibitors until stopped for
HCT, 2 patients developed serious adverse events necessitating delay of HCT and another 8 patients had
symptoms with lesser severity. Adverse events were more common in patients who started tapering or
abruptly stopped their regular dose "6 days before conditioning therapy. We conclude that prior exposure
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to IV acute GVHD between various disease response groups
(P ¼ .30). Cumulative incidence of chronic GVHD by 2 years
was 48% (95% CI, 35% to 62%) and that of extensive chronic
GVHD was 23% (95% CI, 10% to 36%).

Opportunistic Infections and Viral Reactivations after
HCT

Among 60 cytomegalovirus (CMV)-seropositive re-
cipients, 26 (43%) developed CMV reactivations, but no CMV
disease was reported. Epstein-Barr virus reactivation was
reported in 6 patients, and Epstein-Barr virusepost-trans-
plantation lymphoproliferative disorder was diagnosed in
1 patient. Other viral infections reported were BK virus
hemorrhagic cystitis (n ¼ 6), mucocutaneous herpes simplex
virus (n ¼ 1), and rhinovirus pneumonitis (n ¼ 2).

Invasive fungal infections were reported in 7: mucormy-
cosis (n ¼ 2), invasive aspergillosis (n ¼ 1), pulmonary
candidiasis (n ¼ 1), central nervous system candidiasis
(n ¼ 1), and unspecified (n ¼ 2). One patient was diagnosed
with central nervous system toxoplasmosis. Culture-positive
bacterial infections were reported in 29 patients. Mycobac-
terial infections were not reported.

Relapse/Progression and NRM after HCT
Relapse or progression was observed in 16 patients and

resulted in death in 12 patients. Cumulative incidence of
relapse at 2 years was 17% (95% CI, 6% to 27%) (Figure 1).

Twenty-five patients died without relapse or progression:
GVHD (n ¼ 6), sepsis (n ¼ 11), organ failure (n ¼ 5), intra-
cranial bleed (n ¼ 2), and secondary myelodysplastic syn-
drome (n ¼ 1). The cumulative incidence of NRM at 2 years
was 28% (95% CI, 17% to 39%).

Survival after HCT
The probability of OS at 2 years for the whole cohort was

61% (95% CI, 49% to 71%). When analyzed based on pre-
transplantation response to JAK1/2 inhibitors, OS was 91%
(95% CI, 69% to 98%) for patients with clinical improvement
(group A), 54% (95% CI, 32% to 72%) for patients with stable
disease (group B), 54% (95% CI, 24% to 76%) in patients with
blast in the range of 10% to 19% or new-onset transfusion
requiring anemia or intolerance (group C), 60% (95% CI,
30% to 80%) for patients with progressive disease/spleno-
megaly (group D), and 32% (95% CI, 8% to 59%) in patients
with history of LT while on JAK1/2 inhibitors (group E)
(Supplemental Figure 1). As the survival probabilities were
comparable in groups B, C, and D, we combined these groups
for further analysis and refer to them as group BCD. The
2-year OS of the combined group was 55% (95% CI, 39% to
68%). The difference between OS of group A, group BCD, and
group E were statistically significant (log-rank, P ¼ .01)
(Figure 2A).

Univariable analysis of factors predictive of OS, relapse,
andNRMare presented inTable 3 and those of amultivariable

Figure 1. Allogeneic HCT outcomes in MF patients with prior exposure to JAK1/2 inhibitors. (A) Probability of OS, cumulative incidence of NRM, and cumulative
incidence of relapse/progression (CIR). (B) Cumulative incidence of neutrophil count ".5 # 109/L and platelet count "20 # 109/L. (C) Cumulative incidence of acute
GVHD. (D) Cumulative incidence of chronic GVHD.
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a b s t r a c t
The impact of Janus kinase (JAK) 1/2 inhibitor therapy before allogeneic hematopoietic cell transplantation
(HCT) has not been studied in a large cohort in myelofibrosis (MF). In this retrospective multicenter study,
we analyzed outcomes of patients who underwent HCT for MF with prior exposure to JAK1/2 inhibitors.
One hundred consecutive patients from participating centers were analyzed, and based on clinical status
and response to JAK1/2 inhibitors at the time of HCT, patients were stratified into 5 groups: (1) clinical
improvement (n ¼ 23), (2) stable disease (n ¼ 31), (3) new cytopenia/increasing blasts/intolerance (n ¼ 15),
(4) progressive disease: splenomegaly (n ¼ 18), and (5) progressive disease: leukemic transformation (LT)
(n ¼ 13). Overall survival (OS) at 2 years was 61% (95% confidence interval [CI], 49% to 71%). OS was 91%
(95% CI, 69% to 98%) for those who experienced clinical improvement and 32% (95% CI, 8% to 59%) for those
who developed LT on JAK1/2 inhibitors. In multivariable analysis, response to JAK1/2 inhibitors (P ¼ .03),
dynamic international prognostic scoring system score (P ¼ .003), and donor type (P ¼ .006) were inde-
pendent predictors of survival. Among the 66 patients who remained on JAK1/2 inhibitors until stopped for
HCT, 2 patients developed serious adverse events necessitating delay of HCT and another 8 patients had
symptoms with lesser severity. Adverse events were more common in patients who started tapering or
abruptly stopped their regular dose "6 days before conditioning therapy. We conclude that prior exposure
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  analysis of OS are presented in Table 4. Pretransplantation
response to JAK1/2 inhibitors (P¼ .03), DIPSS score (P¼ .003),
and donor type (P ¼ .006) were independent predictors of
survival in multivariable analysis.

Exploratory Analysis
As expected, the inferior survival of patients with history

of LT (group E) was due to higher relapse in this group
(Figure 2C). The difference in survival between group A and
group BCD was due to the difference in NRM (Figure 2B,
Supplementary Table 1): the 2-year cumulative incidence
was 9% (95% CI, 0% to 21%) versus 37% (95% CI, 22% to 52%)
(P¼ .07). Further analysis of causes of NRM (GVHD/infection/
others) was not performed because of the low number of
events.

Given these findings, we performed an exploratory
analysis comparing baseline characteristics of group A with
those of group BCD. The patient and disease characteristics
before starting JAK1/2 inhibitors were similar for these
groups (Supplemental Table 2). As expected, group A had
smaller spleen size and better performance status compared
with group BCD at the time of HCT, but other characteristics
were similar.

DISCUSSION
We report the largest multicenter experience to date on

the use of JAK1/2 inhibitor therapy before HCT in MF. Use of
JAK1/2 inhibitors was variable at the participating centers:
they were used either as a bridge to transplantation or as a
strategy to delay HCT, reflecting prevailing variations in
clinical practice. Although this study was retrospective in

nature, several important observations can be made, which
can guide current clinical practices.

An important learning point is the timing of discontinu-
ation of JAK1/2 inhibitors before conditioning therapy.
Reports of serious adverse events during scheduled discon-
tinuation of ruxolitinib in the prospective JAK-Allo Study
have raised serious concerns about safety of JAK1/2 in-
hibitors before HCT [17]. The events observed in that study
included acute circulatory compromise, respiratory failure,
and severe tumor lysis syndrome, and they were similar to
isolated events reported in non-HCT setting [31,33-35]. It is
postulated that these symptoms are probably due to
deranged cytokine milieu secondary to withdrawal of JAK-
signal transducer and activator of transcription inhibition
[31]. Some investigators have referred to these symptoms
as return of MF-related symptoms in their description
[32,36,37].

Given the lack of a standard definition of “rebound
symptoms,” “withdrawal symptoms,” and “return of MF-
related symptoms,” we adapted a conservative approach
towards collecting data on new symptoms observed during
the discontinuation of JAK1/2 inhibitor therapy, and as a
result we may have overestimated these symptoms. A ma-
jority of these symptoms were consistent with MF-related
symptoms and were mild to moderate in severity. Howev-
er, 2 patients experienced severe adverse events necessi-
tating rescheduling of HCT. In both of these patients, JAK1/2
inhibitor therapy was discontinued "6 days before the
planned start of transplantation conditioning. It is note-
worthy that 2 small retrospective studies, which used a
strategy of discontinuing ruxolitinib close to HCT, also did not
observe any untoward symptoms during discontinuation

Figure 2. Allogeneic HCT outcomes by response to prior JAK1/2 inhibitor therapy. Group A: patients who experienced clinical improvement with JAK1/2 inhibitors,
Group E: patients who developed leukemic transformation while on JAK1/2 inhibitor therapy, and Group BCD: combined group of others. (A) Probability of OS,
(B) cumulative incidence of NRM, and (C) cumulative incidence of relapse/progression.
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although spleen size at HCTwas smaller in responders, it was
not associated with better survival. Patients with disease
progression other than LT appear to have intermediate
outcomes similar to those with stable disease.

In addition to response to JAK1/2 inhibitors and DIPSS
score, donor type also influenced survival. Use of mis-
matched unrelated donors and haploidentical donors was
associated with inferior outcomes, but we did not observe
any significant difference between well-matched unrelated
donors and matched sibling donors. This is in contrast to
recent studies, which reported inferior outcomes with
matched unrelated donors [10,12] and possibly could be due
to continuously improving supportive therapies and wider
use of high-resolution HLA matching.

Other significant observations in this study include lower
rate of graft failure. We have not observed any pattern
or difference in graft failure based on response to JAK1/2
inhibitors, though the number of events was too small to
draw any valid conclusions. We have not observed any
striking reduction in the incidence or severity of acute GVHD
in this cohort, although it is difficult to compare between
various studies. Similarly, prior exposure to JAK1/2 inhibitors
does not appear to increase the risk of opportunistic in-
fections compared with other reported studies.

We conclude that prior treatment with JAK1/2 inhibitors
did not adversely impact early post-transplantation out-
comes in MF. We recommend that JAK1/2 inhibitor therapy
should be continued close to the start of transplantation
conditioning to minimize the risk of “rebound” or “with-
drawal symptoms.” The favorable transplantation outcomes
in patients who had clinical improvement with JAK1/2 in-
hibitor therapy are particularly encouraging. These findings
need further validation in well-designed prospective trials
comparing the strategies of early versus delayed trans-
plantations in patients responding well to JAK1/2 inhibitor
therapy.
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Table 4
Multivariable Analysis of OS

Variable Death

HR (95%CI) P

Response: 3 groups .03
Group A (n ¼ 23) 1
Group BCD (n ¼ 64) 5.4 (1.5-20.0)
Group E (n ¼ 13) 8.0 (1.6-39.6)

DIPSS score before JAK1/2 inhibitor .003
Intermediate-1 (n ¼ 40) 1
Intermediate-2 (n ¼ 48) 1.1 (.5-2.6)
High risk (n ¼ 6) 8.7 (2.4-31.8)

Donor .006
Matched sibling (n ¼ 36) 1
Matched unrelated (n ¼ 50) 1.03 (.4-2.6)
Other (n ¼ 14) 4.3 (1.5-12.4)

Intensity of conditioning .10
Full intensity (n ¼ 44) 1
Reduced intensity (n ¼ 56) 2.0 (.9-4.4)
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respectively [18]. Similar rates were described in long-term
follow-up of COMFORT-II trials [19]. There has been tremen-
dous interest in trying to identify whether there are any clinical
factors indicative of either poor response to JAK inhibitor
therapy or early discontinuation. Exploratory studies on
COMFORT trials did not identify any significant clinical fac-
tors [20, 21].

A recent study from the MD Anderson Center did an ex-
ploratory analysis on patients treated with ruxolitinib in a
phase 1/2 study and showed that spleen response (≥50 % re-
duction in palpable spleen size) was inversely correlated with
the number of mutations and patients with ≤2 mutations had
ninefold higher odds of a spleen response than those with ≥3
mutations. In addition, patients with ≥3 mutations had a
shorter time to treatment discontinuation and shorter overall
survival than those with fewer mutations [22]. These findings
need to be further confirmed in larger studies and if validated
would indicate an early role for transplantation in patients with
≥3 mutations.

Do JAK Inhibitors Have A Role as Part of Transplant
Procedure?

JAK inhibitor therapy is potentially advantageous in the pre-
transplant setting, as it can result in significant improvement
of constitutional symptoms and splenomegaly, to the degree
that patients can tolerate HCT well. In some patients, the use
of JAK inhibitors can result in significant improvement in
clinical status, which may potentially have beneficial impact
on outcomes of HCT [1]. In addition, there is a potential the-
oretical benefit of reduced incidence of acute GVHD due to
downregulation of cytokines. However, conflicting data have
been reported on the use of JAK inhibitors in the transplant
setting for MF. Preliminary results from a prospective multi-
center study in France have demonstrated serious adverse
events like cardiogenic shock and tumor lysis syndrome,
resulting in temporary suspension of accrual to this study
[23]. Early discontinuation of JAK inhibitors prior to HCT,
resulting in Bwithdrawal symptoms,^ is a potential reason for

Table 1 Prospective studies of reduced-intensity transplantation in myelofibrosis

European Group for Blood and
Marrow Transplantation (EBMT) study [13]
(N=103)

Myeloproliferative diseases research
consortium (MPD_RC) study [14•]
(N=66)

Conditioning Flu-bu+ATG Flu-Mel±ATG

Low-risk patients, % 17 4.5

URD, % 68 52

Survival, % 68 % at 5 years 75 % at 25 months (RD);
32 % at 25 months (URD)

NRM vs. relapse death, % 21 vs. 22 % at 3 years 22 vs. 4 % at 25 months (RD);
59 vs. 3 % at 25 months (URD)

Leukemia-free survival, % 40 % at 5 years NR

Overall graft failure, % 2 %; 11 % needed stem cell boost 6 % (RD); 36 % (URD)

ATG antithymocyte-globulin, Bu busulfan, Flu fludarabine, Mel melphalan, NR not reported, NRM non-relapse mortality, RD related donor, URD
unrelated donor

Table 2 JAK1/2 inhibition in transplant-eligible patients with myelofibrosis

Study No. of patients Study design Results Conclusions

Jackel et al. 2014 [24] 14 Retrospective Engraftment in 13 patients
(93 %); graft fibrosis (n=1)
and treatment-related sepsis (n=1)

Tapering ruxolitinib until conditioning
did not result in unexpected SAEs

Shanavas et al. 2014 [25] 6 Retrospective No adverse impact on early
post-HCT outcomes

Tapering ruxolitinib until conditioning
did not result in unexpected SAEs

Stübig et al. 2014 [26] 22 Retrospective 1-year OS of 100 % in patients
with a good response to
ruxolitinib vs. 60 % in others

Continuing ruxolitinib until conditioning
without taper resulted in no unexpected SAEs

Lebon et al. 2013 [27] 11 Retrospective Good engraftment rates Differing schedules of ruxolitinib tapering
associated with high engraftment rates

Shanavas et al. 2015
[11]

100 Retrospective No adverse impact on early
outcomes of HCT

Continuing JAK inhibitor therapy near to start
of conditioning therapy is associated with
very low risk of withdrawal symptoms

HSCT hematopoeitic cell transplantation, OS overall survival, SAE severe adverse effect
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although spleen size at HCTwas smaller in responders, it was
not associated with better survival. Patients with disease
progression other than LT appear to have intermediate
outcomes similar to those with stable disease.

In addition to response to JAK1/2 inhibitors and DIPSS
score, donor type also influenced survival. Use of mis-
matched unrelated donors and haploidentical donors was
associated with inferior outcomes, but we did not observe
any significant difference between well-matched unrelated
donors and matched sibling donors. This is in contrast to
recent studies, which reported inferior outcomes with
matched unrelated donors [10,12] and possibly could be due
to continuously improving supportive therapies and wider
use of high-resolution HLA matching.

Other significant observations in this study include lower
rate of graft failure. We have not observed any pattern
or difference in graft failure based on response to JAK1/2
inhibitors, though the number of events was too small to
draw any valid conclusions. We have not observed any
striking reduction in the incidence or severity of acute GVHD
in this cohort, although it is difficult to compare between
various studies. Similarly, prior exposure to JAK1/2 inhibitors
does not appear to increase the risk of opportunistic in-
fections compared with other reported studies.

We conclude that prior treatment with JAK1/2 inhibitors
did not adversely impact early post-transplantation out-
comes in MF. We recommend that JAK1/2 inhibitor therapy
should be continued close to the start of transplantation
conditioning to minimize the risk of “rebound” or “with-
drawal symptoms.” The favorable transplantation outcomes
in patients who had clinical improvement with JAK1/2 in-
hibitor therapy are particularly encouraging. These findings
need further validation in well-designed prospective trials
comparing the strategies of early versus delayed trans-
plantations in patients responding well to JAK1/2 inhibitor
therapy.
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a b s t r a c t
This is a retrospective analysis of 95 patients with myelofibrosis who were allografted between 2001 and
2014. The aims of the study were to assess whether the outcome of alternative donor grafts has improved
with time and how this compares with the outcome of identical sibling grafts. Patients were studied in 2
time intervals: 2000 to 2010 (n ¼ 58) and 2011 to 2014 (n ¼ 37). The Dynamic International Prognostic
Scoring System score was comparable in the 2 time periods, but differences in the most recent group
included older age (58 versus 53 years, P ¼ .004), more family haploidentical donors (54% versus 5%, P <

.0001), and the introduction of the thiotepa-fludarabine-busulfan conditioning regimen (70% of patients
versus 2%, P < .0001). Acute and chronic graft-versus-host disease were comparable in the 2 time periods.
The 3-year transplantation-related mortality (TRM) in the 2011 to 2014 period versus the 2000 to 2010
period is 16% versus 32% (P ¼ .10), the relapse rate 16% versus 40% (P ¼ .06), and actuarial survival 70% versus
39% (P ¼ .08). Improved survival was most pronounced in alternative donor grafts (69% versus 21%, P ¼ .02),
compared with matched sibling grafts (72% versus 45%, P ¼ .40). In conclusion, the outcome of allografts in
patients with myelofibrosis has improved in recent years because of a reduction of both TRM and relapse.
Improvement is most significant in alternative donor transplantations, with modifications in donor type and
conditioning regimen.

! 2016 American Society for Blood and Marrow Transplantation.

INTRODUCTION
Patients with myelofibrosis undergoing an allogeneic

stem cell transplantation (HSCT) have some specific prob-
lems: first, they usually have hypersplenism, which may be
expected to remove significant numbers of infused donor
stem cells from circulation and has been reported to delay
engraftment up to 1 week in several studies [1-3]. Whether
to remove a large spleen before transplantation remains a
question of individual choice, as there are conflicting results
on whether splenectomy is a risk factor for transplantation-

related mortality (TRM) or relapse [1-3], and splenectomy
itself is hazardous. An alternative option is ruxolitinib, which
has been shown to reduce the spleen volume in a significant
proportion of patients and may, therefore, be used for this
purpose before an allogeneic HSCT [4].

Second, the marrow is, by definition, fibrotic to different
degrees, and this may be considered an additional problem
for engraftment and graft function. To this point, in a recent
paper on the treatment of poor graft function with CD34þ-
selected peripheral blood cells [5], 50% of the patients had
myelofibrosis. Therefore, poor engraftment or poor graft
function are problems for these patients either because of
the large spleen, marrow fibrosis, or both. When, in addition,
the donor is not an identical sibling or has some degree of
HLAmismatch, infections and related complications can lead
to a very high TRM [2,3,6]. In a recent paper by the
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International Consortium on Myeloproliferative Disorders,
TRM was 22% in identical sibling transplantation, compared
with 59% in unrelated donor (UD) grafts [6]. This was seen
also in a Center for International Blood and Marrow Trans-
plant Research study (50% TRM for UD compared with 35%
for siblings) [3] and in a 2009 study by the European Society
for Blood and Marrow Transplantation Research, with a 3-
fold increased TRM for HLA-mismatched donor trans-
plantations [2]. TRM is not the only problem in patients with
myelofibrosis: relapse is seen in a significant number of
cases, especially in patients with a high-risk score, as iden-
tified by Dupriez [7-9] or by the more recent Dynamic In-
ternational Prognostic Scoring System (DIPSS) [10,11];
therefore, conditioning regimens capable of eradicating the
disease but with low toxicity would be required in this
difficult disease.

The aims of the present study were to assess whether the
outcome of alternative donor grafts for MF has improved
with time in our transplantation unit and how this currently
compares with the outcome of identical sibling grafts.

PATIENTS AND METHODS
Patients

This is a retrospective analysis of 95 patients with histologically proven
myelofibrosis who were allografted in our center between January 26, 2001
and April 4, 2014; thus, with a minimum follow-up of 1 year. Primary
myelofibrosis was diagnosed in 27 patients (64%) before and in 17 (49%)
after 2010; the remaining patients had myelofibrosis secondary to poly-
cytemia vera or thrombocythemia. Janus Kinase 2 (JAK2) mutation status
was available in 80 patients: it was mutated in 20 (44%) before and in 18
(51%) after 2010. CD34 cell count in peripheral blood was available in 90
patients and was comparable in the 2 time periods (Table 1). Clinical
characteristics of patients are outlined in Table 1. The donor was an HLA-
identical sibling in 46 patients or an alternative donor in 49. Patients
were scored for DIPSS at the time of transplantation [12] (Table 1) and
classified as low risk (n ¼ 1), intermediate 1 (n ¼ 18), intermediate 2
(n ¼ 36), and high risk (n ¼ 40). DIPSS scores were comparable before and
after 2010. Splenectomy was usually performed in patients with a large
spleen (>22 cm); the spleen size was somewhat smaller after 2010 and
splenectomy was less frequent, especially in the alternative donor group
(Table 1). The median number of circulating CD34 cells/microliter was
comparable in the 2 time periods (104 versus 120; P ¼ .90).

Modified Transplantation Score
In a previous study, we published a transplantation score based on

donor type (matched siblings or alternative donors), transfusion history
("/>20 units), and spleen size ("/>22 cm), which proved to be predictive of
transplantation outcome [13]. In the present study, inwhich donor type was
treated as a separate predictive variable, we used a modified version of our

transplantation score (MTS), based on transfusion history ("/>20 units) and
spleen size ("/>22 cm).

Alternative Donors
In the period 2001 to 2010, UD (n ¼ 20) prevailed over family mis-

matched donors (n ¼ 3), and of these, 8 were 8/8 HLAeallelic matched and
12 were <8/8 matched. In the most recent period, there was a predomi-
nance of haploidentical (HAPLO) family donors (n¼ 20) over UD (n¼ 6), and
of the latter, 5 were 8/8 matched and 1 was mismatched (Table 1).

Conditioning Regimens
In the first period, (2001 to 2010) reduced-intensity regimens (RIC),

mainly thiotepa and cyclophosphamide (CY) [13], were predominantly used,
both in sibling and alternative donor grafts; myeloablative regimens con-
sisted of conventional CY and total body irradiation (Table 1). In the more
recent period, (2011 to 2014) most patients (70%) received the combination
of thiotepa, fludarabine, and busulfan (TBF). This regimen has been
described in detail [14]: the original program called for thiotepa (5 mg/kg/
day # 2), fludarabine (50 mg/m2/day # 3), and 3 days of intravenous
busulfan, 3.2 mg/kg/day; we reduced the busulfan dose to 2 days (6.4 mg/kg
total dose) in patients over 60 years of age or patients with comorbidities;
overall 15 patients received TBF-busulfan 2 and 12 TBF-busulfan 3.

Stem Cell Source
Bone marrowwas the predominant stem cell source for both alternative

donors and matched siblings (Table 1).

Ruxolitinb
Only 6 patients in the recent cohort (16%) received ruxolitinib before

transplantation (Table 1).

Graft-versus-host Disease Prophylaxis
HLA-identical siblings received cyclosporin (CyA) þ short course

methotrexate (MTX); patients grafted from UD received
CyA þ MTX þ antithymocyte globulin (Thymoglobulin, Sanofi Aventis,
France) (3.75 mg/kg) on days %3 and %2 before transplantation [14]; pa-
tients receiving a HAPLO transplant were given CyA from day 0, mycophe-
nolate mofetil from day þ1, and CY 50 mg/kg on days þ3 and þ5 [14].

Diagnosis and Treatment of Graft-versus-host Disease
The clinical diagnosis of acute and chronic graft-versus-host disease

(GVHD) was made according to standard criteria and confirmed histologi-
cally by skin and/or rectal biopsies. First and second-line therapy of GVHD
were given as per institutional protocols.

Supportive Care
Antimicrobial prophylaxis was started during conditioning regimen and

consisted of standard-dose acyclovir, levofloxacine 500 mg a day, and flu-
conazole 400 mg per day until day þ75. Cytomegalovirus monitoring, with
pp65 antigenemia, was started on day%7 until dayþ100, twiceweekly: pre-
emptive therapy (ganciclovir or foscarnet) was given to patients with pos-
itive cytomegalovirus antigenemia. Weekly Epstein-Barr virus monitoring
by PCR was started on day þ15 and continued weekly until day þ100: pre-
emptive therapy with rituximab was given to patients with a viral load
greater than 1000 copies/105 mononuclear cells. Weekly monitoring of
galactomannan was started on day 0 until day þ100 and patients with
possible or probable invasive aspergillosis received antifungal therapy.

Relapse
Hematologic relapse was diagnosed when patients presented with

abnormal peripheral blood counts, declining donor bone marrow chime-
rism, increasing peripheral blood CD34 counts or blasts, and/or mutated
JAK2 (if present before transplantation).

Statistical Analysis
Comparison between groups was carried out using the chi-square test

for categorical variables and the nonparametric Whitney test for continuous
variables. Univariate and multivariate survival analyses on survival were
carried out using the Cox proportional hazard model. Variable with P
values " .10 in univariate analysis were entered in the multivariate model.
When calculating the cumulative incidence (CI) of TRM, the competing risk
was relapse. When calculating the CI of relapse, the competing risk was
TRM. The log-rank test was used for univariate comparison of survival
curves, whereas the Fine and Gray test was used for univariate comparison
of cumulative incidences.

Table 1
Clinical Data of Patients with Myelofibrosis

Year of Transplantation 2000 to 2010 2011 to 2014 P Value

No. of patients 58 37
Age, median (range), yr 53 (24-67) 58 (37-69) .004
DIPSS low-int 1/int 2/high 11/24/23 8/12/17 .60
Spleen size, median (range), cm 23 (12-40) 20 (14-30) .04
JAK2 mutated 20 (44%) 18 (51%) .50
CD34 cells in PB/mL 104 (0-5280) 120 (2-354) .90
Splenectomy 46 (79%) 9 (24%) <.0001
Transfusions >20 units 33 (57%) 13 (35%) .03
MTS: low, int, high 11/27/20 19/13/6 .006
Interval Dx-Tx, median, d 889 745 .40
Ruxolitinib 0 (0%) 6 (16%) .001
Donors: SIBS/UD/Haplo 35/20/3 11/6/20 <.0001
Stem cell source BM/PB 50/8 32/5 .90
Myeloablative regimens 9 (15%) 26 (70%) <.0001
TBF regimen, n (%) 1 (2%) 26 (70%) <.0001

Int indicates intermediate; PB, peripheral blood; BM, bone marrow; Dx,
diagnosis; Tx, treatment; SIBS, HLA-identical siblings.
Data presented are n (%), unless otherwise indicated.
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UD graft recipients are alive. In the 2011 to 2014 period, there
were 5 matched and 1mismatched UD grafts recipients: all 6
are surviving.

Univariate and Multivariate Cox Analysis
Donor recipient gender combination, JAK2 mutational

state, interval from diagnosis to transplantation, patient age,
and diagnosis (primary myelofibrosis or myelofibrosis sec-
ondary to polycythemia vera or thrombocythemia), a CD34
count greater than 100/mL (yes or no), and TBF (yes or no)
were not significant predictors in univariate analysis
(Table 4). DIPSS, MTS, transplantation era (</!2010), and
donor type were selected from the univariate analysis to
enter the multivariate model (Table 4). DIPSS and MTS
proved to be independent predictors in multivariate analysis,
with a higher risk of mortality for patients with high-risk
DIPSS and MTS (Table 4). Patients who underwent trans-
plantation in the most recent era had one half the risk of
death compared with those in the previous era (P ¼ .09), and
donor type was not predictive of mortality, with a 1.5 hazard
ratio for alternative donors (P ¼ .10) (Table 4).

DISCUSSION
In this study, we show that the outcome of transplantation

in patientswithmyelofibrosis has significantly improved over
the past years as a consequence of reduced TRM and reduced
early relapse of the original disease. This is particularly true
for alternative donor transplantations. The most significant
predictor of survival remains the DIPSS score, followed by our

MT, although patients who underwent transplantation af-
ter 2010 had a comparable risk profile as patients who un-
derwent transplantation earlier. In addition, patients who
underwent transplantation after 2010 were significantly
older than patients who underwent transplantation before
2010, and age is a negative prognostic factor [15]. Therefore,
patient selection is probably not the reason for improved
outcome. There have been major changes in the period 2011
to 2014 compared with the 2000 to 2010 era: conditioning
regimen, donor type, and GVHD prophylaxis.

As with many other disorders, but perhaps more so in
myelofibrosis, there is no standard conditioning regimen:
conventional myeloablative regimens, with full-dose total
body irradiation, have been largely abandoned because of the
high risk of TRM [8] and have been substituted with so called
RIC or reduced-toxicity regimens [10,16]. The latter usually
include fludarabine with low-dose busulfan [2], low-dose
thiotepa [17], or melphalan [8]; nevertheless, TRM remains
high for alternative donor grafts and thosewith RIC regimens
[8]. An alternative approach is to maintain a myeloablative
dose of busulfan preceded, rather than followed, by CY [18]:
with this approach the incidence of severe liver complica-
tions has been significantly diminished and the eradicating
effect of busulfan maintained [18]. In the present study, we
modified our conditioning regimen such that in the period
2011 to 2014, the majority of patients received the combi-
nation of TBF, as originally described for cord blood trans-
plantations [19]: TBF was well tolerated in both sibling and
alternative donor transplantations, and, in the latter, it has
significantly improved the proportion of patients engrafting
and with full donor chimerism. In other words, the intensi-
fication of the conditioning regimen, with the combination
of 2 alkylating agents such as busulfan and thiotepa, has
increased the percentage of patients with strong functioning
grafts, and not at the cost of increased toxicity. In particular,
we have seen fewer infections and less multiorgan failure,
also in older patients: In the 2000 to 2010 period, TRM for
patients over 55 years of age was 63% and it is currently 23%.
With more robust engraftment, higher lymphocyte counts
on dayþ100, and greater proportion of full donor chimerism,
we have seen less relapse (from 40% to 16%), and overall

Figure 2. Overall survival, stratified by transplantation period.

Table 3
Causes of Death

Year of Transplantation 2000 to 2010 2011 to 2014 P Value

No. of patients 58 37
Rejection 2 1
GVHD 3 1
Infections 6 2
Interstitial pneumonia 2 1
Multiorgan failure 7 1
Second tumor 2 0
Relapse 18 5 .05
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RESULTS
Engraftment and GVHD

Engraftment, as identified by a neutrophil count of
.5 ! 109/L, was seen in 90% versus 95% in the 2 time periods
(Table 2). When looking at alternative donor trans-
plantations, engraftment was achieved in 83% up to the year
2010 and in 92% after 2010; time to engraftment was not
different in the 2 time periods (Table 2).

Full donor chimerism inmatched siblings was 90% in both
periods (Table 2). However, in alternative donor grafts, full
chimerism was documented in 69% of evaluable patients in
2000 to 2010 (Table 2), with 3 patients with autologous re-
constitutions and 2 patients with less than 50% donor
chimerism; in the 2010 to 2014 period, 22 of 23 evaluable
patients (95%) achieved full donor chimerism (P ¼ .02)
(Table 2).

On day þ100 after transplantation, more patients in the
2011 to 2014 period had an absolute lymphocyte
count >.5 ! 109/L (63% versus 25% P ¼ .01); platelet and
hemoglobin levels were comparable.

The CIs of acute GVHD grades II to IV were comparable in
the 2 periods: 34% versus 27% (P ¼ .40) as well as grades III
and IV GVHD (7% versus 10%, P ¼ .50). Moderate/severe
chronic GVHDwas also comparable: 19% versus 21% (P¼ .70).

TRM, Relapse, and Survival
The 3-year TRM in the 2011 to 2014 period versus the

2000 to 2010 period was 16% versus 32% (P¼ .10) (Figure 1A),
the relapse rate was 16% versus 40% (P¼ .06) (Figure 1B), and
actuarial survival was 70% versus 39% (P ¼ .08) (Figure 2).

Deaths within 1 year from transplantation remained
stable in sibling transplantations (31% versus 27%) but have
been almost halved in alternative donor transplantations
(56% versus 31%) (Table 2). When looking at alternative
donor transplantations only, in the 2000 to 2010 period, the
TRM for patients aged $/>55 years was 41% versus 66%; in
the 2011 to 2014 period, TRM for patients aged $/>55 years
was 22% versus 23%. In the 2011 to 2014 period, we provided
transplantation to 13 patients ages 61 to 69 from alternative
donors, and their TRM is 15%.

Causes of death are shown in Table 3. A trend for a
reduction of all causes is seen, particularly for multiorgan
failure, infections, and relapse.

Comparison of Transplantations from Alternative Donors
and HLA Identical Siblings

Figure 3 shows the actuarial survival of patients who
received transplants from identical siblings compared with
that for those who received alternative donor grafts in the 2
periods: actuarial survival in the 2000 to 2010 period was
45% versus 21% (P ¼ .02) (Figure 3A) and it is currently (2011
to 2014) 72% versus 69% (P ¼ .60) (Figure 3B).

Survival and DIPSS Score
When stratifying patients, regardless of donor type, by

DIPPS, the actuarial survival in the 2000 to 2010 period was
as follows: DIPSS low/intermediate 1/intermediate 2
(n¼ 35), 57% and high risk (n¼ 23) (8%) (P< .01) (Figure 4A).
In the 2011 to 2014 period, survival was as follows: DIPSS
low/intermediate 1/intermediate 2 risk (n ¼ 20) 80% and
high risk (n ¼ 17) 57% (P ¼ .20).

UD Matching and Outcome
In the 2000 to 2010 period, there were 8 matched (8/8)

and 12mismatched UD graft recipients (<8/8): TRMwas 50%
in both groups. Two of 8 matched and 2 of 12 mismatched

Table 2
Outcome of Patients with Myelofibrosis

Year of Transplantation 2000 to 2010 2011 to 2014 P Value

No. of patients 58 37
Patients engrafted 52 (90%) 35 (95%) .30
Day to PMN .5 ! 109/L,

median (range)
Matched siblings 18 (11-37) 21 (15-50) .60
Alternative donors 20 (11-37) 21 (13-50) .60

Full donor chimerism
Matched siblings 26/29* (90%) 10/11 (91%) .90
Alternative donors 11/16* (69%) 22/23* (95%) .02

Death within 1 yr
Matched siblings 11 (31%) 3 (27%) .70
Alternative donors 13 (56%) 8 (31%) .06

PMN indicates neutrophils.
Data presented are n (%), unless otherwise indicated.

* Evaluable patients.

Figure 1. (A) Cumulative incidence of transplantation-related mortality (TRM) stratified by transplantation period (2000 to 2010 and 2011 to 2014). (B) Cumulative
incidence of relapse stratified by transplantation period (2000 to 2010 and 2011 to 2014).
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a b s t r a c t
This is a retrospective analysis of 95 patients with myelofibrosis who were allografted between 2001 and
2014. The aims of the study were to assess whether the outcome of alternative donor grafts has improved
with time and how this compares with the outcome of identical sibling grafts. Patients were studied in 2
time intervals: 2000 to 2010 (n ¼ 58) and 2011 to 2014 (n ¼ 37). The Dynamic International Prognostic
Scoring System score was comparable in the 2 time periods, but differences in the most recent group
included older age (58 versus 53 years, P ¼ .004), more family haploidentical donors (54% versus 5%, P <

.0001), and the introduction of the thiotepa-fludarabine-busulfan conditioning regimen (70% of patients
versus 2%, P < .0001). Acute and chronic graft-versus-host disease were comparable in the 2 time periods.
The 3-year transplantation-related mortality (TRM) in the 2011 to 2014 period versus the 2000 to 2010
period is 16% versus 32% (P ¼ .10), the relapse rate 16% versus 40% (P ¼ .06), and actuarial survival 70% versus
39% (P ¼ .08). Improved survival was most pronounced in alternative donor grafts (69% versus 21%, P ¼ .02),
compared with matched sibling grafts (72% versus 45%, P ¼ .40). In conclusion, the outcome of allografts in
patients with myelofibrosis has improved in recent years because of a reduction of both TRM and relapse.
Improvement is most significant in alternative donor transplantations, with modifications in donor type and
conditioning regimen.

! 2016 American Society for Blood and Marrow Transplantation.

INTRODUCTION
Patients with myelofibrosis undergoing an allogeneic

stem cell transplantation (HSCT) have some specific prob-
lems: first, they usually have hypersplenism, which may be
expected to remove significant numbers of infused donor
stem cells from circulation and has been reported to delay
engraftment up to 1 week in several studies [1-3]. Whether
to remove a large spleen before transplantation remains a
question of individual choice, as there are conflicting results
on whether splenectomy is a risk factor for transplantation-

related mortality (TRM) or relapse [1-3], and splenectomy
itself is hazardous. An alternative option is ruxolitinib, which
has been shown to reduce the spleen volume in a significant
proportion of patients and may, therefore, be used for this
purpose before an allogeneic HSCT [4].

Second, the marrow is, by definition, fibrotic to different
degrees, and this may be considered an additional problem
for engraftment and graft function. To this point, in a recent
paper on the treatment of poor graft function with CD34þ-
selected peripheral blood cells [5], 50% of the patients had
myelofibrosis. Therefore, poor engraftment or poor graft
function are problems for these patients either because of
the large spleen, marrow fibrosis, or both. When, in addition,
the donor is not an identical sibling or has some degree of
HLAmismatch, infections and related complications can lead
to a very high TRM [2,3,6]. In a recent paper by the
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actuarial survival has improved from 39% to 70%. TBF is the
only regimen we are currently using in patients with
myelofibrosis.

There has been anothermajor change in alternative donor
selection, with a predominance (77%) of family HAPLO in the
2011 to 2014 period compared with 13% family mismatched
donors in the 2000 to 2010 period. The reason for this change
is the poor results of UD transplantations, especially if <8/8
matched: of the 12 mismatched UD grafts performed before
2011, only 2 survived. We have, therefore, restricted UD
search to 8/8 matched and this has reduced the number of
patients with a suitable donor. The use of HAPLO donors has
comewith a change in GVHD prophylaxis; namely, high-dose
post-transplantation CY plus CyA and mycophenolate,
modified from the Baltimore program [14,20]. Therefore, we
have moved from a standard UD transplantation, with
CyA þMTX þ antithymocyte globulin for GVHD prophylaxis,
to HAPLO transplantation with post-transplantation
CY þ CyA þ mycophenolate mofetil. It is impossible, at pre-
sent, to assess whether the improved engraftment, reduced
TRM, and reduced relapse in the alternative donor grafts are

the consequences of the TBF conditioning, the use of HAPLO
family donors, post-transplantation CY, or a combination of
these 3 factors. What seems to be clear is that the outlook for
a patients with myelofibrosis referred for an alternative
donor transplantation in our unit is currently much better
than it was 10 years ago.

When we compared the outcomes for recipients of HLA-
identical sibling and alternative donor grafts, in the 2000
to 2010 period our results matched those reported by the
International Consortium [8] and also by the largest registry-
based study [11]; namely, poor survival for transplantations
from unrelated donor grafts, significantly worse than iden-
tical siblings grafts.

Things changed in the 2011 to 2014 period andwe now see
overlapping survival of siblings and alternative donors, mainly
HAPLO family donors. The most significant predictor for
survival from Cox multivariate analysis is DIPSS, followed by
our MTS that is based on pretransplantation transfusion his-
tory and spleen size. The transplantation era has a border-
line positive effect, whereas patients age, gender, interval
from diagnosis to transplantation, JAK2 mutational state, a

Figure 3. Comparison of outcomes between HLA identical sibling and alternative donor grafts. In the 2000 to 2010 period (A) a significant advantage is seen for
siblings (n ¼ 35) over alternative donor grafts (n ¼ 23). In the 2011 to 2014 period, the outcomes of siblings (n ¼ 11) and alternative donor grafts (n ¼ 26) are
comparable (B).

Figure 4. Shown is actuarial survival of MF patients stratified for transplantation period and DIPSS. In the 2000 to 2010 period (A) patients with DIPSS low, in-
termediate 1, and intermediate 2 risk scores have significantly superior survival compared with patients with DIPSS high-risk scores. In the 2011 to 2014 period,
improved survival of high-risk patients can be seen, such that the difference with DIPSS low/intermediate 1/intermediate 2 is not statistically significant (B).
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than it was 10 years ago.

When we compared the outcomes for recipients of HLA-
identical sibling and alternative donor grafts, in the 2000
to 2010 period our results matched those reported by the
International Consortium [8] and also by the largest registry-
based study [11]; namely, poor survival for transplantations
from unrelated donor grafts, significantly worse than iden-
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survival from Cox multivariate analysis is DIPSS, followed by
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siblings (n ¼ 35) over alternative donor grafts (n ¼ 23). In the 2011 to 2014 period, the outcomes of siblings (n ¼ 11) and alternative donor grafts (n ¼ 26) are
comparable (B).

Figure 4. Shown is actuarial survival of MF patients stratified for transplantation period and DIPSS. In the 2000 to 2010 period (A) patients with DIPSS low, in-
termediate 1, and intermediate 2 risk scores have significantly superior survival compared with patients with DIPSS high-risk scores. In the 2011 to 2014 period,
improved survival of high-risk patients can be seen, such that the difference with DIPSS low/intermediate 1/intermediate 2 is not statistically significant (B).
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a b s t r a c t
To determine whether umbilical cord blood transplantation (UCBT) is an alternative cure for myelofibrosis
(MF), we evaluated 35 UCBTs reported to Eurocord. Seven patients had secondary acute myeloid leukemia
(AML) at UCBT, and median age at UCBT was 54 years. Twenty-four patients received a reduced-intensity
conditioning (RIC) regimen, and 17 of 35 patients received total body irradiation (2 to 12 Gy)-fludarabine-
cyclophosphamide (TCF) conditioning. The median follow-up was 24 months. The cumulative incidence of
neutrophil recovery at 60 days was 80%. Fifteen patients relapsed after UCBT. The 2-year overall survival and
event-free-survival (EFS) rates were 44% and 30%, respectively. All patients given TCF achieved neutrophil and
platelet recovery, and the use of TCF was associated with superior EFS in the RIC population (44% versus 0%,
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Ø  Thirty	
  five	
  pts	
  with	
  PMF/
SMF	
  underwent	
  a	
  single	
  or	
  
double	
  UCB	
  transplant	
  aner	
  
RIC	
  (69%)	
  or	
  MAC	
  (31%)	
  
condi6oning	
  

Ø  Median	
  age	
  54	
  (28-­‐53)	
  
Ø  Seven	
  pts	
  in	
  LT	
  at	
  Tx	
  
Ø  CB	
  units	
  5/6	
  and	
  4/6	
  HLA	
  

matched	
  in	
  23%	
  and	
  77%	
  
respec@vely	
  

Ø  Graf	
  Failure	
  40%	
  (14/35	
  
pts)	
  

Ø  CI	
  of	
  2-­‐years	
  TRM	
  35%	
  

(after 12 months), and 1 regressed from grade II to I (after 9
months).

TRM, OS, and EFS
Overall, 24 patients died: 10 of relapse and 14 of

transplant-related causes, detailed in Table 1. The median
follow-up was 24 months (range, 6 to 73). The cumulative
incidence of TRM at 2 years was 35%. The 2-year OS and EFS
rates were 44% and 30%, respectively (Figure 1B,C). In uni-
variate analysis, age, time from diagnosis to transplantation,
number of cord blood units infused, cell dose, and disease
characteristics had no significant impact on EFS or OS.
According to diagnosis, EFS was 35% for PMF, 18% for SMF,
and 36% for AML. Among the 24 patients given RIC, those
who received TCF (n¼ 13) had a significantly higher EFS (44%
versus 0%, P ¼ .001; Figure 1D), whereas in patients receiving
MAC, no significant difference was found according to the
type of conditioning regimen used.

DISCUSSION
In this study we describe patients receiving UCBT for PMF

or SMF. We selected our cases from the Eurocord registry, a
large international registry for UCBT, to which only 35 cases
were reported from 23 centers over an 8-year period, con-
firming that UCBT is rarely performed in patients with MF.
These patients were at high risk at UCBT because of the
advanced disease stage (20% had MF in blast phase). The
median age at UCBT was relatively high, similar to that
reported in patients having received a graft from an adult
unrelated donor. In our series GF was a major concern. The

lower engraftment rate could be explained by the association
of the underlying disease and the stem cell source, which are
both well-known independent risk factors for delayed
engraftment and GF. Nevertheless, 2 observations can be
highlighted in our population: patients who experienced GF
but achieved neutrophil recovery had prolonged survival,
and patients who received a TCF-based conditioning had
an excellent engraftment. Importantly, 13 of 17 patients
receiving TCF had a RIC regimen, which may have contrib-
uted to the improved results in this advanced-age population
in terms of both engraftment and EFS.

In our results patients who never achieved neutrophil
recovery had poorer survival. Onemay argue that this finding
may be correlated with the type of conditioning used.
Unfortunately, in our study we were unable to explore this
finding further because we were dealing with small sub-
groups of patients. No other prognostic factors were identi-
fied, including cell dose. However, it is important to note that
32 of 33 assessable patients received an adequate dose of
total nucleated cells ("2.5 # 107/kg).

As previously described in other HSCT settings, we
demonstrated that it is possible to obtain regression of bone
marrow fibrosis after UCBT. Furthermore, some patients had
long-term survival, despite particularly adverse prognostic
features (age, advanced disease stage), and we observed
encouraging results for cases of leukemic transformation
that would otherwise have an expected survival of 4 months
in the absence of HSCT [15].

The role of JAK2 inhibitors in the MF treatment pathway
has yet to be determined. In our study only 1 patient with

Figure 1. Outcome of patients with MF after UCBT. (A) Cumulative incidence of neutrophil recovery (60-day ¼ 80%, n ¼ 28). (B) Probability of OS (2-year ¼ 44%,
n ¼ 16). (C) Probability of EFS (2-year ¼ 30%, n ¼ 10). (D) Probability of EFS in the RIC population (n ¼ 24) according to the conditioning regimen (d, TCF; . . . ., others:
2-year ¼ 44% versus 0%, P ¼ .001).
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Ø  In	
  pa6ents	
  who	
  are	
  responding	
  to	
  JAK	
  1/2	
  inhibitor	
  therapy,	
  HCT	
  can	
  
be	
  considered	
  early	
  if	
  a	
  suitable	
  matched	
  sibling	
  	
  donor	
  or	
  well-­‐
matched	
  donor	
  is	
  available	
  

	
  
Ø  Conversley,	
  HCT	
  with	
  alterna6ve	
  donors	
  can	
  be	
  considered	
  in	
  delayd	
  

in	
  those	
  pa6ents	
  who	
  are	
  at	
  very	
  high	
  risk	
  of	
  leukemic	
  
transforma6on,	
  or	
  those	
  who	
  loss	
  response	
  to,	
  or	
  became	
  intolerant	
  
to	
  JAK	
  inhibitors	
  

	
  



What	
  is	
  the	
  op4mal	
  4ming	
  of	
  HCT	
  in	
  pa4ents	
  
with	
  MF	
  in	
  the	
  era	
  of	
  JAK	
  inhibitors?	
  
	
  

Ø  Early	
  vs	
  delayed	
  HCT	
  in	
  pa6ents	
  responding	
  to	
  JAK	
  inhibitor	
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Key Points

• In patients treated with
ruxolitinib, harboring $3
mutations was inversely
correlated with spleen
response and time to
treatment discontinuation.

• Multigene profiling may be
useful for therapeutic planning.

Although most patients with myelofibrosis (MF) derive benefit from ruxolitinib, some are

refractory, have a suboptimal response, or quickly lose their response. To identify genes that

may predict response to ruxolitinib, we performed targeted next-generation sequencing

(NGS) of a panel of 28 genes recurrently mutated in hematologic malignancies in a cohort

of patientswithMFwhowere treatedwith ruxolitinib ina phase1/2 study.Wealso tested for

CALR deletions by standard polymerase chain reactionmethods. Ninety-eight percent of

patients had a mutation in ‡1 gene. Seventy-nine (82.1%) patients had the JAK2V617F

mutation, 9 (9.5%)hadCALRmutations (7 type1, 2 type 2), 3 (3.1%) hadMPLmutations, and

4 (4.2%) were negative for all 3. ASXL1/JAK2 and TET2/JAK2 were the most frequently

comutated genes. Mutations in NRAS, KRAS, PTPN11, GATA2, TP53, and RUNX1 were

found in <5% of patients. Spleen response (‡50% reduction in palpable spleen size) was

inversely correlatedwith the number ofmutations; patientswith £2mutations hadninefold

higher odds of a spleen response than those with ‡3 mutations (odds ratio5 9.37; 95% confidence interval, 1.86-47.2). Patients with ‡3
mutations also had a shorter time to treatment discontinuation and shorter overall survival than those with fewer mutations. In

multivariable analysis, only number of mutations and spleen response remained associated with time to treatment discontinuation.

Patients with ‡3 mutations had the worst outcomes, suggesting that multigene profiling may be useful for therapeutic planning for MF.

(Blood. 2015;126(6):790-797)

Introduction

Although most patients with myelofibrosis (MF) derive benefit from ru-
xolitinib, some are refractory or have a suboptimal response. Also, the
duration of response differs between patients. To date, only 1 study has
explored the impact of genetic mutations on response to ruxolitinib.1

Guglielmelli et al found that among patients enrolled in the phase 3 study
comparing ruxolitinib with best available therapy (COMFORT-II),2

ruxolitinib-induced improvements in symptoms and splenomegaly were
not associated with mutation status, and ruxolitinib improved survival
even in patients with prognostically detrimental mutations (ASXL1,
EZH2, SRSF2, and IDH1/2).1 That study evaluated 14 recurrently mu-
tated genes and was performed before the discovery of the CALR mu-
tation, which is present in up to 70% of patients who are JAK2 andMPL
negative. In recentyears,with theexplosionofwholegenomesequencing
efforts, a number of rare, but recurrent, mutations have been identified in
myeloproliferative neoplasms (MPNs), suggesting that there may be
several paths to the development of MPNs, which have heterogeneous
clinical presentations and treatment responses.3-5 To detect genes that
maybecorrelatedwith response to ruxolitinibandotherclinicopathologic
features, we performed a comprehensive mutation profile of 29 genes
recurrentlymutated in primarilymyeloidmalignancies6 in a cohort of 95
patients withMFwhowere treatedwith ruxolitinib in a phase 1/2 study.7

Methods

Sequencing of patient samples

We performed targeted next-generation sequencing (NGS) of DNA samples
from bone marrow or peripheral blood collected at study entry from 95 patients
withMFwhowere treated in a phase 1/2 study of ruxolitinib at our center.7 The
entire coding sequences of 28 genes (ABL1, ASXL1, BRAF, DNMT3A, EGFR,
EZH2, FLT3, GATA1, GATA2, HRAS, IDH1, IDH2, KIT, KRAS, MDM2,
IKZF2, JAK2,MLL,MPL,MYD88,NOTCH1,NPM1,NRAS,PTPN11,RUNX1,
TET2, TP53, and WT1) were sequenced using a next generation sequencing
(NGS)-based custom-designed assay using the Illumina MiSeq platform as
previously described.6 Testing for insertion and deletion mutations in CALR
was performed as previously described.8 Testing for SRSF2 mutations was
not performed.

Clinical end points and statistical analysis

Overall survival (OS)was calculated from the first day of ruxolitinib treatment to
the date of death or last follow-up (censoring date). Time to treatment discon-
tinuation (TTD) was calculated from the first day of treatment to the last day of
treatment or date of death. Patients still on therapy at the time of data analysis
were censored at the date of last follow-up.We excluded 7 patients whowent off
study to receive a commercial supply of ruxolitinib from our analysis of TTD.
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Discussion

We identified mutations in 15 genes commonly mutated in myeloid
malignancies in all but 2 patients in our cohort. Patients with $3
mutations of any type had significantly lower odds of a spleen response
and a shorter TTD. In multivariate analysis, only the presence $2
mutations and spleen response were associated with shorter TTD.
These findings suggest that patients with $3 mutations have a more
aggressive disease that is less amenable to treatment with ruxolitinib.

In agreement with previous findings showing that ASXL1, EZH2,
and IDH1/2 are associated with poor outcomes, we also found that
patients with one or more mutations in ASXL1, EZH2, or IDH1/2 had
shorter TTD and OS.1,19,26 In contrast to the analysis of mutations in
patients in the COMFORT-II cohort, we found that patients with 1 or
more mutations in ASXL1, EZH2, or IDH1/2 were significantly less
likely to have a spleen response. One reason for this discrepancy could
be the differences in the combinations of mutations assessed in the
2 studies. For our cohort, we did not have information on the SRSF2
mutation status, which was included as a high-molecular risk mutation
in the study byGuglielmelli et al.1 In addition, we analyzed best overall
spleen response, whereas Guglielmelli et al analyzed spleen response
after 24 and 48 weeks. Thus, our cohort includes IWG-defined re-
sponses thatmay have occurred at later time points. Indeed, a long-term
follow-upanalysis of thephase1/2study reported a spleen response rate
of 62% after a median follow-up of 32 months compared with a spleen
response rate of 44% after 12 weeks.7,10 Likewise, after a median
follow-up of 3 years, 59% percent of patients in the COMFORT-I
cohort had achieved a spleen response compared with 42% at
week 24.27

We also identified mutations in genes that are part of the mitogen-
activated protein kinase/Ras pathway (KRAS, NRAS, and PTPN11)
in 9 patients (10%). Three of 4 KRAS/NRAS mutations were found at
residue G12 or G13, a mutational hotspot in Ras proteins that leads to
oncogenic activation.28 Activating NRAS/KRAS mutations have been
found in 2% to 5% of PMF patients and are reported to be associated
with poor prognosis.3 We observed a trend toward shorter survival for
these patients (P 5 .052), but our sample size was small. The fourth
patient hadaKRASI36Mmutation,whichhas been reported inpatients
with Noonan syndrome, an autosomal dominant disorder associated
with dysmorphic facial features, short stature, heart disease, skeletal

abnormalities, and predisposition to juvenile myelomonocytic leuke-
mia (JMML), acute lymphoblastic leukemia (ALL), and AML.12

Three patients had mutations in PTPN11, encoding a phosphatase
that signals upstream of KRAS/NRAS. To our knowledge, somatic
mutations in PTPN11 have only been reported in 4MPN patients, 1 of
whom had transformed to AML.16,29 Somatic PTPN11 mutations
(P491) have been described in patients with JMML and pediatric AML
and ALL,30,31 and germ-line mutations (F71 and D106) have been
reported in patients with JMML and .50% of those with Noonan
syndrome.32,33 The 3 patients harboring KRAS/PTPN11 mutations
found in patients with Noonan syndrome reported a history of stroke
(2 patients; KRAS I36M and PTPN1 1F71) and mitral and tricuspid
valve regurgitation (1 patient; PTPN11 D106 mutation), but none of
them displayed any obvious signs of Noonan syndrome. A history of
bleeding problems and congenital heart defects are common symptoms
of Noonan syndrome, suggesting that these may indeed be germ-line
mutations. Regardless, given the role of Ras and PTPN11mutations in
pediatric myeloid malignancies and Noonan syndrome, the mutation
likely contributes to the MPN phenotype in some patients.3

Three patients had mutations inGATA2, which have been reported
in a group of autosomal dominant immune dysfunctions involving
the myeloid lineage, which have recently been grouped together as
GATA2 deficiencies. To our knowledge somatic GATA2 mutations
have only been reported in 1MPN patient.22 Given the link between
germ-line GATA2 mutations and myeloid malignancies, as well as its
absence in recently published whole-genome studies,4 it is plausible
that the mutations identified in GATA2 in these patients represent

Figure 2. Kaplan-Meier analysis of time to event outcomes. Time to treatment failure stratified by (A) molecular risk group and (B) number of mutations.

Table 4. Multivariable Cox regression analysis of TTD

Variable HR 95% CI P value

Number of mutations

#1 Reference

2 2.56 1.35-4.86 .004

$3 3.74 1.53-9.10 .004

Transfusion dependence 1.65 0.823-3.31 .158

Diagnosis

PPV-MF Reference

PMF 1.85 0.959-3.57 .066

IWG-defined spleen response 0.372 0.179-0.776 .008

Bold text highlights variables that remained statistically significant in the multi-
variate model.
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respectively [18]. Similar rates were described in long-term
follow-up of COMFORT-II trials [19]. There has been tremen-
dous interest in trying to identify whether there are any clinical
factors indicative of either poor response to JAK inhibitor
therapy or early discontinuation. Exploratory studies on
COMFORT trials did not identify any significant clinical fac-
tors [20, 21].

A recent study from the MD Anderson Center did an ex-
ploratory analysis on patients treated with ruxolitinib in a
phase 1/2 study and showed that spleen response (≥50 % re-
duction in palpable spleen size) was inversely correlated with
the number of mutations and patients with ≤2 mutations had
ninefold higher odds of a spleen response than those with ≥3
mutations. In addition, patients with ≥3 mutations had a
shorter time to treatment discontinuation and shorter overall
survival than those with fewer mutations [22]. These findings
need to be further confirmed in larger studies and if validated
would indicate an early role for transplantation in patients with
≥3 mutations.

Do JAK Inhibitors Have A Role as Part of Transplant
Procedure?

JAK inhibitor therapy is potentially advantageous in the pre-
transplant setting, as it can result in significant improvement
of constitutional symptoms and splenomegaly, to the degree
that patients can tolerate HCT well. In some patients, the use
of JAK inhibitors can result in significant improvement in
clinical status, which may potentially have beneficial impact
on outcomes of HCT [1]. In addition, there is a potential the-
oretical benefit of reduced incidence of acute GVHD due to
downregulation of cytokines. However, conflicting data have
been reported on the use of JAK inhibitors in the transplant
setting for MF. Preliminary results from a prospective multi-
center study in France have demonstrated serious adverse
events like cardiogenic shock and tumor lysis syndrome,
resulting in temporary suspension of accrual to this study
[23]. Early discontinuation of JAK inhibitors prior to HCT,
resulting in Bwithdrawal symptoms,^ is a potential reason for

Table 1 Prospective studies of reduced-intensity transplantation in myelofibrosis

European Group for Blood and
Marrow Transplantation (EBMT) study [13]
(N=103)

Myeloproliferative diseases research
consortium (MPD_RC) study [14•]
(N=66)

Conditioning Flu-bu+ATG Flu-Mel±ATG

Low-risk patients, % 17 4.5

URD, % 68 52

Survival, % 68 % at 5 years 75 % at 25 months (RD);
32 % at 25 months (URD)

NRM vs. relapse death, % 21 vs. 22 % at 3 years 22 vs. 4 % at 25 months (RD);
59 vs. 3 % at 25 months (URD)

Leukemia-free survival, % 40 % at 5 years NR

Overall graft failure, % 2 %; 11 % needed stem cell boost 6 % (RD); 36 % (URD)

ATG antithymocyte-globulin, Bu busulfan, Flu fludarabine, Mel melphalan, NR not reported, NRM non-relapse mortality, RD related donor, URD
unrelated donor

Table 2 JAK1/2 inhibition in transplant-eligible patients with myelofibrosis

Study No. of patients Study design Results Conclusions

Jackel et al. 2014 [24] 14 Retrospective Engraftment in 13 patients
(93 %); graft fibrosis (n=1)
and treatment-related sepsis (n=1)

Tapering ruxolitinib until conditioning
did not result in unexpected SAEs

Shanavas et al. 2014 [25] 6 Retrospective No adverse impact on early
post-HCT outcomes

Tapering ruxolitinib until conditioning
did not result in unexpected SAEs

Stübig et al. 2014 [26] 22 Retrospective 1-year OS of 100 % in patients
with a good response to
ruxolitinib vs. 60 % in others

Continuing ruxolitinib until conditioning
without taper resulted in no unexpected SAEs

Lebon et al. 2013 [27] 11 Retrospective Good engraftment rates Differing schedules of ruxolitinib tapering
associated with high engraftment rates

Shanavas et al. 2015
[11]

100 Retrospective No adverse impact on early
outcomes of HCT

Continuing JAK inhibitor therapy near to start
of conditioning therapy is associated with
very low risk of withdrawal symptoms

HSCT hematopoeitic cell transplantation, OS overall survival, SAE severe adverse effect
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these side effects. Several retrospective studies have shown
the feasibility of this approach without any deleterious effects
on early outcomes (Table 2). Several retrospective studies did
not note any significant adverse events [24–27]. Of note, a
large retrospective study [11] evaluated rates of adverse events
in 66 patients who continued JAK inhibitors near to HCT.
This study demonstrated two serious adverse events resulting
in delaying transplantation. Both of these patients had stopped
JAK inhibitor more than 7 days prior to conditioning therapy.
Rates of adverse symptoms were very low in patients who
continued JAK inhibitor near to transplant conditioning ther-
apy. Several prospective studies are investigating the optimal
approach in use of JAK inhibitors prior to HCT.

At present, there are no convincing data to demonstrate the
beneficial impact of JAK inhibitor therapy in the transplant
procedure. We recommend that the combination of JAK
inhibitors in transplant protocols should be used with
caution either as part of clinical trials or at experienced
centers. For patients who are on JAK inhibitors prior to
HCT, we recommend that JAK inhibitors should be
continued near to the transplant, and a gradual taper over 4
to 5 days prior to the start of conditioning therapy is
recommended.

Transplantation After Leukemic Transformation

Transformation of MF to AML is associated with very poor
outcomes, with poor response to treatment and median overall
survival ranging from 3 to 6months [28–30]. HCT is currently
the only curative therapy for AML evolving fromMF, but few
studies have been carried out on this treatment due to the rarity
of its occurrence. A retrospective study identifying 46 AML-
transformed PMF patients in the European Group for Blood
andMarrow Transplantation registry that had undergone HCT
demonstrated that HCT can be curative in such patients [31].
Treatment-related mortality at 1 year was 28 %, with 47 % of
patients relapsing by 3 years, and the overall survival rate was
33 %. Complete remission prior to transplantation was found
to be a significant factor for survival (69 vs. 22 %). Other
smaller studies have echoed these results, showing long-term
survival to be possible but that complete remission prior to
transplantation is a major factor. A study by the M.D.
Anderson Cancer Center (n=14) reported 49 % of patients
undergoing HCT following MF leukemic transformation sur-
viving long term [32]. Similarly, the Mayo Clinic reported
75 % 2-year progression-free survival and all six patients
(n=13) that achieved complete remission prior to transplanta-
tion were alive at follow-up (median 20.3 months) [33].
Importantly though, outcomes for HCT post-AML transfor-
mation are inferior to HCT performed prior to transformation
[32].

Conclusions

HCT remains the only therapy to result in long-term remission
for patients with MF, but with inherent risks. In the pre-JAK
inhibitor era, patients with intermediate/high risk disease were
shown to have better outcomes compared to non-transplant
therapies, whereas those with low-risk disease did better with
non-transplant therapies. It is important to consider each case
individually with the availability of effective non-transplant
therapies such as JAK inhibitors.

Suitable candidates for HCT in MF include those predicted
to have a poor survival based on prognostic risk scores, with
poor cytogenetics or high risk of leukemic transformation. We
suggest that patients with intermediate-1 risk disease can be
considered for HCT under certain circumstances. Conversely,
significant co-morbidities may mean it is preferable to contin-
ue with JAK inhibitor therapy rather than proceed with HCT.
More data are required on the possible role of JAK inhibitor
therapy in HCT to resolve conflicting reports on its effect on
HCT outcomes, and such studies are currently in progress.
Increasing molecular understanding of MPNs, the ability to
identify those with high-risk disease and continuous enroll-
ment in prospective clinical trials will continue to guide trans-
plant vs. non-transplant treatment decisions.
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had been suggested by other investigators.64–66 The second RIC
allo-SCT produced an overall response rate of 80%, and a 1-year
OS and PFS of 82% and 70%, respectively. The 1-year cumulative
NRM and cumulative relapse incidence was 6% and 24%,
respectively. Despite the use of an alternative donor for the
second allo-SCT in the majority of cases, the rate of acute (47%)
and chronic (46%) GvHD was acceptable. Concerning those
patients who previously received DLI, the use of the second HSCT
after a median of 5 months (range, 2–13 months) from the last DLI
application did not seem to increase the rates of acute and
chronic GvHD, and was well tolerated.
No studies have been performed so far using JAK inhibitors

after allo-SCT. The Panel identified evaluation of ruxolitinib
therapy after transplant as a critical unmet need.

Recommendations
Disease-specific markers such as karyotypic abnormality,
JAK2V617F, CALR and MPL mutations should be monitored to
detect minimal residual disease after allo-SCT. Timing of analysis
should be paired with chimerism determination.
In patients with evidence of minimal residual disease or with

decreasing donor cell chimerism after transplantation, disconti-
nuation of immune-suppressive drugs, DLI or both are appropriate
strategies to avoid clinical relapse.
To avoid severe GvHD, an escalating dose scheme is

recommended.
No recommendation for prophylactic DLI can be provided.
In patients who relapse after allo-SCT and do not have severe

GVHD, reduction of the doses of immunosuppressive drugs or DLI
are the treatment strategies of choice.
In patients who failed to achieve complete remission after DLI,

and who are deemed fit to undergo the procedure, a second allo-
SCT may be considered.
In patients relapsing with constitutional symptoms or spleno-

megaly, JAK inhibitor treatment is recommended, but remains
experimental.

DISCUSSION
The recommendations of this report were generated by a panel of
experts to strike a balance between the results of research and
clinical practice. The construct validity of the consensus was
assured by group discussion by which all important issues were
considered, and multiple viewpoints were integrated into the
decision-making process in an explicit and unbiased manner.
The results of this project may be compared with those of

others produced by group discussion. The British Committee for
Standard In Hematology in 2012 published recommendations on
the treatment of patients with MPN-MF, including allo-SCT.67 The
recommendations issued by the British Panel were more
straightforward than ours in indicating when MAC or RIC
transplantation should be considered, reflecting the more scanty
evidence on benefit of RIC at that date (Table 2).
The critical appraisal of evidence on allo-SCT in MPN-MF

allowed the Panel to highlight unmet clinical needs regarding
transplantation in PMF. Lack of sufficient data on the outcomes of
different conditioning regimens for RIC allo-SCT were identified as
a major unmet need. This challenge is now being addressed in a
prospective multicenter phase II trial of GITMO that compares BU/
fludarabine with thiotepa/fludarabine RIC regimens prior to allo-
SCT for the treatment of MPN-MF (NCT01814475). Similarly, the
need for better evidence on the outcome of transplantation from
mismatched donors was singled out by the Panel. Finally, the
Panel acknowledged considerable uncertainty regarding the
precise timing of all-SCT in patients who are receiving ruxoltinib,
and the use of ruxolitinib after transplantation. These challenges
are now being addressed in a prospective multicenter phase II
study of the MPD-Research Consortium (NCT01790295) in which
ruxolitinib is administered to eligible MF patients for 60 days prior
to definitive allo-SCT.
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Table 2. Recommendations published in the last 5 years on allo-SCT in MPN-MF

British Committee for Standards in Hematology (2012)67 ELN/EBMT (2015)

Patient selection and
conditioning regimen

Transplant eligible patients o45 years of age, with an IPSS
risk of intermediate-2 or high, especially with transfusion
dependence and/or adverse cytogenetic abnormalities,
should be considered for myeloablative allo-SCT
Transplant eligible patients with an IPSS risk of
intermediate-2 or high, especially with transfusion
dependence and/or adverse cytogenetic abnormalities,
together with an HSCT comorbidity index ⩾3, or who are
aged over 45 years, should be considered for RIC allo-HSCT.
Patients should be transplanted before they have received
more than 20 units of red cells.
Use of oral busulfan should be recommended by targeted
dosing according to plasma levels. Alternatively,
intravenous busulfan can be used, guided by plasma levels
where possible.There is no conclusive evidence to support
use of a specific MA or RIC conditioning regimen, although
favorable results have been achieved following BUCY and
FLUBU and anti-lymphocyte globulin. Every effort should
be made to enroll patients in prospective clinical studies
and data should be
reported to National and International Registries

All patients with intermediate-2 or high-risk disease
according to IPSS, DIPSS or DIPSS+, and age o70 years,
should be considered candidates for allo-SCT.
Patients with intermediate-1-risk disease and age o65
years should be considered candidates for allo-SCT if they
present with either refractory, transfusion-dependent
anemia, or a percentage of blasts in peripheral blood
greater than 2%, or adverse cytogenetic.
Patients with low-risk disease should not be considered
candidates for allo-SCT.
The optimal intensity of the conditioning regimen still
needs to be defined. For patients with higher age and/or
comorbidities, a lower Intensity regimen is more
appropriate, while for patients with advanced disease and
good performance status a more intensified regimen
should be selected.
A spectrum of reduced intensity conditioning regimens
and protocols has shown acceptable transplant-related
mortality and overall survival
There is no direct evidence to recommend which of these
regimens should be preferentially adopted. The Panel
identified this as an area of a major unmet clinical need.

Abbreviations: allo-SCT, allogeneic stem cell transplantation; BUCY, busulphan plus cyclophosphamide; DIPSS, dynamic International Prognostic Scoring
System; FLUBU, fludarabine plus busulphan; IPSS, International Prognostic Scoring System; MAC, myeloablative conditioning; MPN-MF, myeloproliferative
neoplasm-associated myelofibrosis; OS, overall survivial; RIC, reduced intensity conditioning.
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Ø  Hematopoie6c	
  stem	
  cell	
  transplanta6on	
  is	
  the	
  only	
  cura6ve	
  therapy	
  for	
  
primary	
  (PMF)	
  and	
  secondary	
  (post-­‐TE	
  or	
  post-­‐PV)	
  myelofibrosis;	
  

Ø  The	
  op6mal	
  6ming	
  of	
  HSCT	
  for	
  MF	
  has	
  been	
  a	
  maNer	
  of	
  debate;	
  the	
  
decision	
  of	
  transplanta6on	
  should	
  be	
  individualized	
  in	
  each	
  pa6ent	
  
considering	
  also	
  factors	
  such	
  as	
  young	
  age,	
  good	
  performance	
  status	
  that	
  
may	
  6lt	
  the	
  balance	
  towards	
  transplanta6on;the	
  early	
  HTC	
  might	
  be	
  a	
  valid	
  
op6on	
  for	
  JAK	
  inhibitor	
  rersponsive	
  pa6ents	
  with	
  MRD	
  or	
  well	
  Machetd	
  UD	
  

Ø  The	
  complexity	
  of	
  decision-­‐making	
  for	
  transplanta6on	
  has	
  increased	
  further	
  
following	
  the	
  wider	
  availability	
  of	
  JAK1/2	
  inhibitors	
  ,	
  taking	
  into	
  account	
  
there	
  role	
  on	
  the	
  outcome	
  of	
  the	
  transplant.	
  

Conclusions	
  


