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ABSTRACT
We evaluated the feasibility of ruxolitinib therapy followed by a reduced-intensity conditioning (RIC) regimen for
patients with myelofibrosis (MF) undergoing transplantation in a 2-stage Simon phase II trial. The aims were to
decrease the incidence of graft failure (GF) and nonrelapse mortality (NRM) compared with data from the previ-
ous Myeloproliferative Disorders Research Consortium 101 Study. The plan was to enroll 11 patients each in
related donor (RD) and unrelated donor (URD) arms, with trial termination if >3 failures (GF or death by day +100
post-transplant) occurred in the RD arm or >6 failures occurred in the URD. A total of 21 patients were enrolled,
including 7 in the RD arm and 14 in the URD arm. The RD arm did not meet the predetermined criteria for pro-
ceeding to stage II. Although the URD arm met the criteria for stage II, the study was terminated owing to poor
accrual and a significant number of failures. In all 19 transplant recipients, ruxolitinib was tapered successfully
without significant side effects, and 9 patients (47%) had a significant decrease in symptom burden. The cumula-
tive incidences of GF, NRM, acute graft-versus-host disease (GVHD), and chronic GVHD at 24 months were 16%,
28%, 64%, and 76%, respectively. On an intention-to-treat basis, the 2-year overall survival was 61% for the RD arm
and 70% for the URD arm. Ruxolitinib can be integrated as pretransplantation treatment for patients with MF, and
a tapering strategy before transplantation is safe, allowing patients to commence conditioning therapy with a
reduced symptom burden. However, GF and NRM remain significant.

© 2018 American Society for Blood and Marrow Transplantation. Published by Elsevier Inc. All rights reserved.
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INTRODUCTION

Myelofibrosis (MF) is a chronic hematologic malignancy
characterized by variable degrees of anemia and thrombocyto-
penia, marrow fibrosis, extramedullary hematopoiesis,
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splenomegaly, cytokine-driven inflammatory symptoms, and
an increased risk of transformation to acute myelogenous leu-
kemia (AML) and reduced life expectancy. Dysregulation of the
JAK-STAT pathway is a hallmark of MF irrespective of pheno-
typic driver mutations in JAK2, CALR, and MPL genes. The use of
JAK 1/2 inhibitors (JAKis) in patients with MF have led to the
control of disease-related symptoms, resulting in approval of
ruxolitinib [1,2]. The beneficial effects of ruxolitinib and other
JAKis have been limited by their inability to deplete the malig-
nant stem cell clones, however [3].
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The effectiveness of JAKi therapy is variable, and patients
with anemia requiring transfusion, high Dynamic International
Prognostic Scoring System (DIPSS) score, or ASXL1/EZH2 muta-
tions have a significantly shorter duration of response [4,5]. At
present, allogeneic hematopoietic cell transplantation (HCT) is
the sole available curative treatment for MF, but it is associated
with a high incidence of nonrelapse mortality (NRM) due to
graft failure (GF), hepatic toxicity, and graft-versus-host dis-
ease (GVHD) [6-8].

The use of reduced-intensity conditioning (RIC) has helped
decrease the frequency of conditioning-related regimen-
related toxicities [9]. The prospective Myeloproliferative Disor-
ders Research Consortium (MPD-RC) 101 Study using a fludar-
abine and melphalan-based RIC regimen was associated with a
high rate of GF (26%) in patients receiving unrelated donor
(URD) grafts [10]. Another prospective study from the Euro-
pean Bone Marrow Transplant group using a fludarabine and
busulfan-based RIC regimen reported a lower rate of GF (2%);
however, 11% of the patients required a stem cell boost, indi-
cating significant graft dysfunction [11].

It was hypothesized that treatment with the JAKi ruxoliti-
nib before HCT might improve the patients’ clinical status by
decreasing the symptom burden related to splenomegaly and
inflammation-related symptoms, thereby improving patient
performance status before HCT. Furthermore, it was antici-
pated that a reduction in splenomegaly with ruxolitinib ther-
apy might improve the rate and degree of hematologic
recovery. Moreover, anti-JAK1-mediated down-regulation of
cytokine levels might reduce the risk of severe GVHD. The pri-
mary concerns regarding this strategy were potential “with-
drawal effects” after stopping ruxolitinib before HCT, adverse
impacts on engraftment due to drug-induced cytopenias,
increased risk of infections due to impaired function of den-
dritic and natural killer cells, and a potentially decreased graft-
versus-leukemia effect [3].

To address these issues, the MPD-RC designed this multi-
center trial to explore the potential of combining ruxolitinib
with an RIC regimen in patients with MF (MPD-RC Protocol
114). The primary objective of the present study was to evalu-
ate the feasibility of combining ruxolitinib with a fludarabine
and busulfan-based RIC regimen likely to increase the likeli-
hood of success after HCT. Success was defined as the patient
alive and GF-free on day +100 post-HCT. Key secondary end-
points included hematologic recovery, GF, NRM, acute GVHD
(aGVHD), chronic GVHD (cGVHD), relapse, overall survival
(0S) and progression-free survival (PFS), and patient-reported
outcomes.

METHODS

This investigator-initiated multicenter trial (Figure 1) was
coordinated by the MPD-RC and based at the Icahn School of
Medicine at Mount Sinai, New York, NY. The trial was con-
ducted at the MPD-RC-approved centers in the United States,
Canada, and Europe. The Research and Ethics Boards of each
participating institution approved the trial, and all participants
provided informed consent. The study protocol is available in
the Supplementary Data.

Eligibility Criteria

The eligibility criteria included a documented diagnosis of
primary MF (PMF), post-essential thrombocythemia (ET) MF,
or post-polycythemia vera (PV) MF in patients age 18 to
70 years with intermediate-2/high-risk disease as assessed by
the Dynamic International Prognostic Scoring System (DIPSS)
criteria or intermediate-1 with at least 1 of the following

additional factors: red cell transfusion dependence, unfavor-
able karyotype or thrombocytopenia, <20% (later amended to
<10%) blasts in the peripheral blood (PB) or bone marrow
(BM), and platelet count >50 x 10°/L. Patients who had
received ruxolitinib <6 months before study entry were
included, provided that they received a stable dose and there
was no evidence of loss of response. Patients with clinical or
laboratory evidence of cirrhosis or active hepatitis A, B, or C
infection, and those requiring therapy with a strong CYP3A4
inhibitor before enrollment were excluded. Eligible donors
were matched RDs (6/6 or 5/6 antigen or allele matched) or
URDs (10/10 or 9/10 antigen or allele matched).

Pre-HCT Ruxolitinib and Tapering of Ruxolitinib

Ruxolitinib was supplied as an investigational product by
Incyte (Wilmington, Delaware) for the US centers and by
Novartis (Basel, Switzerland) for the centers outside the United
States. The goal of pre-HCT treatment was to administer ruxo-
litinib at full tolerable doses for a minimum of 56 days, fol-
lowed by tapering over 4 days and then cessation of therapy 1
to 2 days before initiation of the conditioning regimen. The
starting dose of ruxolitinib was based on the baseline platelet
count. Patients with a platelet count >200 x 10°/L were started
on 20 mg twice daily, those with a platelet count of 100 to
200 x 10°/L were started on 15 mg twice daily, and those with
a platelet count of 50 to 99 x 10°/L were started on 10 mg
twice daily. Platelet counts were monitored once weekly, and
twice weekly in patients with a platelet count <50 x 10%/L.
Dose adjustments and tapering before HCT were performed
according to the study protocol KJL (Supplementary Data 1 and
Appendix Table A1). All patients were carefully monitored for
withdrawal or cytokine release symptoms before the start of
conditioning therapy.

Conditioning Therapy and GVHD Prophylaxis

Conditioning therapy included i.v. fludarabine (40 mg/m?
daily for 4 days) and i.v. busulfan (2.0 mg/kg daily for 4 days)
from days -5 to -2. GVHD prophylaxis was with calcineurin
inhibitor, either cyclosporine or tacrolimus, along with metho-
trexate 10 mg/m? on day +1 and 5 mg/m? on days +3 and +6.
The doses of cyclosporine and tacrolimus were adjusted
according to trough blood levels and maintained at 200 to
400 pg/L and 8 to 12 ng/mlL, respectively. The calcineurin
inhibitor was administered for 6 months, and the dose was
tapered in the absence of GVHD. Patients with a URD or mis-
matched donor received additional GVHD prophylaxis with
low-dose antithymocyte globulin (ATG) at doses of 0.5 mg/kg
on day -3 and 2.0 mg/kg on days - 2 and - 1. The recommended
graft source was mobilized PB.

Study Design

A 2-stage Simon phase II design was used for each of 2
groups of patients, one group receiving grafts from related
donors (RDs) and the second receiving grafts from URDs. The
goal was to decrease the high rate of GF and NRM reported in
the previous MPD-RC 101 study [10]. In the first stage of the
trial, the plan was to enroll 11 patients in each of the RD and
URD arms and evaluate for failure (defined as death or GF at
day 100). As per protocol design, in the URD group, the 2-stage
minimax design was used to rule out that the failure rate is
>50% compared with the alternative that the failure rate is
<25% with alpha of 0.05 and power of 80%, and in the RD
group, the 2-stage design was used to rule out that the failure
rate is <25% versus the alternative that it is <10% in the URD
group with the same alpha and power constraints. With these
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Abbreviations: ATG, antithymocyte globulin; JAK, Janus kinase; MPD-RC, Myeloproliferative Disorders Research Consortium;
RIC, reduced intensity conditioning; SCT, stem cell transplantation; URD, unrelated donor; MPN-SAF, myeloproliferative neoplasm
symptom assessment form; QoL, quality of life; R1, first day of ruxolitinib treatment; R56, start of taper of ruxolitinib; R60, last day of

ruxolitinib treatment

Figure 1. Study schema.

designs, the plan was not to pursue a second stage if the failure
were >6 of 11 patients in URD arm and >3 of 11 patients in
the RD arm. Patients who did not reach the transplant stage
due to toxicities related to ruxolitinib, progression of disease
or who required splenectomy before HCT were counted as fail-
ures. If the trial was to proceed to a second stage, the goal was
to accrue a total of 50 patients in the RD arm and 26 patients in
the URD arm. A Data Safety and Monitoring Board independent
of the study investigators regularly monitored the progress of
the trial.

Definitions

DIPSS scores and transfusion dependency were defined in
accordance with previously published criteria [12,13]. Neutro-
phil recovery was defined as first of 3 consecutive days with a
neutrophil count >0.5 x 10° /L and a platelet count >20 x 10°
/L without granulocyte colony-stimulating factor or platelet
transfusions and maintained for at least 30 days. GF was defined
as the failure to achieve adequate neutrophil and platelet counts
(primary) or a decline in counts after achievement of sustained
adequate counts (secondary) in the absence of a reversible cause
of a drop in counts. Regimen-related toxicities were defined
according to Bearman's criteria [14]. aGVHD and cGVHD were
defined according to previously published criteria [15,16].

MF-associated symptoms, general quality of life (QoL),
treatment-relevant QoL, and related symptoms were measured
at baseline, before the start of conditioning therapy (day -9), at
the start of conditioning (day -5), and during post-BMT follow-
up (days +30 and +100 and months +6 and +12). The following
questionnaires were used for patient-reported outcomes: the
Myeloproliferative Neoplasm Symptom Assessment Form
(MPN-SAF) [17], Brief Fatigue Inventory (BFI) [18], Functional
Assessment of Cancer Therapy—Bone Marrow Transplant [19],
and Patient Global Impression of Change [20]. The splenic
response to ruxolitinib was measured as the percent reduction
in palpable spleen length at the start of conditioning therapy
compared with baseline.

Statistical Methods

Baseline patient characteristics and disease-and treatment-
related variables were summarized for the RD and URD arms
using descriptive summary statistics. Maximum grade toxic-
ities were summarized for each patient according to the time
of occurrence. The incidences of hematologic recovery, GF,
aGVHD, ¢cGVHD, and NRM were estimated using cumulative
incidence methods with death as the competing risk. An inten-
tion-to-treat approach was used to determine OS from study
entry until death from any cause and included both transplant
recipients and patients who did not undergo transplantation.
Patients were censored at the last known date alive, if death
was not documented. PFS was defined as the interval from
study entry until documented disease progression/relapse or
death from any cause. OS and PFS were estimated using the
Kaplan-Meier method. For symptom assessments and QoL
measures, mean changes (with 95% Cls) from baseline were
compared using the t tests and summarized over time graphi-
cally. SAS version 9.4 (SAS Institute, Cary, NC) was used for the
analysis.

RESULTS

Baseline patient-, disease-, and transplantation-related
characteristics of patients enrolled in stage I of the study in the
RD and URD arms are summarized in Table 1. The median age
of the study participants was 59 years (range, 39 to 70 years).
Almost one-half (48%) of the patients had primary MF, and 52%
had post-PV or post-ET MF. High-molecular-risk (HMR) muta-
tions, defined as the presence of ASXL1, SRSF2, EZH2, or IDH1/2
genes, were observed in 10 patients (50%) (Table 1). The major-
ity of patients (81%) were ruxolitinib-naive at the time of study
entry. All patients received a PB graft. The median duration of
follow-up for survivors was 24 months (range, 9 to 33
months).
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Stage I Enrollment

RD Arm

A total of 7 patients were enrolled in the RD arm, in which
recipients received a graft from an RD. Three protocol-specified
failures occurred in this arm; thus, this arm was closed in
accordance with predetermined criteria. Two of these 3
patients did not undergo HCT as originally planned. The first
patient had PB blasts of 10% at enrollment along with a com-
plex karyotype, and rapidly progressed to AML while receiving
ruxolitinib. Although this transformation was not considered
to be related to ruxolitinib, the event was considered a treat-
ment failure. After this event, the protocol was amended to
restrict the recruitment to patients in chronic phase (blasts

Table 1
Baseline Characteristics of the Study Patients

<10%). Another patient receiving ruxolitinib therapy experi-
enced sudden death from an unknown cause. The third failure
in this arm was due to primary GF at day +30 (Table 2).

URD Arm

All 14 patients enrolled in the URD arm underwent HCT as
planned. Four failures occurred in this arm, including 2 due to
secondary GF and 2 due to death within the first 100 days
(Table 2). The URD arm met the protocol-specified criteria for
proceeding to stage II of the study; however, owing to the poor
accrual rates related to widespread use of prolonged ruxoliti-
nib therapy before referral to HCT by the practice community
at that time, we decided to halt the trial.

Characteristics

All Patients (n=21)

HCT from RD (n=7) HCT from URD (n=14)

Age at study entry, yr, median (range) 59 (39-70) 59 (39-63) 58 (41-70)
Sex, n (%)

Male 10 (48) 2(29) 8(57)

Female 11(52) 5(71) 6(43)
Race, n (%)

White 19(90) (71) 14(100)

Black/African American 1(5) (14) 0

Asian 1(5) 14) 0
Diagnosis, n (%)

PMF 10 (48) (14) 9(64)

PPV-MF 3(14) (14) 2(14)

PET-MF 8(38) (71) 32
ECOG PS at study entry, n (%)

0 9(43) 3(43) 6(43)

1 12 (57) 4(57) 8(57)
Ruxolitinib naive, n (%) 17 (81) 4(57) 13(93)
Hemoglobin at study entry, median (range) 8.8(7.5-11.3) 8.8(7.5-10.8) 9.4(8.1-11.3)
WABC at study entry, median (range) 9.1(2.2-39.1) 6.3(2.2-33.4) 10.9(4.9-39.1)
Platelets at study entry, median (range) 211(61-1979) 211(88-1979) 213.5(62-448)
PB blasts at study entry, median (range) 2.0(0-10) 0.7 (0-10) 2.0(0-6)
Constitutional symptoms, n (%) 12 (57) 5(71) 7 (50)
Transfusion dependence, n (%) 4(19) 3(43) 1(7)
DIPSS at study entry, n (%)

Intermediate-1 5(24) 3(43) 2(14)

Intermediate-2 12(57) 4(57) 8(57)

High 4(19) 0 4(29)
BM fibrosis grade at study entry, n (%)

Grade 2 5(28) 2(33) 3(25)

Grade 3 13(72) 4(67) 9(75)

Missing 3 1 2
Cytogenetics, n (%)

Normal 9(42) 4(57) 5(36)

Abnormal standard risk 3(14) 1(14) 2(14)

Abnormal high risk 4(19) 1(14) 3(21)

Unknown/failed 2(9)/3(14) 0/1(14) 2(14)/2(14)
MPN phenotype driver mutation (n = 20), n (%) -

JAK2 11 (55)* 4(57) 7 (54)"

MPL 2(10)* 1(14) 1(8)*

CALR 8(40)" 3(43)" 5(38)

Triple negative 1(5) 1(14) —
HMR mutations, n (%)’

ASXL1 8(40) 2(29) 6 (46)

SRSF2 1(5) - 1(8)

IDH1/2 1(5) 1(14) -

EZH2 4(20) (29 2(15)
HMR profile, n (%)

Yes 10 (50) 3(43) 7(54)
No 10 (50) 4(57) 6 (46)
Palpable spleen length at study entry (n = 17), median (range) 11.0(0-20.2) 11.5(0-20) 11.0 (0-20)

Underwent HCT, n (%) 19(91) 5(71) 14 (100)

ECOG indicates Eastern Cooperative Oncology Group; HMR, high molecular risk.

* Two patients were positive for double driver mutations, one with JAK2 and CALR and the other with JAK2 and MPL.

f HMR, high molecular risk mutations: ASXL1, SRSF2, EZH2, and IDH1/2.
¢ HMR profile, presence of at least 1 of the HMR mutations.
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Among the 21 enrolled patients, 19 (5 of 7 in the RD arm
and all 14 in the URD arm) underwent HCT as planned.

Pre-HCT Ruxolitinib Therapy (n=21)

As noted above, 2 patients in the RD arm did not proceed to
HCT, 1 because of progression to AML pre-HCT and the other
due to sudden death of unknown cause. In all 19 patients
undergoing HCT, ruxolitinib was tapered successfully with no
evidence of cytokine release, withdrawal symptoms, or
rebound splenomegaly. There were no delays in planned HCT
in any of the patients after ruxolitinib discontinuation. Grade
>3 anemia was seen in 8 of these 19 patients (42%), and
thrombocytopenia occurred in 5 (26%). One patient had a seri-
ous adverse event related to Legionella pneumonia necessitat-
ing hospital admission.

Information on MPN-SAF scores was available for all 19
patients undergoing HCT at study entry and before the start of
conditioning. Significant improvements in MPN-SAF score were
seen in 9 patients (47%), including 6 patients with a >50%
reduction and 3 patients with a 25% to 50% reduction. Four
patients had a nonpalpable spleen at baseline. Among the 11
patients undergoing HCT with available spleen data, 4 patients
had a >50% reduction in spleen size, 1 patient had a 25% to 50%
reduction in spleen size, and 6 patients had no improvement
from baseline to the end of ruxolitinib treatment.

Post-HCT Outcomes

Hematologic Recovery and GF

The median time to neutrophil recovery and platelet recov-
ery was 23 days (95% ClI: 13 - 31) and 30 days (95% Cl : 18 — 57),
respectively. Median donor chimerism on unsorted peripheral
blood was 97% (range 65% -100%) 90% (range, 44 —100%), and
98% (range 57% — 100%) on days +30, +60, and +100, respec-
tively. Three patients experienced GF; 1 patient with primary
GF and 2 patients with secondary graft failure. Both patients
with secondary GF had >95% donor engraftment on day +30,
and then subsequently developed drop in counts. The cumula-
tive incidence estimate of GF at 24 months was 16% (95% CI:
5% — 46%) (Figure 2A). One patient with primary GF had no
improvement in splenomegaly or MPN-SAF score before

Table 2

Summary of Protocol-Specified Failures from Study Enrollment to Day +100 Post-HCT

undergoing HCT (UPN 9; Table 2). Two patients with graft rejec-
tion (UPNs 2 and 7; Table 2) had significant improvements in
spleen size and MPN-SAF score.

Infectious and Noninfectious Complications in the First 100 Days
Post-HCT

Fever during neutropenia/sepsis or pneumonia was
observed in 8 of the 19 patients (42%). One patient developed
respiratory syncytial virus pneumonia, producing an acute
respiratory distress syndrome type of picture and resulting in
multiorgan failure and death (UPN 11; Table 2). Two patients
had significant bleeding complications, and 1 of these patients
developed a spontaneous spinal epidural hematoma (UPN 8;
Table 2). Severe hepatic toxicity was seen in 4 patients (21%),
which contributed to death in 2 patients (UPNs 7 and 9;
Table 2). These toxicities were considered regimen-related.
Other regimen-related grade 3 toxicities included electrolyte
abnormalities, hyperglycemia, cardiac and renal dysfunction,
reported in 26%, 16%, 5%, and 5% of patients, respectively.

aGVHD and cGVHD

A total of 12 patients developed acute GVHD (aGVHD),
including 3 with grade I, 6 with grade II, and 3 with grade III
aGVHD. The cumulative incidence for grade I/Il and grade III
aGVHD by 24 months was 48% (95% Cl, 29% to 79%) and 16%
(95% CI, 5% to 46%), respectively (Figure 2B). No patient had
grade IV or steroid-refractory aGVHD.

Of the 16 patients alive on day 100, 11 developed cGVHD.
Six of these 11 patients developed cGVHD that progressed
from aGVHD, and the other 5 developed de novo cGVHD. The
cumulative incidence of cGVHD at 24 months was 76% (95% CI,
50% to 100%) (Figure 2C). The 11 patients with cGVHD included
8 with mild cGVHD and 3 with moderate cGVHD. No cases of
severe cGVHD were observed.

NRM, OS, and PFS

Two of the 19 patients undergoing HCT experienced
relapse. The cumulative incidence of NRM in patients undergo-
ing HCT was 16% (95% CI, 5% to 46%) at 100 days and 28% (95%,
CI 13% to 63%) at 2 years (Figure 2A). On an intention-to-treat

UPN Age, yr Donor Type DIPSS Time of Failure Primary Cause Comment
of Failure
01 41 Related Intermediate-1 with 45 days after Progressed to Baseline PB blasts 10%, increased to 39% on ruxo-
complex ruxolitinib AML litinib therapy. Taken off study to pursue treat-
cytogenetics ment with decitabine.
9 61 Related Intermediate-2 Day 30 after Primary GF No response to ruxolitinib for spleen or symp-
HCT toms pre-HCT; additional post-transplantation
complications included hepatic toxicity.
19 59 Related High 1 day after Sudden death Unknown cause of death
ruxolitinib
02 62 Unrelated Intermediate-2 Day 60 after Secondary GF 9/10 MUD; HCT complicated by hepatic toxicity,
HCT GVHD, and infections; counts dropped after ini-
tial recovery, and a second HCT was performed.
07 60 Unrelated Intermediate-1 with Day 100 after Secondary GF Hepatic toxicity grade 3; counts dropped after
thrombocytopenia HCT initial recovery.
08 53 Unrelated High risk Death at <100 Intracranial Spinal epidural hematoma, grade IIl acute GVHD,
days hemorrhage platelet count 36 x 10° /L, and no clotting abnor-
malities at the time of hematoma
11 70 Unrelated Intermediate-2 Death at <100 Infectious Respiratory syncytial virus pneumonia, acute

days

complications respiratory distress syndrome, and multiorgan

failure

UPN indicates unique patient number.



V. Gupta et al. / Biol Blood Marrow Transplant 25 (2019) 256264 261

Cumulative Incidence of Graft Failure and Non-Relapse Mortality Cumulative Incidence of Acute GVHD
1.04 104
0.9 094
0.8 08
8 0.7+ 3 07
§ ]
% 0.6+ 1_; 064
g 2 Grade 1/2
é 054 g 054
kS 8
S 04 g 04
§ NRM 5
0.3 R © 03
0.2 f Graft failure 024 Grade 3
0.1 AI_dJ class 01+ Grade
SR GF Grade 172
S— NRM Grade 3
0.0 + Censor 0.0 + Censor
0 . 12 18 2 0 6 12 18 24
Time (Months) Time (Days)
c Cumulative Incidence of Chronic GVHD Overall Survival (h=21)
104 1.0
0.9 0.9 I: |
084 08
o 074 07
g
B 06 s
3 Mild s
b= s
E 053 g 0s
o
3 04 S o
£ o
3 Moderate
034 03
024 0.2
Donor
014 Grade 01 — Al
— Mild Related
Moderate Unrelated
004 —onr 1 + Censor 004 + Censor
} s 1 15 2 0 12 B 36
Time (Months) Time (Months)

Figure 2. Post-HCT outcomes. (A) Cumulative incidences of GF (16%) and NRM (28%) at 2 years. (B) Cumulative incidences of grade I/l (48%) and grade IIl (16%)
aGVHD. (C) Cumulative incidences of mild (55%) and moderate (21%) cGVHD. (D) OS, on an intent-to-treat basis at 2 years, for all patients (63%), patients undergoing

HCT from an RD (51%), and undergoing HCT from a URD (70%).

basis, the 2-year OS was 63% (95% CI, 45% to 90%) for all study
participants (n=21), 51% (95% Cl, 24% to 100%) for the RD arm
(n=7), and 70% (95% CI, 49% to 100%) for the URD arm (n=14)
(Figure 2D). The corresponding PFS values at 2 years were 59%
(95% CI, 40% to 86%), 51% (95% CI, 24% to 100%), and 63% (95%
Cl, 42% to 95%), respectively. No difference in survival was seen
between patients who had 1 of the HMR mutations and
patients without HMR (P=.99). For patients who underwent
HCT, the 2-year OS was 66% (95% CI, 46% to 93%) for all
patients, 60% (95% CI, 29% to 100%) for the RD arm, and 70%
(95% CI 49% to 100%) for the URD arm.

Patient-Reported Outcomes

MPN-SAF

Mean changes from baseline are displayed for BFI fatigue
and MPN-SAF TSS score at each time point in Figure 3A. Signifi-
cant changes from baseline were seen for BFI worst fatigue at
30 days (mean, 1.7; 95% CI, 0.25 to 3.08; P=.03). No significant
changes from baseline were seen for the MPN-SF TSS, because
all 95% Cls included 0. There was a trend toward better survival
for patients who had a >25% improvement in MPN-SAF TSS
compared with those with a <25% improvement (77% [95% CI,
53% to 100%] versus 56% [95% CI, 31% to 100%]; P=.27).

Functional Assessment of Cancer Therapy—Bone Marrow
Transplant

Patients reported significant (worsening) changes from
baseline in functional well-being at all post-transplantation
time points and in physical well-being at 30 days and 1 year
(Figure 3B). Significant changes in the BMT scale were
observed at 30 days and 6 months.

Patient Global Impression of Change

At 30 days post-HCT, 11 of 18 patients (61%) reported feel-
ing “worse” (“a little worse,” “moderately worse,” or “very
much worse”) for both physical condition and overall QoL
compared with baseline (Figure 3C).

DISCUSSION

This is the first prospective study reporting on integration
of JAKis before HCT in patients with myelofibrosis using a
well-defined approach. Although integrating JAKi therapy with
HCT protocols is theoretically attractive, controversial data
have emerged in the last few years. Preliminary results from a
prospective study (JAK-ALLO) to examine JAKi use in the HCT
setting showed serious adverse events in the peritransplanta-
tion period, which included cardiogenic shock and tumor lysis
syndrome, resulting in a hold on recruitment [21]. It is
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speculative that the abrupt discontinuation of JAKis before HCT
in the JAK-ALLO study might have contributed to some of these
events in that study. In another retrospective study, serious
adverse events of rebound splenomegaly necessitating sple-
nectomy and respiratory distress syndrome were reported in 2
patients, delaying HCT. Both these patients stopped JAKi ther-
apy >7 days before conditioning therapy [22].

Retrospective studies have described variable approaches
for the use of JAKis before HCT, and most of these studies did
not provide details regarding the side effects of JAKi therapy
before HCT [23,24]. Moreover, selection bias is an issue,
because these studies did not analyze results in an intention-
to-treat approach. In this prospective clinical trial, using a
tapering strategy with cessation of ruxolitinib treatment the
day before the start of conditioning therapy, we did not
observe any cytokine release or withdrawal symptoms,
rebound splenomegaly, or delay in HCT in any patients. This
strategy allowed several patients to undergo HCT with a
reduced symptom burden.

Although this strategy is feasible, it is important to note
that ruxolitinib might not be suitable for all patients with MF
before HCT, given that the first patient enrolled in the study
had accelerated-phase disease and progressed rapidly to AML
while receiving ruxolitinib. Such patients likely would benefit
from cytoreductive strategies. GF remains a major barrier, and
JAKi therapy alone might not be able to overcome this barrier.
A better understanding of the biology of GF is needed to
improve outcomes. The incidence of other post-HCT complica-
tions, such as regimen-related toxicities, infectious complica-
tions, aGVHD and cGVHD, and NRM, were similar to the
reported data for patients undergoing HCT for MF without JAKi
therapy [10,11,25]. These findings suggest that the graft-ver-
sus-leukemia effect is not compromised with this strategy,
which was a concern with the initial design. Of note, cGVHD
was mainly mild, and severe cGVHD was not observed in any
patients. Preclinical models have demonstrated beneficial
effects of JAKi therapy on GVHD when used in the post-trans-
plantation setting [26,27], and several studies are evaluating
the role of JAKi therapy in the treatment of steroid-refractory
aGVHD and cGVHD. There are no reported data on impact of
HCT on MF-related symptom burden and QoL parameters.
Using well-validated instruments, our study showed that all
patient reported outcomes worsened on day +30 post-HCT, fol-
lowed by gradual slow improvement. These findings are simi-
lar to previous reports in patients with myeloid malignancies
[28] and provide useful information for patient counseling.

Our study is limited by its small sample size, because of the
premature closure. Therefore, our results must be interpreted
with caution. The RD arm did not meet the predetermined cri-

APPENDICES

Table A1
Schedule for Tapering of Ruxolitinib

teria for proceeding to stage II, because 2 patients did not reach
the transplantation stage due to progression to AML and sud-
den death on ruxolitinib. Although, URD met the protocol spec-
ified criteria for proceeding to stage II, the protocol steering
committee carefully reviewed all the stage I data as well
recruitment on enrolled patients. Accrual to this study was
challenging, because most of the patients referred for HCT
were already heavily exposed to ruxolitinib. Even though
some patients had a significantly reduced symptom burden
before HCT, rates of GF and NRM were not reduced, and were
comparable to previously published data. Despite these limita-
tions, however, the observations of this study are clinically
useful, allowing for integration of JAKi therapy in the pre-HCT
phase in appropriate patients. Tapering of JAKis immediately
before administration of the conditioning regimen allows
patients to start conditioning with a reduced disease burden.
Further understanding of the biology of GF is required to over-
come this hurdle in MF patients undergoing HCT.
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