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Statement of Need
The goal of this educational program is to 

equip transplant specialists, oncologists, hematol-

ogists, and other healthcare professionals involved 

in the treatment of hematologic malignancies with 

the up-to-date clinical knowledge and tools they 

need to best treat their patients with Myelofibrosis.

Myelofibrosis (MF) is a rare myeloproliferative 

neoplasm (MPN), which are diseases of the blood 

and bone marrow where an excess number of 

blood stem cells become platelets red blood cells 

or white blood cells. An important feature of MF is 

the production of too many megakaryocytes, giant 

cells in the marrow that break up into fragments 

and produce hundreds to thousands of platelets. 

This leads to the release of cytokines in the mar-

row. The cytokines stimulate the development 

of scar tissue in the marrow, called fibrosis. The 

platelets’ normal function is to stick to the site of a 

blood vessel injury and form a clot to seal off the 

injured blood vessel to stop bleeding. The body 

makes new platelets to replace used platelets. The 

megakaryocytes can become so abnormal that 

platelet production decreases in some patients. 

MF occurs mostly in the elderly population, 

specifically between 60-70 years of age. The preva-

lence of MF is estimated at between 0.1 to 1 in 

100,000 people per year, according to a European 

study by Moulard et al. Additionally, in 10-15% of 

MF cases, the disease arises from other myelopro-

liferative diseases like polycythemia vera (PV) or 

primary/essential thrombocythemia (ET). When 

MF follows another myeloproliferative disease, it 

is secondary MF whereas MF starting on its own is 

called primary myelofibrosis (PMF).

For most people who have myelofibrosis (MF), 

there are no obvious risk factors why they devel-

oped the disease. The disease starts as one of two 

other myelo-proliferative diseases, either poly-

cythemia vera or primary thrombocythemia, in 

about 10 percent to 15 percent of people with 

MF. Physicians do not fully understand the cause 

of MF. MF results from a mutation in a stem cell 

in the bone marrow, which leads to uncontrolled 
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blood cell production. Abnormal cell production 
gradually overtakes production of normal red cells, 
white cells and platelets. Too few red cells are made, 
and usually too many platelets and white cells are 
made. Eventually, there are more abnormal cells in 
the marrow than there are normal cells.

About 50% of MF patients have a mutation in 
the JAK2 kinase called V617F. The discovery of 
the JAK2 mutation in the pathogenesis of MF and 
other diseases led to the idea that the JAK path-
ways are good targets for drug therapy in MF. A 
new class of drugs has been created based on this 
discovery: oral JAK2 inhibitors. Despite the value 
shown by use of JAK2 inhibitors, currently, the only 
treatment for MF that has shown to have curative 
qualities is hematopoietic stem cell transplantation 
(HCT). When a patient is diagnosed with PV or ET, 
it can progress to myelofibrosis or acute myeloid 
leukemia. However, allogeneic stem cell transplan-
tation (ASCT) can prevent this progression, which 
involves a transplant from a donor. In some cases, 
survival rates with ASCT are between 40-60%. 
ASCT is more effective in certain patients, and the 
new findings with JAK inhibitors could work well 
in combination with transplants in eligible patients. 
More research on this is likely to shed light on this 
new combination therapy.  

Learning Objectives
Upon completion of the program, participants 

should be able to:
1.	 Identify the Risk Factors and Optimal 

Timing of HCT for Myelofibrosis 
2.	 Evaluate the Benefits of Non-transplant 

Treatment Options 
3.	 Assess the Increased Use of Stem Cell 

Transplantation in Combination with JAK 
inhibitor Treatment 

Target Audience
This activity has been developed and is intended 

for transplant specialists, oncologists, hematologists, 
and other healthcare professionals involved in the 
treatment of myelofibrosis.
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professionals.
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expressed in the educational activity are those of the 
faculty and do not necessarily represent the views of 
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cians should consult primary references and full 

prescribing information. Please refer to the official 
prescribing information for each product for dis-
cussion of approved indications, contraindications, 
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the information presented critically, and are encour-
aged to consult appropriate resources for any prod-
uct or device mentioned in this activity.
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Myelofibrosis: To JAK and Back?
Randy A. Brown, M.D. and John R. Wingard, M.D.

Although myelofibrosis (MF) is the least 
common of the myeloproliferative neo-
plasms, it is the most lethal with a 

median survival of only 3-5 years. Cytopenias 
and leukemic transformation are the major 
causes of death. For many years palliation of 
symptoms with alkylating agents or hydroxyurea 
was the only therapy available and this had little 
or no effect on the survival of patients with MF. 

Stem cell transplantation was the first major 
step forward in the treatment of this disease. 
Early retrospective analysis using myeloabla-
tive preparative regimens demonstrated that 
40-50% of patients achieved 3-5 year disease-
free survival with late relapse being uncom-
mon. However, transplant related mortality 
(TRM) was as high as 50% so that this proce-
dure was limited to younger patients without 
major comorbidity’s. Given that the median 

age of patients with MF is around 65 years, 
transplant was applicable to a small minority 
of patients. 

Limited therapeutic options and the hope 
of developing highly effective targeted therapy 
led to great excitement when, in 2005, the 
JAK-2 V617F mutation was described in the 
majority of patients with MF. Ruxolitinib, a 
selective inhibitor of JAK 1 and 2 entered clini-
cal trials soon thereafter. Two pivotal, random-
ized trials (COMFORT 1 and 2) were carried 
out and demonstrated that durable reduction 
in spleen volume and symptom scores were 
significantly more common with ruxolitinib 
compared with the control arms. Based on 
these results, ruxolitinib became the first FDA 
approved treatment for MF in 2011. 

Unlike imatinib in CML however, ruxolitinib 
does not produce remission in patients with MF 
and there is no evidence that this drug alters the 
course of the disease. Cytopenia often worsens, 
fibrosis persists and there is no evidence that the 
risk of leukemic transformation is reduced. In 

the COMFORT trials, with a median follow-up 
of 3 years, only 50% of all patients remained on 
the drug due to toxicity or progression. In short, 
while ruxolitinib may be more effective at reliev-
ing symptoms than hydroxyurea, it is nonethe-
less palliative care. Further, for MF patients 
with high-risk features and for those with severe 
cytopenias, we are “back” to transplant as the 
most effective approach. 

The current issue of Blood and Marrow 
Transplantation Reviews provides a concise 
review of current therapeutic options for MF 
in the era of JAK-2 inhibitors. Dr. Gupta starts 
by reviewing prognostic models that allow 
physicians to make decisions about the opti-
mal timing of transplant in patients with MF. 
Next, Dr. Michaelis examines risk stratifica-
tion tools in the context of novel conventional 
therapies. Finally, Dr. Hari addresses current 
approaches to stem cell transplantation in MF, 
including the role of reduced intensity pre-
parative regimens and the use of novel agents 
to improve outcomes.

contiuned from page 1



REVIEWSBlood and Marrow
TRANSPLANTATION

4

ASBMT

Identifying the Risk Factors 
and Optimal Timing of HCT 
Myelofibrosis 

Vikas Gupta, MD  
Princess Margaret Cancer Centre 

Given the risks associated with allogeneic 
HSCT, appropriate patient selection is of para-
mount importance. Transplant eligibility for 
patients with MF is based on multiple criteria 
that may differ across treatment centers. His-
torically, the typical candidate for allogeneic 
HSCT has been younger (eg, aged <70 years) 
with reasonable performance status and no 
prohibitive comorbidities. The ideal age range 
for transplantation in MF varies by institution, 
and some centers forgo defining any specific 
age threshold for transplant eligibility. 

Identifying Candidates  
for Transplantation

In the absence of standardized clinical guide-
lines, risk-assessment tools such as the Dynamic 
International Prognostic Scoring System (DIPSS) 
are often used to understand the natural history 
of disease. Patients with DIPSS intermediate-2 
and high-risk disease are considered appropriate 
transplant candidates, given the poor progno-
sis within this group. The median survival for 
patients with intermediate-2 and high-risk dis-
ease by DIPSS is approximately 4 years and 2.3 
years, respectively [1]. 

Transplantation is a controversial treatment 
option for MF patients with less advanced 
disease, including those with intermediate-1 
risk according to DIPSS. Within this cohort, 

allogeneic HSCT is generally reserved for 
patients with features such as high-risk cyto-
genetics. Transplantation may be appropriate 
for severely cytopenic patients, including those 
who are transfusion-dependent and refractory 
to conservative treatment options. Patients with 
severe thrombocytopenia (eg, platelet count < 50 
x 109/L) are also potential candidates for allo-
geneic HSCT, given the inability to administer 
sufficient doses of JAK inhibitor therapy in these 
patients. The presence of high-risk mutations 
also favors more aggressive treatment. Patients 
with MF who harbor the ASXL1 mutation, 
particularly in combination with wild-type calre-
ticulin (CALR) status, have a poor prognosis [2]. 

Benefit of Transplantation in 
Intermediate-2 and High-Risk Patients

Allogeneic HSCT offers a potential survival 
benefit for select patients with intermediate-2 
and high-risk MF. In 2014, Kröger and col-
leagues presented findings from a retrospective 
analysis of MF patients aged 65 years or younger 
treated with allogeneic HSCT (n = 190) or 
conventional therapy (n = 248) in the pre-rux-
olitinib era [3]. The survival analysis compared 

ASCT with non-transplant approaches according 
to baseline DIPSS risk score (Table 1). 

In patients with low-risk disease, transplan-
tation was associated with an increased risk 
of death compared with conventional therapy. 
Conversely, patients with intermediate-2 and 
high-risk disease according to DIPSS appeared 
to benefit from undergoing allogeneic HSCT at 
some point during their disease history. The opti-
mal treatment approach was unclear for patients 
with intermediate-1 risk disease, highlighting the 
importance of individualized risk assessment and 
treatment planning in this risk group.

Algorithm for Upfront  
Therapy Selection 

In the current JAK inhibitor era, the selection 
of upfront treatment for patients with MF should 
be based on a careful assessment of individual 
patient, disease, and transplant factors (Figure 1) 
[4]. In addition, the potential benefits of upfront 
therapy should be weighed against the potential 
risks of treatment. In the context of patient fac-
tors such advanced age, poor performance status, 
and prohibitive comorbidities, treatment with 
JAK-inhibitor therapy or referral for a clinical 

Introduction
Myelofibrosis (MF) is a myeloproliferative 

neoplasm (MPN) characterized by debilitating 
constitutional symptoms, bone marrow fibro-
sis, cytopenias, and marked spleen enlarge-
ment resulting from extramedullary hemato-
poiesis. Among the MPNs, MF is associated 
with the greatest symptom burden and worst 
prognosis. Historically, treatment has focused 
on controlling the clinical manifestations of 
MF with conventional therapy. Erythropoietin, 
corticosteroids, androgens, and immunomod-
ulating drugs (IMiDs) such as thalidomide, 
lenalidomide, and pomalidomide have been 
used to manage anemia. For splenomegaly, 
treatment approaches have included hydroxy-
urea, splenectomy, and low-dose irradiation.

Most conventional therapies, however, are 
limited by poor efficacy and a lack of prospec-
tive clinical data in patients with MF. Moreover, 
these approaches are largely palliative and do 
not address the underlying disease process in 
MF. In current practice, allogeneic hematopoi-
etic stem cell transplant (HSCT) is the only 
curative therapy for MF. However, transplan-
tation is associated with significant risks of 
toxicity, graft failure, and graft-versus-host dis-
ease (GVHD), and transplant-related mortality 
(TRM). Although the potential benefits of HSCT 
outweigh the risks for patients with severe dis-
ease, the appropriate role of HSCT remains con-
troversial for patients with lower-risk disease. 

Dysregulation of the Janus kinase (JAK)/
signal transducer and activator of transcription 

(STAT) signaling pathway is a hallmark of 
the underlying pathogenesis of MF. With the 
advent of JAK inhibitor therapy, patients with 
MF have new options for reducing symptom 
burden, improving quality of life, and delaying 
the need for transplant. JAK inhibitor therapy 
is not curative, however, and treatment does 
not reduce the risk of leukemic transforma-
tion. Selecting upfront therapy for MF requires 
an individualized assessment of each patient’s 
biological characteristics, symptom burden, 
and overall treatment goals. Future treatment 
strategies may include new approaches for tar-
geting the JAK/STAT signaling pathway, agents 
with novel mechanisms of action, and the 
combined use of JAK inhibitors and allogeneic 
HSCT to optimize patient outcomes in MF.

Table 1. Risk of Death Following Allogeneic Stem Cell Transplantation Versus Conventional Therapy  
by DIPSS Category in Patients Younger than 65 Years with Primary Myelofibrosis [3]

DIPSS Risk Category 10-Year Survival RR of Death  
(95% CI)

P  Value

Allogeneic HSCT Conventional Therapy

Low risk 60% 92% 5.6 (1.7-19) .0051

Intermediate-1 risk 41% 63% 1.6 (0.79-3.2) .19

Intermediate-2 risk 32% 11% 0.55 (0.36-0.83) .005

High risk 27% 1% 0.37 (0.21-0.66) .0007

DIPSS = Dynamic International Prognostic Scoring System; HSCT = hematopoietic stem cell transplantation; RR = relative risk.
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trial may be preferred. Upfront JAK inhibitor 
therapy or clinical trial referral may also be pre-
ferred for patients with severe complications 
such as portal hypertension. In contrast, factors 
such as a high risk of leukemic transformation 
and the availability of an HLA well-matched 
donor favor the selection of allogeneic HSCT. 

Recent findings from the Center for Interna-
tional Blood and Marrow Transplant Research 
(CIBMTR) underscore the importance of donor 
type as a key consideration for transplant eli-
gibility in patients with MF [5]. The CIBMTR 
analysis evaluated survival following alloge-
neic HSCT with reduced-intensity condition 
(RIC) in patients with primary MF according 
to donor type: HLA-matched sibling donor 
(n = 79), HLA well-matched unrelated donor 
(n = 104), and partially matched/mismatched 
donor (n = 50). The adjusted probabilities of 
5-year survival in these patient cohorts were 
56%, 48%, and 34%, respectively (P = .002). 

The CIBMTR findings indicate that allogeneic 
HSCT with RIC is a potentially curative option 
for select patients with primary MF, with the best 
survival outcomes observed in patients with HLA-
matched sibling donors and HLA well-matched 
unrelated donors [5]. For patients with a mis-
matched donor, an alternative approach involves 
upfront treatment with JAK1/2 inhibition or via 
referral to a clinical trial. This treatment strategy 

allows allogeneic HSCT to be delayed until first-
line treatment failure, if needed.

Optimal Timing of Allogeneic  
HSCT in Myelofibrosis

For patients with MF who have initiated 
upfront treatment with JAK inhibitor therapy, 
choices around the use and timing of trans-
plantation are complex. In general, there are 
three potential time points within the natural 
history of MF that may be most appropriate 
for HSCT [6]. The first option involves initi-
ating HSCT while patients are experiencing 
their peak response to JAK inhibitor therapy. 
This includes patients who meet the standard 
International Working Group (IWG) criteria 
for clinical response or stable disease.

The second approach involves delaying 
HSCT while patients continue to derive a 
clinical benefit from JAK inhibitor therapy, 
and considering transplantation only when the 
patient’s status begins to deteriorate [6]. Using 
this approach, transplant may be appropriate 
in patients who develop the following: 

•	 Intolerable treatment-related side effects
•	 Worsening anemia or increased trans-

fusion dependence
•	 Increased blast count (10% to 19%)
•	 Inadequate response or loss of response 

requiring a change in treatment

In the third approach, transplant is further 
delayed until the patient shows clear signs of 
disease progression on JAK inhibitor therapy 
[6]. Potential triggers for considering HSCT in 
this model may include:

•	 Progression of splenomegaly
•	 Need for splenectomy
•	 Blasts >20%
 
At present, there is limited clinical evi-

dence to determine the optimal timing of 
transplantation in patients who have initiated 
JAK inhibitor therapy. Findings from ongoing 
observational studies of post-JAK inhibitor 
transplant in MF, expected within the next 
year, are eagerly awaited to provide clarity 
around these challenging treatment decisions. 

Barriers to Successful Transplantation
Common barriers to successful outcomes 

for patients with MF undergoing allogeneic 
HSCT include regimen-related toxicities, graft 
failure, and graft-versus-host disease (GVHD). 

Posttransplantation Hepatotoxicity
Patients with MF are predisposed to underly-

ing liver injury and dysfunction. In 2012, Wong 
and colleagues described poor outcomes associ-
ated with early hepatotoxicity following allogeneic 
HSCT in patients with MF (n = 53) [7]. During 
the first 6 weeks after HSCT, 43% of patients with 
MF developed moderate or severe hyperbilirubi-
nemia and 6% experienced a substantial increase 
in aspartate aminotransferase levels. Compared 
with patients without signs of liver injury, survival 
at 12 months was significantly worse for patients 
who developed early posttransplant hyperbiliru-
binemia or elevated transaminase levels (P = .02). 
Given the potential for posttransplant hepatotox-
icity, patients with MF should be screened prior to 
transplant for risk factors such as asymptomatic 
portal hypertension, iron overload, and the pres-
ence of portal and splanchnic thrombi. 

Graft Failure
To date, two prospective studies have 

examined the safety and efficacy of allogeneic 
HSCT in patients with MF [8, 9]. In a study 
from the European Group for Blood and Mar-
row Transplantation (EBMT), the rate of auto 
primary graft failure was 2%. In addition, 
11% of patients required a stem cell boost [8]. 
In the Myeloproliferative Disorders Research 
Consortium (MPD-RC) study, the overall risk 
of primary and secondary graft failure was as 
high as 24% for patients undergoing allogeneic 
HSCT with an unrelated donor [9].

Figure 1. Selection of upfront therapy for patients with myelofibrosis [4].
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The underlying mechanisms driving graft 
failure in patients with MF are not well under-
stood. Marrow fibrosis, significant splenomegaly, 
and transfusion dependency may contribute to 
an increased risk of graft failure. Proinflamma-
tory cytokines, which are elevated in advanced 
MF, may also play a role in graft failure follow-
ing transplantation [10]. In preclinical models 
of MPNs, tumor necrosis factor (TNF)-alpha 
had been shown to suppress the expansion and 
renewal of normal hematopoietic stem cells while 
facilitating the expansion of JAK2-expressing 
cells [10, 11]. In addition, bone marrow niche 
appear to contribute to graft failure [12].

Graft Versus Host Disease 
In the recent CIBMTR analysis of transplant-

related outcomes, the cumulative incidence of 
grade 3 and 4 acute GVHD at 100 days follow-
ing allogeneic HSCT with RIC was 19% [5]. In 
a multivariate analysis, the use of an unrelated 
donor was associated with a significant increase 
in the risk of developing acute GVHD (P = .02). 
Compared with a matched sibling donor, the 
relative risk (RR) for acute GVHD was 1.98 for 
well-matched unrelated donors (P = .006) and 
1.52 for partially matched/mismatched unre-
lated donors (P = .18). 

As described above, proinflammatory cyto-
kines have been implicated in the pathophysi-
ology and clinical manifestations of MF. Future 
research may examine whether the underlying 
chronic inflammatory state of MF also con-
tributes to the high incidence of severe acute 
GVHD following HSCT, even among patients 
undergoing RIC transplantation.  

Current Role of JAK Inhibitors  
in Transplantation Protocols 

Strategies to reduce the risk of graft failure, 
acute GVHD, and TRM are needed to improve 
outcomes for patients with MF undergoing 
allogeneic HSCT. Targeting the JAK/STAT sig-
naling pathway has proven to be an effective 
approach to controlling some of the clini-
cal manifestations of MF, particularly spleno-
megaly, and altering the natural history of the 
disease. Approximately 50% of patients with 
primary MF have the JAK2 V617F gain-of-
function mutation. In addition, the proinflam-
matory cytokines and growth factors impli-
cated in the pathogenesis of MF communicate 
via the JAK/STAT signaling pathway. Regard-
less of the mutational status of JAK2, dys-
regulation of the JAK/STAT signaling pathway 
appears to be a major pathogenic component 
in myelofibrosis.

While the beneficial effects of JAK1/2 
inhibitors on outcomes such as spleen size and 
quality of life are well documented, the poten-
tial effects of these agents on other endpoints is 
unclear. For instance, some evidence suggests 
that JAK1/2 inhibition may improve constitu-
tional symptoms by reducing the activity of 
proinflammatory cytokines. The anti-cytokine 
effects of JAK1/2 inhibitor therapy may also 
reduce the risk of severe GVHD. Furthermore, 
achieving better performance status prior to 
HSCT may improve other transplant-related 
outcomes, including TRM.  

Studies of JAK Inhibition in  
Transplant-Eligible Patients

Several research groups have explored the 
role of JAK inhibitor therapy in transplant-eligi-
ble patients with MF. The phase II JAK ALLO trial 
was designed to evaluate the effects of ruxolitinib 
in patients with intermediate- and high-risk 
MF who were candidates for allogeneic HSCT 
[13]. Recruitment stopped after 22 patients 
enrolled into the trial due to the development of 
unexpected severe adverse events in 3 patients, 
including tumor lysis syndrome (n = 1) and car-
diogenic shock (n = 2). The implications of the 
JAK ALLO trial are difficult to interpret given the 
presence of confounding factors such as the use 
of splenectomy prior to transplantation.

On the contrary, preliminary findings from 
four other retrospective studies provide some 
insight into the potential use of JAK inhibitors 
prior to allogeneic HSCT in patients with MF 
(Table 2). In contrast to the JAK ALLO trial, these 
studies have found favorable outcomes that sup-
port the use of ruxolitinib in patients with MF 
who are candidates for transplantation [14-17].

For patients who initiate treatment with 
ruxolitinib prior to allogenic HSCT, abrupt 
discontinuation is not recommended. In the 
COMFORT-I study, interrupted ruxolitinib 

dosing was associated with a return of MF 
symptoms [18]. Although a small number of 
patients used a tapering strategy to discon-
tinue ruxolitinib, most treatment interruptions 
occurred at total daily doses of ≥ 10 mg BID. 
Regardless of the ruxolitinib dose at the time of 
interruption, however, both the total symptom 
score and the worst single daily symptom score 
returned to baseline levels within 7 days of 
discontinuation. 

The ongoing MPD-RC 114 is evaluating a 
combined treatment strategy that incorporates 
both JAK1/2-inhibitor therapy and allogeneic 
HSCT [19]. The phase II trial will include 
patients with advanced primary MF or post-
PV/ET MF who are eligible for transplanta-
tion. All patients will be treated with full-dose 
ruxolitinib for 56 days followed by 4 days of 
tapered dosing prior to the start of reduced-
intensity fludarabine/busulfan conditioning 
followed by allogeneic HSCT. The primary 
endpoint is survival without graft failure at day 
100 post-transplant. The MPD-RC 114 trial 
will also evaluate whether adding ruxolitinib 
to the pre-transplant regimen reduces spleen 
size, improves performance status, and reduces 
adverse events related to allogeneic HSCT.

In summary, allogeneic HSCT is an appro-
priate option for select patients with MF. In 
particular, transplantation appears to improve 
outcomes in patients with high-risk or inter-
mediate-2-risk disease according to DIPSS, 
and in patients with intermediate-1-risk dis-
ease with unfavorable cytogenetics or certain 
clinical features such as transfusion depen-
dency. The decision to pursue allogeneic HSCT 
should be based on patient preferences as 
well as other individual patient-, disease-, 
and transplant-related factors. The use of JAK 
inhibitor therapy in the transplant setting may 
address some of the current barriers to suc-
cessful allogeneic HSCT in patients with MF.  

Table 2. JAK1/2 Inhibition in Transplant-Eligible Patients with Myelofibrosis 

Study No. Patients Study Design Results Conclusions

Jaekel 2014 [14] 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 2014 [15] 6 Retrospective No adverse impact on early post-
HSCT outcomes

Tapering ruxolitinib until conditioning did not 
result in unexpected SAEs

Stübig 2014 [16] 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 2013 [17] 11 Retrospective Good engraftment rates Differing schedules of ruxolitinib tapering 
associated with high engraftment rates

HSCT, hematopoietic stem cell transplantation; OS, overall survival; SAE, severe adverse effect.
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Evaluating the Benefits  
of Non-Transplant 
Treatment Options 

Laura C. Michaelis, MD 
Medical College of Wisconsin 

Given the challenging nature of treatment 
decisions for patients with MF in the pre-
transplant setting, accurate risk stratification 
tools are essential to guide patient manage-
ment. To date, three major risk-assessment 
tools that incorporate clinical and cytogenetic 
features of MF have been validated. Additional 
risk-assessment models that incorporate novel 
molecular prognostic factors are also emerging. 

Risk-Stratification Models  
in Myelofibrosis

IPSS
In 2009, the International Prognostic Scoring 

System (IPSS) was the first tool designed to assess 
prognosis and facilitate therapeutic decision-mak-
ing in patients with MF (Table 3) [20]. The IPSS 
accounts for the presence of 5 features associated 
with worse prognosis at the time of diagnosis: age 
> 65 years, presence of constitutional symptoms, 
hemoglobin level < 10 g/dL, leukocyte count > 
25 × 109/L, and circulating blast cells ≥ 1%. Con-
stitutional symptoms include > 10% weight loss 
over the past 12 months and fever or substantial 
night sweats for at least 1 month.

The IPSS categorizes patients into 1 of 4 risk 
groups based on the presence of 0 (low risk), 1 

(intermediate risk-1), 2 (intermediate risk-2) or 
≥ 3 (high risk) of these variables. In the IPSS val-
idation cohort (N = 1054), the median survival 
in each risk group was 135 months, 95 months, 
48 months, and 27 months, respectively. 

DIPSS
In 2010, Passamonti and colleagues 

described the DIPSS as a tool for assessing the 
same risk factors of the IPSS in a time-depen-
dent manner (Table 3) [1]. In the DIPSS valida-
tion cohort (N = 525), the presence of anemia 
demonstrated a higher adverse impact on 
survival (roughly double) relative to the other 
risk factors. Therefore, although the DIPSS and 
IPSS utilize the same 5 risk factors, the DIPSS 
assigns anemia a score of 2. Based on a maxi-
mum total score of 6 points, the DIPSS classi-
fies patients into low (0 points), intermediate-1 
(1-2 points), intermediate-2 (3-4 points), and 
high-risk (5-6 points) categories [1]. 

DIPSS-Plus
Research on cytogenetics has revealed the 

heterogeneity of the stem cell niche in MF, 
as well as the importance of mutational com-
plexity in understanding patient prognosis. 
The DIPSS-plus scoring system builds on 
the DIPSS by incorporating unfavorable cyto-
genetics as well as transfusion dependency 
and thrombocytopenia as additional adverse 
prognostic factors (Table 4) [21]. In this 
risk-assessment model, unfavorable cytoge-
netics is defined as a complex karyotype or 
abnormalities that include +8, -7/7q-, i(17q), 
inv(3), -5/5q-, 12p-, or 11q23 rearrangement. 
With 3 additional prognostic factors added to 
the 6-point DIPSS, the total maximum DIPSS 
Plus score is 9. The DIPSS-plus scoring system 
classifies patients into low (0 points), interme-
diate-1 (1 points), intermediate-2 (2-3 points), 
and high-risk (≥ 4 points) categories. In the 
DIPSS Plus validation cohort (N = 793), the 
median survival times for patients in the low, 
intermediate-1, intermediate-2, and high-risk 
groups were 15.4 years, 6.5 years, 2.9 years, 
and 1.3 years, respectively [21].

The IPSS should be used to assess survival 
from the time of diagnosis, whereas the DIPSS 
and DIPSS Plus can be used to assess survival 
from any point during the disease course in 
patients with MF [1, 20, 21].

Emerging Risk-Assessment Tools
As new prognostic factors in MF are iden-

tified, risk-assessment tools are evolving to 
provide a more precise estimate of overall 

survival. Monosomal karyotypes are associ-
ated with more resistant stems cells that are 
less susceptible to conventional therapy [22]. 
The presence of any 2 of the following features 
is also associated with poor prognosis: >9% 
circulating blasts, leukocytes > 40 x 109/L, and 
unfavorable karyotype [22].

Multiple somatic mutations are now rec-
ognized as important prognostic factors in MF 
[22]. Approximately 91% of patients with pri-
mary MF carry a mutation in the CALR, JAK2, 
or MPL genes, whereas only 9% are triple-
negative for these mutations [23]. Regardless of 
DIPSS-plus risk category, patients with triple-
negative MF and those who harbor an ASXL1 
mutation in the presence of wild-type CALR 
(CALR-/ASXL1+) are considered to have high-
risk disease due to very poor prognosis [23]. In 
one study, the median survival for patients with 
CALR-/ASXL1+ MF was 2.3 years, compared 
with 9.6 years for those with CALR+/ASXL1- 
disease (P < .0001) [23]. 

Two new scoring systems have emerged to 
account for a range of clinical, cytogenetic, and 
molecular features in patients with MF [24, 
25]. The mutation-enhanced IPSS (MIPSS) 
incorporates 8 prognostic factors to stratify 
patient risk: age >60 years; symptoms; ane-
mia; thrombocytopenia; triple-negative status 
for JAK2, MPL, and CALR; JAK2+ or MPL+; 
ASKL1+; and SRSF2+ [24 25]. The median 
survival times for patients classified as low, 
intermediate-1, intermediate-2, and high-risk 

Table 3. IPSS and DIPSS Prognostic  
Scoring Systems for Myelofibrosis 

IPSS [20] DIPSS [1]

Parameters Points 

Median hemoglobin, g/dL 1 2

Median leukocytes, x 109/L 1 1

Circulating blasts, % 1 1

Constitutional symptoms 1 1

Age > 65 years 1 1

Risk Category Total Score

Low 0 0

Intermediate-1 1 1-2

Intermediate-1 2 3-4

High ≥ 3 5-6

IPSS = International Prognostic Scoring System; DIPSS = Dynamic IPSS.

Table 4. DIPSS-Plus Scoring System  
for Prognosis in Myelofibrosis [21]

Parameters Points

DIPSS low risk 0

DIPSS intermediate-1 risk 1

DIPSS intermediate-2 risk 2

DIPSS high risk 3

Unfavorable karyotype  
(-8,-7,-5, i17q,12p-, inv3, 
11q23 or complex)

1

Platelets < 100 x 109/L 1

Transfusion need 1

DIPSS-Plus Risk Category Total Score Median OS

Low 0 15.4 years

Intermediate-1 1 6.5 years

Intermediate-1 2-3 2.9 years

High ≥ 4 1.3 years

DIPSS = Dynamic International Prognostic Scoring System;  
OS = overall survival.
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according to MIPSS were 26.4 years, 9.7 years, 
6.4 years, and 1.9 years, respectively. 

The genetics-based prognostic scoring sys-
tem (GPSS) also incorporates the mutational 
status of JAK2, MPL, CALR, ASKL1, and 
SRSF2 genes, as well as high-risk and very 
high-risk karyotypes, to define risk catego-
ries. Using the GPSS stratification system, the 
median overall survival times for patients with 
low, intermediate-1, intermediate-2, and high-
risk disease were not reached, 9 years, 5 years, 
and 2.2 years, respectively [25]. 

At present, the DIPSS-plus remains the 
gold standard for risk-stratification in MF. In 
the future, however, repeat molecular testing 
may be helpful to clarify prognosis and under-
stand whether patients with MF are acquiring 
risk over the course of their disease. 

Risk Categories and  
Symptom Heterogeneity 

In 2014, Geyer and colleagues described 
distinct clusters of symptomatology and physical 
and laboratory findings in a large international 

study of patients with MPNs (N = 1470) [26]. 
Using the Myeloproliferative Neoplasm Symp-
tom Assessment Form Total Symptom Score 
(MPN-SAF TSS), patients rated the severity of 
10 symptoms most representative of MPNs on a 
scale from 0 (absent) to 10 (worst imaginable). 
The cluster analysis identified 4 distinct symptom 
phenotypes among patients with MF (n = 329), 
with significant variations in the presence and 
severity of disease features such as leukopenia, 
thrombocytopenia, and enlarged spleen (Table 5). 

When the symptom clusters were arranged 
by increasing mean MPN-SAF TSS, the pro-
portion of patients with intermediate-2 or 
high-risk classification increased from 20.5% 
in the first cluster to 66.7% in the last (P = 
.001). Despite this correlation, however, the 
DIPSS was not effective in predicting high 
levels of symptom distress. Many patients with 
low and intermediate DIPSS scores experi-
enced a significant symptomatic burden, sug-
gesting that current prognostic scores are not 
ideal surrogates for symptom burden in MF. 
These findings underscore the heterogeneity 

of symptoms among patients with MF and the 
importance of assessing symptoms to clarify 
the goals of therapy. 

Current Therapies in Myelofibrosis

Goals of Care 
Therapeutic decision-making in MF should 

incorporate patient preferences regarding the 
goals of care (Table 6). Educating patients and 
family members on treatment options and 
expectations can be critical for ensuring adher-
ence to therapy. For many patients, allogeneic 
HSCT is not a realistic treatment strategy due to 
the presence of comorbidities, logistical consid-
erations, or other concerns. Available interven-
tions for controlling symptoms and prolonging 
life expectancy should also be discussed.

Ruxolitinib
Ruxolitinib is a selective inhibitor of Janus 

kinase 1 and 2 (JAK1/2), with potent clinical 
activity in patients with MF [27]. In 2011, rux-
olitinib became the first agent to gain approval 
from the U.S. Food & Drug Administration 
(FDA) with a specific indication for MF. The 
approval of ruxolitinib was based on prelimi-
nary results from the phase III COMFORT-I 
and COMFORT-II studies [27 28]. To date, 
ruxolitinib remains the only agent approved 
for MF. Ruxolitinib was also approved recently 
for symptomatic PV that has failed optimal 
therapy with hydroxyurea and phlebotomy. 

In 2015, investigators reported updated 
efficacy, safety, and survival data from the 
COMFORT-I study with a median follow-up 
of 3 years [29]. In the COMFORT-I trial, 309 
patients with IPSS intermediate-2 or high-risk 
MF were randomly assigned to treatment with 
twice-daily oral ruxolitinib (n = 155) or pla-
cebo (n = 154). The primary efficacy endpoint 
was the proportion of patients with a reduction 
of spleen volume of ≥ 35% at 24 weeks as 
assessed by magnetic resonance imaging (MRI). 
In the updated 3-year analysis, approximately 
50% of patients who were initially assigned to 
the ruxolitinib group remained on ruxolitinib 
treatment at the time of data cutoff. In addition, 
100% of patients who were initially assigned 
to the placebo arm had either crossed over to 
ruxolitinib or discontinued therapy.

The long-term survival findings show a 
trend in favor of JAK1/2 inhibitor treatment. 
After a median follow-up of 149 weeks, 42 
patients initially assigned to ruxolitinib had 
died, compared with 54 patients initially 
assigned to placebo. The hazard ratio favored 

Table 5. Symptom Clusters in Myelofibrosis [26]

Cluster Prevalence in MF DIPSS Risk Distribution Cluster Description

Mild MF 46% •	 Majority (79%) low risk (33%) or  
intermediate-1 risk (46%)

•	 Fatigue-dominant complaints
•	 Shortest disease duration  

(<3 years in 61% of patients)

Moderate-I MF 32% •	 Majority (77%) intermediate-1 risk (54%) 
or intermediate-2 risk (23%)

•	 Largest spleen size
•	 Longest disease duration  

(>3 years in 50% of patients)

Moderate-II MF 16% •	 Majority intermediate-1 risk (64%)
•	 <5% low or high risk

•	 Many cognitive and nighttime-related 
complaints

High MF 4% •	 Highest proportion of high-risk  
patients (33%)

•	 No low-risk patients

•	 Most symptomatic group, with highest 
prevalence of cytopenias and prior  
thrombosis, hemorrhage, transfusions

DIPSS = Dynamic International Prognostic Scoring System; MF = myelofibrosis.

Table 6. Goals of Care in Myelofibrosis

Goals Interventions Considerations Other

Cure •	 Allogeneic HSCT •	 High-risk, high-reward •	 Limited eligibility

Control splenomegaly, prolong life •	 JAK inhibitor therapy •	 FDA-approved
•	 Low toxicities
•	 Symptom relief

•	 Duration of response not 
highly predictable

•	 Cytopenias
•	 Transient effects

Control splenomegaly,  
improve symptoms

•	 Referral to clinical trials •	 Eligibilities
•	 Access to newer medications

Symptom management: anemia •	 IMiDs
•	 Hydroxyurea
•	 Androgens
•	 Steroids

•	 Specific to patient symptoms
•	 No evidence of improved 

survival

•	 Combination therapies often 
lack data

FDA, Food & Drug Administration; HSCT, hematopoietic stem cell transplantation; IMiDs, immunomodulatory drugs; JAK, Janus kinase.
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patients originally assigned to ruxolitinib com-
pared with those assigned to placebo (HR, 
0.69; 95% CI, 0.46-1.03; P =.067). The high 
prevalence of crossover from placebo to rux-
olitinib may have masked the true difference 
in survival between the treatment groups. In 
an exploratory analysis that corrected for the 
potential impact of crossover, the hazard ratio 
continued to favor treatment with ruxolitinib 
(HR, 0.36; 95% CI, 0.204-1.035).

Secondary efficacy endpoints such as sple-
nomegaly may contribute to prolonged survival 
in the ruxolitinib group. At week 144, patients 
in the ruxolitinib group had a mean reduction 
in spleen volume of 34% and a mean reduction 
in palpable spleen length of 49% compared 
with baseline. The reduction in splenomegaly 
may be linked to survival through mecha-
nisms such as improved lipid levels, reduced 
anorexia, and reduced risk of concomitant 
infections in the ruxolitinib group. 

Myelosuppression is an expected class effect 
of JAK1/2 inhibition, given the key role of 

JAK2 in the erythropoietin and thrombopoietin 
signaling pathways. Among patients in the rux-
olitinib group, the risk of developing grade 3 
or 4 anemia or thrombocytopenia was highest 
during the first 6 months of treatment, fol-
lowed by a substantial decrease over time. The 
mean hemoglobin levels and platelet counts 
also decreased within the first 8 to 12 weeks 
of ruxolitinib treatment. However, the anemia 
normalized over time, with hemoglobin levels 
reaching new steady-state levels by week 24. No 
new safety or tolerability issues with ruxolitinib 
arose during the long-term follow-up period.

An analysis of quality of life endpoints 
also favored long-term treatment with rux-
olitinib. Initial improvements in European 
Organization for Research and Treatment of 
Cancer Quality of Life Questionnaire-Core 30 
(EORTC QLQ-C30) scores, including scores in 
the individual domains of global health status/
QOL, fatigue, role functioning, and physical 
functioning, were maintained through 144 
weeks of follow-up. For patients with MF and 

severe fatigue, the improvements in fatigue 
and other quality of life outcomes may warrant 
continued treatment with ruxolitinib even in 
the absence of spleen response. 

Overall, the updated COMFORT-I study 
showed durable reductions in spleen volume 
and meaningful improvements in quality of life 
measures among patients receiving ruxolitinib 
for a median of three years. The survival analy-
sis also favored ruxolitinib treatment, despite 
substantial crossover from the placebo to 
active-treatment arms. These findings support 
the long-term use of ruxolitinib to improve 
outcomes in patients with MF. 

Future Non-Transplant  
Therapies in Myelofibrosis 

Multiple investigational agents that target the 
JAK/STAT signaling pathway are currently under 
evaluation for the treatment of MF in phase II 
and III clinical trials (Table 7) [30, 31]. These 
include agents with broad activity against JAK, 
STAT, and other molecular targets (eg, pacritinib, 
momelotinib), as well as highly selective JAK1 
inhibitors (eg, INCB039110) [30, 31]. Several 
novel therapies that alter the natural history of 
MF through alternate mechanisms of action are 
also under evaluation in clinical trials (Table 8) 
[32]. These include telomerase inhibitors, hedge-
hog inhibitors, anti-fibrosing agents, and inhibi-
tors of the PI3K/AKT signaling pathway [32]. 

Several combination regimens are also 
being evaluated to address the molecular 
complexity and heterogeneity of MF. The goal 
of ruxolitinib-based combination therapy is to 
enhance the therapeutic benefits of JAK inhibi-
tion while attenuating its side effects. To date, 
researchers have reported preliminary data 
examining the use of ruxolitinib in combina-
tion with a range of currently available agents 
and investigational therapies, including:

•	 Danazol [33]
•	 IMiDs [34, 35] 
•	 Hypomethylating agents [36]
•	 Antifibrotic agents [37] 
•	 Mammalian target of rapamycin 

(mTOR)/AKT/phosphoinositide 
3-kinase (PI3K) inhibitors [38]

•	 Hedgehog inhibitors [32]
•	 Histone-deacetylase inhibitors [39] 

New therapeutic combinations are also 
needed to offset anemia and other class-specific 
adverse effects of JAK inhibition. In a pooled 
analysis of 2 consecutive trials, pomalidomide 
with or without prednisone was associated 
with an overall anemia response rate of 27% 

Table 7. Investigational JAK/STAT Inhibitors [30-32]

Name Target Efficacy Possible Toxicity Development Status

Pacritinib JAK1, JAK2, JAK3, FLT3 Splenomegaly, symptoms, 
low risk of cytopenias

Gastrointestinal  
side effects

Phase III vs. best  
available therapy
(PERSIST-1, PERSIST-2)

Momelotinib JAK1, JAK2, JAK 3, JNK1, 
CDK2

Splenomegaly, symptoms, 
anemia

Neuropathy,  
thrombocytopenia

Phase III vs. ruxolitinib

NS-018 JAK2, SRC-family Splenomegaly, anemia Nausea,  
thrombocytopenia

Phase I/II

INCB039110 JAK1 selective Symptoms, anemia Fatigue, nausea Phase II

Fedratinib JAK1,2,3 TYK, FLT3, RET Splenomegaly, symptoms Wernicke’s  
encephalopathy

Withdrawn

JAK = Janus kinase; STAT = signal transducer and activator of transcription.

Table 8. Novel Agents Under Evaluation in Myelofibrosis

Category Activity Efficacy Possible Toxicity Development Status

Telomerase inhibitors Infusional, targets RNA 
template of telomerase 
reverse transcriptase

Fibrosis reversal;  
molecular response

Liver, intracranial  
hemorrhage 

Imetelstat:  
phase II à phase III

Hedgehog inhibitors Inhibition of smoothened 
(SMO)

Unknown Unknown •	 Phase I/II LDE-225 +  
ruxolitinib

•	 PF04449913 in MF

Anti-fibrosing agents Inhibits development of 
fibrocytes (SAP2)

Reduction of anemia, 
thrombo-cytopenia, and 
fibrosis in ruxolitinib 
combination

Unknown •	 Simtuzumab + ruxolitinib
•	 PRM-151 ± ruxolitinib

PI3K inhibitors/AKT 
inhibitors

Blocks PI3K/AKT/ 
pathway

Reduction of  
splenomegaly in  
ruxolitinib combination

Unknown •	 Everolimus phase II trial
•	 Ruxolitinib + BKM-120 

phase II

mTOR = mammalian target of rapamycin; PI3K = phosphoinositide 3-kinase.
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Transplantation for 
Myelofibrosis in the JAK 
Inhibitor Era

Parameswaran N. Hari, MD  
Medical College of Wisconsin  

The standards of care for allogenic HSCT 
in patients with MF are evolving. Histori-
cally, conventional myeloablative HSCT was 
restricted to younger and fitter patients due to 
the high risk of TRM. Moreover, the perceived 
risk of graft failure was a major treatment 
barrier for patients with MF, resulting in low 
rates of referral to HSCT [4]. Indeed, MF is a 
rare indication for transplant, and even major 
transplant centers perform a limited number 
of allogeneic HSCT procedures for patients 
with MF [4]. With the availability of reduced-
intensity regimens, however, more patients 

may be considered appropriate candidates for 
transplantation. 

Discussing the options for MF treatment 
within the context of a patient case can illus-
trate the complexities of patient management 
in the JAK inhibitor era.

Case Presentation
A 47-year-old man presented in March 2000 

with thrombocytosis (platelet count, 865 x 
109/L). After a bone marrow biopsy he was diag-
nosed with essential thrombocytopenia, which 
was treated with aspirin alone. Once a diagnostic 
assay for the JAK2617F mutation was available, 
he was tested and was found to be positive. In 
2008, 8 years after diagnosis, a palpable spleen 
was noted on clinical examination. Over time, 
a slowly progressive increase in spleen size was 
documented, and by December 2012 the spleen 
size was 16 cm below the costal margin. He had 
also been experiencing a progressive decline in 

hemoglobin (Hb). In September 2012, a com-
plete blood count showed the following: Hb, 9 
g/L; white blood cell (WBC) count, 17.9 x 109/L 
with left shift; platelet count, 216 x 109/L. There 
were no circulating peripheral blood blasts. 

The patient started his first RBC transfusion 
in December 2012. Within 3 months, it was 
established that his transfusion need is 2 units of 
red cells every 4 weeks.  The most recent bone 
marrow biopsy, performed in 2012, showed 
grade 2/3 fibrosis and normal cytogenetics (46, 
XY).  At this time, a diagnosis of post-ET MF 
was made according to the IWG-MRT criteria.

A donor evaluation revealed that he does 
have an HLA-matched sibling donor available. 
The patient has excellent performance score and 
no other comorbidities. He is a very motivated 
individual. He experiences infrequent night 
sweats, but no other significant constitutional 
symptoms. His only symptom is abdominal dis-
comfort from the spleen and the inconvenience 

[40]. The anemia response rate increased to 
53% in JAK-positive patients with <10 cm 
palpable splenomegaly and <5% circulating 
blasts [40]. Treatment with lenalidomide also 
induces a hematologic response in patients 
with MF, especially those with chromosome 
5q deletion [41]. Conventional therapies for 
correcting anemia, such as danazol and inter-
feron, may be particularly effective in patients 
in the myeloproliferative phase of MF [42]. 

Summary
Although the overall prognosis for most 

patients with MF is poor, it is also variable. 
In current clinical practice, the management 
of MF should begin with a comprehensive 
risk assessment (Figure 2) [30]. Although the 
DIPSS-plus risk score remains the current 
standard of care, cytogenetic and molecular 
stratification may play an increasingly promi-
nent role in future treatment decisions. For 
patients with asymptomatic low-risk disease, 
watchful waiting or initial treatment with 
interferon may be an appropriate management 
strategy. Patients with symptomatic low-risk 
or intermediate-1 risk disease may benefit 
from treatment with ruxolitinib or referral to 
a clinical trial as appropriate, depending on 
further genotyping. 

The management of patients with inter-
mediate-2 or high-risk MF depends on eli-
gibility for transplantation. For patients who 

are eligible for allogeneic HSCT, the choice 
of induction regimen is critical for optimiz-
ing transplant-related outcomes. For patients 
who are not eligible for allogeneic HSCT, 
appropriate management options may include 
JAK inhibitor therapy, referral for clinical trial 

participation, and/or palliative care. Managing 
patients in blast crisis remains a difficult clinical 
challenge with poor response to classical induc-
tion chemotherapy. New treatment approaches 
are urgently needed to improve outcomes at 
each stage of the natural history of MF.

Figure 2. Management of myelofibrosis. (Adapted from presentations by Ruben Mesa, MD.)
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of having 2 units of red cells every 4 weeks. 

Case Discussion: Treatment Selection
Based on the patient’s history and cur-

rent presentation, what treatment approach is 
recommended?

•	 Carefully watch and wait
•	 Hydroxyurea
•	 JAK1/2 inhibitor therapy, reserving 

HSCT for failure of JAK therapy  
•	 Upfront HSCT using the matched  

sibling donor
•	 Other options

Among available therapies used for symp-
tom management, the patient has already 
failed a trial of erythropoietin. IMiDs are an 
option, although these agents typically are not 
effective in reducing splenomegaly. Hydroxy-
urea may exacerbate the patient’s transfusion 
dependence. The patient has an HLA-matched 
sibling donor available, which is an impor-
tant consideration for transplantation. Another 
option is upfront treatment with JAK1/2 inhi-
bition with currently available therapy or via 
referral to a clinical trial. This strategy allows 
allogeneic HSCT to be delayed until first-line 
treatment failure, if needed. 

As this case discussion illustrates, choosing 
between upfront allogeneic HSCT and JAK-
inhibitor therapy requires an individualized 
assessment of the patient’s disease history and 
prognosis. Treatment goals, whether curative 
or palliative, should be based on patient pref-
erences and a comparison of the potential risks 
and benefits of each therapeutic option.

Trends in Allogeneic  
HSCT in Myelofibrosis 

Over the past 30 years, trends from ret-
rospective studies suggest a modest increase 
in overall and event-free survival following 
allogeneic HSCT in patients with MF. How-
ever, given the limitations of interpreting data 
from single-institution or small multicenter 
observational studies, advances in transplant-
related outcomes are not well understood. In 
the absence of large prospective trials, findings 
from the CIMBTR database provide important 
insight on transplant trends in the U.S. in 
patients with MF [43]. 

According to CIMBTR data, the annual 
rate of allogeneic HSCT procedures for MPNs 
increased from < 200 per year in 2003 to 
approximately 350 procedures per year during 
the 2011-2012 observational period [43]. Of 
note, the marked increase in annual transplant 

rate appears to correspond with the availability 
of JAK1/2 inhibitor therapy. Over the same 
period, there has also been a steady increase 
in the proportion of transplants performed in 
older patients (aged ≥ 65 years) and in patients 
with unrelated donors.  

Preferences regarding conditioning regi-
mens have also changed over time. Prior to 
2006, myeloablative regimens were used more 
commonly than reduced-intensity and nonmy-
eloablative conditioning. By 2007, the balance 
had shifted in favor of reduced-intensity and 
nonmyeloablative regimens over myeloablative 
conditioning. At present, the most frequently 
used conditioning regimens are fludarabine/
melphalan (20%) and RIC fludarabine/busul-
fan (20%). The choice of regimen intensity 
does not appear to influence survival. Follow-
ing treatment with RIC and ablative condition-
ing regimens, respectively, survival rates are 
similar at 100 days (86% vs. 85%; P = .74), 1 
year (66% vs. 65%; P = .75), and 3 years (51% 
vs. 55%; P = .13). 

Overall survival appears to be improving 
for patients with MF undergoing allogeneic 
HSCT. The 1-year overall survival rates by year 
of HSCT were 61% (2003-2006), 66% (2007-
2010), and 68% (2011-2013). The 3-year 
overall survival rate has held steady at 52% in 
the 2003-2006 and 2007-2010 cohorts. Long-
term follow-up data are not yet mature for 
patients treated with allogeneic HSCT in the 
JAK inhibitor era.  

Insight from Prospective Trials of 
Reduced-Intensity Allogeneic HSCT

Limited prospective data are available 
to guide the use of RIC allogenic HSCT in 

patients with MF. In retrospective trials, 
reduced-intensity regimens were often given 
to older patients with significant comorbidi-
ties and poor performance scores, who are 
not candidates for myeloablative condition-
ing [4, 44, 45]. To date, only two prospective 
multicenter trials have examined the use of 
RIC allogeneic HSCT in patients with MF 
(Table 9) [8, 9].

The EBMT trial enrolled 103 patients with 
primary (n = 63) or post-ET/PV MF (n = 40) 
from 17 international transplant centers [46]. 
By Lille scoring, 17% of patients were clas-
sified as low risk. Patients underwent condi-
tioning with busulfan 10 mg/kg orally or 8 
mg/kg intravenously, fludarabine 180 mg/m2, 
and antithymocyte-globulin (ATG). All but 3 
patients received peripheral stem cells sourced 
from either related (n = 33) or unrelated 
donors (n = 70). The overall survival was 68% 
at 5 years. The cumulative risk of non-relapse 
mortality (NRM) and relapse-related death at 3 
years were 21% and 22%, respectively. Thus, 
the EBMT study shows that reduced-inten-
sity allogeneic SCT from related or unrelated 
donors is a reasonable and potential curative 
treatment approach, even for older patients 
with primary MF or post-PV/ET MF.

The MPD-RC 101 trial was the first prospec-
tive phase II trial of RIC allogeneic HSCT in 
patients with primary MF in the U.S. [9, 47]. 
The trial included 66 patients who received 
transplants from a related (n = 32) or unrelated 
(n = 34) donor following RIC with fludarabine/
melphalan with or without ATG. The median 
patient age was 54-55 years. Most patients (n = 
63) were at intermediate/high risk by Lille scor-
ing. The MPD-RC 101 trial is notable for the 

Table 9. Prospective Studies of Reduced-Intensity Transplantation in Myelofibrosis 

European Group for Blood and Marrow 
Transplantation (EBMT) Study [8]

(N = 103)

Myeloproliferative Diseases Research 
Consortium (MPD-RC) Study [9]

(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.
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high rate of primary (24%) and overall (36%) 
grafts failure in the unrelated donor group, lead-
ing to a high rate of transplant-related mortality 
(TRM) [9]. The risk of NRM was more than 
2.5-fold higher among unrelated donors com-
pared with related donors (59% versus 22%), 
although the risk of relapse-related mortality 
was similar (3% versus 4%). Furthermore, 
overall survival was 75% at 25 months in the 
unrelated group, compared with 32% at 25 
months in the related group. Therefore, findings 
from the MPD-RC 101 trial support the use of 
Flu/Mel conditioning when sibling donors are 
available, but suggest that an alternate condi-
tioning regimen may be preferable for unrelated 
transplants. 

Ongoing Challenges  
in Transplantation 

Pre-Transplant Splenomegaly 
Massive splenomegaly is common in 

patients with MF [48, 49]. In 2010, Bacigalupo 
and colleagues identified spleen size >22 cm 
as an independent risk factor for unfavorable 
transplant-related outcomes among patients 
with MF undergoing allogeneic HSCT [48]. The 
risk of TRM was 9% and 27% for patients with 
small and large spleens, respectively (P = .02). 

Whether splenomegaly influences engraft-
ment and post-transplant morbidity and mor-
tality is controversial, with conflicting data 
from multiple small studies. To assess the 
impact of spleen status on outcomes follow-
ing allogeneic HSCT in a large patient cohort, 
Akpek and colleagues evaluated CIBMT trans-
plant data from 9,683 myeloablative allograft 
recipients [49]. In this cohort, 7,440 patients 
had a normal spleen, 1,471 had splenomegaly, 
472 had prior splenectomy, and 300 received 
splenic irradiation. Splenomegaly was asso-
ciated with delayed engraftment following 
allogeneic HSCT, whereas splenectomy prior 
to transplantation appeared to facilitate early 
engraftment. However, there was no survival 
advantage associated with either splenectomy 
(RR, 1.01; P = .847) or splenic irradiation 
(RR, 1.05; P = .526) in patients undergoing 
allogeneic HSCT. Overall survival was similar 
across all patient subgroups defined by spleen 
status. Furthermore, there were no differences 
in survival according to spleen status in the 
subgroup of patients with MPNs.  

Treatment with a JAK1/2 inhibitor is 
another approach to reducing spleen size 
prior to transplantation. In 2014, Hanif 
and colleagues described findings from a 

retrospective analysis of 10 patients with MF 
undergoing allogeneic HSCT who received 
pretreatment with ruxolitinib [50]. At the 
time of enrollment, 9 patients had spleno-
megaly. Beginning 6 days prior to Flu-BU 
conditioning, all patients were slowly transi-
tioned from a steady-state dose of ruxolitinib 
(maximum of 25 mg BID) to 5 mg once daily, 
with the last dose given 48 hours prior to 
conditioning. Five patients had a reduction 
in spleen size attributed to ruxolitinib, while 
one patient (10%) experienced rebound sple-
nomegaly after discontinuing treatment. All 
patients achieved engraftment, with a median 
time to engraftment of 17 days (range, 13 
to 22 days). No serious adverse events asso-
ciated with ruxolitinib pretreatment were 
observed. These findings demonstrate a ben-
eficial effect on spleen size with the adminis-
tration of ruxolitinib before allogeneic HSCT 
in patients with MF and splenomegaly. 

HSCT After Leukemic Transformation
Transformation to acute leukemia occurs in 

up to 20% of patients with MF and is associ-
ated with poor outcomes. Several retrospective 
studies have examined the curative potential 
of induction chemotherapy and allogeneic 
HSCT in these patients [51-53]. In 2005, Mesa 
and colleagues identified 91 patients with MF 
who fulfilled the criteria for transformation 
to AML. Prognosis was poor in this cohort, 
with a median overall survival of 2.6 months 
[51]. Treatment with AML-like induction che-
motherapy was associated with reversion to 
chronic-phase MF in 41% of patients. In this 
group, the risk of TRM was 33%, and the 
median overall survival was 3.9 months. 

In another retrospective analysis, Tam and 
colleagues evaluated 74 patients with Philadel-
phia chromosome (Ph)-negative MPNs who 
underwent leukemic transformation [52]. In 
this cohort, the median overall survival was 
5 months from the date of blastic transforma-
tion. Induction chemotherapy was associated 
with a complete response in 46% of patients, 
but the response was not durable. Among 
responders, the median progression free sur-
vival was 5 months. 

A recent analysis of the EBMT registry 
identified 46 patients who underwent allo-
geneic HSCT for transformed AML involving 
MF [53]. Overall survival at 3 years was 33%. 
Complete remission prior to HSCT was the 
only independent predictor of survival, and 
only 8 of 46 patients (17%) achieved complete 
remission. At 3 years, overall survival was 69% 

for complete responders and 22% for nonre-
sponders (P = .008). Together, these findings 
underscore the poor prognostic implications 
of leukemic transformation in MF, and suggest 
a curative role for allogeneic HSCT among 
patients with a complete response to induction 
chemotherapy. 

Limitations of Risk Stratification Tools
Current risk-assessment tools can provide 

valuable prognostic insight regarding overall 
survival in patients with MF. To date, however, 
these tools show limited utility in identifying 
which patients are mostly likely to benefit 
from allogeneic HSCT. In 2012, Gupta and 
colleagues evaluated the Lille and DIPSS scor-
ing systems as potential predictors of mortality 
and other outcomes in 222 patients with pri-
mary MF who underwent RIC allogenic HSCT 
[54]. The Lille risk score detected a 2-fold 
increase in overall mortality between patients 
with high-risk and low-risk disease (RR, 2.22; 
P = .02), but transplant outcomes for patients 
with intermediate risk were varied. Further-
more, the DIPSS was not able to distinguish 
a difference in mortality risk between low/
intermediate-1 and intermediate-2/high risk 
groups (P = .10). 

In the MPD-RC 101 trial, neither the Lille 
score nor the DIPSS risk categories correlated 
with mortality in patients undergoing alloge-
neic HSCT (Table 10) [9]. Moreover, factors 
such as donor HLA compatibility and the 
presence of the JAK2 V617F mutation failed 
to predict 2-year survival. These findings sup-
port the need for a transplant-specific scoring 
system to improve risk assessment among 
patients with MF being considered for alloge-
neic HSCT.

Building on data from the EBMT prospec-
tive study, Alchalby and colleagues developed a 
risk-prediction model by identifying novel risk 
factors that correlated with treatment outcomes 
in 150 patients with MF [55]. In a multivariate 
analysis, 3 factors significantly predicted worse 
overall survival: wild-type JAK2 V617F (HR, 
2.02), age ≥ 57 years (HR, 2.43), and constitu-
tional symptoms (HR, 2.80). The hazard ratio 
for death associated with the presence of 1, 2, 
or 3 of these prognostic factors was 3.08, 4.70, 
and 16.61, respectively (P < .001). 

Another emerging prognostic factor 
involves somatic CALR mutations, which 
occur in up to 35% of all MF cases and up to 
88% of JAK2/MPL-negative patients. The pres-
ence of a CALR mutation corresponds with 
favorable outcomes following allogeneic HSCT 



13

REVIEWSBlood and Marrow
TRANSPLANTATION

ASBMT

[56]. Future risk-assessment models are likely 
to incorporate CALR mutational status and 
other emerging prognostic factors to deter-
mine the potential benefit of transplantation in 
patients with MF [56].

Fibrosis Regression
Regression of bone marrow fibrosis is also 

emerging as a marker of favorable post-trans-
plant outcomes in patients with MF. Indeed, 
Kröger and colleagues recently demonstrated 
that the speed of fibrosis regression correlates 
with survival and transfusion dependency, 
irrespective of IPSS risk category [57]. In a 
study of 57 patients undergoing RIC allogeneic 
HSCT for MF, 78% had a baseline myclofibro-
sis (MF) score of MF-3 and 28% were classified 
as MF-2. Within 30 days of engraftment, 21% 
of patients had complete (MF-0) or near-com-
plete (MF-1) regression of bone marrow fibro-
sis. After 100 days, 54% of patients achieved 
MF-0/MF-1 status. There was no association 
between IPSS score at the time of transplant 
and fibrosis status on day 100. 

The overall survival rate on day 100 
was 96% among patients with MF-0/MF-1, 

compared with 57% for those with MF-2/
MF-3 (P = .04). Patients who achieved MF-0/
MF-1 status by day 100 were also less likely 
than those with MF-2/MF-3 disease to be 
transfusion dependent for red blood cells (P 
= .104) or platelets (P = .018). These findings 
suggest that rapid regression of bone marrow 
fibrosis predicts favorable outcomes, regard-
less of IPSS score at the time of transplant. 

Relapse After Transplant
Disease relapse following allogeneic HSCT 

is a challenging issue for patients with MF. 
Treatment options following relapse include 
donor lymphocyte infusion (DLI) and repeat 
transplant. In general, DLI is an effective strat-
egy for patients who experience morphologic 
or molecular relapse. By comparison, repeat 
allogeneic HSCT is preferable for those with 
blast phase relapse or post-DLI failure. Regard-
less of the initial salvage approach, a second 
round of DLI is recommended for additional 
residual disease.

In 2012, Klyuchnikov and colleagues 
demonstrated the utility of this 2-step salvage 
strategy among 30 patients with relapse (n = 

27) or graft rejection (n = 3) after reduced-
intensity allogenic HSCT [58]. Among 26 
patients who received a median of 3 DLIs 
each, 10 patients (39%) achieved a complete 
response. The 13 non-responders to DLI 
underwent a second allogeneic HSCT, as did 
4 patients who were ineligible for DLI due to 
graft rejection or leukemic transformation. 
With this protocol, the 2-year overall and 
progression-free survival rate from the time 
of relapse was 70% and 67%, respectively. 
Therefore, the use of DLIs and/or second 
allogeneic HSCT appears to be an effective 
salvage strategy for patients with MF who 
experience disease relapse or graft rejection 
following reduced-intensity HSCT. 

Summary
Trends from the CIBMTR database indicate 

a steady increase in allogeneic HSCT activ-
ity for patients with MF. Reduced-intensity 
transplantation is now widely practiced, with 
fludarabine/melphalan and fludarabine/busul-
fan among the most commonly used condi-
tioning regimens. However, evidence from the 
MPD-RC 101 study suggests that fludarabine/
melphalan should be avoided in the context of 
unrelated donors due to the high risk of non-
engraftment. Special risk situations such as 
portal hypertension and splenomegaly related 
to advanced MF are particularly challenging, 
but ongoing studies are attempting to better 
understand these patients. 

The use of JAK inhibitor therapy in the 
transplant setting may address some of the 
traditional complications of HSCT in patients 
with MF. In particular, ruxolitinib administered 
with a tapered dosing schedule appears to be a 
safe and effective approach to reducing spleen 
size in carefully selected patients prior to allo-
geneic HSCT. The ideal prognostic classification 
system for MF remains undefined, although 
the DIPSS-Plus scoring remains the standard of 
care in current clinical practice. In the absence 
of stronger evidence from prospective clinical 
trials, the selection of patients with MF for allo-
geneic HSCT in the era of JAK inhibitor therapy 
falls more into the realm of art than science.

Table 10. MPD-RC 101 Trial: 2-Year Survival in Sibling and Unrelated Donor Groups [9]

Sibling Donors Unrelated Donors

n (%) 2-year survival P value n (%) 2-year survival P value

Lille score

0/1 23 (72%) 73%
.81

23 (68%) 35%
.88

2 9 (28%) 78% 11 (32%) 36%

DIPSS

Low-risk/int-1 18 (56%) 71% .67 19 (56%) 42% .14

Int-2/high-risk 11 (34%) 82% 12 (53%) 17%

Donor HLA

Matched 30 (94%) 72%
.42

25 (74%) 40%
.33

Mismatched 2 (6%) 100% 9 (26) 22%

Baseline JAK2 V617F 
mutational status

Positive 12 (38%) 76%
.68

18 (53%) 28%
.29

Negative 17 (53%) 64% 16 (47%) 44%

DIPSS = Dynamic International Prognostic Scoring System.
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1.	 Which scoring system incorporates 
cytogenetic features to estimate 
patient prognosis?
A.	 Lille scoring system
B.	 International Prognostic Scoring 

System (IPSS)
C.	 Dynamic IPSS (DIPSS)
D.	 DIPSS-Plus

2.	 Which of the following predicts a 
more favorable prognosis in MF?
A.	 Circulating blasts >9% 
B.	 Monosomal karyotype
C.	 Triple-negative status for the CALR, 

JAK2, and MPL mutations
D.	 Wild-type ASXL1 in the presence of 

mutated CALR (CALR+/ASXL1-)

3.	 JAK1/2 inhibitor therapy is 
associated with which of the 
following in patients with MF? 
A.	 Increased risk of splenomegaly
B.	 Prevention of leukemic 

transformation 
C.	 Improved quality of life
D.	 Reduced risk of anemia

4.	 In patients undergoing allogeneic 
HSCT, abrupt discontinuation of 
ruxolitinib is preferable to tapered 
ruxolitinib dosing prior to initiating 
the conditioning regimen.
A.	 True
B.	 False

5.	 In the phase II MPD-RC 101 study of 
fludarabine/melphalan RIC followed 
by allogeneic HSCT, the rates of graft 
failure and non-relapse morality were 
highest in which patient group?
A.	 Patients who received unrelated 

grafts
B.	 Patients with HLA-matched related 

donors
C.	 Patients with wild-type JAK2 V617F
D.	 Patients with the highest baseline 

symptom burden 
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