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Advances in understanding the pathogenesis and molecular land-
scape of myelofibrosis have occurred over the last decade.
Treating physicians now have access to an ever-evolving arma-

mentarium of novel agents to treat patients, although allogeneic
hematopoietic stem cell transplantation remains the only curative
approach. Improvements in donor selection, conditioning regimens, dis-
ease monitoring and supportive care have led to augmented survival after
transplantation. Nowadays, there are comprehensive guidelines concern-
ing allogeneic hematopoietic stem cell transplantation for patients with
myelofibrosis. However, it commonly remains difficult for both physi-
cians and patients alike to weigh up the risk-benefit ratio of transplanta-
tion given the inherent heterogeneity regarding both clinical course and
therapeutic response. In this timely review, we provide an up-to-date
synopsis of current transplantation recommendations, discuss usage of
JAK inhibitors before and after transplantation, examine donor selection
and compare conditioning platforms. Moreover, we discuss emerging
data concerning the impact of the myelofibrosis mutational landscape on
transplantation outcome, peri-transplant management of splenomegaly,
poor graft function and prevention/management of relapse. 

Introduction

Myelofibrosis is a heterogeneous disease as regards both disease phenotype and
mutational landscape. Following the discovery of the JAK2V617F mutation in 2005
and subsequent studies confirming the clinical efficacy of JAK inhibitors, the treat-
ment paradigm has been revolutionized.1-6 Worldwide experience with JAK
inhibitor therapy continues to grow and a considerable proportion of patients will
gain beneficial symptom and/or splenic responses, albeit heterogeneous and of
variable duration. Furthermore, given that many other novel therapeutics, such as
anti-fibrotic and immunomodulatory agents, have been used to treat myelofibro-
sis,7 the majority of patients moving forward with allogeneic hematopoietic stem
cell transplantation (SCT) have had at least one prior treatment, making ‘real-
world’ transplant decisions increasingly complex. Data from the European Society
for Blood and Marrow Transplantation (EBMT) suggest a year-on-year increase in
transplants for myelofibrosis. In this review we focus on current indications for
allogeneic SCT, prognostic scoring models to aid decision-making, donor selec-
tion, conditioning regimens, the role of splenectomy and prevention and manage-
ment of relapse.
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ABSTRACT



The transplant decision: how to decide who should be
considered for allogeneic stem cell transplantation

Utilization of established and novel prognostic scoring systems in
myelofibrosis
Clinical prognostic scoring systems play a pivotal role in

decisions regarding allogeneic SCT. Until recently, the most
commonly applied was the International Prognostic Scoring
System (IPSS) which estimates survival from time of diag-
nosis.8 The score is based upon five factors: age >65 years,
hemoglobin <100 g/L, leukocyte count >25x109/L, circulat-
ing blasts ≥1% and constitutional symptoms, permitting
stratification into four groups: low risk (0 risk factors; esti-
mated median survival, 135 months), intermediate risk-1 (1
risk factor; median survival, 95 months), intermediate risk-
2 (2 risk factors, median survival, 48 months) and high risk
(3+ risk factors; median survival, 27 months). The Dynamic
IPSS (DIPSS), utilizing the same five factors, permits appli-
cation of the scoring system at any stage in the disease
course.9 Finally, the DIPSS-plus incorporates three addition-
al adverse factors – transfusion dependency; platelet count
<100x109/L and unfavorable cytogenetics.10,11 We follow
current European LeukemiaNet/EBMT expert consensus
whereby “Patients with intermediate-2- or high-risk disease
according to the IPSS, DIPSS or DIPSS-plus and age <70
years should be considered potential candidates for allo-
geneic SCT”.12 Patients with “intermediate-1-risk disease
and age <65 years should be considered as candidates if
they present with either refractory, transfusion-dependent
anemia, or a percentage of blasts in peripheral blood >2%,
or adverse (as defined by the DIPSS-plus classification)
cytogenetics”. Decisions regarding transplantation for inter-
mediate-1-risk disease remain complex and are discussed
below. 
A retrospective, comparative multicenter outcome analy-

sis of 438 patients with primary myelofibrosis aged <65
years at diagnosis who underwent allogeneic SCT (n=190)
or conventional therapy in the era before JAK inhibitors
(n=248), utilizing DIPSS scoring, demonstrated that allo-
geneic SCT clearly benefited intermediate-2 or high-risk
patients whereas for low-risk disease, transplantation is not
immediately indicated and is held in reserve for progressive
disease.13 For intermediate-1 disease, individual counseling
was recommended. Despite evident utility, marked hetero-
geneity may be observed within each allocated IPSS/DIPSS
subgroup. Grinfeld et al. performed genomic and clinical
phenotype analyses of 2,041 patients with myeloprolifera-
tive neoplasms, including 311 with myelofibrosis, and com-
bined the findings into a unifying patient-specific predictive
model.14 For myelofibrosis, this model predicted event-free
survival better than did either the DIPSS or IPSS (81% versus
69% versus 77% concordance) and an online calculator is
being developed for predicting patient-specific outcomes
(https://jg738.shinyapps.io/mpn_app/). It will be of interest
to apply this model to a population of myelofibrosis
patients undergoing allogeneic SCT. 
A collaborative group recently studied 685 molecularly-

annotated patients with secondary myelofibrosis to assess
whether an independent prognostic scoring system could
be derived.15 The so-called MYelofibrosis SECondary to PV
and ET-Prognostic Model (MYSEC-PM) allocated individu-
als into four prognostic categories based on negative predic-
tors of survival whereby two points were attributed to
hemoglobin <110 g/dL, a CALR-unmutated phenotype and
circulating blasts ≥3%, one point to thrombocytopenia

<150x109/L and constitutional symptoms and 0.15 points to
any year of age. Median survival estimates for each group
ranged from not reached in the low-risk cohort to 2 years in
high-risk cohorts. Akin to IPSS/DIPSS, recent analyses sug-
gested that transplant-specific age-adjustment of the
MYSEC-PM provided prognostic predictive power as
regards overall survival following allogeneic SCT.16-18

The role of mutational profiling in allogeneic stem cell transplant
decisions
Comprehensive mutational profiling has helped identify

heterogeneous somatic mutations in patients with myelofi-
brosis. Delineation of this mutational landscape confers
prognostic significance as regards overall survival and risk
of disease progression/transformation and increasingly
influences therapeutic decisions (Table 1).19-22 In the non-
transplant setting, it is well established that myelofibrosis
patients with CALR type-1/like mutations survive longer
than patients with CALR type-2/like and MPL or JAK2
mutations.21 ‘Triple negativity’, i.e. lacking a detectable
JAK2, MPL or CALR mutation, is associated with more
adverse outcomes. Previous analyses of 617 myelofibrosis
patients revealed that the median survival was only 3.2
years for those who were ‘triple negative’.19 Conventionally,
high molecular risk myelofibrosis is defined by the presence
of at least one of EZH2, ASXL1, IDH1/2 and SRSF2 muta-
tions and is associated with worse overall and leukemia-
free survival.22
These data raise the question of whether earlier trans-

plantation should be considered for those who have ‘triple
negative’ disease, particularly with high molecular risk
mutations, and need to be taken into consideration when
counseling patients, particularly transplant-eligible individ-
uals with intermediate-1-risk disease and 'good' donors.
Recently, Guglielmelli and colleagues described the utility
of both the mutation-enhanced IPSS ‘MIPSS70’ and
‘MIPSS70-plus’ (including cytogenetic evaluation) scoring
systems for ‘transplant-age’ patients ≤70 years old with
either pre-fibrotic or overt, primary myelofibrosis who
were considered candidates for transplantation.23 Significant
risk factors for overall survival were leukocyte count
>25x109/L, platelet count <100x109/L, presence of >2 high
molecular risk mutations, hemoglobin <100 g/L, peripheral
blood blasts ≥2%, constitutional symptoms, high molecular
risk category, fibrosis grade >2 and absence of CALR type-
1/like mutations. These scoring systems enabled three dis-
crete prognostic risk categories to be delineated: low-risk,
intermediate-risk and high-risk with 5-year survival rates of
95%; 70% and 29%, respectively. The MIPSS70-plus
included cytogenetics in the multivariable analysis. Recent
updates to ‘MIPSS70-plus version 2’ occurred with recogni-
tion of U2AF1Q157 as a high molecular risk mutation and the
scoring system uses new sex- and severity-adjusted hemo-
globin thresholds.24 Importantly these scores incorporate
current molecular data and up-to-date WHO 2016 disease
classification and will aid decisions regarding allogeneic
SCT.
It can be difficult when a clinician is managing a young,

fit patient with myelofibrosis who has intermediate risk-1
disease and a fully matched donor. Should we transplant
upfront when the patient is fit, and the donor is available or
should we wait for further disease upstaging before consid-
ering allogeneic SCT? Collectively, we feel that this is a
very individualized choice, and has many strata including
the patient’s wishes and donor type, disease-associated
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symptom burden and objective quality of life assessment.
Given the marked intra-category heterogeneity, refinement
of prognostication should occur with cytogenetic and
mutational data and the patient should be counseled appro-
priately, particularly if high molecular risk features are pres-
ent. Certainly, acquisition of high-risk karyotypes, transfu-
sion dependence or steadily increasing peripheral blood
blast counts would suggest a trigger to move towards allo-
geneic SCT.

Recipient age: does this play a role in the transplant decision?
The majority of prognostic scoring systems incorporate

age as a risk factor; however, multiple dynamic factors
determine post-transplant outcome (Figure 1). One of the
most common questions is how old is ‘too old’?
Transplantation may be more challenging for elderly recip-
ients and there is marked variation globally in the arbitrary
age ‘cut-off’ for allogeneic SCT for myelofibrosis.
Historically, many earlier studies suggested worse outcome
with increasing age. For example, early myeloablative con-
ditioning (MAC) studies involving total body irradiation
demonstrated worse outcome for those patients >45 years
old, and other small studies suggested worse outcomes for
those >50 and >60 years old.25-27 In contrast, the Seattle
group reported on a highly selected group of myelofibrosis
patients undergoing allogeneic SCT with a median age of
65 years (range, 60-78 years), many of whom had multiple
co-morbidities.28 Time to engraftment and graft-versus-host-
disease (GvHD) rates did not differ significantly from those

in younger cohorts. Moreover, no significant outcome dif-
ferences were identified when comparing patients <65
years old with those >65 years old. Focusing on chronolog-
ical age alone may not be correct and well-selected elderly
patients with minimal co-morbidities and good organ func-
tion can benefit significantly from allogeneic SCT.
However, real-life decisions can be more difficult in those
>70 years old or in those individuals aged 65-70 years who
have co-morbidities. In some cases, potential candidates
may be frail because of disease symptom burden and have
a worse Performance Status, a history of thrombosis or sig-
nificant potential for hepatic dysfunction. These factors
need careful consideration and optimization where possi-
ble. As described above, an upper age limit of 70 years was
cautiously suggested but this does not mean that ‘fit’ indi-
viduals within a few years above this threshold should be
excluded. In general, the transplant decision is heavily influ-
enced by careful assessment of the patient and a multi-dis-
ciplinary approach. Moreover, factors incorporated in the
comprehensive geriatric assessment should be considered
and this requires validation in the setting of patients with
myelofibrosis undergoing allogeneic SCT.29

Is there a role for splenectomy before transplantation for
myelofibrosis?

Evidence on the beneficial role of splenectomy prior to
allogeneic SCT remains somewhat sparse although in the-
ory splenectomy may be an attractive strategy as it could

Allogeneic SCT for myelofibrosis
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Table 1. Key characteristics of pivotal non-JAK2/CALR or MPL mutations in myelofibrosis.
                                                Chromosome         Characteristics                                                                                                                      Reference

Spliceosome mutations
                                                                                              • Mutations reported in up to 17% of PMF

SRSF2                                                      17q25.1                • Commonly monoallelic mutations affecting residue P95                                                                         70
                                                                                            • More common in older age, higher DIPSS-plus group, accompanying IDHmutations
                                                                                             • Associated with worse outcome: OS and LFS                                                                                               

                                                                                              • Involved in pre-mRNA splicing
U2AF1                                                    21q22.3                • Mutations reported in up to 16% of PMF                                                                                                   71,72
                                                                                             • Mutations associated with older age; normal karyotype; anemia and thrombocytopenia

                                                                                              • Incidence of around 6%
SF3B1                                                      2q33.1                 • More common with bulky splenomegaly                                                                                                       73
                                                                                             • Presence does not appear to influence survival

Chromatin modifications
                                                                                              • Frequently frameshift mutations – majority associated with similar outcomes
ASXL1                                                       20q11                  • Associated with worse OS                                                                                                                                74
                                                                                             • Poor risk category CALR [-]/ ASXL1 [+]

EZH2                                                        7q36.1                 • Loss of function mutations associated with poor OS
                                                                                             • May have higher white cell counts and frequently co-exist with JAK2V617F                                             75

Other                                             
                                                                                              • Higher frequency of mutations in blast phase disease
IDH1                                                        2q33.3                 • Clusters with older age                                                                                                                                     76
IDH2                                                       15q26.1                • ? more often associated with a normal karyotype

DIPSS: Dynamic International Prognostic Scoring System; PMF: primary myelofibrosis; OS: overall survival; LFS: leukemia-free survival.



aid engraftment and perhaps be associated with improved
post-transplant outcome.30 However, this procedure is not
without risk. Over a decade ago, the Mayo clinic group
reported on 314 myelofibrosis patients, albeit not transplant
candidates, undergoing elective splenectomy: the interven-
tion was associated with significant perioperative compli-
cations in nearly 28% of cases.31 Despite major improve-
ments with minimally invasive approaches, there are still
potential risks of both thrombosis and hemorrhage.
Although a prospective study of 103 patients undergoing
allogeneic SCT coordinated by the Chronic Malignancies
Working Party of the EBMT suggested more rapid neu-
trophil engraftment in those who had undergone splenecto-
my (n=14) compared to those who had not, both univariate
and multivariate analyses suggested a significantly higher
rate of relapse at 3 years for the former.32 Moreover, effects
on immune reconstitution and GvHD modulation are
unclear. In contrast, a French group retrospectively reported
on 85 myelofibrosis allogeneic SCT patients from a single
center, 39 of whom had undergone pre-transplant splenec-
tomy.33 Of note, one half of those patients undergoing
splenectomy had surgical or post-surgical complications,
most frequently of a thrombotic or hemorrhagic nature.
Following Cox adjustment analyses, there was no associa-
tion between pre-transplant splenectomy and either non-
relapse mortality (NRM) or relapse risk, in fact there was a
suggestion towards improved overall survival and event-
free survival. This evidently requires evaluation in a larger
cohort and ideally in a controlled study as suggested by the
authors. In contrast to these findings, initial analyses by

McLornan et al. found no significant effect of splenectomy
on overall survival or NRM in a large cohort of splenec-
tomized patients undergoing allogeneic SCT with either
reduced intensity conditioning (RIC) or MAC (n=180) reg-
istered in the EBMT registry database and nor did the retro-
spective Center for International Blood and Marrow
Transplant Research (CIBMTR) study.34,35 Moreover, given
the  potential splenic effects of JAK inhibitor therapy, alter-
native methods of reducing bulky splenomegaly are possi-
ble. Lastly, it is unknown what effect pre-transplant spleen
removal will have on immune reconstitution. In general, it
is the view of the authors that pre-transplant splenectomy
cannot be routinely recommended although it is clear that
individual patient-stratified assessment should occur. Low-
dose splenic irradiation prior to transplantation has been
explored in small cohorts of patients, but overall there is
insufficient evidence on this strategy.36,37

What is the role of JAK inhibitors before transplantation
for myelofibrosis?
Many questions arise from the use of JAK inhibitors in

the myelofibrosis transplant algorithm. Following the phase
III trials, COMFORT-I and –II, confirming the efficacy of
the JAK1/JAK2 inhibitor ruxolitinib (Novartis, Switzerland)
in myelofibrosis, many potential allogeneic SCT recipients
have been treated with this agent.5,6 JAK inhibitors collec-
tively are attractive agents given that they may improve
Performance Status, reduce splenomegaly and potentially
shorten time to engraftment and may dampen an inherent-
ly pro-inflammatory milieu. Earlier and more recent studies
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Figure 1. Factors determining outcomes following allogeneic stem cell transplantation in myelofibrosis. The determinants of outcomes following allogeneic stem
cell transplantation can be divided into: pre-transplantation, transplant-specific, and post-transplant strategies and relapse management. IPSS: International
Prognostic Scoring System; DIPSS: dynamic IPSS; IST: immunosuppressive therapy; DLI: donor lymphocyte infusion; MRD: minimal residual disease; Sib: sibling;
MUD: matched unrelated donor;  MMUD: mismatched unrelated donor; MAC: myeloablative conditioning; RIC: reduced Intensity conditioning; CMV: cytomegalovirus



demonstrated that, in general, there were no serious
adverse effects following the use of JAK inhibitors prior to
allogeneic SCT with appropriate tapering.38-40 Of note the
French phase II JAK ALLO trial, investigating the use of rux-
olitinib before allogeneic SCT, was temporarily halted
because of two cases of febrile cardiogenic shock and one
of tumor lysis syndrome following ruxolitinib discontinua-
tion.41 Subsequent experience has not demonstrated that
either of these adverse events is common. Outcomes of 100
patients who had been exposed to JAK inhibitor therapy
and underwent allogeneic SCT, between 2009-2014, were
determined in a retrospective, multicenter study.42 The
cohort was divided into five groups defined by clinical sta-
tus/response to JAK inhibition: groups (i) clinical improve-
ment (n=23), (ii) stable disease (n=31), (iii) new
cytopenia/increasing blasts/JAK inhibitor intolerance
(n=15), (iv) progressive disease: splenomegaly (n=18), and
(v) leukemic transformation (n=13). The overall survival
rate at 2 years after allogeneic SCT for the entire cohort was
61% (95% CI: 49-71%). The cumulative incidence of grade
II-IV acute GvHD by day 100 was 37% (95% CI: 27-47%)
and that of chronic GvHD by 2 years was 48%. Survival
analyses performed based on response to JAK inhibition
prior to allogeneic SCT revealed a 2-year overall survival

rate of 91% (95% CI: 69-97%) for patients with clinical
improvement. However, it remains unclear whether the
better post-transplant outcome in those achieving a clinical
improvement was drug-related or simply reflected the pres-
ence of an inherently more favorable disease phenotype. A
multicenter, German study reported on 159 patients, 46 of
whom had received pre-transplant ruxolitinib at any point
with a median treatment duration of 4.9 months (range,
0.4-39.1 months).43 There was a trend towards a lower rate
of relapse in the ruxolitinib group (9% versus 17%, P=0.2),
with similar disease-free and overall survival rates. The
hypothesis that pre-exposure to JAK inhibitors may modu-
late the relapse risk requires further exploration. In a recent-
ly published study of a small cohort of patients (n=12)
undergoing allogeneic SCT for myelofibrosis, ruxolitinib (5
mg BID) was continued until stable engraftment.44 There
was no graft failure and timely neutrophil engraftment,
although the drug had to be discontinued in two patients,
on days +17 and +18, because of post-engraftment cytope-
nia. Of particular relevance, the rate of grade II-IV acute
GvHD within the first 100 days was low at 8% although
the cytomegalovirus reactivation rate was 41%. The use of
peri-transplantation JAK inhibition to reduce the risk of
GvHD remains an area of great interest. In conclusion, the

Allogeneic SCT for myelofibrosis
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Table 2. Summary of outcomes in the main studies on reduced intensity and myeloablative conditioning in myelofibrosis.
Conditioning intensity       N.            Conditioning regimen                 GvHD rates                        Overall survival                        Comments                  Reference

RIC                                            66                   Flu Mel (sibling)                     Acute grade II-IV                            75% sibling                  24% graft failure in the URD             49
                                                                       Flu Mel + ATG (URD)                      Sibling 38%                                    32% URD                                        group
                                                                                                                                       URD  41%                                              
RIC                                           103                            Flu Bu                          Acute grade II-IV 26%                      67% at 5 years              Low rates of graft failure and           32
                                                                                                                            Chronic L:24%; E:24%                                                                        timely engraftment
MAC                                                                                                                    Acute           Chronic                                                            Heterogeneous cohort; disease-
                                           170  Sibling                                                               43%                 40%                         39% at 5 years                 free survival long-term in                35
                                             117  MUD                     Various                             40%                32%                          31% at 5 years                        approximately 1/3 
                                             33   Other                                                                 24%               26%                          31% at 5 years                                         
Predominantly MAC             104                 TBI based (n=15)                                                                                                                           Improved survival with
                                                                   Busulphan based (n=80);        Acute grade II-IV : 64%                     61% at 7 years                        targeted busulfan                      46
                                                                                 RIC (n=9)                          Chronic L+E: 84%                                                                               dosing in BuCy
                                                                                                                                                                                                                                                             
RIC                                           233                     Flu Bu   (38%)                  Acute grade II-IV : 37%                     56% for MSD,                Donor type most important             77
                                                                              Flu Mel (28%)                   Chronic at 1 year 42%                          37% URD,                      determinant of outcome
                                                                              Flu TBI. (22%)                                                                                   34% MMUD                                           
RIC                                            66                             Flu Bu                               Acute grade II-IV                       Similar OS, NRM             100% donor chimerism was             78
                                                                                       FBM                                            47%                                   and relapse rates               seen more frequently at
                                                                                    Flu Mel                                          68%                                                                                   day +30 and day +100 in 
                                                                                                                                            68 %                                                                                  patients who received 
                                                                                                                                                                                                                                   FBM or Flu Mel than Flu Bu.
RIC                                           160                      Flu Bu (105)                      Acute           Chronic                7-year OS was 52% for          Flu Mel regimen appears                48
                                                                                Flu Mel (55)                          31%              62%                   the Flu Mel group and         to induce more NRM than
                                                                                                                                 53 %             49%                59% for the Flu Bu group       the Flu Bu regimen; but 
                                                                                                                                                                                                                                      with augmented disease 
                                                                                                                                                                                                                                     control; similar outcomes.
MAC                                          760                Common regimens      Acute grade I-IV    Chronic L/E                                                             Primary analyses; full
RIC                                          1423                BuCy or TBI based               29%                  23/27%               Median OS= 6.6 years            analysis in preparation
                                                                             Flu Bu; Flu Mel                   32%                 20/32%               Median OS =5.3 years            No differences in NRM                 34
                                                                                                                                                                                                                                            between MAC/RIC
                                                                                                                                                                                                                               Worse outcome with MMUD and 
                                                                                                                                                                                                                                      poor Performance Status
ATG: antithymocyte globulin; Bu: busulfan; Cy: cyclophosphamide; E: extensive; FBM: fludarabine, bis-chlorethyl-nitroso-urea/carmustine, melphalan; Flu: fludarabine; GvHD: graft-versus-host
disease; L: limited; MAC: myeloablative conditioning; Mel: melphalan; MMUD: mismatched unrelated donor; MUD: matched unrelated donor; NRM: non-relapse mortality; OS: overall survival;
RIC: reduced intensity conditioning; TBI: total body irradiation; URD: unrelated donor.



majority of patients in 2018 who proceeded to allogeneic
SCT had been exposed to JAK inhibitor therapy. The JAK
inhibitor should be tapered down over a 10- to 14-day peri-
od so that JAK inhibition therapy is ceased just before the
commencement of conditioning or prior to stem cell return.
Whether the best strategy for patients receiving JAK
inhibitor therapy with a view to allogeneic SCT is to under-
go the transplant at the time of best response or whether
the procedure should be delayed until a further trigger
occurs remains difficult to determine and hence patient-
stratified approaches are required. Of note, JAK inhibitors
are additionally becoming established in the treatment of
steroid refractory GvHD, although this is outside the pur-
pose of this review.45

Conditioning intensity and regimen?

Myeloablative conditioning for allogeneic stem cell transplantation
in patients with myelofibrosis
Historically, the majority of MAC platforms consisted of

total body irradiation with or without high-dose
cyclophosphamide and early toxicity, NRM and GvHD
rates were high, especially for older individuals.25,35 (Table 2).
The large CIBMTR study reported on 289 patients who
underwent allogeneic SCT between 1989 and 2002, 79% of
whom received MAC – predominantly busulfan +
cyclophosphamide and total body irradiation with or with-
out cyclophosphamide.25 The day +100 transplant-related
mortality rate was 18% for those undergoing allogeneic
SCT from an HLA-matched sibling and 35% for those
receiving a graft from an unrelated donor. Approximately
one-third of the patients achieved long-term (5 years)
relapse-free survival. Kerbauy et al. reported on 104
patients, with a median age of 45 years (range, 18-70 years),
95 of whom received MAC. The NRM rate at 5 years was
34% and there were significant rates of acute grade II-IV
GvHD (64%) and chronic GvHD (84%).46 The estimated 5-
year survival rate was 61% (95% CI: 43-65%) for the entire
cohort. Those undergoing MAC with targeted levels of
busulfan in combination with cyclophosphamide (120
mg/kg) had a significantly higher probability of overall sur-
vival (68%). For younger recipients planned for MAC allo-
geneic SCT, our preference is towards busulfan +
cyclophosphamide in an attempt to reduce therapy-related
morbidity.

Reduced intensity conditioning for myelofibrosis allogeneic stem
cell transplantation – what evidence exists to guide the choice of
regimen?
Due to age distribution, the vast majority of patients

undergoing transplantation will receive RIC. However, the
term RIC covers a highly heterogeneous group of treat-
ments as regards both immunosuppressive and moderate
myeloablative properties. According to the EBMT consen-
sus, RIC regimens are strictly defined as those which do not
fit the definition for MAC or non-myeloablative regimens.47
Historically, published RIC platforms were admixed and
reflected local practice (Table 2). The first prospective,
EBMT multicenter phase II trial of RIC allogeneic SCT in
myelofibrosis enrolled 103 patients between 2002-2007.32
Conditioning was uniform and consisted of busulfan (10
mg/kg) orally (or equivalent IV dose)/fludarabine (180
mg/m2) and T-cell depletion achieved with antithymocyte
globulin (Fresenius, Graefeling, Germany) at a dose of 3 x
10 mg/kg (for related transplantation) or 3 x 20 mg/kg (for

unrelated donor transplantation). Primary graft failure rates
were low (~2%) and timely engraftment of both neu-
trophils (median, 18 days; range, 10-84 days) and platelets
>20 x 109/L occurred (median, 22 days; range, 8 -145 days).
Rates of acute GvHD were acceptable at 27% for grade II-
IV and 11% for grade III-IV. The cumulative incidence of
NRM at 1 year was 16% (95% CI: 9-23%) and was signif-
icantly higher in the mismatched donor setting than in the
fully matched donor setting (38% versus 12%; P=0.003).
The cumulative incidences of relapse at 3 and 5 years were
acceptable at 22% and 29%, respectively. Multivariate
analysis suggested a higher 3-year relapse incidence with
splenectomy (HR: 3.6) and Lille HR score (HR: 5.23). HLA-
mismatched transplantation was a risk factor for both ther-
apy-related mortality and adverse overall survival. Updated
survival analyses revealed estimated 5- and 8-year overall
survival rates of 68% and 65%, respectively. More recently,
the two most frequently used RIC regimens for myelofibro-
sis - fludarabine-busulfan (FB) and fludarabine-melphalan
(FM) were compared in a retrospective study of 160
patients (FB: n=105, FM: n=55) with a median follow up >5
years.48 Conditioning protocols were uniform, the FM regi-
men consisted of fludarabine 90 mg/m2 and melphalan 140
mg/m2 and the FB regimen consisted of intravenous busul-
fan (or oral equivalent) 8 mg/kg, fludarabine 180 mg/m2 and
antithymocyte globulin-Fresenius®. After statistical weight-
ing, the incidence of acute GvHD was 62% for the FM
group and 31% for the FB group while chronic GvHD rates
were 49% and 53%, respectively. Although the FM regi-
men had more pronounced early toxicity, the long-term
outcome of patients treated with the two regimens was
similar. Multivariate analysis failed to demonstrate signifi-
cant differences regarding overall survival or disease-free
survival although individuals undergoing FM conditioning
had relapse rates of <5%. In both groups, the use of a HLA-
mismatched unrelated donor was associated with worse
outcomes as regards NRM, overall survival and progres-
sion-free survival. A prospective, multicenter, phase II
MPD-RC study investigated the use of FM conditioning in
66 patients recruited between 2007-2011.49 Those with sib-
ling donors (n=32) received FM whereas those with unrelat-
ed donors (n=34) received FM + antithymocyte globulin.
Significantly inferior results were seen with unrelated
donors than with sibling donors: with a median follow up
of 25 months, the overall survival rate was 75% in the sib-
ling group compared to only 32% in the unrelated donor
group (HR: 3.9; 95% CI: 1.8-8.9; P<0.001). Moreover, con-
siderable NRM rates were observed in the unrelated donor
setting. Of note, this small study  did not determine out-
come differences between matched or mismatched unrelat-
ed donors, in contrast to other studies.32,34

Can we realistically compare myeloablative versus reduced intensi-
ty condition in allogeneic transplantation for myelofibrosis?
There are no current, prospective trials comparing RIC

with MAC for myelofibrosis and conclusions from retro-
spective studies are not always straight forward. In a well-
described cohort of 92 patients undergoing allogeneic SCT
between 1982-2009, 40 patients received MAC and 52 RIC
regimens.27 No differences existed with regards to day +100
transplant-related mortality. The probability of survival at 5
years was 49% for patients given MAC and 59% for those
given RIC (P=0.125). However, RIC platforms were associ-
ated with markedly improved outcome for those <60 years
old compared to those who were older (estimated 5-year
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survival of 75% versus 20%) and there was a lower inci-
dence of acute GvHD with RIC regimens than with MAC.
Almost 10 years ago, Patriarca et al. reported on the 20-year
experience of the Gruppo Italiano Trapianto Di Midollo Osseo
(GITMO) in which 48 patients underwent MAC and 52
were given RIC regimens.50 Intensity of the conditioning
regimen did not significantly influence either overall sur-
vival or relapse incidence. More recently, a preliminary
analysis from the CMWP of the EBMT by McLornan et al.
reported on a total of 2,183 patients who underwent allo-
geneic SCT for myelofibrosis; regimen intensity was
assessed by standard EBMT criteria.34 Conventional MAC
regimens were utilized in 760 patients while 1,423 received
RIC regimens. Donor sources were similar: MAC cohort,
309 (41%) matched sibling donors and 451 (59%) unrelated
donors; RIC cohort, 543 (38%) matched sibling donors and
880 (62%) unrelated donors. In the preliminary analyses, no
statistically significant differences in engraftment, GvHD,
NRM, progression-free survival and overall survival rates
were found between these two large RIC and MAC
cohorts; the final multivariate analysis is awaited. Lastly,
the exact role of T-cell depletion strategies in allogeneic
SCT for myelofibrosis requires clarification. In addition to
the above discussions, retrospective analyses by Robin et
al., on behalf of EBMT, have demonstrated that in the
matched sibling donor setting, use of antithymocyte globu-
lin decreased acute GvHD rates without increasing the
relapse risk.51

Alternative donors

Mismatched related donor transplantation in myelofibrosis
Until recently, overall experience remained restricted

because of historical fears of graft rejection and GvHD and
exclusion from clinical trials. The EBMT group recently
described a retrospective study of 56 myelofibrosis patients
(median age, 57 years; range, 38-72 years) who underwent
mismatched related donor transplantation.52 In this cohort,
70% received MAC and 30% received RIC; the source of
hematopoietic stem cells was bone marrow in 66% of cases
and peripheral blood in 34%. Conditioning approaches var-
ied, reflecting the heterogeneous nature of this cohort, but
the most commonly used was thiotepa, busulfan and flu-
darabine (TBF) and post-transplant cyclophosphamide.
Encouragingly, neutrophil engraftment by day 28 was
achieved by 82% of the cohort, at a median time of 21
(range, 19-23) days. Primary graft failure occurred in five
patients and secondary graft failure in seven, with two
patients dying before engraftment. The cumulative inci-
dence of acute GvHD at day +100 was 28% for grade II-IV
and 9% for grade III-IV disease. The cumulative incidence
of chronic GvHD at 1 year was 45%. The 1- and 2-year
overall survival rates were 61% (range, 48-74%) and 56%
(range, 41-70%), respectively. The cumulative incidence of
relapse was 19% (range, 7-31%) and the NRM was 38%
(range, 24-51%) at 2 years. The exact role of transplantation
from mismatched related donors in myelofibrosis does,
therefore, require further clarification but this study
demonstrates that engraftment is feasible with acceptable
rates of GvHD and overall survival, although cumulative
NRM rates remain somewhat high.

Umbilical cord blood stem cell transplantation 
In the setting of myelofibrosis, Takagi et al. initially

reported on 14 patients who had undergone RIC umbilical

cord blood transplantation, predominantly high-risk can-
didates with secondary acute myeloid leukemia.53
Neutrophil engraftment was achieved in the vast majority
(92%) at a median of 23 days and full donor chimerism,
where evaluable, was rapidly achieved. Survival was poor
with a 4-year overall survival rate of only 28%, perhaps
not surprisingly given the high-risk population. More
recently, a series of 35 umbilical cord blood transplant
recipients (median age, 54 years), registered under EURO-
CORD, was reported: seven had developed blast phase
myelofibrosis and almost half underwent splenectomy.54
The most common conditioning regimen was total body
irradiation, cyclophosphamide and fludarabine (TCF).
Cord blood units were 5/6 (23%) and 4/6 (77%) HLA-
matched. Neutrophil engraftment was achieved in 28/35
patients at a median time of 30 days and a total of 14
patients displayed graft failure (4 underwent a second
transplant procedure). The 2-year overall and event-free
survival rates were 44% and 30% respectively. In the RIC
setting, all recipients undergoing TCF conditioning
achieved both neutrophil and platelet engraftment and
there was an association between utilization of this regi-
men and improved event-free survival.

Blast phase myelofibrosis and allogeneic stem cell
transplantation
Historically, the outcome of patients with blast phase

myeloproliferative neoplasms has been extremely poor. A
recent retrospective analysis of 410 patients with blast
phase myeloproliferative neoplasms, not focusing on allo-
geneic SCT, revealed a sobering median survival of 3.5
months.55 Intensive chemotherapy resulted in complete
remission or complete remission with incomplete count
recovery rates of 35% and 24%, respectively, and even
following allogeneic SCT the 3-year survival rate was
32%. This retrospective work suggested that allogeneic
SCT has a role in improving short-term survival but dura-
bility of response remains under question although the
authors did acknowledge that the overall cohort of
patients who underwent allogeneic SCT was small. The
EBMT group published data on 46 patients who under-
went allogeneic SCT for blast phase myelofibrosis and
confirmed the importance of achieving complete remis-
sion prior to transplantation, which was also demonstrat-
ed in a retrospective collaborative French study.56,57 The
transplant-related mortality rate at 1 year was acceptable
at 28% and the 3-year progression-free and overall sur-
vival rates were 26% and 33%, respectively. The impact
of both karyotype and mutational landscape on determin-
ing outcomes following transplantation for blast phase
myelofibrosis is an area of active research and considera-
tion should be given to post-transplant maintenance
strategies.

Post-transplant outcomes and complications

Impact of mutations on transplant outcome
Early studies investigating the impact of the mutational

landscape on the outcomes of allogeneic SCT yielded con-
flicting results.32,58 Retrospective studies revealed a signifi-
cant adverse impact of lack of the JAK2V617F mutation on
overall survival after allogeneic SCT for myelofibrosis
whereas a CALR mutation was associated with improved
overall survival and less NRM.59,60 The impact of more
extensive mutational profiling was recently investigated in
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a large retrospective study.61 A targeted 16-gene panel was
used to analyze a total of 169 patients (110 with primary
myelofibrosis, 46 with secondary myelofibrosis and 13 in
transformation). Multivariate analysis revealed that the
presence of a CALR mutation was associated with favor-
able overall survival (HR: 0.448; P=0.03) and progression-
free survival (HR: 0.393; P=0.01), and reduced NRM (HR,
0.415; P=0.05). Additionally, both IDH2 and ASXL1muta-
tions were independent prognostic risk factors for reduced
progression-free survival (HR: 5.451; P=0.002 and HR:
1.53; P=0.008, respectively). Interestingly, ‘triple negativi-
ty’ did not appear to have a significant effect on post-
transplant outcomes in this cohort although the numbers
analyzed were small. Overall, where possible and depend-
ent on local facilities, we recommend that a targeted gene
panel is used to determine the mutational risk profile.

Poor graft function 
Despite initial engraftment, it is well established that

poor graft function can be problematic and patients may
remain transfusion dependent and/or require growth fac-
tor support for a considerable period. Alchalby et al.
reported that the cumulative incidence of poor graft func-
tion was 17% in a cohort of 100 RIC allogeneic SCT
patients and that the median onset of this complication
was day +49 (range, 24-99 days).62 Poor graft function was
defined by either two or three cytopenias (hemoglobin
<100 g/L, neutrophil count <1.0×109/L, platelet count
<30×109/L) at day +30 after allogeneic SCT, with transfu-
sion requirements in the presence of complete donor
chimerism and an absence of severe GvHD/disease
relapse. Persistence of significant splenomegaly at day +30
remained a significant risk factor for poor graft function
and univariate analysis revealed an association with older
recipient age, perhaps reflecting age-related changes in a
hostile bone marrow niche. Poor graft function did not
appear to influence survival. Of relevance, Hart et al.
recently compared engraftment kinetics in a small cohort
of acute myeloid leukemia and myelofibrosis allogeneic
SCT recipients.63 Compared to the group with acute
myeloid leukemia, the myelofibrosis patients had marked
early clearance of hematopoietic stem cells due to early
splenic pooling accompanied by a significant reduction in
VCAM1 expression in the bone marrow niche which may
well explain, in part, the observed early poor graft func-
tion. Whether JAK inhibitor-mediated reductions in
splenomegaly will result in lower incidences of poor graft
function remains undetermined. Judicious monitoring of
chimerism and appropriate growth factor and transfusion
support are necessitated by the recognition that some
patients may require stem cell top up or consideration
given to splenectomy if bulky splenomegaly persists.  

Measurable residual disease monitoring and donor lymphocyte
infusion strategies
Measurable residual disease (MRD) monitoring to guide

weaning of immunosuppression with or without utiliza-
tion of immunotherapeutic strategies has become well
established in the setting of allogeneic SCT for myelofibro-
sis. Alchalby et al. demonstrated that clearance of
detectable JAK2V617F after allogeneic SCT was associated
with a significantly reduced risk of relapse.59 Both MPL and
CALRmutations can be used as markers of MRD.64-65 More
recently, the significance of MRD was evaluated in a large,
single-center cohort (n=136), in which pre-transplant

molecular profiling revealed JAK2V617F (n=101), MPL (n=4)
and CALR (n=31) mutations.66 Individuals with a detectable
mutation at either day +100 or day +180 had a significantly
higher risk of clinical relapse at 5 years compared to those
in whom molecular studies were negative (62% versus
10%, P<0.001 and 70% versus 10%, P<0.001, respectively).
Multivariate modeling revealed that detectable MRD at
day +180 and high-risk disease status were significant fac-
tors associated with higher relapse rates. MRD status and
chimerism studies should be used in tandem to determine
whether donor lymphocyte infusions are required. Kroger
et al. described the use of both pre-emptive (n=8) and sal-
vage donor lymphocyte infusion (n=9) regimens in 17
myelofibrosis patients undergoing allogeneic SCT, high-
lighting the utility of MRD monitoring for guiding donor
lymphocyte infusions and that pre-emptive strategies take
precedence over salvage approaches.67

Relapse following allogeneic stem cell transplantation: is this still
a significant clinical problem?
Relapse remains a significant issue following allogeneic

SCT for myelofibrosis. Longer term follow-up of the
EBMT prospective study described above suggested
relapse rates of up to 25% at 5 years.32 A more recent
EBMT retrospective study by McLornan et al. investigated
the management and outcomes of 202 relapsed patients.68
The overall median time to relapse was relatively short at
7 months (range, 1.4-111). Patients who relapsed early had
significantly worse outcomes than those of patients who
relapsed later. Management approaches to the relapse
episode were heterogeneous and direct comparisons were
not possible; however, there was a suggested benefit from
adoptive immunotherapeutic approaches with donor lym-
phocyte infusions and/or a second allograft. There is some
experience on the use of using JAK inhibitors following
relapse to bridge to a second transplant and for symptom
control but no improvements in donor chimerism or
reductions in JAK2 allelic burden, where applicable, were
seen.69 Pre-emptive use of JAK inhibitors in the post-trans-
plant setting to reduce relapse incidence is of interest and
requires prospective studies. 

Conclusions

Rapid advances in the availability of novel therapeutic
agents for myelofibrosis has made it increasingly complex
to gauge the timing and sequencing of allogeneic SCT in
the patient’s care process. Nonetheless, allogeneic SCT
remains the only curative approach for transplant-eligible
patients. All available prognostic information and recent
scoring systems should be utilized, including comprehen-
sive mutational profiling where available, to stratify real-
istic patient-specific prognostic outcomes and assess the
risk-benefit ratio. Changes in practice are required so that
potential candidates are assessed by transplant physicians
at an earlier stage, even if this is only to discuss and pro-
vide information about the procedure, assess fitness and
identify potential donors. JAK inhibitors have become an
integral part of the pre-allogeneic SCT pathway for many
patients and increasing data on outcome analysis are now
available.  Overall, the use of these drugs prior to allogene-
ic SCT appears to be safe, with no adverse effects on
engraftment; tapering is appropriate leading up to condi-
tioning therapy and there is emerging data concerning
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potential reductions in the risks of GvHD and relapse,
although these need confirmation. Alertness to potential
infectious complications is warranted. How the role of
other novel agents will fit into the transplant paradigm

remains unknown. Current challenges regarding allogene-
ic SCT are to reduce the relapse risk and rates of NRM,
particularly when using alternative donors, and optimiza-
tion of graft function. 
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