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Abstract

Background: Allogeneic hematopoietic cell transplant (allo-HCT) remains the only potentially
curative therapeutic modality for patients with primary or secondary myelofibrosis (MF).
However, many patients are considered ineligible for allo-HCT and transplant-related mortality
can be substantial. Data on the efficacy and safety of allo-HCT are mixed and largely derived from
retrospective studies.

Obijective: To synthesize the available evidence on the safety and efficacy of allo-HCT in MF
and to identify patient, disease, and transplant characteristics with prognostic impact on outcomes
of patients with MF undergoing allo-HCT.
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Methods: For this systematic review and meta-analysis Cochrane Library, Google Scholar,

Ovid Medline, Ovid Embase, PubMed, Scopus, and Web of Science Core Collection were
searched from inception to October 11, 2020 for studies on allo-HCT in MF. Random-effects
models were used to pool response rates for the co-primary outcomes of 1-year, 2-year, and
5-year overall survival (OS). Rates of non-relapse mortality and acute and chronic graft-versus-
host-disease (GVHD) were studied as secondary endpoints. Subgroup analyses on the effect of
conditioning regimen intensity, baseline dynamic international prognostic scoring system (DIPSS)
score, and patient age were performed. The study protocol has been registered on PROSPERO
(CRD42020188706).

Results: Forty-three studies with 8739 patients were identified and included in this meta-
analysis. Rates of 1-year, 2-year, and 5-year OS were 66.7% (95% confidence interval [CI]:
63.5-69.8%), 64.4% (57.6—70.6%), and 55.0% (51.8-58.3%), respectively. Rates of 1-year, 2-year,
and 5-year non-relapse mortality were 25.9% (23.3-28.7%), 29.7% (24.5-35.4%), and 30.5%
(25.9-35.5%), respectively. The combined rate of graft failure was 10.6% (95% CI: 8.9 — 12.5%)
with primary and secondary graft failure occurring in 7.3% (95% CI: 5.7 — 9.4%) and 5.9% (95%
Cl: 4.3 — 8.0%) of patients, respectively. Rates of acute and chronic graft-versus-host disease were
44.0% (95% Cl: 39.6-48.4%; grade I11/1V: 15.2%) and 46.5% (95% Cl: 42.2-50.8%; extensive or
moderate/severe: 26.1%), respectively. Subgroup analyses did not show any significant difference
between conditioning regimen intensity (myeloablative vs reduced-intensity), median patient age,
and proportion of DIPSS-intermediate-2/high patients. The quality of the evidence is limited by
the absence of randomized clinical trials in the field and the heterogeneity of patient and transplant
characteristics across included studies.

Conclusion: Given the poor prognosis of patients not receiving transplant and in the absence
of curative non-transplant therapies, our results support consideration of allo-HCT for eligible
patients with MF.

Introduction:

Together with essential thrombocythemia (ET) and polycythemia vera (PV), primary
myelofibrosis (MF) belongs to the heterogenous group of BCR-ABL1-negative
myeloproliferative neoplasms (MPN). While the prognosis for individual patients is variable,
MF has been associated with inferior survival compared to both healthy, age-matched
controls and patients with PV and ET.1 2 Registry data from the United States reported a
median age of diagnosis for primary MF of 69 years and a median overall survival (OS) of
3.6 years.2 With the identification of driver mutations in janus kinase 2 (JAK2), calreticulin
(CALR), and myeloproliferative leukemia virus (MPL), which are present in about 90%

of MF patients, novel therapies targeting JAK signaling have been developed and risk
stratification, counseling, and treatment selection of MF patients has become increasingly
individualized.3 4 Even though novel therapies improve symptoms and decrease spleen size
their ability to improve survival remains limited.

As the prognosis of MF patients varies substantially based on patient (e.g. age and symptom
burden) and disease characteristics (e.g. extent of peripheral blood cytopenias, degree of
fibrosis, karyotype, and presence of certain high-risk mutations), various risk stratification
tools such as the international prognostic scoring system (IPSS), the dynamic IPSS (DIPSS)
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and the mutation-enhanced IPSS (MIPSS-70) have been developed and are recommended
for an individualized treatment selection.>=9 Using DIPSS for risk stratification, Kroeger

et al. have shown that patients with intermediate-2 or high-risk MF experience a survival
benefit with allogeneic hematopoietic cell transplant (allo-HCT) compared to non-transplant
treatment strategies.1? Based on those data, the European Leukemia Net (ELN) and

the National Comprehensive Cancer Network (NCCN) recommend consideration of allo-
HCT for patients with higher-risk MF (i.e. patients with intermediate-2 or high risk by
IPSS/DIPSS), as it constitutes the only potentially curative therapeutic option.” However,
allo-HCT is associated with a significant risk of short-term and long-term morbidity

and mortality due to both transplant complications and relapse, which mandates careful
patient selection based on patient characteristics (e.g. age, performance status) and donor
availability.11: 12 Several questions regarding the optimal timing, conditioning regimen and
donor source as well as the role of prior therapies including splenectomy and JAK inhibitors
remain unresolved.12: 13 As a result, only a small proportion of patients with transplant
indications based on disease risk proceed to this potentially curative treatment.

Although allo-HCT has been performed in MF patients for decades, high-quality evidence
from randomized clinical trials is scarce and data on the safety and efficacy of allo-HCT

in MF are heterogenous due to variations in study design, patient selection, and transplant
characteristics. We therefore conducted a systematic review and meta-analysis to objectively
evaluate the efficacy and safety of allo-HCT in both primary and secondary MF.

Search strategy:

This systematic review and meta-analysis was conducted according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) and Meta-Analysis
of Observational Studies in Epidemiology (MOOSE) guidelines.1# We searched Cochrane
Library, Google Scholar, Ovid Medline, Ovid Embase, PubMed, Scopus, and Web of
Science Core Collection from inception to October 11, 2020. Databases were searched
using a combination of controlled vocabulary and free text terms for relevant studies on the
efficacy and safety of allo-HCT in patients with primary and secondary MF. Details of the
full search strategy are listed in the supplemental materials. The study protocol has been
registered on PROSPERO (CRD42020188706).

Study selection:

After removal of duplicates, studies were screened for eligibility based on title and abstract.
Potentially eligible studies were subsequently reviewed for inclusion by full-text review.
Studies were excluded as outlined in Figure 1 and in the supplemental materials. All studies
were reviewed by two reviewers independently regarding inclusion in the meta-analysis
(JPB and AS or SV) with conflicts being resolved by adjudication by a third reviewer (MS)
or consensus discussion. The study selection process is illustrated in Figure 1.
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Quality assessment:

Two investigators (JPB and AS or SV) extracted data independently using a standardized
data-extraction form. Downs and Black checklists, as published previously, were used by
one author to assess study quality with cross-check of a random subset of studies performed
by another author.15-18

Definition of endpoints:

We chose 1-year, 2-year and 5-year OS as the co-primary outcome to reflect both the
short-term mortality related to allo-HCT itself (1-year and 2-year OS) and the long-term
mortality related to the underlying disease (5-year OS). Key secondary outcomes included
the rates of non-relapse mortality (NRM) and relapse-free survival (RFS)/progression-free
survival (PFS) at various timepoints (1-year, 2-year, 5-year). Safety endpoints were the rate
of overall acute and chronic graft-versus-host disease (GVHD) and the incidence of >grade
3 acute GVHD and extensive or moderate/severe chronic GVHD as well as graft failure
(primary, secondary, and total). Prespecified subgroup analyses were performed to assess
the impact of conditioning regimen intensity (myeloablative vs reduced-intensity), median
patient age (<50 years vs 50-59 years vs =60 years), and underlying disease risk based

on DIPSS risk categories (<50% patients with DIPSS intermediate-2/high vs 50-74% vs
275%).

Statistical analysis:

Results:

Random-effects models were used to pool 1-year, 2-year, and 5-year OS rates as well as
for the safety endpoints. Heterogeneity of studies was determined using Cochran Q and 12
indices and was graded as low, moderate, and substantial for 12 indices of 30%, 30-60%,
and >60%, respectively. Subgroup analyses and univariate meta-regression analyses were
performed using the same analytic approach. Comprehensive Meta-Analysis (CMA version
2.2, Biostat) was used for all analyses.

Results of literature search:

Our search strategy identified 4247 studies after duplicate removal. Following title and
abstract review, 393 studies were assessed as full-texts for eligibility and 43 studies were
included in the meta-analysis after applying prespecified exclusion criteria as outlined in
the supplemental materials. Figure 1 provides the PRISMA diagram of the study selection
process. Studies were primarily excluded based on insufficient reporting of the prespecified
primary endpoints and publication as conference abstracts (Supplemental material).

Description of included studies:

We included 43 studies in the meta-analysis with a total of 8739 patients

with MF who had undergone allo-HCT. There were 38 retrospective studies,19-56
one prospective study,>” and four phase 11 clinical trials.8-%1 There were

19 single center 22-25. 27, 32, 3739, 42, 47-49, 52-54, 57-59 and 13 multicenter
studies.19-21. 26, 33, 35, 36, 40, 50, 51, 55, 60, 61 Additionally, we included 11 studies that
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were derived from well-annotated registries such as the European Society of Blood and
Marrow Transplantation Registry (EBMTR) or the Center for International Blood and
Marrow Transplant Research (CIBMTR).28-31, 34, 41, 43-46, 56 Taple 1 summarizes key
study characteristics of the individual included studies. Only a single study exclusively
enrolled pediatric patients,38 while four additional studies included both pediatric and
adult patients.30: 32, 43,48 The mean median age of patients among included studies

was 53 years (range: 8 months — 62 years). Four studies included only patients

with primary MF,24.30. 31,36 gne study enrolled only patients with secondary MF,28

and the remainder reported outcomes of patients with both primary and secondary

MF. Rates of patients with progression to AML at the time of transplant were
inconsistently reported but ranged from 0% to 27%. DIPSS scores were not reported

by 18 studies.20: 21, 23-26, 30, 36, 37, 39, 41-44, 53, 57, 60 Among studies reporting DIPSS
scores, the percentage of patients with intermediate-2 or high risk DIPSS scores ranged
from 25% to 100%.27: 54 Conditioning regimens used were variable among included
studies with three 23 30. 36 and 14 studies using exclusively myeloablative (MAC) or
reduced-intensity conditioning (RIC) regimens 19: 21, 22,24, 25,31, 42, 47, 53, 54, 57, 59-61
respectively. Two studies enrolled patients receiving either MAC or RIC and reported
outcomes separately.20: 41 The remainder of studies used various combinations of MAC,
RIC, and nonmyeloablative conditioning regimens but did not provide outcomes stratified
by conditioning intensity. Donor sources as well as the pre-transplant treatment histories
including prior splenectomy were highly variable precluding a meta-analysis.

Assessment of study quality:

Generally, quality of the evidence was limited by the absence of randomized clinical trials
and the retrospective design of most studies. Only the studies by Gowin et al. and Lestang
et al. used a control population of MF patients who did not undergo allo-HCT without

a formal matching process between transplant and non-transplant patients.2% 39 Using a
Downs and Black checklist, scores ranged from 16 to 23, with the study by Gupta et al.
scoring highest.1: 61 A detailed quality assessment using Downs and Black checklist is
provided in Supplemental Table 1.

Survival outcomes following allo-HCT for myelofibrosis:

Rates of 1-year, 2-year, and 5-year OS were reported by 15, 21, and 22 studies, respectively
(Figure 2 A-C). 1-year, 2-year, and 5-year OS rates were 66.7% (95% confidence interval
[CI]: 63.5-69.8%), 64.4% (95% CI: 57.6-70.6%), and 55.0% (95% CI: 51.8-58.3%). Study
heterogeneity was significant for all OS endpoints and was rated as moderate for 1-year OS
(Cochran’s Q=28.99; p=0.01; 12=51.72%) and as substantial for 2-year (Cochran’s Q=68.83;
p<0.001; 12=70.94%), and 5-year OS (Cochran’s Q=73.51; p<0.001; 12=71.43%).

Non-relapse mortality (NRM) is a major driver of mortality especially in the first year
following allo-HCT for MF. Rates of 1-year, 2-year, and 5-year NRM were 25.9% (95%
Cl: 23.3-28.7%), 29.7% (95% CI: 24.5-35.4%), and 30.5% (95% Cl: 25.9-35.5%), and
were reported by 19, 12, and 10 studies, respectively (Figure 2 D—F). Study heterogeneity
was significant for 1-year and 5-year NRM and was rated as moderate for 1-year NRM
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(Cochran’s Q=38.29; p=0.004; 12=52.99%) and 2-year NRM (Cochran’s Q=16.53; p=0.123;
12=33.45%), and substantial for 5-year NRM (Cochran’s Q=39.37; p<0.001; 12=77.14%).

Relapse rates:

Relapse-free survival (RFS) and progression-free survival (PFS) were reported by seven
27,36, 40, 44, 47,48, 51 gnd 10 studies, 19 22 26, 31, 35, 39, 45, 49,56, 61 rggpectively. However, not
all studies reported RFS and PFS for all timepoints, which limited our ability to conduct a
meta-analysis. Additionally, we had to rely on the definitions of RFS and PFS used by the
original studies.

Among evaluable studies, rates of 1-year, 2-year, and 5-year RFS were 65.3% (95% CI:
56.5-73.1%), 56.2% (95% CI: 41.6-69.8%), and 53.6% (95% CI: 39.9-66.9%), respectively
(Supplemental Figure 1 A—C). Study heterogeneity was significant for 1-year and 5-year
RFS but not for 2-year RFS and was rated as moderate for 1-year RFS (Cochran’s

Q=9.98; p=0.041; 12=59.9%) and 2-year RFS (Cochran’s Q=3.69; p=0.157; 12=49.91%),
and substantial for 5-year RFS (Cochran’s Q=31.77; p<0.001; 12=84.26%).

Rates of 1-year PFS, 2-year PFS, and 5-year PFS were 56.9% (95% ClI: 41.4-71.2%), 50.6%
(95% ClI: 39.7-61.4%), and 43.5% (95% CI: 31.9-55.8%), respectively (Supplemental
Figure 1 D-F). Study heterogeneity was significant and substantial for 1-year PFS
(Cochran’s Q=25.78; p<0.001; 12=88.36%), 2-year PFS (Cochran’s Q=10.49; p=0.033;
12=61.85%), and 5-year PFS (Cochran’s Q=37.5; p<0.001; 12=89.33%).

Incidence of acute and chronic graft-versus-host disease:

Regimens used for GVHD prophylaxis were variable among included studies (Table 1) and
were not reported by 13 studies. Incidence rates of acute and chronic GVHD were reported
by 36 and 32 studies with 5334 and 4962 patients, respectively. Acute GVHD occurred in
44.0% of patients (95% CI: 39.6-48.4%) with grade I11/1V acute GVHD being reported in
15.2% of patients (95% ClI: 13.1-17.6%). Of note, 26 studies only reported incidence rates
of grade 11-1V acute GVVHD. 21 22 24-27, 30, 31, 37, 39, 42-46, 48, 49, 52, 53, 55-60 eterogeneity
was significant for both all grade acute GVHD and grade I11/1V acute GVHD rate and was
rated as substantial for acute GVHD rate (Cochran’s Q=206.64; p<0.001; 12=83.06%) and
moderate for grade I11/IV acute GVHD (Cochran’s Q=66.22; p<0.001; 12=56.21%) (Figure 3
A and B).

Chronic GVHD occurred in 46.5% of patients (95% ClI: 42.2-50.8%) with extensive or
moderate/severe chronic GVHD being reported in 26.1% of patients (95% CI: 21.2-31.7%).
Heterogeneity was significant and substantial for both overall chronic GVHD (Cochran’s
Q=133.21; p<0.001; 12=76.73%) and extensive or moderate/severe chronic GVHD rates
(Cochran’s Q=215.33; p<0.001; 12=86.99%) (Figure 3 C and D).

Incidence of graft failure:

Rates of graft failure were reported by 36 studies of which 31 and 13 studies reported the
incidence of primary and secondary graft failure separately (Table 1). The combined rate of
graft failure was 10.6% (95% ClI: 8.9 — 12.5%) with significant and substantial heterogeneity
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across studies (Cochran’s Q = 102.69; p<0.001; |2 = 65.92%). The rate of primary graft
failure was 7.3% (95% CI: 5.7 — 9.4%) with significant and substantial heterogeneity
(Cochran’s Q = 82.43; p<0.001; 12 = 63.61%). Secondary graft failure occurred in 5.9%
(95% CI: 4.3 — 8.0%) of patients with no significant heterogeneity across the included
studies (Cochran’s Q = 15.95; p=0.194; |12 = 24.76%) (Supplemental Figure 2 A-C).

Subgroup analyses:

As several factors such as patient age and prognosis of the underlying MF based on DIPSS
score are essential when evaluating a patient for allo-HCT, we conducted subgroup analyses
to evaluate the impact of median patient age and percentage of patients with intermediate-2/
high risk by DIPSS.

In the absence of individual patient-level data, we compared 1-year, 2-year, and 5-year OS
rates among studies with a median patient age <50 years, 50-59 years, and =60 years. There
was no statistically significant difference in any of these comparisons (Supplemental Figure
3).

When comparing 1-year, 2-year and 5-year OS among studies with <50% patients with
DIPSS intermediate-2/high, 50-74%, and =75%, respectively, there were no statistically
significant differences in any comparison (Supplemental Figure 4). However, the number of
studies in each group was small.

Finally, we evaluated the influence of conditioning regimen intensity on survival outcomes
by comparing studies in which all patients received either myeloablative conditioning
(MAC) or reduced-intensity conditioning (RIC). There was no statistically significant
difference in terms of 2-year and 5-year OS between studies using only MAC or RIC
conditioning (Supplemental Figure 5).

Adverse events:

Due to the long timespan of publication dates of included studies, reporting and grading of
adverse events other than acute and chronic GVHD was heterogenous across studies. We
were unable to quantitatively assess rates of adverse events in a meta-analysis. However,
rates of 100-day mortality were reported by seven studies and can serve as a surrogate

for transplant-related complications.26: 36. 43, 47,49, 58,61 One hundred day post-allo-HCT
mortality rates ranged from 0% in the study by Hussein et al.36 to 20% in the study by Daly
etal 26

Discussion:

In this systematic review and meta-analysis of 43 studies with 8739 patients with primary
or secondary MF who underwent allo-HCT we found rates of 1-year, 2-year, and 5-year

OS of 66.7% (95% CI: 63.5-69.8%), 64.4% (95% CI: 57.6-70.6%), and 55.0% (95%

Cl: 51.8-58.3%), respectively. As allo-HCT is the only potentially curative therapeutic
modality for MF at this point and should be considered for eligible patients with higher-risk
MF (e.g. intermediate-2 or high risk by DIPSS),52 the survival outcomes found in our
meta-analysis compare favorably to the natural history of MF with a median OS of 4 years
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for intermediate-2 and 1.5 years for high risk based on DIPSS.8 However, MF patients
undergoing allo-HCT are highly selected based on age, performance status and disease
characteristics. Our results are in line with several studies not included in our meta-analysis
showing 5-year OS rates of 50-60% and 32—-47% among the DIPSS intermediate-2 and
high-risk patient subset, respectively.10: 63 The survival benefit of allo-HCT in primary MF
patients with intermediate-2 and high-risk disease who are <65 years of age compared to
non-transplant therapies has been shown in a matched retrospective cohort study with a
relative risk of death of 0.55 (95% CI, 0.36-0.83; p=0.005) for intermediate-2 risk, and 0.37
(95% Cl, 0.21-0.66; p=0.0007) for high-risk DIPSS patients.1% We were unable to include
those studies in our meta-analysis as they only reported outcomes stratified by DIPSS
category and not for the entire patient cohort. However, the consistency of our results with
those studies supports the external validity of our analyses.

As outcomes were only infrequently reported separately by DIPSS category among the
studies included in our meta-analysis, we used a subgroup analysis comparing studies based
on the proportion of patients with intermediate-2 and high-risk MF, which did not reveal

any differences in survival outcomes between subgroups. This could suggest that the adverse
outcomes in patients with higher DIPSS scores might be abrogated by allo-HCT. However,
it is important to note that the number of included studies in each subgroup is small and
baseline patient and transplant characteristics are heterogenous which may have introduced
unmeasured confounders. Consistent with this observation a large recent transplant registry
study demonstrated an OS benefit with allo-HCT even in DIPSS intermediate-1 patients,
albeit at the cost of early NRM.29

Risks and benefits of allo-HCT need to be balanced carefully. In our meta-analysis rates
of NRM at 1-year, 2-years, and 5-years were 25.9% (95% ClI: 23.3-28.7%), 29.7% (95%
Cl: 24.5-35.4%), and 30.5% (95% CI: 25.9-35.5%), respectively. Additionally, any grade
acute and chronic GVHD occurred in 44.0% (95% Cl: 39.6-48.4%) and 46.5% of patients
(95% ClI: 42.2-50.8%), respectively, which highlights that allo-HCT in this setting can be
associated with significant complications. Improvement in GVHD prophylaxis strategies
and decrease in NRM post allo-HCT in recent years has been reported.54 In parallel to
mechanistic drug discoveries the number of allo-HCTs performed for MF continues to
increase thanks to more frequent use of RIC regimens and improvements in supportive
care with the median age at transplant approaching 60 years with RIC regimens.34 41 This
highlights the need for an individualized approach to patient selection, timing of allo-HCT
and discussion of non-transplant strategies in the treatment of MF.

Discovery of high-risk genetic mutations such as ASXL1, SRSF2, UZAF1, EZH2,

and /DH1/2together with further improvement of cytogenetic risk stratification led to

the development of risk stratification tools such as the MIPSS70+ and GIPSS.5: 65-68
Additionally, patients with CALR type 1 mutations appear to have a more favorable disease
course.59-72 Among the studies included in this meta-analysis, mutational testing was only
available for a subset of studies and only the study by Mannina et al. reported specific
survival outcomes for a genetically defined subgroup (patients with A/PL mutation).40
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While allo-HCT remains the only curative therapeutic modality for MF at this point,

the JAK inhibitor ruxolitinib has been shown to improve symptom burden, spleen size,
and OS and has become the standard of care for higher-risk MF patients who are

not transplant candidates. However, it is also commonly used by patients prior to allo-
HCT.”3. 74 The role of ruxolitinib in patients who are transplant-eligible is ill-defined.
Due to the immunomodulatory effects, higher rates of engraftment and improvements in
performance status and spleen size, pre-transplant ruxolitinib has been hypothesized to
improve outcomes.®® In six studies included in this meta-analysis all patients had received
ruxolitinib prior to transplant with outcomes being generally in line with non-ruxolitinib
studies.25: 38, 57-59, 61 Ryxolitinib has also been shown to be an effective treatment for
steroid-refractory acute GVHD but drug-induced cytopenias and a potential to reduce
graft-versus-leukemia effect might limit its role during the post-transplant period.61: 75
Issues regarding patient selection as well as safety and efficacy of peri-transplant ruxolitinib
remain unresolved and are being addressed in ongoing clinical trials (e.g. NCT04384692,
NCT03333187, NCT03427866).

Historically, myeloablative busulfan-based conditioning regimens have been the standard
of care for allo-HCT in MF, which have been associated with higher rates of NRM and
GVHD.30. 37 The wider use of RIC has led to an increase in transplant-eligible patients and
a reduction of NRM.59 While no prospective clinical trial data comparing MAC and RIC
conditioning exist, OS outcomes with RIC and MAC appear to be comparable both in our
meta-analysis and in large retrospective registry studies although confounding by indication
and other baseline patient and transplant characteristics cannot be excluded.*! However,
based on the study by McLornan et al. which showed better relapse-free and GVHD-free,
relapse-free survival with MAC compared to RIC, MAC should still be considered in
younger and fitter patients.*!

While our systematic review and meta-analysis included 43 studies with 8739 patients and
yielded robust results, limitations exist. First, patient and transplant characteristics were
variable among the included studies leading to moderate to substantial heterogeneity in
our analyses. Second, due to the absence of randomized controlled trials, confounding

and selection bias cannot be excluded, which may also explain the absence of statistically
significant differences in our subgroup analyses by age, DIPSS intermediate-2/high risk,
and conditioning regimen intensity. Third, genetic data were only available for a subset of
studies, which precluded an assessment of the impact of certain molecular and cytogenetic
alterations on outcomes after allo-HCT in MF. We were not able to analyze the impact

of donor source, prior therapies (including splenectomy and JAK inhibitors), and GVHD
prophylaxis on transplant outcomes due to significant variability between studies and the
quality of the primary literature.

Conclusion:

This is the first published systematic review and meta-analysis on the efficacy and safety
of allo-HCT for the treatment of primary and secondary MF. We identified 43 studies with
8739 patients and showed rates of 1-year, 2-year, and 5-year OS of 66.7%, 64.4%, and
55.0%, respectively. Given the poor prognosis of patients not undergoing allo-HCT and
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in the absence of curative non-transplant therapies, our results support consideration of
allo-HCT for eligible patients with higher-risk MF. Subgroup analyses did not show any
significant difference between conditioning regimen intensity (MAC vs RIC), median patient
age, and proportion of DIPSS-intermediate-2/high patients. Additional studies are necessary
to enhance patient selection (e.g. by incorporation of molecular markers) and to optimize
pre- and post-transplant strategies (e.g. pre-transplant ruxolitinib, conditioning regimens,
and donor selection).

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Article Highlights:

. Allo-HCT can be curative for myelofibrosis but data on safety and efficacy is
mixed

. Meta-analysis of 43 studies: 1- and 5-year OS of 66.7% and 55.0% with
allo-HCT

. Non-relapse mortality (1-year 25.9%) and GVHD (acute 44.0%; chronic
50.8%) pose challenges

. No influence of conditioning regimen intensity, DIPSS score, and median
patient age
. Allo-HCT should be considered for eligible myelofibrosis patients
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Records identified through Additional records identified
database searching through other sources
(n=7595) (n=0)

Records after duplicates removed
(n=4247)

Records screened

(n=4247)

L 4

Full-text articles assessed

Records excluded
(n=3854)

for eligibility
(n=393)

)

Studies included in
qualitative synthesis
(n=43)

y

Studies included in
quantitative synthesis
(meta-analysis)
(n=43)

Figure 1: PRISMA diagram

Full-text articles excluded, with

reasons
(n =350)

217 Conference abstracts
80 Insufficient reporting of
primary outcome
13 Less than 5 myelofibrosis
patients
13 Outcomes of myelofibrosis
patients not reported
10 No English full-text
5 Outcomes of allo-HSCT
patients not reported
separately
4 Editorials
4 Review articles
3 Duplicate study data
1 Only on post-transplant
relapse

Our search strategy identified 4247 unique citations of which 3854 were excluded based
on title and abstract review. The remaining 393 records were reviewed as full-texts and 43
studies were included in this meta-analysis after the application of various exclusion criteria.
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Figure 2: Overall Survival (OS) and Non-relapse mortality (NRM) rates

(A) 1-year OS rate
(B) 2-year OS rate
(C) 5-year OS rate
(D) 1-year NRM rate
(E) 2-year NRM rate
(F) 5-year NRM rate
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Figure 3: GVHD rate during study duration
(A) acute GVHD

(B) acute GVHD grade 111/IV
(C) chronic GVHD
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(D) extensive or moderate/severe chronic GVHD
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Table 1:
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Author (ref) Year of Study population Transplant characteristics Outcomes
publication
Anderson?3 1997 13 patients Conditioning: 100% MAC Survival: 2-year OS: 77%
median age: 40 (R: 18— | Donor source: 62% MRD; 8% RES/EFS/PFS/DFS: not reported
49) MMRD; 23% MUD; 8% haplo GVHD: aGVHD: 548% (15% grade
Primary/Secondary GVHD prophylaxis: 92% CsA/ 11/1V); cGVHD: 46% (46% extensive)
MEF: 62%/38% MTX; 8% MTX Graft failure: total 0%
DIPSS int-2/high: not
reported
Guardiola30 1999 55 patients Conditioning: 100% MAC Survival: 5-year OS: 47%; 1-year
median age: 42 (R: 4— Donor source: 89% MRD; 6% NRM: 27%
53) MMRD; 6% MUD RFS/EFS/PFS/DFS: not reported
Primary MF: 100% GVHD prophylaxis: 78% CsA/ GVHD: aGVHD: 60% (33% grade 11/
DIPSS int-2/high: not MTX; 7% CsA/MT X/steroid; 9% | 1V); cGVHD: 60% (36% extensive)
reported T-cell depletion; 15% other Graft failure: total 9.1% (9.1%
primary; secondary not reported)
Daly?6 2003 25 patients Conditioning: not reported Survival: 2-year OS: 41%,; 1-year
median age: 49 Donor source: 52% MRD; 8% NRM: 48%
Primary/Secondary MMRD; 40% MUD RFS/EFS/PFS/DFS: 2-year PFS: 37%
ME: 76%/24% GVHD prophylaxis: 100% GVHD: aGVHD: 52% (16% grade 111/
DIPSS int-2/high: not CsA/IMTX 1V); cGVHD: 59% (35% extensive)
reported Graft failure: total 9.1% (9.1%
primary; secondary not reported)
Kerbauy3’ 2007 104 patients Conditioning: 91% MAC, 9% Survival: 5-year OS: 61%; 5-year
median age: 49 (R: 18— | nonmyeloablative NRM: 34%
70) Donor source: 53% MRD; 4% RFS/EFS/PFS/DFS: not reported
Primary/Secondary MMRD; 35% MUD; 9% MMUD | GVHD: aGVHD: 64% (21% grade I11/
ME: 66%/29% GVHD prophylaxis: 86% CsA/ 1V); cGVHD: 84% (59% extensive)
DIPSS int-2/high: not MTX; 10% CsA/MMF; 5% other | Graft failure: total 6.9% (primary not
reported reported; 6.9% secondary)
Patriaca? 2008 100 patients Conditioning: 48% MAC, 52% Survival: 1-year OS: 59%; 1-year
median age: 49 (R: 21- | RIC NRM: 35%; 5-year OS: 31%
68) Donor source: not reported RFS/EFS/PFS/DFS: 5-year RFS: 28%
Primary/Secondary GVHD prophylaxis: 70% CsA/ GVHD: aGVHD: 41%; cGVHD: 43%
MEF: 82%/18% MTX; 10% CsA; 2% CsA/MMF; (11% extensive)
DIPSS int-2/high: not 18% CsSA/MTX/ATG Graft failure: total 12.0% (12.0%
reported primary; secondary not reported)
Krogers® 2009 103 patients Conditioning: 100% RIC Survival: 5-year OS: 67%; 1-year
median age: 55 (R: 32— Donor source: 32% MRD; 68% NRM: 16%
68) MUD RES/EFS/PFS/DFS: 5-year DFS: 51%
Primary/Secondary GVHD prophylaxis: 100% GVHD: aGVHD: 27% (11% grade 111/
ME: 61%/39% CsA/MTX 1V); cGVHD: 49% (24% extensive)
DIPSS int-2/high: not Graft failure: total 1.9% (1.9%
reported primary; secondary not reported)
Alchalby? 2010 162 patients Conditioning: 100% RIC Survival: 5-year OS: 62%; 1-year
median age: 56 (R: 32— | Donor source: not reported NRM: 22%
73) GVHD prophylaxis: not reported RFS/EFS/PFS/DFS: 5-year DFS: 46%
Primary/Secondary GVHD: aGVHD: 22% (6% grade 111/
MEF: 65%/35% 1V); cGVHD: 38% (20% extensive)
DIPSS int-2/high: not Graft failure: total 12.3% (4.3%
reported primary; 8.0% secondary)
Bacigalupo?* 2010 46 patients Conditioning: 100% RIC Survival: 5-year OS: 45%; 5-year
median age: 51 (R: 24— Donor source: 65% MRD; 4% NRM: 24%
67) MMRD; 30% MUD RFS/EFS/PFS/DFS: not reported
Primary MF: 100% GVHD prophylaxis: 100% GVHD: aGVHD: 37%; cGVHD: 30%
DIPSS int-2/high: not CsA/MTX (30% extensive)
reported Graft failure: not reported
Nagi“z 2011 11 patients Conditioning: 100% RIC Survival: 2-year OS: 46%; 2-year
median age: 51 (R: 46— Donor source: 18% MRD; 55% NRM: 54%
62) MUD; 27% MMUD RES/EFS/PFS/DFS: not reported

Primary/Secondary
MEF: 55%/45%

GVHD prophylaxis: 100% CsA/
alemtuzumab

GVHD: aGVHD: 27%; cGVHD: 9%
(9% extensive)
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Author (ref) Year of Study population Transplant characteristics Qutcomes
publication
DIPSS int-2/high: not Graft failure: total 9.1% (9.1%
reported primary; secondary not reported)
Abelsson20 2012 92 patients Conditioning: 44% MAC, 54% RIC cohort: 5-year OS: 59%; 28%
median age: not RIC aGVHD (11% grade I11/1V)
reported Donor source: 51% MRD; 49% MAC cohort: 5-year OS: 49%;
Primary/Secondary MUD aGVHD: 76% (17% grade I11/1V)
ME: 76%/24% GVHD prophylaxis: not reported | Graft failure: total 14.1% (14.1%
DIPSS int-2/high: not primary; secondary not reported)
reported
Ditschkowski2” 2012 76 patients Conditioning: 59% MAC; 41% Survival: 5-year OS: 53%; 1-year
median age: 51 (R: 22— | RIC NRM: 26%
67) Donor source: 36% MRD; RFS/EFS/PFS/DFS: 5-year RFS: 50%
Primary/Secondary 4% MMRD; 43% MUD; 17% GVHD: aGVHD: 31% (12% grade 111/
ME: 62%/38% MMUD 1V); cGVHD: 54% (24% extensive)
DIPSS int-2/high: 25% GVHD prophylaxis: 61% CsA/ Graft failure: total 5.3% (4.0%
MTX; 22% CsA/ATG; 17% CsA/ | primary; 1.3% secondary)
alemtuzumab
Nivison-Smith43 2012 57 patients Conditioning: 32% MAC; 68% Survival: 1-year OS: 72%; 5-year OS:
median age: 47 (R: 16—~ | RIC 58%; 1-year NRM: 25%
71) Donor source: 32% MRD; 68% RFS/EFS/PFS/DFS: 5-year DFS: 57%
Primary/Secondary MUD GVHD: aGVHD: 37%
MEF: 86%/14% GVHD prophylaxis: 38% CsA/ Graft failure: total 12.3% (12.3%
DIPSS int-2/high: not MTX; 18% CsA/MT X/steroid; primary; secondary not reported)
reported 6% CsA/MMF; 35% other; 7%
none
Scott48 2012 170 patients Conditioning: 89% MAC; 11% Survival: 1-year OS: 74%; 5-year OS:
median age: 51.5 (R: RIC 57%; 1-year NRM: 26%
12-79) Donor source: 51% MRD; RES/EFS/PES/DES: 5-year RFS: 57%
Primary/Secondary 2% MMRD; 39% MUD; 11% GVHD: aGVHD: 68% (18% grade 111/
ME: 59%/40% MMUD 1V); cGVHD: 63% (55% extensive)
DIPSS int-2/high: 60% GVHD prophylaxis: 78% CsA/ Graft failure: total 7.2% (2.4%
MTX; 7% CsA/MT X/steroid; 9% | primary; 4.8% secondary)
T-cell depletion; 14.5% other
Hussein36 2013 8 patients Conditioning: 100% MAC Survival: 5-year OS: 100%
median age: 0.7 (R: Donor source: 50% MRD; 12.5% | RFS/EFS/PFS/DFS: 5-year RFS:
0.1-1.5) MUD; 25% MMUD; 12.5% 100%
Primary MF: 100% haplo GVHD: aGVHD: 50% (13% grade 111/
DIPSS int-2/high: not GVHD prophylaxis: 75% CsA/ 1V); cGVHD: 63% (25% extensive)
reported MTX; 25% CsA/MMF Graft failure: total 0%
Guptas? 2014 233 patients Conditioning: 100% RIC Survival: 1-year OS: 62%; 5-year OS:
median age: 55 (R: 19— Donor source: 48% MRD; 47%; 1-year NRM: 18%
79) 5% MMRD; 19% MUD; 13% RES/EFS/PFS/DFES: 5-year PFS: 27%
Primary MF: 100% MMUD; 13% UC GVHD: aGVHD: 37% (19% grade 11/
DIPSS int-2/high: 38% GVHD prophylaxis: 53% 1V); cGVHD: 51%
CsAbased; 45% Tac-based; 2% Graft failure: total 16.0% (16.0%
other primary; secondary not reported)
Robin46 2014 35 patients Conditioning: 100% RIC Survival: 2-year OS: 44%; 2-year
median age: 54 (R: 28— | Donor source: 100% UC NRM: 35%
63) GVHD prophylaxis: 97% RFS/EFS/PFS/DFS: 2-year EFS: 30%
Primary/Secondary calcineurin inhibitor-based GVHD: aGVHD: 29% (9% grade 11/
ME: 57%/43% 1V); cGVHD: 39% (6% extensive)
DIPSS int-2/high: 49% Graft failure: total 40.0% (not
differentiated)
Shanavas*® 2014 27 patients Conditioning: 26% MAC; 74% Survival: 1-year OS: 77%; 2-year OS:
median age: 61 (R: 30- | RIC 56%; 1-year NRM: 23%
70) Donor source: 59% MRD; 30% RES/EFS/PES/DES: 2-year PFS: 46%
Primary/Secondary MUD; 11% MMUD GVHD: aGVHD: 48% (12% grade 111/
MEF: 63%/34% GVHD prophylaxis: 74% CsA/ 1V); cGVHD: 66%
DIPSS int-2/high: 82% MMF; 19% CsA/alemtuzumab; Graft failure: total 0%
4% CsA/MMF/alemtuzumab; 4%
CsA/IMMF/ATG
Slot50 2015 53 patients Conditioning: 36% Survival: 2-year OS: 49%,; 2-year

median age: 60 (R: 36—
69)
Primary/Secondary

nonmyeloablative; 64% RIC
Donor source: 34% MRD; 42%
MUD; 15% MMUD; 7% UC

NRM: 43%
RES/EFS/PFS/DFS: not reported
GVHD: aGVHD: 63%; cGVHD: 49%
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Author (ref) Year of Study population Transplant characteristics Qutcomes
publication
MF: 64%/36% GVHD prophylaxis: 4% CsA; Graft failure: total 28.3% (22.6%
DIPSS int-2/high: 44% 56% CsA/MMF; 11% CsA/ primary; 5.7% secondary)
mycophenolic acid; 6% CsA/
steroid; 16% CsA/MMF/steroid;
2% mycophenolic acid; 2% none
Shanavas®® 2016 100 patients Conditioning: 44% MAC; 56% Survival: 2-year OS: 61%,; 2-year
median age: 59 (R: 32— | RIC NRM: 28%
72 Donor source: 36% MRD; 50% RFS/EFS/PFS/DFS: not reported
Primary/Secondary MUD GVHD: aGVHD: 37% (16% grade 11/
ME: 57%/43% GVHD prophylaxis: not reported 1V); cGVHD: 48% (23% extensive)
DIPSS int-2/high: 54% Graft failure: total 8.0% (4.0%
primary; 4.0% secondary)
Kroger3® 2017 169 patients Conditioning: 2% MAC; 98% Survival: 5-year OS: 56%; 1-year
median age: 58 (R: 18- | RIC NRM: 28%
75) Donor source: 21% MRD; 49% RES/EFS/PES/DES: 5-year PFS: 48%
Primary/Secondary MUD; 30% MMUD Graft failure: not reported
MEF: 65%/27% GVHD prophylaxis: not reported
DIPSS int-2/high: 73%
Lestang®® 2017 34 patients Conditioning: 82% MAC; 15% Survival: 5-year OS: 52%; 2-year
median age: 57 (R: 41- | RIC NRM: 30%
66 Donor source: 42% MRD; 39% RFS/EFS/PFS/DFS: 5-year PFS: 40%
Primary/Secondary MUD:; 12% MMUD; 7% UC GVHD: aGVHD: 41% (9% grade 111/
ME: 65%/35% GVHD prophylaxis: not reported | 1V); cGVHD: 42% (27% extensive)
Graft failure: total 10.0% (10.0%
primary; secondary not reported)
Wolschke53 2017 136 patients Conditioning: 100% RIC Survival: 5-year OS: 60%
median age: 58 (R: 32— | Donor source: 19% MRD; 49% RFS/EFS/PFS/DFS: not reported
75) MUD; 32% MMUD GVHD: aGVHD: 38% (18% grade
Primary/Secondary GVHD prophylaxis: not reported 1HI/1V)
MEF: 66%/29% Graft failure: not reported
Abd Kadirl® 2018 159 patients Conditioning: 31% MAC; 69% Survival: 2-year OS: 86%; 2-year
median age: 59 (R: 28— | RIC NRM: 23%
74) Donor source: 15% MRD; 54% RFS/EFS/PFS/DFS: 2-year PFS: 62%
Primary/Secondary MUD; 31% MMUD GVHD: not reported
MF: 68%/32% GVHD prophylaxis: 18% CsA/ Graft failure: total 4.4% (3.1%
DIPSS int-2/high: 68% MTX; 75% CsA/MMF; 1% Tac/ primary; 1.3% secondary)
MMF; 5% other
Kuykendall38 2018 17 patients Conditioning: not reported Survival: 2-year OS: 67%
median age: 62 (R: 42— | Donor source: not reported RFES/EFS/PFS/DFS: not reported
72) GVHD prophylaxis: not reported | GVHD: not reported
Primary/Secondary Graft failure: not reported
ME: not reported
DIPSS int-2/high: 83%
Tefferi®? 2018 67 patients Conditioning: 18% MAC; 82% Survival: 5-year OS: 62%
median age: 55 (R: 19— | RIC RES/EFS/PES/DFES: not reported
68) Donor source: 45% MRD; 46% GVHD: aGVHD: 68%; cGVHD: 44%
Primary/Secondary MUD (33% moderate/severe)
ME: 64%/36% GVHD prophylaxis: 45% Tac/ Graft failure: total 4.5% (4.5%
DIPSS int-2/high: 79% MTX+/-ATG; 22% Tac/MMF/ primary; secondary not reported)
ATG; 30% CSA/IMTX
Ali22 2019 110 patients Conditioning: 100% RIC Survival: 5-year OS: 65%; 5-year
median age: 55 (R: 29— Donor source: 46% MRD; 40% NRM: 17%
72 MUD; 14% MMUD RFS/EFS/PFS/DFS: 5-year PFS: 60%
Primary/Secondary GVHD prophylaxis: 91% Tac/ GVHD: aGVHD: 45% (17% grade 111/
MF: 53%/43% sirolimus-based; 4% Tac-based; 1V); cGVHD: 59% extensive
DIPSS int-2/high: 52% | 5% CsA/MMF-based Graft failure: total 1.8% (1.8%
primary; secondary not reported)
Barabanshikova®’ 2019 20 patients Conditioning: 100% RIC Survival: 2-year OS: 85%; 2-year
median age: 51 (R: 32— | Donor source: 15% MRD; 55% NRM: 15%
64) MUD; 10% MMUD; 20% haplo RES/EFS/PFS/DFS: 2-year EFS: 72%

Primary/Secondary
MEF: 65%/35%

DIPSS int-2/high: not
reported

GVHD prophylaxis: 100%
PTCy/ruxolitinib

GVHD: aGVHD: 25% (25% grade 111/
1V); cGVHD: 40% (20% extensive)
Graft failure: total 15.0% (15.0%
primary; secondary not reported)
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Author (ref) Year of Study population Transplant characteristics Qutcomes

publication

Barabanishikova2® 2019 8 patients Conditioning: 100% RIC Survival: 2-year OS: 90%
median age: not Donor source: 25% MRD; 38% RFS/EFS/PFS/DFS: not reported
reported MUD; 38% haplo GVHD: aGVHD: 38% (25% grade 111/
Primary/Secondary GVHD prophylaxis: 100% PTCy | 1V); cGVHD: 13% (0% extensive)
ME: not reported Graft failure: total 12.5% (12.5%
DIPSS int-2/high: not primary; secondary not reported)
reported

Gagelmann?28 2019 159 patients Conditioning: 16% MAC; 84% Survival: 2-year OS: 61%
median age: 59 (R: 33— | RIC RFS/EFS/PFS/DFS: not reported
75) Donor source: 37% MRD; 63% GVHD: not reported
Primary/Secondary MUD Graft failure: not reported
MEF: 0%/100% GVHD prophylaxis: not reported
DIPSS int-2/high: 53%

Guptas? 2019 21 patients Conditioning: 100% RIC Survival: 2-year OS: 63%; 2-year
median age: 59 (R: 39— Donor source: 33% MRD; 67% NRM: 28%

70) MUD RFS/EFS/PFS/DFS: 2-year PFS: 59%

Primary/Secondary GVHD prophylaxis: 100% GVHD: aGVHD: 57% (14% grade 111/

MEF: 48%/52% calcineurin inhibitor +/- ATG 1V); cGVHD: 76% (19% extensive)

DIPSS int-2/high: 76% Graft failure: total 14.3% (4.8%
primary; 9.5% secondary)

Helbig®? 2019 44 patients Conditioning: 2% MAC, 98% Survival: 2-year OS: 54%
median age: 49 (R: 14— | RIC RFS/EFS/PFS/DFS: not reported
67) Donor source: 43% MRD; 57%

MUD
Primary/Secondary GVHD prophylaxis: 100% GVHD: aGVHD: 47% (7% grade 111/
MEF: 68%/32% CSAIMTX +/- ATG 1V); cGVHD: 36%
DIPSS int-2/high: 84% Graft failure: total 2.3% (2.3%
primary; secondary not reported)

Mannina%0 2019 18 patients Conditioning: 33% MAC, 67% Survival: 5-year OS: 84%
median age: 59 (R: 43— | RIC RFS/EFS/PFS/DFS: 5-year RFS: 84%
67) Donor source: 39% MRD; 50% GVHD: aGVHD: 72% (11% grade 111/
Primary/Secondary MUD; 11% MMUD 1V); cGVHD: 50% (6% moderate)
MEF: 78%/22% GVHD prophylaxis: not reported Graft failure: 0%

DIPSS int-2/high: 72%

McLornan! 2019 2224 patients (14-43 Conditioning: 35% MAC, 65% Survival: 5-year OS: 51% for RIC and
RIC and 781 MAC) RIC 53% for MAC; 1-year NRM: 26% for
median age: 57.5 (RIC) | Donor source: not reported RIC and 25.5% for MAC
and 52.8 (MAC) GVHD prophylaxis: not reported RFS/EFS/PFS/DFS: not reported
Primary/Secondary GVHD: not reported
ME: 65%/35% (RIC) Graft failure: total 12.0% (12.0%
and primary; secondary not reported)
83%/17% (MAC)

DIPSS int-2/high: not
reported

Raj*® 2019 56 patients Conditioning: 70% MAC, 30% Survival: 2-year OS: 56%; 2-year
median age: 57 (R: 38— | RIC NRM: 38%

72) Donor source: not reported RFS/EFS/PFS/DFS: 2-year RFS: 43%
Primary/Secondary GVHD prophylaxis: 79% PTCy, GVHD: aGVHD: 28% (9% grade 11/
ME: 75%/25% 21% other 1V); cGVHD: 42% (6% extensive)
DIPSS int-2/high: not Graft failure: total 22.0% (9.0%
reported primary; 13.0% secondary)

Salas?’ 2019 37 patients Conditioning: 100% RIC Survival: 2-year OS: 66%; 1-year
median age: 60 (R: 18— Donor source: 24% MRD; 46% NRM: 23%

69) MUD; 11% MMUD, 19% haplo RFS/EFS/PFS/DFS: 2-year RFS: 50%

Primary/Secondary GVHD prophylaxis: 100% CsA/ GVHD: aGVHD: 35% (11% grade 111/

ME: not reported PTCy/ATG 1V); cGVHD: 27% (22% extensive)

DIPSS int-2/high: 76% Graft failure: total 16.2% (not
differentiated)

Tamaris! 2019 101 patients Conditioning: 18% MAC, 82% Survival: 2-year OS: 61%; 5-year OS:

median age: 59 (R: 30—
73)
Primary/Secondary

RIC

Donor source: 46% MRD; 52%
MUD

GVHD prophylaxis: not reported

52%; 2-year NRM: 26%
RES/EFS/PFS/DFS: 2-year RFS: 56%
GVHD: not reported

Graft failure: not reported
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median age: 55 (R: 34—
72)
Primary/Secondary

ME: 77%/23%

DIPSS int-2/high:
100%

Author (ref) Year of Study population Transplant characteristics Qutcomes
publication
MF: 61%/28%
DIPSS int-2/high: 56%
Gowin?® 2020 551 patients Conditioning: 51% MAC, 7% Survival: 5-year OS: 55%
median age: 51 (R: 20— | nonmyeloablative, 41% RIC RFS/EFS/PFS/DFS: not reported
69) Donor source: 38% MRD; 47% GVHD: not reported
Primary/Secondary MUD; 15% MMUD Graft failure: not reported
MF: 84%/16% GVHD prophylaxis: not reported
DIPSS int-2/high: 34%
Hernandez- 2020 197 patients Conditioning: 33% MAC, 67% Survival: 5-year OS: 51%; 1-year
Boluda33 median age: 58 (R: 52— RIC NRM: 27%
62) Donor source: 43% MRD; RFS/EFS/PFS/DFS: not reported
Primary/Secondary 1% MMRD; 32% MUD; 13% GVHD: aGVHD: 55% (23% grade 111/
MEF: 56%/22% MMUD; 9% haplo, 3% UC 1V); cGVHD: 40% (20% extensive)
DIPSS int-2/high: 74% | GVHD prophylaxis: 54% Graft failure: total 5.1% (not
CsAbased, 40% Tac-based; 6% differentiated)
sirolimus-based; 28% PTCy;
24% ATG
Hernandez- 2020 2916 patients Conditioning: 35% MAC, 65% Survival: 5-year OS: 50%; 1-
Boluda3* median age: 56 RIC NRM: 26%
Primary/Secondary Donor source: 37% MRD; 63% RES/EFS/PFS/DFS: not reported
ME: 74%/26% MUD GVHD: aGVHD: 46% (14% grade 111/
DIPSS int-2/high: 61% GVHD prophylaxis: not reported 1V); cGVHD: 42% (24% moderate)
Graft failure: total 11.1% (not
differentiated)
Lwin36 2020 142 patients Conditioning: 17% MAC, 83% Survival: 5-year OS: 57%; 1-year
median age: 56 (R: 26— | RIC NRM: 25%
69 Donor source: 52% MRD RFS/EFS/PFS/DFS: 5-year PFS: 44%
Primary/Secondary GVHD prophylaxis: 57% CsA/ GVHD: aGVHD: 21% (9% grade 11/
MF: 66%/34% MTX; 15% CsA/MTX/steroid; 1V); cGVHD: 29% (18% moderate)
DIPSS int-2/high: 58% 9% CsA or tac Graft failure: total 12.7% (6.3%
+ MMF; 16% other primary; 6.3% secondary)
Morozova®® 2020 20 patients Conditioning: 100% RIC Survival: 2-year OS: 85%; 2-year
median age: 51 (R: 32— Donor source: 15% MRD; 55% NRM: 15%
64) MUD; 10% MMUD; 20% haplo RES/EFS/PFS/DFES: 2-year EFS: 72%
Primary/Secondary GVHD prophylaxis: 100% PTCy | GVHD: aGVHD: 25% (15% grade 111/
ME: 70%/30% + ruxolitinib 1V); cGVHD: 40% (20% moderate)
DIPSS int-2/high: 90% Graft failure: total 5.0% (5.0%
primary; secondary not reported)
Salit58 2020 28 patients Conditioning: 82% MAC, 18% Survival: 2-year OS: 86%
median age: 56 (R: 34— | RIC RFS/EFS/PFS/DFS: not reported
68 Donor source: 50% MRD GVHD: aGVHD: 70% (15% grade
Primary/Secondary GVHD prophylaxis: Tac + MTX 11/1V); cGVHD: 35% (29% moderate/
MF: 54%/46% or MMF severe)
DIPSS int-2/high: 58% Graft failure: total 0%
Yoon%4 2020 35 patients Conditioning: 100% RIC Survival: 2-year OS: 60%; 2-year

Donor source: 46% MRD; 29%
MUD; 14% MMUD; 11% haplo

GVHD prophylaxis: CsA or tac +
MTX +/- ATG

NRM: 30%

RES/EFS/PFS/DFS: not reported
GVHD: aGVHD: 54% (34% grade 111/
1V); cGVHD: 46% (33% moderate)
Graft failure: total 2.9% (0% primary;
2.9% secondary)

aGVHD - acute graft-versus-host disease; ATG — anti-thymocyte globulin; cGVHD - chronic graft-versus-host disease; CsA — cyclosporin A;

DFS — disease-free survival; EFS — event-free survival; haplo — haploidentical; MAC — myeloablative conditioning; MF — myelofibrosis; MMF

— mycophenolate mofetil; MMRD — mismatched related donor; MMUD — mismatched unrelated donor; MRD — matched related donor; MTX —
methotrexate; MUD — matched unrelated donor; NRM — non-relapse mortality; OS — overall survival; PTCy — post-transplant cyclophosphamide; R
—range; RFS - relapse-free survival; RIC — reduced intensity conditioning; Tac — tacrolimus; UC — umbilical cord
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