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Summary Allogeneic stem cell transplantation
(alloSCT) is the only curative treatment option for
patients with high-risk myelofibrosis (MF). However,
it is important to bear in mind that alloSCT in MF
is associated with a nonrelapse mortality that should
not be underestimated. Therefore, both exact dis-
ease risk categorization and thorough evaluation of
the individual transplant-related risk are mandatory
to identify those patients to whom alloSCT should
be offered. This short review is intended to provide
a concise overview on relevant aspects to be consid-
ered for patient selection, planning, and performing
alloSCT.
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Introduction

Myelofibrosis (MF), including the subentities pri-
mary myelofibrosis (PMF), prefibrotic myelofibrosis
(prePMF), postessential thrombocythemia myelofi-
brosis (postETMF), and postpolycythemia veramyelo-
fibrosis (postPV MF), in general is a high-risk disease,
mainly due to the risk of leukemic transformation in
about 25% of patients within 10 years [1]. Despite re-
cent progress of drug therapy (especially janus kinase
(JAK) inhibition), allogeneic stem cell transplanta-
tion (alloSCT) is still the only curative treatment with
improvement in overall survival (OS) during the last
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20 years, reaching 5-year OS rates >50% [2–4]. The
challenge is to identify the right candidates and the
best timepoint for alloSCT and to define optimized
strategies of how to perform the procedure. This ar-
ticle provides an overview of these key issues in the
treatment of patients with MF.

Methods

This review is based on Onkopedia guidelines by
the Deutsche/Österreichische/Schweizerische Gesell-
schaften für Hämatologie und Onkologie, the Euro-
pean Society for Blood and Marrow Transplantation
(EBMT), and the European Leukemia Net (ELN), in-
cluding a screening of PubMed with the keywords
myelofibrosis and allogeneic SCT.

Patient selection for alloSCT

After diagnosis of MF, classification of the imminent
disease risk is crucial. The risk scores established
for the respective MF subentity should be used for
this purpose. For PMF and prePMF, these are the
Dynamic International Prognostic Scoring System
(DIPSS(-plus)) score or Mutation-enhanced Interna-
tional Prognostic Scoring System Version2 (MIPSS-v2)
[5–7]. The latter should be preferred, as beyond cyto-
genetics prognostically important molecular genetic
parameters are also included. Therefore, in addition
to the karyogram and the classical driver mutations,
the well-known molecular high-risk mutations should
be determined (Table 1). With this information, MF
patients can be categorized into different risk groups.
This should not only be done at initial diagnosis,
but also repeatedly during follow-up to detect pos-
sible progression. For patients with postET/PV MF,
the MYelofibrosis SECondary to PV and ET (MYSEC
score) has been established [8].
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Table 1 Recommended bone marrow and genetic
diagnosticsa in myelofibrosis
Bone marrow aspiration If possible, but often dry tap

Bone marrow biopsy Essential for diagnosis of fibrosis

Karyotype Essential

Driver mutations JAK-2, CALR (Type 1 and 2), MPL

High-risk mutations ASXL1, EZH2, IDH1/IDH2, SRSF2,
U2AF1Q157

Additional TP-53
aEssential assessments for exact risk-classification using the scores men-
tioned and explained in the text.

Based on these scores, the disease can then be clas-
sified into four risk categories (low/intermediate-1/
intermediate-2/high-risk) according to DIPSS-plus or
the 5-level classification according to MIPPS-v2 (very
low/low/intermediate/high/very high risk). Ten-year
overall survival (OS) according to MIPPS-v2 ranges
from 86 to 3% [7]. In general, the lower risk groups are
initially just monitored (watch and wait strategy) or
treated by drug therapy, in particular JAK inhibitors. In
contrast, higher risk patients in principle have an in-
dication for alloSCT (Fig. 1). This separation is mainly
based on a large retrospective study published before
the JAK inhibitor era, including 443 patients from sev-
eral registries, 188 treated by alloSCT and 255 by con-
ventional therapy [3]. The study showed that patients
with DIPSS intermediate-2 risk or high risk benefit
from an alloSCT in terms of OS, while patients with

Fig. 1 Algorithm of action
after diagnosis of myelofi-
brosis (MF)

low risk had a worse outcome after transplantation.
For patients with intermediate-1 risk, OS benefit was
evident after 15–20 years only. Hence, current guide-
lines recommend alloSCT in intermediate-1 risk if ad-
ditional individual risk factors, such as TP53 muta-
tions, are identified [9, 10].

Independently from current risk status, each newly
diagnosed MF patient that might be eligible for al-
loSCT based on age and comorbidities should be re-
ferred to a transplant center for counseling. In pa-
tients without a clear transplant indication at that
timepoint, we find it reasonable to perform HLA typ-
ing and screening of the core family for a potential
donor to be prepared for the case of a later disease
progression, which may then define the indication for
alloSCT. These patients must be carefully monitored
in order not to miss the timepoint for another refer-
ral to the transplant center once disease progression
occurs.

In patients with indication for alloSCT on the basis
of their individual risk score, an immediate search
for both related and unrelated donors is indicated.
Furthermore, the particular probability of survival
after alloSCT must be calculated using the Myelofi-
brosis Transplantation Scoring System (MTSS) [11].
In addition to clinical and molecular parameters (age,
KPS, leucocytes, platelets, CARL/MPL/ASXL1), the
score considers the degree of HLA match between
patient and a potential donor. This results in a 4-level
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score for the 5-year OS probability, ranging from 34
to 90%. Hence, patients with a disease risk suggesting
an indication for alloSCT are finally regarded as good
transplant candidates if they achieve low and inter-
mediate transplant-related risk according to MTSS,
while the decision in patients with MTSS high risk
or very high risk must be individualized (Fig. 1; [10,
11]). Since the MTSS does not include comorbidi-
ties, it may be useful to additionally use the general
risk score for alloSCT (HCT-CI), especially since it
has recently been shown to be a valid tool for MF as
well [12]. Once indicated, alloSCT should be planned
and performed as soon as possible. As outlined be-
low, specific treatment in particular using ruxolitinib
might be indicated before proceeding to alloSCT.

Performing alloSCT

Prospective clinical trials in MF are scarce in the con-
text of alloSCT. Hence, recommendations are essen-
tially based on retrospective analyses, indirect com-
parisons, and expert opinions. In addition to the gen-
eral proceedings of alloSCT, three main questions are
of particular interest when alloSCT is performed for
MF: (1) treatment prior to planned alloSCT, (2) donor
type, and (3) the conditioning regimen.

Treatment prior to alloSCT

Constitutional symptoms and symptomatic spleno-
megaly are relevant clinical problems in MF in the
context of alloSCT, as they are associated with a higher
rate of graft failure. To address this problem, pre-
treatment with the JAK inhibitor ruxolitinib before
alloSCT has become an established standard. Two
prospective single-arm phase 2 studies showed that
ruxolitinib can reduce spleen size and constitutional
symptoms before alloSCT with good engraftment and
posttransplant outcome [13, 14]. In a large EBMT
study, engraftment was superior in patients who re-
sponded to ruxolitinib prior to alloSCT compared to
nonresponders or patients not receiving ruxolitinib.
Two-year event-free survival was superior after ruxoli-
tinib pretreatment, while OS was similar [15]. The use
of second-generation JAK inhibitors (e.g., fedratinib
or momelotinib) before alloSCT is not yet supported
by large-scale data, but may represent an option in
case of ruxolitinib failure [16]. Patients with persist-
ing splenomegaly after treatment with JAK inhibitors
may benefit from splenectomy or splenic irradiation
with respect to reduction of graft failure and relapse
risk. However, the relevance of these procedures for
final outcome has been debated. Especially splenec-
tomy is associated with risk of the procedure itself,
whereas splenic irradiation might be associated with
hematotoxicity and limited efficacy. Therefore, both
procedures should be evaluated and weighted due
to local experience and individual patient conditions
[16, 17].

The treatment of patients with blast phase/sAML
prior to alloSCT is a challenging condition which is
discussed elsewhere [10].

Donor selection

Evenmore than in other diseases, the availability of an
HLA-matched sibling or unrelated donor plays a ma-
jor role in MF, as HLA-mismatched transplantation
has been associated with inferior outcome. This had
been described earlier, but was confirmed recently in
the context of the establishment of the MTSS [11, 18].
Umbilical cord blood transplantation was associated
with a high rate of graft failure and is not routinely
recommended [19]. The increasingly widespread use
of haploidentical (haplo) SCT has also reached MF.
Improving results in terms of OS suggested that hap-
loSCT could be an option in lack of a matched donor
[20, 21].

Conditioning

According to EBMT definitions, reduced intensity
conditioning (RIC) regimen can be distinguished from
standard, myeloablative (MAC) protocols [22]. In MF,
two large registry studies have shown comparable OS
following RIC and MAC transplants (5-year OS 51%
versus 53%, and 54 versus 49%, respectively) [23, 24].
In a recent analysis, MAC was not even beneficial
in patients with genetically defined high-risk dis-
ease [25]. Nevertheless, MAC could be an option for
younger and fit patients, as GvHD-free, relapse-free
survival was significantly superior for MAC versus RIC
and KPS >80% or age <50 years showed to be associ-
ated with superior OS and NRM in the retrospective
EBMT study [23]. The two most frequently used RIC
regimen comprise fludarabine/busulfan and fludara-
bine/melphalan. OS was not different between these
two protocols (7-year OS 59% versus 52%), while
relapse incidence was higher and GvHD was lower
with fludarabine/busulfan in a retrospective EBMT
analysis [26]. In a further study, fludarabine/busulfan
led to significant superior survival compared to flu-
darabine/melphalan [27]. Recently, other approaches
such as the use of fludarabine/treosulfan or the addi-
tion of low-dose total body irradiation or thiotepa to
fludarabine/busulfan have been published showing
further improvement in alloSCT for MF [28–30].

Follow up after alloSCT

Patient care after alloSCT for MF follows the standard
principles. Molecular monitoring in particular JAK 2
is a useful tool for early identification of incipient re-
lapse.
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Conclusion

Despite improved drug therapy, stem cell transplan-
tation (alloSCT) is still the only curative treatment for
myelofibrosis (MF) and should be offered to higher
risk patients, with an acceptable estimated probability
of survival after alloSCT. Validated scores are available
to calculate both disease and transplant risk at diag-
nosis and during the course of the disease. To identify
the best timepoint for alloSCT is challenging. There-
fore, patients should be offered to be presented to
an experienced transplant center after diagnosis. Pa-
tients initially not selected for alloSCT due to low-risk
status should be closely monitored for progression.
Patients selected for alloSCT should receive ruxolitinib
to reduce constitutional symptoms and spleen volume
before alloSCT. For the implementation of alloSCT, an
HLA-matched donor and a reduced intensity condi-
tioning (RIC) regimen (exception: young and fit pa-
tients) are preferred.

Take home message

AlloSCT is the only curative treatment option. There-
fore, a risk assessment should be done at diagnosis and
during the disease course to offer alloSCT to eligible pa-
tients at the optimal timepoint.

Funding Open Access funding enabled and organized by
Projekt DEAL.

Conflict of interest K.Hirschbühl andC. Schmid declare that
they have no competing interests.

Open Access This article is licensed under a Creative Com-
mons Attribution 4.0 International License, which permits
use, sharing, adaptation, distribution and reproduction in
anymedium or format, as long as you give appropriate credit
to the original author(s) and the source, provide a link to
the Creative Commons licence, and indicate if changes were
made. The images or other third party material in this article
are included in the article’sCreativeCommons licence, unless
indicated otherwise in a credit line to thematerial. If material
is not included in the article’s Creative Commons licence and
your intended use is not permitted by statutory regulation or
exceeds the permitted use, you will need to obtain permis-
sion directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Barbui T, Thiele J, Gisslinger H, et al. The 2016 WHO
classificationanddiagnostic criteria formyeloproliferative
neoplasms: document summary and in-depth discussion.
BloodCancerJ.2018;8:15.

2. Verstovsek S, Gotlib J, Mesa RA, et al. Long-term sur-
vival in patients treated with ruxolitinib for myelofibrosis:
COMFORT-I and -II pooled analyses. J Hematol Oncol.
2017;10:156.

3. Kroger N, Giorgino T, Scott BL, et al. Impact of allo-
geneic stemcell transplantationon survival of patients less
than 65 years of age with primary myelofibrosis. Blood.
2015;125:3347–50.

4. CIBMTR.summaryslides. 2019. http://cibmtr.org.
5. Gangat N, Caramazza D, Vaidya R, et al. DIPSS plus: a re-

fined dynamic international prognostic scoring system for
primary myelofibrosis that incorporates prognostic infor-
mation from karyotype, platelet count, and transfusion
status. JClinOncol. 2011;29:392–7.

6. Guglielmelli P, Lasho TL, Rotunno G, et al. MIPSS70: mu-
tation-enhanced international prognostic score systemfor
transplantation-age patients with primary myelofibrosis.
JClinOncol. 2018;36:310–8.

7. Tefferi A, Guglielmelli P, Lasho TL, et al. MIPSS70+ ver-
sion 2.0: mutation and karyotype-enhanced international
prognostic scoring systemforprimarymyelofibrosis. JClin
Oncol. 2018;1769–70.

8. PassamontiF,GiorginoT,MoraB,etal. Aclinical-molecular
prognostic model to predict survival in patients with post
polycythemia vera and post essential thrombocythemia
myelofibrosis. Leukemia. 2017;31:2726–31.

9. Gagelmann N, Badbaran A, Salit RB, et al. Impact of
TP53 on outcome of patients with myelofibrosis under-
going hematopoietic stem cell transplantation. Blood.
2023;141:2901–11.

10. Kröger N, Bacigalupo A, Barbui T, et al. Indication and
managementofallogeneichaematopoieticstem-celltrans-
plantation in myelofibrosis: updated recommendations
by the EBMT/ELN International Working Group. Lancet
Haematol. 2024;11:e62–e74.

11. GagelmannN,DitschkowskiM,BogdanovR,etal.Compre-
hensive clinical-molecular transplant scoring system for
myelofibrosisundergoingstemcell transplantation. Blood.
2019;133:2233–42.

12. Polverelli N, Bonneville EF, de Wreede LC, et al. Impact of
comorbiditiesandbodymassindexontheoutcomesofallo-
geneichematopoieticcell transplantationinmyelofibrosis:
astudyonbehalfof thechronicmalignanciesworkingparty
ofEBMT.AmJHematol. 2024;99:993–6.

13. Salit RB, Scott BL, Stevens EA, et al. Pre-hematopoi-
etic cell transplant ruxolitinib in patients with primary
and secondary myelofibrosis. Bone Marrow Transplant.
2020;55:70–6.

14. GuptaV,KosiorekHE,MeadA,etal. Ruxolitinibtherapy fol-
lowedbyreduced-intensityconditioningforhematopoietic
cell transplantation for myelofibrosis: myeloproliferative
disorders research consortium 114 study. Biol BloodMar-
rowTransplant. 2019;25:256–64.

15. KrogerN, Sbianchi G, Sirait T, et al. Impact of prior JAK-in-
hibitortherapywithruxolitinibonoutcomeafterallogeneic
hematopoietic stem cell transplantation formyelofibrosis:
astudyof theCMWPofEBMT.Leukemia. 2021;35:3551–60.

16. Polverelli N, Hernández-Boluda JC, Czerw T, et al.
Splenomegaly in patients with primary or secondary
myelofibrosis who are candidates for allogeneic hemato-
poietic cell transplantation: a position paper on behalf
of the chronic malignancies working party of the EBMT.
LancetHaematol. 2023;10:e59–e70.

17. Gagelmann N, Hobbs GS, Campodonico E, et al. Splenic
irradiation for myelofibrosis prior to hematopoietic cell
transplantation: a global collaborative analysis. Am J
Hematol. 2024;99:844–53.

18. Kröger N, Holler E, Kobbe G, et al. Allogeneic stem
cell transplantation after reduced-intensity conditioning
in patients with myelofibrosis: a prospective, multicenter
studyofthechronicleukemiaworkingpartyoftheEuropean
group for blood and marrow transplantation. Blood.
2009;114:5264–70.

19. Robin M, Giannotti F, Deconinck E, et al. Unrelated
cord blood transplantation for patients with primary or

218 Importance of allogeneic stem cell transplantation in myelofibrosis K

http://creativecommons.org/licenses/by/4.0/
http://cibmtr.org


short review

secondary myelofibrosis. Biol Blood Marrow Transplant.
2014;20:1841–6.

20. RajK,EikemaDJ,McLornanDP,etal. Familymismatchedal-
logeneicstemcell transplantationformyelofibrosis: report
from the chronicmalignancies working party of European
Society for Blood andMarrowTransplantation. Biol Blood
MarrowTransplant. 2019;25:522–8.

21. Kunte S, Rybicki L, Viswabandya A, et al. Allogeneic
bloodormarrowtransplantationwithhaploidenticaldonor
and post-transplantation cyclophosphamide in patients
with myelofibrosis: a multicenter study. Leukemia.
2022;36:856–64.

22. Shimoni ARV, Nagler A. Conditioning. The EBMT hand-
book. 2024. pp.125–134.

23. McLornan D, Szydlo R, Koster L, et al. Myeloablative and
reduced-intensity conditioned allogeneic hematopoietic
stem cell transplantation inmyelofibrosis: a retrospective
study by the chronic malignancies working party of the
European Society for Blood and Marrow Transplantation.
BiolBloodMarrowTransplant. 2019;25:2167–71.

24. KimDH,Seo J, ShinDY, etal. Reduced-intensity condition-
ing versusmyeloablative conditioning allogeneic stem cell
transplantation for patientswithmyelofibrosis. BloodRes.
2022;57:264–71.

25. Gagelmann N, Salit RB, Schroeder T, et al. Highmolecular
andCytogeneticriskinMmelofibrosisdoesnotbenefitfrom
higher intensity conditioning before Hematopoietic cell
transplantation: an international collaborative analysis.
Hemasphere. 2022;6:e784.

26. Robin M, Porcher R, Wolschke C, et al. Outcome af-
ter transplantation according to reduced-intensity con-
ditioning regimen in patients undergoing transplanta-
tion for myelofibrosis. Biol Blood Marrow Transplant.
2016;22:1206–11.

27. Murthy GSG, Kim S, Estrada-Merly N, et al. Association
between the choice of the conditioning regimen and out-
comes of allogeneic hematopoietic cell transplantation for
myelofibrosis. Haematologica. 2023;108:1900–8.

28. RobinM, Iacobelli S, Koster L, et al. Treosulfan compared
to busulfan in allogeneic haematopoietic stem cell trans-
plantation for myelofibrosis: a registry-based study from
thechronicmalignanciesworkingparty of theEBMT.Bone
MarrowTransplant. 2024. e-pubaheadofprint2024/03/16
21:43

29. FreyerCW,BabushokDV,FreyNV,etal. Low-dosetotalbody
irradiation added to fludarabine and busulfan reduced-
intensity conditioning reduces graft failure inpatientswith
myelofibrosis. TransplantCellTher. 2022;28:590–6.

30. Battipaglia G, Mauff K, Wendel L, et al. Thiotepa-busul-
fan-fludarabine (TBF) conditioning regimen in patients
undergoing allogeneic hematopoietic cell transplantation
for myelofibrosis: an outcome analysis from the chronic
malignancies working party of the EBMT. Bone Marrow
Transplant. 2021;56:1593–602.

Publisher’sNote SpringerNature remainsneutralwith regard
to jurisdictional claims in published maps and institutional
affiliations.

.

7For latest news from interna-
tional oncology congresses see: 
http://www.springermedizin.at/
memo-inoncology

K Importance of allogeneic stem cell transplantation in myelofibrosis 219


	Importance of allogeneic stem cell transplantation in myelofibrosis
	Klaus Hirschbühl, Christoph Schmid
	Nutzungsbedingungen / Terms of use:
	CC BY 4.0  

	Importance of allogeneic stem cell transplantation in myelofibrosis
	Summary
	Introduction
	Methods
	Patient selection for alloSCT
	Performing alloSCT
	Treatment prior to alloSCT
	Donor selection
	Conditioning
	Follow up after alloSCT

	Conclusion
	References


