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Summary
Myelofibrosis (MF) is a heterogeneous disease for which
long-term, effective medical therapeutic options are currently
limited. The role of allogeneic haematopoietic stem cell
transplant (AHSCT) in this population, many of whom are
elderly, often provides a challenge with regard to the identification of suitable candidates, timing of transplantation in the
disease course and choice of conditioning regimen. This
review summarizes key findings from published data concerning AHSCT in MF and attempts to provide a state of the
art approach to MF-AHSCT in 2012. In addition, we postulate on how the era of JAK inhibition might impact on transplantation for MF.
Keywords: myelofibrosis, stem cell transplant, splenectomy,
JAK inhibitors.
Primary myelofibrosis (PMF) is a myeloproliferative neoplasm (MPN) which is characterized by clonal expansion of
abnormal haematopoietic cells, accompanied by increased
secretion of cytokines resulting in secondary bone marrow
fibrosis, osteosclerosis and angiogenesis. Patients develop variable degrees of anaemia, cytopenias, peripheral blood (PB)
leucoerythroblastosis and extramedullary haemopoiesis often
associated with marked hepatosplenomegaly. PMF is an
uncommon disease, with an estimated incidence of 0·5–1·5
per 100 000, and a median age at presentation of 67 years.
The clinical course is heterogeneous, ranging from an indolent disease in some patients, who may survive for decades, to
an aggressive disease in other cases, often associated with disabling constitutional symptoms, poor quality of life and a
survival measured in months. Myelofibrosis (MF) can also
arise following a prior diagnosis of Polycythaemia Vera (postPV MF) or Essential Thrombocythaemia (post-ET MF).
Whilst such cases of secondary myelofibrosis (sMF) are often

Correspondence: Dr Donal P. McLornan, Department of
Haematological Medicine, 4th Floor Hambleden Wing West, King’s
College Hospital NHS Foundation Trust, Denmark Hill, London SE5
9RS, UK. E-mail: donal.mclornan@nhs.net
ª 2012 Blackwell Publishing Ltd
British Journal of Haematology, 2012, 157, 413–425

phenotypically similar to PMF, it is important to recognize
these conditions as distinct entities, as classified by International Working Group consensus criteria (Barosi et al, 2008).
No available conventional drug therapies for MF have been
shown to prolong survival. Palliative agents include erythropoietin, androgens, immunomodulatory agents, interferon,
cytoreductive therapies and non-pharmacological approaches,
such as blood transfusion, splenic irradiation and splenectomy. The only potentially curative therapy for MF is allogeneic haematopoietic stem cell transplantation (AHSCT). As
MF is primarily a disease of the elderly, this has historically
been a rare indication of AHSCT. However, with the advent
of reduced intensity conditioning (RIC) regimens, the applicability of this approach has been broadened to include a larger proportion of MF patients (Samuelson et al, 2011).
Nonetheless, as MF occurs in a heterogeneous patient group
and is often associated with frequent comorbidities and disease-related complications, a number of challenges relating to
patient selection, timing and choice of conditioning regimen
are inevitably created. Furthermore, following the description
of aberrant Janus Kinase (JAK) activation in the majority of
MF patients, often due to presence of the JAK2 V617F mutation, JAK2-inhibitor therapies have been developed for
patients with MF. Clinical trials have shown that these agents
have considerable therapeutic potential in MF patients, thus
offering an additional treatment option as a potential alternative or adjunct to AHSCT. The purpose of this article is to
review the role of AHSCT in the management of patients with
MF, and how this might be influenced by the introduction of
JAK2-inhibitor therapies for this group.

Patient selection for AHSCT
Given the marked heterogeneity in the clinical course of MF, a
risk-adapted approach is essential to guide therapeutic decision-making. Suggested approaches to current management
have recently been published (Barbui et al, 2011; Tefferi et al,
2011). Historically, the ‘Lille score’ has been paramount in
guiding risk-adjusted therapy for MF- patients, with consideration of AHSCT for those individuals with intermediate or
higher risk disease (Dupriez et al, 1996; Hoffman & Rondelli,
2007). At present, the International Prognostic Scoring System
(IPSS) is the most widely used approach for risk stratification
First published online 29 March 2012
doi:10.1111/j.1365-2141.2012.09107.x

Review
(Cervantes et al, 2009) and has largely superseded older prognostic scoring schemes (Cervantes & Pereira, 2012). The IPSS
estimates survival from the time of diagnosis, based on five
risk factors: age > 65 years, haemoglobin < 100 g/l, leucocyte
count > 25 9 109/l, circulating blasts  1% and the presence
of constitutional symptoms. Patients are then classified as low
risk (score = 0), intermediate risk-1 (score = 1), intermediate
risk-2 (score = 2) and high risk (score  2) with median survivals of 135, 95, 48 and 27 months, respectively. A dynamic
IPSS score (DIPSS) has subsequently been developed using the
same five variables, but allowing prediction of prognosis at
any time during the course of PMF (Passamonti et al, 2010a).
Using this model, unlike the original IPSS, a haemoglobin
concentration <100 g/l accrues two points. Patients are then
classified as low risk (score = 0), intermediate risk-1
(score = 1 or 2), intermediate risk-2 (score = 3 or 4) high risk
(score = 5 or 6). The DIPSS has been subsequently refined to
the ‘DIPSS plus’, which includes three additional independent
risk factors; transfusion dependence, unfavourable karyotype
(including +8, 7/7q-, i(17q), inv(3), 5/5q-, 12p-. 11q23
rearrangements and complex karyotypes) (Hussein et al,
2010) and platelet count < 100 9 109/l (Gangat et al, 2011).
Patients are scored as 0, 1, 2 or 3 on the basis of the DIPSS risk
groups. Thus, patients can then be classified as low risk
(score = 0), intermediate risk-1 (score = 1), intermediate risk2 (score = 2 or 3) or high risk (score = 4–6), with corresponding median survival estimates of 185, 78, 35 and
16 months. Importantly, all of these prognostic-scoring systems are based on analyses of patients with PMF and not sMF.
These prognostic-scoring systems are summarized in Table I.
A key utility of these systems is to inform AHSCT management decisions. The current European LeukaemiaNet recommendations suggest that it is ‘reasonable to justify the risk of
alloSCT-related complications in otherwise transplantation
eligible patients whose median survival is expected to be
<5 years’ (Barbui et al, 2011). Thus, using the above scoring
systems, intermediate-2 and high-risk patients would be considered eligible for AHSCT. The recommendations also suggest that patients with transfusion dependence or
unfavourable cytogenetics should be considered for AHSCT,
reflecting the inclusion of these factors in the DIPSS plus
scoring system. As discussed below, a number of important
non-disease related factors, such as age, donor type and comorbidities, also have a major influence on the outcome following AHSCT (Sorror et al, 2005), and these have to be
carefully integrated into the decision to proceed to AHSCT.
Furthermore, much of the literature estimating non-relapse
mortality (NRM) in this patient group is outdated and
improvements in supportive care and conditioning regimens
are likely to have already translated into lower levels of NRM
for these patients than might be apparent from the earlier
published cohorts (Deeg & Appelbaum, 2011). Consequently,
it remains controversial whether patients with low-risk or
intermediate-1 risk disease should proceed to AHSCT (Tefferi, 2010, 2011; Deeg & Appelbaum, 2011). For example, a
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young patient aged < 30 years with IPSS intermediate-1 PMF
would have an estimated median survival of 95 months.
However, if this patient has a matched sibling donor (MSD)
available, there could be a strong argument in favour of proceeding with AHSCT at an early stage rather than delaying
until the patient was older with higher-risk advanced disease
and associated co-morbidities. This is supported by the Gruppo Italiano Trapianto di Midollo Osseo (GITMO) study that
identified a long interval between diagnosis and transplantation as an adverse prognostic factor (Patriarca et al, 2008). A
number of other studies have attempted to examine this issue
by assessing the predictive value of conventional prognostic
factors for survival in MF patients who underwent AHSCT. A
retrospective analysis of transplants carried out for MF at the
Fred Hutchinson Cancer Center demonstrated prognostic significance of the IPSS score for predicting post-transplant survival. The 6-year survival for low, intermediate-1,
intermediate-2 and high-risk groups was 80%, 67%, 54% and
38%, respectively (Scott et al, 2010). Furthermore, the same
group have recently demonstrated the utility of the DIPSS
score in predicting outcome post- AHSCT (Scott et al, 2012).
Earlier studies from this centre also suggested that cytogenetic
abnormalities, degree of marrow fibrosis, low platelet count,
older age and adverse comorbidity score (Sorror et al, 2005)
may act as prognostic factors predicting outcome following
myeloablative conditioned (MAC)-AHSCT for MF (Deeg
et al, 2003; Kerbauy et al, 2007). The French group indicated
that a MSD, chronic phase disease and splenectomy in men
had a favourable impact on overall survival (OS) in a multivariate analysis (Robin et al, 2011).
Increasingly, transplant physicians are receiving referrals of
patients over the age of 65 years for consideration of AHSCT.
An early study of MAC-AHSCT for MF identified abnormal
karyotype as well as age as predictors of treatment failure
(Guardiola et al, 1999). Furthermore, both the Nordic group
(age > 60 years) and the Australian/New Zealand cooperative
group (age > 50 years) identified ‘older age’ as an adverse
prognostic factor for AHSCT in MF (Abelsson et al, 2011;
Nivison-Smith et al, 2012). In contrast, Samuelson et al
(2011) retrospectively investigated the outcomes of RIC-AHSCT in 30 patients aged 60–78 years (median age 65), many
with high Haematopoietic Cell Transplant-Comorbidity Index
(HCT-CI) scores. Engraftment, acute graft-versus-host disease
(aGVHD) and chronic GVHD (cGVHD) rates were similar to
those seen in studies with a higher proportion of younger
individuals. Respectable 3-year OS and progression-free survival (PFS) rates of 45% and 40%, respectively, were achieved.
Comparing patients less than and greater than 65 years old
failed to reveal a significant survival difference, although this
cohort may well represent a highly selected group.
There have been a number of attempts to develop
prognostic risk scores using data from MF patients who have
underwent AHSCT. A German group identified haemoglobin < 100 g/l, grade III marrow fibrosis and PB blast
count > 1% as risk factors for adverse outcome following
ª 2012 Blackwell Publishing Ltd
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<100 g/l
1 point

<100 g/l
2 points

<100 g/l

>65
1 point

>65
1 point

>65

IPSS
(Cervantes
et al, 2009)

DIPSS
(Passamonti
et al, 2010a)

DIPSS Plus
(Gangat
et al, 2011)

Constitutional
Symptoms
1 point

Constitutional
Symptoms
1 point

Constitutional
Symptoms

–

 1% Blasts on
PB film
1 point

 1% Blasts on
PB film
1 point

 1% Blasts on
PB film

<4 or >30 9 10 /l
1 point

>25 9 109/l

>25 9 109/l
1 point

>25 9 109/l
1 point

–

Circulating blasts

WCC
9

Constitutional
symptoms*

<100 9 109/l

–

–

–

Platelet count

Unfavourable†

–

–

–

Karyotype

Dependent

–

–

–

RBC
transfusion
need

Low
Intermediate-1
Intermediate-2
High

Low
Intermediate-1
Intermediate-2
High

Low
Intermediate-1
Intermediate-2
High

Low
Intermediate
High

Risk score

0
1
2–3
4–6

0
1–2
3–4
5–6

0
1
2
>2

0
1
2

185
78
35
16

NR
170
48
18

135
95
48
27

93
26
13

Median
survival
(months)

IPSS, International Prognostic Scoring System; DIPSS, Dynamic International Prognostic Scoring System; WCC, white cell count; RBC, red blood cell; NR, not reached; PB, peripheral blood.
*Constitutional symptoms defined as night sweats, loss of >10% body weight in the last 6 months, noninfectious fever.
†Unfavourable Karyotype defined as a complex karyotype or either a sole or two abnormalities including +8, 7/7q-, i(17q), 5/5q-, 12p-, inv(3) or 11q23 rearrangement.

<100 g/l
1 point

Haemoglobin

–

Age
(years)

Lille
(Dupriez
et al, 1996)

Prognostic
system

Table I. A summary of the key prognostic scoring systems in myelofibrosis.
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MAC-AHSCT. Patients with 2 or 3 of these risk factors had a
3-year survival of 16% compared with 67% for patients with
0 or 1 risk factor (Ditschkowski et al, 2004). A recent study
examined a cohort of 46 PMF patients who received a thiotepa-based RIC-AHSCT and identified three factors predicting an adverse outcome: transfusion history > 20 units,
spleen size > 22 cm, or those who had an alternative donor.
Patients with low risk (0–1 risk factors) or high-risk (2–3 risk
factors) features had a transplant-related mortality (TRM) of
8% and 41%, respectively, with a 5-year OS of 77% and 8%
(Bacigalupo et al, 2010). Whilst these studies are limited by
small cohort size and retrospective nature, taken together they
demonstrate, perhaps unsurprisingly, that older patients,
when compared to younger patients, with longstanding and/
or advanced disease tend to have a worse prognosis following
AHSCT. This supports that proceeding to early AHSCT
should be carefully considered whenever possible.
In the event of blastic transformation of MF, where the
median survival is only 2·7 months (Mascarenhas et al,
2010), if eligible, AHSCT may offer a chance of long term
survival, with some encouraging results in a small series
(Ciurea et al, 2010). Of note, a recent case report has
described the successful use of Pegylated Interferon (IFN)a-2a in achieving remission in a patient with transformed
PMF who refused polychemotherapy (Berneman et al, 2010).

Is there a role for splenectomy pre-AHSCT for
myelofibrosis?
Experience suggests that the vast majority of MF patients
referred for consideration of allografting have bulky splenomegaly. Conflicting data exists in the literature regarding the
role of splenectomy pre-AHSCT for MF. Its attraction as a
tumour debulking strategy is often upheld in clinical practice
and the question still remains if there is a sub-group of
patients who will benefit from splenectomy pre-AHSCT. Historical data from the Mayo Clinic on 314 MF patients undergoing splenectomy has suggested significant peri-operative
complications in up to almost 28% of individuals (Mesa
et al, 2006). The associated morbidity and mortality risk
necessitates great caution in routine recommendation. One
group has described decreased transfusion requirements and
enhanced neutrophil recovery in a small cohort (n = 26) of
MF patients undergoing AHSCT favouring pre-transplant
splenectomy (Li et al, 2001). The Société Française de Greffe
de Moelle et de Thérapie Cellulaire (SFGM-TC) cohort of
patients [RIC (n = 101) and MAC (n = 46)] included a
higher than expected proportion of patients who had undergone splenectomy (39%) pre-AHSCT (Robin et al, 2011).
Multivariate analysis demonstrated improved engraftment
with the use of PB stem cells, a sibling donor, a lack of
thrombocytopenia (when compared to those with normal
platelet counts) and in patients lacking splenomegaly/those
who had undergone splenectomy. Furthermore, a large, prospective study, (n = 103), coordinated by the Chronic Leu416

kaemia Working Party (CLWP) of the European group
Blood and Marrow Transplant (EBMT) group reported a
trend towards more rapid neutrophil engraftment in splenectomized (n = 14) versus non-splenectomized (n = 89) RICAHSCT recipients (Kröger et al, 2009a). However, univariate
analysis suggested a higher rate of relapse at 3-years in those
who underwent splenectomy [51% (20–82) versus no splenectomy 20% (10–20); P = 0·005]. This adverse effect on
relapse risk was confirmed on multivariate analysis [Hazard
Ratio (HR) = 3·58; 95% confidence interval (CI), 1·44–8·86;
P = 0·006]. In contrast, retrospective Center for International
Blood and Marrow Transplant Research (CIBMTR) data did
not suggest an effect of prior splenectomy on either graft
failure rates or disease-free survival (DFS) (Ballen et al,
2010). Neither have other retrospective analyses demonstrated an association of splenectomy with either NRM
(Stewart et al, 2010) or OS post-AHSCT (Kerbauy et al,
2007). It is important to note that successful engraftment
can still occur despite the presence of even massive splenomegaly. Ciurea et al (2008) recently described a cohort of
patients (n = 10) with splenomegaly, five of whom were
defined as extensive with a longitudinal spleen diameter > 30 cm, undergoing RIC-AHSCT. All patients engrafted and had a progressive reduction in spleen size,
occurring as marrow fibrosis resolved (Ciurea et al, 2008).
The exact role of the spleen in immune reconstitution/immunomodulation post-AHSCT and the potential association
with GVHD risk is unclear. Early work suggested a correlation between splenectomy and subsequent development of
GVHD. In a study of 157 patients undergoing AHSCT for
various diagnoses, an increased severity, but not incidence, of
aGVHD was demonstrated in splenectomized versus nonsplenectomized patients (Michallet et al, 1999). Furthermore,
others have described a potential link between splenectomy
and development of cGVHD in a large cohort of leukaemic
patients undergoing AHSCT (Boström et al, 1990). In contrast, subsequent work in a chronic myeloid leukaemia
(CML) AHSCT cohort did not find a significant effect on
either GVHD incidence or severity attributable to splenectomy, but did describe a significantly increased risk of
leukaemic relapse, potentially due to a reduced ‘graft-versusleukaemia’ effect (Kalhs et al, 1995). In addition, the SFGMTC group found no association between splenectomy (39%
of patients) and subsequent development of GVHD (Robin
et al, 2011). In conclusion, it is our view that pre-emptive
splenectomy cannot be recommended as routine practice in
candidates in an attempt to improve AHSCT outcome.

Myeloablative transplantation
It is well established that MAC-AHSCT carries a significant
risk of morbidity and mortality. The results of selected MACand RIC-AHSCT studies are summarized in Table II. Conclusions from initial reports of outcomes and complications of
MAC-AHSCT for MF were limited by small cohort sizes.
ª 2012 Blackwell Publishing Ltd
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Table II. Selected studies of allogeneic haematopoietic stem cell transplant in myelofibrosis.

Author

Number
of patients

Regimen (n)

Age, years (median)

GVHD

TRM

Overall survival

MAC (55)

42 (4–53)

Acute II–IV

60%

27%
1 year

Acute II–IV

68%

Acute II–IV
Chronic
Acute II–IV

64%
84%
MSD 43%
URD 40%
RO 24%

32%
1 year
34%
5 years
MSD 22%
URD 42%
RO 27%
Day + 100

14% at 5 years
(age > 45 years)
67% at 5 years
(age < 45 years)
58% at 3 years

56

MAC (56)

43 (10–66)

104

MAC (95)
RIC (9)
MAC (229)
RIC (60)

49 (18–70)

21

RIC (21)

54 (27–68)

Acute II–IV

33%

21

RIC (21)

53 (32–63)

Acute II–IV

48%

103

RIC (103)

55 (32–68)

46

RIC (46)

51 (24–67)

Acute II–IV
Chronic
ND

27%
49%
–

MAC (48)
RIC (52)

49 (21–68)

Acute II–IV
Chronic

41%
43%

35%
1 year

MAC (15)
RIC (24)
MAC (40)
RIC (52)

49 (15–65)

Acute II–IV
Chronic
Acute II–IV

69%
49%
23%

–

Acute II–IV
Chronic

43%
39%

Predominantly MAC
Guardiola
55
et al (1999)

Deeg
et al (2003)
Kerbauy
et al (2007)
Ballen
et al (2010)

RIC
Rondelli
et al (2005)
Kröger
et al (2005)
Kroger
et al (2009b)
Bacigalupo
et al (2010)

289

Both RIC and MAC
Patriarca
100
et al (2008)
Lissandre
et al (2011)
Abelsson
et al (2011)
Robin
et al (2011)

39
92

147

MAC (46)
RIC (101)

MSD 45 (18–73)
URD 49 (18–70)
RO 46 (20–65)

46 (5–63)
55 (22–66)
53 (20–68)

10%
1 year
16%
1 year
16%
1 year
24%
1 year

MAC 17·5
RIC 5·8
day + 100
–

61% at 7 years
MSD 37% at 5 years
URD 30% at 5 years
RO 40% at 5 years

85% at 2·5 years
84% at 3 years
67% at 5 years
45% at 5 years

59%
42%
31%
60%

at
at
at
at

1
3
5
3

year
years
years
years

MAC 49% at 5 years
RIC 59% at 5 years
39% at 4 years

RIC, reduced intensity conditioning; MAC, myeloablative conditioning; MSD, matched sibling donor; URD, unrelated donor; RO, related other;
GVHD, graft-versus-host disease, TRM, transplant-related mortality; ND, not documented.

Guardiola et al (1999) subsequently reported on a collaborative study involving 55 patients (median age 42 years) undergoing MAC-AHSCT, describing a 1-year TRM of 27%,
aGVHD grade II–IV rates of 60% and an encouraging 47%
survival at 5 years for the entire cohort. It should be noted,
however, that for those >45 years of age, the 5-year OS was a
sobering 14%. The CIBMTR reported the largest retrospective
series of patients undergoing AHSCT (n = 289), the majority
of who underwent MAC-AHSCT (n = 229) (Ballen et al,
2010). Analyses demonstrated a day-100 TRM of 22–42%
[higher in Unrelated Donor (URD) versus MSD] and an OS of
30–40% at 5 years. Graft failure rates were higher in patients
receiving stem cells from an URD but were not influenced by
the presence of splenomegaly. Among the 56 (19%) patients
who had favourable risk factors (performance status > 90%,
no circulating blasts and a MSD), the 1- and 3-year OS probabilities were encouraging, at 69% and 60%, respectively. For
ª 2012 Blackwell Publishing Ltd
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MAC-AHSCT, primary graft failure rates from <5% (Kerbauy
et al, 2007) up to 30% (Gupta et al, 2009) have been reported,
most likely reflecting the heterogeneity of stem cell source,
patient characteristics and the conditioning regimen
employed. Published TRM rates for MAC-AHSCT range from
20% at 1 year to 34% at 5 years and OS rates ranged from
39% at 3 years, nearly 50% at 5 years, and in one cohort, an
impressive 61% at 7 years (Guardiola et al, 1999; Deeg et al,
2003; Ditschkowski et al, 2004; Kerbauy et al, 2007). This latter group demonstrated that patients conditioned with targeted busulphan (steady state levels between 800 and 900 ng/
ml) plus cyclophosphamide (tBuCY) achieved a higher probability of survival than those not undergoing this regimen. It
should also be remembered that the median age of the MF
population often excludes the majority from a MAC approach
despite recent elevation of the conventional upper age limit for
this procedure.
417
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Reduced intensity transplantation
RIC-AHSCT extends the possibility of transplantation to a
disease such as MF where the median age of presentation is
higher and significant co-morbidities are often present. The
first small case series demonstrating the feasibility of either
busulphan/fludarabine or melphalan/fludarabine-conditioned
AHSCT for MF were published in 2002 (Devine et al, 2002;
Hessling et al, 2002). In the RIC-AHSCT study coordinated
by the EBMT group, patients were enrolled over a 5-year period into a multicentre Phase-II trial investigating the efficacy
of a fludarabine (30 mg/m2 for 6 d), busulphan (1 mg/kg in
10 doses over 3 d) and anti-thymocyte globulin (ATG)
[(Fresenius, Bad Homburg, Germany) 3 9 10 mg/kg (MSD)
or 3 9 20 mg/kg (URD) based regimen (Kröger et al,
2009a]. The median age of the cohort was 55 years (range 32
–68). Regarding donor source, 33 had a MSD and of the
remaining URD cohort, 30% were mismatched. Graft failure
rates were low, with only two patients failing to gain neutrophil engraftment. With a median follow up of 33 months
(range 12–76), low incidences of relapse at both 3 (22%) and
5 years (29%) were encouraging and confirmed the feasibility
of this approach. Multivariate analyses revealed higher incidences of relapse correlated with increased Lille score at the
time of transplantation and pre-transplant splenectomy, as
mentioned above. NRM in the cohort was 16%, and only 8%
of the study population died due to relapse or progression
during the follow-up period. NRM rates were significantly
higher in the human leucocyte antigen (HLA)-mismatched
setting when compared to the fully HLA-matched cohort.
Encouraging estimated 5-year DFS (51%) and OS (67%) figures were achieved. Impaired DFS survival was significantly
associated with HLA-mismatched transplantation and
advanced Lille Score and impaired OS was associated with
age > 55 years and HLA-mismatched transplantation. Within
the aforementioned CIBMTR series (Ballen et al, 2010), 60
patients (21%) underwent RIC conditioning (28 MSD; 29
URD and three other-related). Graft failure occurred in seven
patients, none of who survived. The TRM rate at 1 year for
sibling allografts was 15%, but much higher (49%) in the 28
patients who underwent URD allografts. Corresponding DFS
was 39% for MSD but a dismal 17% for the URD group at
3 years. An interim analysis of 58 MF patients who underwent RIC-AHSCT enrolled in the prospective Myeloproliferative Disorder Research Consortium (MPD-RC) 101 protocol
of Fludarabine and Melphalan, in addition to rabbit-ATG, for
URD has recently been described (Rondelli et al, 2010). Graft
rejection occurred in five patients (9%) and primary graft
failure in six individuals (10%). Of the 44 who engrafted,
grade II-III aGVHD occurred in 22 (50%) of patients and
grade III–IV in 11 (25%). At 6 months, overall clinical
response was 79% in the MSD setting (complete/partial
response rates of 49%) but high TRM rates of 49% occurred
in the URD setting. Follow-up data is awaited. The above
studies highlight the importance of donor source in determin418

ing outcome in RIC-AHSCT, with URD uniformly being
associated with worse outcome.

Can we compare RIC versus MAC-AHSCT in MF?
Differences in outcome can be secondary not only to regimen
intensity and heterogeneity but also potential publishing/
patient selection bias and hence direct comparison of the available data is difficult. Gupta et al (2009) performed a
retrospective analysis of 46 patients who underwent either
MAC- or RIC-AHSCT over a 7-year period. The majority had
intermediate- to high-risk disease (n = 39), as defined by the
Lille scoring system, whereas low risk patients (n = 7) underwent transplant for constitutional symptoms or recurrent
thrombus. Of note, 70% of those in the RIC group received
ATG or alemtuzumab, in contrast to the majority in the MAC
group. RIC-AHSCT was significantly associated with more
rapid neutrophil engraftment, a reduced risk of GVHD and
reduced hospitalization within the first 100 d. There was no
statistical difference detected in the time for regression of marrow fibrosis nor, importantly, in the cumulative relapse rate
between RIC versus MAC cohorts. A non-significant trend was
noted for improved OS and PFS in the RIC group at a median
follow-up of 50 months (range 20–89). In another retrospective study, a total of 39 patients were reported from four major
French transplant centres, 15 of who underwent MAC- and 24
RIC-AHSCT (Lissandre et al, 2011). The median age of the
cohort (45 years) was somewhat lower than other published
studies. Primary engraftment occurred in all but one patient
and those in the RIC cohort did not display either lower NRM
rates or improved OS compared to those undergoing MACAHSCT. Furthermore, the GITMO consortium did not find a
significant difference in outcome in patients undergoing MACversus RIC-AHSCT (Patriarca et al, 2008). These cumulative
results are in contrast to data from the Nordic group (Abelsson
et al, 2011) who reported on 92 patients (MAC (n = 40) and
RIC (n = 52)). The probability of 5-year OS, when adjusted
for age, was 49% in the MAC cohort but higher in the RIC
cohort at 59% (HR 3·58 (95% CI 1·54–8·28, P = 0·003). In
general, MAC-AHSCT may remain a suitable approach for
younger individuals with higher risk disease/blast crises but the
question still remains if other disease- or patient-specific
parameters exist that justify this approach over a RIC regimen
in others. In practice, we would tend to favour the t(BuCy)
approach over total body irradiation (TBI)-based regimens,
but it is important to note that there has been no direct
comparison of efficacy.

Complications of AHSCT for MF
Sinusoidal Obstructive Syndrome: are MF patents at
higher risk?
Early transplant-related complications are relatively common
for MF patients (Abelsson et al, 2011). Sinusoidal Obstrucª 2012 Blackwell Publishing Ltd
British Journal of Haematology, 2012, 157, 413–425
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tive Syndrome (SOS) results from direct hepatic sinusoidal
endothelial cell damage, occurring in up to 10% of AHSCT
recipients (Ho et al, 2008). Indeed, MF may be associated
with pre-AHSCT impaired hepatic function secondary to a
variety of reasons, such as hepatic infiltration by extramedullary cells and treatment-related toxicity. Patients with
MF may therefore be at a higher SOS risk (Wong et al,
2011). Reporting of SOS rates in the retrospective studies is
not standardized and interpretations are limited due to correct recognition and reporting. An incidence of over 30%,
predominantly non-severe, was reported in a small cohort
of chronic MPN patients (n = 25) undergoing MAC-AHSCT (Daly et al, 2003). Furthermore, retrospective analysis of
a cohort of 53 MF AHSCT patients (MAC = 66% and
RIC = 34%) revealed a relatively high incidence of early
hepatotoxicity and a SOS incidence of 35% (Gupta et al,
2009). In contrast, in the prospective EBMT RIC-AHSCT
study, the vast majority (80%) did not demonstrate evidence of SOS (Kröger et al, 2009a). The remaining 20%
who did develop SOS were predominantly categorized as
mild/moderate (18%). Review of the available studies
reveals SOS rates of 0–35% and hence it is paramount that
conventional SOS risk stratification occurs for MF patients
undergoing transplant (Gupta et al, 2009; Snyder et al,
2010).

Graft-versus-host disease
Heterogeneous conditioning and T-cell depletion regimens,
variable donor type and stem cell source hinders valid
interpretation of GVHD rates post-AHSCT for MF. In the
predominantly MAC CIBMTR cohort, grade II-IV aGVHD
occurred in 43% of MSD, 40% of URD and 24% of other
related donors (Ballen et al, 2010). The SFGM-TC data
showed a cumulative incidence of grade II-IV aGVHD of
43% by day 100 and, in survivors, the 4-year cumulative
incidence of cGVHD was 39% (Robin et al, 2011). Data
from the EBMT RIC-AHSCT, with a standard conditioning
regimen inclusive of ATG for both MSD and URD, showed
a low incidence of aGVHD, with grade II–IV rates of 27%
and III–IV of only 11% (Kröger et al, 2009a). Overall the
incidence of cGVHD was 49%. Subsequent analysis of
patients surviving at least 1 year post-transplant revealed
improved survival in those with cGVHD compared to those
without, supporting a graft-versus-MF effect. In the comparative retrospective analysis discussed above, Gupta et al
(2009) described significantly higher rates of GVHD in the
MAC-AHSCT group, where there was a cumulative incidence of grade II–IV aGVHD at day-100 of 78% (62–99) in
comparison to the RIC-AHSCT group [18% (7–46)]. This
most likely reflects not only conditioning intensity but also
that 70% of those in the RIC group received ATG or alemtuzumab. Furthermore, the Nordic data demonstrated an
absence of GVHD at 3-months in 72% of individuals in the
RIC-AHSCT group in contrast to 24% in the MAC-AHSCT
ª 2012 Blackwell Publishing Ltd
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group (Abelsson et al, 2011). In contrast, the British Society
for Blood and Marrow Transplantation data failed to show a
reduced incidence of GVHD in the RIC versus MAC groups,
despite the vast majority of RIC transplant candidates receiving T-cell depletion – this may well reflect differences in age,
donor source and use of donor lymphocyte infusions (DLI)
(Stewart et al, 2010). In the GITMO group, the intensity of
the conditioning did not appear to have a significant effect on
the incidence or severity of either acute (Grade II-IV 41% at
day 100) or chronic (43% at 2-years) GVHD (Patriarca et al,
2008).
Significant improvements in day-100 NRM, incidence of
grade III–IV aGVHD and OS have been reported in 14
patients who received GVHD prophylaxis with combination
tacrolimus/sirolimus +/ methotrexate when compared to
patients who had received ciclosporin A/mycophenolate
mofetil +/ methotrexate (Snyder et al, 2010). There was no
increased incidence of SOS. In conclusion, the optimal
RIC, T-cell depletion strategy and GVHD protocol needs to
be addressed in large, prospective clinical trials.
Tefferi et al (2011) have recently investigated cytokinephenotype associations in PMF. Multivariate analysis revealed
that augmented levels of interleukin (IL)-8, IL-2 receptor
(R), IL-12 and IL-15 were associated with adverse prognosis.
In general, it is accepted that elevated systemic pro-inflammatory cytokines can enhance dendritic and T-cell interaction and promote GVHD. Intriguingly, a group studying
potential biomarkers for GVHD development has described a
4-protein signature composed of circulating levels of IL-8,
IL-2R, Hepatocyte Growth Factor (HGF) and Tumour
Necrosis Factor Receptor (TNFR) 1 that strongly predicted
onset/grade of GVHD in a selected cohort of admixed
patients (Ferrara et al, 2009). An unanswered, yet extremely
important, question concerns the role of pro-inflammatory
cytokines on GVHD development in MF and the effect of
JAK inhibitor therapy on the modulation, if any, of GVHD
incidence and severity. CP-690550, a novel JAK inhibitor,
has been shown in mice models of aGVHD to suppress
donor CD4+ T cell IFN-c production and abrogate GVHDrelated mortality (Park et al, 2010). Ruxolitinib, predominantly a JAK1 and JAK2 inhibitor, has been shown to profoundly reduce pro-inflammatory cytokines. It will be
essential to investigate the effect of Ruxolitinib, and other JAK
inhibitors, on GVHD-specific cytokine pathways as we integrate novel medical and transplant treatment options for MF.

Alternative donor stem cell sources for transplantation in
MF: is there a role?
Utilization of umbilical cord blood (UCB) units or a haploidentical source must still be considered as experimental for
MF. The incidence of delayed engraftment/graft failure
associated with an UCB transplant (UCBT) approach would
theoretically be of great concern in this population due to
the presence of marrow fibrosis-induced hostile microenvi419
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ronment. The Japanese UCBT programme recently reported
on 14 patients, predominantly high-risk candidates with SMF
and co-existing acute myeloid leukaemia (AML), who underwent RIC-UCBT (Takagi et al, 2010). Encouragingly, neutrophil engraftment occurred in more than 92% of patients
(median 23 d) and platelet engraftment in 43% of patients
(median 56 d). Complete donor chimerism was achieved
rapidly in evaluable patients. Approximately 36% developed
aGVHD grade II-IV and the estimated 4-year OS was only
28·6%. This small experimental study, however, demonstrates
the feasibility of this approach, even in the setting of severe
marrow fibrosis and poor risk secondary AML, and warrants
further investigation in multinational prospective trials where
no other donor source is available. At present, there is little
evidence defining the role of haploidentical transplantation
in the treatment of MF. Interestingly, in the non-MF setting,
45 patients underwent a combined RIC haploidentical-unrelated UCBT and demonstrated rapid engraftment kinetics,
low rates of GVHD and encouraging outcomes (Liu et al,
2011). In the future, this approach could well be an experimental option for MF-AHSCT transplant candidates lacking
a suitable MSD or URD.

Role of the JAK2 V617F mutation as a
prognostic marker in MF-AHSCT
The JAK2 V617F mutation is the most common molecular
abnormality in PMF, occurring in approximately 45–68% of
cases (Tefferi et al, 2005, 2008; Campbell et al, 2006; Barosi
et al, 2007; Guglielmelli et al, 2009). A number of studies
have observed an association between JAK2 V617F allelic
level and development of post-PV MF. For example, JAK2
V617F mutant allele burden is higher in post-PV MF than
in PV (Passamonti et al, 2006), reflecting higher rates of
transformation to MF from PV in patients with high
mutant allele burden (Tefferi et al, 2006; Vannucchi et al,
2007; Passamonti et al, 2010b). Whether the association of
high allelic level JAK2 V617F with transformation to MF is
a direct consequence of JAK2 signalling, or simply a marker
of patients with clonal evolution, however, remains unclear.
There are divergent results with regards to the impact of
JAK2 V617F mutation status on prognosis in PMF, with
some studies demonstrating an adverse prognostic impact
of JAK2 V617F mutations on survival (Campbell et al,
2006) whereas other have shown no effect (Tefferi et al,
2005; Barosi et al, 2007; Guglielmelli et al, 2009). These
conflicting results may partly be resolved by study of
mutant allele burden as it has been suggested that MF
patients with a low level JAK2 V617F mutation have an
adverse prognosis, with deaths in this group primarily due
to bone marrow failure rather than leukaemic transformation (Tefferi et al, 2008; Guglielmelli et al, 2009). In addition to JAK2 mutational status, nullizygosity for the JAK2
46/1 haplotype has been shown to be associated with inferior survival in MF (Tefferi et al, 2010a,b).
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A number of studies have also addressed the prognostic
impact of JAK2 V617F in MF patients who received an AHSCT, again with divergent findings. A small study initially
concluded that JAK2 V617F was not a useful prognostic
marker in this setting (Ditschkowski et al, 2006). Subsequently, however, it was suggested that the presence of
JAK2 V617F mutation predicts a favourable outcome postAHSCT for MF on univariate analysis (Kröger et al, 2009a).
Mutation status was not included in multivariate analysis
due to incomplete data. Analysis of a larger cohort of 139
patients, however, confirmed a significant adverse prognostic impact of JAK2 V617F negativity on OS for patients
with MF undergoing AHSCT (Alchalby et al, 2010a). No
significant impact of JAK2 V617F allele burden was noted.
The impact of JAK2 46/1 haplotype is unknown in the setting. In conclusion, there are multiple factors involved in
determining outcome in MF-AHSCT and hence it is difficult to accurately reach a definitive conclusion regarding
JAK2 V617F mutation or allele burden status and AHSCT
outcome.

Disease monitoring post-AHSCT and treatment
of relapse
Several studies have assessed whether the presence of JAK2
V617F can be used as a marker of minimal residual disease
(MRD) post-AHSCT in order to institute pre-emptive
immunotherapy prior to overt relapse. One study used a sensitive real-time polymerase chain reaction (PCR) detection
method to monitor and quantify JAK2 V617F levels following 22 RIC-AHSCT procedures for 21 JAK2 V617F positive
MF patients (Kroger et al, 2007). Patients became JAK2
V617F negative in 17 of 22 (78%) cases after a median of
89 d following transplant. Of the five patients who remained
PCR-positive, four fulfilled the criteria for complete remission, demonstrating the utility of this technique as a marker
for MRD and hence depth of remission achieved. In one of
these cases, residual JAK2 positivity was eliminated following
DLI. A subsequent study demonstrated that achievement of
JAK2 V617F negativity after AHSCT for MF was significantly
associated with decreased incidence of relapse (Alchalby et al,
2010a). Patients who achieved PCR negativity 6 months following AHSCT had a relapse risk of 5% compared with 35%
in those who remained PCR positive. These findings are supported by an earlier study, which demonstrated that JAK2
V617F monitoring post-transplant can predict relapse in
patients who become mutation-positive after transplant
(Steckel et al, 2007). Information on other molecular markers in the AHSCT setting for MF is limited, although, use of
MPL (Thrombopoietin Receptor) mutation status as a MRD
marker has been reported (Alchalby et al, 2010b; Rumi et al,
2010).
The timing of DLI, whether as a pre-emptive or salvage
approach, post-AHSCT is less clear-cut in PMF than other
diseases, such as CML. The concept of a graft-versus-MF
ª 2012 Blackwell Publishing Ltd
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effect stemmed from small case series documenting significant associations between grade II-IV GVHD and reduced
treatment failure, in addition to successful salvage of relapsed
disease with DLI (Guardiola et al, 1999; Byrne et al, 2000;
Cervantes et al, 2000). Kröger et al (2009b) initially reported
on the use of both salvage and pre-emptive DLI (triggered
by JAK2 V617F persistence on sequential monitoring) in 17
patients, with a median time from transplant to relapse of
269 d (127–1570). DLI was used pre-emptively in eight
patients and as salvage in 9. Grade II-IV aGVHD occurred in
three patients (18%) in the salvage cohort. Encouragingly,
the overall complete molecular response rate was 68% (100%
in pre-emptive group versus 44% in salvage group
(P = 0·04), confirming the efficacy of this approach. Preemptive DLI, it appears, therefore takes precedence over a
salvage approach.
Little evidence is available to help delineate the role of
chemotherapy or second allograft in relapsed-MF post-AHSCT. Recently, a co-operative reported on the use of DLI +/
second AHSCT for relapsed patients [morphological relapse
(n = 24) and molecular relapse (n = 6) (Kröger et al, 2010)].
A total of 17 patients underwent a second RIC-AHSCT at a
median time of 17 months (11–77) post-initial AHSCT. This
cohort consisted of 13 non-DLI responders, one blastic transformation and three patients who remained fully donor chimeric. Outcome data was encouraging; a total of 16
engrafted and responses identified in 12 evaluable patients,
demonstrating the feasibility of second AHSCT in this group.
However, the toxicity of a second AHSCT should not be
underestimated, particularly given the median age of this
patient population.

Integrating JAK2 inhibitor therapy and AHSCT
in MF patients: conclusions and future
directions
In 2012, transplant–eligible MF patients with intermediate-2
and high-risk disease should be considered for AHSCT, in
addition to those with transfusion dependency or an unfavourable karyotype. In general, we suggest a MAC approach
in those <45 years old, with acknowledgment that some
patients between 45 and 50 years with low HCT-CI scores
may well also be suitable for a MAC-AHSCT, and a RIC
approach for those over the age of 45 years. Patients older
than the age of 65 years should not be definitively excluded
from potential AHSCT on age criteria alone, but a frank discussion with the patient regarding the association of older
age and, in general, an adverse post-AHSCT outcome should
occur in addition to a detailed risk assessment. As explored
by Deeg and Appelbaum (2011), the benefits and risks of
AHSCT in less advanced MF should always be considered on
a case-by-case basis. MF patients that may have a higher risk
of progression, such as those with intermediate-1 risk disease
based on  1% circulating blasts only, could well benefit
from AHSCT early in the disease course (Deeg & Appelbaum, 2011) This is indirectly supported by recent data demonstrating that the IPSS score can predict AHSCT-outcome
(Scott et al, 2010).
Considerable work has focused on the development of targeted JAK2 therapies. Clinical trials assessing the safety and
efficacy of various JAK2 inhibitors in MF have reached
advanced phases. Preliminary results suggest that many
patients will have a favourable response to JAK inhibition,

•

•
•

•
•

Fig 1. Diagrammatic representation of the postulated impact of JAK2 inhibitors on the myelofibrosis AHSCT pathway.
ª 2012 Blackwell Publishing Ltd
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with over 50% reduction in palpable spleen size, which
occurs regardless of JAK2 V617F mutation status (Verstovsek
et al, 2010). However, current results also suggest that few
are likely to achieve a complete response with these therapies
with, as yet, little evidence of a substantial reduction in clonal disease burden. Nevertheless, in addition to a role in
symptom palliation, a number of lines of evidence also suggest that JAK2 inhibition could have an important role in
the context of a patient being considered for RIC-HSCT, as
highlighted in Figure 1. Firstly, as discussed above, splenectomy is associated with earlier neutrophil and platelet recovery in multiple studies of RIC-AHSCT. However,
splenectomy is associated with considerable morbidity and
mortality and may influence immune reconstitution posttransplant. Considerable reductions in spleen size achieved
with JAK2 inhibitors might improve engraftment dynamics
without the need for splenectomy. Furthermore, JAK2 inhibitors lead to a marked reduction in levels of inflammatory
cytokines in patients with MF (Verstovsek et al, 2010) and
might play a role in reducing the rates of GVHD post-AHSCT, as discussed above. Finally, constitutional symptoms and
leucocytosis are important prognostic factors in MF patients
as part of the IPSS score which, along with the poor performance status frequently associated with MF, predicts adverse
outcome following AHSCT (Scott et al, 2010). JAK2 inhibitors have been shown to have a beneficial effect on all of
these prognostic factors (Verstovsek et al, 2010) and may
well have the potential to improve outcome post-AHSCT.

References
Abelsson, J., Merup, M., Birgegard, G., Weisbjerrum, O., Brinch, L., Brune, M., Johansson, P.,
Kauppila, M., Lenhoff, S., Liljeholm, M., Malm,
C., Remes, K., Vindelov, L. & Andreasson, B.
(2011) The outcome of allo-HSCT for 92
patients with myelofibrosis in the Nordic countries. Bone Marrow Transplantation, 47, 380–
386.
Alchalby, H., Badbaran, A., Zabelina, T., Kobbe,
G., Hahn, J., Wolff, D., Bornhauser, M., Thiede,
C., Baurmann, H., Bethge, W., Hildebrandt, Y.,
Bacher, U., Fehse, B., Zander, A.R. & Kroger, N.
(2010a) Impact of JAK2V617F mutation status,
allele burden, and clearance after allogeneic stem
cell transplantation for myelofibrosis. Blood,
116, 3572–3581.
Alchalby, H., Badbaran, A., Bock, O., Fehse, B.,
Bacher, U., Zander, A.R. & Kroger, N. (2010b)
Screening and monitoring of MPL W515L
mutation with real-time PCR in patients with
myelofibrosis undergoing allogeneic-SCT. Bone
Marrow Transplantation, 45, 1404–1407.
Bacigalupo, A., Soraru, M., Dominietto, A., Pozzi,
S., Geroldi, S., Van Lint, M.T., Ibatici, A., Raiola, A.M., Frassoni, F., De Stefano, F., Verdiani,
S., Casarino, L. & Barosi, G. (2010) Allogeneic
hemopoietic SCT for patients with primary
myelofibrosis: a predictive transplant score based

422

The timing of JAK2 inhibitor therapy as part of AHSCT
protocols requires careful consideration, as the impact on
early engraftment dynamics and lymphoid reconstitution is
currently unknown. It should also be noted that JAK2 inhibitors may cause both anaemia and thrombocytopenia, which
could potentially have a negative impact on AHSCT-outcome.
Thus, there is also a potential for these agents to have a negative, as well as a favourable impact on post-AHSCT outcome.
Furthermore, we are currently finding that some transplanteligible patients are opting for a trial of JAK2 inhibitors
instead of AHSCT and it may well be that JAK2 inhibitor
therapy simply prolongs the time to transplant. Consideration
should also be given to the potential impact on quality of life
measures, both for those under treatment with JAK2 inhibitors or electing to undergo AHSCT. It is important, therefore,
to assess the safety and efficacy of administration of JAK2
inhibitors as part of an AHSCT regimen in prospective clinical trials. These trials should also aim to define the optimal
transplant conditioning regimen for MF-AHSCT. Until these
future trials become reality, the impact of JAK2 inhibitor
therapy on patient selection and timing of AHSCT for MF is
currently rather difficult to predict.

Acknowledgements
Donal McLornan (DM), Adam Mead (AM), Graham Jackson
(GJ) and Claire Harrison (CH) all contributed to the writing
of this paper.

on transfusion requirement, spleen size and
donor type. Bone Marrow Transplantation, 45,
458–463.
Ballen, K.K., Shrestha, S., Sobocinski, K.A., Zhang,
M.J., Bashey, A., Bolwell, B.J., Cervantes, F., Devine, S.M., Gale, R.P., Gupta, V., Hahn, T.E.,
Hogan, W.J., Kroger, N., Litzow, M.R., Marks,
D.I., Maziarz, R.T., McCarthy, P.L., Schiller, G.,
Schouten, H.C., Roy, V., Wiernik, P.H., Horowitz, M.M., Giralt, S.A. & Arora, M. (2010)
Outcome of transplantation for myelofibrosis.
Biology of Blood and Marrow Transplantation,
16, 358–367.
Barbui, T., Barosi, G., Birgegard, G., Cervantes, F.,
Finazzi, G., Griesshammer, M., Harrison, C.,
Hasselbalch, H.C., Hehlmann, R., Hoffman, R.,
Kiladjian, J.J., Kroger, N., Mesa, R., McMullin,
M.F., Pardanani, A., Passamonti, F., Vannucchi,
A.M., Reiter, A., Silver, R.T., Verstovsek, S. &
Tefferi, A. (2011) Philadelphia-negative classical
myeloproliferative neoplasms: critical concepts
and management recommendations from European LeukemiaNet. Journal of Clinical Oncology,
29, 761–770.
Barosi, G., Bergamaschi, G., Marchetti, M., Vannucchi, A.M., Guglielmelli, P., Antonioli, E.,
Massa, M., Rosti, V., Campanelli, R., Villani, L.,
Viarengo, G., Gattoni, E., Gerli, G., Specchia,
G., Tinelli, C., Rambaldi, A. & Barbui, T. (2007)
JAK2 V617F mutational status predicts progres-

sion to large splenomegaly and leukemic transformation in primary myelofibrosis. Blood, 110,
4030–4036.
Barosi, G., Mesa, R.A., Thiele, J., Cervantes, F.,
Campbell, P.J., Verstovsek, S., Dupriez, B.,
Levine, R.L., Passamonti, F., Gotlib, J., Reilly, J.
T., Vannucchi, A.M., Hanson, C.A., Solberg, L.
A., Orazi, A. & Tefferi, A. (2008) Proposed criteria for the diagnosis of post-polycythemia vera
and post-essential thrombocythemia myelofibrosis: a consensus statement from the International
Working Group for Myelofibrosis Research and
Treatment. Leukemia, 22, 437–438.
Berneman, Z.N., Anguille, S., Van Marck, V., Schroyens, W.A. & Van Tendeloo, V.F. (2010)
Induction of complete remission of acute myeloid leukaemia by pegylated interferon-alpha-2a
in a patient with transformed primary myelofibrosis. British Journal of Haematology, 149, 152–
155.
Boström, L., Ringdén, O., Jacobsen, N., Zwaan, F.
& Nilsson, B. (1990) A European multicenter
study of chronic graft-versus-host disease. The
role of cytomegalovirus serology in recipients
and donors, acute graft-versus-host disease and
splenectomy. Transplantation, 49, 1100–1105.
Byrne, J.L., Beshti, H., Clark, D., Ellis, I., Haynes,
A.P., Das-Gupta, E. & Russell, N.H. (2000)
Induction of remission after donor leucocyte
infusion for the treatment of relapsed chronic

ª 2012 Blackwell Publishing Ltd
British Journal of Haematology, 2012, 157, 413–425

Review
idiopathic myelofibrosis following allogeneic
transplantation: evidence for a ‘graft vs. myelofibrosis’ effect. British Journal of Haematology,
108, 430–433.
Campbell, P.J., Griesshammer, M., Dohner, K.,
Dohner, H., Kusec, R., Hasselbalch, H.C., Larsen, T.S., Pallisgaard, N., Giraudier, S., Le Bousse-Kerdiles, M.C., Desterke, C., Guerton, B.,
Dupriez, B., Bordessoule, D., Fenaux, P., Kiladjian, J.J., Viallard, J.F., Briere, J., Harrison, C.N.,
Green, A.R. & Reilly, J.T. (2006) V617F mutation in JAK2 is associated with poorer survival
in idiopathic myelofibrosis. Blood, 107, 2098–
2100.
Cervantes, F. & Pereira, A. (2012) Prognostication
in Primary Myelofibrosis. Current Hematologic
Malignancy Reports, 7, 43–49.
Cervantes, F., Rovira, M., Urbano-Ispizua, A., Rozman, M., Carreras, E. & Montserrat, E. (2000)
Complete remission of idiopathic myelofibrosis
following donor lymphocyte infusion after failure of allogeneic transplantation: demonstration
of a graft-versus-myelofibrosis effect. Bone Marrow Transplantation, 26, 697–699.
Cervantes, F., Dupriez, B., Pereira, A., Passamonti,
F., Reilly, J.T., Morra, E., Vannucchi, A.M.,
Mesa, R.A., Demory, J.L., Barosi, G., Rumi, E. &
Tefferi, A. (2009) New prognostic scoring system for primary myelofibrosis based on a study
of the International Working Group for Myelofibrosis Research and Treatment. Blood, 113,
2895–2901.
Ciurea, S.O., Sadegi, B., Wilbur, A., AlagiozianAngelova, V., Gaitonde, S., Dobogai, L.C.,
Akard, L.P., Hoffman, R. & Rondelli, D. (2008)
Effects of extensive splenomegaly in patients
with myelofibrosis undergoing a reduced intensity allogeneic stem cell transplantation. British
Journal of Haematology, 141, 80–83.
Ciurea, S.O., de Lima, M., Giralt, S., Saliba, R.,
Bueso-Ramos, C., Andersson, B.S., Hosing, C.
M., Verstovsek, S., Champlin, R.E. & Popat, U.
(2010) Allogeneic stem cell transplantation for
myelofibrosis with leukemic transformation.
Biology of Blood and Marrow Transplantation,
16, 555–559.
Daly, A., Song, K., Nevill, T., Nantel, S., Toze, C.,
Hogge, D., Forrest, D., Lavoie, J., Sutherland,
H., Shepherd, J., Hasegawa, W., Lipton, J.,
Messner, H. & Kiss, T. (2003) Stem cell transplantation for myelofibrosis: a report from two
Canadian centers. Bone Marrow Transplantation,
32, 35–40.
Deeg, H.J. & Appelbaum, F.R. (2011) Indications
for and current results with allogeneic hematopoietic cell transplantation in patients with myelofibrosis. Blood, 117, 7185.
Deeg, H.J., Gooley, T.A., Flowers, M.E., Sale, G.E.,
Slattery, J.T., Anasetti, C., Chauncey, T.R., Doney, K., Georges, G.E., Kiem, H.P., Martin, P.J.,
Petersdorf, E.W., Radich, J., Sanders, J.E., Sandmaier, B.M., Warren, E.H., Witherspoon, R.P.,
Storb, R. & Appelbaum, F.R. (2003) Allogeneic
hematopoietic stem cell transplantation for myelofibrosis. Blood, 102, 3912–3918.

Devine, S.M., Hoffman, R., Verma, A., Shah, R.,
Bradlow, B.A., Stock, W., Maynard, V., Jessop,
E., Peace, D., Huml, M., Thomason, D., Chen,
Y.H. & van Besien, K. (2002) Allogeneic blood
cell transplantation following reduced-intensity
conditioning is effective therapy for older
patients with myelofibrosis with myeloid metaplasia. Blood, 99, 2255–2258.
Ditschkowski, M., Beelen, D.W., Trenschel, R.,
Koldehoff, M. & Elmaagacli, A.H. (2004) Outcome of allogeneic stem cell transplantation in
patients with myelofibrosis. Bone Marrow Transplantation, 34, 807–813.
Ditschkowski, M., Elmaagacli, A.H., Trenschel, R.,
Steckel, N.K., Koldehoff, M. & Beelen, D.W.
(2006) No influence of V617F mutation in JAK2
on outcome after allogeneic hematopoietic stem
cell transplantation (HSCT) for myelofibrosis.
Biology of Blood and Marrow Transplantation,
12, 1350–1351.
Dupriez, B., Morel, P., Demory, J.L., Lai, J.L.,
Simon, M., Plantier, I. & Bauters, F. (1996)
Prognostic factors in agnogenic myeloid metaplasia: a report on 195 cases with a new scoring
system. Blood, 88, 1013–1018.
Ferrara, J.L., Levine, J.E., Reddy, P. & Holler, E.
(2009) Graft-versus-host disease. Lancet, 373,
1550–1561.
Gangat, N., Caramazza, D., Vaidya, R., George, G.,
Begna, K., Schwager, S., Van Dyke, D., Hanson,
C., Wu, W., Pardanani, A., Cervantes, F., Passamonti, F. & Tefferi, A. (2011) DIPSS plus: a
refined Dynamic International Prognostic Scoring System for primary myelofibrosis that incorporates prognostic information from karyotype,
platelet count, and transfusion status. Journal
of Clinical Oncology, 29, 392–397.
Guardiola, P., Anderson, J.E., Bandini, G., Cervantes, F., Runde, V., Arcese, W., Bacigalupo, A.,
Przepiorka, D., O’Donnell, M.R., Polchi, P.,
Buzyn, A., Sutton, L., Cazals-Hatem, D., Sale,
G., de Witte, T., Deeg, H.J. & Gluckman, E.
(1999) Allogeneic stem cell transplantation for
agnogenic myeloid metaplasia: a European
Group for Blood and Marrow Transplantation,
Societe Francaise de Greffe de Moelle, Gruppo
Italiano per il Trapianto del Midollo Osseo, and
Fred Hutchinson Cancer Research Center
Collaborative Study. Blood, 93, 2831–2838.
Guglielmelli, P., Barosi, G., Specchia, G., Rambaldi,
A., Lo Coco, F., Antonioli, E., Pieri, L., Pancrazzi, A., Ponziani, V., Delaini, F., Longo, G.,
Ammatuna, E., Liso, V., Bosi, A., Barbui, T. &
Vannucchi, A.M. (2009) Identification of
patients with poorer survival in primary myelofibrosis based on the burden of JAK2V617F
mutated allele. Blood, 114, 1477–1483.
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