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Background
Myelofibrosis is a myeloproliferative stem cell disorder curable exclusively by allogeneic
hematopoietic stem cell transplantation and is associated with substantial mortality and mor-
bidity. The aim of this study was to assess disease-specific and transplant-related risk factors
that influence post-transplant outcome in patients with myelofibrosis.  

Design and Methods
We retrospectively assessed 76 consecutive patients with primary (n=47) or secondary (n=29)
myelofibrosis who underwent bone marrow (n=6) or peripheral blood stem cell (n=70) trans-
plantation from sibling (n=30) or unrelated (n=46) donors between January 1994 and December
2010. The median follow-up of surviving patients was 55±7.5 months.

Results
Primary graft failure occurred in 5% and the non-relapse mortality rate at 1 year was 28%. The
relapse-free survival rate was 50% with a relapse rate of 19% at 5 years. The use of pharmaco-
logical pre-treatment and the post-transplant occurrence of chronic graft-versus-host disease
were significant independent unfavourable risk factors for post-transplant survival in multivari-
ate analysis. Using the Dynamic International Prognostic Scoring System for risk stratification,
low-risk patients had significantly better overall survival (P=0.014, hazard ratio 1.4) and relapse-
free survival (P=0.02, hazard ratio 1.3) compared to the other risk groups of patients. The addi-
tional inclusion of thrombocytopenia, abnormal karyotype and transfusion need (Dynamic
International Prognostic Scoring System Plus) resulted in a predicted 5-year overall survival of
100%, 51%, 54% and 30% for low, intermediate-1, intermediate-2 and high-risk groups,
respectively. The relapse incidence was significantly higher in the absence of chronic graft-ver-
sus-host disease (P=0.006), and pharmacological pre-treatment (n=43) was associated with
reduced relapse-free survival (P=0.001). 

Conclusions
The data corroborate a strong correlation between alloreactivity and long-term post-transplant
disease control and confirm an inverse relationship between disease stage, pharmacotherapy
and outcome after allogeneic hematopoietic stem cell transplantation for myelofibrosis. The
Dynamic International Prognostic Scoring System was demonstrated to be useful for risk strat-
ification of patients with myelofibrosis who are to undergo hematopoietic stem cell transplan-
tation.
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ABSTRACT



Introduction 

Myelofibrosis is a clonal proliferative disorder of the
hematopoietic stem cells unconnected with the BCR-ABL
translocation, and clinically characterized by bone mar-
row fibrosis, splenomegaly, leukoerythroblastosis,
extramedullary hematopoiesis and a constellation of
debilitating symptoms.1 The affected hematopoietic clone
harbours the V617F mutation in Janus Kinase 2 (JAK2) in
approximately 50% of patients with myelofibrosis.2
Other mutations in the JAK2 gene, for instance in exon
12, or in the myeloproliferative leukemia virus oncogene,
MPL, have also been shown to result in exaggerated JAK2
signaling.3 Myelofibrosis encompasses primary myelofi-
brosis and secondary forms, which include post-poly-
cythemia vera and post-essential thrombocythemia
myelofibrosis and blast-phase primary myelofibrosis.4
The presentation and course of this myeloproliferative
neoplasm, affecting mainly the elderly, is heterogeneous.
Survival ranges between 2 and 15 years and is linked to a
number of risk factors.5 Scoring systems have been devel-
oped based on these risk factors,6-8 but are only applicable
for stratification of patients at diagnosis. The
International Working Group for Myeloproliferative
Neoplasms Research and Treatment has established the
Dynamic International Prognostic Scoring System (DIPSS)
to classify patients any time during their disease course;
more recently the additional incorporation of the poor
prognostic factors thrombocytopenia, unfavorable kary-
otype and transfusion need resulted in the development
of DIPSS Plus.9,10 Accurate risk stratification is of critical
importance because treatment decisions, in particular
with regard to the timing of allogeneic hematopoietic
stem cell transplantation (HSCT), are often challenging.
Allogeneic HSCT offers the only potential for cure for
myelofibrosis, with the overall survival rate being 40% to
65% after myeloablative conditioning. However, this
procedure was largely restricted to younger individuals
with poor prognostic factors because of the substantial
rate of transplant-related mortality (approximately
30%).11-14 Transplant-related mortality was lower in small
series of patients treated with reduced intensity condi-
tioning, suggesting a wider applicability of transplanta-
tion, especially for older patients.15-16 Recent evaluations
have, however, revealed comparable long-term disease-
free and overall survival rates of patients, regardless of
whether they were treated with reduced intensity or
myeloablative conditioning.17,18 Steward et al. reported a
trend towards a higher relapse incidence in patients who
received reduced intensity conditioning than in patients
who underwent myeloablative conditioning.19 However,
some studies demonstrated a certain impact of condition-
ing regimen on overall survival or overall mortality after
transplantation.12,16 There are currently no accepted guide-
lines on how to choose the best time to conduct allogene-
ic HSCT in patients with myelofibrosis. The DIPSS, as a
dynamic time-dependent prognostic model, may provide
useful information given that it is applicable to the trans-
plant setting. Data for assessing the influence of chronic
graft-versus-host disease (GVHD) on patients’ outcome
after allogeneic HSCT are rare to date. To provide a basis
to assess the impact of GVHD and dynamic time-depen-
dent risk stratification on patients’ survival, we reana-
lyzed data from 76 patients with myelofibrosis who
received transplants from sibling or unrelated donors.

Analyses focused on the impact on post-transplant sur-
vival of transplant-related factors, including donor, graft
and HLA characteristics and time-dependent occurrence
of chronic GVHD in addition to pre-transplant character-
istics such as DIPSS, DIPSS-Plus, JAK2 mutation status,
time-interval between diagnosis and HSCT and whether
pharmacotherapy or splenectomy was carried out.

Design and Methods

This study included 76 consecutive patients undergoing HSCT
from genotypic HLA-identical (n=27) or HLA-mismatched (n=3)
siblings and matched (n=33) or mismatched (n=13) unrelated
donors between January 1994 and December 2010. All patients
gave their written informed consent to all aspects of the stem cell
transplantation procedure and family donors to the donation
process in accordance with the institutional standards of our
department, which comply with the standards of Good Clinical
Practice and the Declaration of Helsinki. Permission to conduct the
study was given by the institutional review board. 
The patients’ clinical profiles and transplant characteristics are

summarized in Table 1. The DIPSS with age-adjustment for
patients younger than 65 years old,9 the European Bone Marrow
Transplantation (EBMT) risk score20 and the DIPSS Plus10 at time
of HSCT were calculated for each patient wherever possible
(Table 1). Grafts consisted of unmanipulated peripheral blood
stem cells, bone marrow and highly purified CD34+ cells produced
using the CliniMACS device (Milteny Biotech, Bergisch Gladbach,
Germany), as described previously.21 Conditioning in 45 patients
was conducted over 4-5 days and consisted of total body irradia-
tion in four daily 2.5 Gy fractions in combination with 120 mg
cyclophosphamide/kg body weight or 30 mg fludarabine/m2; in
the other 31 patients who were not given total body irradiation,
the treatment consisted of 12-14 g treosulfan (Medac, Hamburg,
Germany)/kg body weight for 3 days. GVHD prophylaxis consist-
ed of a short course of methotrexate on days 1, 3, 6, and 11 in
combination with continuous intravenous cyclosporine (n=46).
Patients given purified CD34+ cells received no further GVHD pro-
phylaxis, but 13 patients were given 10-20 mg alemtuzumab
(MabCampath, Genzyme, Neu-Isenburg, Germany) for 5 days fol-
lowed by continuous intravenous cyclosporine, and 17 patients
were given 10-20 mg additional anti-thymocyte globulin (ATG-S,
Fresenius, Bad Homburg, Germany)/kg body weight for 3 days. 
The JAK2 V617F mutation status could be examined in 67

patients prior to transplantation using real-time polymerase chain
reaction analysis of whole blood, as previously described.21 At the
time of HSCT, 47 patients (62%) had been diagnosed as having
primary myelofibrosis, of whom 41 exhibited advanced disease
stages, previously defined by the presence of at least two poor
prognostic factors, including circulating blast cells, osteosclerosis
and blood hemoglobin levels ≤10 g/dL.13 Acute and chronic
GVHD was classified according to standard criteria.23,24 Every
long-term survivor participated in continuous outpatient follow-
ups at our center, during which GVHD characteristics were docu-
mented. Relapse was defined as reappearance of expression of the
JAK2 V617F mutation or other pre-transplant disease-specific
molecular, cytogenetic or morphological markers accompanied by
a concomitant decline of donor chimerism.
A total 43 patients (57%) had a history of prior treatment with

different cytoreductive and/or immunemodulatory treatment reg-
imens, including hydroxyurea (n=29), anagrelide (n=10), interfer-
on-α (n=11), polychemotherapy (n=6), corticosteroids (n=2), dana-
zol (n=1), imatinib (n=1), busulfan (n=1) and thalidomide (n=1). At
the time of HSCT pharmacotherapy dated back several months or
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years in all of these patients. The characteristics of patients divided
according to whether they had or had not been treated with drug
therapy prior to transplantation are presented in Table 2.

Statistics
Differences in the frequencies of discrete variables were tested

using a two-sided Fisher’s exact test or the χ2 test. Wilcoxon’s
rank-sum test was used to test differences in continuous variables.
In cases in which no competing event needed to be considered,
the probabilities of events over time were calculated by the prod-
uct-limit method, and heterogeneity of time-to-event distribution
functions was compared using log-rank scores.25 To determine
whether possibly competing events were independent (i.e. relapse
and death without relapse) the probabilities of events over time
were estimated by cause-specific cumulative incidence rates.26 The
proportional hazards general linear model was used to compare
cumulative incidence rates between subsets of patients, by com-
paring time-to-events with the cause-specific hazard functions
using the two-sided Wald test.27 Multivariate proportional hazards
general linear model analysis was also performed for relapse, treat-
ment-related mortality, overall survival and relapse-free survival as
endpoints.28 In all multivariate analyses of these endpoints,
dichotomous variables were included as categorical covariates:
pre-transplant pharmacotherapy (0=no, 1=yes), splenectomy
(0=no, 1=yes), cytogenetic abnormalities (0=no, 1=yes), JAK2
mutation status (0=wild type, 1=JAK2 V617F mutation), disease
stage (0=non-advanced, 1=advanced), categorized disease stratifi-
cation according to age-adjusted DIPSS score (0=low, 1=higher
than low), stem cell source (0=bone marrow cells, 1=blood stem
cells), donor type (0=identical sibling, 1=matched unrelated
donor), age group (0=below 50 years, 1=older than 50 years) and
European Bone Marrow Transplantation (EBMT) risk score. Acute
GVHD (0=grades 0-I, 1=grades II-IV) and chronic GVHD
(0=absent, 1=present) were included in model building as time-
dependent covariates with the time interval from allogeneic HSCT
(day 0) until occurrence of GVHD. All proportional hazards gener-
al linear model analyses were performed using stepwise forward
and backward selection procedures, and only covariates with a
significance level below 1% were included in the model building.
Only covariates attaining a significance level below 1% after
adjustment for the other significant covariates selected in the for-
ward and backward model building procedure were regarded as
significant in the final models. Univariate and multivariate day-
100 landmark analyses were performed on the 67 patients (88% of
the cohort) who survived for 100 days after allogeneic HSCT
without relapse to account for potential interactions of grades II-
IV acute GVHD and chronic GVHD on relapse. Hazard ratios (HR)

Table 1. Summary of characteristics describing the patients’ profile, disease
classification, treatments and transplantation modalities  
Variable Type of value Value

Male/ female patients in entire cohort 40 / 36
Age at diagnosis median years (range) 45 (7-65)
Age  at transplantation median years (range) 50.5 (22-67)
Time from diagnosis median months (range) 28 (3-244)
to transplantation
Diagnosis
Primary myelofibrosis number of patients (percentage) 47 (62%)
Secondary myelofibrosis number of patients (percentage) 29 (38%)
Advanced/ non-advanced disease patients in entire cohort 41 / 35
Cytogenetic abnormalities number of patients (percentage) 11 (15%)
before transplantation 
DIPSS at transplantation
Low number of patients (percentage) 18 (24%)
Intermediate-1 number of patients (percentage) 39 (51%)
Intermediate-2 number of patients (percentage) 13 (17%)
High number of patients (percentage) 6 (8%)
DIPSS plus at transplantation
Low number of patients (percentage) 7 (10%)
Intermediate-1 number of patients (percentage) 19 (28%)
Intermediate-2 number of patients (percentage) 33 (49%)
High number of patients (percentage) 9 (13%)
EBMT risk score
2 number of patients (percentage) 2 (3%)
3 number of patients (percentage) 7 (9%)
4 number of patients (percentage) 11 (14%)
5 number of patients (percentage) 56 (73%)
Dupriez score at transplantation
Low number of patients (percentage) 19 (25%)
Intermediate number of patients (percentage) 31 (41%)
High number of patients (percentage) 26 (34%)

JAK2 V617F mutation status
Positive number of patients (percentage) 37 (55%)
Negative number of patients (percentage) 30 (45%)
Unknown patients in entire cohort 9 
Treatment before transplant
Splenectomy number of patients (percentage) 16 (21%)
Chemotherapy/ no cytoreductive patients in entire cohort 35/ 33
therapy
Immune modulating therapy patients in entire cohort 12
(interferon-α, thalidomide)
Androgens patients in entire cohort 1
Steroids patients in entire cohort 2
Donor
HLA-identical sibling number of patients (percentage) 27 (36%)
Mismatched sibling number of patients (percentage) 3 (4%)
HLA-identical unrelated number of patients (percentage) 33 (43%)
Mismatched unrelated number of patients (percentage) 13 (17%)
Graft source
Bone marrow number of patients (percentage) 6 (8%)
Peripheral blood stem cells number of patients (percentage) 68 (89%)
CD 34 purified stem cells number of patients (percentage) 2 (3%)
Conditioning regimen
TBI + Cy/fludarabine number of patients (percentage) 45 (59%)
Treosulfan/busulfan + number of patients (percentage) 31 (41%)
fludarabine/ Cy 
GVHD prophylaxis
CSA + MTX number of patients (percentage) 46 (61%)
CSA + ATG number of patients (percentage) 17 (22%)
CSA + alemtuzumab number of patients (percentage) 13 (17%)

Engraftment 
Leukocytes  >  1x109/L median days post-transplant (range)18 (9-32)
Platelets > 20x109/L median days post-transplant (range)17 (8-57)
Acute GVHD
Grade 0-I number of patients (percentage) 52 (69%)
Grade II-IV number of patients (percentage) 24 (31%)
Grade III or IV number of patients (percentage) 9 (12%)
Chronic GVHD patients in entire cohort 41
Limited patients in entire cohort 23
Extended patients in entire cohort 18
Graft failure number of patients (percentage) 4 (5%)
Relapse number of patients (percentage) 12 (16%)

TBI: total body irradiation, Cy: cyclophosphamide, CSA: cyclosporine A; ATG: anti-thymocyte glob-
uline.

continued in the next column

continued from the previous column
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and 95% confidence intervals (CI) were derived for each signifi-
cant covariate included in the final proportional hazards general
linear models. Statistical analysis and presentation was performed
using the 9.22 release of Statistical Analysis Software™ procedures
and macros (SAS, Cary, NC, USA).

Results

Patients and transplant-related characteristics
Follow-up data were retrospectively analyzed for the 76

consecutive patients with myelofibrosis who underwent
HSCT at Essen University Hospital between January 1994
and December 2010 (Table 1). The median interval
between diagnosis and HSCT in patients who were phar-
macologically pre-treated was not significantly different
from that of patients who received no pharmacological
pre-treatment. Significantly more secondary myelofibrosis
was observed among pre-treated patients (P=0.012) (Table
2). White blood cell engraftment was observed in 73
patients, and occurred at a median of 18 days post-trans-
plantation. The cumulative incidence of successful
engraftment at day 30 after transplantation was calculated
to be 94% (95% Cl: 89 - 100%). Primary graft failure
occurred in three patients and secondary graft loss in one
patient (Table 1). The cumulative incidence of white blood
cell engraftment failure at 30 days after transplantation in
these patients was calculated to be 3.7% (95% Cl: 0.9 -
15%). Platelet engraftment occurred at a median of 17
days (Table 1). Three stem cell recipients with pre-trans-
plant splenomegaly (one with primary, two with second-
ary myelofibrosis) underwent successful splenectomy
because of persistent pancytopenia after HSCT. The time
interval between diagnosis and HSCT was 34 months
among patients with primary myelofibrosis compared to

96 months among patients with secondary myelofibrosis
(P<0.001).
After HSCT, 24 patients developed acute GVHD grades

II to IV (Table 1). The cumulative incidence of GVHD at
day 100 for this cohort of patients was calculated to be
32% (95% CI: 19-44%). Chronic GVHD developed in 41
patients (Table 1), with a median onset at 6 months post-
transplantation (range, 3.8-8.2 months). The 5-year cumu-
lative incidence for chronic GVHD was calculated to be
77% (95% CI: 66-91%) using day 100 landmark analysis.
The occurrence of chronic GVHD was significantly
reduced in patients who had received pre-transplant phar-
macotherapy (P=0.004) or antibodies for immunoprophy-
laxis (P=0.015). 
Several factors were equally distributed between

patients regardless of whether they developed acute or
chronic GVHD. These included age, graft source, the type
of conditioning and immunoprophylaxis, HLA-match,
donor type, donor-recipient gender pairing, Lille-score,
DIPSS score, JAK2 mutation status, disease stage and
whether the patient also underwent splenectomy.

Patients’ outcome: non-relapse mortality, relapse 
and survival
The cumulative incidences for non-relapse mortality at

1, 3 and 5 years after HSCT were calculated to be 26%
(95% CI: 17-38%), 33% (95% CI: 22-35%) and 36% (95%
CI: 35-50%), respectively. In our cohort, 22 patients died
after HSCT (median, 5 months; range, 1-5 months) of
treatment-related causes: more precisely, 14 died of infec-
tions and eight died of GVHD. Acute GVHD caused a sig-
nificant increase of non-relapse mortality (P=0.006) in the
univariate model. Relapse occurred in 12 patients (16%) at
a median time of 5.5 months (range, 3-88 months) after
HSCT, and nine patients died of relapse. The 5-year cumu-
lative incidence of relapse was calculated to be 19% (95%
CI: 11 - 32%). Univariate analysis using relapse as the end-
point identified three decisive predictors. Cytogenetic
abnormalities with aberrant karyotype (P=0.004), alem-
tuzumab treatment for immunoprophylaxis (P=0.009) and
absence of chronic GVHD were all correlated with higher
relapse rates (P=0.001). Landmark analysis on day 100
showed that the cumulative 5–year relapse incidence was
14% (95% CI: 6-31%) in patients with chronic GVHD
compared to 40% (95% CI: 21 - 81%) in patients without
chronic GVHD (P=0.001, Figure 1).
The median follow-up was 55 months (range, 5-191

months) for surviving patients and 25 months (range, 1-
191 months) for the entire cohort of patients. The median
overall survival of the entire cohort was predicted to be
96.2 months (95% Cl: 75.2-117.2%), with a predicted 5-
year overall survival of 53% (95% Cl: 40-85%). The prob-
ability of relapse-free survival at 5 years was 50% (95%
Cl: 38-62%). Overall survival was significantly longer in
patients who did not have advanced disease (P=0.008).
Correspondingly, patients with low DIPSS scores had the
highest predicted 5-year survival rate (76%) compared
with patients classified with intermediate-1 scores (48%)
or stratified intermediate-2 and high scores (38%, Figure
2). The follow-up period was not long enough for patients
with low DIPSS scores to predict median survival.
Predicted median survival was calculated to be 38 months
for patients with intermediate-1 scores and 35 months for
patients with intermediate-2 and high scores. Considering
DIPSS-Plus, the follow up was again not long enough to
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Table 2.  Comparative summary of patient characteristics in the untreated and
pre-treated cohort

Pharmacotherapy Untreated P value
Variable N N

Advanced disease 21 14 n.s. 
Non-advanced disease 22 19 n.s. 
Cytogenetic abnormalities pre-transplant 7 4 n.s. 
Primary myelofibrosis 20 27
Secondary myelofibrosis 23 6 < 0.01
Dupriez score at transplantation
Low 12 7 n.s. 
Intermediate 17 14 n.s. 
High 14 12 n.s. 
DIPSS
Low 12 6 n.s. 
Interleukin-1 22 17 n.s. 
Interleukin-2 6 7 n.s. 
High 3 3 n.s. 

Age > 50 years 19 21 n.s. 
HLA non-identical donor 12 4 n.s. 
Splenectomy 10 6 n.s. 
Circulating blasts at HSCT 14 8 n.s. 
Chronic GVHD 24 17 0.04
Hemoglobin ≤ 10 g/dL 20 21 n.s.
JAK2 V617F mutation positive 19 18 n.s.

n.s.: not significant.



assess the median survival for low-risk patients. The pre-
dicted median survival was 100 (95% CI: 60-140), 61
(95% CI: 44-79) and 22 (95% CI: 6-38) months for patients
with intermediate-1, intermediate-2 and high-risk DIPSS-
Plus scores, respectively. Correspondingly, the 5-year
overall survival was calculated to be 100%, 51%, 54% and
30% for DIPSS-Plus low, intermediate-1, intermediate-2
and high scores, respectively.
Overall survival was significantly reduced in patients

who did not suffer chronic GVHD (P<0.001) or who
received pharmacological pre-treatment (P=0.007, Figure
3). Overall but not relapse-free survival was significantly
(P=0.029) increased in patients with primary myelofibro-
sis compared to those with secondary myelofibrosis (65%
versus 33% after 5 years). However, this difference was
abrogated by stratification for pharmacological pre-treat-
ment. Both predicted overall and relapse-free survival
were significantly lower (P=0.013 and P=0.046, respec-
tively) in patients receiving HLA-mismatched transplants. 
Advanced disease stage (P=0.006), medical pre-treat-

ment (P=0.003), circulating blasts at the time of HSCT
(P=0.02), presence of cytogenetic abnormalities (P=0.019)
and absence of chronic GVHD (P<0.001, Figure 4) were
identified as risk factors adversely influencing relapse-free
survival in the univariate model. Multiple model analysis
for relapse-free survival identified low DIPSS score (HR
1.3, 95% CI: 1.1 to 1.7, P=0.02) and abnormal karyotype
(HR 2.2, 95% CI: 1.0 to 5.0, P=0.049) as independent fac-
tors increasing the risk of relapse or death whereas chronic
GVHD significantly reduced it (HR 0.2, 95% CI 0.08 to
0.49, P=0.0004). 
Multiple model analysis with stepwise pre-transplant

variable selection identified non-advanced disease stage
(HR 2.5, 95% CI: 1.2 to 4.9; P=0.01), low DIPSS score (HR
1.4, 95% CI: 1.1 to 1.7; P=0.014), and no pharmacothera-
py prior to HSCT (HR 2.7, 95% CI: 1.3 to 5.7; P=0.009), as

being independently associated with prolonged overall
survival. The strong association between absence of
chronic GVHD (HR 0.07, 95% CI: 0.02 to 0.3; P=0.0009)
and reduced overall survival was confirmed in multivari-
ate analysis (proportional hazards general linear model
analysis) which included transplant-related variables
(Table 3).

Discussion

This retrospective evaluation of HSCT in patients with
primary or secondary myelofibrosis corroborates the
potential of allogeneic transplantation to achieve long-
term remission. With predicted 5-year overall and event-
free survival rates of 53% and 50%, respectively, our
results are in line with reports from national registries or
other single-center studies.11,12,14-19,29-32 On the whole, our
observed cumulative incidence rates of non-relapse-
mortality corresponded to those found in evaluations of
more extensive registry data.17,29-30 However, our evalua-
tion identified chronic GVHD and pre-transplant pharma-
cotherapy as independent factors influencing outcome
after HSCT for the first time. Additionally, by testing the
applicability of the DIPSS score in the transplant setting,
we demonstrated that in our cohort of patients, this score,
unlike the Dupriez and EBMT scores, was able to predict
different risks of transplantation and refine the prognostic
accuracy of HSCT outcome. Overall and event-free sur-
vival after HSCT were significantly improved in patients
with low DIPSS scores compared to those classified as
intermediate-1, intermediate-2 or high risk by the DIPSS.
Analysis of overall survival stratified by DIPSS-Plus scores
demonstrated similar and even better results for each risk
group. Furthermore, a comparison of the results obtained
in the present study and those described by Gangat et al.10
showed that the median survival for each risk group was,
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Figure 1. Cumulative incidence of relapse in patients surviving more
than 100 days after HSCT stratified by chronic GVHD. Kaplan-Meier
analysis was retrospectively conducted on 76 patients who under-
went HSCT between 1994 and 2010. (P=0.001). Cumulative inci-
dence of relapse in patients who did not develop chronic GVHD after
HSCT (solid line). Cumulative incidence of relapse for patients devel-
oping chronic GVHD after HSCT (dashed line). Tick marks indicate
patients surviving free of relapse or competing events. The 95% con-
fidence intervals for all values are indicated by shaded zones around
the lines.

Figure 2. Predicted overall survival of patients stratified by pre-trans-
plant DIPSS score. Kaplan-Meier analysis was used to predict overall
survival in all 76 patients. P>0.05. Overall survival for patients with
low DIPSS scores (n=18; solid line), patients with intermediate-1
DIPSS scores (n=39; dashed line) and patients with intermediate-2
or high DIPSS scores (n=19; dotted line) are shown. Tick marks indi-
cate surviving patients. The 95% confidence intervals for all values
are indicated by shaded zones around the lines.
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in contrast to the natural course of disease, superior after
allogeneic HSCT. The unfavorable effect of advanced dis-
ease stages on relapse-free survival was demonstrated in
univariate analysis, in line with the results of previous
studies identifying the predictive value of myelofibrosis
disease stage for post-transplant survival.12,13 Several publi-
cations have reported that a high Lille score is a major risk
factor for reduced post-transplant survival, suggesting a
distinct association between disease stage and HSCT out-
come.11,29,32,33 Recently, Robin et al.29 reported that non-
chronic phase disease was the worse prognostic factor for
overall survival after HSCT, while the Dupriez score had
no impact, in accordance with our results.
Mismatched transplants have been reported to have an

adverse impact on post-transplant survival33 and engraft-
ment.29 Our calculated estimates of survival after mis-
matched HSCT were significantly decreased, but only in
univariate analysis. In contrast to other reports, we identi-
fied no influence of splenectomy,31 JAK2 V617F mutation,33
time interval between diagnosis and HSCT,30 donor type,29-
30,33 or patient’s age31-33 on post-transplant outcome in our
cohort of patients. Our findings contradict the reported
significance of JAK2 expression regarding an improved
outcome after allogeneic HSCT,33,35 and emphasize the

usefulness of the V617F mutation as a marker for minimal
residual disease in patients initially positive for this muta-
tion.22 We did, however, verify that the presence of cyto-
genetic abnormalities in general increased the risk of
relapse and reduced relapse-free survival.12 The role of
splenectomy prior to transplantation remains controver-
sial and our findings support the position of not recom-
mending splenectomy prior to HSCT because there was
no significant impact of splenectomy on clinical endpoints
or outcome. Although we observed three cases of persist-
ent pancytopenia after transplantation, which may have
been due to massive splenomegaly, hematopoietic recov-
ery was achieved by subsequent post-transplant splenec-
tomy in these cases.
The fact that this study showed that chronic GVHD had

an influence on relapse and relapse-free survival might be
related to the higher incidences of chronic GVHD
observed in our cohort and the comparatively long follow-
up of surviving patients. In published reports on patients
with myelofibrosis, follow-up periods ranged from 3312,29,33
to 6414 months after HSCT. Our evaluation indicates that
chronic GVHD may play an essential role in reducing the
risk of relapse, which is additionally corroborated by the
finding that intensified immunosuppression using alem-
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Figure 4. Predicted relapse-free survival for patients stratified by
chronic GVHD in patients surviving more than 100 days after HSCT.
Kaplan-Meier analysis was used to predict event-free survival in all
76 patients. P<0.001. Relapse-free survival for patients without
chronic GVHD (n=26; solid line) and patients with chronic GVHD
(n=41; dashed line). Tick marks indicate surviving patients. The 95%
confidence intervals for all values are indicated by shaded zones
around the lines.

Table 3. Proportional hazards general linear model analysis of overall and event-free survival.
Overall survival improvement Event-free survival impairment

Covariates* Value P Covariates* Value P

Non-advanced disease† 2.5 (1.2-4.9) 0.01 Abnormal karyotype† 2.2 (1.0-5.0) 0.049
Low age-adjusted DIPSS score† 1.4 (1.1-1.7) 0.014 aaDIPSS > low† 1.3 (1.1-1.7) 0.02
No pharmacological pre-treatment† 2.7 (1.3-5.7) 0.009 cGVHD† 0.2 ( 0.08-0.49) 0.0004

*Proportional hazards general linear models (PHGLM) with forward and backward selection of covariates; time-dependent covariates: time intervals to grades II-IV acute GVHD,
chronic GVHD; further covariates included in all PHGLM analyses: stratified patient age; patient/donor sex match; pre-transplant risk scores; donor type; graft source; JAK2 mutation
status; degree of bone marrow fibrosis; anemia; circulating blasts. †Hazard ratio (HR) and 95% confidence interval (95% CI) after adjustment for all significant (P< 0.05) covariates
in the final models.

Figure 3. Predicted overall survival of patients stratified by pre-trans-
plant pharmacotherapy. Kaplan-Meier analysis was used to predict
overall survival in all 76 patients. P=0.007. Overall survival for
patients not given pharmacological pre-treatment (n=33; solid line)
and patients previously given pharmacotherapy (n=43; dashed line)
is shown. Tick marks indicate surviving patients. The 95% confi-
dence intervals for all values are indicated by shaded zones around
the lines.
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tuzumab significantly increased relapse rates. Overall sur-
vival rates for patients with various other hematologic
malignancies were reported to double in patients who
developed chronic GVHD after HSCT,35 suggesting a basic
allo-immune reaction in terms of a chronic graft-versus-
neoplasm effect after allogeneic transplantation.
Stem cell recipients who received pharmacotherapy

prior to HSCT had substantially reduced relapse-free sur-
vival, even though such patients were equally distributed
within demographic subgroups and subgroups based on
disease characteristics or risk stratification. When pharma-
cologically pre-treated and untreated patients were con-
sidered separately, there were no differences in the overall
survival of patients with primary compared to secondary
myelofibrosis. This is notable because the proportion of
patients with secondary myelofibrosis was higher among
the pre-treated patients. An inferior post-transplant sur-
vival among patients with secondary myelofibrosis could
be related to longer disease duration or the significantly
longer interval between diagnosis and HSCT. Differences
in post-transplant outcomes observed between patients
pre-treated pharmacologically and those who did not
receive any drug therapy may be related to more aggres-
sive forms of disease and more rapid disease progression
for which therapy was thought to be indicated. 
Only one observation about the influence of pre-trans-

plant pharmacotherapy has been published to date, and
concerns the myeloproliferative neoplasm, chronic
myeloid leukemia. An association was reported between
interferon-α therapy prior to bone marrow transplantation
and inferior post-transplant outcome, for which the
causative pathomechanism remains unclear.36 In our cohort
of patients, pre-transplant therapy was associated with
inferior outcome just as was the absence of chronic GVHD.
The fact that pre-treated stem cell recipients developed less
chronic GVHD might be responsible for the poorer sur-
vival after transplantation. It is possible that the lack of
allo-immune reactivity resulting from pharmacotherapy
may suppress the development of chronic GVHD and,
therefore, contribute to reduced survival after HSCT. 
Our findings demonstrate a distinct impact of disease-

specific features as well as transplant-related factors on
outcome after allogeneic HSCT. It should be noted that
patients with primary myelofibrosis with intermediate-1
to high DIPSS scores had a median survival between 2.3
and 9.8 years if they remain untreated, using a wait-and-

see strategy.9 The 3-year survival rate for transplantation-
eligible, high- or intermediate-risk patients (<60 years of
age) with primary myelofibrosis who did not undergo
HSCT has been reported to range between 55% and
77%.37 However, by applying the DIPSS-Plus model for
the first time the beneficial effect of allogeneic HSCT
becomes apparent for each risk group, when compared to
the median survival rates reported by Gangat et al.10
Probably the difficulty in comparing relevant clinical end-
points for different cohorts of patients, which is basically
caused by the heterogeneity of patients and their selec-
tion, can be overcome by using the DIPSS- Plus categoriza-
tion. The overall reported safety and efficacy of HSCT
supports the concept that this treatment option should not
be unnecessarily delayed, particularly if an HLA-identical
donor is available and the risk of disease begins to
increase. To assess the risk of disease better, dynamic risk
stratification using the DIPSS or DIPSS-Plus should be car-
ried out periodically. Disease-specific pharmacological
treatment should be carefully considered if the patient is
to undergo HSCT. Immunosuppressive GVHD prophylax-
is in transplanted patients with high-risk characteristics
should also be considered carefully, and reduced where
possible. The choice of conditioning regimen should be
adapted to the clinical status and comorbidities of each
patient in order to minimize transplant-related mortality.
In consideration of all disease-specific and transplantation-
related adverse factors, Barbui et al. concluded that the risk
of allogeneic HSCT for myelofibrosis can be expected to
be justifiable in patients with a predicted median survival
of less than 5 years.38 Treatment algorithms derived from
individual prognostic factors should be established and
verified in prospective clinical trials in order to improve
the selection of patients eligible for transplantation and
the appropriate transplant scheduling in patients with
myelofibrosis.

Authorship and Disclosures

The information provided by the authors about contributions from
persons listed as authors and in acknowledgments is available with
the full text of this paper at www.haematologica.org.
Financial and other disclosures provided by the authors using the

ICMJE (www.icmje.org) Uniform Format for Disclosure of
Competing Interests are also available at www.haematologica.org.

m. Ditschkowski et al.

1580 haematologica | 2012; 97(10)

References

1. Tefferi A. Myelofibrosis with myeloid meta-
plasia. N Engl J Med. 2000; 342(17): 1255-65.

2. Kralovics R, Passamonti F, Buser AS, Teo SS,
Tiedt R, Passweg JR, et al. A gain-of-function
mutation of JAK2 in myeloproliferative dis-
orders. N Engl J Med. 2005;352 (17):1779-90.

3. Williams DM, Kim AH, Rogers O, Spivak JL,
Moliterno AR. Phenotypic variations and
new mutations in JAK2 V617F-negative
polycythemia vera, erythrocytosis, and idio-
pathic myelofibrosis. Exp Hematol. 2007;35
(11):1641-6.

4. Mesa RA, Verstovsek S, Cervantes F, Barosi
G, Reilly JT, Dupriez B, et al. Primary
myelofibrosis (PMF), post polycythemia
vera myelofibrosis (post-PV MF), post essen-

tial thrombocythemia myelofibrosis (post-
ET MF), blast phase PMF (PMF-BP):
Consensus on terminology by the interna-
tional working group for myelofibrosis
research and treatment (IWG-MRT). Leuk
Res. 2007;31(6):737-40.

5. Cervantes F, Dupriez B, Pereira A,
Passamonti F, Reilly JT, Morra E, et al. New
prognostic scoring system for primary
myelofibrosis based on a study of the
International Working Group for
Myelofibrosis Research and Treatment.
Blood. 2009;113(13):2895-901.

6. Dupriez B, Morel P, Demory JL, Lai JL,
Simon M, Plantier I, et al. Prognostic factors
in agnogenic myeloid metaplasia: a report
on 195 cases with a new scoring system.
Blood. 1996;88(3):1013-8.

7. Cervantes F, Barosi G, Demory JL, Reilly J,

Guarnone R, Dupriez B, et al. Myelofibrosis
with myeloid metaplasia in young individu-
als: disease characteristics, prognostic fac-
tors and identification of risk groups. Br J
Haematol. 1998;102(3):684-90.

8. Cervantes F, Dupriez B, Pereira A,
Passamonti F, Reilly JT, Morra E, et al. New
prognostic scoring system for primary
myelofibrosis based on a study of the
International Working Group for
Myelofibrosis Research and Treatment.
Blood. 2009;113(5):2895-901.

9. Passamonti F, Cervantes F, Vannucchi AM,
Morra E, Rumi E, Pereira A, et al. A dynamic
prognostic model to predict survival in pri-
mary myelofibrosis: a study by the IWG-
MRT (International Working Group for
Myeloproliferative Neoplasms Research and
Treatment). Blood. 2010;115(13):1703-8. 



10. Gangat N, Caramazza D, Vaidya R, George
G, Begna K, Schwager S, et al. DIPSS plus: a
refined Dynamic International Prognostic
Scoring System for primary myelofibrosis
that incorporates prognostic information
from karyotype, platelet count, and transfu-
sion status. J Clin Oncol. 2011;29(4):392-7.
Epub 2010. 

11. Guardiola P, Anderson JE, Bandini G,
Cervantes F, Runde V, Arcese W, et al.
Allogeneic stem cell transplantation for
agnogenic myeloid metaplasia: a European
Group for Blood and Marrow
Transplantation, Société Française de Greffe
de Moelle, Gruppo Italiano per il Trapianto
del Midollo Osseo, and Fred Hutchinson
Cancer Research Center Collaborative
Study. Blood. 1999; 93(9):2831-8.

12. Deeg HJ, Gooley TA, Flowers ME, Sale GE,
Slattery JT, Anasetti C, et al. Allogeneic
hematopoietic stem cell transplantation for
myelofibrosis. Blood. 2003;102(12):3912-8.

13. Ditschkowski M, Beelen DW, Trenschel R,
Koldehoff M, Elmaagacli AH. Outcome of
allogeneic stem cell transplantation in
patients with myelofibrosis. Bone Marrow
Transplant. 2004;34(9):807-13.

14. Kerbauy DM, Gooley TA, Sale GE, Flowers
ME, Doney KC, Georges GE, et al.
Hematopoietic cell transplantation as cura-
tive therapy for idiopathic myelofibrosis,
advanced polycythemia vera, and essential
thrombocythemia. Biol Blood Marrow
Transplant. 2007;13(3):355-65.

15. Kröger N, Zabelina T, Schieder H, Panse J,
Ayuk F, Stute N, et al. Pilot study of reduced-
intensity conditioning followed by allogene-
ic stem cell transplantation from related and
unrelated donors in patients with myelofi-
brosis. Br J Haematol. 2005;128(5):690-7.

16. Merup M, Lazarevic V, Nahi H, Andreasson
B, Malm C, Nilsson L, et al. Different out-
come of allogeneic transplantation in
myelofibrosis using conventional or
reduced-intensity conditioning regimens. Br
J Haematol. 2006; 135(3):367-73. 

17. Ballen KK, Shrestha S, Sobocinski KA,
Zhang MJ, Bashey A, Bolwell BJ, et al.
Outcome of transplantation for myelofibro-
sis. Biol Blood Marrow Transplant.
2010;16(3):358-67.

18. Gupta V, Kröger N, Aschan J, Xu W, Leber B,
Dalley C, et al. A retrospective comparison
of conventional intensity conditioning and
reduced-intensity conditioning for allogene-
ic hematopoietic cell transplantation in
myelofibrosis. Bone Marrow Transplant.
2009;44(5):317-20.

19. Stewart WA, Pearce R, Kirkland KE, Bloor A,
Thomson K, Apperley J, et al. The role of
allogeneic SCT in primary myelofibrosis: a
British Society for Blood and Marrow
Transplantation study. Bone Marrow

Transplant. 2010; 45(7):1587-93.
20. Gratwohl A, Hermans J, Goldman JM,

Arcese W, Carreras E, Devergie A, et al. Risk
assessment for patients with chronic
myeloid leukaemia before allogeneic blood
or marrow transplantation. Chronic
Leukemia Working Party of the European
Group for Blood and Marrow
Transplantation. Lancet. 1998; 352(9143):
1087-92.

21. Elmaagacli AH, Peceny R, Steckel N,
Trenschel R, Ottinger H, Grosse-Wilde H, et
al. Outcome of transplantation of highly
purified peripheral blood CD34+ cells with
T-cell add-back compared with unmanipu-
lated bone marrow or peripheral blood stem
cells from HLA-identical sibling donors in
patients with first chronic phase chronic
myeloid leukemia. Blood. 2003;101(2):446-
53.

22. Steckel NK, Koldehoff M, Ditschkowski M,
Beelen DW, Elmaagacli AH. Use of the acti-
vating gene mutation of the tyrosine kinase
(VAL617Phe) JAK2 as a minimal residual dis-
ease marker in patients with myelofibrosis
and myeloid metaplasia after allogeneic
stem cell transplantation. Transplantation.
2007; 83(11):1518-20.

23. Przepiorka D, Weisdorf D, Martin P,
Klingemann HG, Beatty P, Hows J, et al.
1994 Consensus Conference on Acute
GVHD Grading. Bone Marrow Transplant.
1995;15(6):825-8.

24. Sullivan KM, Agura E, Anasetti C,
Appelbaum F, Badger C, Bearman S, et al.
Chronic graft-versus-host disease and other
late complications of bone marrow trans-
plantation. Semin Hematol. 1991;28(3):250-
9.

25. Kaplan EL, Meier P: Nonparametric estima-
tion from incomplete observations. J Am
Stat Assoc. 1958;53:457-481.

26. Gooley TA, Leisenring W, Crowley J, Storer
BE. Estimation of failure probabilities in the
presence of competing risks: new represen-
tations of old estimators. Stat Med.
1999;18(6):695-706.

27. Cheng SC, Fine JP, Wei LJ. Prediction of
cumulative incidence function under the
proportional hazards model. Biometrics.
1998;54(1):219-28.

28. Cox DR. Regression models and life-tables
(with discussion). J Royal Stat Soc. 1972;
B34(2):187-220.

29. Robin M, Tabrizi R, Mohty M, Furst S,
Michallet M, Bay JO, et al. Allogeneic
haematopoietic stem cell transplantation for
myelofibrosis: a report of the Société
Française de Greffe de Moelle et de Thérapie
Cellulaire (SFGM-TC). Br J Haematol.
2011;152(5):331-9.

30. Patriarca F, Bacigalupo A, Sperotto A, Isola
M, Soldano F, Bruno B, et al. Allogeneic

hematopoietic stem cell transplantation in
myelofibrosis: the 20-year experience of the
Gruppo Italiano Trapianto di Midollo Osseo
(GITMO). Haematologica. 2008;93(3):1514-
22.

31. Nivison-Smith I, Dodds AJ, Butler J,
Bradstock KF, Ma DD, Simpson JM, et al.
Allogeneic hematopoietic cell transplanta-
tion for chronic myelofibrosis in Australia
and New Zealand: older recipients receiving
myeloablative conditioning at increased
mortality risk. Biol Blood Marrow
Transplant. 2012;18(2):302-8. 

32. Abelsson J, Merup M, Birgegård G,
Weisbjerrum O, Brinch L, Brune M, et al.
The outcome of allo-HSCT for 92 patients
with myelofibrosis in the Nordic countries.
Bone Marrow Transplant. 2012;47(3):380-6.

33. Kröger N, Holler E, Kobbe G, Bornhäuser M,
Schwerdtfeger R, Baurmann H, et al.
Allogeneic stem cell transplantation after
reduced-intensity conditioning in patients
with myelofibrosis: a prospective, multicen-
ter study of the Chronic Leukemia Working
Party of the European Group for Blood and
Marrow Transplantation. Blood. 2009;114
(8):5264-70.

34. Ditschkowski M, Elmaagacli AH, Trenschel
R, Steckel NK, Koldehoff M, Beelen DW. No
influence of V617F mutation in JAK2 on out-
come after allogeneic hematopoietic stem
cell transplantation (HSCT) for myelofibro-
sis. Biol Blood Marrow Transplant. 2006;12
(12):1350-1.

35. Michallet M, Le QH, Mohty M, Prébet T,
Nicolini F, Boiron JM, et al. Predictive factors
for outcomes after reduced intensity condi-
tioning hematopoietic stem cell transplanta-
tion for hematological malignancies: a 10-
year retrospective analysis from the Société
Française de Greffe de Moelle et de Thérapie
Cellulaire. Exp Hematol. 2008;36(5):535-44.

36. Beelen DW, Graeven U, Elmaagacli AH,
Niederle N, Kloke O, Opalka B, et al.
Prolonged administration of interferon-
alpha in patients with chronic-phase
Philadelphia chromosome-positive chronic
myelogenous leukemia before allogeneic
bone marrow transplantation may adversely
affect transplant outcome. Blood. 1995;85
(10):2981-90.

37. Siragusa S, Passamonti F, Cervantes F, Tefferi
A. Survival in young patients with interme-
diate- / high-risk myelofibrosis: estimates
derived from databases for non transplant
patients. Am J Hematol. 2009;84(12):140-3.

38. Barbui T, Barosi G, Birgegard G, Cervantes F,
Finazzi G, Griesshammer M, et al.
Philadelphia-negative classical myeloprolif-
erative neoplasms: critical concepts and
management recommendations from
European LeukemiaNet. J Clin Oncol. 2011;
29(6):761-70.

Factors influencing transplant outcome in myelofibrosis 

haematologica | 2012; 97(10) 1581


