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Abstract

Background: There is paucity of data on the outcomes of allogeneic stem cell transplantation (allo-SCT) for
myelofibrosis, from developing countries.

Materials and Methods: This is a retrospective analysis of patients undergoing allogeneic stem cell transplant
for myelofibrosis at our center between January 1998 to December 2023.

Results: Thirty-four patients underwent allogeneic transplantation with a median age of 46 (19-68) years with
24 (70.6%) being males. The median dynamic international prognostic scoring system (DIPSS) Score was 3 (2-4).
JAK2 was the most common driver mutation, in 10 (34.5%) patients. Majority of patients received reduced in-
tensity conditioning with Fludarabine-Melphalan +/-total body irradiation (n=32) and all had peripheral blood
grafts with donor source being matched sibling in 22 (64.7%), unrelated donor in 9 (26.5%) [7 full HLA match,
one 9/10 HLA match and one 8/10 HLA match] and haploidentical in 3 (8.8%). The median CD34 cell dose in-
fused was 9.9 (3.4-22) X 10°%kg. The majority received calcineurin inhibitor + methotrexate (n=28) as Graft ver-
sus Host Disease (GVHD) prophylaxis. Two patients died before day 14 due to sepsis while 3 (9.3%) had primary
graft failure. Neutrophil engraftment occurred in 29 patients (85.3%) at a median of 15 (range 8-25) days.
Acute GVHD was noted in 20 (58.8%) patients with grade 3-4 GVHD in 13 (38.2%). Chronic GVHD was noted in
12 patients with 4 being extensive chronic GVHD as per revised Seattle criteria. On last follow up, 15 (44.1%)
patients are alive while 19 have died.

Conclusion: Allo-SCT for myelofibrosis is associated with reasonable cure rates, however strategies to reduce

graft failure and GVHD are required.
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Introduction

Mpyelofibrosis is clonal disorder, characterized by
bone marrow fibrosis and inefficient hematopoiesis
leading to worsening cytopenia, splenomegaly and con-
stitutional symptoms. It has the worst prognosis
amongst all the myeloproliferative neoplasms'. Despite
newer advances in treatment, stem cell transplantation
(SCT) remains the only curative option’. Though newer
targeted molecules like JAK inhibitors are being used,
its role in improving overall survival is still limited.
SCT in patients with myelofibrosis is challenging and is
associated with poorer outcomes compared to other he-

matological malignancies’. Various studies have showed
long term relapse free survival of 40-60%’. There are
many pre and post-transplant clinical and laboratory pa-
rameters that are known to influence outcomes™”’, and
the risk of transplant related mortality versus the risk of
disease related mortality determines the timing of trans-
plant’. Over the years, various risk stratification tools
and scoring systems have been developed and are rec-
ommended for an individualized treatment selection’.
Engraftment failure and post-transplant graft versus host
disease (GVHD) are predominant problems associated
with HSCT for myelofibrosis’. With better targeted
therapies being identified for myelofibrosis, the decision
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about when and whom to transplant has still not been
solved, but has rather become more complex®. Because
of the rarity of the disease and low number of patients
undergoing transplant, there is limited data on myelofi-
brosis transplants, especially from India.

In this study we performed a retrospective analysis of
pre-transplant clinical, laboratory parameters and out-
comes in patients with myelofibrosis who underwent
their first allogeneic bone marrow transplantation at our
center.

Materials and Methods

This is a retrospective single-center analysis that in-
cluded patients diagnosed to have primary myelofibrosis
and underwent their first allogeneic bone marrow trans-
plantation at Christian Medical College and Hospital,
Vellore, India between June 1998 to December 2023.
All the data was retrieved from Hospital Electronic
Medical Records and hospital databases. This study was
approved by the local Institutional Review Board, ref.
IRB Min No. 14818 dated 31.08.2022. Since it was a
retrospective study, waiver of consent was obtained
from Institutional Review Board.

Data was collected on pre-transplant clinical, labora-
tory parameters and outcomes in patients with myelofi-
brosis who underwent allogeneic SCT. Our cohort in-
cluded both primary (idiopathic) myelofibrosis and sec-
ondary myelofibrosis (post-polycytemia vera [PRV] and
post-essential thrombocythemia [ET]). Parameters stud-
ied included dynamic international prognostic scoring
system (DIPSS) score (consists of age > 65 years, he-
moglobin < 10 g/dL, leukocytes > 25 X 10/L, circulat-
ing blasts = 1% and constitutional symptoms), co-
morbidities, Karnofsky score, splenectomy status prior
to SCT, cytogenetics, and molecular markers if avail-
able, type of HLA match, conditioning regimen and
type of graft used".

The conditioning regimen used was based mainly on
performance status of the patient and associated comor-
bidities. Conditioning regimens used included myeloab-
lative transplants such as Busulfan + Cyclophosphamide
(Bu-Cy) or reduced intensity conditioning (RIC) trans-
plants such as fludarabine with melphalan (Flu-Mel) or
fludarabine with cyclophosphamide (Flu-Cy). Total
body irradiation (TBI) 200 c¢Gy was included in the
conditioning for patients undergoing a haploidentical
stem cell transplant. Anti-thymocyte globulin was not
routinely used except in three unrelated donor trans-
plants. Donors included matched sibling (MSD), unre-
lated donors (seven full HLA matched, one 9/10 HLA
matched and one 8/10 HLA matched) and haplo-
identical (Haplo) donors. Supportive care was provided
as per institutional practice. All patients received anti-

bacterial prophylaxis with Penicillin G, antiviral pro-
phylaxis with acyclovir, and antifungal prophylaxis with
fluconazole (oral/IV as tolerated). Cotrimoxazole was
administered for Pneumocystis jirovecii prophylaxis af-
ter engraftment. Transfusion support was given to main-
tain hemoglobin above 7 g/dL and platelet counts above
20 X 10°/L. Infections were treated with appropriate
antibiotics and antifungals as per culture reports. Pre-
transplant fungal screening was performed only in
symptomatic patients using chest imaging and galacto-
mannan testing, but universal screening was not consis-
tently implemented. Antifungal drug-level monitoring
was not routinely available during the earlier years of
the cohort and was not done consistently.

In patients with myelofibrosis, higher CD34+ cell
doses were infused when available, with the aim of pro-
moting engraftment in the setting of marrow fibrosis
and splenomegaly.

Neutrophil and platelet engraftment was identified as
absolute neutrophil counts > 0.5 X 10°/L for 3 con-
secutive days and platelet count > 20 X 10°/L for 7
consecutive days without transfusion”’. Donor chimer-
ism was evaluated using Variable Number Tandem Re-
peat (VNTR) analysis on days +30, +60, +90 and when
clinically indicated otherwise.

Transplant outcomes were described in terms of over-
all survival, acute and chronic GVHD, infections and
transplant related mortality (TRM). The time from SCT
until death from any cause was defined as the overall
survival (OS). Modified Glucksberg and Modified Seat-
tle criteria were used to grade acute and chronic
GVHD'"",

Statistical Analysis

Descriptive statistics were used, such as mean (stan-
dard deviation) / median (range) for clinical and labora-
tory data. For categorical variables, numbers and per-
centages were used. Survival analysis was performed
using the Kaplan Meier method. A p-value < 0.05 was
regarded as statistically significant. All analysis was
performed using SPSS version 21.0 (SPSS Inc, Chi-
cago, IL).

Results

During the study period, 34 patients (24 males and
10 females) underwent first allogeneic SCT for myelofi-
brosis at our center with a median age of 46 (range: 19-
65) years. Pre-transplant characteristics are described in
Table 1. At the time of transplant, 27 patients (79.4%)
were transfusion dependent and 25 of 34 patients
(73.5%) had massive splenomegaly, defined as a spleen
palpable > 8 cm below the left costal margin, crossing
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Table 1. Baseline patient characteristics (n=34)

Characteristic

Number (%) or median (range)

Age

DIPSS Score
Male sex

Median follow up

46 years (19-68)
3 (2-4)

24 (70.6)

10 (1-222) months

Driver mutations (Data available for 29 patients)

JAK 2

CALR

Triple negative

JAK Neg, CALR and MPL not tested
Prior therapy with ruxolitinib

Prior therapy with steroids + thalidomide

Prior therapy with hydroxyurea
GVHD prophylaxis (n=34)
Cyclosporine + Methotrexate
Tacrolimus + Methotrexate
Post-transplant Cyclophosphamide
Donor source (n=34)
Matched sibling donor
Unrelated donor
Full matched
MMUD (9/10 and 8/10)
Haploidentical donor
Conditioning regimen (n=34)
Flu-Mel
Flu-Mel-TBI
Bu-Cy
Flu-Cy

10 (34.4)
7 (24.1)
7 (24.1)
5(17.2)
16 (47.1)
24 (70.5)
9 (26.4)

26 (76.4)
2 (5.8)
6 (17.6)

22 (64.7)
9 (26.4)
7

2

3(8.8)

27
4
2
1

DIPSS, Dynamic International Prognostic Scoring System; Neg, negative; GVHD, Graft-versus-
host disease; MMUD, Mismatched Unrelated Donor; Flu-Mel, fludarabine-melphalan; TBI, total
body irradiation;Bu-Cy, busulfan-cyclophosphamide; Flu-Cy, fludarabine-cyclophosphamide

the midline, or measuring > 20 cm on imaging. The
median time from diagnosis to SCT was 28 months (1-
135). Majority of the patients (70.5%) received a com-
bination of thalidomide and prednisolone prior to SCT,
while 16 (47.1%) patients received ruxolitinib. Few pa-
tients (26.4%) had also received hydroxyurea as treat-
ment prior to SCT. One patient was taken up for SCT
without prior exposure to any drugs while another pa-
tient underwent splenectomy 3 years prior to SCT.

The median DIPSS Score at the time of SCT was 3
(range: 2-4). Six patients (17.6%) were classified as in-
termediate -1 risk and 28 (82.3%) as intermediate -2
risk, as per DIPSS score at the time of SCT. One pa-
tient had secondary myelofibrosis while rest of the 33
patients had primary myelofibrosis. Of the 24 patients
where data on all 3 driver mutations was available,
JAK2 was the most common mutation in 10 (29.4%)
followed by CALR and triple negative (JAK2, CALR
and MPL negative) in 7 (24.1%) patients each. In 5
(17.2%) patients, JAK2 mutation was negative, however
other driver mutations were not tested. For 5 patients

(18.5%), data on driver mutations data was not avail-
able. An unfavorable karyotype was identified in 9 of
the 29 patients tested. The median hematopoietic cell
transplantation-specific comorbidity index (HCT-CI)
score pre-transplant was 0 (range: 0-4). 18 patients
(52.9%) had a score of 0, 6 patients (17.6%) each had
scores of 1 and 2, 3 patients (8.8%) had a score of 3,
and 1 patient (2.9%) had a score of 4.

Co-morbidities were present in 16 patients (47.1%)
including diabetes mellitus in 11, hypothyroidism in 5,
hypertension in 4, coronary artery disease in 2, tubercu-
losis in 1, post tuberculosis (Tb) destructed lung in 1,
pulmonary thromboembolism in 1 and hepatitis B re-
lated chronic liver disease (CLD) in one patient. The
median Karnofsky score was 90 (range: 70-100, n=26).

Transplantation

Majority of the patients received reduced intensity
conditioning (RIC) with Flu-Mel +/-TBI (n=31) while 2
received Bu-Cy and 1 patient received Flu-Cy based
conditioning. Majority of the patients received cal-
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Table 2. Transplant outcomes of patients undergoing SCT for myelofibrosis

Neutrophil engraftment
Yes
Time to engraftment
Platelet engraftment
Yes
Time to engraftment
Graft failure
Complete day 28 chimerism
ICU care
Acute GVHD
Chronic GVHD
Regimen related toxicity

29 (85.3)
Day +15 (8-25)

21 (61.8)

Day +19 (10-160)

3 (All three primary) (8.8)
26 (76.4)

17 (50)

20 (58.8)

12 (35.3)

Sinusoidal obstruction syndrome/veno-occlusive disease 3

Thrombotic Microangiopathy
Status at last follow up

Alive

Dead

Outcome (alive patients) as per donor source

MSD (of a total of 22)

Unrelated donor (of a total of 9)
Cause of death (n=19)

GVHD

Graft failure

Sepsis

Veno-occlusive disease

Relapse

Other malignancy 5 years after allo SCT

TRM at 1 year

15 (44.1) (All in remission)
19 (55.8)

12 (54.5)
3(33.3)

(42.1)
(15.7)
(26.3)
(56.2)
(5.2)

- = 00 W ©

5.
5.
1(5.2)
17 (50)

GVHD, Graft-versus-host disease; MSD, Matched Sibling Donor; TRM, Transplant Related Mortali-

ty; SCT, stem cell transplantation

cineurin inhibitor + methotrexate (28 patients, 82.3%)
as GVHD prophylaxis while 6 (17.6%) received post-
transplant cyclophosphamide (PTCy) as GVHD prophy-
laxis. All patients had peripheral blood grafts. Donors
were matched sibling in 22 (64.7%), unrelated donor in
9 (26.4%) (7 matched unrelated donor [MUD], 2 mis-
matched unrelated donor [MMUD]) and haplo donor in
3 (8.8%). PTCy was used as GVHD prophylaxis in 3
haplo transplants, 1 MSD (in view of cyclosporine in-
duced nephrotoxicity) and in 2 unrelated donors (both
MMUD).

Engraftment, toxicity and GVHD

Table 2 describes the outcomes of SCT. The median
infused CD34 cell dose was 9.9 (3.42-22) X 10° cells/
kg. Neutrophil engraftment occurred in 29 patients
(85.3%) at a median of 15 days (range: 8-25) while 2
patients died prior to day 14 due to sepsis and 3 (9.3%)
had primary graft failure.

Chimerism analysis showed that at day +30, 26 pa-
tients (76.5%) had complete donor chimerism and 1 pa-
tient had mixed chimerism. At day +60, complete donor

chimerism was documented in 18 patients, and at day
+90 in 14 patients. The remaining patients either died
prior to these time points or had unavailable data. Veno-
occlusive disease (VOD) was seen in 3 patients while
thrombotic microangiopathy (TMA) was seen in one
patient.

The cumulative incidence of acute GVHD was 58.8%
with grade 3-4 GVHD in 38.2%. Chronic GVHD was
noted in 12 patients with 4 being extensive chronic
GVHD as per revised Seattle criteria”.

Twenty-eight patients had documented infections in-
cluding blood stream bacterial infections (BSI) in 20
(58.8%), invasive fungal disease (IFD) in 13 (38.2%)
and cytomegalovirus (CMV) reactivation in 12 (35.2%).
Three patients had BSI with carbapenem resistant or-
ganisms (CRO) while 1 had BSI with methicillin resis-
tant Staphylococcus aureus (MRSA). Of the 13 patients
with IFD, 4 patients had isolated fungus in blood cul-
ture - one each had Fusarium dimurium, Candida auris,
Candida tropicalis and one had broad aseptate fungi -
Rhizopus arrhizus, candida tropicalis and fusarium in
two sequential cultures and rest were either probable or
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Figure 1. Kaplan-Meier curve for overall survival for the study cohort
The estimated overall survival at 18 months following allogeneic stem cell transplanta-

tion was 55.4% (95% Cl, 38.2-72.6%).

possible IFD. CMV reactivation requiring treatment was
documented in 12 patients while symptomatic BK viral
infection occurred in 4 patients.

At a median follow up of 10 months (range: 1-212),
15 patients are alive (44.1%) while 19 (55.8%) have
died. At 18 months following allogeneic stem cell trans-
plantation, the OS was 55.4% (95% CI, 38.2-72.6%).
The GVHD-free, relapse-free survival (GRFS) at the
same time point was 47.1% (95% CI, 29.9-64.3%).

Causes of death included GVHD (n=8) followed by
sepsis (n=5), graft failure (n=3), VOD (n=1) while 1
patient progressed to acute myeloid leukemia 8 years
after SCT and died subsequently following a second
transplant and one patient developed vertebral sarcoma
after 5 years of SCT and died of pneumonia. Survival
outcomes were better in patients undergoing a matched
sibling donor transplant (54.5%) compared to unrelated
donor transplant (33.3%) and haplo-identical transplants
(all died) (Figure 1). Survival appeared higher in pa-
tients transplanted after 2010 (13/26, 50%) compared to
those transplanted before 2010 (2/8, 25%), although the
cohort size was too small for statistical analysis.

On univariate analysis, donor type was found to be
the predictor of outcomes, with matched sibling donor
transplant having significantly better outcomes than
MUD or haplo SCT. Other variables such as age, sex,
time from diagnosis to SCT, DIPSS score, exposure to
ruxolitinib, cell dose, time of engraftment, acute and
chronic GVHD did not affect outcomes.

Discussion

Though allogeneic (allo)-SCT remains the only po-
tentially curative option for myelofibrosis, considering
its complications, choosing optimal patients for trans-
plant becomes essential**". Treatment options for
myelofibrosis include androgens, steroids, thalidomide,
lenalidomide and newer agents which act on JAK2 sig-
naling pathway. Most of these drugs have limited utility
in low and middle income countries (LMICs) consider-
ing their high cost and indefinite duration of treatment’.
Multiple scoring systems are available for prognostica-
tion and choosing treatment options for myelofibrosis.
The most commonly used score is the DIPSS which is
based on clinical features and minimal laboratory pa-
rameters and thus simple to calculate’. Newer scoring
systems include genetically inspired prognostic scoring
system (GIPSS), mutation-enhanced international prog-
nostic scoring system (MIPSS)-70 and MIPSS-70 +
version2 which take into account the cytogenetic abnor-
malities, high risk mutations, new sex- and severity-
adjusted hemoglobin thresholds''’. At present, most
guidelines recommend allogeneic stem cell transplanta-
tion for patients in DIPSS intermediate-2 and high risk
patients’. Latest treatment update suggests approach
based on MIPSS70 + version2 score, with high risk and
very high risk patients are recommended to go for allo-
SCT, if they are transplant eligible'’. Asymptomatic low
risk and very low risk patients should be offered careful
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Table 3. Comparison of our study with existing studies

STUDY PARAMETER CMC Vellore Meta-analysis

McLornan et al.  Jain et al. Guldane et Choudnary

al. et al.
No. of patients 34 8,739 2,224 87 26 15
Median age (years) 46 NA 52.9 58 52.5 52
Median CD34+ cells/kg (range) 9.9 X 10° NA NA NA 6.9 X 106 6.59 x 10°
TRM (%) 50 (at 1 yr) 30.5 (at 5 yrs) NA 33 16.7 vs 33.3 40
RIC/MAC Conditioning (%) 94.1/5.9 NA 65/35 82/18 69.2/30.8 80/20
aGVHD (%) 58.8 44 96 NA 50 27
Graft Failure (%) 8.8 10.6 12 NA 4.3 0
0s 47%at2yrs  64.4%at2yrs 2”1ﬁ2:af%%;lr§'0: NA 462 60
Common causes of death GVHD f/b sepsis NA GVHD/sepsis S:rl)zriasse/GVHD/ Sepsis Sepsis

CMC, Christian Medical College; TRM, Transplant Related Mortality; RIC, Reduced-intensity Conditioning; MAC, Myeloablative Conditioning; aGVHD,
Acute Graft-versus-host disease; OS, Overall Survival; No., number; NA, not available; yrs, years; /b, followed by

observation and should be offered investigational treat-
ment if they are symptomatic while Intermediate risk 1
patients need individualized approach'’.

Studies all over the world for allogeneic stem cell
transplants for myelofibrosis have shown overall out-
come between 40-60% with major obstacles being en-
graftment failure and GVHD leading to high TRM*"**'.
Massive splenomegaly and a fibrotic bone marrow with
proinflammatory stem cell niche leads to engraftment
failure, delayed engraftment, and poor graft function™”.
Measures to reduce spleen size prior to SCT include the
use of JAK 2 inhibitors, splenectomy or splenic irradia-
tion, however each of these modalities comes with lim-
ited evidence. Delay in engraftment leads to higher risk
of infections and sepsis, especially in LMICs. Sepsis
was second most common cause of death in our study
following GVHD.

As this is a relatively uncommon disease with fewer
numbers of patients going for SCT, data available for
allo-SCT in myelofibrosis is scarce, especially in
LMICs. Many other questions apart from optimal tim-
ing, including role of JAK inhibitors, optimal condition-
ing, role of splenectomy or splenic irradiation pre-
transplant are still unanswered. A recent meta-analysis
by Bewersdorf et al. evaluating outcomes of allo-HCT
in patients with myelofibrosis, included forty-three stud-
ies with 8,739 patients’. The overall survival rates were
66.7%, 64.4% and 55% at 1, 2, and 5-years respec-
tively with a 1 year mortality of 25.9%. The combined
rate of graft failure was 10.6% with primary and secon-
dary graft failure occurring in 7.3% and 5.9% of pa-
tients, respectively. The rates of acute and chronic
GVHD were 44.0% (grades III-1V, 15.2%) and 46.5%
(extensive, 26.1%), respectively3. The European Bone
Marrow Transplant (EBMT) working group published a
large retrospective study in 2016, including 2,916 pa-
tients, evaluating the determinants of SCT outcomes in

myelofibrosis®. After a median follow-up of 4.7 years
from transplant, median survival was 5.3 years with the
estimated overall OS at 1, 3, and 5 years were 66%,
55%, and 50%, respectively. The rates of acute and
chronic GVHD were 46% (grades III-IV, 14%) and
42% (extensive, 24%), respectively. Age = 60 years and
Karnofsky Performance Status < 90% at transplant,
graft failure, grades III-IV acute GVHD, and disease
progression/relapse during follow-up were independ-
ently associated with increased mortality™.

Another large retrospective study by the EBMT in-
volving 2,224 patients with myelofibrosis compared
myeloablative conditioning (MAC) (35%) vs reduced-
intensity conditioning (RIC) (65%) conditioning. There
was no significant difference in engraftment, GVHD
rates, non-relapse mortality however there was a trend
toward a higher relapse rate with RIC regimens com-
pared with MAC (p=0.08). GVHD-free/relapse-free sur-
vival (GRFS) at 5 years was 32.4% in the MAC group
and 26.1% in the RIC group (p=.001), respectively. The
study concluded that MAC should still be used for fit
younger individuals suitable in view of trend towards
less relapse and an overall advantage of improved
GRFS in patients receiving MAC regimens™. In our se-
ries, the 1-year mortality rates are high mainly due to
sepsis and GVHD with an overall survival of 47%. We
need to consider newer strategies to reduce this early
mortality by reducing GVHD and sepsis.

A small study from Turkey involving 26 patients
showed a 3-year OS rate of 46.2% with lower OS in
mismatched unrelated graft recipients compared to
MSD and MUD recipients. A study from northern India
involving 15 patients with myelofibrosis undergoing
allo-SCT showed a OS and DFS were 60% with no re-
lapses at a median follow-up of 364 days. The inci-
dence of acute and chronic GVHD was 27% each and
non-relapse mortality was 40%, with the main cause of
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death being sepsis, followed by acute GVHD*. Table 3
shows comparative results of some studies with our
study.

Overall, our results are consistent with other previous
studies, underscoring the unmet need regarding allo-
SCT in myelofibrosis.

The high proportion of patients who were
transfusion-dependent as well as high number of pa-
tients with massive splenomegaly at the time of trans-
plant reflects the advanced disease burden in our co-
hort, which may have influenced post-transplant out-
comes. The 2 years OS in our study of 47% highlights
the need for more research in this area to improve out-
comes. The 2 most important causes of death were
GVHD and sepsis. MSD transplants perform better than
MUD or haploidentical transplants. MAC is justified in
young fit donors than RIC.

There are some limitations of the study. Its retrospec-
tive and single-center design with small sample size
limits the generalizability of the findings. A uniform
protocol for pre-transplant ruxolitinib management was
not followed, as the cohort spans both the pre-
ruxolitinib and post-ruxolitinib eras, and physician dis-
cretion guided its use. Continuation of JAK inhibitor
therapy through engraftment is now considered standard
practice in many centers, as it may reduce bone marrow
niche inflammation and improve engraftment out-
comes™. The higher infused stem cell doses used in our
cohort, while intended to facilitate engraftment in the
setting of splenomegaly and fibrosis, may have contrib-
uted to increased GVHD rates. Survival appeared
higher in patients transplanted after 2010 compared to
those transplanted before 2010, although the cohort size
was too small for statistical analysis. Nonetheless it is
reasonable to assume that advances in supportive care,
antifungal prophylaxis, and GVHD management in the
last decade may have contributed to improved out-
comes, as reported by larger international series. De-
spite these limitations, our study contributes valuable
data on myelofibrosis transplant outcomes from a low-
and middle-income country perspective, highlighting
both challenges and opportunities for improvement.

Conclusion

This study, the largest from India, shows reasonable
cure rates with allo-SCT for myelofibrosis. We need to
evolve newer strategies to reduce GVHD, sepsis associ-
ated mortality and graft failure to improve survival in
myelofibrosis.
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