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Abstract

Introduction: Allogeneic hematopoietic stem cell transplantation (HSCT) is currently the only curative treatment
option for myelofibrosis (MF). Despite the benefits of long-term relapse-free survival, HSCT can be associated
with substantial treatment-related morbidity and mortality.

Methods: This is an observational retrospective study of 15 consecutive patients with MF who underwent allo-
geneic HSCT at a tertiary care center in Northern India between June 2012 and January 2020. The pre-
transplant Dynamic International Prognostic Scoring System (DIPSS) and hematopoietic cell transplantation-
specific co-morbidity index (HCT-CI) scores were used. The primary endpoints were overall survival (OS) and
disease-free survival (DFS), and the secondary endpoints were post-transplant complications (acute and chronic
graft-versus-host-disease [GvHD], graft failure [GF], and cytomegalovirus reactivation [CMV]).

Results: The OS and DFS in our study were 60% with no relapse at a median follow-up of 364 days (range 7-
2,815 days). Twenty-seven percent of patients developed acute GvHD and 27% of patients developed chronic
(limited) GvHD. The non-relapse mortality (NRM) was 40%, with the main cause of death being sepsis, followed
by acute GvHD.

Conclusion: MF remains a challenging condition to treat, with a poor prognosis. Our study showed that reduced
toxicity conditioning provided good DFS and OS. Thus, it should be offered to patients with high DIPSS scores.
Sepsis was the predominant cause of mortality in this cohort.
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Introduction

Mpyelofibrosis (MF) is a chronic myeloproliferative
neoplasm (MPN) with the expansion of clonal stem
cells characterized by ineffective hematopoiesis, dys-
plastic megakaryocytic hyperplasia, osteosclerosis, intra-
medullary fibrosis, and extramedullary hematopoiesis.
Clinical manifestations of MF include progressive cy-
topenia, constitutional symptoms, hepatosplenomegaly,
thrombotic events, bone pain, and cachexia'. MF is sub-
categorized into de novo MF (primary MF) and secon-
dary MF, which can be post-essential thrombocythemia
or post-polycythemia vera’. It is predominantly a dis-
ease of the elderly population. Leukemic transformation

occurs in approximately 20% of patients, and 98% mor-
tality is observed within 3 months in patients with acute
myelocytic leukemia (AML)’.

Patients with intermediate- or high-risk MF are ideal
candidates for therapy which includes hydroxyurea,
blood transfusions, splenectomy, or JAK inhibitors such
as ruxolitinib. These therapies improve symptoms, over-
all survival (OS), and quality of life'. However, alloge-
neic hematopoietic stem cell transplantation (HSCT) is
the only potentially curative treatment for MF in a se-
lect group of patients*’. The number of transplants per-
formed for MF has increased in the recent past, despite
the use of JAK inhibitors’ and the high morbidity and
mortality associated with HSCT, particularly in older
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adults’. Judicious candidate selection for HSCT and the
optimal time for transplantation have been the subject
of constant debate in MF.

The data of patients with MF who underwent alloge-
neic SCT at our transplant center were analyzed retro-
spectively.

Patients and Methods

Fifteen consecutive patients who underwent alloge-
neic HSCT for MF at our center from June 2012 to
January 2020 were evaluated retrospectively using the
hospital information system and by analyzing the medi-
cal records. Informed consent was obtained from all pa-
tients, and the study was approved by Hospital Ethical
Committee and Institutional Review Board (in accor-
dance with the Declaration of Helsinki: EC/AARCE/
APPROVALLETTER/JANUARY/2022/22a; dated 18/
01/2022). All transplants were conducted in HEPA-
filtered rooms.

Stem cells were obtained from human leukocyte anti-
gen (HLA)-matched related, haploidentical, and unre-
lated donors. Peripheral blood stem cells were used for
all patients who underwent allogeneic HSCT. Donor pe-
ripheral blood stem cells were mobilized using granulo-
cyte colony-stimulating factor (G-CSF). All patients re-
ceived antimicrobial prophylaxis, including fluconazole,
acyclovir, and Co-trimoxazole, and febrile neutropenia
was treated according to hospital policy. Engraftment
was defined as an absolute neutrophil count > 500/uL
for three consecutive days and a platelet count >
20,000/uL for 7 days after the last platelet transfusion.
Patients were regularly monitored in the outpatient
clinic after discharge.

A reduced-intensity conditioning regime was used for
all 12 matched sibling (MSD) transplants. Fludarabine
(30 mg/m’/dose intravenously for 6 days), melphalan
(140 mg/m*/dose intravenously for 1 day). One patient
who underwent a matched unrelated donor (MUD)
transplant received busulfan (3.2 mg/kg/dose intrave-
nously for 2 days), fludarabine (30 mg/m?*dose intrave-
nously for 5 days), and anti-thymocyte globulin
(Thymoglobulin-1.5 mg/kg intravenously for 3 days).
Two patients who underwent haploidentical HSCT re-
ceived fludarabine (30 mg/m*/dose intravenously for 5
days), cyclophosphamide (14.5 mg/kg intravenous for 2
days), and total body irradiation (TBI) 400cGy (divided
into two fractions).

In all HLA-matched transplants, standard cy-
closporine A (CsA) and methotrexate therapy were im-
plemented as prophylaxis for graft-versus-host disease
(GvHD). Post-transplant, the GvHD prophylaxis used
for haploidentical HSCT was cyclophosphamide (PTCy)
50 mg/kg/day intravenously on days +3 and +4 along

with oral tacrolimus (0.06 mg/kg twice daily) and oral
mycophenolate sodium (10 mg/kg/dose three times
daily) from day +5. Tapering of immune suppression
was initiated 3 months after allogeneic HSCT in the ab-
sence of acute or chronic GvHD, with the aim of ceas-
ing it approximately 6 months post-HSCT.

The primary endpoints of the study were OS and
DFS, and the secondary endpoints were post-transplant
complications (acute and chronic GvHD, graft failure
[GF], and CMV reactivation [CMV]). OS was defined
as the time from transplantation to death from any
cause or the last follow-up. DFS was defined as the
time between transplantation and relapse. The surviving
patients were censored at the last follow-up visit. Acute
and chronic GVHD were graded according to the related
consensus criteria™®. Relapse was defined as falling chi-
merism on serial monitoring; if it was persistently fall-
ing, bone marrow aspirations and biopsies were per-
formed.

Human leukocyte antigen (HLA) typing was per-
formed using high-resolution typing (HLA A, B, C,
DRBI, and DQB1). Donor-specific antibodies (DSA)
were screened by the Single Bead assay on Luminex
for all haploidentical transplants, and if borderline or
high (median fluorescence intensity [MFI] >2000), the
patients were administered a dose of rituximab (375
mg/m’) pre- transplant or plasmapheresis was per-
formed. The DSA was repeated pre-transplant to re-
evaluate the MFI (Table 1).

Statistical Analysis

Statistical Package for Social Science (SPSS) 25
(IBM Corp., USA) was used to perform the statistical
analyses. Survival analyses were performed using
Kaplan-Meier tests. Univariate analyses of risk factors
for HSCT were performed using the Cox regression
test, and a P value <0.05 was considered statistically
significant.

Result

Fifteen transplantation patients were evaluated, 12 of
whom were male, and three were female, with a me-
dian age of 52 years (range 5-64 years old). Eight pa-
tients were in the high-risk DIPSS category, and seven
were in the intermediate-risk category (Table 2 and 3).
Univariate analysis of the risk factors for HSCT in MF
showed that the DIPSS intermediate risk-2 group had a
higher OS than the DIPSS high-risk group (P = 0.004).
The outcome of HLA-matched patients was also better
than that of haploidentical patients (P = 0.012). Mis-
matched transplantation is a major risk factor for
therapy-related mortality; therefore, careful donor selec-
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Table 1. Baseline and demographic characteristics of patients
who underwent transplant

Patient number (n) 15
Gender Male 12 (80%)
Female 3 (20%)
Median age (range) 52 Years (5-64)
Molecular studies V617F JAK2 5
pre transplant CALR 1
Triple negative 9
HCT ClI 0 1
1-2 13
>3 1
DIPSS risk Intermediate -2 7
category High 8
Median time from diagnosis to 24 (4 -132)
transplant, months (range)
Patients with thrombocytopenia pre 8 (53.3%)
transplant
Patients that received more than 10 13 (86.7%)
PRBC transfusions pre transplant
CMV status pre R+/D+ 13
transplant R-/D+ 1
R+/D- 1
Number of 1 1
treatment lines 2 5
received pre
transplant 3 5
4 4
Number of patients with splenomegaly All, massive in 7
Patients on JAK2 inhibitors pre 4 (26.7%)
transplant
Type of transplant MSD 12
Haploidentical 2
MUD 1
Conditioning Flu-Mel 12
regimen Flu-Cy-TBI 2

Flu-Bu-Thymo 1
Median CD34+ cells/kg (range) 6.59%X 106 (2.7-10.94)
GvHD Prophylaxis CSA/MTX 13

PTCy/TAC/MMF 2
HCT CI, hematopoietic cell transplantation-specific comorbidity index;
DIPSS, dynamic international prognostic scoring system; PBSC, pe-
ripheral blood stem cell; CMV, cytomegalovirus; GvHD, graft versus
host disease; MSD, matched sibling donor; MUD, matched unrelated
donor; Flu-Mel, fludarabine-melphalan; Flu-Cy-TBI, fludarabine-cyclo-
phosphamide-total body irradiation; Flu-Bu-Thymo, fludarabine-busul-
fan/thymoglobulin; CSA/MTX, cyclosporine/methotrexate; PTCy/
TAC/MMF, post-transplant cyclophosphamide/tacrolimus/mycopheno-
late mofetil

tion is required. In our study, 27% of the patients de-
veloped acute GvHD, and 27% of the patients devel-
oped chronic (limited) GvHD. One patient developed
acute gut GvHD (stage 4) and was demised. Two pa-
tients developed acute liver GVHD (stage 2), and one
patient developed acute skin GVHD (stage 2). Three pa-
tients developed chronic liver GvHD, and one patient
developed limited chronic oral GvHD. At a median
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Table 2. Post transplant outcomes:

Median follow up, days (range) 364 (7-2,815)

Neutrophil engraftment (days) 15 (11-16)
Median (range)

Platelet engraftment (days)
Median (range)

Graft failure None

16.5 (13-42)

Acute GvHD (Grades II-1V) 4 (27%)
Chronic GvHD (limited) 4 (27%)
CMV reactivation 1 (6.6%)
Culture positive sepsis 6
Expired Sepsis related 5

GvHD related 1

Total 6 (40%)
TRM/NRM 6/15 (40%)
DFS 9/15 (60%)
oS 9/15 (60%)

TRM/NRM, transplant-related mortality/non-relapse
mortality; DFS, disease free survival; OS, overall sur-
vival

Table 3. Univariate analysis of risk factors after Allogeneic
HSCT

Variable (n) Overall survival P value
DIPSS 0.004
Intermediate risk 2 (7) 7 (100%)

High (8) 2 (25%)

Age 0.87
Less than or equal to 55 year (10) 6 (60%)

>55 year (5) 3 (60%)

HLA match 0.012
Full match (13) 9 (69.23%)
Haploidentical (2) 0

Splenomegaly 0.46
Massive (7) 5 (71.42%)

Non massive (8) 4 (50%)

Patients on JAK2 inhibitors pre transplant 0.64
Yes (4) 2 (50%)

No (11) 7 (63.63%)

DIPSS, dynamic international prognostic scoring system; HLA, hu-
man leukocyte antigen

follow-up of 364 days (range, 7-2815 days), the OS of
the patients in this study was 60% (Figure 1). The me-
dian post-engraftment chimerism on day +21 of all en-
grafted patients were 97.85% (range 89.56-100%). Of
the 40% of deaths reported, 34% were due to sepsis,
and 6% were due to GvHD. Five of the six deaths that
occurred before engraftment were due to sepsis. The
blood cultures of three of the patients were positive for
Klebsiella pneumonia, Pseudomonas aeruginosa, and
Candida tropicalis.

None of the patients who were demised received pre-
transplant ruxolitinib. At the last follow-up, no disease
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Figure 1. Overall surveial

relapse was noted in any patient.

Discussion

Allogeneic HSCT remains the only curative approach
for transplant-eligible patients despite advances in the
availability of novel therapeutic agents for MF. The pre-
transplantation use of ruxolitinib to reduce spleen size
and facilitate early engraftment has been reported. In a
resource-constrained country, the availability and acces-
sibility to non-transplant options are limited and cost-
prohibitive for patients with MF.

Multidrug-resistant bacteria, such as New Delhi
metallo-b-lactamase (NDM), are a growing concern in
tropical countries, especially India’. These bacteria con-
tribute to the high morbidity and mortality rates ob-
served in patients undergoing HSCT. In our study, five
patients were demised from multidrug-resistant sepsis.
Therefore, stringent monitoring and aggressive treat-
ment of all infections are required.

Massive splenomegaly is a common presenting fea-
ture of MF and reflects the chronicity and disease bur-
den of patients. Several studies have highlighted that
massive splenomegaly may be associated with a higher
risk of graft failure, with a significant delay in neutro-
phil and platelet engraftment and an increased incidence
of poor graft function’. Thus, many physicians prefer
to perform splenectomy prior to transplantation. All the
patients in this study presented with enlarged spleens,
with 46.6% having a massive spleen prior to transplan-

tation. However, none of these were splenectomized
pre-transplants. Therefore, massive splenomegaly may
have contributed to the high mortality rate in this study
population. These patients may represent a more ag-
gressive disease phenotype, and pre-transplant splenec-
tomy or ruxolitinib should be considered to reduce
spleen size.

In a prospective study, Gupta et al. reported a trial of
ruxolitinib treatment followed by HSCT using a
reduced-intensity conditioning (RIC) regimen'. The OS
at 2 years was 61% and 70% for MSD and MUD
HSCT, respectively. Incidences of graft failure, NRM,
acute GvHD, and chronic GvHD at 2 years were 16%,
28%, 64%, and 76%, respectively. There was no differ-
ence in any of the outcome variables between those
who responded to ruxolitinib and those who failed or
lost response to the drug'. Rondelli et al. prospectively
analyzed 66 patients with MF who underwent RIC
HSCT. The OS was 75% in MSD HSCT cases and
32% in MUD HSCT cases. Grade II-IV acute GvHD
occurred in 38% of MSD HSCT and 41% of MUD
HSCT". Kroger et al. demonstrated that after a median
follow-up of 33 months (range, 12-76 months), the 5-
year DES and OS were 51% and 67%, respectively.
The incidence of acute GvHD grades II-IV was 27%,
and that of severe GVHD grades III-IV was 11%. There
was no difference in acute GvHD between transplanta-
tion from MSD or MUD, and the incidence of NRM at
1 year was 16%. The rate of chronic GVHD was 49%,
which was limited to 24% and extensive to 24%". Risk
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factors for OS were age, DIPSS score, HLA match
status, massive splenomegaly, and pre-transplant treat-
ment with JAK2 inhibitors'"'*"*. In a multicenter study
by McLornan et al. involving 2,224 patients, of which
1,443 underwent RIC HSCT, the OS and relapse rates
were 51% and 19.3%, respectively. The acute grade II-
IV GVvHD rate was 31%". Another multicenter study
evaluating 1,928 MF patients post-HSCT suggested
considering HSCT in DIPSS intermediate-1 risk MF
patients and supported the recommendation of HSCT in
intermediate-2 to high-risk MF. The adjusted OS in the
entire cohort, not stratified by DIPSS, was 47%. Forty-
one percent of the patients in this study received an
RIC regime'. In our study, only four patients (26.7%)
received ruxolitinib pre-transplant. Of the six patients
who died, none had received ruxolitinib pre-transplant.
Thus, it may be assumed that pre-transplant exposure to
ruxolitinib may have reduced the mortality rate.

In our study, univariate analysis of risk factors for
HSCT in MF, the DIPSS intermediate risk-2 group had
a higher OS than the high-risk group (P = 0.004). The
outcome of HLA-matched versus haploidentical patients
was also better (P = 0.012). Mismatched transplantation
remains a major risk factor for transplant-related mor-
tality and thus careful donor selection is required.
Therefore, in high-risk patients, HLA-matched trans-
plants are preferable because of the high transplant-
related mortality with mismatched donors. Multivariate
analysis showed no significant risk factors in this study.
Furthermore, in our study, 27% of the patients devel-
oped acute GvHD, and 27% of the patients developed
chronic (limited) GVHD. The GvHD rates in our study
were comparable to those reported in other studies, and
mortality due to GVHD was low. Therefore, condition-
ing and GvHD prophylaxis were acceptable. The OS in
our study was 60%, which is encouraging. Out of 40%
of the deaths, 6% deaths were due to GvHD, and 34%
were due to sepsis. None of the patients developed re-
lapse, which is possibly due to the short follow-up pe-
riod (median, 364 days) and is a limitation of the study.
Therefore, limitations of this study include its limited
size, decreasing potential power of statistical analysis,
and retrospective collection of data.
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