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Abstract With the success of post-transplant cyclophos-
phamide based platform and improved clinical care, the
number of haploidentical stem cell transplants (HaploSCT)
have surged over the last decade. However, data from India
is scarce. We aimed to evaluate the outcome of haploSCT
at our centre. Since the inception of government schemes,
many patients at our centre are able to undergo transplanta-
tion at subsidized cost. We conducted a retrospective analy-
sis of the haploidentical transplants performed between
January 2015 and November 2022. Fifty patients were eli-
gible for this study. Patient details were obtained from case
files. The graft versus host disease (GVHD) prophylaxis was
post-transplant Cyclophosphamide (PTCy) with Mycophe-
nolate-mofetil and Cyclosporine/tacrolimus/sirolimus. All
patients were transfused peripheral blood stem cells from
donors. Post-transplant, patients continued regular follow
up as per schedule. Supportive care was given as per unit
protocol. Overall survival (OS) was calculated using the
Kaplan—Meier method. Fifty patients underwent haploSCT.
A total of fifty patients with a median age of 20 years (range
3-53 years) underwent haploidentical HSCT from a family
donor. Twenty three (46%) patients were > 18 years age and
82% were males. Indications for transplant included both
benign and malignant hematological diseases. Most com-
mon conditioning regimen used was Fludarabine 4+ Busul-
phan + Cyclophosphamide (n =38, 76%). Thirty five
patients (70%) engrafted successfully. In the patients who
had successful engraftment, the median time to neutrophil
engraftment was 16 days (range 10-20 days) and platelet
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engraftment was 18 days (range 10-32). Fourteen patients
developed acute GVHD (28%), and three patients devel-
oped chronic GVHD (6%). The median follow-up was
30 months and the two-year OS was 43% with a median OS
of 17 months. Twenty-one (adult=9, pediatric = 12) out of
50 patients (42%) are alive and on regular follow-up. Hap-
1oSCT with a PTCy platform is a cost-effective, promis-
ing modality of treatment in patients who have no suitable
matched donors and are not affording matched unrelated
transplants. At our centre, we were able to achieve accept-
able results with use of generic medications at affordable
cost. Transplant Related Mortality (TRM) rates were compa-
rable to other centres, however, multi-drug resistant bacterial
infection remains a challenge in performing haploidentical
HSCT in developing countries.

Keywords HaploSCT - Post-transplant
cyclophosphamide - GVHD

Introduction

Allogenic stem cell transplantation is the only curative ther-
apy for high risk hematologic malignancies. Ideal donors
include Human Leucocyte Antigen (HLA) matched related
donors (MRD) or unrelated donors. For patients who do
not have matched donors, alternate donor transplants are an
option. In India, the probability of getting a MRD is only
20% to 30%. There is high degree of polymorphism in the
HLA gene pool in the Indian subcontinent. This reduces
the probability of finding matched unrelated donors (MUD)
through registries [1]. Higher costs associated with MUD
transplants also limits widespread applicability in India. In
the year 2021 almost 2498 transplants were done in India
of which 1499 were allogenic stem cell transplants and 999
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were autologous transplants. Of the 1499 allogenic trans-
plants done around 50% were matched related donor, 40%
were haploidentical donors and 10% were matched unrelated
donor stem cell transplants [2].

With the success of post-transplant cyclophosphamide
(PTCy) based platform and improved clinical care, the num-
ber of haploidentical stem cell transplants (HaploSCT) have
surged over the last decade. Overall lower costs involved as
compared to MUD transplants also favours the increased
popularity of haploSCTs. Moreover, the PTCy platform is
more cost-effective than alpha—beta T cell depletion. How-
ever, this comes at the cost of increased incidence of infec-
tions and higher rates of Graft-versus host disease (GVHD).
Current indications for haploSCTs include both malignan-
cies such as leukemias and lymphomas as well as benign
hematologic conditions like inherited marrow failure syn-
dromes, severe aplastic anemia etc. Its use has been explored
in both adult and pediatric patients [3].

Numerous transplant centres from India have shared
their experiences with haploidentical stem cell transplant in
both benign as well as malignant conditions to improve our
understanding of the protocols followed and results obtained
[4-9]. We performed a retrospective analysis of haploSCTs
done at our government tertiary care centre over a period of
7 years and reported the outcomes. We especially emphasize
that in limited resource setups too the option of haploiden-
tical stem cell transplant is a readily available and feasible
option for a patient who intend curative therapy.

Materials and Methods

We conducted a retrospective analysis of the haploSCT per-
formed between January 2015 and September 2022. Patient
details were collected from the case files submitted in the
medical records section. Institute ethics committee approval
was obtained prior to the conduct of the study. Recipients

Table 1 Conditioning regimens

and donors underwent a detailed pre-transplant work up to
assess organ function. Detailed counselling of both patient
and donor was done prior to transplant as per protocol.
Young donors with no comorbidities and absence of donor
specific antibodies were preferred.

Stem Cell Source and Harvest

For stem cell mobilisation, all donors received Granulocyte
colony stimulating factor (G-CSF) at a dose of 10 mcg/ kg/
day in two divided doses for 5 days. On day 5, peripheral
blood stem cells (PBSCs) were collected from the donors
using apheresis machines via peripheral venous access. Mid-
harvest CD34 cell count was assessed and accordingly, an
adequate volume was harvested. A minimum CD34 cell dose
of 5.5 x 10%/kg recipient body weight was aimed.

Conditioning Regimen and GVHD Prophylaxis

Choice of conditioning regimen depended on the recipi-
ent’s age, comorbidities, performance status, indication of
transplant and finances. Majority of the patients received
a fludarabine (FLU) based conditioning regimen (Table 1).
The GVHD prophylaxis comprised of PTCy, cyclosporine
(CSA), and mycophenolate mofetil (MMF). PTCy was
administered in two doses on Day + 3 and Day + 4 after
transplant at a dose of 50 mg/ kg/day, along with mesna.
CSA was administered intra- venously at a dose of 5 mg/
kg/day in 2 divided doses starting from day +5 and later
on switched to oral formulation. Target CSA levels were
between 200-300 ng/ml. MMF was tapered from Day + 35
onwards in all patients. In patients with no GVHD, CSA
was tapered between day 4 60 and day 4 90 in patients with
malignancies and after day + 180 in those with benign dis-
orders. Injection GCSF was started on Day + 5 at a dose of
5 mcg/kg/day and was continued till engraftment.

Conditioning regimen

Dosage and schedule

Fludarabine/Busulfan (Flu—-Bu)

IV Fludarabine 30 mg/m? in 100 ml NS over 1 h from Day-7 to Day-3 IV Busulfan

3.2 mg/kg in 500 ml NS over 3 h from Day-6 to Day-3

Fludarabine/Busulfan/Cyclophosphamide (Flu—-Bu—Cy)

IV Fludarabine 30 mg/m2 in 100 ml NS over 1 h from Day-8 to Day-4 IV Busulfan

3.2 mg/kg in 500 ml NS over 3 h from Day-6 to Day-4 IV Cyclophosphamide
14.5 mg/kg in 500 ml NS over 1 h from Day-3 to Day-2

Fludarabine/Cyclophosphamide/ATG (Flu—-Cy—ATG)

IV Fludarabine 30 mg/m? in 100 ml NS over 1 h from Day-7 to Day-3 IV Cyclophos-

phamide 14.5 mg/kg in 500 ml NS over 1 h from Day-3 to Day-2 IV Rabbit ATG
1.5 mg/kg from Day-3 to Day -1

Fludarabine/Cyclophosphamide (Flu—Cy)

IV Fludarabine 30 mg/m? in 100 ml NS over 1 h from Day-7 to Day-3 IV Cyclophos-

phamide 14.5 mg/kg in 500 ml NS over 1 h from Day-3 to Day-2

Fludarabine/ATG (Flu-ATG)

IV Fludarabine 30 mg/m? in 100 ml NS over 1 h from Day-7 to Day-3 IV Rabbit ATG

1.5 mg/kg from Day-3 to Day-1
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Engraftment

Neutrophil engraftment was defined as an absolute neutro-
phil count of more than 500/mm? for 3 consecutive days and
platelet engraftment was defined as an unsupported platelet
count more than 20,000/mm? for 7 consecutive days [10].
Primary graft failure was defined as failure to achieve neu-
trophil engraftment by day 28 of stem cell infusion [10].

Supportive Care

Supportive treatment, including antimicrobials and blood
products, was given according to the unit protocol. Patients
were closely monitored for acute GVHD (aGVHD) and
chronic GVHD (cGVHD) and graded as per standard
guidelines. Cytomegalovirus (CMV) quantitative PCR
monitoring was done at regular intervals both during and
post-transplant.

HLA Typing and Chimerism Monitoring

HLA typing was performed by high resolution typing. Anti-
bodies in the recipient to donor HLA class I and II antigens
were tested using a single antigen bead assay. Post-trans-
plant, chimerism was monitored by Fluorescence in situ
hybridization FISH-XY (sex mismatch transplants) or Vari-
able number tandem repeats (VNTR) (same sex transplants)
on day + 30, + 60, 4+ 90, and + 180.

Statistical Analysis

For data analysis, SPSS version 23.0 was used. Continuous
variables were reported as median and categorical variables
as frequencies. For survival analysis, Kaplan Meier method
was used. P value was considered significant if <0.05.
Overall survival (OS) was calculated from the date of stem
cell infusion to date of death or last follow-up and it was
estimated using the Kaplan—-Meier method. The cumulative
incidence rates of non-relapse mortality (NRM), aGVHD,
and cGVHD were also computed.

Results
Patient and Donor Characteristics

A total of fifty patients with a median age of 20 years
(range 3-53 years) underwent haploidentical HSCT from a
family donor. Twenty three (46%) patients were > 18 years
age and 82% were males. Benign haematological disorders
included aplastic anaemia (n=6), Fanconi Anemia (n=3),
Dyskeratosis Congenita (n=1) paroxysmal nocturnal
hemoglobinuria (n=1) and Hyper IgM syndrome in one
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Table 2 Patient characteristics
Parameter N/median %/range
Total patients 50 -
M/F 41/9 82%/18%
<18 years/> 18 years 27/23 54%146%
Median age (years) 20 (3-53 years)
Benign/malignant 12/38 24%1176%
Conditioning regimen
Flu-Bu—Cy 32 64%
Flu-Bu 10 20%
Flu-Cy-ATG 3 6%
Flu-ATG 3 6%
Flu-Cy 2 2%
CMYV serostatus
R+/D+ 46 92%
R—-/D+ 2 4%
R+/D— 2 4%
Table 3 Donor characteristics
Parameter N/median %l[range
Type of donor
Parent/sibling/children 20/23/7 40%/46%/14%
M/F 33/17 66%/34%
Sex mismatch 19 38%
Median age (years) 25 648
ABO mismatch
Major 11 22%
Minor 6 12%
DSA 37/10/3 74%121%/5%
Present/absent/NA

case. Malignant disorders included relapsed acute lympho-
blastic leukaemia (n = 14), relapsed acute myeloid leukae-
mia (n=16), chronic myeloid leukaemia (n=3), myelod-
ysplastic syndrome (n=4) and Hodgkin disease (n=1).
The patients with malignancies were in morphological
complete remission prior to the transplant. Most common
conditioning regimen used was Fludarabine + Busul-
phan + Cyclophosphamide (n=38, 76%) (Table 2).
Sibling donors were used in 23 patients, parents in 20
and children in 7 patients (Table 3). The median age of
donors was 25 years (range 6—48). Most of the donors were
male (n=233), the father being the most common (n=16).
A sex mismatch was present in 19 patients, of which 11
were female recipients and 7 were male recipients. Sev-
enteen out of 50 donors (34%) had mis- matched ABO
blood groups, among these 11 were major and 6 were a
minor mismatch. Donor-specific antibodies were present
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in 74% of the patients. None of the donors developed any
side effects during stem cell mobilisation or harvesting.

Engraftment and Chimerism

The mean dose of CD34+4 cells transfused to patients was
5.7 x 10%kg/recipient body weight (range: 3.9-7.8 x 105/
kg). Thirty five patients (70%) engrafted successfully. In the
patients who had successful engraftment, the median time
to neutrophil engraftment was 16 days (range 10-20 days)
and platelet engraftment was 18 days (range 10-32). Pri-
mary graft failure occurred in 3 patients (6%) and second-
ary graft failure in 5 patients (10%). The median duration
of hospital stay was 27 days (range 7-64 days). Fourteen
patients developed aGVHD (28%), and three patients devel-
oped cGVHD (6%). Most patients had GVHD limited to one
organ, whereas only one patient had GVHD in 3 organs.
Most common organ involved was the skin (14 patients) fol-
lowed by gastrointestinal system (5 patients) and liver (3
patients). Donor chimerism at day + 30 and day + 90 was
greater than 90% in the surviving patients on regular follow
up. Details are mentioned in Table 4.

Infections

Gram-negative multidrug-resistant (MDR) organism was
cultured from 19 patients with sepsis (38%). Two patients
had probable pulmonary fungal infection (radiological) and
was managed with amphotericin B. Thirty five patients had
hemorrhagic cystitis (70%). Cystitis was associated with
BK virus infection in urine in 6 patients amongst the 18
patients it was tested for. CMV reactivation was observed in
33 patients (66%) and all responded to preemptive therapy
with ganciclovir. (Table 5).

Table 4 Transplant outcomes

Parameter N/median %lrange
Stem cell dose (x 1076/kg) 5.7 3.9-7.8
Engraftment 35 70%
Avg neutrophil engraftment (days) 16 10-20
Avg platelet engraftment (days) 18 10-32
GVHD

Acute 14 28%
Grade 1-2 9

Grade 3—4 5

Chronic 3 6%
Limited 2

Extensive 1

Graft failure 8 16%
Primary 3 6%
Secondary 5 10%
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Table 5 Infections

Organism N (%)
Bacterial 19 (38%)
Klebsiella 6

Ecoli 4
Acinetobacter 3
Pseudomonas 2
Undocumented 4

Viral

CMV 33 (66%)
BK virus 6 (12%)
Fungal 4(10%)
Proven Nil
Probable 2
Possible 2

Follow up and Survival Outcomes

The median follow-up was 30 months and the two-year OS
was 43% with a median OS of 17 months (Fig. 1). Twenty-
one (adult=9, pediatric=12) out of 50 patients (42%) are
alive and on regular follow-up. There OS rates of adults and
children were similar (p =0.58). The 2-year OS for malig-
nant diseases was 51%.

Early TRM (< 30 days) was seen in 13 patients, sepsis
being the most common reason. Late TRM (> 30 days) was
seen in 7 patients. Seven patients died due to relapse, occur-
ring within first 100 days post-transplant (Table 6).

Discussion

Due to paucity of randomized controlled trials comparing
various alternative donor transplants and MSD, it is difficult
to predict the best donor for any given patient in the absence
of MSD. HaploSCT has the advantages of availability of
donor in most cases, low costs with the use of PTCy and
acceptable rates of graft failure, GVHD and NRM. With
the advent of better conditioning regimens, supportive care,
and trained staff, haploSCT has been utilised in a vast array
of hematological disorders and this has also translated to
improved survival outcomes [11].

Haploidentical stem cell transplant is an option with its
own risks and benefits. While cost is definitely much less
compared to matched unrelated transplants, the associated
post-transplant complications such as Graft versus host
disease has been life threatening. Initially haploidentical
stem cell transplants have been reported to have a success
rate of 37% (3-year OS) in high-risk groups with infection
and GVHD being the most common causes of mortality
[3]. However, over the years incorporation of PTCy to the
haploidentical transplant protocol has significantly reduced
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Fig. 1 a Overall survival b Sur-
vival outcome of adults versus
children
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Table 6 Survival outcomes

Mortality N (%)
Treatment related mortality (Early < 30 days) 13 (26%)
Sepsis 8

Graft failure 3
Hemorrhagic cystitis 1
Unknown 1
Treatment related mortality (Late > 30 days) 7 (14%)
Graft failure/rejection 4
Hemorrhagic cystitis 2
Unknown 1
Relapse mortality 7 (14%)

complications and improved outcomes. HaploSCT is a feasi-
ble option that can be easily made available at the numerous
transplant centres in India and improve patient’s chances of
cure in both malignant as well as non-malignant hemato-
logical conditions. The ideal donor for allogeneic HCT is
an HLA-matched sibling followed by an matched unrelated
donor. However, <30% of patients will have a matched sib-
ling donor. The benefits of haploidentical over MUD HSCT
are numerous, with arguably the most notable being that
haploSCT extends donor availability to nearly all patients.
However, data on haploidentical transplants from India is
sparse.

Besides numerous scattered case reports, a few studies
from India have been published describing the outcomes of
haploSCT. Jaiswal et al. reported the aGVHD and cGVHD
rates of 40.3% and 16.7% respectively in their cohort of
25 children who underwent haploSCT [5]. In contrast, we
observed an aGVHD incidence of 28% and a cGVHD inci-
dence of 6%. The platelet and neutrophil engraftment was
14 days in their study whereas it was 16 days and 18 days
respectively in our cohort of patients. Their 2-year failure-
free survival was 63.5% and 1 year NRM was 24%.

Batra et al., reported on outcomes of haploSCT in patients
with acute leukemia and chronic myeloid leukemia. At a
median follow up of 26 months, the 2 year overall survival
was 38% for the 21 patients analysed. The TRM was 38%
and 4 patients died due to subsequent relapse of the disease
[4].

In the data from Christian Medical College, Vellore,
India, 257 patients underwent 269 haploSCT between 2010
and 2020 [6]. Engraftment was seen in 76.2% patients which
was comparable to our data. Acute GVHD and cGVHD was
seen in 48% and 42% patients respectively which is higher
than what was observed in our study. Atleast one docu-
mented infection was seen in more than 90% of patients,
commonest being viral infections (71%), followed by bacte-
rial (44%), and fungal infections (38%). The 2 year OS for
the entire cohort was 40.5% and comparable to our 2 year
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OS of 43%. The outcomes in pediatric patients were bet-
ter than the adults. The incidence of CMYV reactivation was
33% followed by bacterial infections. In our study, there
was no difference in overall survival for pediatric and adult
patients (p =0.58) and incidence of CMYV reactivation was
much higher (66%).

Nataraj et al. reported outcomes of 120 AML cases who
underwent HSCT. Of these, 46 underwent haploSCT. The
incidence of aGVHD (40.9% vs. 32.6%; p=0.372) and
c¢GVHD (16.7% vs. 15.2%; p=0.837) were similar in MSD
and haploSCT. Day-100 survival and OS were significantly
better in the MSD cohort [7]. In another multicentre study on
outcomes of haploSCT in Aplastic anemia was conducted on
79 cases. The primary graft failure rate was 16.43% whereas
the rates of aGVHD and cGVHD were 26.4% and 18.9%
respectively. The OS at a median follow up of 48 months
was 61.6% [8].

HaploSCT performed with Alpha/Beta T-cell and CD19
B-cell depletion of donor stem cells ex-vivo, is associated
with reduced incidence of GVHD. Bhatt et al. reported
their outcomes using this technique [9]. In a total of 22
patients who underwent haploSCT, the aGVHD incidence
was 5% and none of the patients had cGVHD. The one-
year event-free survival was 77% with a TRM of 14%. With
this technique, there is no need for GVHD prophylaxis but
there is lesser graft versus leukemia effect and higher costs
involved. At our institute, the average cost of the haploSCT
from admission to Day + 60 ranged from INR 6-8 lakhs for
pediatric patients and INR 10-12 lakhs for adult haploSCT.

There were few limitations of our study. It was retrospec-
tive in nature with fewer number of subjects. The viral test-
ing for the aetiology of infections was not done in all patients
due to cost constraints.

Conclusion

HaploSCT with a PTCy platform is a cost-effective, promis-
ing modality of treatment in patients who have no suitable
matched donors and are not affording matched unrelated
transplants. At our centre, we were able to achieve accept-
able results with use of generic medications at affordable
cost. TRM rates were comparable to other centres, however,
multi-drug resistant bacterial infection remains a challenge
in performing haploidentical HSCT in developing countries.
CMYV reactivation and hemorrhagic cystitis are also highly
prevalent. Sharing of haploSCT data between various cen-
tres in India can help in improving patient outcomes.
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