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Abstract There has been a surge in haploidentical

hematopoietic stem cell transplantation (HSCT) in India

recently. However, there is a paucity of data on hap-

loidentical HSCT from India. The report is an analysis of

data of haploidentical HSCT performed at our center.

Analysis of patients with acute leukemia or chronic mye-

loid leukemia who underwent haploidentical HSCT during

2014–2019 was performed. The graft versus host disease

(GVHD) prophylaxis was post-transplant Cyclophos-

phamide with Mycophenolate-mofetil and Cyclosporine.

All patients were transfused peripheral blood stem cells

from donors. Overall survival (OS) was calculated using

the Kaplan–Meier method. Twenty-one patients underwent

haploidentical HSCT. Fourteen-patients were males. The

median age of patients was 15 years. Fludarabine with total

body irradiation was the most common conditioning regi-

men (n = 15, 71.4%). The median duration for neutrophil

and platelet engraftment was 14 days. Cumulative inci-

dence of acute and chronic GVHD was 19%, and 38%

respectively. The median follow-up was 26 months and the

two-year OS was 38%. Twelve (57%) patients died during

the study period, 8 patients (38%) died from transplant-

related mortality (TRM), and 4 from disease relapse. Sepsis

was the cause of death in six of the eight TRM. Nine out of

21 patients (42.8%) are leukemia-free on follow-up.

Haploidentical HSCT is a promising modality of treatment

in patients who have no suitable matched donors. Though

the TRM remains high, good disease control was achieved

in 42.8% of patients. Multi-drug resistant bacterial

infection remains a challenge in performing haploidentical

HSCT in developing countries.
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Introduction

The lack of availability of matched sibling donor (MSD) or

matched unrelated donor (MUD) has been the biggest

hindrance in the past to offer potentially curative allogeneic

hematopoietic stem cell transplantation (HSCT) for

patients with relapsed/refractory or high-risk acute leuke-

mia’s [1, 2]. The rapid progress in haploidentical donor

HSCT and the use of post-transplant cyclophosphamide

(PTCY) to prevent GVHD has enabled HSCT accessible to

a wider pool of patients [3, 4].

India has a genetically heterogeneous population due to

ethnic diversity and therefore there is a high degree of

polymorphism in the human leukocyte antigen (HLA) gene

complex [5]. This polymorphism reduces the probability of

finding a MUD donor in registries to less than 10% com-

pared to 80% observed with a homogenous population in

many countries [5]. This limits the potential use of MUD

HSCT in patients without an MSD.

The cost of procuring and processing stem cells from

haploidentical donors are considerably lesser than that for

MUD transplants [6, 7]. The reduced probability of getting

a MUD, easy availability of a haploidentical donor, and

less cost makes haploidentical HSCT a more viable option

in resource-challenged countries [6].

It would be helpful if centers in India shared their data

on haploidentical HSCT for understanding and improving

outcomes. We, therefore, performed a retrospective
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analysis to look at the clinical profile and outcomes of

haploidentical HSCT performed at our center.

Patients and Methods

Patients

Clinical outcome and treatment details were collected from

the case records of patients with acute leukemia from the

tumor registry who underwent haploidentical HSCT at our

center from 2013 to 2019. Institute ethics committee

approval was obtained to conduct the study. All patients

with acute leukemia either in the first remission or with

recurrence who required HSCT and did not have any MSD

or MUD donor were considered for haploidentical HSCT.

Patients whose disease was in remission underwent a

detailed pre-haploidentical transplant workup to assess

major organ function and to rule out any current ongoing

infective pathology along with dental inspection and

counseling.

Donor Selection

The donor selection was individualized and was based on

donor age, sex, presence of antibodies against donor-

specific HLA antigens (DSA) in the recipient, and

comorbidities. Donors who were young, male, DSA neg-

ative and had no comorbidities were preferred to reduce the

incidence of graft failure and GVHD. Anti-A and Anti

B-titres were performed in recipients who had a blood

group mismatch with the donor.

Stem Cell Source and Harvest

All donors were treated with Filgrastim (GCSF) 10 ug/

kg/day in two divided doses for 5 days before initiation of

harvest on the 5th day. Preharvest (on 4th day of filgras-

tim) and mid-harvest CD34 ? cell count was assessed and

accordingly, an adequate volume was harvested. Peripheral

blood stem cells were collected using apheresis machine

through peripheral venous access. A target CD34 ? cell

dose of 5 9 106/kg recipient body weight was planned,

with a minimum required CD 34 ? cell dose of 3 9 106/

kg recipient body weight. CD3 cell count in the graft was

not performed as we did not perform ex-vivo graft

manipulation.

Conditioning Regimen and GVHD Prophylaxis

Patients received a fludarabine (FLU) based conditioning

regimen. The choice of the conditioning regimen was

dictated by multiple factors including physician preference,

indication for transplant, age, and presence of co-mor-

bidities. The dose and schedule of the conditioning regimes

have been provided in Table 1. The GVHD prophylaxis

consisted of PTCY, cyclosporine (CSA), and mycopheno-

late mofetil (MMF). PTCY was administered in two doses

on Day ? 3 and Day ? 4 after graft infusion at 50 mg/

kg/day, along with mesna. CSA was administered intra-

venously at a dose of 3 mg/kg/day in 2 divided doses

starting from day ? 5 and the patients were switched to the

oral formulation when appropriate. Serum CSA levels were

checked biweekly and doses were adjusted to maintain a

trough level of 200–300 ng/lL. MMF 15 mg/kg 3 times

daily was started along with CSA and continued till

Day ? 35 post-transplantation in the absence of GVHD.

CSA was tapered from day ? 90 over 2–4 weeks if there

was no GVHD. Filgrastim (GCSF) was started on Day ? 5

at a dose of 5 lgm/kg/day and was continued till

engraftment.

Supportive Care

All patients were treated in the designated hematopoietic

stem cell transplant unit provided with high-efficiency

particle air filters. Patients received antimicrobial prophy-

laxis with fluconazole, acyclovir, and levofloxacin. Pre-

emptive cytomegalovirus (CMV) treatment was guided by

close monitoring of viral CMV load by quantitative PCR

twice weekly until day ? 100 or till immunosuppressive

agents were tapered. The presence of adenovirus and

Epstein Barr Virus (EBV) infection were not monitored

routinely and performed guided by symptomatology. All

patients had tunneled central venous access (Hickman

double lumen catheter). Neutrophil engraftment was

defined as an absolute neutrophil count of more than

500/mm3 for 3 consecutive days and platelet engraftment

was defined as an unsupported platelet count more than

20,000/mm3 for 7 consecutive days [8]. Failure to achieve

neutrophil engraftment by day 28 of stem cell infusion was

taken as primary graft failure [8]. Toxicities were graded

according to the Common Terminology Criteria for

Adverse Events (CTCAE).

HLA Typing and Chimerism Analysis

HLA typing was performed by next-generation sequencing.

Antibodies in the recipient to donor HLA class I and II

antigens were tested using a single antigen bead assay.

Donor-recipient chimerism was assessed through poly-

merase chain reaction (PCR) based amplification. Chi-

merism testing was assessed at Day ? 30 and Day ? 90

and whenever clinically indicated.
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Statistical Analysis

Overall survival (OS) was calculated from the date of stem

cell infusion to date of death or last follow-up. Baseline

characteristics are reported as descriptive statistics and OS

was estimated using the Kaplan–Meier method. The

cumulative incidence rates of non-relapse mortality

(NRM), acute GVHD (aGVHD), and chronic GVHD

(cGVHD) were also computed. All analyses were per-

formed using SPSS version 20 (IBM, Armonk, NY).

Result

Patient and Donor Characteristics

A total of twenty-one patients with a median age of

15 years (range 1.5–43 years) underwent haploidentical

HSCT from a family donor. Fourteen out of the 21 (66%)

patients were pediatric (less than 18 years age) and 14/21

(66%) patients were males. Patient characteristics are

detailed in Table 2. The primary diagnosis of patients was

acute lymphoblastic leukemia (ALL) in 8, acute myeloid

leukemia (AML) in 10, chronic myeloid leukemia (CML)

blast crisis, and accelerated phase in 2 and 1 respectively.

All patients were in complete remission (CR) before the

transplant and their pretransplant workup for the cardiac,

renal, hepatic, and pulmonary function was normal. Seven

patients were transplanted in first CR (ALL: 2, AML: 2 and

CML: 3) and 14 patients in second CR (ALL: 6 and AML:

8). Myeloablative conditioning regimen was used in 20

patients. One patient with AML received a reduced-inten-

sity conditioning regimen due to life-threatening toxicities

during the induction and consolidation phase of treatment.

Initially, all patients in our study received a TBI based

conditioning regimen except one child with ALL, who has

received chemotherapy based conditioning regimen

because of age (1.5 years). Over time we have changed our

policy to using TBI based conditioning regimen for lym-

phoid leukemia and chemotherapy-based regimen for

myeloid leukemia.

The median age of donors was 39 years (range 17–70).

Most of the donors were male (n = 18), the father being the

most common (n = 15). A sex mismatch was present in

eight patients, of which six were female recipients and two

were male recipients. Ten out of 21 donors had mis-

matched ABO blood groups, among these 3 were major

and 7 were a minor mismatch. None of the recipients had

donor-specific antibodies. All peripheral blood stem cell

collections from donors were performed through peripheral

access and none had complications due to the procedure.

Engraftment and Chimerism

The mean dose of CD34 ? cells transfused to patients was

6 9 106/kg/recipient body weight (range: 4–8.6 9 106/kg).

The median time to neutrophil engraftment was 14 days

(range 12–23 days) and platelet engraftment was 14 days

(range 12–54). One patient had primary graft failure. None

had secondary graft failure. Donor chimerism at day ? 30

and day ? 90 was greater than 96% in all the remaining

patients who are alive and are on follow-up.

Toxicity

Toxicities are detailed in Table 3 Seven of 8 patients had

hemorrhagic cystitis. Cystitis was associated with BK virus

infection in urine in 4 patients and adenovirus infection in

one patient. CMV reactivation was observed in 15 patients

and all responded well to preemptive therapy with ganci-

clovir. One patient had a probable pulmonary fungal

Table 1 Conditioning regimens

Conditioning regimens Schedule

Fludarabine/total body irradiation (Flu/

TBI)

IV Fludarabine 25 mg/m2 in 100 ml NS over 1 h from Day 6 to Day 4 TBI 2 Gy twice a day from

Day 3 to Day 1, (Total 12 Gy)

Fludarabine/treosulfan (Flu/Treo) IV Fludarabine 40 mg/m2 in 100 ml NS over 1 h from Day 6 to Day 3 IV Treosulfan 14 gm/m2 in

500 ml NS over 3 h from Day 6 to Day 4

Fludarabine/busulfan/cyclophosphamide

(Flu/Bu/Cy)

IV Fludarabine 30 mg/m2 in 100 ml NS over 1 h from Day 6 to Day 3 IV Busulfan 3.2 mg/kg in

500 ml NS over 3 h from Day 7 to Day 4 IV Cyclophosphamide 15 mg/kg in 500 ml NS over 1 h

from Day 3 to Day 2

Fludarabine/busulfan (Flu/Bu) IV Fludarabine 40 mg/m2 in 100 ml NS over 1 h from Day 6 to Day 3 IV Busulfan 130 mg/kg in

500 ml NS over 3 h from Day 6 to Day 3

Fludarabine/melphalan/total body

irradiation Flu/Mel/TBI

IV Fludarabine 40 mg/m2 in 100 ml NS over 1 h from Day 6 to Day 3 IV Melphalan 140 mg/m2 IV

Bolus on Day 2 TBI 2 Gy single fraction on Day 1

IV Intravenous, NS Normal Saline
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Table 2 Clinical details
Variable (n = 21) Value (%)

Recipient age, median (range) 15 (1.5–43)

Above 18 Years (n) 7 (33.3%)

Below 18 Years (n) 14 (66.6%)

Donor age in years, median (range) 39 (17–70)

Recipient sex

Male 14 (66.66%)

female 7 (33.33%)

Donor sex

Male 18 (85.7%)

Female 3 (14.2%)

Parents (Father 15, Mother 2) 17

Siblings (1 brother, 1 sister) 2

Children (both sons) 2

Sex mismatch 8 (38.1%)

ABO incompatible 10 (47.6%)

Disease status at transplantation,

ALL 8 (38.1%)

CR1 (1- MLL translocation, 1- Ph-positive all) 2

CR2 6

AML 10 (47.6%)

CR1 (Both Adverse Risk–FLT3 positive) 2

CR2 8

CML-BC (At first CCyR–high risk) 2 (9.5%)

CML-AP (At first CCyR—T315I mutation) 1 (4.7%)

HLA matching status, n

5/10 8 (38.1%)

6/10 6 (28.5%)

7/10 4 (19%)

8/10 2 (9.5%)

9/10 1 (4.7%)

Conditioning regimen (n)

(Disease) (n)

FLU-TBI 15 (71.4%)

ALL 7

AML 5

CML 3

FLU-MEL-TBI 1 (4.7%)

AML 1

FLU-TREO 2 (9.5%)

AML 1

ALL 1

FLU-BU-Cy 2 (9.5%)

AML 2

FLU-BU 1 (4.7%)

AML 1

CD 34 Cell Count (9 106/kg) median (range) 6 (4–8.6)

GVHD prophylaxis (n) PTCY with MMF and CSA/TAC 21

GCSF requirement, median (range) 11 (7–26) days

PRC requirement, median (range) 4 (1–15)

Platelet requirement, median (range) 16 (3–85)
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infection (radiological) and was managed with ampho-

tericin B.

Among the gastrointestinal toxicities, Mucositis was

observed in all the patients (n = 21) for a median of 8 days

(range 2–63 days). Grade 3 and 4 mucositis were observed

in 50% of patients (n = 12). Sixteen patients (76%) patients

required total parenteral nutrition (TPN). The median

duration of TPN was 8 days (range 3–70 days). Nausea and

vomiting were observed in 18 (85%) and diarrhea in 11

patients (52%). Sinusoidal obstruction syndrome (SOS) of

the liver, was observed in 1 patient on day ? 8 of trans-

plant. This patient died on day ? 13 due to sepsis and

multi-organ dysfunction.

GVHD

Two patients developed aGVHD (9.5%), and six patients

developed cGVHD (28.5%), of which two patients devel-

oped both types of GVHD (9.5%). Cumulative incidence of

acute GVHD was 19%, at a median of 74 days (range:

54–96 days), whereas for chronic GVHD was 38%, at a

median of 184 days (range: 156–410 days). Most patients

had GVHD limited to one organ, whereas only one patient

had GVHD in 3 organs. GVHD details have been provided

in Table 4.

Treatment-Related Mortality (TRM), Relapses

and Survival Outcomes

The median follow-up was 26 months and the two-year OS

was 38% with a median OS of 17 months (Fig. 1). Nine out

of 21 patients (42.8%) are leukemia-free on follow-up.

Twelve (57.1%) patients died during the study period

among whom eight (38%) had early transplant-related (less

than 100 days) mortality. Among the 12 who died, 8 were

due to TRM, and 4 were due to relapse of disease. TRM

was observed in 3 patients with AML, 4 with ALL, and one

with CML.

The median follow-up for adult and pediatric patients

(\ 18 years) was 29 and 25 months respectively. The

2 year OS for adult patients (n = 7) was 57.1% and for

pediatric patients (n = 14) was 25% (P = 0.46). Among the

14 pediatric patients, 5 (36%) are alive and in CR, 4 (29%)

have died due to disease relapse and 5 (36%) died due to

TRM. Among the 7 adult patients, 4 (57%) are alive and in

CR and 3 (43%) patients have died due to TRM.

Table 2 continued
Variable (n = 21) Value (%)

TPN requirement, n (Median) 16 (8 days)

Neutrophils engraftment, median (range) 14 (12–23) days

Platelets engraftment, median (range) 14 (12–54) days

CMV (Reactivation) 15 (71.4%)

Fungal infection 1 (probable)

ABO Blood grouping system; ALL Acute lymphoblastic leukemia; AML Acute myeloid leukemia; CML-BC
Chronic myeloid leukemia-Blast crisis; CML-AP Chronic myeloid leukemia-Accelerated phase CR1
Complete remission 1; CR2 Complete remission 2; HLA Human leucocyte antigen FLU Fludarabine; TBI
Total body irradiation; MEL Melphalan; BU Busalfan; TREO Treosulfan Cy Cyclophosphamide; CD
Cluster differentiation; GVHD Graft versus host disease; PTCY Post-transplant cyclophosphamide; CSA
Cyclosporine; TAC Tacrolimus; MMF Mycophenolate mofetil; GCSF Granulocyte colony-stimulating

factor; PRC Packed red cell; TPN Total parental nutrition; CMV Cytomegalovirus

Table 3 Toxicities
Toxicity Grade 1–2, n (%) Grade 3–4, n (%)

Cystitis (n = 8) 6 (28.5%) 2 (9.5%)

Hemorrhagic (7) 5 2

Infective–BK Virus (4), Adenovirus (1) 5 0

Non-infective 3 0

Mucositis 9 (42.8%) 12 (57.2%)

Nausea and vomiting 7 (33.3%) 11 (52.3%)

Diarrhea 6 (28.5%) 5 (23.8%)

Fatigue 15 (71.4%) 3 (14.2%)
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Most patients had multiple factors contributing to mor-

tality. Sepsis was the most common cause of TRM (n = 6)

followed by encephalitis due to unknown causes (n = 2).

One patient with sepsis had graft failure, one had SOS of

the liver, one had aGVHD and fungal pneumonia and one

had secondary hemophagocytic lymphohistiocytosis

(HLH). Gram-negative multidrug-resistant (MDR)

organism was cultured from 4 patients with sepsis (3

patients had Klebsiella pneumoniae and one Escherichia

coli). Two of our patients died due to meningoencephalitis

without a known cause. Cerebrospinal fluid PCR for Her-

pes simplex virus (HSV), Adenovirus, and Japanese

encephalitis virus and blood PCR for EBV and CMV were

negative in both the patients who developed

Table 4 Proportion of patients

with acute and chronic GVHD

and Number of organs affected

due to GVHD

Acute GVHD

Grade

1–2

3 (14.2%)

Grade

3–4

1 (4.7%)

Chronic GVHD

Limited 7 (33.3%)

Extensive 1 (4.76%)

No. of Organs Acute GVHD n (%) Chronic GVHD n (%)

1 Organ affected 3 (14.28%) 4 (19.04%)

2 Organ affected 1$ (4.76%) 3^* (9.52%)

3 Organ affected 0 1# (4.76%)

GVHD Graft versus host disease. $Skin and gut, ^2 out of 3 Skin and gut, *1 out of 3 Skin and liver, #Skin,

gut and liver

Fig. 1 Kaplan–Meier curve for

overall survival for the study

population
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meningoencephalitis. One patient with encephalitis also

had hemorrhagic cystitis. All the TRM occurred within day

60 of the transplant.

Among the 4 relapses, 3 were observed in AML

(4.5 months, 17 months, and 18 months post-transplant

respectively) and one in ALL (3 months post-transplant).

Discussion

A meta-analysis of 30 studies including 22 974 participants

comparing haploidentical HSCT with PTCY versus other

donor transplants in adults observed that haploidentical

HSCT was associated with increased all-cause mortality

and NRM when compared to MSD HSCT [9].

Haploidentical HSCT had similar all-cause mortality but

reduced NRM in comparison to MUD HSCT. Relapses

were similar between haploidentical HSCT and MSD

HSCT but more in comparison to MUD HSCT. This data

indicates that haploidentical HSCT is a reasonable alter-

native for patients who do not have an MSD.

Data from Indian Stem Cell Transplant Registry

(ISCTR) has shown that between 2102 and 2018 hap-

loidentical HSCT accounted for 25% of allogeneic HSCT

in children (\ 18 years) and 20% in adults (personal

communication).

Jaiswal et al. reported the outcomes of haploidentical

HSCT in 25 children treated at their center [10]. Twenty of

the 25 patients had acute leukemia and the rest had non-

malignant conditions. They reported an aGVHD incidence

of 40.3% and a cGHVD incidence of 16.7%. In contrast,

we observed an aGVHD incidence of 19% and a cGVHD

incidence of 38%. The platelet and neutrophil engraftment

was 14 days in their study and was comparable to our

observation. Their 2-year failure-free survival was 63.5%

and 1 year NRM was 24%.

George et al. from Christian Medical College, Vellore,

India, reported their outcomes on 149 patients who

underwent 159 haploidentical HSCT between 2010 and

2017 [11]. Eight-five patients in their study had malignant

neoplasms. aGVHD was seen in 32% of evaluable patients

which is higher than what was observed in our study.

Bacteremia was observed in 41% (the majority were gram-

negative) and viral infections in 68% (CMV and BK virus).

The 2 year OS for the entire cohort was 39.2% and com-

parable to our 2 year OS of 38%.

Nataraj et al. have reported the outcomes of 120 patients

with AML who were treated with Allogenic HSCT at their

center [12]. Forty-six patients in their cohort underwent

haploidentical HSCT. The incidence of aGVHD (40.9% vs

32.6%; p = 0.372) and cGVHD (16.7% vs 15.2%;

p = 0.837) were similar in MSD and haploidentical

transplantation. However, the day-100 and overall survival

were significantly better in the MSD cohort.

Alpha/Beta T-cell and CD19 B-cell depletion of donor

stem cells ex-vivo is one method of reducing GVHD in a

haploidentical transplant. Bhatt et al. reported their out-

comes in haploidentical HSCT using this technique [13].

Among the 22 patients in the study, nine had hematological

malignancy. The aGVHD incidence was 5% and none of

the patients had cGVHD. The TRM was 14% and one-year

event-free survival was 77%. The advantages of using

Alpha/Beta T-cell and CD19 B-cell depletion are that

patients do not require GVHD prophylaxis. However, it is

expensive compared to PTCY and it has lesser graft versus

leukemia effect.

Four out of 21 (19%) patients in our study died due to

MDR gram-negative bacterial sepsis. A study from the

Francophone Society of Stem Cell Transplantation and

Cellular Therapy (SFGM-TC) on 381 patients who

underwent haploidentical HSCT reported that infections

accounted for 45.7% of the deaths and 40.9% infections

were bacterial and 34.1% viral [14].

Cytokine release syndrome (CRS) is observed in

patients undergoing haploidentical HSCT post stem cell

infusion [15]. CRS is seen during the first few days after

stem cell infusion and can be difficult to differentiate from

sepsis, engraftment syndrome, and (HLH) [16]. All the

above conditions can co-exist in a patient. We did not

formally grade symptoms suggestive of CRS in our patients

or measure inflammatory markers like interleukin-6 or use

tocilizumab (anti-IL-6). All our patients developed a fever

before engraftment and few required inotropic support and

oxygen, and these symptoms were managed as sepsis.

Adult patients in our study had a better 2 year OS

compared to pediatric patients (57% vs 25%, P = 0.46).

However, the TRM rates in adult and pediatric patients

were similar (43% vs 36% respectively). Pediatric patients

had higher relapse mortality (29%) compared to adult

patients (0%) and this accounted for their inferior OS. The

higher relapse mortality in children compared to adults

could be attributed to more transplants in CR2 in children

(72%) compared to adults (57%).

We used a TBI based myeloablative conditioning regi-

men for 7 out of 8 patients with ALL. A recent European

Bone Marrow Transplant (EBMT) group study observed

that TBI based regimen for haploidentical transplant in

patients with ALL resulted in a significant reduction of

NRM, translating into a better leukemia-free survival

without impacting aGVHD, chronic GVHD, or OS when

compared to non-TBI based chemotherapy regimens [17].

Access to TBI may be restricted in a few centers in India

and therefore a chemotherapy based conditioning regimen

may be appropriate in such situations.
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All our patients received a peripheral blood stem cell

graft. A meta-analysis has shown no difference in out-

comes between a peripheral blood stem cell graft and a

bone marrow graft in haploidentical HSCT with PTCY

[18].

It is our policy to give donor lymphocyte infusion (DLI)

if day 30 donor T-cell chimerism is less than 96% or there

is a loss of donor chimerism and/or there is a molecular

relapse. All patients in our study who engrafted achieved

day 30 chimerism[ 96%, none had a loss of donor chi-

merism and patients who relapsed had an overt morpho-

logical relapse. We did not routinely monitor post-

transplant minimal residual disease status and therefore

could not identify early relapses. Therefore, none of our

patients received DLI.

Our study has limitations that include the retrospective

collection of data and a definitive cause for few infections

could not be ascertained due to the non-availability of an

extensive viral testing panel.

To conclude the present study is one of the few reports

that has investigated the outcomes of haploidentical HSCT

from India. Sepsis especially caused gram-negative MDR

bacteria remains a major challenge in the success of hap-

loidentical HSCT in India.
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