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Abstract:  Background: Human Leucocyte antigen (HLA)
compatibility is the crucial requirement to perform an allogeneic
hematopoetic stem cell transplantation (HSCT) and remains the most
meaningful predictor of long term survival. AIM To identify
functional HLA characteristics that could help guide donor selection
to improve overall success of haploidentical transplantation.
Methodology We analyzed 55 consecutive patients with thalassemia
major transplanted from a related haploidentical donor after receiving
myeloablative conditioning regimen in our centre. We assessed HLA
incompatibility based on total number of HLA mismatches and their
correlation with the transplant outcomes. Results Of the 55 cases of
patients who underwent haploidentical transplantation, 42( 76.4%)
engrafted while 13 (23.6%) rejected. Overall survival was 85%.

There were 9 patients (16.36%) who underwent Haploidentical
transplants with a 6/12 match and of these 7 (77.7%) rejected.
A class IT match was associated with better outcome. Class II match
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their donor. Our analysis showed it to be associated with adverse
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system at the major histocompatibility complex
(MHC). Located on chromosome 6 it encodes cell
surface molecules which then present antigenic
peptides to T-cell receptors. Divided into two major

INTRODUCTION

Hematopoietic stem cell transplantation between
genetically different individuals became possible by
identifying the human leucocyte antigen (HAL)
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classes, Class I MHC molecules are seen on the
surface of all nucleated cells and platelets and are
encoded as HLA-A, B, or C. Lymphocytes reactive to
Class I molecules express CD8 molecules that have
effector cytotoxic function. ClassII MHC molecules
are present on antigen-presenting cells like B cells,
macrophages, dendritic cells, Langerhans cells,
thymic epithelium, and activated T cells. Both
polypeptide chains are encoded by genes in HLA-DR,
-DQ, -DP. Lymphocytes reactive to class IT molecules
express CD4 and are often helper T cells.
Most patients suffering from Thalassemia major
treated with allo-HSCT show a good response to
treatment, and recent advancements in
transplantation technology have improved the OS and
TFS rates to around 90% and 80%, respectively (1,2).
Most transplants use HLA fully-matched sibling
donors, but limitations in the number of matched
related donors have led to the use of mismatched
related donors, matched unrelated donors, and
mismatched unrelated donors (3). Although research
has indicated that good results can be achieved with
mismatched donors, the outcomes tend to be worse
than those obtained with matched donors for both f3-
thalassemia (4-6) and other diseases (7,8).
Hematopoietic stem cell transplantation (HSCT) from
relatives sharing only 1 haplotype has revolutionized
curative options by HSCT for patients suffering from
benign blood disorders. Improvement in HLA-
haploidentical transplantation with the wuse of
cyclophosphamide post-transplant (PT-Cy) has
substantially reduced severe acute and chronic graft
versus host disease(GVHD). Haploidentical family
members share 1 complete HLA haplotype with the
patient and differ for a variable number of alleles on
the nonshared haplotype. The immunogenicity of a
given HLA mismatch may relate to specific amino
acid epitopes recognized by T-cells and allogeneic
HLA peptides presented by HLA. In the case of HLA
DPBI1|[Tcell epitopes (TCE)], matching or permissive
mismatching is associated with less acute GVHD and
better survival but also higher relapse after unrelated
transplantation.

We performed a retrospective analysis on all the
patients who underwent haplo-identical
transplantation from March 2016 to August 2023 to
study the effect of individual and combined HLA

locus mismatching after haploidentical
transplantation using PTCy.
AIM

To identify functional HLA characteristics that could
help guide donor selection to improve the overall
success of haploidentical transplantation.

METHODS

We analyzed 55 consecutive patients with thalassemia
major transplanted in our center. Informed consent
and approval were obtained from all patients.
Institutional Ethical Committee approval was

obtained for conducting the study:
MGMC&H/IEC/JPR/2023/1710 dated
02/11/2023.

Patients were transplanted from March 2016 to
August 2023 from a related haploidentical donor after
receiving a myeloablative conditioning regimen and
PTCy GVHD prophylaxis.
All the patients were genetically proven transfusion-
dependent beta-thalassemia.
The best-related donor was selected according to the
following algorithm: donor health, donor age,
cytomegalovirus status, and ABO compatibility, and
a different number of mismatches and DSA.
There was no matched-related donor available for the
patients in all 55 cases. Haploidentical transplantation
was offered in our center and the option of the
unrelated donor was discussed with each patient and
given an option of transplantation at other centers
using MUD.
In all 55 cases, either of the parents was the donor. All
the donors were thalassemia carriers with baseline
hemoglobin ranging from 8.9 gms/dl to 14.3 gms /dl.

Each donor underwent pretransplant work up which
included infectious profile, renal function tests, liver
function tests, and Donor specific antibodies.
All the selected donors were negative for infectious
panel and donor specific antibodies. Each patient
underwent strict pre transplantation work up and only
those patients were selected who had a ferritin level
less than 1000ng/ml with no hepatosplenomegaly and
liver enzymes less than twice normal.
All the patients received two cycles of five days each
of Fludarabine and Dexamethasone from Day -68 to -
64 and then -40 to -36.

All the patients received ATG, Busulphan,
Fludarabine, and Thiotepa as conditioning regime
along with post-transplant cyclophosphamide at a
dose of 200 mg per kilogram of body weight.
Unmanipulated bone marrow was used as stem cell
support at day 0. The white blood cell count was used
to calculate the final WBC count to be infused with an
aim of at least 10 x108 cells and not more than 20 x10
8 cells per kg. Donors underwent bone marrow
harvest under general anesthesia. Anti-infectious
prophylaxis was started and consisted of
Trimethoprim + sulfamethoxazole until day +120,
acyclovir until day +90, and Fluconazole until day
+32. Graft versus Host Disease prophylaxis was done
with Mycophenolate Mofetil10 mg/kg/dose PO TID
from day +5 to +60 and
Cyclosporine A 3 mg/kg/day IV starting at days +5
adjusted to serum levels and tapered from day +120 to
+300

Weekly cytomegalovirus monitoring by PCR until
day +100 was done. In case of viral reactivation
patients were put on oral or intravenous Ganciclovir
for CMV reactivation and treatment was given for
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three consecutive weekly negative RT-PCR. Patients chimerism by day + 30 of transplant. Peripheral blood
received PRBC and platelets transfusion as per our chimerism was done at +30, +60, +120, +180, and
center's treatment protocol. one year post-transplant.
The diagnosis of acute and chronic GVHD was We assessed HLA incompatibility based on a total
clinical based on standard criteria. First and second- number of HLA mismatches and their correlation
line therapy for GVHD was according to our center's with the transplant outcomes. We analyzed the
protocol. The patients were monitored with weekly different HLA classes and correlated them with the
cyclosporine levels which were maintained between outcomes and also tried to correlate HLA with gender
100 to 200 ng/ml. mismatch.

Graft failure was defined as <5% donor DNA

RESULTS

Of the 55 transplants, 17 were girls while 38 were boys. The ages ranged from 4.7 years to 11 years with a median
age range of 5.5 years at the time of transplantation. Based on liver size and ferritin and aminotransferase levels all
children belonged to the low-risk group for bone marrow transplantation. Major ABO incompatibility was seen in
two patients while minor ABO incompatibility was seen in 6 patients. ABO incompatibilty was not associated with
any adverse effects and all these 8 patients engrafted.
The median time to neutrophilic recovery was 17 days while the median time to platelet engraftment was 22 days.
Of the 55 cases of patients who underwent haploidentical transplantation, 42( 76.4%) engrafted while 13 (23.6%)
rejected.

There were 9 patients (16.36%) who underwent Haploidentical transplants with a 6/12 match and of these 7 (77.7%)
rejected.

We further analyzed the 13 patients who had rejected and of these 7(53.8%) were 6/12 match, 5 patients (38.46%)
were identified as Haplo in Class II while only 1 patient(7.69%) who had a rejection was haplo in class I.
Overall survival (0S) was 85% while thalassemia-free survival (TFS) was 71%.
CMV reactivation was seen in 7 patients (12.7%) and all of them responded to Ganciclovir.
BK virus in urine was documented in three patients (5.5%) and of these one patient died one year later of renal failure.
The incidence of graft versus host disease (GVHD) was 18% (10).

TABLE 1 Recipient Characteristics

Characteristics (n= 55) Number Percentage %
Girls 17 30.9
Boys 38 69.1
Overall survival (OS) 47 85
Thalassemia Free Survival (TFS) 39 71
Engrafted 42 76.4
Rejected 13 23.6
Major ABO incompatibility 2 3.6
Minor ABO incompatibilty 6 10.9
CMV Reactivation 7 12.7
BK Virus infection 3 5.45
Acute Graft versus Host Disease 10 18
(aGVHD)
Seven of these had skin GVHD grade 2 and all responded to oral steroids. Three of the patients had gut GVHD and
all were grade 4. Of these two patients died.

Overall the total mortality rate was 15%. Infection- gram-negative sepsis was the cause of death in five of these
patients while grade 4 gut GVHD resulted in two deaths. One patient died of acute renal failure post-BK virus
infection.

Cytokine Release Storm (CRS) was encountered in two patients and both responded to steroids but later on one of
them developed severe sepsis and expired.
A class IT match was associated with a better outcome. Class II match in both DRB1 and DQBI1 13 (23.6%) and
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eitherr  DRB1 alone 18 (32.7%) or DQB1 alonel5 (27.9%) had the Dbest outcome.

TABLE 2 Donor characteristics

DONOR CHARACTERISTIC ENGRAFTED REJECTED
Mother (n=37) 27(72.9%) 10(27.1%)
Father (n=18) 15(83.3%) 3(16.7%)
Father to son (n=12) 11(91.76%) 1(8.34%)
Mother to daughter(n=11) 8(72.7%) 3(27.3%)
Mother to son (n=26) 19(73%) 7(27%)
Father to daughter (n=6) 4(66.7%) 2(33.3%)

The mother was the donor in 37 (67.3%) transplants and the father in 18(32.7%) of the transplants. 83.3% (15) of the
patients who received a graft from the father engrafted while 72.9% (27) of the patients who received a graft from the
mother engrafted. In sex mismatch, 73.07% of boys who received a graft from the mother engrafted while 66.6% of
the girls who received a graft from the father engrafted. The best outcome was observed in cases where boys received
a graft from the father with an engraftment status of 91.76%.

TABLE 3 Association of Allele and Outcome

Common allele: 40:06:01G Engrafted Rejected Acute GVHD

15 (27.3%) 8(53.3%) 7(46.7%) 6(40%)

Of the 55 transplants 15 patients (27.3%) had a common allele of 40:06:01G in class I HLA-B from their donor. Our
analysis showed it to be associated with adverse outcomes because 7 (46.7%) of these rejected while 6 patients (40%)
developed acute graft versus host disease. We had a total incidence of 18% (10)of acute graft versus host disease and

of these 60% of patients had this common allele.

DISCUSSION

Although a matched sibling donor is ideal for allo-
HSCT, the availability is limited. Other sources of
cells for transplantation include matched unrelated
donors, mismatched related donors, mismatched
unrelated donors, and cord blood (9).

Human leukocyte antigen (HLA) mismatch causes an
immune reaction between recipient and donor cells
after hematopoietic stem cell transplantation (HSCT).
Extensive studies have demonstrated that HLA
mismatch is associated with a higher risk of graft-
versus-host disease (GVHD) and takes a longer time
to engraft, leading to poor outcomes of HLA-
mismatched recipient-donor pairs in transplantation
from related or unrelated donors. Early studies
focused on the number of mismatched HLA antigens
or alleles, and the quantification of HLA antigens and
alleles is the basic priority in donor selection (10,11).
HLA locus matching and the direction of mismatch
are also potent prognostic factors and are considered
in clinical settings (12-15). HLA mismatching
patterns have also been studied for prognosis based on
HLA supertypes and haplotypes (16-18). However,
we still need to learn a lot about the relation between
the heterogeneous effect of HLA mismatching on
HSCT outcomes.

Haploidentical donor transplantation poses many
challenges but also brings hope to patients. A study in

Thailand described the successful transplantation of
peripheral blood stem cells from a haploidentical
donor when a novel preconditioning regimen was
used (19). In their study, continuous engraftment was
achieved, with low incidence rates of severe
complications and GVHD (19). A haploidentical
transplantation study in China also reported good
outcomes: 3-year OS and TFS reached 100%, the
incidence of grade III-IV aGVHD was low, and only
1 patient developed cGVHD (20). In another
retrospective study by Chuwen Huang 22 patients
received two or more HLA allele-mismatched grafts
and of these four of them died at the last follow-up. A
total of 15 patients received a graft from a parent, and
three of them died at the last follow-up, indicating that
parent donor-based transplantation is a choice for
allogeneic HSCT for Thalassemia (21). In our
retrospective study, the outcomes were comparable to
the above-mentioned studies with an overall survival
of 85%. Class II matches showed better outcomes.
The incidence of acute graft versus host disease in our
study was 18% and 60% of these patients had a
common allele on HLA-B locus. Further studies and
analysis may help to identify the exact reason for
outcomes.

CONCLUSION

In conclusion, the outcome of haploidentical
transplantation using PTCy is improved when the
donor is HLA-Class IT matched with the best outcome
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in the HLA DRBI1 match. 6/12 haploidentical
matches have a poor outcome while the allele
40:06:01 G in class I HLA-B from the donor has the
worst outcome in terms of rejection and graft versus
host disease.

HLA factors influence the success of haploidentical
transplantation and their consideration may help to
optimize the selection of haploidentical-related donor.

Declarations and Statements:
Competing Interests: None
Conflict of Interest: None
Funding: None
Acknowledgement: None

Ethical Clearance:
MGMC&H/IEC/JPR/2023/1710 dated
02/11/2023.

REFERENCES

1. Choudhary D, Doval D, Sharma SK, et al.
Allogenic Hematopoietic Cell Transplantation in
Thalassemia Major: A Single-center Retrospective
Analysis From India. J Pediatr Hematol Oncol
2019;41:€296-e301.
10.1097/MPH.0000000000001475

2.Huang K, Zhou DH, Li Y, et al. Modified
conditioning regimen improves outcomes of unrelated
donor peripheral blood stem cell transplantation for
beta-thalassaemia major patients. Pediatr Blood
Cancer 2018;65:€27026. 10.1002/pbc.27026
3.Baronciani D, Angelucci E, Potschger U, et al.
Hemopoietic stem cell transplantation in thalassemia:
a report from the European Society for Blood and
Bone Marrow Transplantation Hemoglobinopathy
Registry, 2000-2010. Bone Marrow Transplant
2016;51:536-41. 10.1038/bmt.2015.293

4. He Y, Jiang H, Li C, et al. Long-term results of the
NF-08-TM protocol in stem cell transplant for patients
with thalassemia major: A multi-center large-sample
study. Am J Hematol 2020;95:E297-E299.
10.1002/ajh.25969

5. John MJ, Mathew A, Philip CC, et al. Unrelated
and related donor transplantation for beta-thalassemia
major: A single-center experience from India. Pediatr
Transplant 2018;22:€13209. 10.1111/petr.13209

6. Li C, Mathews V, Kim S, et al. Related and
unrelated donor transplantation for beta-thalassemia
major: results of an international survey. Blood Adv
2019;3:2562-70. 10.1182/bloodadvances.2019000291
7. Oved JH, Wang Y, Barrett DM, et al
CD3(+)/CD19(+) Depleted Matched and
Mismatched Unrelated Donor Hematopoietic Stem
Cell Transplant with Targeted T Cell Addback Is
Associated with Excellent Outcomes in Pediatric
Patients with Nonmalignant Hematologic Disorders.
Biol Blood Marrow Transplant 2019;25:549-55.
10.1016/j.bbmt.2018.10.003

8. Woolfrey A, Klein JP, Haagenson M, et al. HLA-

C antigen mismatch is associated with worse outcome
in unrelated donor peripheral blood stem cell
transplantation. Biol Blood Marrow Transplant
2011;17:885-92. 10.1016/j.bbmt.2010.09.01

9. Locatelli F, Merli P, Strocchio L. Transplantation
for thalassemia major: alternative donors. Curr Opin
Hematol 2016;23:515-23.
10.1097/MOH.0000000000000280

10. Takehiko S, Takeo J, Yasuo M, Naoko K,
Hidehiko K, Hidetoshi I, et al. Effect of Matching of
Class I HLA Alleles on Clinical Outcome After
Transplantation of Hematopoietic Stem Cells From
an Unrelated Donor. N Engl J Med (1998) 399:1177—
85. doi:10.1056/NEJM199810223391701

11. Petersdorf EW, Gooley TA, Anasetti C, Martin
PJ, Smith AG, Mickelson EM, et al. Optimizing
Outcome After Unrelated Marrow Transplantation by
Comprehensive Matching of HLA Class I and II
Alleles in the Donor and Recipient. Blood (1998)
92(10):3515-20. doi: 10.1182/blood.
V92.10.3515.422k49_3515_3520

12 . Kanda J, Saji H, Fukuda T, Kobayashi T,
Miyamura K, Eto T, et al. Related Transplantation
With HLA-1 Ag Mismatch in the GVH Direction and
HLA-8/8 Allele-Matched Unrelated Transplantation:
A Nationwide Retrospective Study. Blood (2012)
119(10):2409-16.  doi: 10.1182/blood-2011-08-
372573

13. Cunha R, Loiseau P, Ruggeri A, Sanz G, Michel
G, Paolalori A, et al. Impact of HLA Mismatch
Direction on Outcomes After Umbilical Cord Blood
Transplantation for Hematological Malignant
Disorders: A Retrospective  Eurocord-EBMT
Analysis. Bone Marrow Transplant (2014) 49(1):24—
9. doi: 10.1038/bmt.2013.120

14. Kanda J, Atsuta Y, Wake A, Ichinohe T,
Takanashi M, Morishima Y, et al. Impact of the
Direction of HLA Mismatch on Transplantation
Outcomes in Single Unrelated Cord Blood
Transplantation. Biol Blood Marrow Transplant
(2013) 19(2):247-54. doi:
10.1016/j.bbmt.2012.09.017

15. Kanda J, Ichinohe T, Fuji S, Maeda Y, Ohashi K,
Fukuda T, et al. Impact of HLA Mismatch Direction
on the Outcome of Unrelated Bone Marrow
Transplantation: A Retrospective Analysis From the
Japan Society for Hematopoietic Cell
Transplantation. Biol Blood Marrow Transplant
(2015) 21(2):305-11. doi:
10.1016/j.bbmt.2014.10.015

16. Farag SS, Bacigalupo A, Eapen M, Hurley C,
Dupont B, Caligiuri MA, et al. The Effect of KIR
Ligand Incompatibility on the Outcome of Unrelated
Donor Transplantation: A Report From the Center for
International Blood and Marrow Transplant
Research, the FEuropean Blood and Marrow
Transplant Registry, and the Dutch Registry. Biol
Blood Marrow Transplant (2006) 12(8):876—-84. doi:
10.1016/j.bbmt.2006.05.007

17. Lazaryan A, Wang T, Spellman SR, Wang H-L,

‘ 3045 © 2025 European Journal of Clinical Pharmacy; All Right Reserved




How to Cite: Marwah P, Sharma R, Bairwa R, Narain R* HIGH RISK ALLELES AFFECTING OUTCOME IN HAPLO-
IDENTICAL BONE MARROW TRANSPLANTATION FOR THALASSEMIA.” European Journal of Clinical
Pharmacy. 2025;7(1):3041-3046.

Pidala J, Nishihori T, et al. Human Leukocyte
Antigen Supertype Matching After Myeloablative
Hematopoietic Cell Transplantation With 7/8
Matched Unrelated Donor Allografts: A Report From
the Center for International Blood and Marrow
Transplant  Research. = Haematologica  (2016)
101(10):1267-74. doi:
10.3324/haematol.2016.143271

18. Kanda J, Kawase T, Tanaka H, Kojima H,
Morishima Y, Uchida N, et al. Effects of Haplotype
Matching on Outcomes After Adult Single-Cord
Blood Transplantation. Biol Blood Marrow
Transplant (2020) 26(3):509-18. doi:
10.1016/j.bbmt.2019.09.035

19. Anurathapan U, Hongeng S, Pakakasama S, et al.
Hematopoietic stem cell transplantation for
homozygous beta-thalassemia and beta-
thalassemia/hemoglobin E patients from
haploidentical donors. Bone Marrow Transplant
2016;51:813-8. 10.1038/bmt.2016.7

20. Sun Q, Wu B, Lan H, et al. Haploidentical
haematopoietic stem cell transplantation for
thalassaemia major based on an FBCA conditioning
regimen. Br J Haematol 2018;182:554-8.
10.1111/bjh.15438

21.Huang C, Qu Y, Liu S, Nie S, Jiang H.
Hematopoietic stem cell transplantation for
thalassemia major using HLA fully-matched and
mismatched donor grafts. Transl Pediatr. 2021
Jun;10(6):1552-1565.  doi:  10.21037/tp-20-415.
PMID: 34295770; PMCID: PMC8261584.

‘ 3046 © 2025 European Journal of Clinical Pharmacy; All Right Reserved




