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This article has a companion Point by Fuchs.

In this article, I will argue that a transplant using a matched unrelated donor (UD) remains the first choice for
patients lacking an HLA-identical sibling donor and should be prioritized above a related haploidentical
(haplo) donor.

The first successful UD transplant was performed in the United States in 1973. Since then,.60 000 UD
transplants have been performed, with long-term survivors of .25 years. As a community, we are very
experienced in the practice of UD transplantation, and numerous studies have now shown that survival
following a UD transplant is not different from that using an HLA-identical sibling.1,2

Several studies have recently compared the outcomes for patients receiving related haplo transplants
(concentrating predominately on the posttransplant cyclophosphamide [PTCY] approach) with those
receiving UD transplants (Table 1), and all 10 of these studies show no significant difference in overall
survival between donor types. However, this should be interpreted with caution, as all of these studies
are retrospective, nonrandomized comparisons. The numbers of patients studied are small, particularly in
the haplo setting (a total of 813 patients are reported in 10 studies, but individual patients may be
represented more than once), such that individual studies are almost certainly underpowered to detect
significant differences in outcomes. Additionally, the haplo transplants are performed in more recent
years and in some studies have a shorter median follow-up. Importantly, the patient characteristics in
many of the studies differ significantly between groups, particularly regarding not only the choice of stem
cell source (bone marrow [BM] vs peripheral blood stem cells [PBSCs]) but also in some cases disease
risk, comorbidities, and time to transplant. Finally, in all cases, the graft-versus-host disease (GVHD)
prophylaxis differs (consistently PTCY for all haplo recipients, but more traditional pharmacological
agents in the UD recipients).

While survival in all studies is similar, other outcomes, including engraftment, relapse, and GVHD, do
differ.

Engraftment

Numerous publications have shown that engraftment and/or immune reconstitution is delayed after
haplo transplant compared with UD transplant,3,4 and 6 out of 8 (not reported in 2) comparative studies
(Table 1) report slower neutrophil and/or platelet engraftment with haplo donors.5-10

Relapse

Early studies using the PTCY approach raised a concern regarding an increased relapse risk compared
with contemporary approaches.11-13 This has not in general been borne out in more recent studies, and
in the comparative studies shown in Table 1, only 1 study showed a higher incidence of relapse in the haplo
setting (acute myeloid leukemia [AML] patients receiving reduced-intensity conditioning).7 Conversely the
incidence of relapse in Hodgkin lymphoma was lower in the haplo setting than in UD setting.14

It has been suggested, however, that relapse after haplo may differ from that seen in other settings.
Bashey et al15,16 reported that the postrelapse survival was significantly worse after PTCY haplotransplant
than after transplantation using UDs (17% vs 63%, P , .001). Although none of these patients were
treated with donor lymphocyte infusions (DLIs), the outcome in haplo transplants remained worse even
when those receiving DLIs in the UD setting were excluded from the analysis.

An interesting phenomenon recently reported in relapsed patients has been termed “HLA loss relapse.”
In this situation, leukemic cells can escape from the donor’s antileukemic T cells through loss of the
mismatched HLA haplotype. This was first identified in patients relapsing after haplo transplantation.17,18

In a more recent study from a single center, Crucitti et al19 evaluated the incidence in 233 consecutive
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transplants from partially HLA-mismatched related and UDs. Of 84
relapses, 23 were with HLA loss and, in the haplo setting, accounted
for 33% of the relapses. Postrelapse survival was poor, regardless of
whether patients had HLA loss or not. In this study, no case of HLA
loss relapse was seen in the UD setting. Although case reports have
been published in UD,20-22 to date, this mechanism of relapse in that
setting appears to be rare or anecdotal.

GVHD

A fairly consistent finding and major stated benefit to the haplo
platform is the reduction in GVHD, in particular chronic GVHD. This
has been shown in numerous studies.23,24 Of the 10 comparative
studies, 6 studies show that haplo patients are less likely to experience
chronic GVHD (either overall or moderate and/or extensive; Table 1).
Severe acute GVHD is more commonly shown to be similar between
these groups, although 3 of the 10 studies (Table 1) reported a
significant reduction in acute GVHD.

There are several reasons other than the donor source that might
explain this difference in (predominantly chronic) GVHD between
the groups. Firstly, in many of the comparative studies, mismatched
UDs are included in the UD comparator group.6,10,14,15,25 Secondly,
BM is more commonly used in the haplo setting. Thirdly, the GVHD
prophylaxis is PTCY in all haplo cases and the more traditional cal-
cineurin (CNI)/methotrexate or mycophenolate (MMF) combination in
the UD setting, with or without additional TCD depending on the
study. This raises the question of whether it is the donor source or
the “transplant package” that has the greater association with the
reduction in GVHD.

This question has been addressed in a few studies. When restricting
the population to those who received BM only in the Center for
International Blood and Marrow Transplantation Research (CIBMTR)
AML study, there were no differences in the rates of chronic GVHD at
3 years between haplo or UD transplantation using either myeloa-
blative (30% [95% confidence interval (CI_, 21-39]; n 5 85 vs 36%
[95% CI, 30-43]; n 5 231) or reduced-intensity conditioning (34%
[95% CI, 24-44]; n5 77 vs 30% [95% CI, 20-41]; n5 80),7 while a
difference had been seen considering both graft sources. Conversely,
when restricting their analysis to PBSC recipients only, Bashey et al5

found that the incidence of moderate-severe chronic GVHD was
significantly lower in haplo recipients than UD recipients (2-year CI,
25% vs 48%; P5 .002), suggesting that the PTCYmay play a role in
chronic GVHD reduction. In support of this, 2 studies have shown
similar rates of acute and chronic GVHD in patients receiving either
BM or PBSC with a haplo PTCY (plus CNI and MMF) approach.26,27

Several investigators have reported outcomes for patients receiving
PTCY in the setting of a matched UD transplant, using either BM (as
the sole agent)28,29 or PBSC (with CNI or MMF).30,31 In these 4
studies, the incidence of grade III-IV GVHD is between 0% and 19%
(.8% in 1 study only), and the incidence of chronic GVHD is between
11% and 22%. These rates compare favorably with historical rates
reported in the literature using conventional GVHD prophylaxis or to a
reported comparator group including ATG.31

Finally, in a retrospective comparative study of haplo and UD transplant
recipients, all of whomwere treatedwith PTCY,CNI, andMMF, Rashidi
et al32 reported no significant difference in the incidence of acute or
chronic GVHD (there were no significant differences found in any
outcome, with the exception of neutrophil engraftment, which was
faster after UD transplantation).

Donor factors

By studying thousands of patient-donor pairs, we have gained a better
understanding of how to improve outcomes post–UD transplant
through the judicious selection of secondary donor characteristics in
those with multiple equally HLA-matched donors. It is well understood
in this setting that selection of a younger donor improves survival,33-35

that avoiding disadvantageous HLA-DPB136,37 and killer-cell
immunoglobulin-like receptor (KIR)38,39 types improves survival,
and that selection by cytomegalovirus status,37,40,41 ABO type,34 and
sex34 canmitigate transplant complications. Algorithms to prioritize these
factors are being developed. In addition, it is known that the selection of
BM over PBSCs reduces chronic GVHD.42-44 The use of a haplo donor
in general offers fewer choices of secondary characteristics, and few
studies have addressed donor selection algorithms.23,45,46 Another
important factor is donor-specific antibodies, which present a barrier
to transplant in the haplo setting.45,47,48 The development of
posttransplant donor clonal hematopoiesis is another phenome-
non recently recognized, which may be more common in haplo
transplantation due to the increased use of older donors.49,50

In conclusion, through the study of thousands of patients receiving
UD transplants over 4 decades, the transplant community has gained
an excellent understanding of the expected short- and long-term
toxicities and outcomes. We know how to select a UD to maximize
good outcomes, and we have a solid backbone on which to in-
vestigate newer factors to further this improvement (HLA-DPB1
and KIR). Importantly, we have an extensive registry of volunteer
UDs,51 with multiple protections in place to ensure their participation
is clinically, ethically and morally appropriate.52 Physicians performing
haplo transplants should ensure that the health and well-being of their
patient’s related donors are being given equal consideration.53

In contrast, haplo transplants are more recent, and while these clearly
show the benefit of extending the possibility of transplant to certain
patients, particularly those from ethnic minority groups,54,55 or when the
cost of UD provision is high,56 long-term outcomes (including cost) are
uncertain. Finally, while comparative studies show survival to be similar to
UD transplants, these studies are nonrandomized and underpowered,
and none to date have shown survival with a haplo donor to be superior.
Since an appropriately powered randomized trial to show noninferiority
in disease-free survival in haplos would require.3000 patients, this
is unlikely to be feasible. For all these reasons, it is currently too early
to know whether transplantation with a haplo donor will ultimately be
as good or better than transplantation using a matched UD.

Acknowledgments

The CIBMTR is supported by grant 5U24-CA076518 from the
National Institutes of Health, National Cancer Institute, National
Heart, Lung, and Blood Institute, and National Institute of Allergy and
InfectiousDiseases; and by grant 5U10HL069294 from theNational
Institutes of Health, National Heart, Lung, and Blood Institute and
National Cancer Institute.

Authorship

Contribution: The article was written in its entirety by B.E.S.

Conflict-of-interest disclosure: The author declares no compet-
ing financial interests.

Correspondence: Bronwen E. Shaw, CIBMTR/Froedtert & the
Medical College of Wisconsin, 9200 W Wisconsin Ave, Suite
C5500, Milwaukee, WI 53226; e-mail: beshaw@mcw.edu.

14 FEBRUARY 2017 x VOLUME 1, NUMBER 6 POINT-COUNTERPOINT 403

mailto:beshaw@mcw.edu


References

1. Peters C, Schrappe M, von Stackelberg A, et al. Stem-cell
transplantation in children with acute lymphoblastic leukemia: a
prospective international multicenter trial comparing sibling
donors with matched unrelated donors-The ALL-SCT-BFM-
2003 trial. J Clin Oncol. 2015;33(11):1265-1274.

2. Saber W, Opie S, Rizzo JD, Zhang MJ, Horowitz MM, Schriber
J. Outcomes after matched unrelated donor versus identical
sibling hematopoietic cell transplantation in adults with acute
myelogenous leukemia. Blood. 2012;119(17):3908-3916.

3. Reisner Y, Aversa F, Martelli MF. Haploidentical hematopoietic
stem cell transplantation: state of art. Bone Marrow Transplant.
2015;50(Suppl 2):S1-S5.

4. Raiola AM, Dominietto A, di Grazia C, et al. Unmanipulated
haploidentical transplants compared with other alternative
donors and matched sibling grafts. Biol Blood Marrow
Transplant. 2014;20(10):1573-1579.

5. Bashey A, Zhang X, Jackson K, et al. Comparison of outcomes
of hematopoietic cell transplants from T-replete haploidentical
donors using post-transplantation cyclophosphamide with 10
of 10 HLA-A, -B, -C, -DRB1, and -DQB1 allele-matched
unrelated donors and HLA-identical sibling donors: a
multivariable analysis including disease risk index. Biol Blood
Marrow Transplant. 2016;22(1):125-133.

6. Blaise D, Fürst S, Crocchiolo R, et al. Haploidentical T cell-
replete transplantation with post-transplantation
cyclophosphamide for patients in or above the sixth decade of
age compared with allogeneic hematopoietic stem cell
transplantation from an human leukocyte antigen-matched
related or unrelated donor. Biol Blood Marrow Transplant.
2016;22(1):119-124.

7. Ciurea SO, Zhang MJ, Bacigalupo AA, et al. Haploidentical
transplant with posttransplant cyclophosphamide vs matched
unrelated donor transplant for acute myeloid leukemia. Blood.
2015;126(8):1033-1040.

8. Di Stasi A, Milton DR, Poon LM, et al. Similar transplantation
outcomes for acute myeloid leukemia and myelodysplastic
syndrome patients with haploidentical versus 10/10 human
leukocyte antigen-matched unrelated and related donors. Biol
Blood Marrow Transplant. 2014;20(12):1975-1981.

9. Kanate AS, Mussetti A, Kharfan-Dabaja MA, et al. Reduced-
intensity transplantation for lymphomas using haploidentical
related donors vs HLA-matched unrelated donors. Blood.
2016;127(7):938-947.

10. Baker M, Wang H, Rowley SD, et al. Comparative outcomes
after haploidentical or unrelated donor bone marrow or blood
stem cell transplantation in adult patients with hematological
malignancies. Biol Blood Marrow Transplant. 2016;22(11):
2047-2055.

11. O’Donnell PV, Luznik L, Jones RJ, et al. Nonmyeloablative bone
marrow transplantation from partially HLA-mismatched related
donors using posttransplantation cyclophosphamide. Biol
Blood Marrow Transplant. 2002;8(7):377-386.

12. Luznik L, O’Donnell PV, Symons HJ, et al. HLA-haploidentical
bone marrow transplantation for hematologic malignancies

using nonmyeloablative conditioning and high-dose,
posttransplantation cyclophosphamide. Biol Blood Marrow
Transplant. 2008;14(6):641-650.

13. Brunstein CG, Fuchs EJ, Carter SL, et al; Blood and Marrow
Transplant Clinical Trials Network. Alternative donor transplantation
after reduced intensity conditioning: results of parallel phase
2 trials using partially HLA-mismatched related bone marrow
or unrelated double umbilical cord blood grafts. Blood.
2011;118(2):282-288.

14. Burroughs LM, O’Donnell PV, Sandmaier BM, et al. Comparison
of outcomes of HLA-matched related, unrelated, or HLA-
haploidentical related hematopoietic cell transplantation
following nonmyeloablative conditioning for relapsed or
refractory Hodgkin lymphoma. Biol Blood Marrow Transplant.
2008;14(11):1279-1287.

15. Bashey A, Zhang X, Sizemore CA, et al. T-cell-replete HLA-
haploidentical hematopoietic transplantation for hematologic
malignancies using post-transplantation cyclophosphamide
results in outcomes equivalent to those of contemporaneous
HLA-matched related and unrelated donor transplantation.
J Clin Oncol. 2013;31(10):1310-1316.

16. Solh M, Zhang X, Connor K, et al. Post-relapse survival after
haploidentical transplantation vs matched-related or matched-
unrelated hematopoietic cell transplantation. Bone Marrow
Transplant. 2016;51(7):949-954.

17. Vago L, Perna SK, Zanussi M, et al. Loss of mismatched HLA in
leukemia after stem-cell transplantation. N Engl J Med. 2009;
361(5):478-488.

18. Villalobos IB, Takahashi Y, Akatsuka Y, et al. Relapse of
leukemia with loss of mismatched HLA resulting from
uniparental disomy after haploidentical hematopoietic stem cell
transplantation. Blood. 2010;115(15):3158-3161.

19. Crucitti L, Crocchiolo R, Toffalori C, et al. Incidence, risk
factors and clinical outcome of leukemia relapses with loss of
the mismatched HLA after partially incompatible hematopoietic
stem cell transplantation. Leukemia. 2015;29(5):1143-1152.

20. Hirabayashi K, Kurata T, Horiuchi K, et al. Loss of mismatched
HLA on the leukemic blasts of patients with relapsed lymphoid
malignancies following bone marrow transplantation from
related donors with HLA class II mismatches in the graft versus
host direction. Pediatr Blood Cancer. 2016;63(4):709-711.

21. Toffalori C, Cavattoni I, Deola S, et al. Genomic loss of patient-
specific HLA in acutemyeloid leukemia relapse after well-matched
unrelated donor HSCT. Blood. 2012;119(20):4813-4815.

22. Waterhouse M, Pfeifer D, Pantic M, Emmerich F, Bertz H, Finke
J. Genome-wide profiling in AML patients relapsing after
allogeneic hematopoietic cell transplantation. Biol Blood
Marrow Transplant. 2011;17(10):1450-1459.

23. Bashey A, Solomon SR. T-cell replete haploidentical donor
transplantation using post-transplant CY: an emerging
standard-of-care option for patients who lack an HLA-identical
sibling donor. Bone Marrow Transplant. 2014;49(8):
999-1008.

24. McCurdy SR, Fuchs EJ. Comparable outcomes for hematologic
malignancies after HLA-haploidentical transplantation with

404 POINT-COUNTERPOINT 14 FEBRUARY 2017 x VOLUME 1, NUMBER 6



posttransplantation cyclophosphamide and HLA-
matched transplantation. Adv Hematol. 2015;2015:431923.

25. Solomon SR, Sizemore CA, Sanacore M, et al. Total body
irradiation-based myeloablative haploidentical stem cell
transplantation is a safe and effective alternative to unrelated
donor transplantation in patients without matched sibling
donors. Biol BloodMarrow Transplant. 2015;21(7):1299-1307.

26. Castagna L, Crocchiolo R, Furst S, et al. Bone marrow
compared with peripheral blood stem cells for haploidentical
transplantation with a nonmyeloablative conditioning regimen
and post-transplantation cyclophosphamide. Biol Blood
Marrow Transplant. 2014;20(5):724-729.

27. O’Donnell PV, Eapen M, Horowitz MM, et al. Comparable
outcomes with marrow or peripheral blood as stem cell
sources for hematopoietic cell transplantation from haploidentical
donors after non-ablative conditioning: a matched-pair analysis.
Bone Marrow Transplant. 2016;51(12):1599-1601.

28. Kanakry CG, O’Donnell PV, Furlong T, et al. Multi-institutional
study of post-transplantation cyclophosphamide as single-
agent graft-versus-host disease prophylaxis after allogeneic
bone marrow transplantation using myeloablative busulfan
and fludarabine conditioning. J Clin Oncol. 2014;32(31):
3497-3505.

29. Luznik L, Bolaños-Meade J, Zahurak M, et al. High-dose
cyclophosphamide as single-agent, short-course prophylaxis
of graft-versus-host disease. Blood. 2010;115(16):
3224-3230.

30. Mielcarek M, Furlong T, O’Donnell PV, et al. Posttransplantation
cyclophosphamide for prevention of graft-versus-host disease
after HLA-matched mobilized blood cell transplantation.
Blood. 2016;127(11):1502-1508.

31. Moiseev IS, Pirogova OV, Alyanski AL, et al. Graft-versus-host
disease prophylaxis in unrelated peripheral blood stem cell
transplantation with post-transplantation cyclophosphamide,
tacrolimus, and mycophenolate mofetil. Biol Blood Marrow
Transplant. 2016;22(6):1037-1042.

32. Rashidi A, Slade M, DiPersio JF, Westervelt P, Vij R, Romee R.
Post-transplant high-dose cyclophosphamide after HLA-
matched vs haploidentical hematopoietic cell transplantation
for AML. Bone Marrow Transplant. 2016;51(12):1561-1564.

33. Kollman C, Howe CW, Anasetti C, et al. Donor characteristics
as risk factors in recipients after transplantation of bone
marrow from unrelated donors: the effect of donor age. Blood.
2001;98(7):2043-2051.

34. Kollman C, Spellman SR, Zhang MJ, et al. The effect of donor
characteristics on survival after unrelated donor transplantation
for hematologic malignancy. Blood. 2016;127(2):260-267.
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