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A perfect mismatch: haploidentical hematopoietic stem cell
transplantation overtakes a bend
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Matching for the major histocompatibility complex (MHC)—and
more specifically, the human leukocyte antigen (HLA) system—
has been the gold standard in transplantation for decades.
Selecting an HLA-matched donor is the preferred and straightfor-
ward choice for most immunologists, hematologists, and organ
transplant specialists. Conversely, HLA-mismatched donors have
been less accepted in hematopoietic stem cell transplantation
(HSCT) due to unacceptable severe graft-versus-host disease
(GvHD) and/or host-versus-graft (HvG) rejection. However, in the
past three decades, a new approach has emerged: haploidentical
HSCT (haplo-HSCT), which uses a related donor who is only
partially matched to the recipient, such as parents and offspring.
This new treatment has been shown to have similar or even better
outcomes than classical HSCT of HLA-identical sibling donors
(MSDs). Haploidentical donors have become a significant donor
source for stem cell transplantation around the world in the past
decade, and they now account for more than 60% of all donors in
China and ~20% of donors in Europe and North America [1, 2].
This has led many to question whether mismatch could lead to
better transplantation outcomes, and if so, for whom, how, and
why?

In contrast to organ transplants, HSCT has a desired shadow
power parallel to GvHD, known as the graft-versus-tumor (GvT)
effect, which reduces the risk of relapse in various hematological
malignancies after HSCT. It seems logical to maximize this effect
by selecting donors with a significant HLA mismatch to the donor.
Nevertheless, it has been considered too risky to use this power
without controlling GvHD and graft rejection, which nearly
resulted in the abandonment of haplo-HSCT three decades ago.
The breakthrough of T-cell depletion (TCD) allografts, as well as
two T-cell-replete (TCR) haplo-HSCT platforms—including the
Beijing protocol (G-CSF-mobilized allografts and anti-thymocyte
globulin based) and the Baltimore Protocol (posttransplant
cyclophosphamide-based, PT-CY)—have resulted in promising
outcomes in terms of acceptable GvHD and engraftment rates.
The outcomes of patients following haplo-HSCT, especially by TCR
protocols, have gradually become comparable to the outcomes of
patients using either HLA-identical sibling donors or matched
unrelated donors in the past two decades [2]. Although
preliminary results from 2011 showed that the new haplo-HSCT
protocol might exert more potent GvT effects in high-risk acute
leukemia patients [3], this idea was not widely accepted, and
registry studies reported downbeat results [4]. Since 2017, there
has been increasing evidence to suggest that haplo-HSCT has

overtaken HLA-matched HSCT in the treatment of high-risk
patients. Chang et al. reported that AML patients with pre-HSCT
measurable residual disease (MRD) receiving haploidentical HSCT
following the Beijing protocol had a lower relapse rate (19% vs.
55%, P < 0.001) and longer disease-free survival (DFS, 74% vs. 33%,
P <0.001) than those receiving HLA-matched sibling HSCT [5]. In
patients with high-risk ALL, haploidentical HSCT was associated
with a lower 3-year relapse rate (23% vs. 47%, p =0.006) and
longer DFS (65% vs. 43%, p = 0.023) [6]. These results were further
verified by haplo-HSCT following Baltimore protocols in high-risk
AML and lymphoma [7, 8]. This has caused the question to evolve
from “Is there a stronger GvT effect using HLA-haploidentical
donors?” to “Why is haplo-HSCT taking the lead?” The report by
Guo et al. opened up a new era of research to answer this exciting
question [9].

Several vital points help to answer this question. First, the report
used primary mouse AML cells carrying green fluorescent protein
(GFP)-expressing human fusion genes and MHC molecules on
T cells that were matched or haploidentical to leukemia cells,
which enabled research of the immune cell dynamic response
during leukemia development in vivo and best mimics human
leukemia pathogenesis. Second, without the interference of GvHD,
the report identified increased numbers and cytotoxic cytokine
secretion of T cells and natural killer (NK) cells following haplo-
HSCT in the mouse model. For example, T cells from the haplo
group secreted higher TNF-a and IFN-y levels than those from the
MHC-matched group, and NK cells from the haplo group secreted
higher IFN-y, perforin and CD107a levels than those from the
MHC-matched group. Finally, the report confirmed disparities in
T cells from patients 1 year after HSCT, with T cells from haplo-
HSCT patients showing more significant cytotoxic activity against
leukemia cells than T cells from HLA-matched HSCT patients.
Together, these results revealed the role of immune cells in the
superior antileukemia effects of haplo-HSCT over HLA/MHC-
matched HSCT [9].

Considering the positive role of chronic GvHD (cGvHD) in
mediating the GvT effect, one may ask whether haplo-HSCT
reduces relapse by increasing cGvHD at the expense of patients’
quality-of-life (QoL). Guo demonstrated that the fold reduction in
the leukemia burden of patients after haplo-HSCT was significantly
lower than that after MSD-HSCT at day 180, even excluding
patients with cGvHD. In a recent study by Wang, patients with pre-
HSCT MRD 4+ AML who underwent MSD-HSCT demonstrated
similar cGvHD rates (66.1% vs. 68.0%, p =0.726), high relapse

"Peking University People’s Hospital, Peking University Institute of Hematology, National Clinical Research Center for Hematologic Disease, Beijing Key Laboratory of
Hematopoietic Stem Cell Transplantation, Beijing, China. *Peking-Tsinghua Center for Life Sciences, Beijing, China. *These authors contributed equally: Meng Lv, Hui-Dong Guo.

HMemail: xjhrm@medmail.com.cn

Received: 12 March 2023 Accepted: 15 March 2023
Published online: 30 March 2023

SPRINGER NATURE


http://crossmark.crossref.org/dialog/?doi=10.1038/s41423-023-01007-y&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41423-023-01007-y&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41423-023-01007-y&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41423-023-01007-y&domain=pdf
https://doi.org/10.1038/s41423-023-01007-y
mailto:xjhrm@medmail.com.cn
www.nature.com/cmi

M. Lv et al.

979

Belifjiiing;

7 = : - .
N A ERTE = 3 o

Fig. 1 Haplo-HSCT has surpassed HLA-matched HSCT in the last three decades. Haplo-HSCT lagged significantly behind HLA-matched HSCT
before 2000. With the breakthrough of the T-cell depletion protocol, the Beijing protocol and the Baltimore protocol, haplo-HSCT has caught
up with the outcomes of HLA-matched HSCT. As growing evidence suggests a stronger graft-versus-tumor effect, comparable graft-versus-
host disease and comparable quality-of-life when comparing haplo-HSCT with HLA-matched HSCT since 2017, there is now a consensus that

haplo-HSCT be given priority in certain indications in 2021, and the story of “a perfect mismatch” continues after then

rates (35.6% vs. 13.0%, p = 0.001) and lower relapse-free survival
rates (51.3%vs. 73.8%, p =0.008) than patients who underwent
haplo-HSCT [10]. Long-term follow-up of patients following haplo-
HSCT demonstrated comparable QoL. In particular, similar physical
and mental component summaries in adults and physical, mental,
social, and role well-being in children at 5 years post-HSCT [11].
These findings are promising, as they suggest that haplo-HSCT
may not have a negative impact on long-term QoL outcomes
compared to HLA-matched HSCT. Based on research by Guo and
other colleagues, the latest Chinese consensus of HSCT condition-
ing and donor selection suggests that “Haploidentical donors are
the preferred donor choice over matched sibling donors for
patients with high-risk leukemia in experienced centers” [12]. This
is the first global consensus that recommends the use of haplo-
HSCT to replace the “gold standard—HLA-matched sibling donor”
by pursuing more substantial GvT effects, better disease-free
survival, and excellent QoL following HSCT. These findings provide
clarity regarding for whom and how mismatch could lead to
better transplantation outcomes [13].

In addition to Guo’s work, researchers worldwide continually ask
why mismatch makes perfect GvT. As a stronger immune cell
reaction was observed when the HLA molecules on T cells were
haploidentical with leukemia cells compared with those that were
matched with leukemia cells, this finding highlights the impor-
tance of HLA genes on leukemia cells in mediating GvT effects. On
the other hand, one could anticipate that genomic loss of the
unshared HLA haplotype in leukemia might be related to relapse
after haplo-HSCT. Indeed, among patients with HLA loss at relapse,
treatment including donor lymphocyte infusion or interferon-
alpha would result in harmful GvHD, as the patient’s nonhema-
topoietic tissues did not experience HLA loss as the tumor cells did
[14]. As HLA loss may be one of the most significant “Achilles’
Heels” for haplo-HSCT, further studies are needed to address this
tempting question. First, it is crucial to determine whether HLA
loss can be detected at lower levels, such as in the state of
measurable residual disease. Second, potential strategies to
reverse or prevent this process by targeting the immune
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environment should be explored. Third, in the event of HLA loss,
it is essential to investigate whether salvage infusion of gene-
modified immune cells is a viable alternative to a second HSCT
from other donors. These investigations can potentially improve
the efficacy of haplo-HSCT.

On the other hand, we might trigger more substantial GvT
effects by leukemia-associated antigens (LAAs); hopefully, LAAs
are highly expressed in leukemia cells but not in most healthy
tissues. By infusion of donor-derived multiple leukemia antigen-
specific T cells targeting leukemia-associated antigens frequently
expressed in ALL (PRAME, WT1, and survivin) after HSCT, patients
could strengthen their tumor-reactive T cells against known
antigens by in vivo amplification of T cells and prevent relapse
[15]. Future research in this area may lead to the development of
novel immunotherapies that harness the power of LAAs to further
improve the power of GvT by haplo-HSCT.

In summary, the superiority of haploidentical HSCT over
traditional HLA-matched HSCT in the fight against hematological
malignancies has initiated a new era of research and treatment
options (Fig. 1). Continued research is needed to optimize haplo-
HSCT protocols by research into the mechanisms underlying the
GVT effect and the development of more effective and targeted
immunotherapies.
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