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RESUMO

O presente projeto de pesquisa teve como objetivo investigar o impacto dos
anticorpos HLA especificos contra o doador (DSA) no transplante alogénico de
células hematopoiéticas (TCH) com doadores apresentando incompatibilidades HLA
(doadores alternativos). Assim, este estudo incluiu 362 pacientes sem um irmao
HLA-idéntico e a maioria com doengas ndo malignas, que receberam primeiro TCH
alogénico no CHC/UFPR de janeiro de 2008 a dezembro de 2017. Entre tais
pacientes, 303 realizaram primeiro TCH com doadores nao aparentados (NAP), e 59
pacientes pediatricos com doengas ndo malignas receberam primeiro transplante
com doador haploidénticos com protocolo da ciclofosfamida pds-transplante (haplo-
PTCy). Também avaliamos 22 pacientes com doengas ndo malignas que foram
submetidos a um segundo haplo-PTCy para resgatar uma falha de enxerto anterior.
Os desfechos do estudo foram recuperacdo hematoldgica, falha do enxerto e
sobrevivéncia apds transplante com doadores alternativos. Realizamos uma
avaliacdo DSA aprofundada, incluindo teste DSA com 2 painéis de antigenos HLA
isolados (SAB, Single Antigen Beads), ensaio de ligagao C1q, titulagdo do DSA com
diluicdes 1:2, 1:8 e 1:32, painéis SAB expandidos para analise de epitopos HLA e
protocolo de absorgao/eluicao para investigar possiveis reagdes falso-positivas.
Analises multivariadas foram realizadas usando modelos de regressdo de risco
competitivo Fine-Gray ou modelos de regressao de riscos proporcionais de Cox. No
geral, observamos que 28 pacientes apresentaram reatividade DSA verdadeira,
incluindo 11 no primeiro haplo-PTCy, 6 no segundo haplo-PTCy e 11 no TCH com
doadores NAP. Nas analises multivariadas, os pacientes com DSA tiveram menor
recuperacao de neutrofilos (P = 0,001) e plaquetas (P < 0,001), aumento de falha de
enxertia (P < 0,001), sobrevida livre de eventos inferior (P < 0,001) e sobrevida
global reduzida (P = 0,002) apés o primeiro haplo-PTCy. Em relacdo ao haplo-PTCy
de resgate, 3/4 (75%) pacientes com DSA apresentaram falha de enxertia em
comparagao a 2/16 (12,5%) pacientes DSA-negativos (P = 0,032). A sobrevida livre
de eventos em um ano foi significativamente menor em pacientes DSA-positivos do
que naqueles sem DSAs (16,7% vs. 62,5%, P = 0,002), e uma tendéncia para menor
sobrevida global em 1 ano foi observada em pacientes DSA-positivos do que em
pacientes sem DSAs (33,3% vs. 62,5%; P = 0,076). Na coorte de TCH com
doadores NAP, observamos que os pacientes DSA-positivos tiveram recuperacao
significativamente menor e mais arrastada de neutrdfilos (P = 0,006) e plaquetas (P
= 0,0003) na regressao de Fine-Gray. Além disso, a presenga de DSAs foi
fortemente associada a uma maior incidéncia de falha de enxertia (P < 0,0001) na
analise multivariada. Em conclusdo, nossos resultados validam a presenga de DSA
como um fator de risco significativo para falha da enxertia e recuperagéo
hematolégica arrastada apés haplo-PTCy e TCH com doadores nao aparentados.
Assim, a avaliagdo cuidadosa do DSA pré-transplante pode otimizar a selecao de
doadores alternativos e melhorar os resultados do TCH alogénico.

Palavras-chave: Anticorpos anti-HLA especificos contra o doador (DSA); doador
haploidéntico; doador nao aparentado; transplante de células-
tronco hematopoiéticas; falha da enxertia.



ABSTRACT

The current research project aimed to investigate the impact of donor-specific HLA
antibodies (DSA) in allogeneic hematopoietic cell transplantation (HCT) with HLA-
mismatched donors (alternative donors). Thus, it included 362 patients lacking an
HLA-matched related sibling donor and mostly with nonmalignant disorders who
underwent their first allo-HCT at CHC/UFPR from January 2008 to December 2017.
Among them, 303 underwent their first unrelated donor (URD) transplantation, and
59 pediatric patients with nonmalignant disorders received upfront haploidentical
donor transplantation with post-transplant cyclophosphamide (haplo-PTCy). We also
assessed 22 patients with nonmalignant disorders who underwent second haplo-
PTCy to rescue a previous engraftment failure. The study endpoints were
hematologic recovery, graft failure, and survival following alternative donor
transplantation. We performed an in-depth DSA assessment, including DSA testing
with 2 Single Antigen Beads (SAB) panels, C1g-binding assay, DSA titration with 1:2,
1:8, and 1:32 dilutions, expanded SAB panels for HLA epitope analysis, and
absorption/elution protocol to investigate possible false-positive DSA reactions.
Multivariable analyses were performed using Fine-Gray competing risk regression or
Cox proportional hazards regression models. Overall, we observed that 28 patients
had true DSA reactivity, including 11 in first haplo-PTCy, 6 in second haplo-PTCy,
and 11 in URD transplantation. In the multivariable analyses, patients with DSA had
lower neutrophil recovery (P = .001) and platelet recovery (P <. 001), increased graft
failure (P < .001), inferior event-free survival (P < .001), and poor overall survival (P =
.002) after the first haplo-PTCy. Regarding salvage haplo-PTCy, 3 of 4 (75%)
patients with DSAs experienced GF versus 2 of 16 (12.5%) DSA-negative patients
(P= .032). One-year event-free survival was significantly lower in DSA-positive
patients than those without DSAs (16.7% vs. 62.5%, P = .002), and a trend for lower
1-year OS was observed in DSA-positive patients than in patients with no DSAs
(33.3% vs. 62.5%; P = .076). In the URD setting, DSA-positive patients had
significantly lower and delayed neutrophil (P = .006) and platelet recovery (P = .0003)
in the Fine-Gray regression. In addition, the presence of DSAs was strongly
associated with a higher incidence of GF (P = .0002) in the multivariable analyses. In
conclusion, our results validate the presence of DSAs as a significant risk factor for
engraftment failure and delayed hematologic recovery after haplo-PTCy and
unrelated donor transplantation. Thus, careful pre-transplant DSA evaluation may
optimize alternative donor selection and improve allogeneic HCT outcomes.

Keywords: Donor-specific anti-HLA antibodies (DSA); haploidentical donor; unrelated
donor; hematopoietic stem cell transplantation; graft failure.
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1 INTRODUCTION

1.1 LITERATURE REVIEW

1.1.1 Allogeneic hematopoietic cell transplantation

Allogeneic hematopoietic cell transplantation (allo-HCT) is a unique curative
therapy for various life-threatening hematological and non-hematological diseases
(COPELAN et al., 2019). Previously referred to as bone marrow transplantation
(BMT), the allo-HCT is primarily used to treat malignant hematological diseases, such
as acute myeloid leukemia, acute lymphoblastic leukemia, myelodysplastic
syndrome, and myeloproliferative neoplasms (D’SOUZA et al., 2020). Nevertheless,
allo-HCT can also treat several nonmalignant disorders, including acquired severe
aplastic anemia, inherited bone marrow failure syndromes, primary
immunodeficiencies, inherited metabolic disorders, and hemoglobinopathies
(HAYASHI, 2020; UMEDA, 2022).

Prior to allo-HCT, the patient receives a conditioning regimen consisting of
chemotherapy and/or radiotherapy, which may be classified as myeloablative,
nonmyeloablative, or reduced intensity conditioning (RIC), and that varies depending
on the patient’'s disease status and the transplant modality (BACIGALUPO et al.,
2009). The preparatory regimen has three primary aims, including (1) the ablation of
the patient's hematopoietic system and the creation of space in the bone marrow
niche to receive hematopoietic progenitor cells, (2) the reduction of the malignant
burden in hematological cancers, and (3) the provision of adequate
immunosuppression against host-versus-graft (HvG) alloreactivity (VRIESENDORP,
2003).

After conditioning, the donor hematopoietic progenitor cells are infused to
restore the patient's hematopoiesis. These hematopoietic progenitor cells may be
obtained from different sources, including bone marrow, peripheral blood stem cells
after granulocyte-colony stimulating factor mobilization, or umbilical cord blood
(JURIC et al.,, 2016). These stem cell sources differ substantially concerning
engraftment rate, infection incidence, graft-versus-host disease (GVHD) occurrence,
and relapse risk. Another critical component of allo-HCT is the immunosuppressive

treatment to prevent graft-versus-host (GvH) alloreactivity. This immunological
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complication may be divided into acute and chronic GvHD and is associated with
significant morbidity and mortality after allo-HCT. Generally, the most common GVHD
prophylaxis includes a calcineurin inhibitor, either cyclosporine or tacrolimus,
associated with methotrexate (MARTINEZ-CIBRIAN; ZEISER; PEREZ-SIMON,
2021). Remarkably, the introduction of post-transplant cyclophosphamide as GVHD
prophylaxis in the haploidentical transplant (Haplo-PTCy) has revolutionized the allo-
HCT field (LUZNIK et al., 2008). The PTCy's effectiveness in minimizing severe
immunological complications after allo-HCT promptly expanded its use to other
alternative donor sources, such as mismatched unrelated donors (AL MALKI et al.,
2021; SHAW et al., 2021).

From an immunological perspective of allo-HCT, it is well-established that the
Major Histocompatibility Complex genetic disparity between patient/donor pairs
triggers an intense bidirectional alloreactive response in both HvG and GvH
directions, thus presenting clinically as graft rejection and acute GVHD, respectively
(PERKEY; MAILLARD, 2018). Therefore, the best donor option to minimize these
severe immunological complications following allo-HCT is a 12/12 human leukocyte
antigen (HLA) matched sibling donor (SHOUVAL et al., 2019). However, depending
on the patient's age and ethnicity, a matched related sibling is available for 13% to
51% of patients eligible for allo-HCT (BESSE et al., 2016); for the remaining patients
lacking HLA-matched siblings, alternative donor options are available, including
matched unrelated donors (MUD), mismatched unrelated donors (MMUD),
haploidentical donors, and umbilical cord blood units (SPELLMAN, 2022). Despite
the continuous improvements of alternative donor allo-HCT outcomes throughout the
past years, graft failure (GF) remains a significant hurdle associated with poor
prognosis after transplant (OLSSON et al., 2013, 2015; SCHRIBER et al., 2010).

1.1.2 Hematopoietic recovery and graft failure

1.1.2.1 Definitions

The engraftment after allo-HCT comprises two verifications, including the
assessment of neutrophil and platelet counts post-graft infusion and followed by the
confirmation of the donor-derived hematopoietic recovery by chimerism testing on
days +28 or +30 (KHARFAN-DABAJA et al., 2021). Importantly, the hematopoietic
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recovery post-HCT may be of recipient origin by chimerism testing and is called
autologous recovery.

GF is a complex event after allo-HCT that can be characterized by the timing
of its onset and the underlying immunological mechanism. Thus, GF may occur early
(primary) or late (secondary) after graft infusion and includes two distinct
immunological entities, graft rejection and poor graft function, that can be
distinguished by chimerism testing (MASOURIDI-LEVRAT; SIMONETTA;
CHALANDON, 2016). In graft rejection, the donor chimerism is absent or mixed,
whereas complete donor chimerism is present in poor graft function (OZDEMIR,;
CIVRIZ BOZDAG, 2018).

Currently, the working definitions of hematopoietic recovery, GF, graft
rejection, and poor graft function have been standardized as follows (KHARFAN-
DABAJA et al., 2021):

Neutrophil recovery is defined as the first of three consecutive days with an
absolute neutrophil count (ANC) 2.5x109/L.

Platelet recovery is defined as the first of three consecutive days at 220 x
10°%/L and at least seven days without platelet transfusion support.

Primary graft rejection was defined as the failure to achieve an ANC of
5x10%L by day +28 and the absence of donor-derived hematopoiesis (<5% donor
cells) using chimerism analysis.

Secondary graft failure is defined as achieving ANC of .5x10%L with
subsequent loss of donor chimerism (<5% donor cells)

Poor graft function is defined as the presence of 2 or 3 cytopenic counts
(ANC<0.5%x10%L, platelets<20x10%L, or hemoglobin < 70 g/L) for at least 3
consecutive days beyond day 28 post-transplantation with a transfusion requirement
associated with hypoplastic bone marrow in the presence of complete donor

chimerism (>95% donor cells).

1.1.2.2 Risk factors for graft failure after allo-HCT

The GF pathogenesis is likely multifactorial, with several known patient-,
donor-, and transplant-related risk factors (DAVIES et al., 2000; OLSSON et al.,
2013, 2015; OZDEMIR; CIVRIZ BOZDAG, 2018).
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In a retrospective cohort with 5246 unrelated donor BMT, Davies and
colleagues showed that HLA-A, -B, and -DRB1 matching, higher cell dose, male
donor, younger patient age, recipient seronegativity for cytomegalovirus (CMV), no
methotrexate for GVHD prophylaxis, and BMT in more recent years were associated
with a lower likelihood of primary GF (DAVIES et al., 2000).

In a single-center study, Olsson et al. also assessed the risk factors for failed
engraftment in 967 consecutive patients undergoing allo-HCT. It was reported that
HLA-mismatched donors, diagnosis of non-malignant disorders, low cell dose
(<2.5x108 cells/kg), RIC or non-myeloablative conditioning, and ex vivo T-cell
depletion were independent predictors of engraftment failure after allo-HCT
(OLSSON et al., 2013).

Moreover, Olsson et al. conducted a retrospective analysis to identify
predictors of primary GF in 23,272 patients who underwent myeloablative allo-HCT
for malignancies. They observed that bone marrow as the source, HLA-mismatched
donors, diagnosis of myeloproliferative disorders, ABO major incompatibility, recipient
age <30 years, male recipients of female donor grafts, absence of granulocyte
colony-stimulating factor, low total nucleated cell dose, busulfan/cyclophosphamide
conditioning, and cryopreservation were all significant risk factors for early failed
engraftment (OLSSON et al., 2015).

The pathogenesis of poor graft function after allo-HCT is complex and likely
associated with an immunological dysfunction of the marrow microenvironment
(KONG, 2019). To date, several risk factors of poor graft function have been
described, including CMV reactivation, GVHD occurrence, older age, low stem cell
dose, hyperferritinemia, ABO incompatibility, nonsibling donor, early intensive care
unit admission, and blood culture positivity (PRABAHRAN et al., 2022).

More recently, the impact of donor-specific HLA antibodies (DSA) in
engraftment failure has been addressed. Several studies have reported that DSA is
significantly associated with an increased risk of GF after alternative donor
transplants, including matched and mismatched unrelated donors (CIUREA et al.,
2011; SPELLMAN et al., 2010), umbilical cord blood units (CUTLER et al., 2011;
FUJI et al., 2020; RUGGERI et al., 2013), and haploidentical donor transplantation,
either with the haplo-PTCy platform (CIUREA et al., 2015; ZOU et al., 2017), T-cell
depleted grafts (CIUREA et al., 2009) or Beijing protocol (CHANG et al., 2015; ZHAO

et al., 2017). Indeed, a recent systematic review and meta-analysis, considering 15
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studies with 2436 patients, reported that the presence of DSA was associated with a
7.47 increased risk of primary GF compared with patients without DSAs (XIE et al.,
2021).

1.1.3 Donor-specific HLA antibodies

1.1.3.1 Immunobiology

The HLA complex is located within the 6p21.3 region of the short arm of
chromosome 6 and contains several genes with immunological function. The HLA
gene complex is divided into three classes (I, II, and lll), and the classical
histocompatibility loci include HLA-A, HLA-B, and HLA-C for class | and HLA-DRB1,
HLA-DRB3/4/5, HLA-DQA1, HLA-DQB1, HLA-DPA1, and HLA-DPB1 for class Il
(MANGUM; CAYWOOD, 2022).

Patients eligible for allo-HCT may become sensitized against HLA after
exposure to non-self HLA antigens in foreign cells. The most common causes of HLA
allosensitization include pregnancy, blood and platelet transfusion, and previous
allogeneic transplantation (JORDAN et al., 2016). Furthermore, HLA antibodies may
also be detected in patients without sensitized events (MORALES-BUENROSTRO et
al., 2008). These so-called "natural antibodies" have been detected in non-sensitized
healthy males and appear clinically irrelevant (CAl et al., 2009). Importantly, the HLA
antibodies directed to the donor's HLA-mismatched antigens are defined as donor-
specific HLA antibodies, or more commonly, DSA (CIUREA et al., 2018).

1.1.3.2 HLA antibody detection methods

In general, HLA antibody detection methods are divided into cell-based
assays and solid-phase assays (ENG; LEFFELL, 2011). These two methods differ
significantly in their assay sensitivities and test limitations (LIWSKI; GEBEL, 2018).

Cell-based assays are performed by incubating serum with T and B
lymphocytes. The crossmatch assay may be carried out by complement-dependent
cytotoxicity (CDC) or flow cytometry (FC) (BETTINOTTI, 2022). The CDC was the
first test used for crossmatching in allogeneic transplants and is designed to detect

complement-activating antibodies lysing the donor's T and B lymphocytes. The low
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sensitivity of CDC-XM may be improved by adding a secondary antibody (anti-human
IgG, AHG CDC) (TAIT et al., 2013). Crossmatch testing may also be performed by
flow cytometry. This technique detects DSA binding to the target donor's T and B
lymphocytes using a fluorescent secondary antibody and quantification using flow
cytometer equipment. Of note, the FC crossmatch has some advantages over CDC,
such as improved sensitivity to detect low-level DSAs, less subjective interpretation,
and less labor-intensive, especially with current optimized FC crossmatch protocols
(LIWSKI et al., 2018). However, cell-based assays, either CDC or FC, present some
drawbacks (LIWSKI; GEBEL, 2018; TAIT et al., 2013) that include the detection of
non-HLA antibodies and the requirement of fresh donor cells, which may be
unfeasible in some alternative donor settings (i.e., umbilical cord blood or unrelated
donors from abroad).

On the other hand, HLA antibodies may be detected and characterized by
solid-phase assays, including enzyme-linked immunosorbent assays and, most
commonly, multiplex bead-based testing in the Luminex platform (BETTINOTTI,
2022). The Luminex bead assays have several advantages over cell-based assays,
including increased sensitivity and specificity, high-throughput, and multiplex capacity
(CIUREA et al., 2018; TAIT, 2016).

The HLA antibody assays using Luminex-based technology are available in
three different formats (BETTINOTTI, 2022). The screening beads contain pooled
HLA antigens and indicate the absence or presence of HLA antibodies. The
phenotype (PRA) beads contain individual class | or class Il HLA phenotypes. This
test can also serve as a screening assay and provide data on the patient's
allosensitization broadness. In contrast, the single antigen beads (SAB) assays are
designed to identify and characterize HLA antibodies. The SAB assays consist of
microbead panels in which each bead is coated with a single class | or class Il HLA
recombinant antigen. This assay shows the highest sensitivity to detect HLA
antibodies, and its results are expressed as mean fluorescence intensity (MFI)
(SULLIVAN; GEBEL; BRAY, 2017). Of note, MFI values may be used as a semi-
quantitative parameter of antibody strength. It should be noted that SAB assays also
present important limitations that include false-negative (i.e., complement-inhibition
effect) or false-positive (i.e., cryptic epitopes in denatured HLA antigens and peptide-
free/B2-microglobulin-free HLA-I heavy chains on the beads) reactivity (GEBEL;
BRAY, 2014; LIWSKI; GEBEL, 2018; WEHMEIER; HONGER; SCHAUB, 2020).
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These SAB drawbacks may compromise DSA assignments and donor selection if not
properly mitigated by the HLA laboratory. Moreover, the C1q and C4d assays are
modified SAB tests designed to distinguish complement-fixing from non-complement-
fixing antibodies (TYAN, 2017).

The widespread adoption of the Luminex bead assays enabled the
implementation of virtual crossmatch (VXM) assessment as a surrogate for
conventional crossmatch testing in the allo-HCT setting (CIUREA et al., 2018). The
VXM is an in silico evaluation that compares the recipient's HLA antibodies profile to
the donor's HLA-mismatched antigens (MORRIS et al., 2019). To obtain the
maximum accuracy, VXM analysis should use an updated serum sample and
consider the complete donor's high-resolution HLA typing, preferentially by next-
generation sequencing and including HLA-A, -B, -C, -DRB1, -DRB3, -DRB4, -DRBS5, -
DQA1, -DQB1, -DPA1, and -DPB1 (BHASKARAN; HEIDT; MUTHUKUMAR, 2022).
Nevertheless, the accuracy of VXM may be jeopardized by the SAB limitations
mentioned above (LIWSKI; GEBEL, 2018; WEHMEIER; HONGER; SCHAUB, 2020).

Thus, emerging evidence highlights that the concomitant use of solid-phase
and cell-based assays, specifically FCXM, provides a more accurate DSA strength
assessment and ultimately informs clinical risk of engraftment failure and
desensitization feasibility (BETTINOTTI, 2022; LEFFELL; JONES; GLADSTONE,
2015).

1.1.3.3 Impact of DSAs in allo-HCT

During the early era of BMT, few case reports have described the impact of
humoral alloreactivity in engraftment failure, assessed either by CDC or antibody-
dependent cell-mediated cytotoxicity (ADCC) assays (BARGE et al., 1989; ELKINS
etal., 1981; SCORNIK et al., 1989; TING et al., 1986).

In 1981, Elkins et al. reported a patient with acute myeloid leukemia receiving
a marrow graft from a matched sibling with an HLA-A1 recombinant gene antigen.
Interestingly, the CDC was negative in the pre-transplant sample, while the ADCC
assay was positive. After the BMT, the CDC became positive against the sibling
donor and several surrogate cells expressing HLA-A1. This patient ultimately failed to
engraft and died due to systemic candidiasis (ELKINS et al., 1981). Later, Ting and

colleagues described two cases of patients with malignancies who underwent
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haploidentical BMT with a positive CDC crossmatch. Both patients experienced
primary graft rejection and eventually died of infection. Noteworthy, in one patient,
the CDC became positive only in post-BMT samples, thus indicating a cytotoxic DSA
rebound (TING et al., 1986).

In 1989, Scornik also reported one patient diagnosed with chronic myeloid
leukemia who received T-cell depleted BMT. The patient had cytotoxic DSAs and,
thus, underwent nine sessions of plasma exchange before the transplant. This
sensitized patient also received two plasma exchanges after the graft infusion, but
the CDC remained positive, and the patient experienced engraftment failure and died
early (SCORNIK et al., 1989). Likewise, Barge et al. detailed one patient with acute
lymphoblastic leukemia who underwent a haploidentical bone marrow transplant with
cytotoxic donor-directed antibodies. This patient had primary graft rejection, despite
desensitization with two sessions of plasmapheresis, and died 60 days after the
transplant. This paper also described that anti-donor antibodies to ABO antigens
were associated with poor erythroid engraftment after allo-HCT (BARGE et al., 1989).

The first strong evidence that donor-directed cytotoxic antibodies were
associated with graft rejection was provided by Anasetti and colleagues. In a cohort
of 269 patients with malignancies submitted to BMT with haploidentical donors, the
Seattle group showed that a positive CDC crossmatch was strongly associated with
increased risks of failed engraftment (relative risk = 2.3; 95% confidence interval [Cl]
= 1.8-2.8; P = .0038) (ANASETTI et al., 1989). The same research group later
reassessed the association between positive CDC and unacceptable risks of graft
rejection in a cohort of 528 patients receiving allo-HCT from haploidentical donors
(MICKELSON et al., 2000). Remarkably, it was shown that patients with a positive
CDC had a significantly higher risk of graft rejection than those with negative CDC
crossmatch (62% versus 6%, P <.0000001).

Ottinger and colleagues validated these previous findings in a matched-pair
analysis, which showed that the risk of engraftment failure was significantly increased
in patients with positive CDC-XM compared with controls (P = .04) (OTTINGER et al.,
2002). In addition, Mattsson et al. investigated the impact of CDC-XM in 157 patients
receiving allo-HCT from matched or mismatched unrelated donors. It was observed
that T-cell CDC-XM had a sensitivity of 9% and a specificity of 97%, whereas B-cell
CDC-XM showed a sensitivity of 36% and a specificity of 86%. In the adjusted

logistic regression analysis, only a positive B-cell crossmatch was significantly



28

associated with failure to engraft (odds ratio = 8.9; 95% CI = 1.25-63.3; P = .027)
(MATTSSON et al., 2010).

More recently, the solid-phase assays with Luminex technology have
become the gold standard for HLA antibody detection and identification and
considerably replaced cell-based assays in DSA assessment to support allo-HCT
donor selection (CIUREA et al., 2018).

In the haploidentical donor context, the presence of DSA has been reported
as a significant predictor of engraftment failure in different haploidentical platforms,
including T-cell depletion, PTCy, Beijing protocol, and nonmyeloablative conditioning
and GVHD prophylaxis with tacrolimus and methylprednisolone.

In a group of 24 consecutive patients receiving T-cell-depleted haploidentical
transplants with megadoses of CD34+ stem cells, Ciurea et al. observed that three
out of 4 (75%) patients with DSAs experienced graft failure, compared with only 1 of
20 (5%) patients without DSAs (P = .008) (CIUREA et al., 2009). Later, Yoshihara
reported the impact of DSAs on patients with hematologic malignancies undergoing
haploidentical transplants with nonmyeloablative conditioning and with tacrolimus
and methylprednisolone as GVHD prophylaxis (YOSHIHARA et al., 2012). It was
found that DSA-positive patients had a significantly lower incidence of neutrophil
recovery than DSA-negative patients (61.9 vs. 94.4%, P = .026).

The MD Anderson group also investigated the impact of DSAs in a cohort of
122 patients with malignant diseases receiving haploidentical transplants with PTCy
as GVHD prophylaxis. Notably, 7 of 22 (32%) DSA-positive patients experienced GF
compared with 4 of 98 (4%) patients without DSAs (P < .001). In addition, all patients
with C1g-positive DSAs failed to engraft in this landmark study (CIUREA et al., 2015).
These findings were later validated by Zou and colleagues, which showed that DSAs
were significantly associated with GF, engraftment delay, transplant-related mortality,
and inferior overall survival after peripheral blood haplo-PTCy to treat mostly
malignancies (ZOU et al., 2017).

The deleterious impact of DSAs was also reported in the Beijing
haploidentical platform, considering 345 patients prospectively recruited and
randomly divided into a training group (n = 173) and a validation group (n = 172).
Multivariate regression showed that DSAs with MFI = 10,000 were associated with
primary graft rejection (P < .001), and DSAs with MFI = 2000 were strongly correlated
with early poor graft function (P = .005) in both training and validation groups
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(CHANG et al., 2015). In a subsequent study with 394 patients undergoing
haploidentical transplants with the Beijing platform, Zhao et al. reported that low-level
DSAs, with MFI values between 1000 to 2000, were significantly associated with
prolonged isolated thrombocytopenia and transplant-related mortality (ZHAO et al.,
2017).

In the umbilical cord blood transplantation setting, the presence of DSA has
been associated with an increased risk of GF in most (CUTLER et al., 2011; FUJI et
al., 2020; RUGGERI et al., 2013) but not all (BRUNSTEIN et al., 2011) studies.
However, the role of DSAs after unrelated donor allo-HCT is currently controversial.
In 2010, Spellman and colleagues conducted a matched-pair study in the unrelated
donor setting. They found that 9 of 37 (24%) graft failure cases had DSAs compared
with only 1 of 78 (1%) matched controls with sustained engraftment (P < .001)
(SPELLMAN et al., 2010). This finding was later replicated by Ciurea et al., who
showed that DSA-positive patients had significantly higher graft failure incidence than
DSA-negative patients (37.5% versus 2.7%; P = .0014) after matched unrelated
donor transplants. Importantly, it was reported that preformed DSA was the only
significant predictor of GF in multivariable regression (CIUREA et al., 2011).
Nevertheless, three recent reports have failed to corroborate the association between
DSAs and an increased risk of engraftment failure in patients undergoing unrelated
donor transplantation (CLUZEAU et al., 2016; CUADRADO et al., 2020; WOOLFREY
et al., 2019).

To date, the effect of DSAs in GF after alternative donor transplantation for
nonmalignant disorders has been poorly reported. In a cohort of pediatric patients
with hemoglobinopathies undergoing TCRap/CD19-depleted grafts, Gaziev et al.
showed that all three patients with DSAs had rejection compared to 4 of 10 DSA-
negative patients (P = .19) (GAZIEV et al., 2018). In turn, Arcuri et al. reported that
DSAs were significantly associated with poor event-free survival in patients with
relapsed/refractory severe aplastic anemia receiving haplo-PTCy (ARCURI et al.,
2020). Kurzay et al. described that four patients with DSAs were desensitized with
rituximab and plasmapheresis and fully engrafted after haplo-PTCy for inborn errors
(KURZAY et al., 2019). More recently, Hashem et al. reported that three severe
aplastic anemia (SAA) patients with high-level DSAs failed to engraft, despite a
desensitization treatment with plasmapheresis, rituximab, and intravenous
immunoglobulin (HASHEM et al., 2022).
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1.1.3.4 Desensitization protocols in allo-HCT

When DSA-negative donors are unavailable, desensitization therapy is
necessary to facilitate donor engraftment across the DSA barrier and mitigate the
poor survival prognosis associated with failed engraftment. In the allo-HCT scenario,
several desensitization protocols have been reported (BAILEN et al., 2021; CIUREA
et al.,, 2021; LEFFELL; JONES; GLADSTONE, 2015). These DSA mitigating
strategies are often multimodality and include (1) the removal through plasma
exchange, (2) inhibition of DSA production by targeting B-cell lymphocytes with
rituximab or plasma cells with proteasome inhibitor bortezomib or anti-CD38
monoclonal antibody daratumumab, (3) DSA neutralization by donor buffy coat or
HLA incompatible platelets, and (4) treatment with intravenous immune globulin
(IVIG) and immunosuppressive drugs such as mofetil mycophenolate and tacrolimus
(FILE et al., 2022; KRUMMEY; GAREAU, 2022).

Based on a previous desensitization experience in solid organ
transplantation, the Johns Hopkins group developed a desensitization protocol
consisting of alternate plasmapheresis, 1VIg, tacrolimus, and mycophenolate mofetil
to reduce DSA levels below FCXM positivity. Using this protocol, Leffell and
colleagues described that 14 DSA-positive patients experienced a mean reduction in
DSA level of 64.4% after the desensitization treatment. Notably, all 14 patients
achieved sustained donor engraftment by day +60 (LEFFELL; JONES;
GLADSTONE, 2015).

Similarly, Bailen et al. reported 19 DSA-positive patients who received an
aggressive multimodality desensitization treatment, including plasma exchange,
rituximab,  immunoglobulins,  incompatible  platelets, buffy coat, and
immunosuppression with mofetil mycophenolate, tacrolimus, and steroids before
haploidentical allo-HCT. It was observed that all patients had MFI decrease following
the desensitization treatment, with a mean reduction of 74%. Noteworthy, 17 of 19
(90%) patients achieved neutrophil recovery (BAILEN et al., 2021).

More recently, Ciurea et al. described 37 DSA-positive patients who
underwent haplo-PTCy and were treated with a multimodality desensitization
strategy, including plasma exchange, rituximab, and IVlg and an irradiated donor
buffy coat infusion on day -1 from graft infusion. It was demonstrated that DSAs

<20,000 MFI and those with C1qg-negative results after desensitization showed
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similar engraftment and survival compared to controls with DSAs. In contrast, those
patients with DSA > 20,000 MFI and persistent C1q-positivity after desensitization
experienced a significantly lower engraftment recovery, leading to higher non-relapse

mortality and dismal overall survival compared to controls (CIUREA et al., 2021).

1.2 JUSTIFICATION OF THE STUDY

Graft failure remains a significant cause of morbidity and mortality after allo-
HCT. Despite current evidence indicating that preformed DSAs are a substantial risk
factor for engraftment failure, several gaps still exist regarding the role of DSAs after
allo-HCT with alternative donors.

Even though DSAs have been recognized as a major predictor of failed
engraftment in adult patients with malignancies undergoing haplo-PTCy, the impact
of DSAs after pediatric haplo-PTCy for nonmalignant disorders has been scarcely
reported in current HCT literature. Furthermore, the role of DSAs in patients with
nonmalignant disorders receiving second haplo-PTCy for rescuing a previous graft
failure had not been reported before this research project.

Additionally, the impact of DSAs in GF after unrelated donor transplantation
is controversial. Although two earlier reports have shown that DSAs were significantly
associated with a higher risk of GF after MUD and MMUD transplantation, recent
studies have failed to confirm the association between DSAs and a higher incidence
of GF after transplantation with unrelated donors.

Remarkably, most studies in haploidentical and unrelated donor settings
have not thoroughly assessed relevant features for DSA risk assessment (TAMBUR
et al.,, 2018), including C1g-binding, DSA titer, DSA strength (meaning MFI level),

donor-specific epitope patterns, and possible false-positive DSA reactivity.

2 OBJECTIVES

2.1 GENERAL OBJECTIVE

To perform a thorough DSA characterization and evaluate the clinical impact
of DSAs in allogeneic hematopoietic stem cell transplantation with alternative donors.
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2.2 SPECIFIC OBJECTIVES

e To analyze the impact of DSA on hematologic recovery, graft failure, and
survival in pediatric patients with nonmalignant disorders undergoing their first

haploidentical donor transplantation with PTCy.

e To evaluate the influence of DSA on hematologic recovery, graft failure, and
survival in pediatric patients with nonmalignant disorders receiving salvage
haploidentical donor transplantation with PTCy to treat a previous engraftment

failure.

e To investigate the effect of DSAs on hematologic recovery, graft failure, and

survival after unrelated donor transplantation.

3 METHODS

3.1 ETHICAL APPROVAL

The institutional review board of the Complexo Hospital de Clinicas, Federal
University of Parana (CHC/UFPR) approved this retrospective research project
(CAAE n° 96085718.6.0000.0096, final amendment; Appendix 1), which was

conducted following the Declaration of Helsinki.

3.2 PATIENTS

In total, we retrospectively assessed 362 patients lacking an HLA-matched
related sibling donor and mostly with nonmalignant disorders who underwent their
first allo-HCT at CHC/UFPR from January 2008 to December 2017. Among them, 59
were pediatric patients with nonmalignant disorders receiving upfront haploidentical
donor transplantation with PTCy, and 303 were patients undergoing their first
unrelated donor transplantation. We also evaluated 22 patients with nonmalignant
disorders who received second haploidentical donor transplantation with PTCy to

rescue a previous engraftment failure. Clinical and laboratory data concerning the
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current project were obtained from medical records and the CHC/UFPR's HCT Unit

database.

3.3 HLATYPING AND HLA ANTIBODY TESTING

Patients and donors were routinely typed for HLA-A, HLA-B, HLA-C, HLA-
DRB1, and HLA-DQB1 loci at medium resolution by reverse sequence-specific
oligonucleotide method (LABType, One Lambda Inc., Thermo Fisher Scientific, West
Hills, California) and high-resolution sequence-based typing (SeCore SBT, One
Lambda). Patients with antibodies against HLA-DP, HLA-DR52, HLA-DR53, and
HLA-DR51 were subsequently typed for HLA-DPA1/DPB1, HLA-DRB3, HLA-DRB4,
and HLA-DRBS loci, respectively (LABType, One Lambda Inc.).

HLA antibody identification testing was performed with LABScreen SAB kits
(One Lambda Inc.) and with LIFECODES SAB kits (Immucor, Inc., Norcross, GA).
We used Ethylenediaminetetraacetic acid (EDTA) treatment or heat inactivation of
the sera to avoid the complement inhibition effect (DE MARCO; DE LIMA, 2014;
WANG et al., 2017). Briefly, EDTA treatment consisted of the addition of 5 pyL of 100
mM EDTA, diluted in PBS, in 95 uL of sera for a final concentration of 5 mM EDTA
(WANG et al., 2017), while heat inactivation of sera was carried out in the Luminex
plate heated for 1 min at 56°C in a thermocycler (DE MARCO; DE LIMA, 2014). MFI
> 1000 was the cutoff for positivity, and MFI values between 1000 and 500 were
considered potentially positive based on HLA epitope patterns and cross-reactive
groups (BETTINOTTI; ZACHARY; LEFFELL, 2016; ELLIS, 2013). Epitope analyses
were conducted using expanded SAB panels (LABScreen ExPlex, One Lambda Inc.)
with the HLA-Fusion MatchMaker software (Version 4.4). We used the LIFECODES
SAB panels (Immucor, Inc.) to confirm true-positive DSA reactivities
(RAVINDRANATH et al., 2021). Additionally, DSA-positive patients with divergent
LABScreen and LIFECODES results or suspected false-positive patterns in the
epitope analysis were tested with absorption/elution protocol using cryopreserved
donor cells or surrogate donor cells expressing the DSA's target (GRENZI et al.,
2013) or with SAB beads with HLA molecules denatured by acid treatment (EL-
AWAR et al., 2009).

DSA-positive patients were retrospectively evaluated using the LABScreen
SAB assay with 3 different dilutions (1:2, 1:8, and 1:32) to estimate the DSA titer
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(TAMBUR; WIEBE, 2018). The C1qg-binding assay (C1gScreen, One Lambda Inc.)
was also retrospectively performed, with MFI >500 as the cutoff (CIUREA et al.,
2015). All laboratory tests were carried out according to the manufacturer's
instructions. Cell-based crossmatches were not routinely performed during the study

period.

3.4 ENDPOINTS AND DEFINITIONS

The primary endpoints of the current thesis were neutrophil and platelet
recovery and GF after alternative donor transplantation (KHARFAN-DABAJA et al.,
2021). Secondary endpoints included event-free survival (EFS) and overall survival
(OS) (KANATE; NAGLER; SAVANI, 2019). Briefly, neutrophil recovery was defined
as the first of three consecutive days with an absolute neutrophil count (ANC)
>.5x109L. Platelet recovery was defined as the first of three consecutive days at 220
x 10%/L and at least seven days without platelet transfusion support. The GF endpoint
included primary graft rejection, secondary GF, and poor graft function as a single
outcome. Primary graft rejection was defined as the failure to achieve an ANC of
5x10%L by day +28 and the absence of donor-derived hematopoiesis (<5% donor
cells) using short tandem repeat chimerism analysis. Secondary GF was defined as
achieving ANC of .5x10°%L with subsequent loss of donor chimerism (<5% donor
cells). Poor graft function was defined as the presence of 2 or 3 cytopenic counts
(ANC < 0.5x10%L, platelets < 20x10°%L, or hemoglobin < 70g/L) for at least 3
consecutive days beyond day 28 post-transplantation with a transfusion requirement
associated with hypoplastic bone marrow in the presence of complete donor
chimerism. EFS was defined as the time from alternative donor allo-HCT to primary
graft rejection, secondary GF, poor graft function, or death, whichever came first, or
last follow-up (censored). OS was defined as the time from alternative donor allo-
HCT to death from any cause or last follow-up (censored) (KANATE; NAGLER;
SAVANI, 2019).

3.5 STATISTICAL ANALYSIS
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All statistical analyses were carried out according to the suggestions of the
European Group for Blood and Marrow Transplantation (EBMT) Statistical Committee
(IACOBELLI, 2013).

The presence of DSAs was considered the main effect in all analyses.
Baseline characteristics of the DSA groups were compared with Fisher's exact test
and Mann-Whitney U test for categorical and continuous covariates, respectively.
The MFI levels among DSA-positive patients with and without GF were compared
using the Mann-Whitney U test. In this analysis, the DSAs with the highest MFI
values were considered in patients with 2 or more DSAs. For univariable analyses,
continuous variables were transformed into categorical variables by treating the
median value as a threshold. The median follow-up was calculated using the reverse
Kaplan—Meier method. Estimates of neutrophil and platelet recovery and GF were
calculated using cumulative incidence curves to accommodate competing risks.
Death without hematologic recovery was considered a competing risk for neutrophil
and platelet recovery, while death with sustained engraftment was a competing risk
for GF. The Gray test was used for univariable comparisons of cumulative incidence
curves. The probabilities of EFS and OS were estimated using the Kaplan—Meier
method and compared between groups using the log-rank test. Multivariable
analyses for neutrophil and platelet recovery and GF were performed using Fine-
Gray subdistribution hazard models, whereas multivariable analyses for EFS and OS
were performed using Cox proportional hazards regression models. Covariates that
reached a P value < .10 in the univariable analyses were included in the initial
multivariable models and were eliminated one at a time using the backward stepwise
method. The final adjusted models held only covariates that attained a P value < .05
(Wald test). In the salvage haplo-PTCy cohort, the multivariable analyses were not
performed due to the limited sample size. Moreover, the prognostic effect of GF on
OS was assessed by a Cox regression model, using GF as a time-dependent
variable. Regression results are expressed as the hazard ratio (HR) or subdistribution
hazard ratio (SHR) with a 95% CI. A two-sided P value < .05 was considered
statistically significant (IACOBELLI, 2013; KANATE; NAGLER; SAVANI, 2019).
Statistical analysis was performed using EZR versions 1.53 and 1.54 (Saitama
Medical Centre, Jichi Medical University) (KANDA, 2013).
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ABSTRACT
Donor-specific HLA antibodies (DSAs ) have been recognized as a major risk factor for graft failure (GF) in adult patients
with malignancies undergoing haploidentical transplantation with post-transplantation cyclophosphamide (haplo-
PTCy). However, the impact of DSAs after pediatric haplo-PTCy for nonmalignant disorders (NMDs) has been poorly
reported. We sought to investigate whether preexisting DSAs adversely affect pediatric haplo-PTCy outcomes. We ret-
rospectively analyzed 59 pediatric patients (<21 years) who received their first haplo-PTCy for NMDs from January
2008 to December 2017. DSA testing was performed using single antigen beads, and mean fluorescence intensity
(MFI) 1000 was considered positive, and MFl <1000 and > 500 was considered potentially positive, based on HLA
epitope reactivity patterns. Primary endpoints were neutrophil and platelet recovery and GF, whereas secondary end-
points included event-free and overall survival. Multivariable analyses were performed using Fine-Gray competing
risk regression or Cox proportional hazards regression models. The median age was 10 years, and 66.1% were male.
Main indications for haplo-PTCy were Fanconi anemia {n = 33) and severe aplastic anemia (n = 11). All patients
received bone marrow as the graft source, and most patients (91.5%) received fludarabine-based conditioning. Overall,
15 patients (25.4%) had DSAs =500 MFL. Four patients had false-positive DSAs with median MFI of 1762. Of the 11
patients with true-positive DSA reactivity, 5 had 1 DSA, 5 had 2 DSAs, and 1 had 3 DSAs, with median MFI of 2372
(range 527-24,200). Four patients received desensitization therapy with rituximab and plasmapheresis, whereas 7
patients were untreated. All patients with treated DSAs achieved donor engraftment. In the multivariable analyses,
untreated DSAs were associated with lower neutrophil recovery (subdistribution hazard ratio [SHR] = 0.15; 95% confi-
dence interval [Cl], 0.03-0.63; P = .001), increased GF (SHR = 20.57; 95% Cl, 6.57-64.43; P = .001), inferior event-free
survival (hazard ratio [HR] = 10.09; 95% CI, 3.37-30.22; P = .001), and poor overall survival (HR 5.56; 95% CI, 1.92-
16.12; P =.002). Both treated DSAs (SHR = 0.26; 95% (I, 0.10-0.68; P = .006) and untreated DSAs (SHR = 0.13; 95% CI,
0.04-0.37; P = .001) adversely affected platelet recovery. Our results indicate that the presence of DSAs is an indepen-
dent predictor of poor outcomes after pediatric haplo-PTCy for NMDs. Therefore DSA-positive donors should be
avoided whenever possible, and when a DSA-negative donor is unavailable, desensitization therapy must be per-
formed to enhance the likelihood of donor engraftment and improve transplantation outcomes.

© 2022 The American Society for Transplantation and Cellular Therapy. Published by Elsevier Inc. All rights reserved.
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donors using post-transplant cyclophosphamide (haplo-PTCy)
as graft-versus-host disease (GVHD) prophylaxis has expanded
the donor options for patients lacking an HLA-matched sibling
or matched unrelated donors [1]. This platform has been
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STRUCTURED ABSTRACT

Background: Donor-specific HLA antibodies (DSAs) have been recognized as a
major risk factor for graft failure (GF) in adult patients with malignancies undergoing
haploidentical transplantation with post-transplant cyclophosphamide (haplo-PTCy).
However, the impact of DSAs after pediatric haplo-PTCy for nonmalignant disorders

(NMDs) has been poorly reported.

Objective: We sought to investigate whether preexisting DSAs adversely affect

pediatric haplo-PTCy outcomes.

Study Design: We retrospectively analyzed 59 pediatric patients (<21 years) who
received their first haplo-PTCy for NMDs from January 2008 to December 2017. DSA
testing was performed using single antigen beads, and mean fluorescence intensity
(MFI) >1000 was considered positive and MFI <1000 and >500 was considered
potentially positive, based on HLA epitope reactivity patterns. Primary endpoints
were neutrophil and platelet recovery and GF, whereas secondary endpoints
included event-free and overall survival. Multivariable analyses were performed using
Fine-Gray competing risk regression or Cox proportional hazards regression models.
Results: The median age was 10 years, and 66.1% were male. Main indications for
haplo-PTCy were Fanconi anemia (n=33) and severe aplastic anemia (n=11). All
patients received bone marrow as the graft source, and most patients (91.5%)
received fludarabine-based conditioning. Overall, 15 patients (25.4%) had DSAs
>500 MFI. Four patients had false-positive DSAs with median MFI of 1762. Of the 11
patients with true-positive DSA reactivity, 5 had 1 DSA, 5 had 2 DSAs, and one had 3
DSAs, with median MFI of 2372 (range, 527-24200). Four patients received
desensitization therapy with rituximab and plasmapheresis, whereas 7 patients were
untreated. All patients with treated DSAs achieved donor engraftment. In the
multivariable analyses, untreated DSAs were associated with lower neutrophil
recovery (SHR=0.15; 95% CI, 0.03-0.63; P=.001), increased GF (SHR=11.90; 95%
Cl, 3.56-39.81; P<.001), inferior event-free survival (HR=10.09; 95%CI, 3.37-30.22;
P<.001), and poor overall survival (HR 5.56; 95% CI, 1.92-16.12; P=.002). Both
treated DSAs (SHR=0.26; 95% CI, 0.10-0.68; P=.006) and untreated DSAs
(SHR=0.13; 95% CI, 0.04-0.37; P<.001) adversely affected platelet recovery.
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Conclusions: Our results indicate that the presence of DSAs is an independent
predictor of poor outcomes following pediatric haplo-PTCy for NMDs. Therefore,
DSA-positive donors should be avoided whenever possible, and when a DSA-
negative donor is unavailable, desensitization therapy must be performed to enhance

the likelihood of donor engraftment and improve transplant outcomes.

Keywords: Donor-specific anti-HLA antibodies, nonmalignant disorders, graft failure,

haploidentical



39

4 1.1 Introduction

Hematopoietic cell transplantation with haploidentical donors using post-
transplant cyclophosphamide (haplo-PTCy) as graft-versus-host disease (GVHD)
prophylaxis has expanded the donor options for patients lacking an HLA-matched
sibling or matched unrelated donors'. This platform has been increasingly used to
treat nonmalignant disorders (NMDs), including inherited bone marrow failure
syndromes?, acquired severe aplastic anemia (SAA)3, primary immunodeficiency
diseases*, and hemoglobinopathies® . Nevertheless, graft failure (GF) remains a
major complication following haplo-PTCy for NMDs’: &,

Previous observational studies have consistently demonstrated that the
presence of donor-specific anti-HLA antibodies (DSA) is significantly associated with
higher risks of graft failure after alternative donor transplants, including matched
unrelated donors®, cord blood units'®, and haploidentical donor transplantation, either
with Beijing protocol' or haplo-PTCy platform'? '3, Indeed, a recent meta-analysis,
including 15 studies with 2,436 patients, mostly with malignancies, indicated that
patients with DSA had an odds ratio of 7.47 for primary graft failure, regardless of
graft source, alternative donor type, and primary disease’*. However, most previous
studies regarding DSAs as predictors of GF after haploidentical transplants have
been conducted in adult patients with malignant diseases, and current evidence
regarding the role of DSAs following pediatric haplo-PTCy for NMDs is scarce.
Kurzay et al. reported that 4 DSA-positive patients treated with rituximab and
plasmapheresis had complete engraftment following haplo-PTCy for inborn errors’®.
In addition, Arcuri et al. recently showed that DSAs were associated with poor event-
free survival (EFS) in patients undergoing haplo-PTCy for relapsed/refractory SAA3.
Importantly, such studies have not addressed relevant DSA characteristics such as
C1qg-binding, antibody titer, donor-epitope specificity, and false-positive DSA
reactivity'®.

As we previously demonstrated that untreated DSAs were related to high risk
of GF and inferior EFS in pediatric patients with NMDs undergoing salvage haplo-
PTCy for engraftment failure'”, we hypothesized that preformed DSAs would also be
associated with poor outcomes following the first pediatric haplo-PTCy for NMDs.

Therefore, the present retrospective single-center study sought to perform a
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comprehensive DSA characterization and investigate whether preexisting DSAs

would adversely affect transplantation outcomes.

4.1.2 Methods

4.1.2.1 Patient data

In total, 66 pediatric patients (<21 years) who lacked an HLA-matched related
or matched unrelated donor received their first haplo-PTCy for NMDs from January
2008 to December 2017. We excluded seven patients who lacked serum samples for
DSA testing. Thus, 59 patients were analyzed in our study. This retrospective study
was conducted following the Declaration of Helsinki and was approved by our
institutional review board (number 96085718.6.0000.0096).

4.1.2.2 HLA typing and HLA antibody detection

Patients and haploidentical donors were routinely typed for HLA-A, HLA-
B, HLA-C, HLA-DRB1, and HLA-DQB1 loci at medium resolution by reverse
sequence-specific oligonucleotide method (LABType, One Lambda Inc., Canoga
Park, California) and/or high-resolution sequence-based typing (SeCore SBT, One
Lambda). Patients with antibodies against HLA-DP, HLA-DR52, HLA-DR53, and
HLA-DR51 were subsequently typed for HLA-DPA1/DPB1, HLA-DRB3, HLA-DRB4,
and HLA-DRBS loci, respectively.

HLA antibody testing was performed using LABScreen (One Lambda Inc.)
Single Antigen Beads (SAB) kits on a FlexMap 3D instrument (Luminex, Austin,
Texas). All SAB testing used EDTA-treated sera to prevent the complement inhibition
effect'®. Reactions with mean fluorescence intensity (MFI) >1000 were considered
positive and with MFI <1000 and >500 were considered potentially positive, based on
HLA epitope reactivity patterns and cross-reactive groups'®. HLA epitope analyses
were done with HLA-Fusion MatchMaker software (Version 4.4) using expanded SAB
panels (LABScreen ExPlex, One Lambda Inc.). True-positive DSA reactions were
confirmed with LIFECODES SAB kits (Immucor, Norcross, GA)?°. Furthermore, DSA-
positive patients with divergent SAB results in LABScreen and LIFECODES assays

or suspected false-positive DSA reactivity were tested with beads with HLA
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molecules denatured by acid treatment or absorption/elution protocol, using
cryopreserved donor cells?!-23. DSA-positive samples were retrospectively tested with
the C1g-binding assay (C1qScreen, One Lambda Inc.) and with 1:2, 1:8, and 1:32
dilutions to estimate DSA titer. C1q assay used MFI>500 as the cutoff to assign
positivity. All tests were carried out according to the manufacturer's instructions. Cell-

based crossmatches were not routinely performed during the study period.

4.1.2.3 Preparatory regimen and GVHD prophylaxis

Reduced-intensity preparatory regimens included fludarabine (Flu) (130-160
mg/m2) combined with total body irradiation (200-400 cGy) with or without
cyclophosphamide (Cy) (29-50 mg/kg). Myeloablative regimens were busulfan-based
(12-16 mg/kg), combined with Flu (160 mg/m?) or Cy (30 mg/kg). The choice of the
conditioning regimen was determined at the physician's discretion. Conditioning
regimens and dose-reduced PTCy approach used for patients with Fanconi anemia
are described elsewhere?. GVHD prophylaxis for all other patients consisted of PTCy
(50 mg/kg/day on days +3 and +4), cyclosporine A (target trough levels of 150-200
ng/ml), and mycophenolate mofetil (45 mg/kg/day with a maximum of 3 g/day)

starting on day +5.

4.1.2.4 Definitions and endpoints

The primary endpoints were neutrophil and platelet recovery and GF after
haplo-PTCy. Secondary endpoints included EFS and overall survival (OS)%.
Neutrophil recovery was defined as the first of three consecutive days with an
absolute neutrophil count (ANC) 2.5x10%/L. Platelet recovery was defined as the first
of three consecutive days at 220 x 10%L and at least seven days without platelet
transfusion support. The primary graft rejection was defined as the failure to achieve
an ANC of .5x10%L by day +28 and absence of donor-derived hematopoiesis (<5%
donor cells) using short tandem repeat chimerism analysis. Secondary GF was
defined as having achieved ANC of .5x10%L with subsequent loss of donor
chimerism. Poor graft function was defined as the presence of 2 or 3 cytopenic
counts (ANC<0.5x10%L, platelets<20x10%L, or hemoglobin<70 g/L) for at least 3
consecutive days beyond day 28 post-transplantation with a transfusion requirement
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associated with hypoplastic bone marrow in the presence of complete donor
chimerism?5. Primary graft rejection, secondary GF, and poor graft function were
considered together as a single outcome. EFS was defined as the time from haplo-
PTCy to primary graft rejection, secondary GF, poor graft function, or death,
whichever came first, or last follow-up (censored). OS was defined as the time from

haplo-PTCy to death from any cause or last follow-up (censored)?.

4.1.2.5 Statistical analysis

Patient and transplantation characteristics by DSA status were compared
with the Fisher's exact test for categorical variables and the Mann—-Whitney U test for
continuous variables. For wunivariable analyses, continuous variables were
transformed into categorical variables by treating the median value as a threshold.
The median follow-up time was calculated using the reverse Kaplan—Meier method.
Estimates of neutrophil and platelet recovery and GF were calculated using
cumulative incidence curves to accommodate competing risks. Death without
hematologic recovery was considered a competing risk for neutrophil and platelet
recovery, while death with sustained engraftment was a competing risk for GF. The
Gray test was used for univariable comparisons of cumulative incidence curves. The
probabilities of EFS and OS were estimated using the Kaplan—Meier method and
compared between groups using the log-rank test. Multivariable analyses for
neutrophil and platelet recovery and GF were performed using Fine-Gray
subdistribution hazard models, whereas multivariable analyses for EFS and OS were
performed using Cox proportional hazards regression models. The presence of DSAs
was included in all models as the main effect. To estimate the prognostic influence of
DSAs on haplo-PTCy outcomes, we fit two distinct multivariable models. First, we
examined the role of preexisting DSAs, regardless of desensitization therapy (DSA-
negative vs. DSA-positive). In the second model, we evaluated the impact of
desensitization treatment (DSA-negative vs. treated DSAs vs. untreated DSAs).
Covariates that reached a P-value < .10 in the univariable analyses were included in
the initial multivariable models and were eliminated one at a time using the backward
stepwise method. Only covariates that attained a P-value <.05 (Wald test) were held
in the final adjusted models. Results are expressed as the hazard ratio (HR) or
subdistribution hazard ratio (SHR) with a 95% confidence interval (95% CI). A two-
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sided P-value <.05 was considered statistically significant?*. Statistical analysis was
performed using EZR version 1.53 (Saitama Medical Centre, Jichi Medical

University)25.

4 1.3 Results

4.1.3.1 Patient-, donor-, and transplantation-related characteristics

Baseline characteristics of the 59 patients are presented in Table 1. The
median age was 10 years (range, 1-20) at haplo-PTCy, and 66.1% were male. The
main indications for haplo-PTCy were Fanconi anemia (n=33), acquired SAA (n=11),
and Wiskott—Aldrich syndrome (n=6). Most patients (91.5%) received fludarabine-
based reduced-intensity conditioning. Unmanipulated marrow was used as a graft
source for all patients, and median total nucleated cell (TNC) and CD34* cell doses
were 7x108/kg (range, 2.07-14.93x108/kg) and 4.09x108/kg (range, 0.63-
19.42x108/kg), respectively. Patients with and without DSA had equivalent patient
and donor characteristics, except for a trend (P =.077) regarding ABO matching
(Table 1).

4.1.3.2 HLA Allosensitization and DSA Assessment

Among all patients, 36 (61%) showed alloantibodies to HLA antigens. Among
these patients, 8 (13.6%) had antibodies against class | HLA antigens, 10 (16.9%)
against class Il HLA antigens, and 18 (30.5%) against both HLA classes. The degree
of HLA allosensitization was not associated with patient age (P=.60), diagnosis
(P=1.0), or gender (P=.16). Overall, 15 patients (25.4%) had DSAs >500 MFI. Four
patients showed DSAs with suspected reactivity patterns (DP1/DP5; Pan-DR
reactivity; DR4/DR16/DP19; DQA1*01:03/DQB1*06:03) and median MFI of 1762
(range, 544-2483). These DSAs were confirmed as false-positive reactions in the
absorption/elution protocol (Supplementary figure S1) and therefore were
disregarded of the DSA-positive group. Of the 11 patients (18.6%) with true-positive
DSA reactivity, 5 had 1 DSA, 5 had 2 DSAs, and one had 3 DSAs, with median MFI
of 2372 (range, 527-24200) before the bone marrow infusion. Four patients with 7
DSAs (median MFI= 12351; range, 1549-27405) in the first DSA testing underwent
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desensitization therapy with three sessions of plasma exchange, performed on days -
15, -12, and -9, and one single dose of rituximab (375 mg/m?) on day -8. After
desensitization, the treated DSAs had a median MFI of 8337 (range, 527-24200). In
contrast, seven patients with 11 DSAs (median MFI=1752; range, 562-16117) were
untreated. All DSAs were directed to public epitopes, with several shared HLA
antigens, and most of them had low-titers, with median MFI values of 1641, 405, and
41.5 at 1:2, 1:8, and 1:32 dilutions, respectively. All but one DSA were C1g-negative.

The detailed information on the DSAs is shown in Table 2.

4.1.3.3 Neutrophil and Platelet Recovery

In the entire cohort, the cumulative incidence of neutrophil recovery at day
+28 was 89.8% (95% CI, 78.3-95.4%), with a median time to neutrophil recovery of
16 days (range, 9-31). The cumulative incidence of platelet recovery at day +28 was
72.9% (95% CI, 59.3-82.5%), with a median time to platelet recovery of 20 days
(range, 10-142 days).

The unadjusted cumulative incidences of neutrophil recovery at day +28
were 95.8% (95% ClI, 81.3-99.1%) in patients without DSAs and 63.6% (95% ClI,
26.6-85.7%) in patients with DSAs (P=.043; Figure 1a). The unadjusted cumulative
incidences of platelet recovery at day +28 were 85.4% (95% CI, 71.3-92.9%) and
18.2% (95% CI, 2.5-45.6%) in DSA-negative and DSA-positive groups, respectively
(P<.001; Figure 1b). Concerning desensitization therapy, the cumulative incidences
of neutrophil recovery at day +28 were 95.8% (95% CI, 81.3-99.1%) in the DSA-
negative group, 100% in the treated DSA group, and 42.9% (95% CI, 7.7-75.6%) in
the untreated DSA group (P=.024; Fig. 1c). Alternatively, the cumulative incidence of
platelet recovery at day +28 in the DSA-negative group was significantly higher
(85.4%; 95% CI, 71.3-92.9%) than those in the treated DSA (25.0%; 95% CI: 0.2-
73.2%) and untreated DSA groups (14.3%; 95% CI, 0.5-49.1%) (P=.001; Fig.
1d). Considering only the DSA-negative group, we observed that major ABO
incompatibility was not correlated with neutrophil (P=.695) and platelet recovery
(P>.88). Univariate cumulative incidences of neutrophil and platelet recovery of the
other covariates are shown in supplemental Table 1.

In the adjusted multivariable regression, the presence of DSA was

significantly associated with a lower incidence of neutrophil (SHR=0.28; 95% ClI,
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0.12-0.7; P=.006) and platelet recovery (SHR=0.18; 95% CI, 0.09-0.38; P<.001)
(Table 3). When stratified by desensitization status, only untreated DSAs were
associated with lower neutrophil recovery (SHR=0.15; 95% CI, 0.03-0.63; P=.001),
while treated DSA and DSA-negative groups had similar neutrophil recovery
(SHR=0.73; 95% CI, 0.3-1.77; P=.48). Moreover, compared with the DSA-negative
cohort, both the treated DSA (SHR=0.26; 95% CI, 0.10-0.68; P=.006) and untreated
DSA (SHR=0.13; 95% CI, 0.04-0.37; P<.001) groups were associated with lower
platelet recovery in multivariable analyses (Table 3). TNC<7x108kg (SHR=0.46;
P=.001) and diagnosis of acquired SAA (SHR=0.23; P<.001) or primary
immunodeficiency/metabolic diseases (SHR=0.38; P=.001) were also identified as
independent predictors of poor neutrophil recovery, whereas the absence of T-cell
depletion with rabbit anti-thymocyte globulin (rATG) was an independent risk factor
for lower platelet recovery (SHR=0.44; P=.003).

4 .1.3.4 Graft Failure

Overall, 11 patients experienced engraftment failure after haplo-PTCy.
Among them, 3 had primary graft rejection, 5 had secondary GF, and 3 had poor
graft function. The median time to GF onset was 35 days (range, 28-312 days).
Notably, the 4 patients with engraftment failure at day +28, either primary graft
rejection or poor graft function, had untreated DSAs prior haplo-PTCy. On the other
hand, the six GF cases in the DSA-negative group consisted of five secondary GF,
with a median of 85 days (range, 35-312) to the graft loss onset and one poor graft
function on day +31. Data on HHV6 reactivation was available only for 12
symptomatic patients. These patients had median reactivation of 61 days (range, 10-
193), and only three experienced GF. Among the 11 DSA-positive patients, the
median MFI for patients with GF was 1468 (range, 562-10150) versus 5665 (range,
527— 24200) for those who have engrafted (P=.36). Also, the 4 patients with
confirmed false-positive DSAs were assigned as DSA-negative at the time of haplo-
PTCy, and no desensitization therapy was performed. These patients fully engrafted
and were alive and disease-free at the last follow-up. Of the 11 patients with GF, 7
underwent a second transplant using distinct haploidentical donors. Details on the

outcomes of salvage haplo-PTCy are described elsewhere'’.
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For the whole cohort, the cumulative incidence of GF at 100 days and 1-year
were 15.3% (95% CI, 7.4-25.6%) and 18.6% (95% ClI, 9.9-29.6%), respectively. The
unadjusted cumulative incidences of GF at 100 days were 8.3% (95%Cl, 2.6-18.3%)
in the DSA-negative group and 45.5% (95% ClI, 4.9-72.1%) in the DSA-positive group
(P=.006; Figure 2a). All four DSA-positive patients who underwent desensitization
therapy achieved donor engraftment. Of them, one patient with two DSAs achieved
neutrophil recovery at day +15, with 100% donor cells in the chimerism testing, but
had early death at day +24 due to thrombotic microangiopathy. With regard to
desensitization, the unadjusted cumulative incidences of GF at day +100 were 8.3%
(95%CI, 2.6-18.3%) in the DSA-negative group, 0% in the treated DSA, and 71.4%
(95%CI, 15.7-94.1%) in the untreated DSA group (P<.0001; Figure 2b).
Supplemental Table 1 contains the unadjusted cumulative incidences of GF for the
other covariates.

Multivariable regression showed that the presence of DSAs was associated
with an increased risk of GF (SHR=11.90; 95% ClI, 3.56-39.81; P<.001). Additionally,
compared with the DSA-negative and treated DSA cohorts, the untreated DSA group
was strongly associated with a higher incidence of GF (SHR=20.57; 95% CI, 6.57-
64.43; P<.001) in the adjusted multivariable analysis (Table 3). The only other
independent risk factors for GF were diagnosis of acquired SAA (SHR=6.23; P=.026)

and primary immunodeficiency or metabolic diseases (SHR=13.08; P=.002).

4 .1.3.5 Event-Free Survival and Overall Survival

Overall, 19 out of 59 patients died. Causes of death included infection (n=5),
rejection (n=4), GVHD (n=4), organ failure (n=4), pulmonary hemorrhage (n=1), and
thrombotic microangiopathy (n=1). The median follow-up was 4.7 years (range, 0.04-
9.4 years), based on the reverse Kaplan—Meier method. Considering the entire
cohort, the probabilities of EFS and OS at 1-year were 69.5% (95% CI, 56.0—-79.6%)
and 74.6% (95% CI, 61.4-83.8%), respectively. The unadjusted 1-year EFS was
significantly lower in patients with DSAs (36.4%; 95% CI, 11.2-62.7%) than in those
without DSAs (77.1%; 95% CI, 62.5-86.6%) (P<.001; Figure 3a). Similarly, the
unadjusted 1-year OS rates in the DSA-positive and DSA-negative groups were
45.5% (95% ClI, 16.7-70.7%) and 81.2% (95% CI, 67.1-89.8%), respectively (P=.003;
Figure 3b). Moreover, the unadjusted EFS and OS probabilities were 77.1% (95% ClI,
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62.5-86.6%) and 81.2% (95% CI, 67.1-89.8%) in the DSA-negative group, 75.0%
(95% CI, 12.8-96.1%) and 75.0% (95% CI, 12.8-96.1%) in the treated DSA group,
and 14.3% (95% CI, 0.7-46.5%) and 28.6% (95% CI, 4.1-61.2%) in the untreated
DSA group (EFS: P<.001, Figure 3c; OS: P=.002, Figure 3d). In the DSA-negative
group, major ABO incompatibility was marginally associated with EFS (P=.045) or
OS (P=.07). The unadjusted EFS and OS probabilities for other variables are shown
in supplemental Table 2.

Multivariable analysis showed that DSA-positive patients had significantly
lower EFS (HR=4.07; 95%CI, 1.69-9.81; P=.002) than DSA-negative patients.
Further, when stratified by desensitization status, we observed that patients with
untreated DSAs had poorer EFS (HR=10.09; 95%CI, 3.37-30.22; P<.001) than
patients without DSA (Table 3). In contrast, EFS was similar between the treated
DSA and DSA-negative groups (HR=1.57; 95% CI, 0.35-6.92; P=.56). The absence
of T-cell depletion with rATG was also predictive of inferior EFS after haplo-PTCy
(HR=3.25; P=.018).

In the Cox regression model for OS, including preexisting DSAs as the main
effect, we observed a violation in the proportional hazard assumption (P=.033).
Therefore, by assessing Schoenfeld-residuals, follow-up time was split considering
day +365, and the proportional hazard assumption was held both before and after
day +365 (P=.06 and P=.19, respectively). Thus, in the multivariable Cox regression
considering the period before day +365, positivity for DSAs was the only significant
adverse factor for OS (HR=9.32; 95%CI, 1.75-49.6; P=.009). Conversely, after day
+365, no significant difference was observed for patients with and without DSAs
(HR=0.57; 95%, 0.04-8.77; P=.69) (Table 3). Additionally, compared with the DSA-
negative cohort, only patients with untreated DSAs were significantly associated with
worse OS (Untreated DSA: HR 5.56; 95% CI, 1.92-16.12; P=.002; Treated DSA:
HR=2.19; 95% CI, 0.49-9.81; P=.31) (Table 3). No other patient-related or donor-

related variables were associated with poor survival.
4.1.4 Discussion
The current study demonstrates that preformed DSAs were independent

predictors of poor hematologic recovery, high incidence of graft failure, and worse

EFS and OS after pediatric haplo-PTCy for NMDs. These novel findings agree with
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previous studies in adult patients undergoing haplo-PTCy for malignancies' 3. Our
data are also consistent with the association of DSAs with poorer EFS described by
Arcuri et al.® and our previous study in pediatric patients with NMDs who underwent
salvage haplo-PTCy for GF, which showed that untreated DSAs were associated
with higher GF incidence and worse EFS'’. Remarkably, we observed that patients
without DSAs had an excellent 1-year OS of 81.2%, and this finding is similar to the
survival outcomes reported in previous studies’: 2728,

When stratified by the desensitization status, we observed a significantly
higher GF likelihood among patients with untreated DSAs in univariable and
multivariable competing risk regression. However, we acknowledge that the few
cases in the treated and untreated DSA groups limit our ability to evaluate the effect
of desensitization in our cohort. Importantly, we observed an overlap between
patients with untreated DSAs with SAA and Wiskott—Aldrich diseases and between
the treated DSA group and Fanconi anemia. Since acquired SAA and immune
regulatory diagnoses were also independent predictors of GF compared to patients
with Fanconi anemia, one might consider that the beneficial effect of desensitization
therapy is confounded by the Fanconi diagnosis. Due to this relevant limitation, our
study's apparent impact of desensitization therapy on graft failure should be
interpreted cautiously. This point warrants further exploration in studies with
appropriate power in the haplo-PTCy context for NMDs.

Our report also indicates that DSAs were strongly associated with delayed
platelet recovery, regardless of desensitization therapy. This finding is consistent with
those reported by Yoshihara et al.?® and Zhao et al.*°, using distinct haploidentical
transplant approaches. In contrast, previous studies in the haplo-PTCy setting
showed that DSAs were not associated with impaired platelet recovery' 31,

The occurrence of poor graft function has been related to dismal survival
following haplo-PTCy?3'. In our study, the three patients who experienced poor graft
function had early mortality. To date, the role of DSA in poor graft function
pathogenesis is controversial®®>. Chang et al. showed that low-level DSAs (MFI
=22000) were strongly associated with primary poor graft function after haploidentical
transplants with the Beijing protocol in both training and validation sets''. In turn,
Bramanti et al. failed to validate DSAs as a risk factor for poor graft function following
haplo-PTCy for adults with malignancies®'. To our knowledge, the potential role of

DSAs on poor graft function after haplo-PTCy for NMDs has not yet been evaluated.
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In our report, two of 7 untreated DSA-positive patients experienced poor graft
function compared with only one of 48 patients without DSAs. However, this
observation should be interpreted with caution due to the few graft dysfunction
events.

The criteria that define a tolerable DSA after haplo-PTCy are currently
unknown. Nevertheless, a body of data indicates that higher DSA levels are
associated with an increased likelihood of GF'?, but this is not always the case. In
this report, we observed sustained donor engraftment despite a high-titer, C1g-
positive anti-DQ DSA. In contrast, primary graft failure has been documented in the
presence of low-level DSAs against HLA-A and -B antigens. One possible
explanation for this contradictory finding is the differential HLA antigen expression on
CD34* cells. Bettinotti and colleagues have recently shown that HLA-A, -B, and -DR
molecules are highly expressed on CD34* cells, whereas HLA-DQ antigens are
detected at lower levels®?. Interestingly, the assumption that DSAs directed to highly
expressed HLA antigens are more pathogenic than DSAs to low-expressed HLA
molecules has been previously suggested33. Hence, this hypothesis should be
validated in future studies to improve DSA risk stratification eventually.

It is well established that anti-HLA antibodies are specific for epitopes rather
than to the whole HLA antigens?? 34, Using SAB Explex panels, we verified that all
low-level DSAs in our cohort were directed to public epitopes, with several HLA
cross-reactive antigens. This so-called "shared epitope phenomenon" has been
described as a SAB assay drawback since the antibody MFI signal is diluted among
beads expressing the donor-specific epitope, thus underestimating the actual DSA
MFI strength3®. In this sense, Ciurea et al. reported that low-level DSAs against HLA-
DP public epitopes were associated with an increased risk of GF after matched
unrelated donor transplantation®. Currently, the impact of low-level DSAs directed to
public epitopes and the contribution of the "shared epitope phenomenon" on the GF
incidence after pediatric haplo-PTCy has not yet been reported. Thus, more studies
are needed to clarify this issue.

Ciurea et al. have previously demonstrated that C1g-positive DSAs are
strongly associated with GF after haplo-PTCy and that C1g-negativity should be the
goal of desensitization therapy'? 36. Only one DSA against HLA-DQ was C1g-positive
in our cohort, with strong reactivity at a 1:32 dilution. In countries with limited

resources, the use of solid-phase complement binding assays is restricted due to the
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high costs associated with this additional testing. However, by performing standard
SAB with EDTA-treated sera to prevent complement inhibition, Wiebe et al. showed
that HLA antibodies with MFI higher than 15,000 perfectly correlated with C1qg-
binding results, with 99% sensitivity and 100% specificity and an area under the
curve of 0.99%. Moreover, emerging evidence shows that factors other than C1g-
binding may affect the DSA pathogenicity, including 1gG3 subclass38, IgG
glycosylation3% 4%, and IgG affinity/avidity assessed by surface plasmon resonance*'.
To date, none of these DSA features have been investigated in the haplo-PTCy
setting, and further studies are needed to elucidate the role of these characteristics
on transplant outcomes.

Although SAB panels have revolutionized HLA antibody identification, such
assays still present limitations that jeopardize DSA assignment. Indeed, it has been
shown that several HLA antibodies above a given cutoff (e.g., MFI>1000) may
represent false-positive reactivity to denatured HLA on the beads*?. In our report, four
patients (6,8%) had false-positive DSAs, with median MFI of 1762 (range, 544-2483).
They were not desensitized and fully engrafted after haplo-PTCy. While the issue of
spurious reactions to denatured HLA has been addressed in solid organ
transplantation*® 44, evidence on the incidence of false-positive DSAs in pediatric
haplo-PTCy is currently lacking. In the kidney transplant setting, previous reports
indicate that these false-positive DSAs are clinically irrelevant*3. Indeed, reporting a
false-positive DSA may yield an unnecessary exclusion of a suitable donor (e.g., the
younger donor) or the desensitization treatment of an irrelevant DSA. Of note,
investigating spurious DSA reactivity is costly and time-consuming since several
additional tests are needed to obtain an accurate DSA assignment?.

Ideally, when only DSA-positive donors are available, desensitization therapy
is necessary to facilitate donor engraftment across the DSA barrier®>. Our results
showed that patients with untreated DSAs experienced higher GF incidence and had
worse survival. In low/middle-income countries, desensitization treatment may not be
widely available due to the elevated costs of the procedure, thereby jeopardizing the
transplantation outcomes. Although current desensitization strategies after haplo-
PTCy effectively reduce DSA levels and promote donor engraftment, the results for
patients with strong DSAs (MFI1>25,000) are still sub-optimal and associated with
poor outcomes?3® 46, In the NMD setting, Kurzay et al. successfully treated four DSA-

positive patients with inborn errors using rituximab and plasmapheresis, and all
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achieved donor engraftment’. In contrast, Hasan et al. recently reported that three
SAA patients with strong DSAs experienced GF, despite desensitization with
plasmapheresis, intravenous immunoglobulin, and rituximab’. In this sense, some
reports have shown that bortezomib or anti-CD38 monoclonal antibody daratumumab
may be valuable additional tools for desensitization therapy. Choe and colleagues
have described their promising results of using bortezomib combined with IVIG,
rituximab, and plasmapheresis to treat DSA-positive patients prior to haplo-cord
transplants*’. Likewise, the use of daratumumab has been recently described in a
case report of successful desensitization of a strong DSA before unrelated donor
transplantation*®. Furthermore, the use of imlifidase, carfilzomib, and tocilizumab has
shown promising results in the solid organ transplantation setting, especially for
highly HLA-sensitized patients*®®'. To date, none of these drugs have been
evaluated in the haplo-PTCy, and whether these new agents would improve the
current desensitization protocols used in haploidentical transplants remains to be
determined.

The optimal DSA's MFI level following desensitization therapy that allows
sustained engraftment is currently unknown. Ciurea et al. reported that C1q-
negativity should be the goal of desensitization therapy and that DSAs with
MFI<5000 were associated with improved engraftment rates'?. Other groups
considered the reduction below the 2000 MFI cutoff after desensitization intervention
as clinically significant'® 4. In contrast, our center applies a more conservative goal,
targeting a DSA strength reduction below 1000 MFI following desensitization. Still,
we use a "donor-specific epitope tracking">? approach to assess the DSA response
following the antibody depletion therapy. This analysis monitors the overall reduction
of the DSA's MFI strength and the MFI of non-DSA antigens sharing the donor-
specific epitope® 34 53, In our experience, such a monitoring approach provides more
accurate data on desensitization treatment efficiency.

This study has some limitations. First, it is a single-center retrospective study
with heterogeneous NMDs. Second, the impact of DSA on primary graft rejection,
secondary GF, and poor graft function was not analyzed separately, owing to the
small number of events in our cohort. Third, all patients lacked data on DSA post-
transplantation monitoring, which limited our ability to assess DSA's MFI kinetics after
haplo-PTCy and its effect on transplant outcomes. Despite these limitations, our
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report has the merit of providing novel evidence on the role of preformed DSAs in
pediatric haplo-PTCy for NMDs.

In conclusion, our results showed that preformed DSAs are significantly
associated with poor hematologic recovery, high incidence of graft failure, and worse
survival outcomes in pediatric patients with nonmalignant disorders undergoing
haplo-PTCy. Hence, when a DSA-negative donor is unavailable, desensitization
therapy must be performed to increase the likelihood of donor engraftment, thus

improving transplant outcomes.
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FIGURE 1. CUMULATIVE INCIDENCE OF NEUTROPHIL (A) AND PLATELET (B) RECOVERY BY
DSA STATUS. IMPACT OF DESENSITIZATION THERAPY ON NEUTROPHIL (C) AND PLATELET
(D) RECOVERY.
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FIGURE 2. CUMULATIVE INCIDENCE OF GRAFT FAILURE BY DSA STATUS (A) AND
DESENSITIZATION THERAPY (B).
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FIGURE 3. PROBABILITY OF EVENT-FREE SURVIVAL (A) AND OVERALL SURVIVAL (B) BY DSA
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TABLE 1. BASELINE CHARACTERISTICS BY DSA STATUS.
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Variables

Overall (n=59)

DSA negative (n=48) DSA positive (n=11) P-value

ABO, n (%)
ABO Match
ABO Minor mismatch
ABO Major mismatch
Recipient/donor CMV serostatus, n (%)
R+/D+
Others
Conditioning regimen, n (%)
RIC
MAC
In vivo T-cell depletion with rATG, n (%)
Yes
No
Diagnosis, n (%)
FA
SAA
WAS
DC
ALD
CAMT
Desensitization (Only patients with DSA)
Treated DSA
Untreated DSA
Donor type, n (%)
Father
Mother
Sibling
Other donors
HLA mismatches in HvG direction, n (%)
0-3
4-5
KIR-ligand mismatch in HvG direction, n(%)
Match
HvG mismatch
Patient gender, n (%)
Male
Female
Donor gender, n (%)
Male
Female
Number of transfusions, n (%)
<20 transfusions
>20 transfusions
Missing
Time from diagnosis to transplant,
median (range), months
Patient age, median (range), years
Donor age, median (range), years
TNC, median (range), x10%/kg
CD34*, median (range), x10%kg
Year of BMT, median (range)

35 (59.3)
11 (18.6)
13 (22.1)

53 (89.8)
6(10.2)

54 (91.5)
5 (8.5)

26 (44.1)
33 (55.9)

33 (55.9)
11 (18.6)
6(10.2)
5 (8.5)
2(3.4)
2(3.4)

21 (35.6)

26 (44.1)
10 (16.9)
2 (3.4)

18 (30.5)
41 (69.5)

45 (76.3)
14 (23.7)

39 (66.1)
20 (33.9)

28 (47.5)
31 (52.5)

25 (42.4)
17 (28.8)
17 (28.8)

32 (1, 95)
10 (1, 20)
35 (5, 54)
7 (2.07, 14.93)
4.09 (0.63, 19.42)
2015 (2008 - 2017)

25 (52.1)
11(22.9)
12 (25.0)

42 (87.5)
6 (12.5)

43 (89.6)
5(10.4)

23 (47.9)
25 (52.1)

27 (56.2)
9(18.8)
5(10.4)
3(6.2)

2(4.2)

2(4.2)

16 (33.3)

22 (45.8)
8 (16.7)
2(4.2)

15 (31.2)
33 (68.8)

35 (72.9)
13 (27.1)

32 (66.7)
16 (33.3)

22 (45.8)
26 (54.2)

22 (45.8)
11 (22.9)
15 (31.2)

40 (1, 93)
9.50 (1, 20)
35 (5, 54)

6.92 (2.07, 14.93)

410 (0.63, 11.16)

2015 (2009 - 2017)

10 (90.9)
0(0.0)
1(9.1)

11(100.0)
0(0.0)

11 (100.0)
0 (0.0)

3(27.3)
8 (72.7)

6 (54.5)
2(18.2)
1(9.1)
2(18.2)
0(0.0)
0(0.0)

4(36.4)
7 (63.6)

5 (45.5)
4 (36.4)
2(18.2)
0 (0.0)

3(27.3)
8 (72.7)

10 (90.9)
1(9.1)

7 (63.6)
4 (36.4)

6 (54.5)
5 (45.5)

3(27.3)
6 (54.5)
2(18.2)

30 (5, 95)

11 (3, 18)

36 (17, 52)
7.07 (2.21, 14.40)
3.40 (1.80, 19.42)
2014 (2008 - 2017)

0.077

0.582

0.572

0.316

0.877

NA

0.838

0.269

0.741

0.140

0.690
0.488
0.778
0.884
0.823
0.186

Abbreviations: DSA, donor-specific anti-HLA antibodies; CMV, cytomegalovirus; RIC, reduced-intensity conditioning; MAC,
myeloablative conditioning; rATG, rabbit anti-thymocyte globulin; FA, Fanconi anemia; SAA, Acquired severe aplastic anemia;
ALD, Adrenoleukodystrophy; CAMT, Congenital amegakaryocytic thrombocytopenia; DC, Dyskeratosis Congenita; WAS, Wiskott—
Aldrich syndrome; HvG, host-versus-graft; KIR, killer immunoglobulin-like receptor; TNC, total nucleated cell; BMT, Bone marrow

transplant. Significant values are in bold.
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TABLE 3. MULTIVARIABLE MODELS FOR THE HAPLO-PTCY OUTCOMES.
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Neutrophil recovery* Adjusted SHR (95% CI) P-value
Model 1: DSA status
DSA negative 1 (Reference) -
DSA positive 0.28 (0.12-0.7) 0.006
Model 2: DSA desensitization
DSA negative 1 (Reference) -
Treated DSA 0.73 (0.3-1.77) 0.48
Untreated DSA 0.15 (0.03-0.63) 0.001
Platelet recovery* Adjusted SHR (95% ClI) P-value
Model 1: DSA status
DSA negative 1 (Reference) -
DSA positive 0.18 (0.09-0.38) <0.001
Model 2: DSA desensitization
DSA negative 1 (Reference) -
Treated DSA 0.26 (0.10-0.68) 0.006
Untreated DSA 0.13 (0.04-0.37) <0.001
Graft failure$ Adjusted SHR (95% CI) P-value
Model 1: DSA status
DSA negative 1 (Reference) -
DSA positive 11.90 (3.56-39.81) <0.001
Model 2: DSA desensitization
DSA negative/Treated DSA 1 (Reference) -
Untreated DSA 20.57 (6.57-64.43) <0.001
Event-free survival* Adjusted HR (95% CI) P-value
Model 1: DSA status
DSA negative 1 (Reference) -
DSA positive 4.07 (1.69-9.81) 0.002
Model 2: DSA desensitization
DSA negative 1 (Reference) -
Treated DSA 1.57 (0.35-6.92) 0.56
Untreated DSA 10.09 (3.37-30.22) <0.001
Qverall survival Adjusted HR (95% Cl) P-value
Model 1: DSA status*
Before day +360
DSA negative 1 (Reference) -
DSA positive 9.32 (1.75-49.6) 0.009
After day +360
DSA negative 1 (Reference) -
DSA positive 0.57 (0.04-8.77) 0.69
Model 2: DSA desensitization
DSA negative 1 (Reference) -
Treated DSA 2.19 (0.49-9.81) 0.31
Untreated DSA 5.56 (1.92-16.12) 0.002

Abbreviations: SHR, subdistribution hazard ratio; HR, hazard ratio

*Neutrophil recovery: Final model adjusted for diagnosis and TNC.

*Platelet recovery: Final model adjusted for In vivo T-cell depletion with rATG.
SGraft failure: Final model adjusted for diagnosis.

‘Event-free survival: Final model adjusted for In vivo T-cell depletion with rATG.

#Qverall survival: We observed a violation in the proportional hazard assumption (P=.033), and thus, follow-up time was split
considering day +365, and the proportional hazard assumption was held both before and after day +365; DSA was the only
significant predictor for OS in final models 1 and 2.



SUPPLEMENTAL TABLE 1.

RECOVERY AND GRAFT FAILURE.
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UNIVARIABLE ANALYSES FOR NEUTROPHIL AND PLATELET

Variable n 28-day NR (95% CI) P-value 28-day PR (95% CI) P-value 100-day GF (95% CI) P-value
ABO
ABO Match 35 0.857(0.680-0.940) 0.721 0.600 (0.416-0.743) 0.088 0.200 (0.087-0.347) 0.349
ABO Minor mismatch 11 0.909 (0.294-0.993) 0.909 (0.292-0.993) 0.182 (0.025-0.455)
ABO Major mismatch 13 NA (NA-NA) 0.923 (0.360-0.994) NA (NA-NA)
Patient age (Median)
<10 years 28 0.964 (0.638-0.997) 0.161 0.821 (0.608-0.925) 0.072 0.179 (0.063-0.341)  0.869
210 years 31 0.839(0.643-0.932) 0.645 (0.445-0.789) 0.129 (0.040-0.273)
Donor age (Median)
<35 years 28 0.893(0.678-0.967) 0.036 0.714 (0.499-0.850) 0.503 0.107 (0.026-0.254) 0.429
=35 years 31 0.903 (0.708-0.970) 0.742 (0.541-0.865) 0.194 (0.077-0.349)
In vivo T-cell depletion
with rATG
Yes 27 0.963 (0.625-0.997) 0.059 0.852 (0.631-0.946) 0.003 0.111 (0.027-0.262) 0.468
No 32 0.844 (0.654-0.934) 0.625 (0.430-0.770) 0.188 (0.075-0.340)
Recipient/donor CMV
serostatus
R+/D+ 53 0.925(0.800-0.973) 0.407 0.717 (0.572-0.820) 0.877 0.170 (0.083-0.283) 0.848
Others 6 0.667 (0.125-0.924) 0.833 (0.020-0.992) 0.000 (0.000-0.000)
Conditioning regimen
RIC 54 0.889 (0.764-0.950) 0.945 0.704 (0.560-0.808) 0.532 0.167 (0.081-0.278) 0.99
MAC 5 NA (NA-NA) 1.000 (0.000-1.000) 0.000 (0.000-0.000)
Diagnosis
Inherited BMF 40 0.975(0.732-0.998) 0.005 0.725 (0.553-0.840) 0.29 0.100 (0.031-0.217) 0.026
Acquired SAA 11 0.636 (0.270-0.855) 0.636 (0.272-0.855) 0.182 (0.025-0.456)
Qther NMDs 8 NA (NA-NA) 0.875 (0.172-0.990) 0.375 (0.072-0.694)
Donor type
Father 21 0.905(0.615-0.980) 0.082 0.714 (0.456-0.866) 0.644 0.190 (0.057-0.383) 0.488
Mother 26 0.885 (0.664-0.964) 0.769 (0.544-0.893) 0.115 (0.028-0.271)
Others 12 0.917 (0.328-0.993) 0.667 (0.304-0.871) 0.167 (0.023-0.426)
DSA status
DSA negative 48 0958 (0.813-0.991) 0.043 0.854 (0.713-0.929) <0.001  0.083(0.026-0.183) 0.006
DSA positive 11 0.636 (0.266-0.857) 0.182 (0.025-0.456) 0.455 (0.149-0.721)
DSA desensitization
DSA negative 48 0.958 (0.813-0.991) 0.024 0.854 (0.713-0.929) 0.001 0.083 (0.026-0.183) <0.001
Treated DSA 4 NA (NA-NA) 0.250 (0.002-0.732) 0.000 (0.000-0.000)
Untreated DSA 7 0.429 (0.077-0.756) 0.143 (0.005-0.491) 0.714 (0.157-0.941)
HLA mismatches in HvG
direction
2-3 18 0.833 (0.531-0.949) 0.844 0.667 (0.388-0.840) 0.427 0.056 (0.003-0.231) 0.327
4-5 41 0927 (0.770-0.978) 0.756 (0.588-0.863) 0.195 (0.090-0.329)
KIR-ligand mismatch in
HvG direction
Match 45 0.889(0.746-0.954) 0.821 0.689 (0.528-0.804) 0.528 0.178 (0.082-0.303) 0.848
HvG Mismatch 14  0.929 (0.389-0.994) 0.857 (0.480-0.968) 0.071 (0.004-0.285)
Patient gender
Male 39 0.949(0.775-0.989) 0.540 0.744 (0.569-0.856) 0.798 0.154 (0.061-0.285) 0.816
Female 20 0.800 (0.528-0.925) 0.700 (0.437-0.858) 0.150 (0.035-0.340)
Donor gender
Male 28 0.893(0.677-0.968) 0.829 0.750 (0.535-0.876) 0.891 0.143 (0.044-0.298) 0.641
Female 31 0.903 (0.715-0.970) 0.710 (0.509-0.840) 0.161 (0.057-0.312)
TNC (Median)
27x108/kg 30 0.900 (0.695-0.970) 0.027 0.667 (0.462-0.808) 0.888 0.200 (0.079-0.360) 0.728
<7x10%kg 29 0.897 (0.691-0.968) 0.793 (0.586-0.904) 0.103 (0.025-0.246)
CD34* (Median)
24.09x10%kg 30 0.933(0.715-0.986) 0.026 0.767 (0.561-0.885) 0.315 0.100 (0.025-0.239) 0.662
<4.09x108/kg 29 0.862 (0.660-0.948) 0.690 (0.481-0.828) 0.207 (0.082-0.370)
Year of BMT (Median)
22015 33 0.939(0.740-0.987) 0.428 0.788 (0.596-0.896) 0.333 0.152 (0.054-0.295) 0.617
<2015 26 0.846 (0.625-0.942) 0.654 (0.432-0.806) 0.154 (0.047-0.318)

Abbreviations: NR, neutrophil recovery; PR, platelet recovery; GF, graft failure; Cl, confidence interval; rATG, rabbit anti-thymocyte
globulin; CMV, cytomegalovirus; RIC, reduced-intensity conditioning; MAC, myeloablative conditioning; BMF, Bone marrow failure;
SAA, acquired severe aplastic anemia; NMD, nonmaligant disorders; DSA, donor-specific anti-HLA antibodies; NA, not applicable;
HvG, host-versus-graft; KIR, killer immunoglobulin-like receptor; TNC, total nucleated cell; BMT, Bone marrow transplant.
Significant values are in bold.



SUPPLEMENTAL TABLE 2.
OVERALL SURVIVAL.
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UNIVARIABLE ANALYSES FOR EVENT-FREE SURVIVAL AND

Variable n 1-year EFS (95% CI) P-value 1-year OS (95% Cl) P-value
ABO
ABO Match 35 0.600 (0.420-0.740) 0.013 0.629 (0.448-0.765) 0.012
ABO Minor mismatch 11 0.636 (0.297-0.845) 0.818 (0.447-0.951)
ABO Major mismatch 13 NA (NA-NA) NA (NA-NA)
Patient age (Median)
<10 years 28 0.750 (0.546-0.872) 0.436 0.786 (0.584-0.898) 0.593
=210 years 31 0.645 (0.452-0.785) 0.710 (0.516-0.837)
Donor age (Median)
<35 years 28 0.714 (0.509-0.846) 0.913 0.750 (0.546-0.872) 0.939
235 years 31 0.677 (0.484-0.812) 0.742 (0.550-0.862)
In vivo T-cell depletion with rATG
Yes 27 0.815 (0.611-0.918) 0.033 0.852 (0.652-0.942) 0.052
No 32 0.594 (0.405-0.740) 0.656 (0.466-0.793)
Recipient/donor CMV serostatus
R+/D+ 53 0.698 (0.555-0.803) 0.386 0.755 (0.615-0.849) 0.221
Others 6 0.667 (0.195-0.904) 0.667 (0.195-0.904)
Conditioning regimen
RIC 54 0.685 (0.543-0.791) 0.445 0.722 (0.582-0.822) 0.168
MAC 5 0.800 (0.204-0.969) NA (NA-NA)
Diagnosis
Inherited BMF 40 0.750 (0.585-0.857) 0.586 0.775 (0.612-0.876) 0.883
Acquired SAA 11 0.636 (0.297-0.845) 0.636 (0.297-0.845)
Other NMDs 8 0.500 (0.152-0.775) 0.750 (0.315-0.931)
Donor type
Father 21 0.714 (0.472-0.860) 0.552 0.810 (0.569-0.924) 0.337
Mother 26 0.731 (0.517-0.862) 0.769 (0.557-0.889)
Others 12 0.583 (0.270-0.801) 0.583 (0.270-0.801)
DSA status
DSA negative 48 0.771 (0.625-0.866) <0.001 0.812 (0.671-0.898) 0.003
DSA positive 11 0.364 (0.112-0.627) 0.455 (0.167-0.707)
DSA desensitization
DSA negative 48 0.771 (0.625-0.866) <0.001 0.812 (0.671-0.898) 0.002
Treated DSA 4 0.750 (0.128-0.961) 0.750 (0.128-0.961)
Untreated DSA 7 0.143 (0.007-0.465) 0.286 (0.041-0.612)
HLA mismatches in HvG direction
2-3 18 0.722 (0.456-0.874) 0.639 0.722 (0.456-0.874) 0.264
4-5 41 0.683 (0.517-0.802) 0.756 (0.594-0.861)
KIR-ligand mismatch in HvG direction
Match 45 0.711 (0.555-0.821) 0.777 0.733 (0.578-0.839) 0.719
HvG Mismatch 14 0.643 (0.343-0.833) 0.786 (0.472-0.925)
Patient gender
Male 39 0.718 (0.549-0.833) 0.674 0.769 (0.603-0.873) 0.745
Female 20 0.650 (0.403-0.815) 0.700 (0.451-0.853)
Donor gender
Male 28 0.714 (0.509-0.846) 0.976 0.786 (0.584-0.898) 0.811
Female 31 0.677 (0.484-0.812) 0.710 (0.516-0.837)
TNC (Median)
=27x10%/kg 30 0.633 (0.436-0.778) 0.114 0.667 (0.469-0.805) 0.066
<7x10%/kg 29 0.759 (0.559-0.877) 0.828 (0.634-0.924)
CD34* (Median)
24.09x10%kg 30 0.733 (0.537-0.857) 0.510 0.767 (0.572-0.881) 0.708
<4.09x108/kg 29 0.655 (0.454-0.797) 0.724 (0.523-0.851)
Year of BMT (Median)
22015 33 0.727 (0.541-0.848) 0.223 0.788 (0.606-0.893) 0.134
<2015 26 0.654 (0.440-0.803) 0.692 (0.478-0.833)

Abbreviations: EFS, event-free survival; OS, overall survival; Cl, confidence interval; NA, not applicable; rATG, rabbit anti-thymocyte
globulin; CMV, cytomegalovirus; RIC, reduced-intensity conditioning; MAC, myeloablative conditioning; BMF, Bone marrow failure;
SAA, severe aplastic anemia; NMD, nonmaligant disorders; DSA, donor-specific anti-HLA antibodies; HvG, host-versus-graft; KIR,
killer immunoglobulin-like receptor; TNC, total nucleated cell; BMT, Bone marrow transplant. Significant values are in bold.
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SUPPLEMENTARY FIGURE S1. FALSE-POSITIVE DSA REACTIVITY WAS EVALUATED BY
ABSORPTION AND ELUTION PROTOCOL AND LIFECODES CLASS Il SAB PANEL. Four patients
had suspected class Il DSA reactivity (Patterns: Pan-DR reactivity; DR4/DR16/DP19;
DP1/DP5; DQA1*01:03/DQB1*06:03). These patterns had already been reported in males
without sensitizing events and were not justified by known epitopes in the HLA pattern
analysis. Three out of 4 DSAs were negative in the LIFECODES SAB testing, while the pan-
DR reactivity was also observed with high reactivity to self-HLA alleles. The
absorption/elution protocol was carried out to validate the LIFECODES findings and assess
the DSA binding to native HLA antigens on donor cells. All four suspected DSAs were not
eluted from donor cells, indicating that the LABSCREEN DSA reactivity was specific to
denatured antigens on the beads. The eluate results support the false-positive DSAs

assignment and the change of these antibodies for the DSA negative group.
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The presence of donor-specific anti-human leukocyte antigen (HLA) anti-
bodies (DSAs) has been recognized as a major risk factor for graft failure
(GF) after haploidentical hematopoietic cell transplantation with post-
transplant cyclophosphamide (haplo-PTCy). However, the role of DSAs in sal-
vage haplo-PTCy for rescuing patients with nonmalignant disorders (NMDs)
has not yet been reported. The present study retrospectively analyzed
22 patients with NMDs who underwent salvage haplo-PTCy from January
2008 to December 2017. The median age at the time of the rescue haplo-PTCy
was 9 years (range, 1-26 years). Median time from the first transplant to sec-
ond haplo-PTCy was 56 days (range, 37-591 days). Among all patients, six
(27.3%) had DSAs, with a median DSA strength (mean fluorescence intensity
[MFI]) of 5201 (range, 1412-11,543) in the first DSA testing. In addition, the
median DSA MFI was 2672 (range, 832-10,498) before the bone marrow infu-
sion. Overall, GF occurred in 5 (25%) of the 20 assessable patients. Three of four
(75%) patients with DSAs experienced GF versus 2 of 16 (12.5%) DSA-negative
patients (P = 0.032). The median DSA MFT for patients with GF was 6437 (range,
1412-10,498) versus 1845 (range, 832-2672) for those who engrafted or had
early death (P = 0.030). One-year event-free survival was significantly lower in
DSA-positive patients than in those without DSAs (16.7% vs. 62.5%, P = 0.002).
DSA-negative patients had an acceptable 1-year survival of 62.5%. In conclusion,
this study suggests that DSAs may be associated with deleterious outcomes after
salvage haplo-PTCy in patients with NMDs,
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donor-specific anti-HLA antibodies, graft failure, nonmalignant disorders, posttransplant
cyclophosphamide, salvage haploidentical transplant
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ABSTRACT

The presence of donor-specific anti-HLA antibodies (DSAs) has been recognized as
a major risk factor for graft failure (GF) after haploidentical hematopoietic cell
transplantation with posttransplant cyclophosphamide (haplo-PTCy). However, the
role of DSAs in salvage haplo-PTCy for rescuing patients with nonmalignant
disorders (NMDs) has not yet been reported. The present study retrospectively
analyzed 22 patients with NMDs who underwent salvage haplo-PTCy from January
2008 to December 2017. The median age at the time of the rescue haplo-PTCy was
9 years (range, 1-26 years). Median time from the first transplant to second haplo-
PTCy was 56 days (range, 37-591 days). Among all patients, six (27.3%) had DSAs,
with a median DSA strength (mean fluorescence intensity - MFI) of 5201 (range,
1412-11543) in the first DSA testing. In addition, the median DSA MF| was 2672
(range, 832-10498) before the bone marrow infusion. Overall, GF occurred in five
(25%) of the 20 assessable patients. Three of four (75%) patients with DSAs
experienced GF versus two of 16 (12.5%) DSA-negative patients (P=0.032). The
median DSA MFI for patients with GF was 6437 (range, 1412-10498) versus 1845
(range, 832-2672) for those who engrafted or had early death (P=0.030). One-year
event-free survival was significantly lower in DSA-positive patients than in those
without DSAs (16.7% vs. 62.5%, P=0.002). DSA-negative patients had an acceptable
one-year survival of 62.5%. In conclusion, this study suggests that DSAs may be
associated with deleterious outcomes after salvage haplo-PTCy in patients with
NMDs.

Keywords: Donor-specific anti-HLA antibodies, nonmalignant disorders, graft failure,
salvage haploidentical transplant, posttransplant cyclophosphamide.
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4.2.1 Introduction

Allogeneic hematopoietic cell transplantation (HCT) is a potentially curative
treatment for patients with nonmalignant disorders (NMDs)'. However, graft failure
(GF) remains an important cause of morbidity and mortality after allogeneic HCT in
these patients. Indeed, some reports have shown that patients with NMDs had a
three times higher risk of GF than those with malignancies? 3. Additionally, GF occurs
more frequently in patients with NMDs undergoing alternative donor transplantation*
5.

The pathogenesis of GF is likely multifactorial, with several known risk
factors®. Recently, the presence of donor-specific anti-HLA antibodies (DSAs) has
been recognized as a major risk factor for GF after alternative donor HCT for
malignant diseases’®°. Nonetheless, data on preformed DSAs and GF occurrence are
still limited for patients with NMDs undergoing alternative donor HCT'% 11,

Without autologous recovery, patients with GF need urgent rescue HCT, as
prolonged cytopenia is associated with significant risks of life-threatening infections
and hemorrhage. Presently, there is no consensus regarding the optimal treatment
for patients with GF'2. In this sense, haploidentical HCT with posttransplant
cyclophosphamide (haplo-PTCy) as graft-versus-host disease (GVHD) prophylaxis
may be a valuable option for rescue transplants'3. Most patients in need of an urgent
transplant have at least one haploidentical donor readily available and highly
motivated for donation.

Currently, the role of DSAs on salvage haplo-PTCy outcomes is still
debatable. Srour and colleagues described that DSAs were associated with high
nonrelapse mortality and poor survival in 29 patients with malignancies who
underwent a second haplo-PTCy for relapse’™. On the other hand, Giammarco et al.
showed that the presence of DSAs had not affected engraftment in 19 patients
receiving salvage haplo-PTCy for primary GF'. To our knowledge, the impact of
DSAs in salvage haplo-PTCy for rescuing patients with NMDs has not yet been
reported.

To address this gap, we retrospectively investigated the influence of DSAs on
the occurrence of GF in patients with NMDs who underwent salvage haplo-PTCy. We
also evaluated whether the presence of DSAs influenced survival outcomes.
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4.2.2 Methods

4.2.2.1 Patient data

The present study included 22 children, adolescents, and young adults
diagnosed with NMDs who underwent salvage haplo-PTCy at the Federal University
of Parana, Curitiba, Brazil from January 2008 to December 2017. This retrospective
study was approved by the institutional review board (number
96085718.6.0000.0096).

4.2.2.2 HLA typing

Patients and haploidentical donors were routinely typed for HLA-A, -B, -C, -
DRB1, and -DQB1 loci at medium resolution level by reverse sequence-specific
oligonucleotides LABType (One Lambda Inc., Canoga Park, CA, USA) and/or
sequence-based typing method (SeCore® SBT, One Lambda). Patients with HLA-
DP, -DR52, -DR53, and -DR51 antibodies were also typed for HLA-DPB1, -DRB3, -
DRB4, and -DRBS5 loci, respectively.

4.2.2.3 Anti-HLA antibody detection

Anti-HLA antibody evaluation was performed by bead-based technology using
LABScreen Single Antigen Beads (SAB) panels (One Lambda, Inc., Canoga Park,
CA). Given that several lots of SAB reagents were used from 2008 to 2017 and
protocol to mitigate the complement-mediated interference was not performed before
2014, we have repeated  the HLA  antibody  assessment on
ethylenediaminetetraacetic acid (EDTA)-treated sera using current LABScreen SAB
class | (LS1A04, lot 12) and class Il (LS2A01, lot 13) panels on FlexMap 3D
instrument (Luminex, Austin, TX). DSA-positive samples were also tested with the
C1q binding assay (C1qgScreen™, One Lambda Inc., Canoga Park, CA) and
LABScreen Single Antigen ExPlex (One Lambda, Inc., Canoga Park, CA). All tests
were performed according to the manufacturer's instructions. Mean fluorescence
intensity (MFI) >1000 was considered positive, and MFI <1000 and >500 was
considered potentially positive, based on epitope reactivity patterns and cross-

reactive groups'® 7. HLA epitope pattern analyses were retrospectively performed
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with HLA Fusion MatchMaker software (Version 4.4). Cell-based crossmatches were

not performed during the study period.

4.2.2.4 Preparatory regimen and GVHD prophylaxis

All recipients received a reduced intensity conditioning regimen, 95.4% of
which were fludarabine-based'®. Fourteen out of 22 patients (63.6%) received a
Baltimore conditioning regimen consisting of fludarabine (150 mg/m2), low-dose
cyclophosphamide (29 mg/kg), and low-dose total body irradiation (TBI) (200 cGy), 2
of them associated with anti-thymocyte globulin (4.5 mg/kg). The regimen was
selected at the physician’s discretion. All patients received unmanipulated bone
marrow as graft source. GVHD prophylaxis consisted of cyclophosphamide (50
mg/kg/day on days +3 and +4) and cyclosporine A (trough targeted level of 150 to
200 mg/L) plus mycophenolate mofetil (45mg/kg/day with a maximum of 3g/day)
starting on day +5. Patients with Fanconi anemia received a dose-adapted PTCy

approach, as previously described®.

4.2.2.5 Definitions and endpoints

The primary endpoint of the study was GF. The secondary endpoints were
event-free survival (EFS) and overall survival (OS). GF was defined as either lack of
engraftment of donor cells by day +28 (primary GF) or loss of donor cells after initial
engraftment (secondary GF). Poor graft function (PGF) was defined as the presence
of three cytopenic counts (absolute neutrophil count < 0.5 x10%L, platelet count <
20x10%L, and hemoglobin <80 g/L) with complete donor chimerism?°. Primary GF,
secondary GF, and PGF were considered together as a single outcome. Early death
was defined as death before day +21 posttransplant?'. Complete donor chimerism
was defined as 295% leukocytes of donor origin in peripheral blood samples. Mixed
chimerism was defined as more than 5% but less than 95% leukocytes of donor
origin. EFS was defined as survival with sustained engraftment. For this endpoint,
either death, GF, or PGF were considered an event. OS was defined as the time
from rescue transplantation to death from any cause, and surviving patients were

censored at the last follow-up??.
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4.2.2.6 Statistical analysis

Categorical variables were compared between groups utilizing Fisher’s exact
test, and continuous variables were compared by the Mann-Whitney U test. GF was
expressed as the number and percentage of evaluable patients and compared with
Fisher’'s exact test. The probabilities of EFS and OS were estimated according to the
Kaplan-Meier method and compared among groups by the log-rank test. The
prognostic effect of GF on OS was assessed by a univariable Cox regression model,
using GF as a time-dependent variable. In our analyses, continuous variables were
dichotomized into categorical variables by treating the median value as a threshold.
The following covariates were considered for univariable analyses: ABO (match vs.
mismatch), conditioning regimen (fludarabine, TBI, and cyclophosphamide vs.
others), in vivo T-cell depletion with antithymocyte globulin (no vs. yes), diagnosis
(acquired severe aplastic anemia vs. others), DSA (negative vs. positive), HLA
mismatch in the host-versus-graft (HvG) direction (2-3 vs. 4-5), killer immunoglobulin-
like receptor-ligand mismatch in the HvG direction (match vs. mismatch), CD34* cells
(< median vs. =2 median), total nucleated cell dose (< median vs. =2 median), patient
age (< median vs. = median), donor age (< median vs. = median), and time from first
transplant to salvage haplo-PTCy (< median vs. = median). Multivariable analyses
were not performed in this cohort due to the limited sample size. P values < 0.05
were considered statistically significant. All statistical analyses were performed with

EZR version 1.53 (Saitama Medical Centre, Jichi Medical University)?? 23,

4.2.3 Results

4.2.3.1 Patient-, donor-, and transplantation-related characteristics

Patient, donor, and transplant series characteristics are summarized in Table
1. The donor types of the first HCT included 9 unrelated donors, 6 haploidentical
donors, 6 umbilical cord blood units, and one HLA-identical sibling. All patients were
rescued from either primary GF (13/22, 59.1%) or secondary GF (9/22, 40.9%). The
median time from first transplant to salvage haplo-PTCy was 56 days (range, 37-591
days). The median age of patients at the salvage haplo-PTCy was 9 years (range, 1-

26), and 95.4% of the patients were under or equal to 18 years. The most frequent
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NMDs were acquired severe aplastic anemia (SAA) (8/22, 36.4%) and Fanconi
anemia (7/22, 31.8%). All second transplants were performed with a different donor
from the first HCT. The median doses of infused total nucleated cells and CD34+
cells were 7.04 x 108/kg (range, 2.34-12.80 x 108/kg) and 3.05 x 10%/kg (range, 1.45-
7.63 x 10%/kg), respectively.

4.2.3.2 HLA allosensitization and DSA assessment

Among all patients studied, 17 (77.3%) had anti-HLA antibodies. Five of them
(22.7%) had anti-HLA class |, one (4.6%) had anti-HLA class Il, and 11 (50%) had
antibodies against both HLA classes. Six patients (27.3%) were DSA-positive. Of
them, three patients (P13, P16, and P22) had one DSA, one patient (P14) had two
DSAs, and two patients (P1 and P10) had three DSAs, with a median DSA MFI of
5201 (range, 1412-11543) in the first SAB assessment (Table 2). After repetition with
EDTA-treated samples, the DSAs strength demonstrated either an increase (P14,
DR52 MFI: from 484 to 10498; P16, B13 MFI: from 2452 to 7673) or no change in
MFI values. All DSAs were C1g-negative (Supplementary Figure S1). Only two
patients with DSAs (P1 and P13) were desensitized with rituximab and plasma
exchange. Following the desensitization therapy and before the bone marrow
infusion, the median MFI was 2672 (range, 832-10498) among the 11 DSAs. Two
patients (P10 and P14) had donor HLA allele incompatibilities not represented in the
SAB class Il panel (P10: DRB1*11:02 and DQB1*03:19; P14: DRB1*13:02) used at
second haplo-PTCy. Retrospective epitope analysis with SAB ExPlex confirmed the
presence of donor epitope-specific reactivity against these missing HLA mismatches
(Supplementary Figure S2). Moreover, P10 had an additional low-level DSA against
HLA-DP17 mismatch (MFI=1412). Epitope analysis showed that this DSA was
specific for a public epitope 56E, which was shared by 19 cross-reactive HLA-DP
antigens (median MFI=1723). This so-called “shared-epitope phenomenon” diluted
the MFI signal among all DP molecules sharing the donor-specific epitope, thus

leading to an underestimation of the actual anti-DP17 DSA strength.

4.2.3.3 Engraftment, graft failure and chimerism
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Overall, the cumulative incidence of neutrophil engraftment at day +28 was
72.7%, with a median engraftment time of 18.5 days (range, 12-29). The cumulative
incidence of platelet engraftment at day +28 was 65.7%, with a median engraftment
time of 25 days (range, 14-34). Two DSA-positive patients died early at days +3 and
+11 and were not evaluated for engraftment failure. Overall, GF occurred in 5 (25%)
of the 20 assessable patients. Among the five patients with GF, three had primary
GF, one had secondary GF at day +34, and one had secondary PGF at day +41.
Three of four (75%) DSA-positive patients experienced GF versus two of 16 (12.5%)
patients without DSAs (P=0.032; Table 3). Notably, one DSA-positive patient who
engrafted (P14) was desensitized with rituximab and two sessions of plasma
exchange. This patient achieved neutrophil and platelet engraftment at days +13 and
+14, respectively. The median DSA MFI for patients with GF was 6437 (range, 1412-
10498) versus 1845 (range, 832-2672) for those who engrafted or had early death
(P=0.030; Mann-Whitney U test). In addition, patients with acquired SAA had a
higher incidence of GF (4/8, 50%) compared to other NMDs (1/12, 8.3%), although
this difference was not statistically significant (P=0.109). No other patient-, donor-, or
transplant-related variables were associated with engraftment failure (P >.05; Table
3).

Data on chimerism at day +30 were available from 19 patients (95%) of the 20
assessable patients. Fourteen patients with sustained hematologic recovery had
complete donor chimerism, with 100% donor cells. One DSA-positive patient (P10),
who achieved neutrophil engraftment at day +16 and platelet engraftment at day +21,
showed mixed chimerism with 21% donor cells at day +30. The chimerism analysis
was repeated at day +34 and confirmed secondary GF with undetectable donor cells.
One patient without DSAs (P6), with previous neutrophil and platelet engraftment at
days +16 and +19, developed pancytopenia after CMV reactivation at day +28.
Chimerism testing at days +30 and +41 showed 100% donor cells in the context of
persistent pancytopenia, thereby confirming secondary PGF. All three patients with
primary GF had 0% donor cells at day +30.

Among the five patients with GF, only two underwent a third transplant. Both
had DSAs before the second haplo-HCT. Patient P10 found a 12/12 identical cousin
in the extended family search. This child fully engrafted and was alive and disease-
free at the last follow-up. Patient P14 underwent desensitization (rituximab and three

plasma exchange sessions) before the third transplant with peripheral blood cells
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from the mother. A significant MFI reduction was obtained after desensitization
(DSA’s MFI=0). This patient had neutrophil engraftment at day +14 but died of fungal

infection at day +18.

4.2.3.4 Survival outcomes

The EFS and OS of the entire cohort at one year were 50.0% (95% CI, 28.2%-
68.4%), and 54.5% (95% ClI, 32.1%-72.4%), respectively. The median follow-up
among the survivors was 1399 days (range, 448-2752 days). The 1-year EFS was
significantly lower in DSA-positive patients than in those without DSAs (16.7% vs.
62.5%, P=0.002; Figure 1A). A trend for lower 1-year OS was observed in patients
with DSAs than in patients with no DSAs (33.3% vs. 62.5%; P=0.076; Figure 1B).
Moreover, patients with acquired SAA showed a trend for worse EFS (P=0.093) and
a marginally significant difference for poor OS (P=0.049). None of the other
covariates were associated with EFS or OS (P>0.05; Table 4). Four patients with GF
died within a median time of 62 days after rescue transplant. Thus, GF as a time-
dependent variable was significantly associated with inferior OS (HR 5.46; 95% CI:
1.18-25.85; P=0.029).

4.2 .4 Discussion

In this retrospective single-center study, we evaluated the contribution of
DSAs on the incidence of GF, EFS, and OS following second haplo-PTCy in patients
with nonmalignant disorders. Our findings suggest that the presence of DSAs was
associated with an increased risk of GF and poor EFS after second haplo-PTCy. To
the best of our knowledge, the present study is the first to address the impact of
DSAs in patients with NMDs undergoing a rescue haploidentical transplant with
PTCy platform.

Pretransplant DSAs have been recognized as a maijor risk factor for GF in
distinct haploidentical platforms for malignant diseases. In the context of T-cell
replete haplo-PTCy, DSAs were associated with deleterious outcomes in some” 24
but not all studies®. Nevertheless, the role of DSAs in haplo-PTCy for NMDs is not
well established. Kurzay et al.?6 showed complete engraftment in four patients with

moderate-level DSAs undergoing Haplo-PTCy for inborn errors. In contrast, Clay et
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al.’® described two DSA-mediated GF in a small case series of refractory SAA
patients treated with peripheral blood haplo-PTCy. In this study, we observed a
nonsignificant trend of increased incidence of GF in patients with acquired SAA after
rescue haplo-PTCy. However, due to the small GF number in our cohort, we could
not fit a logistic regression model to assess whether the DSAs and acquired SAA
diagnosis were independent GF predictors after salvage haplo-PTCy. Therefore, our
results should be interpreted with caution.

Evidence on the role of DSAs after second haplo-PTCy is scarce' 15
Although Srour et al. showed that DSAs were associated with poor survival
outcomes, Giammarco et al. failed to confirm the deleterious effects of preexisting
DSAs after rescue transplant. However, data on DSA strength and specificity were
not detailed in those reports. In salvage haplo-PTCy for NMDs, the impact of DSAs
has not yet been reported. Fernandes et al.?” described the results of 12 pediatric
patients with NMDs who received salvage HCT from haploidentical grafts with PTCy
prophylaxis. All but one who died early had sustained engraftment, with complete
donor chimerism. Information on DSA status was not reported in this small case
series. Likewise, Prata et al.?® published the outcomes of 24 patients rescued with
haploidentical transplants with the PTCy platform. However, only four patients had
NMDs, and data on DSAs were not available.

Several studies in the haploidentical donor setting have reported distinct cutoff
values for HLA antibody determination, ranging from 500 to 5000 MFI2* 25 29 As
indicated by the European Society for Blood and Marrow Transplantation consensus
guidelines for the detection and treatment of DSAs, a threshold of 1000 MFI is used
to determine HLA antibody positivity®°. Nonetheless, some authors have argued that
using a strict MFI value may jeopardize HLA antibody detection'® 7. Currently, it is
well recognized that SAB panels have some intrinsic limitations that may lead to
false-positive and false-negative results3'. Indeed, some DSAs above the cutoff may
represent false-positive reactions specific to the denatured HLA antigens on the
beads?®2. Conversely, DSA reactivity may be below a given cutoff due to the "shared
epitope phenomenon"3® or complement-mediated inhibition. A false-negative DSA
assessment may also occur when donor alleles are not present in the SAB panel.
Importantly, the GFs experienced by P10 and P14 underscore how a false-negative
assignment may adversely affect DSA risk stratification. Therefore, a thorough SAB
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analysis, considering not only a fixed cutoff but also epitope pattern analysis, may
provide a more accurate DSA characterization.

It has been suggested that DSAs against high expression HLA loci (i.e., HLA-
A, -B, and -DRB1) may be more detrimental compared with DSAs directed to low-
expression loci4. In our case-series, three patients with GF had at least one DSA
directed to HLA-B or -DR antigens. Interestingly, Bettinotti et al. have shown that
HLA-A, -B, and -DR are expressed in higher levels on CD34+ cells®, and therefore
may be more pathogenic in the context of HLA-mismatched transplants. We
speculate that even low/moderate level DSAs against highly expressed HLA antigens
may be associated with poor outcomes. Thus, whether DSAs directed to high-
expression HLA antigens are more deleterious after the haplo-PTCy platform
remains to be established.

The exact mechanism of DSA-mediated GF is not entirely understood. Pre-
clinical studies®® 37 and earlier clinical reports3® 3° support that DSA-mediated
rejection may occur either by antibody-dependent cell-mediated cytotoxicity or
complement-mediated cytotoxicity. Currently, it is well established that the likelihood
of GF increases with higher DSA levels and that high MFI values on SAB assays are
correlated with C1q positivity*® 41, In this sense, Ciurea et al.” have reported that
C1qg-positive DSAs were significantly associated with a higher risk of GF after first
haplo-PTCy. In our study, three DSA-positive patients who experienced GF were
C1g-negative, with DSA MFI varying from 1412 to 10498 in the regular SAB assay.
Thus, the influence of moderate-level, C1g-negative DSAs on GF incidence after
second haplo-PTCy merits further investigation.

Since a second GF after rescue transplant is associated with poor survival,
selecting a DSA-negative donor is paramount to maximizing the haplo-PTCy
outcomes. When only DSA-positive donors are available, a desensitization therapy
should be performed to favor engraftment after the salvage transplant3. Although an
optimal desensitization strategy has not yet been established, the MD Anderson and
Johns Hopkins protocols” 42 have shown promising results. Nevertheless, in low-
income countries, including Brazil, access to desensitization therapies may be limited
because of the high costs associated with the procedure. In our study, the only DSA-
positive patient with sustained engraftment was treated with plasmapheresis and
rituximab. Notably, three patients with untreated DSAs failed to engraft, which is

consistent with previous studies?*.
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The occurrence of a second GF after rescue HCT has been associated with
dismal overall survival*® 44, In the present study, four out of 5 patients who failed to
engraft died within a median time of 62 days after rescue haplo-PTCy. The entire
cohort's OS at one year was 54.5%, which is similar to that reported by other studies
with a PTCy platform'* 28, On the other hand, Fernandes et al.?” reported a higher
survival probability, with 10 out of 12 (83.3%) patients alive at a median follow-up of
45 months. In our study, DSA-negative patients had an acceptable 1-year OS of
62.5%. Based on our findings and recent recommendations by the European Society
for Blood and Marrow Transplantation consensus for donor selection in haplo-HCT#°,
a DSA-negative donor should be chosen for patients with NMDs to avoid a second
GF and poor survival after second haplo-HCT.

This study has some limitations. First, it is a single-center retrospective study.
Second, our study included a small sample size with heterogeneous nonmalignant
disorders. Third, multivariable analyses were not performed because of the small
number of events. Nevertheless, it remains the largest series of children,
adolescents, and young adults with NMDs who have undergone salvage haplo-PTCy
for GF.

In conclusion, this study showed that the presence of DSAs appears to be
associated with increased risks of GF and inferior EFS after second haplo-PTCy in
patients with NMDs. Consequently, DSA-positive donors should be avoided for
rescue haploidentical transplants, and when not possible, desensitization therapy
should be performed in patients with DSAs. Further studies are warranted to validate

our results.
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TABLE 3. UNIVARIABLE ANALYSIS FOR GRAFT FAILURE

GF*

Variables P-value*
No (n=15) Yes (n=5)

ABO
Match 10 (83.3) 2 (16.7) 0.347
Mismatch 5 (62.5) 3(37.5)

Patient age
<9 years 8 (80.0) 2 (20.0) 1
29 years 7 (70.0) 3(30.0)

Donor age
< 36 years 8 (88.9) 1(11.1) 0.319
= 36 years 7 (63.6) 4(36.4)

Conditioning regimen
Flu + Cy + TBI 9 (69.2) 4 (30.8) 0.613
Others 6 (85.7) 1(14.3)

In vivo T-cell depletion with ATG
No 12 (70.6) 5(29.4) 0.539
Yes 3 (100.0) 0 (0.0)

Diagnosis
Other NMDs 11(91.7) 1(8.3) 0.109
Acquired SAA 4 (50.0) 4 (50.0)

DSA
Negative 14 (87.5) 2(12.5) 0.032
Positive 1(25.0) 3(75.0)

HLA mismatches in HvG direction
2-3 HLA mismatches 3 (50.0) 3 (50.0) 0.131
4-5 HLA mismatches 12 (85.7) 2(14.3)

KIR-Ligand mismatch in HvG direction
Match 10 (71.4) 4 (28.6) 1
HvG Mismatch 5(83.3) 1(16.7)

TNC (x10%kg)
<7.04 6 (66.7) 3(33.3) 0.617
z7.04 9 (81.8) 2(18.2)

CD34 (x10%kg)
<3.05 7 (70.0) 3 (30.0) 1
23.05 8 (80.0) 2(20.0)

Time between 1st and 2nd HCT (days)
<56 days 8 (72.7) 3(27.3) 1
2 56 days 7(77.8) 2(22.2)

GF indicates graft failure; Flu, fludarabine; Cy, cyclophosphamide; TBI, total body irradiation; ATG,
antithymocyte globulin; SAA, severe aplastic anemia; NMDs, nonmalignant diseases; DSA, donor-
specific anti-HLA antibodies; HvG, host-versus-graft; KIR, Killer immunoglobulin-like receptor; TNC, total
nucleated cells; 1st, first; 2nd, second; HCT, hematopoietic cell transplantation.

*Two patients with early death were not evaluated for graft failure

*Fisher's exact test; Significant values are in bold



TABLE 4. UNIVARIABLE ANALYSES FOR EFS AND OS
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Variables n EFS P-value® 0s P-value*

ABO
Match 13 0.615(0.308-0.818) 0.215 0.692 (0.373-0.872) 0.132
Mismatch 9 0.333(0.078-0.623) 0.333 (0.078-0.623)

Patient age
< 9 years 10 0.600 (0.253-0.827) 0.276 0.700 (0.329-0.892) 0.150
2 9 years 12 0.417 (0.152-0.665) 0.417 (0.152-0.665)

Donor age
< 36 years 11 0.545(0.229-0.780) 0.734 0.636 (0.297-0.845) 0.488
2 36 years 11 0.455 (0.167-0.707) 0.455 (0.167-0.707)

Conditioning regimen
Flu + Cy + TBI 14 0.429 (0.177-0.660) 0.452 0.500 (0.229-0.722) 0.639
Others 8 0.625 (0.229-0.861) 0.625 (0.229-0.861)

In vivo T-cell depletion with ATG
No 18 0.444 (0.216-0.651) 0.396 0.500 (0.259-0.701) 0.486
Yes 4 0.750 (0.128-0.961) 0.750 (0.128-0.961)

Diagnosis
Other NMDs 14 0.635(0.331-0.830) 0.093 0.714 (0.406-0.882) 0.049
Acquired SAA 8 0.250 (0.037-0.558) 0.250 (0.037-0.558)

DSA
Negative 16 0.625(0.349-0.811) 0.002 0.625 (0.349-0.811) 0.074
Positive 6 0.167 (0.008-0.517) 0.333 (0.046-0.676)

HLA mismatches in HvG direction
2-3 HLA mismatches 7 0.429(0.098-0.734) 0.476 0.429 (0.098-0.734) 0.367
4-5 HLA mismatches 15 0.533 (0.263-0.744) 0.600 (0.318-0.797)

KIR-Ligand mismatch in HvG

direction
Match 16 0.492 (0.236-0.706) 0.809 0.562 (0.295-0.762) 0.949
HvG Mismatch 6 0.500(0.111-0.804) 0.500 (0.111-0.804)

TNC (x10%/kg)
<7.04 11 0.364 (0.112-0.627) 0.130 0.455 (0.167-0.707) 0.286
27.04 11 0.636 (0.297-0.845) 0.636 (0.297-0.845)

CD34 (x10%kg)
< 3.05 11 0.545(0.229-0.780) 0.817 0.636 (0.297-0.845) 0.506
23.05 11 0.455 (0.167-0.707) 0.455 (0.167-0.707)

Time between 1st and 2nd HCT

(days)
< 56 days 11 0.364 (0.112-0.627) 0.365 0.364 (0.112-0.627) 0.172
2 56 days 11 0.636 (0.297-0.845) 0.727 (0.371-0.903)

EFS indicates event-free survival; OS, overall survival; Flu, fludarabine; Cy, cyclophosphamide; TBI, total body
irradiation; ATG, antithymocyte globulin; SAA, severe aplastic anemia; NMDs, nonmalignant diseases; DSA, donor-
specific anti-HLA antibodies; HvG, host-versus-graft; KIR, Killer immunoglobulin-like receptor; TNC, total nucleated
cells; 1st, first; 2nd, second; HCT, hematopoietic cell transplantation; NA, not applicable.

*Log-rank; Significant values are in bold



c6

L r T T4 c € 9 aaypsodysq I L L L I L 9 aamsodysa
8 8 8 6 ] 7l 9| eajebau ysa g 8 8 6 oL €l gl sayebsuysg
¥SU Je JequinN ¥SI Je JaquinN
AD | d4-ojdeH puodas Jaye SYuol K91 d-oldeH puoaas Jaye Syjuo
zl o] 8 9 4 z 0 Zl o] 8 9 14 4 0
1 1 1 1 1 1 1 1 l 1 1 1 l l
9/00=d 0 2000=d - 0
0z o) e e 0z
B %291 ‘(9 = u) aAmsod ysQ | B
[
[
llllllllllllllllllllllll ] 3 © %
%E e (9 = W) aamsod ysQ | | op m | oy §
! g g
| = =
. T 9
- m
i Lo B . L 09 @
%529 ( (91 = u) eAyebau ysQ 2 %G'29 ‘(91 = u) anebau ysQg m
L 08 | 08
L 001 L 001

= | v

"'SO "VYIA-INO (9) "S43 ¥VIA-INO (V) 'SNLVYLS VSA A9 TIVAIAYNS 40 ALITIGYEO¥d 'L 3¥NOI-



EEEFESEETEFESESSE

FELYFes LS EEEESTEFEETELESEEFISE
SESEEESETTEESEEE

1840
................................................................ o
..%%Lﬂqv%.wﬁ ..m-@ %%%%%%%%%%%ﬂ&%ﬁﬁ%%%%&%% .................................... 1aha
FESESEFETEEREETEEEEFERELEESE - I R R EE o0

— Gy

Z20:1 1.1 9¥Q Jouop aouis g|9||e ajebouins e se pajybi

‘Aesse b9 1o} pasn |aued || ssejo gys ul pajuasaidal J0ou SI yojewsiw
IyBly st 1L0:L 1.1 98A "2LdA- PUe ‘20a- ‘L L YA-V1H 0} SySQa 8iedlpul se|buejosl anjq 8yl 0L# judned ‘g

{0
005
0004

0054

€6

'2OQ-VH PUe £64A- '24A-VTH 0} SYSA 9jeolpul sa|buejoal anjq oy " L# Jusljed v

"AVSSY ONIANIG-OLO ONISN LNJNSSISSY VSA ‘LS FdNOI4 AdVLININI1ddNS



94

C. Patient #13. The blue rectangle indicates the DSA to HLA-DQ4.
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D. Patient #14. The blue rectangles indicate DSAs to HLA-DR13 and -DR52. DRB1*13:01 and DRB1*13:03 are highlighted as surrogates alleles since donor

DRB1*13:02 mismatch is not represented in SAB class Il panel used for C1q assay.
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E. Patient #16. The blue rectangle indicates the DSA to HLA-B13.

EEAAARTINRERAAE = ORNA=-R -~ "8 CARY SRS B AEROGACERRTIFENREC: SR BN BENRENBSAONRIBAEEU SR RERENRBERERBTORD

FPRTEFIIETEIRIEITRRE

; ,a‘-ﬂ‘“ﬂa

FESEIELFEIIIFE - -

¥

P A A LR

s
0,
gy

S5

Yy

&,

e

$ESEFES G

:n
s

.':_l‘-F

FETTIIFEEFEFTEET

EEEER°

AFSEESES

F. Patient #22. The blue rectangle indicates the DSA to HLA-DQ?7.
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SUPPLEMENTARY FIGURE S2. DSA ASSESSMENT AND HLA EPITOPE ANALYSIS USING SINGLE ANTIGEN EXPLEX.

A. Patient #1. DSAs to HLA-DR7, -DR53, and -DQ2 (blue rectangles), and the presumed 98E, 4Q, and 52LL donor-specific epitopes (light yellow),

respectively

1000C

DPB1

B. Patient #10. DSAs to HLA-DR11, -DQ7, and -DP17 (blue rectangles), and the presumed 70D, 55PP, and 56E donor-specific epitopes (light yellow),
respectively. DRB1*11:01 is highlighted as a surrogate allele since donor DRB1*11:02 mismatch is not represented in the SAB Explex class Il panel.
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C. Patient #13. DSA to HLA-DQ4 (blue rectangle) and the presumed 55RL donor-specific epitope (light yellow).
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E. Patient #16. DSA to HLA-B13 (blue rectangle) and the presumed 163EW+138T donor-specific epitope (light yellow)
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Abstract: Background: Graft failure (GF) is one of the major concerns after allogeneic
hematopoietic cell transplantation (allo-HCT) and remains a significant cause of
morbidity and mortality. Although earlier reports have associated the presence of
donor-specific HLA antibodies (DSAs) with increased risk of GF after unrelated donor
allo-HCT, recent studies have failed to confirm this association.

Objective: We sought to validate the presence of DSAs as a risk factor for GF and
hematologic recovery in the unrelated donor allo-HCT setting.

Study Design: We retrospectively evaluated 303 consecutive patients who underwent
their first unrelated donor allo-HCT at our institution from January 2008 to December
2017. DSA evaluation was performed using 2 Single Antigen Beads (SAB) assays,
DSA titration with 1:2, 1:8, and 1:32 dilutions, C1g-binding assay, and
absorption/elution protocol to assess possible false-positive DSA reactivity. The
primary endpoints were neutrophil and platelet recovery and GF, whereas the
secondary endpoint was overall survival. Multivariable analyses were performed using
Fine-Gray competing risks regression or Cox proportional hazards regression models.
Results: The median patient age was 14 years (range, 0-61 years), and 56.1% were
male. Eleven patients (3.63%) were DSA-positive. Of them, 10 had preexisting DSAs,
and one showed post-transplant DSA rebound. Nine patients had 1 DSA, 1 had 2
DSAs, and 1 had 3 DSAs, with a median MF| of 4334 (range, 588-20,456) and 3581
(range, 227-12,266) in LABScreen and LIFECODES SAB assays, respectively.
Overall, 21 patients experienced GF. Of them, 12 had primary graft rejection, 8 had
secondary graft rejection, and 1 had primary poor graft function. The cumulative
incidences of GF at 100 days and 1 year were 6.6% (95% CI, 4.2%-9.8%) and 6.9%
(95% Cl, 4.4%-10.2%), respectively. In the multivariable analyses, DSA-positive
patients had significantly lower and delayed neutrophil (subdistribution hazard ratio
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STRUCTURED ABSTRACT

Background: Graft failure (GF) is one of the major concerns after allogeneic
hematopoietic cell transplantation (allo-HCT) and remains a significant cause of
morbidity and mortality. Although earlier reports have associated the presence of
donor-specific HLA antibodies (DSAs) with increased risk of GF after unrelated donor

allo-HCT, recent studies have failed to confirm this association.

Objective: We sought to validate the presence of DSAs as a risk factor for GF and

hematologic recovery in the unrelated donor allo-HCT setting.

Study Design: We retrospectively evaluated 303 consecutive patients who underwent
their first unrelated donor allo-HCT at our institution from January 2008 to December
2017. DSA evaluation was performed using 2 Single Antigen Beads (SAB) assays,
DSA titration with 1:2, 1:8, and 1:32 dilutions, C1qg-binding assay, and
absorption/elution protocol to assess possible false-positive DSA reactivity. The
primary endpoints were neutrophil and platelet recovery and GF, whereas the
secondary endpoint was overall survival. Multivariable analyses were performed
using Fine-Gray competing risks regression or Cox proportional hazards regression

models.

Results: The median patient age was 14 years (range, 0-61 years), and 56.1% were
male. Eleven patients (3.63%) were DSA-positive. Of them, 10 had preexisting DSAs,
and one showed post-transplant DSA rebound. Nine patients had 1 DSA, 1 had 2
DSAs, and 1 had 3 DSAs, with a median MFI of 4334 (range, 588-20,456) and 3581
(range, 227-12,266) in LABScreen and LIFECODES SAB assays, respectively.
Overall, 21 patients experienced GF. Of them, 12 had primary graft rejection, 8 had
secondary graft rejection, and 1 had primary poor graft function. The cumulative
incidences of GF at 100 days and 1 year were 6.6% (95% CI, 4.2%-9.8%) and 6.9%
(95% ClI, 4.4%-10.2%), respectively. In the multivariable analyses, DSA-positive
patients had significantly lower and delayed neutrophil (subdistribution hazard ratio
[SHR] = 0.48; 95% CI, 0.29-0.81; P = .006) and platelet recovery (SHR = 0.51; 95%
Cl, 0.35-0.74; P = .0003) than patients without DSAs. The Fine-Gray regression

demonstrated that the presence of DSAs was strongly associated with a higher
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incidence of GF (SHR = 7.60; 95%Cl, 2.61-22.14; P = .0002). DSA-positive patients
with GF had higher median MFI values than DSA-positive patients who achieved
engraftment, both in neat serum (LABScreen, 13,751 vs. 3322; P = .073;
LIFECODES, 10,334 vs. 1250; P = .006) and with 3 different dilutions (1:2 dilution,
11,527 vs. 2254, P = .073; 1:8 dilution, 5438 vs. 502, P = .012; 1:32 dilution, 1627 vs.
61; P = .006). All 3 patients with C1qg-positive DSAs failed to engraft. DSAs were not
predictive of inferior survival (hazard ratio = 0.50; 95% CI, 0.20-1.26, P = .14).

Conclusions: Our results validate the presence of DSAs as a significant risk factor for
GF and poor hematologic recovery after unrelated donor allo-HCT. Thus, careful pre-
transplant DSA evaluation may optimize unrelated donor selection and improve allo-

HCT outcomes.

Keywords: Donor-specific anti-HLA antibodies, unrelated donor transplantation, graft

failure, delayed hematologic recovery
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4.3.1 Introduction

Allogeneic hematopoietic cell transplantation (allo-HCT) is an established
therapeutic option for treating several malignant and nonmalignant hematologic
diseases. An HLA-matched sibling donor is considered the first option for allo-HCT
and is associated with the best post-transplant outcomes’. However, depending on
the patient's age and ethnicity, a matched related sibling is available for 13% to 51%
of patients needing an allo-HCT?. In this sense, a matched unrelated donor (MUD) or
mismatched unrelated donor (MMUD) may be acceptable donor options for patients
lacking an HLA-matched related donor?. Despite the continuous improvement of the
MUD or MMUD outcomes throughout the years, graft failure (GF) is still a significant
hurdle associated with poor prognosis after allo-HCT3-5. To date, several risk factors
for GF have been described, including donor/recipient HLA mismatch, use of
alternative donors, T-cell depletion of the graft, diagnosis of nonmalignant disorders,
use of reduced-intensity conditioning regimen, use of bone marrow or cord blood as
the stem cell source, low number of infused cells, and the presence of donor-specific
HLA antibodies (DSA)®7.

The role of preexisting DSAs in GF occurrence has already been reported in
the unrelated donor setting. Two earlier reports have shown that DSAs were
significantly associated with higher GF incidence after MUD and MMUD
transplantation®®. Thus, the current National Marrow Donor Program (NMDP)
guideline for unrelated donor selection includes the presence of DSAs as a relevant
selection parameter'®. Nevertheless, recent reports have failed to confirm the
association between DSAs and higher risk of GF after unrelated donor transplants''-
3. Notably, some relevant features for DSA risk assessment'4, such as C1g-binding,
DSA titer, donor-specific epitope patterns, and false-positive DSA reactivity'®, have
not been thoroughly assessed in most previous studies regarding DSA in the
MUD/MMUD context.

Therefore, due to the conflicting evidence regarding the impact of DSA
following MUD or MMUD transplantation, we sought to perform in-depth DSA
characterization and retrospectively investigate the clinical impact of DSAs on
hematologic recovery and GF in a cohort of 303 patients who underwent unrelated

donor transplantation at our center.
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4.3.2 Methods

4.3.2.1 Patient data

This study included 303 consecutive patients who lacked an HLA-matched
related sibling and received their first MUD or MMUD allo-HCT at our center from
January 2008 to December 2017. Our institutional review board approved this
retrospective study (n°. 96085718.6.0000.0096) which was conducted following the

Declaration of Helsinki.

4.3.2.2 Preparatory regimen and graft-versus-host disease prophylaxis

Preparatory regimens were classified into myeloablative and reduced-
intensity regimens according to Bacigalupo et al'®. The conditioning regimen and
graft-versus-host disease (GVHD) prophylaxis were selected at the physician's
discretion and varied according to the underlying disease, graft source, and degree
of HLA matching.

4.3.2.3 HLA typing, HLA antibody testing, and DSA characterization

High-resolution HLA typing and the HLA antibody characterization strategy
were performed as previously described'®. Briefly, HLA antibody identification testing
was performed with LABScreen Single Antigen Beads (SAB) kits (One Lambda Inc.,
West Hills, California). Mean fluorescence intensity (MFI)>1000 was the cutoff for
positivity, and MFI values between 1000 and 500 were considered potentially positive
based on HLA epitope patterns’”. To avoid the complement inhibition effect, we used
EDTA treatment or heat inactivation of the sera'®. Epitope analyses were carried out
using expanded SAB panels (LABScreen ExPlex, One Lambda Inc.) with the HLA-
Fusion MatchMaker software (Version 4.4). Next, we used the LIFECODES SAB
panels (Immucor, Norcross, GA) to confirm true-positive DSA reactivities'®.
Additionally, DSA-positive patients with divergent LABScreen and LIFECODES
results or suspected false-positive patterns in the epitope analysis were tested with
absorption/elution protocol, using surrogate donor cells expressing the DSA's
target?®. DSA-positive patients were also retrospectively evaluated using the
LABScreen SAB assay with 3 different dilutions (1:2, 1:8, and 1:32) to estimate the
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DSA titer. The C1g-binding assay (C1qScreen, One Lambda Inc.) was also
retrospectively performed, with MFI >500 as the cutoff. All laboratory tests were

carried out according to the manufacturer's instructions.

4.3.2.4 Endpoints and Definitions

The primary endpoints included neutrophil and platelet recovery and GF2'.
Overall survival was the secondary endpoint. All time to events were calculated from
the date of graft infusion. Neutrophil recovery was defined as the first of 3
consecutive days with an absolute neutrophil count (ANC) 2.5x10%L. Platelet
recovery was defined as the first of 3 consecutive days at 220 x 10%L and at least 7
days without platelet transfusion support. The GF endpoint included primary and
secondary graft rejection and poor graft function as a single outcome. Primary graft
rejection was defined as the failure to achieve an ANC of .5x10%L by day +28 and
the absence of donor-derived hematopoiesis (<5% donor cells) using short tandem
repeat chimerism analysis. Secondary graft rejection was defined as achieving an
ANC of .5x10%L with subsequent loss of donor chimerism (<5% donor cells). Poor
graft function was defined as the presence of 2 or 3 cytopenic counts (ANC
<.5x10%L, platelets <20x10°/L, or hemoglobin <70g/L) for at least 3 consecutive days
after transplantation with a transfusion requirement associated with hypoplastic bone
marrow in the presence of complete donor chimerism (>95% donor cells). Overall
survival (OS) was defined as the time from transplantation to death from any cause,

and surviving patients were censored at the last follow-up?2.

4.3.2.5 Statistical analysis

Baseline characteristics of the DSA groups were compared with Fisher's
exact test and Mann—-Whitney U test for categorical and continuous covariates,
respectively. The MFI levels among DSA-positive patients with and without GF were
compared using the Mann—Whitney U test. In this analysis, the DSAs with the highest
MFI values were considered in patients with 2 or more DSAs. The median follow-up
was calculated using the reverse Kaplan—Meier method. The unadjusted estimates of
neutrophil and platelet recovery and GF were calculated using cumulative incidence

curves to accommodate competing risks and compared among groups with Gray's
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test. Death or relapse before neutrophil and platelet recovery or GF were the
competing events. The probability of OS was estimated with the Kaplan—Meier
method and compared among groups by the log-rank test. In our analyses,
continuous covariates were transformed into categorical covariates by treating the
median value as a threshold. Fine-Gray regression models were used to identify the
risk factors in the multivariable analyses for neutrophil recovery, platelet recovery,
and GF. The Cox proportional hazards regression was used for OS. The prognostic
effect of GF on OS was assessed through a Cox regression model, using GF as a
time-dependent covariate. The DSA covariate was included in all models as the main
effect, regardless of the significance level in unadjusted analyses. Other covariates
that reached a P value .10 in the unadjusted analyses were included in the initial
multivariable models and were eliminated one by one using a stepwise selection
method. The final adjusted models held only covariates with a P value <.05.
Regression results were expressed as subdistribution hazard ratio (SHR) or hazard
ratio (HR) with a 95% confidence interval (95% CI). All tests were two-sided, and P
values <.05 were considered statistically significant?2. All statistical analyses were
performed using EZR version 1.54 (Saitama Medical Center, Jichi Medical University,

Saitama, Japan)?.

4.3.3 Results

4.3.3.1 Patients and transplant characteristics

Patient and transplant characteristics of the entire cohort and by DSA groups
are summarized in Table 1. The median patient age was 14 years (range, 0—61
years), and 56.1% were male. The most common indications for allo-HCT were acute
leukemia (35.6%), inherited bone marrow failure syndromes (22.8%), and acquired
severe aplastic anemia (19.8%). Regarding HLA matching, 201 (66.3%) patients
received a 10/10 MUD transplantation, whereas 102 (33.7%) underwent a 9/10
MMUD transplant. The conditioning regimen was myeloablative in 73.3% of cases.
Most patients received GVHD prophylaxis with cyclosporine and methotrexate
(90.1%), and bone marrow was the predominant graft source (88.1%). The median
infused total nucleated cell dose (TNC), and CD34+ cell doses were 4.94x10%/kg
(range, 1.24-20.2x108/kg) and 2.76x10%kg (range, 0.29-19.8x106/kg), respectively.
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Baseline characteristics were similar in patients with and without DSAs, except by

patient age (Table 1).

4.3.3.2 DSA Assessment

HLA antibodies were detected in 117 patients (38.6%). Among them, 29
(9.6%) had antibodies against class | HLA antigens, 44 (14.5%) against class || HLA
antigens, and 44 (14.5%) against both HLA classes. The presence of HLA antibodies
was not correlated with patient age (P = .099), gender (P = .91), or disease type (P =
.25).

Overall, 11 patients (3.63%) were DSA-positive (Table 2). Of them, 10 had
preexisting DSAs, and one showed post-transplant DSA rebound. Most DSAs were
against HLA-DP and mainly directed to public epitopes. Two patients showed
divergent results in LABScreen SAB (DQB1*06:03, 3322 MFI;
DQA1*05:01P/DQB1*03:01, 2914 MFI) and LIFECODES SAB (DQB1*06:03, 227
MFI; DQA1*05:01/DQB1*03:01, 272 MFI) assays (Table 2). Although the DSAs
directed to DQB1*06:03 and DQA1*05:01/DQB1*03:01 were not justified by verified
epitopes in the HLA pattern analysis and had already been reported in males without
sensitizing events, these DSAs were confirmed as true-positive reactions in the
absorption/elution protocol with surrogate donor cells (Supplementary Figure S1)
and, thus, were included in the DSA-positive group. Nine patients had 1 DSA, 1 had
2 DSAs, and 1 had 3 DSAs, with a median MFI of 4334 (range, 588-20,456) and
3581 (range, 227-12,266) in LABScreen and LIFECODES SAB assays, respectively.
Additionally, the median DSA MFI values at 1:2, 1:8, and 1:32 dilutions were 2397
(range, 380-20,874), 979 (range, 60-21,294), and 188 (range, 0-18,332),
respectively. We observed that 3 DSAs were C1g-positive. Regarding desensitization
therapy, 4 DSA-positive patients were treated with 3 sessions of plasmapheresis,
performed on days -15, -12, and -9, and 1 single dose of rituximab (375 mg/m?) on

day -8. In contrast, 7 DSA-positive patients were untreated.

4.3.3.3 Neutrophil and Platelet Recovery

In the whole cohort, the cumulative incidence of neutrophil recovery at day
+28 was 89.1% (95% ClI, 85.0%-92.1%), with a median time of 21 days to neutrophil
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recovery. The cumulative incidence of platelet recovery at days +28 and +60 were
69.6% (95% CI, 64.1%—-74.5%) and 90.4% (95% CI, 86.2%—93.3%), respectively.
The median time for platelet recovery was 24 days. In unadjusted analysis, the
cumulative incidence of neutrophil recovery at day +28 was lower in patients with
DSA (72.7%; 95% Cl, 32.6%—-91.3%; median, 26 days) than in those without DSAs
(89.7%; 95% CI, 85.6%—-92.7%; median, 21 days) (P = .072). The unadjusted
cumulative incidence of platelet recovery at +28 days was 36.4% (95% CI, 10.2%—
63.9%) and 70,9% (95% ClI, 65.3%—-75.8%) in the DSA-positive and the DSA-
negative groups, respectively (P = .095). The median time to platelet recovery was
delayed in the DSA-positive group compared with the DSA-negative group (32 days
vs. 24 days), albeit not statistically significant (P = .095). The unadjusted cumulative
incidences of neutrophil and platelet recovery of other covariates are described in
Supplemental Table S1.

In the adjusted multivariable regression, DSA-positive patients had
significantly lower and delayed neutrophil (SHR = 0.48; 95% CI, 0.29-0.81; P = .006)
and platelet recovery (SHR = 0.51; 95% CI, 0.35-0.74; P = .0003) than patients
without DSAs (Table 3; Figure 1a and 1b). Other independent predictors of lower
neutrophil recovery included TNC < 4.94x10%kg (SHR = 0.71; P =.003), allo-HCT
before 2013 (SHR = 0.58; P <.0001), and sex mismatch (male recipient of female
donor [SHR = 0.58; P = .0006]; female recipients of female donor [SHR = 0.67; P =
.016]). On the other hand, CD34* cell dose <2.76x10%kg (SHR = 0.68; P =.0012),
allo-HCT before 2013 (SHR = 0.62; P <.0001), and patient age > 14 years (SHR =
0.62; P <.0001) were independently associated with poorer platelet recovery in the

multivariable regression.

4.3.3.4 Graft Failure

In total, 21 patients experienced GF following unrelated donor allo-HCT. Of
them, 12 had primary graft rejection, 8 had secondary graft rejection, and 1 had
primary poor graft function. Among the cases of secondary graft rejection, the
median time to the graft loss was 61 days (range 38-126). Thus, the cumulative
incidences of GF at 100 days and 1 year were 6.6% (95% ClI, 4.2%—9.8%) and 6.9%
(95% ClI, 4.4%—-10.2%), respectively. The unadjusted cumulative incidence of GF in
DSA-positive patients (36.4%; 95%CI, 10.2%-63.9%) was significantly higher than
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that in DSA-negative patients (5.5%; 95%CI, 3.3%-8.5%) (P < .0001). Supplemental
Table S2 includes the univariate cumulative incidence of GF for the other covariates.

Using the LABScreen SAB assay, we observed that DSA-positive patients
with GF had higher median MFI values than DSA-positive patients with sustained
engraftment, both in neat serum (13,751 vs. 3322; P = .073) and with 3 different
dilutions (1:2 dilution, 11,527 vs. 2254, P = .073; 1:8 dilution, 5438 vs. 502, P = .012;
1:32 dilution, 1627 vs. 61; P = .006) (Figure 2). Similarly, with the LIFECODES SAB
assay, the median MFI among the DSA-positive patients who experienced GF was
10,334 versus 1250 in the DSA-positive patients who achieved engraftment (P =
.006) (Figure 2). All 3 patients with C1qg-positive DSAs failed to engraft. Regarding
desensitization, only 4 patients were treated with 3 sessions of plasmapheresis and
rituximab. Since post-desensitization samples were unavailable, the MFI values after
the procedure were not evaluated. Two patients with C1qg-positive, high-titer DSAs
were desensitized but ultimately experienced GF. In contrast, 2 patients with C1g-
negative, moderate-level DSAs were treated, and both achieved engraftment (Table
2). Moreover, 18 of the 21 patients with graft failure underwent a second HCT with
different donors.

Six of 11 DSA-positive patients were assessed in post-HCT samples at days
+28 or +31 (Table 2). Post-transplant median MFI was 993 (range, 226-13,825). DSA
patients with GF had post-HCT MFI levels above the cutoff (MFI of 13,825, 9263, and
1667), while DSA-positive patients who achieved engraftment showed post-
transplant reactivity below the established threshold (MFI of 319, 306, and 226).
Interestingly, one patient without DSA against DPB1*04:01 in the pre-transplant
samples (57 MFI at day -36; 56 MFI at day -13) showed a DSA rebound (2922 MFI)
at day +21 after a 10/10 unrelated donor allo-HCT (Table 2). The post-transplant
DSA reactivity was confirmed with the LIFECODES SAB assay (8956 MFI) and
justified by the 84GGPM epitope in the Explex panel. This post-transplant DSA also
showed positivity (2363 MFI) in the C1g-binding assay. Further, the anti-DPB1*04:01
DSA was detected (9263 MFI) at day +31 when the chimerism analysis showed 0%
of donor cells. To investigate whether the DSA rebound was associated with a
primary or memory humoral response, we tested the day +21 sample with an anti-
IgM secondary antibody. We observed no DSA reactivity to 84GGPM epitope (<50
MFI) using the anti-IgM secondary antibody. Thus, these findings suggest a case of
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cryptic sensitization’* and a recall DSA response following the HLA-DPB1-
mismatched transplant.

The multivariable competing risks regression demonstrated that the presence
of DSAs was strongly associated with a higher incidence of GF (SHR = 7.60; 95%Cl,
2.61-22.14; P = .0002) (Table 3; Figure 1c). The only independent predictor related
to an increased risk of GF was CD34* cell dose <2.76x10%/kg (SHR = 2.65; P =
.037). Next, we fit an alternative competing risk model for GF, including DSA and
forcing HLA mismatch, conditioning regimen, graft source, and disease type in the
model. Of note, DSA retained the association of increased GF (SHR = 5.73; 95%CI,
1.48-22.3; P = .012), while the other covariates in the alternative model were not

predictive of failed engraftment (data not shown).

4.3.3.5 Overall Survival

In total, 96 of 303 patients died. Causes of death were infection (n = 27),
relapse (n = 23), rejection (n = 14), GVHD (n = 12), organ failure (n = 5), and other
causes (n = 13). Using the reverse Kaplan—Meier method, the median follow-up time
was 2 years (95% Cl, 1.7-2.3). Considering the whole cohort, the probability of OS at
1 year was 72.8% (95% CI, 67.2%—77.6%). Moreover, the 1-year unadjusted OS
probabilities in the DSA-positive and DSA-negative groups were 72.7% (95% CI,
37.1%-90.3%) and 72.8% (95% CI, 67.1%—77.6%), respectively (P = .51). The
unadjusted survival probabilities of the other variables are provided in Supplemental
Table S3.

In multivariable Cox analysis, the presence of DSA was not predictive of
inferior survival compared to the DSA-negative group (HR = 0.50; 95% CI, 0.20-1.26,
P = .14). Factors independently associated with an increased risk of overall mortality
were patient age > 14 years (HR = 3.2; 95% CI, 2.03-5.04; P < .0001), HLA
mismatch (HR = 1.83; 95% CI, 1.22-2.74; P = 0.004), and GF as a time-dependent
covariate (HR = 8.70; 95% ClI, 5.55-13.63; P < .00001).

4.3.4 Discussion

The present study demonstrated that high-titer DSAs were significantly

associated with increased risks of GF after MUD and MMUD transplantation. This
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finding supports earlier studies describing the role of DSAs in GF occurrence after
HLA-mismatched unrelated donor transplantation®®. We also observed that patients
with low-level DSAs achieved engraftment, albeit with delayed neutrophil and platelet
recovery. Interestingly, the impact of weak DSAs on delayed hematologic recovery
had not been detailed in previous studies investigating the influence of DSAs
following MUD or MMUD transplants®'1-13, Therefore, our results underscore the
importance of pre-transplant DSA assessment and validate the inclusion of DSA as a
relevant unrelated donor selection parameter per the current NMDP guidelines™©.

It is well established that preformed DSAs are significant predictors of GF
following allo-HCT. Indeed, a recent meta-analysis with 2436 recipients, mostly of
haploidentical donors or cord blood units, showed that patients with DSAs had a
7.47-fold increased risk of primary GF compared with patients without DSAs’.
However, the role of DSA in engraftment failure after MUD or MMUD transplantation
is more controversial. An earlier NMDP case-control study demonstrated that 9 of 37
(24%) GF cases had DSAs against HLA-A, -B, and -DPB1 compared with only 1 of
78 (1%) matched controls (P < .001)8. Later, Ciurea et al. validated this initial finding
in a cohort of 592 MUD transplants. The MD Anderson group showed that the GF
incidence was significantly higher in DSA-positive patients than in DSA-negative
patients (37.5% versus 2.7%; P = .0014)°. These prior findings align with this study,
which showed that DSAs were strongly associated with GF occurrence in the
competing risks regression. Nevertheless, some recent reports have failed to
corroborate the association between preexisting DSAs and an increased risk of GF.
In a French multicenter study with 2716 patients and 103 cases of GF, 61 pre-
transplant sera were available, and DSA was identified in only five (8.2%) patients
with failed engraftment''. Similarly, a UK's unrelated donor registry case-control
study, including 538 patients with malignancies, demonstrated that DSAs were
detected in 1 of 35 GF cases (3%) and 12 of 502 engrafted controls (2%)'3. Further,
Woolfrey et al. described that moderate-level DSAs and C1g-positive antibodies were
not associated with GF after unrelated donor transplantation for nonmalignant
diseases’. Of note, these studies used distinct cutoff values for DSA definition,
ranging from 500 to 2000 MFI. Additionally, other important DSA characteristics were
scarcely assessed in these previous reports, with only one including C1qg-binding
testing, one describing detailed epitope reactivity patterns, none evaluating MFI

levels in different DSA titers or using a second SAB kit'*. Therefore, more studies
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with comprehensive DSA characterization are needed to clarify the conflicting data
regarding DSAs and GF after unrelated donor allo-HCT.

The MFI cutoff threshold that separates permissible DSAs from prohibitive
ones has not yet been established in allo-HCT?®. In our cohort, all DSA-positive
patients who achieved engraftment had DSA levels below 5000 MFI in LABScreen
and LIFECODES SAB assays. This finding is consistent with Ciurea et al., who
showed that DSAs with MFI <5000 were associated with improved engraftment rates
after haploidentical allo-HCT with post-transplantation cyclophosphamide (PTCy).
Nevertheless, data on a DSA MFI threshold that predicts GF in the unrelated donor
setting are debatable. Ciurea et al. showed that DSAs with low-to-moderate MFI
were associated with GF in 10/10 MUD transplantation®. Alternatively, Cuadrado et
al. reported that DSA patients with MFI values below 8000 achieved sustained
engraftment’s. Remarkably, these previous studies have not reported SAB testing
with serial dilutions to estimate DSA titers and their effect on GF incidence. While
DSA titers have been extensively discussed in the kidney transplant context?”-28, this
approach has been poorly described in allo-HCT literature'®. This study showed that
DSA patients experiencing GF had a higher median MFI, not only in neat sera but
also in 1:2, 1:8, and 1:32 dilutions, than the median MFI of DSA patients with proper
engraftment. Importantly, our center performs DSA testing with 1:8 and 1:32 dilutions
in selected cases?®, including highly sensitized patients with strong DSAs against all
available unrelated donors. In our experience, adding these 2 additional dilutions
improve virtual crossmatch assessment and DSA risk stratification in the unrelated
donor selection. One limitation of this approach is the increased costs associated
with testing additional dilutions.

In our cohort, we observed that all 3 patients with C1g-positive DSAs failed to
engraft. In the haploidentical donor setting with PTCy, Ciurea and colleagues
demonstrated that C1qg-positive DSAs were strongly associated with GF and that
C1g-negativity should be the desensitization treatment goal?62°. In contrast, Woolfrey
et al. failed to describe C1qg-positive DSAs as predictors of GF in patients with
nonmalignant diseases undergoing unrelated donor transplantation'?. Additionally,
our study showed that patients with C1qg-positive DSAs had reactivity in 1:8 or 1:32
dilutions in the standard SAB assay. This finding is consistent with previous studies
highlighting that C1qg-positivity was highly correlated with high MFI values in EDTA-
treated sera and with 1:16/1:32 titers®’. While some authors argued that DSA titer
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evaluation provides more granular information on antigen-antibody dissociation rates,
HLA epitope patterns, and DSA strength than C1qg-testing?’-?8, other groups claim
that C1g-assay is time-effective and offers more clear-cut information than DSA titer
assessment?®. In this sense, more studies are warranted to validate C1g-assay and
DSA titers as predictors of GF following unrelated donor transplantation.

Although Luminex SAB assay is considered the gold standard for HLA
antibody evaluation in allo-HCT, as recently outlined in the European Society for
Blood and Marrow Transplantation (EBMT) consensus paper®, this assay still
presents limitations that may compromise DSA characterization3'. Hence, providing
accurate DSA assignments and ruling out spurious SAB reactivity may be
challenging'®20:3233  |n this cohort, we observed two DSA-positive patients with
divergent results in two different SAB assays®2. However, the absorption/elution
results ruled out spurious reactivity, thereby confirming the DSA specificity to native
HLA antigens. In this sense, performing cell-based assays may elucidate these SAB
inconsistencies?®. Recently, Liwski and colleagues reported an optimized
absorption/elution protocol for routine use in clinical HLA laboratories®. Indeed, this
optimized method was designed to distinguish weak HLA antibodies against native
antigens from spurious reactivity to cryptic epitopes on denatured HLA molecules.
Furthermore, it is paramount to rule out spurious SAB reactivity in the unrelated
donor setting. Reporting a false-positive DSA, especially one with high MFI values,
may jeopardize the virtual crossmatch accuracy and ultimately affect the HLA-
mismatched donor selection by excluding unrelated donors with favorable
characteristics?1°.

When only DSA-positive unrelated donors are available, desensitization
treatment is recommended to facilitate donor engraftment, as recently postulated by
the EBMT consensus guidelines on DSAs3C. At present, there is little evidence
concerning desensitization therapy in patients with DSA undergoing unrelated donor
HCT34. Most studies on desensitization have been performed in the haploidentical
donor context, either with PTCy?°35 or Beijing platforms®. Even though the optimal
strategy for DSA desensitization in allo-HCT remains unclear, current data indicate
that MD Anderson and Johns Hopkins desensitization protocols successfully mitigate
low-to-moderate-level DSAs?%3738  In contrast, these desensitization strategies
remain ineffective for patients undergoing allo-HCT with strong DSAs (>20,000 MFI)

or persistent C1qg-positive-DSAs, which are associated with dismal transplant
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outcomes?®. In our cohort, 2 patients with C1qg-positive, high-titer DSAs failed to
engraft despite the desensitization treatment with 3 sessions of plasmapheresis and
one dose of rituximab. Conversely, 2 patients with moderate-level DSAs were treated
with the same protocol, and both achieved sustained engraftment. Moreover, it has
been shown that several new desensitization drugs, including imlifidase3,
carfilzomib??, tocilizumab*!, and daratumumab*?, effectively reduce DSA levels in
highly sensitized patients undergoing solid organ transplants. Thus, further studies
are required to verify whether these drugs would eventually improve the current
desensitization strategies used in allosensitized patients receiving allo-HCT.

The post-transplant DSA MFI levels predictive of engraftment failure after
unrelated donor transplantation are currently unknown. The present study observed
that DSA patients who failed to engraft had post-transplant MFI levels above our
cutoff at days +28 or +31 post-HCT. In turn, those patients with DSA who achieved
engraftment showed no DSA reactivity (<500 MFI) one month after transplant.
Importantly, our current post-transplant DSA monitoring protocol includes SAB
testing at days +2, +5, +14, and +28 for all DSA-positive patients undergoing
alternative donor transplantation in our center3®. This close DSA monitoring is aimed
at checking any early DSA rebound after the graft infusion and providing prompt
desensitization intervention in case of substantial post-HCT DSA rebound. Of note,
one caveat of this DSA monitoring strategy is that it is costly and may not be feasible
in countries with limited resources.

Another interesting finding of our study is that one patient without preexisting
DSA in pre-HCT samples showed a DSA rebound at day +21 post-HCT and
ultimately failed to engraft. As the post-transplant DSA showed an IgG-positive/IlgM-
negative pattern in the SAB assay, we speculated that this patient could present a
cryptic HLA sensitization and that the observed rebound was likely associated with a
memory DSA response’#?4, Presently, evidence on DSA rebound in patients without
preformed DSAs in MUD or MMUD transplantation is scarce. To our knowledge, only
2 case reports have described post-transplant DSA detection in patients without
circulating donor-directed antibodies in pre-HCT samples. Hefazi et al. described a
patient with failed engraftment after a 10/10 MUD transplant and without DSAs on
serum specimens at days -5, -1, +6, +13, and +20 who experienced a late DSA
rebound directed to HLA-DP (13,572 MFI) on day +16143. Likewise, Yabe et al.
reported a pediatric patient with negative DSA reactivity at day -1 from an HLA-DQ
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MMUD transplant who showed a substantial anti-DQA1/DQB1 DSA rebound (11,079
MFI) on day +41 and eventually rejected the unrelated donor graft**. Additionally, the
issue of cryptic HLA sensitization has been previously reported in solid organ
transplants*®. Available assays to detect alloreactive memory B cells include tetramer
staining, culture supernatant analysis, and IgG ELISpot assay, and have been
applied primarily in the research context*46. To date, assays to detect memory B
cells have not yet been evaluated in the allo-HCT setting. Notably, such assays could
be particularly interesting for DSA-negative patients with a history of known
sensitized events, including multiparous women or heavily transfused patients.
Hence, the clinical utility of alloreactive memory B cell assays to optimize
immunological risk stratification of patients eligible for allo-HCT merits further
investigations in future studies.

We acknowledge that our study has several limitations. First, it is a single-
center, retrospective observational study with heterogeneous malignant and
nonmalignant diseases. Second, the impact of DSA was not separately analyzed in
adult and pediatric cohorts owing to the small number of DSA-positive cases. Third,
data on post-desensitization DSA levels were unavailable, thus precluding a detailed
assessment of the desensitization efficacy and its impact on GF. Despite these
limitations, our findings shed light on the impact of DSAs in hematologic recovery and
graft failure following unrelated donor allo-HCT.

In conclusion, our results corroborate some earlier studies and validate the
presence of DSAs as a significant risk factor for graft failure and poor hematologic
recovery after unrelated donor allo-HCT. Hence, carefully assessing pre-transplant
DSA status may optimize unrelated donor selection and improve transplant

outcomes.
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TABLE 1. BASELINE CHARACTERISTICS IN THE OVERALL COHORT AND BY DSA GROUPS

Variables Total (n = 303) DSA negative (n = 292) DSA positive (n =11) P value
Egzg’;‘;“t age (years), median o4, 13 (0, 61) 32 (2, 59) .024
Recipient sex, n (%) 222
Male 170 (56.1) 166 (56.8) 4 (36.4)
Female 133 (43.9) 126 (43.2) 7 (63.6)
Disease types, n (%) 101
Acute leukemia 108 (35.6) 105 (36.0) 3(27.3)
. Inherited bone marrow 69 (22.8) 68 (23.3) 1(9.1)
ailure syndromes
ane/;knci::wred severe aplastic 60 (19.8) 54 (18.5) 6 (54.5)
Other malignant diseases 36 (11.9) 35 (12.0) 1(9.1)
dise(ggheesr nonmalignant 30 (9.9) 30 (10.3) 0(0.0)
Diagnosis, n (%) 547
Malignant 144 (47.5) 140 (47.9) 4 (36.4)
Nonmalignant 159 (52.5) 152 (52.1) 7 (63.6)
ABO matching, n (%) 1
ABO Match 127 (41.9) 122 (41.8) 5 (45.5)
Minor ABO mismatch 75 (24.8) 73 (25.0) 2(18.2)
Major ABO mismatch 101 (33.3) 97 (33.2) 4 (36.4)
Recipient/URD CMV 803
serostatus, n (%)
Recipient+/URD+ 178 (58.7) 172 (58.9) 6 (54.5)
Recipient+/URD- 88 (29.0) 83 (28.4) 5 (45.5)
Recipient-/URD- 7 (2.3) 7 (2.4) 0 (0.0)
Recipient-/URD+ 17 (5.6) 17 (5.8) 0 (0.0)
Missing 13 (4.3) 13 (4.5) 0 (0.0)
Conditioning regimen, n (%) .298
MAC 222 (73.3) 212 (72.6) 10 (90.9)
RIC 81 (26.7) 80 (27.4) 1(9.1)
In vivoT-cell depletion with 482
rATG, n (%)
Yes 78 (25.7) 74 (25.3) 4 (36.4)
No 225 (74.3) 218 (74.7) 7 (63.6)
Use of TBI, n (%) 211
Yes 119 (39.3) 117 (40.1) 2(18.2)
No 184 (60.7) 175 (59.9) 9 (81.8)
GVHD prophylaxis, n (%) 468
CSA + MTX 273 (90.1) 263 (90.1) 10 (90.9)
CSA + CY + MMF 13 (4.3) 12 (4.1) 1(9.1)
Others 17 (5.6) 17 (5.8) 0 (0.0)
URD age (years), median 31 (18, 58) 32 (18, 58) 25 (22, 48) 176
(range)
URD sex, n (%) 1
Male 186 (61.4) 179 (61.3) 7 (63.6)
Female 117 (38.6) 113 (38.7) 4 (36.4)
Sex mismatch, n (%) A27
Male Recipient/Male URD 109 (36.0) 107 (36.6) 2(18.2)

Male Recipient/Female URD 61 (20.1) 59 (20.2) 2 (18.2)
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Female Recipient/Female

URD 56 (18.5) 54 (18.5) 2(18.2)
Female Recipient/Male URD 77 (25.4) 72 (24.7) 5 (45.5)
URD search, n (%) 128
National URD 180 (59.4) 176 (60.3) 4 (36.4)
Internacional URD 123 (40.6) 116 (39.7) 7 (63.6)
HLA matching®*, n (%) 517
10/10 201 (66.3) 195 (66.8) 6 (54.5)
09/10 102 (33.7) 97 (33.2) 5 (45.5)
HLA-DPB1 TCE 425
permissiveness, n (%) :
Match 50 (16.5) 49 (16.8) 1(9.1)
Permissive 112 (37.0) 109 (37.3) 3(27.3)
Nonpermissive in HVG
direction 31(10.2) 28 (9.6) 3(27.3)
Nonpermissive in GvH
direction 47 (15.5) 45 (15.4) 2(18.2)
Missing 63 (20.8) 61 (20.9) 2(18.2)
Desensitization (only DSA+ NA
patients), n (%)
Treated DSA - - 4 (36.4)
Untreated DSA - - 7 (63.6)
Source, n (%) .626
Bone marrow 267 (88.1) 258 (88.4) 9(81.8)
Peripheral blood 36 (11.9) 34 (11.6) 2(18.2)
TNC (x10%/kg), median (range) 4.94 (1.24,20.2) 4.96 (1.24, 20.2) 3.55 (2.26, 11.8) 153
+ 6 P
ﬁ::;e)(’"o T el ) 276 (0.29,19.8)  2.75 (0.29, 19.8) 2.94 (0.93, 11.1) 507
Year of HCT, median (range) 2013 (2008, 2017) 2013 (2008, 2017) 2014 (2008, 2017) 490

*High-resolution matching at HLA-A, -B, -C, -DRB1, and -DQB1 loci.

Abbreviations: DSA, donor-specific anti-HLA antibodies; URD, unrelated donor; CMV, cytomegalovirus; MAC,
myeloablative conditioning; RIC, reduced-intensity conditioning; rATG, rabbit anti-thymocyte globulin; TBI, total
body irradiation; GVHD, graft-versus-host disease; CSA, cyclosporine; MTX, methotrexate; CY,
cyclophosphamide; MMF, mycophenolate mofetil; TCE, T-Cell Epitope; HvG, host-versus-graft; GvH, Graft-
versus-Host; TNC, total nucleated cell; HCT, hematopoietic cell transplant. Significant values are in bold.
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SUPPLEMENTARY TABLE 2. UNADJUSTED CUMULATIVE INCIDENCE OF GRAFT FAILURE

Covariates Group n 100-day GF (95% CI) P value
ABO matching ABO Match 127  0.063 (0.029-0.115) .635
Minor ABO mismatch 75 0.080 (0.032-0.156)
Major ABO mismatch 101 0.059 (0.024-0.117)
Recipient age <14 years 151 0.046 (0.020-0.089) .256
(Median) > 14 years 152 0.086 (0.048-0.137)
Donor age < 31 years 144 0.063 (0.031-0.110) .674
(Median) > 31 years 159 0.069 (0.037-0.116)
Recipient/lURD  Recipient+/URD+ 178  0.067 (0.037-0.111) 104
CMV serostatus oo cinient+/URD- 88  0.045 (0.015-0.104)
Recipient-/URD- 7 0.143 (0.005-0.491)
Recipient-/URD+ 17 0.000 (0.000-0.000)
Missing 13 0.231 (0.051-0.486)
Conditioning MAC 222 0.063 (0.036-0.100) .838
regimen RIC 81 0.074 (0.030-0.145)
Use of rATG Yes 78 0.090 (0.039-0.166) 406
No 225 0.058 (0.032-0.094)
Use of TBI Yes 119  0.042 (0.016-0.089) 134
No 184  0.082 (0.048-0.127)
GVHD CSA + MTX 273  0.070 (0.043-0.104) 512
plieeinibds CSA + CY + MMF 13 0.077 (0.004-0.303)
Others 17 0.000 (0.000-0.000)
Disease types Acute Leukemia 108 0.046 (0.017-0.098) .182
Other Malignant diseases 36 0.028 (0.002-0.126)
Acquired SAA 60 0.133 (0.062-0.233)
IBMFS 69 0.058 (0.019-0.131)
Other NMDs 30 0.067 (0.011-0.195)
HLA matching 10/10 201  0.055 (0.029-0.092) .156
09/10 102 0.088 (0.043-0.153)
HLA-DPB1 TCE Permissive 112 0.063 (0.027-0.118) .0745
permissiveness  p1atch 50  0.000 (0.000-0.000)
Nonpermissive in HvG direction 31 0.161 (0.057-0.312)
Nonpermissive in GvH direction 47 0.064 (0.016-0.159)
Missing 63 0.079 (0.029-0.163)
DSA status DSA negative 292  0.055 (0.033-0.085) .00007
DSA positive 11 0.364 (0.102-0.639)
URD search National URD 180 0.072 (0.040-0.116) 487
Internacional URD 123 0.057 (0.025-0.108)
Sex mismatch Male Recipient/Male URD 109 0.073 (0.034-0.133) 499
Male Recipient/Female URD 61 0.098 (0.040-0.189)
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Female Recipient/Female URD 56 0.054 (0.014-0.135)
Female Recipient/Male URD 77 0.039 (0.010-0.100)
Source Bone marrow 267 0.071 (0.044-0.106) .302
Peripheral blood 36 0.028 (0.002-0.126)
TNC > 4.94 x10%/kg 153 0.039 (0.016-0.079) 0371
Ltz < 4.94 x10%kg 150  0.093 (0.053-0.147)
CD34* >2.76 x 10%/kg 150  0.040 (0.016-0.080) 0418
(Median) <2.76 x 10°/kg 150  0.093 (0.053-0.147)
Year of HCT 22013 171 0.059 (0.030-0.101) 307
(lesir) <2013 132 0.076 (0.039-0.129)

Abbreviations: GF indicates graft failure; CI, confidence interval; URD, unrelated donor; CMV,
cytomegalovirus; MAC, myeloablative conditioning; RIC, reduced-intensity conditioning; rATG, rabbit anti-
thymocyte globulin; TBI, total body irradiation; GVHD, graft-versus-host disease; CSA, cyclosporine; MTX,
methotrexate; CY, cyclophosphamide; MMF, mycophenolate mofetil; SAA, severe aplastic anemia; IBMFS,
Inherited bone marrow failure syndromes; NMD, nonmalignant diseases; TCE, T-Cell Epitope; HvG, host-
versus-graft; GvH, Graft-versus-Host; TNC, total nucleated cell; HCT, hematopoietic cell transplant.
Significant values are in bold
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Covariates Group n 1-year OS (95% CI) P value
ABO matching ABO Match 127 0.784 (0.699-0.848) .258
Minor ABO mismatch 75 0.671 (0.549-0.767)
Major ABO mismatch 101 0.703 (0.601-0.783)
Recipient age < 14 years 151 0.864 (0.794-0.911) .00000007
(Median) > 14 years 152 0.593 (0.509-0.668)
Donor age < 31 years 144 0.681 (0.595-0.752) .0621
(Median) > 31 years 159 0.770 (0.694-0.829)
Recipient/URD CMV Recipient+/URD+ 178 0.734 (0.660-0.795) .363
BB S Recipient+/URD- 88 0.700 (0.592-0.785)
Recipient-/URD- 7  0.857 (0.334-0.979)
Recipient-/URD+ 17 0.824 (0.547-0.939)
Missing 13  0.677 (0.349-0.865)
Conditioning regimen MAC 222 0.699 (0.631-0.757) .0716
RIC 81 0.800 (0.694-0.872)
Use of rATG Yes 78 0.794 (0.687-0.869) .0831
No 225 0.702 (0.635-0.760)
Use of TBI Yes 119 0.702 (0.608-0.777) .613
No 184 0.745 (0.674-0.804)
GVHD prophylaxis CSA + MTX 273 0.724 (0.665-0.774) .831
CSA + CY + MMF 13 0.673 (0.340-0.865)
Others 17 0.824 (0.547-0.939)
Disease types Acute Leukemia 108 0.615 (0.509-0.705) .0018
Other Malignant diseases 36 0.554 (0.379-0.698)
Acquired SAA 60 0.764 (0.634-0.853)
IBMFS 69 0.894 (0.790-0.948)
Other NMDs 30 0.867 (0.683-0.948)
HLA matching 10/10 201 0.809 (0.746-0.858) .00009
09/10 102 0.570 (0.464-0.662)
HLA-DPB1 TCE Permissive 112 0.774 (0.681-0.843) .0511
permissiveness Match 50 0.784 (0.635-0.878)
Nonpermissive in HvG direction 31 0.705 (0.508-0.835)
Nonpermissive in GvH direction 47 0.794 (0.639-0.888)
Missing 63 0.564 (0.431-0.677)
DSA status DSA negative 292 0.728 (0.671-0.776) .508
DSA positive 11 0.727 (0.371-0.903)
URD search National URD 180 0.779 (0.709-0.834) .0159
Internacional URD 123 0.653 (0.559-0.732)
Sex mismatch Male Recipient/Male URD 109 0.786 (0.693-0.854) .226
Male Recipient/Female URD 61 0.701 (0.560-0.804)
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Female Recipient/Female URD 56 0.729 (0.592-0.827)
Female Recipient/Male URD 77 0.663 (0.542-0.759)
Source Bone marrow 267 0.745(0.687-0.795) .033
Peripheral blood 36 0.602 (0.422-0.742)
TNC > 4.94 x108/kg 153 0.774 (0.696-0.834) 245
Ltz < 4.94 x10%kg 150 0.682 (0.599-0.752)
CD34* >2.76 x 108/kg 150 0.758 (0.680-0.820) 646
(Median) <2.76 x 10°/kg 150 0.699 (0.616-0.768)
Year of HCT > 2013 171 0.723 (0.644-0.788) 764
(bteete) <2013 132 0.726 (0.642-0.794)

Abbreviations: OS indicates overall survival; CIl, confidence interval; URD, unrelated donor; CMV,
cytomegalovirus; MAC, myeloablative conditioning; RIC, reduced-intensity conditioning; rATG, rabbit anti-
thymocyte globulin; TBI, total body irradiation; GVHD, graft-versus-host disease; CSA, cyclosporine; MTX,
methotrexate; CY, cyclophosphamide; MMF, mycophenolate mofetil;, SAA, severe aplastic anemia; IBMFS,
Inherited bone marrow failure syndromes; NMD, nonmalignant diseases; TCE, T-Cell Epitope; HvG, host-
versus-graft; GvH, Graft-versus-Host; TNC, total nucleated cell; HCT, hematopoietic cell transplant. Significant
values are in bold
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SUPPLEMENTARY FIGURE 1. ABSORPTION/ELUTION PROTOCOL RESULTS WITH
SURROGATE DONOR CELLS EXPRESSING DQA1*05:01/DQB1*03:01 (A) AND DQB1*06:03 (B).
Two patients showed DSAs (DQA1*05:01/DQB1*03:01 and DQB1*06:03) with divergent results in
LABScreen and LIFECODES SAB assays. These DSAs were confirmed as true-positive reactions in
the absorption/elution protocol with surrogate donor cells since both DSAs were eluted from
informative cells expressing the DSA target. The eluate results were validated by observing no DSA

carry-over detection in the third wash control. The red rectangles indicate the investigated DSAs.
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5 CONCLUSIONS

5.1 FIRST HAPLOIDENTICAL DONOR TRANSPLANTATION

e Untreated DSAs are associated a lower neutrophil recovery, increased graft

failure, inferior event-free survival, and worse overall survival.

e Treated or untreated DSAs are associated with delayed platelet recovery.

e False-positive DSAs do not impact engraftment.

5.2 SALVAGE HAPLOIDENTICAL DONOR TRANSPLANTATION

e DSA positivity is associated with a higher risk of graft failure and inferior event-

free survival after salvage haplo-PTCy.

e DSA positivity showed a trend of poorer overall survival after salvage haplo-PTCy.

5.3 UNRELATED DONOR TRANSPLANTATION

e High-titer DSAs are associated with graft failure after allo-HCT with unrelated

donors.

e Low-level DSAs are associated with delayed neutrophil and platelet recovery.

e The presence of DSAs is not predictive of inferior overall survival.
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5.4 FUTURE PERSPECTIVES

Although the findings of the current study validate the association of DSAs
with engraftment failure, several relevant topics that may eventually impact the DSA
pathogenicity, including differential HLA expression on CD34* cells, IgG affinity, IgG
subclasses, IgG glycosylation, and cryptic HLA sensitization remain largely
unexplored in the alternative donor HCT.

Current data indicate that HLA antigens are differentially expressed in CD34*
cells, with HLA-A, -B, and -DR molecules highly expressed, whereas HLA-DQ
antigens are detected at lower levels (BETTINOTTI et al., 2018). Additionally, HLA-C
and HLA-DPB1 also present differential expression at the allelic level
(PETERSDOREF et al., 2014; SCHONE et al., 2018). Thus, future studies regarding
DSA in alternative donor transplantation should address this topic to validate the
hypothesis that DSAs directed to highly expressed HLA antigens are more predictive
of failed engraftment (FERNANDEZ VINA; HESLOP; BARKER, 2013).

Further work is needed to elucidate the impact of IgG3 subclass, 1gG
glycosylation, and IgG affinity assessed by surface plasmon resonance in allo-HCT.
Importantly, these specific characteristics appear to affect solid organ transplantation
(MALARD-CASTAGNET et al., 2016; PERNIN et al., 2022) and have not yet been
investigated in haplo-PTCy or unrelated donor allo-HCT settings.

Moreover, the incidence and clinical impact of cryptic HLA sensitization in
allo-HCT with alternative donors has been scarcely reported. Thus, assays to detect
alloreactive memory B cells (WEHMEIER; KARAHAN; HEIDT, 2020), such as culture
supernatant analysis, tetramer staining, and IgG ELISpot assay, should be
prospectively validated in the allo-HCT setting. Indeed, we anticipate that these
assays could be helpful in multiparous women and heavily transfused patients
without circulating DSAs undergoing alternative donor HCT.

Finally, future studies investigating the impact of DSA in haploidentical, MUD,
and MMUD transplantation should adhere to minimal requirements of reporting solid
phase assay results, as recently proposed by a group of histocompatibility experts
(VALENZUELA et al., 2018). Therefore, using one standardized approach will permit
more accurate comparisons among future studies investigating the role of DSA in
allo-HCT with alternative donors.
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Resumo: Este estudo tem como objetivo detectar a presenca de anticorpos contra moléculas HLA
alogénicas no soro de receptores de celulas tronco hematopoieticas. Quando o receptor apresentar
anticorpos especificos contra o doador (DSA = Donor Specific Antibodies) sera prosseguido a
caracterizac@o destes anticorpos mediante a analise epitépica e outros testes complementares, com o intuito
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estratificacdo de risco dos anticorpos anti-HLA doador especificos (DSA), otimizando o processo de selecdo
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janeiro de 2008 e dezembro de 2017, e avaliar o impacto dos anticorpos especificos contra o doador (DSA)
na evoluc&o clinica dos transplantes de células-
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tronco hematopoiéticas com incompatibilidades HLA. Objetivo Secundario: Objetivo Especifico 1:
Caracterizagdo dos anticorpos anti-HLA - Analisar o padréo de reatividade epitdpica dos DSA;Investigar a
incidéncia de DSA da classe IgM; Confirmar a prova cruzada virtual fundamentada na anélise epitépica por
meio de adsor¢ao/eluicdo; Verificar a forca de reacdo dos DSA pelo teste SAB/plataforma Luminex nos
soros puros e diluidos 1:8; Investigar a incidéncia de DSA contra epitopos cripticos em moléculas HLA
desnaturadas;Avaliar a capacidade de fixacdo do complemento dos DSA pelo teste SAB/plataforma
Luminex com adigdo do C1q. Objetivo Especifico 2: Investigar a influéncia dos DSAs na evolugéo clinica pos
-transplante na falha de pega do enxerto, sobrevida global e mortalidade p&stransplante.A investigagédo dos
anticorpos incluira a determinacéo da patogenicidade dos DSAs pela avaliagdo da forca/titulo, classe 1gG
versus IgM, capacidade de fixar complemento, epitopo alvo e nivel de expressdo da molécula HLA alvo.
Metodologia Proposta: 1) Pesquisa de anticorpos anti-HLA pelo método de antigenos HLA isolados
conjugados a microesferas de poliestireno em plataforma Luminex (SAB):Este método baseia-se na
incubacgdo do soro do paciente com um conjunto de antigenos HLA isolados de origem recombinante, que
se encontram imobilizados em microesferas codificadas por coloracéo fluorescente, e posterior reagdo com
imunoglobulina anti-IgG ou anti-lgM marcada com ficoeritrina (SCHINSTOCK; GANDHI; STEGALL, 2016). A
designac&o da presenca de anticorpos anti-HLA é feita com auxilio do programa HLA Fusion (One Lambda
Inc., USA). Os testes do soro adsorvido e do eluato, soro diluido 1/8, HLA desnaturado apos tratamento
acido e C1q utilizam esta mesma metodologia de antigenos HLA conjugados a microesferas de poliestireno
em plataforma Luminex. Os soros que apresentarem background elevado na analise dos resultados pelo
HLA Fusion devem ser tratados com reagente tipo “Adsorb Out” para a remocéo de interferentes e
submetidos novamente ao teste do A falha de pega do enxerto é uma grave complicagdo apés o TCTH e
esta associada com morbidade e mortalidade elevadas (MATTSSON,; RINGDEN: STORB, 2008). Este
processo fisiopatolégico pode ser decorrente de alorreatividade celular mediada por células T e ou células
natural Killer bem como por alorreatividade humoral mediada por anticorpos especificos para moléculas HLA
(LOCATELLI; LUCARELLI; MERLI, 2014). A associag&o da imunidade humoral com a incidéncia da rejeicéo
do enxerto foi inicialmente descrita em 1989 pela observacdo de prova cruzada por citotoxicidade
dependente do complemento (CDC) positiva entre o soro do receptor e linfocitos do doador (ANASETTI et
al., 1989), sendo este fato posteriormente confirmado por Ottinger e colaboradores (OTTINGER et al.,
2002). A evolucédo tecnologica das metodologias para detec¢do de anticorpos anti-HLA culminou com o
desenvolvimento do sistema de moléculas HLA individualmente conjugadas as microesferas de
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poliestireno (Single Antigen Beads - SAB) (PEI et al., 2003). Este sistema se tornou amplamente difundido e
possibilitou a identificag@o dos anticorpos anti-HLA com maior acuracia (GEBEL; LIWSKI; BRAY, 2013). A
detecgdo de anticorpos contra moléculas HLA do doador no soro de receptores de ceélulas tronco
hematopoiéticas, por métodos mais sensiveis como o SAB, tem sido associada a falha primaria de pega do
enxerto e/ou rejeicdo em varios estudos mais recentes (BRAND; DOXIADIS; ROELEN, 2013; FOCOSI;
ZUCCA; SCATENA, 2011; YOSHIHARA et al., 2012). A presenca de aloanticorpos no receptor com
especificidade contra moléculas HLA incompativeis do doador tem sido associada a efeitos adversos nos
transplantes haploidénticos (CHANG et al., 2015; CIUREA et al., 2009; GLADSTONE et al., 2013),
transplantes com sangue de corddo umbilical (CUTLER et al., 2011; FERNANDEZ-VINA; DE LIMA;
CIUREA, 2011; TAKANASHI et al., 2010) e com doadores n&o consanguineos (CIUREA et al., 2011;
SPELLMAN et al., 2010). Os resultados de identificacdo de aloanticorpos especificos contra o doador séo
considerados na selegédo de doadores com incompatibilidades HLA, a fim de reduzir o risco de falha de pega
de enxerto e demais complicagdes pos-transplante decorrentes deste evento (KEKRE; ANTIN, 2014).
Entretanto, o processo de selecdo do doador pode ser prejudicado devido a algumas limitacdes da
tecnologia Single Antigen Beads em plataforma Luminex (SCHINSTOCK; GANDHI; STEGALL, 2016; TAIT
et al., 2013). Este sistema, atualmente o padrdo ouro, tem algumas limita¢cdes tais como a identificacdo de
anticorpos contra epitopos cripticos que sdo expostos devido & desnaturag&o de alguns tipos de moléculas
HLA durante o processo de conjugacac as microesferas (EL-AWAR et al., 2009b; MORALES-
BUENROSTRO et al., 2008). Estes anticorpos contra epitopos cripticos ndo se mostraram clinicamente
relevantes nos transplantes de érgéos sélidos (GOMBOS et al., 2013; SICARD et al., 2014), porém o
impacto dos mesmos ainda n&o foi investigado nos TCTH. Uma das estratégias para sobrepujar esta
limitac&o tecnoldgica € a caracterizacdo destes aloanticorpos anti-HLA sob a luz da anélise epitdpica (CAl;
TERASAKI, 2008; ELLIS, 2013; TAMBUR; CLAAS, 2015). Outras ferramentas complementares que podem
ser necessarias para a identificacéo fidedigna destes anticorpos séo a adsorcédo seguida de eluicdo do soro
com células que expressem a(s) molécula(s) HLA alvo dos supostos anticorpos doador-especificos, ou
ainda a utilizagéo de Single Antigen Beads com moléculas HLA intencionalmente desnaturadas apods
tratamento acido (EL-AWAR et al., 2009a, 2009b; VISENTIN et al., 2014).0s estudos prévios que
associaram DSA com falha de pega /rejeicédo do enxerto levaram em consideracdo somente o valor de cutoff
na interpretacéo dos resultados do SAB (BRAND; DOXIADIS; ROELEN, 2013; YOSHIHARA et al., 2012),
sendo este tipo de andlise insuficiente para caracterizar com acuracia os anticorpos anti-HLA. A utilizag&o

somente do cutoff como critério de analise pode gerar resultados falso-positivos que excluam
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desnecessariamente um doador, ou resultados falso-negativos que levem a escolha de um doador que
aumente o risco de falha de pega/rejeicdo do enxerto (ELLIS, 2013). Isto demonstra a relevancia do
presente estudo que visa conduzir uma identificagdo mais abrangente destes anticorpos utilizando
estratégias fundamentadas na analise epitbpica.

Metodologia Proposta: 1) Pesquisa de anticorpos anti-HLA pelo método de antigenos HLA isolados
conjugados a microesferas de poliestireno em plataforma Luminex (SAB):Este método baseia-se na
incubacéo do soro do paciente com um conjunto de antigenos HLA isolados de origem recombinante, que
se encontram imobilizados em microesferas codificadas por coloragéo fluorescente, e posterior reagdo com
imunoglobulina anti-IgG ou anti-IlgM marcada com ficoeritrina (SCHINSTOCK; GANDHI; STEGALL, 2016). A
designacéo da presencga de anticorpos anti-HLA & feita com auxilio do programa HLA Fusion (One Lambda
Inc., USA). Os testes do soro adsorvido e do eluato, soro diluido 1/8, HLA desnaturado apés tratamento
acido e C1q utilizam esta mesma metodologia de antigenos HLA conjugados a microesferas de poliestireno
em plataforma Luminex. Os soros que apresentarem background elevado na analise dos resultados pelo
HLA Fusion devem ser tratados com reagente tipo “Adsorb Out” para a remogao de interferentes e
submetidos novamente ao teste do SAB. 2)Programas computacionais de andalise e interpretagdo dos
resultados para caracterizacdo dos anticorpos HLA: A analise da reatividade epitdpica dos anticorpos anti-
HLA sera realizada com auxilio de dois programas computacionais denominados HLA Fusion (One Lambda
Inc., USA) e EpVix (Universidade Federal do Piaui, Brasil; http://www.epvix.com.br). O HLA Fusion utiliza os
Epitopos Terasaki também denominados “TerEps” (EL-AWAR et al., 2009a), enquanto o EpVix
(ANUNCIACAOQ et al., 2015) utiliza os epitopos definidos por Duquesnoy que s&o denominados “Eplets”
(DUQUESNOQY, 2006). As anélises dos “TerEps” e dos “Eplets” serdo realizadas de modo independente e
depois integradas para obtengéo do resultado final. Os epitopos HLA caracterizados seréo validados com os
dados presentes no website HLA Epitope Registry (http://www.epregistry.com.br/) (DUQUESNOY et al.,
2013). 3)Prova Cruzada Virtual: sera realizada por meio da comparacgdo dos anticorpos antiHLA presentes
no soro do paciente com a tipificagdo HLA do doador de células-tronco hematopoiéticas (GUTMAN et al.,
2009; TAMBUR et al., 2009). Para obtengdo de uma prova cruzada virtual fidedigna & necessario que 0s
anticorpos anti-HLA no receptor estejam caracterizados em nivel epitépico e que a tipificagdo HLA do
doador esteja completa para os locos HLA-A, B, C, DRB1, DRB3,4,5, DQA1, DQB1, DPA1 e DPB1. De
modo geral, valores de MFI acima de 5000 condizem com prova cruzada positiva por citometria de fluxo, e
valores de MF| maiores que 10.000 com resultado positivo na prova cruzada por CDC (BRAND; DOXIADIS;
ROELEN, 2013). Critério de Inclusdo: Pacientes que
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realizaram transplante de células-tronco hematopoiéticas no Hospital de Clinicas da UFPR, no periodo entre
2008 e 2017, com doadores que apresentaram incompatibilidades HLA,e com teste de pesqusia de
anticorpos anti-HLA no soro do receptor antes do transplante.

Objetivo da Pesquisa:

Objetivo Primario: Caracterizar os anticorpos anti-HLA em pacientes com doencas onco-hematologicas,
transplantados no HC-UFPR entre janeiro de 2008 e dezembro de 2017, e avaliar o impacto dos anticorpos
especificos contra o doador (DSA) na evolugéo clinica dos transplantes de células-tronco hematopoiéticas
com incompatibilidades HLA. Objetivo Secundario: Objetivo Especifico 1: Caracterizagdo dos anticorpos anti
-HLA - Analisar o padr&o de reatividade epitépica dos DSA;Investigar a incidéncia de DSA da classe IgM;
Confirmar a prova cruzada virtual fundamentada na analise epitdpica por meio de adsorgéo/eluigdo; Verificar
a forca de reacéo dos DSA pelo teste SAB/plataforma Luminex nos soros puros e diluidos 1:8; Investigar a
incidéncia de DSA contra epitopos cripticos em moléculas HLA desnaturadas;Avaliar a capacidade de
fixagcdo do complemento dos DSA pelo teste SAB/plataforma Luminex com adigcdo do C1q. Objetivo
Especifico 2: Investigar a influéncia dos DSAs na evolug&o clinica pos-transplante na falha de pega do
enxerto, sobrevida global e mortalidade péstransplante.A investigacdo dos anticorpos incluira a
determinagdo da patogenicidade dos DSAs pela avaliagdo da forga/titulo, classe IgG versus IgM,
capacidade de fixar complemento, epitopo alvo e nivel de expressdo da molécula HLA alvo.

Avaliagdo dos Riscos e Beneficios:

Riscos: Nao havera riscos diretos para os participantes porque este estudo sera constituido de avaliagéo
retrospectiva de resultados dos testes laboratoriais, principalmente a pesquisa de anticorpos anti-HLA,
realizados somente in vitro. O Unico risco indireto associado a este estudo seria um eventual extravio de
informagdes dos pacientes participantes. Para minimizar este fato, o acesso a informacgao sera limitado aos
pesquisadores integrantes deste estudo. Beneficios: Nao ocorrera beneficio direto algum aos participante,
uma vez que o estudo proposto trata-se de analise retrospectiva. No entanto, os achados deste estudo
poderdo fornecer informac@es relevantes para transplantes futuros quanto: 1) ao processo de selecéo de
doadores HLA incompativeis; 2) as estratégias terapéuticas empregadas para contornar a presenca destes
anticorpos quando necessario utilizar um doador que apresente moléculas HLA incompativeis e alvo dos
anticorpos HLA,; 3) a estratificagcdo de risco dos DSAs.
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Comentarios e Consideragdes sobre a Pesquisa:
Emenda encaminhada pelo investigador N°3 de 30/05/2021

+ ALTERAGAO DE CRONOGRAMA PARA FINALIZACAO DO PROJETO E INCLUSAO DE CASUISTICA

1-QUAL A JUSTIFICATIVA PARA EMISSAQ DESTE DOCUMENTO:

O cronograma de atividades deste projeto foi severamente comprometido por varios entraves burocraticos e
logisticos ao longo de 2019 e 2020. Informamos que a liberacdo dos recursos provenientes do projeto
PRONON ocorreu somente no dia 25/04/2019. Além disso, a aquisic&o, importacio e entrega dos reagentes
do projeto foi prejudicada pelo valor elevado da cotacdo do délar ao longo de 2019 e 2020 (Cotacdo de R$
3,25 na apresentacdo do projeto em 2016 e R$ 5,2830 no momento da efetivacao da importacao) e pelas
dificuldades logisticas decorrentes da Pandemia de Coronavirus. Desta forma, foi solicitada a extens&o do
prazo do projeto junto ao Programa Nacional de Apoio a Atencdo Oncologica (PRONON). A alteracio do
novo plano de trabalho, com 06 meses de prorrogacdo e data de finalizacao até outubro de 2021, foi
aprovada em 22/01/2021 pelo PRONON/Ministério da Saude (Parecer Técnico N°® 12/2021-
COPP/CGFPS/DECIT/SCTIE/MS). Ressaltamos que a primeira remessa de reagentes importados foi
entregue somente no dia 10/11/2020, e a ultima aquisicdo de reagentes do presente projeto sé foi
concretizada em 27/04/2021. Desta forma, solicitamos ao CEP a extensdo de 6 meses adicionais do referido
projeto, em conformidade com a nova proposta de cronograma anexada na Plataforma Brasil

Consideragdes sobre os Termos de apresentagio obrigatéria:

Estdo adequados

Recomendagoes:

Nao ha recomendactes

Conclusdes ou Pendéncias e Lista de Inadequacgdes:

Emenda aprovada

Consideragoes Finais a critério do CEP:

Diante do exposto, o Comité de Etica em Pesquisa em Seres Humanos do HC-UFPR, de acordo com as
atribuicdes definidas na Resolucdo CNS 466/2012 e na Norma Operacional N° 001/2013 do CNS, manifesta
-se pela aprovacao da Emenda.
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Solicitamos que sejam apresentados a este CEP, relatérios semestrais sobre o andamento da pesquisa,

bem como informagdes relativas as modificagdes do protocolo, cancelamento, encerramento e destino dos

conhecimentos obtidos. Manter os documentos da pesquisa arquivados.

E dever do CEP acompanhar o desenvolvimento dos projetos, por meio de relatorios semestrais dos

pesquisadores e de outras estratégias de monitoramento, de acordo com o risco inerente a pesquisa.

Este parecer foi elaborado baseado nos documentos abaixo relacionados:

Tipo Documento Arquivo Postagem Autor Situacao
Informacdes Basicas| PB_INFORMACOES_BASICAS_149548| 30/05/2021 Aceito
do Projeto 9 E1.pdf 18:24:16
Outros CARTA_PARA_APRESENTACAO_JUS| 23/05/2021 |ALBERTO Aceito

TIFICATIVA PARA EMENDA.docx 14:38:51 _|CARDOSO
Solicitagao Assinada| CARTA_PARA_APRESENTACAO_JUS| 23/05/2021 |ALBERTO Aceito
pelo Pesquisador TIFICATIVA_PARA_EMENDA pdf 14:32:08 |CARDOSO
Responsavel MARTINS LIMA
Cronograma CRONOGRAMA_EMENDA pdf 19/05/2021 |ALBERTO Aceito
15:08:34 |CARDOSO
Projeto Detalhado / |PROJETO_ANTICORPOS_ANTI_HLA_| 19/05/2021 |ALBERTO Aceito
Brochura TCTH_ATUALIZADO_EMENDA pdf 15:08:17 |CARDOSO
Investigador MARTINS LIMA
Declaracdo de CARTA_ENCAMINHAMENTO_CEP_RE| 26/09/2018 |ALBERTO Aceito
Pesquisadores SPOSTAS PARECER 2880419.pdf 12:30:41 _|CARDOSO
Orcamento OFICIO_AAHC_ORCAMENTO_PAREC| 26/09/2018 |ALBERTO Aceito
ER 2880419.pdf 12:28:48 |CARDOSO
Orgamento TERMO_DE_COMPROMISSO_PROJE | 26/09/2018 |ALBERTO Aceito
TO AC _ANTI HLA.pdf 12:27:47 |CARDOSO
Orgamento DOU_04_JUNHO_2018_32.pdf 26/09/2018 |ALBERTO Aceito
12:27:13 _|CARDOSO
Orcamento DOU_01_DEZEMBRO_2017_113.pdf 26/09/2018 |ALBERTO Aceito
12:27:05 |CARDOSO
TCLE /Termos de |TERMO_ASSENTIMENTO_INFORMAD| 26/09/2018 |ALBERTO Aceito
Assentimento / O_LIVRE_ESCLARECIDO_12_17_ANO 12:26:33 |CARDOSO
Justificativa de S_ATUALIZADO .pdf MARTINS LIMA
Auséncia
TCLE /Termos de |TERMO_ASSENTIMENTO_INFORMAD| 26/09/2018 |ALBERTO Aceito
Assentimento / O_LIVRE_ESCLARECIDO_7_12_ANOS 12:26:23 |CARDOSO
Justificativa de ATUALIZADO pdf MARTINS LIMA
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Auséncia TERMO_ASSENTIMENTO_INFORMAD| 26/09/2018 |ALBERTO Aceito
O _LIVRE ESCLARECIDO 7 12 ANOS 12:26:23 |CARDOSO
ATUALIZADO.pdf MARTINS LIMA
Orgamento ORCAMENTO_AAHC_ATUALIZADO_T| 26/09/2018 [ALBERTO Aceito
ERMO COMPROMISSO.pdf 12:21:50 | CARDOSO
TCLE/Termos de |TERMO_CONSENTIMENTO_LIVRE_E | 13/08/2018 [ALBERTO Aceito
Assentimento / SCLARECIDO_CRIANCA.pdf 14:55:25 |CARDOSO
Justificativa de MARTINS LIMA
Auséncia
Qutros CHECK_LIST.pdf 13/08/2018 |ALBERTO Aceito
14:51:53 | CARDOSO
Projeto Detalhado / | PROJETO_ANTICORPOS_ANTI_HLA | 13/08/2018 |ALBERTO Aceito
Brochura TCTH.pdf 14.50:46 |CARDOSO
Investigador MARTINS LIMA
Orgcamento ORCAMENTO_AAHC .pdf 13/08/2018 |ALBERTO Aceito
14:33:07  |CARDOSO
TCLE/ Termos de |DISPENSA_TERMO_CONSENTIMENT| 13/08/2018 |ALBERTO Aceito
Assentimento / O.pdf 14:32:50 |CARDOSO
Justificativa de MARTINS LIMA
Auséncia
TCLE/Termos de | TERMO_ASSENTIMENTO_INFORMAD| 13/08/2018 |ALBERTO Aceito
Assentimento / O_LIVRE_ESCLARECIDO.pdf 14:32:28 |CARDOSO
Justificativa de MARTINS LIMA
Auséncia
TCLE/Termos de | TERMO_CONSENTIMENTO_LIVRE_E | 13/08/2018 [ALBERTO Aceito
Assentimento / SCLARECIDO_ADULTO.pdf 14:32:02 |CARDOSO
Justificativa de MARTINS LIMA
Auséncia
Declaragao de TERMO_RESPONSABILIDADE_PESQ | 13/08/2018 |ALBERTO Aceito
Pesquisadores UISA.pdf 14:31:40 |CARDOSO
Declaragado de TERMO_COMPROMISSO_UTILIZACA | 13/08/2018 |ALBERTO Aceito
Pesquisadores O DADOS ARQUIVOS.pdf 14:31:28 |CARDOSO
Declaragao de TERMO_GUARDA_MATERIAL_BIOLO | 13/08/2018 |ALBERTO Aceito
Manuseio Material | GICO.pdf 14:31:10 | CARDOSO
Biolagico / MARTINS LIMA
Biorepositério /
Biobanco
Declaragao de QUALIFICACAO_TODOS_OS_PESQUI| 13/08/2018 |ALBERTO Aceito
Pesquisadores SADORES.pdf 14:30:46 | CARDOSO
Declaragao de DECLARACAO_COMPROMISSO_PES| 13/08/2018 [ALBERTO Aceito
Pesquisadores QUISADORES.pdf 14:30:04 |CARDOSO
Declaragao de DECLARACAO_USO_MATERIAL_DAD| 13/08/2018 [ALBERTO Aceito
Pesquisadores 0OS COLETADOS.pdf 14:29:50 |CARDOSO
Declaracgido de DECLARACAO_DE_TORNAR_PUBLIC| 13/08/2018 [ALBERTO Aceito
Pesquisadores 0OS OS RESULTADOS.pdf 14:29:23 | CARDOSO
Declaragao de TERMO_CONFIDENCIALIDADE .pdf 13/08/2018 |ALBERTO Aceito
Pesquisadores 14:29:02 |CARDOSO
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Declaragéo de CONCORDANCIA_STMO.pdf 13/08/2018 |ALBERTO Aceito
Instituicdo e 14:27:33 | CARDOSO
Infraestrutura MARTINS LIMA
Declaragao de CONCORDANCIA_ULAC.pdf 13/08/2018 |ALBERTO Aceito
Instituicdo e 14:27:19 |CARDOSO
Infraestrutura MARTINS LIMA
Declaragéo de CONCORDANCIA_IMUNOGENETICA.p| 13/08/2018 |ALBERTO Aceito
Instituicao e df 14:27:13 |CARDOSO
Infraestrutura MARTINS LIMA
Declaragéo de DECLARACAO_ORIENTADOR_ALUNO| 13/08/2018 [ALBERTO Aceito
Pesquisadores pdf 14:26:48 |CARDOSO
Declaragéo de CARTA_ENCAMINHAMENTO_CEP.pdf| 13/08/2018 |ALBERTO Aceito
Pesquisadores 14:25:21 CARDOSO
Folha de Rosto FOLHA_DE_ROSTO_PLATAFORMA_B| 13/08/2018 [ALBERTO Aceito
RASIL.pdf 14:12:16 | CARDOSO
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Necessita Apreciaciao da CONEP:

Nao

Enderego:
Bairro:
UF: PR
Telefone:

CURITIBA, 08 de Junho de 2021

Municipio:

(41)3360-1041

Rua Gal. Carneiro, 181
Alto da Gléria

CURITIBA
Fax:

(41)3360-1041

Assinado por:

CEP: 80.060-900

E-mail:

Niazy Ramos Filho
(Coordenador(a))

cep@hec.ufpr.br

Pagina 09 de 09



157

APPENDIX 2. List of awards, other publications, scientific presentations, and
educational activities during the Ph.D. (2019-2023)

Awards as the first author:

“2022 José Roberto Moraes Award - Best Scientific Abstract in Histocompatibility and
Immunogenetics”, 2022 Annual Meeting of the Brazilian Society of Bone Marrow

Transplantation and Cellular Therapy.

“2021 José Roberto Moraes Award - Best Scientific Abstract in Histocompatibility and
Immunogenetics”, 2021 Annual Meeting of the Brazilian Society of Organ

Transplantation.

“2020 José Roberto Moraes Award - Best Scientific Abstract in Histocompatibility and
Immunogenetics”, 2020 Annual Meeting of the Brazilian Society of Bone Marrow

Transplantation.

“2021 Alirio Pfiffer Award - Best Abstract in Bone Marrow Failure”, 2021 Annual Meeting

of the Brazilian Society of Bone Marrow Transplantation and Cellular Therapy.

“2020 Alirio Pfiffer Award - Best Abstract in Bone Marrow Failure”, 2020 Annual Meeting

of the Brazilian Society of Bone Marrow Transplantation and Cellular Therapy.

Awards as the co-author heading the statistical analyses:

“2021 Mary Flowers Award - Best Scientific Abstract in Clinical Aspects of HSCT”, 2021
Annual Meeting of the Brazilian Society of Bone Marrow Transplantation and Cellular

Therapy.

“2021 Carmem Bonfim Award - Best Scientific Abstract in the Pediatric HSCT”, 2021
Annual Meeting of the Brazilian Society of Bone Marrow Transplantation and Cellular

Therapy.

Publications as the co-author heading the statistical analyses:

Bonfim C, Nichele S, Loth G, Funke VAM, Nabhan SK, Pillonetto DV, Lima ACM,
Pasquini R. Transplantation for Fanconi anaemia: lessons learned from Brazil. Lancet
Haematol. 2022 Mar;9(3): e228-e236. doi: 10.1016/S2352-3026(22)00032-1.

Belinovski AR, Pelegrina PD, Lima ACM, Dumke CCK, Rodrigues AM, Loth G, Benini
FML, Rodrigues ALM, Motta FA, Prando C, Bonfim C. Immune reconstitution after
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allogenic stem cell transplantation: An observational study in pediatric patients. Hematol
Transfus Cell Ther. 2022 Jul 7: S2531-1379(22)00090-6. doi: 10.1016/j.htct.2022.05.008.

Pillonetto DV, Piovezan BZ, Nichele S, Lima ACM, Pasquini R, Pereira NF, Bonfim C.
Investigation of mutations in Fanconi anemia genes and malignancy predisposition in
Brazilian patients. Int J Lab Hematol. 2022 Nov 5. doi: 10.1111/ijlh.13986.

Publications as the senior author:

Torres MA, Rampim GF, Cardoso JF, Vergueiro C, Pereira NF, Lima ACM. DONOR
SELECTION: IMMUNOGENETICS AND HISTOCOMPATIBILITY. JBMTCT, 2(1), 22-27.
https://doi.org/10.46765/2675-374X.2021v4n1p22-27 (Consensus Guidelines for HSCT

from the Brazilian Society for Blood and Marrow Transplantation and Cellular Therapy).

Scientific presentations in International Meetings as first author:

Lima, ACM; Getz, J; do Amaral, GB; Pereira, NF; Bonfim, C; Loth, G; Nabhan, SK;
Pasquini, R. Donor-specific anti-HLA antibodies are associated with poor outcomes
following haploidentical transplantation with posttransplant cyclophosphamide in pediatric
patients with nonmalignant disorders. HUMAN IMMUNOLOGY, 2021. P43. Volume 82,
Supplement, September 2021, Page 94-95.

Lima, ACM; Getz, J; Dornelles, LN; Amaral, GB; Loth, G; Funke, VA; Nabhan, SK;
Pereira, NF; Bonfim, C; Pasquini, R. Impact of donor-specific anti-HLA antibodies on graft
failure after unrelated donor hematopoietic cell transplantation. HUMAN IMMUNOLOGY,
2020. O186. Volume 81, Supplement, November 2020, Page 30.

Lima, ACM; Feitosa, MK; Dornelles, LN; do Amaral, GB; Loth, G; Nichele, S; Funke,
VAM; Nabhan, SK; Pereira, NF; Bonfim, C; Pasquini, R. Alloreactivity Against HLA-DPB1
in Host-Versus-Graft Direction is Associated with Increased Risk of Graft Failure After
Matched Unrelated Donor Transplantation for Nonmalignant Diseases. BONE MARROW
TRANSPLANTATION. 2020. 0166, Vol. 55, SUPPL 1: Page 169-169.

Scientific presentations in International Meetings as co-author heading the

statistical analyses:

Bonfim, C; Conti, BFMD; Muratori, R; Nichele, S; Loth, G; Koliski, A; Dumke, CCK;
Pelegrina, PRD; Benini, FMD; Mosquer, RATG; Rodrigues, AM; Ribeiro, L; Bach, JLM;
Peixoto, CMD; Trennepohl, JP; de Gouvea, LMM; Lima, ACM; Pasquini, R. Excellent
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outcomes after haploidentical bone marrow transplantation using post-transplant
cyclophosphamide in 25 patients with Wiskott-Aldrich syndrome. BONE MARROW
TRANSPLANTATION. 2022. 0133, Vol. 57, SUPPL 1: Page 85.

Muratori, R; Nichele, S; Loth, G; Koliski, A; Dumke, CCK; Benini, FMD; Pelegrina, PRD;
Mosquer, RATG; Rodrigues, AM; Rossoni, AMD; Ribeiro, L; Bach, JLD; Peixoto, CMD;
Trennepohl, JP; de Gouvea, LMM; Lima, ACM; Pasquini, R; Bonfim, C. Alternative donor
stem cell transplantation with post-transplantation cyclophosphamide in 37 children with
severe combined immunodeficiency (SCID). BONE MARROW TRANSPLANTATION.
2022. 074, Vol. 57, SUPPL 1: Page 51.

Funke, VAM.; Lima, ACM; Hamerschlak, N; et al. 167 - DIPSS Score Validation as a
Tool to Estimate Survival and Non-Relapse Mortality after Hematopoietic Stem Cell
Transplant in a Brazilian Multicentric Cohort. ABSTRACTS FROM THE 2022 TANDEM
MEETINGS OF ASTCT AND CIBMTR, v. 28, n. 3, Supplement, p. S131-S133, 2022.

Bonfim, C; Nichele, S; Ribeiro, L; Loth, G; Kuwahara, C; Rodrigues, ALM; Benini, FML;
Koliski, A; Marinho, D; Mousquer, RTG; Renoste, S; Trennepohl, J; Rodrigues, AM,;
Lima, ACM; Pilonetto, D; Pereira, NF; Pasquini, R. Haploidentical transplantation with
post-transplant cyclophosphamide (Haplo-PTCy) for 71 patients with acquired or
inherited bone marrow failure syndromes (BMF): The experience from Curitiba, Brazil.
BONE MARROW TRANSPLANTATION. 2019. 026, Vol. 54, SUPPL 1: Pages 28-29.

Lectures on DSA and HSCT in International Meetings:

“Donor-specific HLA antibodies in hematopoietic stem cell transplantation: Practical
aspects in alternative donor selection”, XVI Portuguese Transplantation Meeting,

Portuguese Transplantation Society (2022).

Lectures on DSA and HSCT in National Meetings:

“Primary graft rejection and poor graft function after haploidentical HSCT with PTCy:
Impact of donor-specific HLA antibodies (DSA)”, 2022 Annual Meeting of the Brazilian

Society of Bone Marrow Transplantation and Cellular Therapy.

“The perspective of HLA laboratory on post-transplant DSA monitoring: a challenging
case”, 2021 Annual Meeting of the Brazilian Society of Bone Marrow Transplantation and

Cellular Therapy.

“Donor anti-HLA antibodies in allo-HSCT: State of the Art in 2021”, 2021 Brazilian

Transplantation Congress, Brazilian Society of Organ Transplantation.
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“Graft Failure after Allogeneic Hematopoietic Cell Transplantation: HLA Lab perspective”,
2020 Annual Meeting of the Brazilian Society of Bone Marrow Transplantation and

Cellular Therapy.

“Virtual Crossmatch in Bone Marrow Transplantation”, 2019 Brazilian Transplantation

Congress, Brazilian Society of Organ Transplantation.

“The Epitope Time - Finding the Target of Anti-HLA Antibodies: The HC/UFPR
approach”, 2019 Annual Meeting of the Brazilian Society of Bone Marrow

Transplantation.

“Donor anti-HLA antibodies in Haploidentical HCT for Nonmalignant Diseases: The
HC/UFPR experience”, 2019 Annual Meeting of the Brazilian Society of Bone Marrow

Transplantation.

Lectures on DSA and HSCT to Professional Societies:

“Impact of DSA in allo-HSCT” lecture for the Pediatric Group of Brazilian Society of Bone
Marrow Transplantation and Cellular Therapy, Brazilian Association of Histocompatibility
and Immunogenetics, and Department of Immunobiology of the Brazilian Society of
Organ Transplantation (2019, 2020, and 2022).

Lectures on DSA and HSCT to Brazilian HLA laboratories and HSCT units:

"Impact of DSA in allo-HSCT" lecture for CHC/UFPR HSCT Unit, Hospital Pequeno
Principe HSCT Unit, UFMG HSCT Unit, UFJF HSCT Unit, Hospital Santa Marcelina
HSCT Unit, Hospital Brigadeiro HSCT Unit, HLA laboratory of Hospital Cajuru, HLA
laboratory of Hospital de Clinicas de Porto Alegre, HLA laboratory of the Fundacao
Centro de Hemoterapia e Hematologia do Para (2019, 2020, 2021, 2022, and 2023).

Lectures on Donor Selection and Immunological Risk Stratification:

“Immunological Risk Stratification: Practical Aspects of Donor Selection”, Anat Tambur
HLA Laboratory, Northwestern University, Chicago, USA (2022).

“Immunological Risk Stratification: Practical Aspects of Donor Selection”, Parana

Regional Meeting of the Brazilian Society of Bone Marrow Transplantation (2022)

“Immunological Risk Stratification: Practical Aspects of Donor Selection”, for the Hospital
Alemao Oswaldo Cruz HSCT Unit, Hospital Santa Marcelina HSCT Unit, Hospital
Brigadeiro HSCT Unit, and Hospital Sdo Paulo HSCT fellows (2022).
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“Immunological Risk Stratification: Practical Aspects of Donor Selection”, for the
Multiprofessional Residency and Laboratory Medicine Fellowship Program of the

Complexo do Hospital de Clinicas, Federal University of Parana (2022).

“Immunobiology of Relapse: The impact of HLA-DPB1 on Unrelated Donor Selection”’,
2022 | Multiregional Meeting “Relapse after HSCT: prevention and treatment”, Brazilian

Society of Bone Marrow Transplantation and Cellular Therapy.

‘HLA-DPB1 in Unrelated Hematopoietic Cell Transplantation for Nonmalignant
Diseases”, 2020 Annual Meeting of the Brazilian Society of Bone Marrow Transplantation

and Cellular Therapy.

“‘HLA-DPB1 permissiveness and unrelated donor selection for allo-HSCT”, for the
Pediatric Group of Brazilian Society of Bone Marrow Transplantation and Cellular
Therapy (2019, 2020).

Educational Activities on Histocompatibility and Donor Selection:

“Histocompatibility in HSCT course”, for the Histocompatibility and Immunogenetics
Group of the Portuguese Transplantation Society and Brazilian Association of

Histocompatibility and Immunogenetics (2023).

‘HLA and Donor Selection module” in the "Mais TMO/PROADI" project of the
Beneficéncia Portuguesa de Séo Paulo (2022).

“Histocompatibility Training course” (Chapters: DSA in HSCT and Immunobiology of
Rejection and GVHD), Brazilian Histocompatibility and Immunogenetics Association
(2021).

Educational Activities on Statistical Analyses:

“Statistical Methods in HSCT: Part | and II” course for the Pediatric Group of Brazilian
Society of Bone Marrow Transplantation and Cellular Therapy (2022).

“Statistics in Postgraduate Studies” course for the Doctoral program in Internal Medicine
and Health Sciences, Federal University of Parana (2020, 2021, and 2022).

“Statistics in Postgraduate Studies” course for the Multiprofessional Residency and
Laboratory Medicine Fellowship Program of Complexo do Hospital de Clinicas, Federal
University of Parana (2022)

“Survival Analysis and Multivariable Regression in HSCT”, lecture for the HSCT Unit of
the CHC/UFPR (2022).
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“Advanced Statistics module”, in the HSCT's Data Managers training course, Brazilian

Society of Bone Marrow Transplantation and Cellular Therapy (2022)

“Statistics and Use of EZR” lecture at the HSCT's Data Managers meeting, Brazilian

Society of Bone Marrow Transplantation and Cellular Therapy congress (2020).



