LETTERS TO THE EDITOR

Comparative evaluation of biological human
leukocyte antigen DPB1 mismatch models for sur-
vival and graft-versus-host disease prediction after
unrelated donor hematopoietic cell transplantation

Hematopoietic cell transplantation (HCT) from unre-
lated donors (UD) is a curative therapy for many hema-
tologic malignancies. Donor-recipient allele-level match-
ing at human leukocyte antigen (HLA)-A, -B, -C, -DRB1
(8/8) is widely accepted to provide best results in terms
of overall survival (OS), non-relapse mortality (NRM) and
graft-versus-host disease (GvHD)." Genotypic matching
for HLA-DPB1 (DPB1) has been shown to hold limited, if
any, impact on post-transplant OS, and would be chal-
lenging to adopt, due to the weak linkage disequilibrium
between DPB1 and the remaining HLA class II loci.
Therefore, more than 80% of 8/8-matched UD-HCT are
currently DPB1-mismatched." A number of studies have
demonstrated that biological models can be used to iden-
tify selected, permissive DPB1 mismatch combinations,
associated with lower clinical risks compared to their
high-risk, non-permissive, counterparts.”” Five different
biological models for the assignment of DPB1 permissive-
ness have been identified to date, three of which are
based on functional T-cell epitopes (TCE), while the
remaining two rely on a single nucleotide polymorphism
(SNP) tag for expression levels. In particular, in the TCE3
model, DPB1 alleles are classified into three structural
groups based on variation in the peptide antigen-binding
domain, which leads to either functionally similar or dis-
tinct behavior in terms of T-cell alloreactivity.”® The
TCE4 model is identical to the TCE3 model, except for
the assignment of DPB1*02 to a fourth, independent
group 4. Another derivative of TCE3 is the "delta func-
tional distance" (AFD) model, in which a functional dis-
tance (FD) score is assigned to every DPB1 allele based on
key polymorphic aminoacids involved in anti-DPB1
alloreactivity, and differences between the FD of patient
and donor alleles defines permissive and non-permissive
pairs, respectively.” The SNP models, in contrast, are
based on high or low expression DPB1 alleles according
to a SNP tag in the 3’ untranslated region, in which the
rs9277534 A and G variant is associated with low and
high DPB1 expression, respectively.®’ In the expression
model, this SNP tag is applied to all DPB1 alleles, while
in the DP2/DP5 model, it is applied to 19 DPB1 alleles
belonging either to the DP2 or the DP5 evolutionary
clade. Currently, TCE3 matching is proposed by stem cell
donor registries in the USA and Europe, because it is the
only one of these models which has been validated in
independent cohorts. However, a comparative evaluation
of the five different biological models for DPB1 permis-
siveness and their association with HCT outcome has not
been undertaken so far.

Here, we have filled this gap by analysing the outcome
of 422 patients with available second field DPB1 typing
transplanted from 8/8-matched HLA-A, -B, -C and -
DRBI1 allele matched UD in 32 centers from the Gruppo
Italiano Trapianto di Midollo Osseo (GITMO), between
2012 and 2015. Of these, 43 pairs had a mismatch at
HLA-DQBI1, and 382 had one or two DPB1 mismatches.
The availability of DPB1 typing did not introduce signifi-
cant biases, since clinical outcomes were similar for the
422 transplants under analysis and those (n=522) per-
formed in the same time-period and for which DPB1 typ-
ing was not available (Online Supplementary Table S1A-B).
Patient, donor and transplant characteristics are shown in
Table 1. Transplants were performed for hematologic

malignancies, with mostly myeloablative conditioning
and peripheral blood as stem cell source. GVHD prophy-
laxis included anti-T-lymphocytic globulin (ATG) in most
cases. Permissive and non-permissive mismatches were
assigned by the IMGT webtool version 2.0 for TCE3, and
manually for the other models, using the cut-off 1.64 or
2.665 for AFD as described;®” for the Expression model,
the rs9277534 SNP variant was predicted by DPB1 geno-
typing.” Statistical methods are described in the Online
Supplementary Materials and Methods.

Table 1. Patient, transplant and donor characteristics.

Population n= 422

Median follow-up for survivors, years (range) 3.2 (0.1-6)
Patient age, years, median (range) 49 (18-70)
Patient sex, male, n (%) 244 (58%)
Type of diagnosis, n (%)
AML 168 (40%)
ALL 63 (15%)
MDS or MPN 69 (16%)
Lymphoma and Myeloma 110 (26%)
CLL 12 (3%)
Disease status according to EBMT risk", n (%)
Early 191 (45%)
Intermediate 111 (26%)
Advanced 120 (29%)
HCT-CI score"”, median (range) 1 (0-7)

Karnofsky performance status, median (range) 90% (50-100)

Donor sex, male, n (%) 306 (72%)
N° of previous pregnancies 0 (0-6
for female donors, median (range)
Female donor/male recipient, n (%) 61 (14%)
Host/donor CMV serostatus, n(%)
Pos/pos 157 (37%)
Pos/neg 166 (39%)
Neg/pos 36 (9%)
Neg/neg 53 (13%)
Missing 10 (2%)
Type of conditioning, n (%)
MAC 271 (64%)
RIC 111 (35%)
Source of stem cells, n (%)
PB 343 (81%)
BM 79 (19%)
ATG-based GvHD prophylaxis, n (%) 382 (91%)
GvHD prophylaxis details
ATG+CSA+MTX 341 (81%)
ATG+Sirolimus+MMF 26 (6%)
Other ATG-based prophylaxis 15 (4%)
CSA+MTX 24 (5%)
Other prophylaxis 16 (4%)

AML: acute myeloid leukemia; ALL: acute lymphoblastic leukemia; MDS: myelodys-
plastic syndromes; MPN: myeloproliferative neoplasms; CLL: chronic lymphocytic
leukemia; CMV: cytomegalovirus; MAC: myeloablative conditioning; RIC: reduced
intensity conditioning; PB: peripheral blood; BM: bone marrow; ATG: anti-T-lympho-
cytic globulin; GvHD: graft-versus-host disease; CSA: cyclosporine A; MTX:
Methotrexate; MMF: Mycophenolate Mofetil.
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The five models displayed a limited overlap, and the
TCE4 model was the most restrictive one, as in this
model the lowest number of pairs (36%) were classified
as permissive. For the SNP models, only donor-recipient

and 233 of 382 (61%) pairs without classification accord-
ing to either the Expression model or the DP2/DP5
model, respectively (Figure 1A).

Donor-recipient pairs in the permissive/low risk or

pairs with a single unidirectional DPB1 mismatch in GvH

airs v e ) non-permissive/high risk groups according to all five
direction could be classified, leaving 153 of 382 (40%)
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Figure 1. Comparative stratification of donor-recipient pairs according to five different biological models of DPB1 permissiveness, and outcome associations
for TCE4. (A) Classification of the 382 DPB1 mismatched pairs under analysis in this study, as permissive or low risk (green) or as non-permissive or high risk
(red) group according to five different biological models of permissiveness, as described in the text. For the Expression model and the DP2/DP5 model, only
pairs with single mismatches in the graft-versus-host (GvH) direction can be stratified, the others cannot be classified (grey). The model under investigation, and
the relevant numbers in each category (green, red or grey) are indicated to the left and to the right of the panel, respectively. The bottom panels show Kaplan-
Meier probabilities for overall survival (OS) (B), graft-versus-host disease-free relapse-free survival (GRFS) (C), and commorbidity index (Cl) of non-relapse mor-
tality (NRM) (D) and extensive chronic graft-versus-host disease (cGvHD) (E) stratified for functional DPB1 matching according to TCE4 model, with permissive
and non-permissive groups represented by the red and black curves, respectively.TRM: transplant-related mortality; HCT: hematopoietic cell transplantation; y:
years.
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Table 2. Multivariate analysis of DPB1 mismatch models and association with hematopoietic cell transplantation outcomes.

0s GRFS Relapse NRM aGvHD=2 aGvHD=3 cGvHD Ext cGvHD
HR (95% CI) P HR (95% CI) P HR (95% CI) P HR (95% Cl) P HR (95% CI) P HR (95% CI) P HR (95% Cl) P HR (95% Cl) P

TCE4:NPus. P 1.7 (1.1-2.4) 0.008 1.4 (1.1-1.9) 0.01 1.1 (0.7-1.7) 0.7 1.9 (1.1-3.2) 0.01 1.3 (0.8-2.1) 02 1.5(0.7-3.2) 0.3 1.7 (1.1-2.6)0.02 3.6 (1.4-9.5) 0.01

Matchedws. P 2.1 (1.2-3.7) 0.01 1.5 (0.9-2.4) 0.09 2 (1.1-3.7) 0.03 2 (0.9-4.8) 0.09 Not applicable’ Not applicable® 0.8 (0.3-2) 0.6 0.9 (0.1-7.5) 0.9
TCE3:NPus. P 1.1(08-1.6) 0.5 1.1(0.8-14) 0.5 1(0.6-1.5) 0.9 1.1(0.7-1.8) 0.6 1.2 (0.8-1.9) 04 1.4 (0.6-2.9) 04 1.2 (0.8-1.8) 0.4 1.7 (0.8-3.6) 0.1
Matchedws. P 1.6 (0.9-2.7) 0.09 12 (0.8-1.9) 0.3 1.9 (1.1-3.4) 0.04 1.4 (0.6-3) 04 Not applicable’ Not applicable® 0.6 (0.2-1.5) 0.3 0.5 (0.1-3.6) 0.5
AFD:NPus. P 1(0.7-15) 0.8  1(0.7-1.4) 09 1.3(0.82)03 09 (0.5-1.5)0.7 0.9 (0.5-14) 0.6 0.8 (04-1.90.6 1(0.7-1.6) 0.9 0.9 (0.4-2.1) 0.9
Matchedws. P 1.5 (0.9-2.5) 0.1 12 (08-1.9) 0.4 2 (1.1-3.6) 0.02 1.3 (0.6-2.7) 0.5 Not applicable’ Not applicable® 0.6 (0.2-1.4) 0.2 0.3 (0.1-2.5) 0.3
Expression: 1(0.6-1.6) 0.9 0.8 (0.5-12) 0.2 0.6 (0.3-1.1) 0.1 1.1 (0.6-2.2) 0.7 2.2 (1.1-4.2) 0.02 1.9 (0.6-6.2) 0.3 1.2 (0.7-2.2) 04 1.7 (0.6-4.5) 0.3
high vs. low risk

Matched vs. 1.6 (0.9-2.8) 0.08 1.1 (0.7-1.7) 0.7 1.4 (0.7-2.5) 0.3 1.5 (0.7-3.4) 0.3 Not applicable’ Not applicable’ 0.7 (0.3-1.7) 0.4 0.5 (0.1-3.7) 0.
low risk

DP2/DP5*: 1.2 (0.5-2.5) 0.7 0.8 (0.5-1.6) 0.6 0.9 (0.4-2.2) 0.8 1.3 (0.5-3.7) 0.6 3.8 (1.5-9.6) 0.006 6.9 (1.5-31) 0.01 1.1 (0.4-3.1) 0.8 4.1 (1-17)0.05
high vs. low risk

Matched vs. 1.8(1-32)0.05 1(0.6-1.7) 09 1.6(0.8-3.2) 02 1.5(0.6-3.7) 0.3 Not applicable’ Not applicable’ 0.5 (0.2-1.5) 0.2 0.6 (0.1-4.7) 0.6
low risk

'TCE4 NP P and matched: n= 247,135 and 40, respectively “TCE3 NP P and matched: n= 174,208 and 40, respectively *DFD NP Pand matched: n= 123,259 and 40, respectively; cut-off
2.665. ‘Expression high risk, low risk and matched: n= 76, 153 and 40, respectively. "DP2/DP5 high risk, low risk and matched: n= 31,118 and 40, respectively. "Not applicable since no
cases of acute graft-versus-host disease (aGvHD) occurred in the DPB1 matched cohort. OS: overall survival; GRFS: graft-versus-host disease-free relapse-free survival; NRM: non-
relapse mortality; cGvHD: chronic GvHD; Ext GvHD: extensive GvHD; CI: confidence interval; HR: hazard ratio; NP: mean number of successes. Co-variates in the multivariate models
included patient age, disease phase, hematopoietic cell transplantation-specific omorbidity index (HCT-CI), female donor to male recipient, host-donor cytomegalovirus (CMV)

serostatus, conditioning intensity, stem cell source, anti-Tlymphocytic globulin (ATG) use, human leukocyte antigen (HLA)-matching on five loci, center effect.

transplant-specific characteristics (Online Supplementary
Tables S2-6). In univariate analysis, we confirmed previ-
ous reports'’ that DPB1 allele mismatches were not asso-
ciated with any significant difference in OS, and this was
reflected by a balance between significantly higher risks
of acute GvHD (aGvHD), in the presence of a markedly
though not significantly lower risks of relapse (Online
Supplementary Table S7). Of all models, only the TCE4
model was significantly associated with superior 3-year
OS and GvHD-free relapse-free survival (GRES) in
patients transplanted from a permissive compared with a
non-permissive donor, reflected by lower 3-year cumula-
tive incidence (CI) of extensive chronic GvHD (cGvHD)
and NRM (Figure 1B-E). No significant associations with
clinical outcomes were found for the TCE3 or the AFD
model (Online Supplementary Table S7). The Expression
model and the DP2/DP5 model were both associated
with a higher 100-day CI of grade =2 aGvHD, but not
with any of the other clinical endpoints (Ounline
Supplementary Table S7). In multivariate analysis, TCE4
permissive pairs were independently associated with
superior OS and GRFS, and with lower hazards for NRM,
c¢GvHD and extensive cGVvHD. Moreover, compared to
DPB1 allele matches, permissive mismatches according
to all three functional models (TCE3, TCE4 and AFD) had
significantly lower relapse risks (Table 2). In contrast, the
high-risk mismatches according to the Expression model
and the DP2/DP5 model were significantly associated
with grade 2-4 aGvHD, but not with NRM or OS (Table
2). Outcome associations of all clinical co-variates used in
the multivariate analyses are shown in the Omnline
Supplementary Table S8.

Our study is the first to compare HCT outcome associ-
ations for the five major biological models of DPB1 per-
missiveness. The results show that the concordance on
the predicted permissiveness of DPB1 mismatches
among the different models is evident but far from out-
right, suggesting that, even if all models describe a com-

mon biological phenomenon (the alloreactivity of T cells
against incompatible DPB1 molecules), each of them may
capture and emphasize only some aspects of this interac-
tion. The outcome analyses confirm previous reports that
functional DPB1 matching according to TCE is signifi-
cantly associated with survival after UD-HCT2-5, while
DPB1 matching according to the SNP tag predicts the
risks of aGvHD.?’ In this context, TCE4 is the most
restrictive but appears as the best common denominator
for permissiveness/low risk in all five models. In particu-
lar, the survival benefit of TCE4-permissive transplants
over their non-permissive counterparts is mainly reflect-
ed by reduced NRM and cGvHD risks, providing support
to the hypothesis that leveraging on permissive DPB1
mismatches might be a promising way to reduce NRM
without compromising the graft-versus-malignancy
effect of allogeneic HCT.

The study has several limitations. First, the number of
pairs under analysis is relatively small, in particular for
the two SNP tag models where DPB1 typing of up to
61% of pairs could not be classified. However, associa-
tion of these two models with aGvHD risks is in agree-
ment with previous reports from larger studies.” Second,
an apparent difference with previous data from larger
studies®” is the lack of association with TCE3. This might
reflect the stem cell source, which was peripheral blood
in 81% of our patients while bone marrow was used in
at least 50% of patients from the other studies.*’
Moreover, 91% of our patients received in vivo T-cell
depletion with anti-thymocyte globulin (ATG), while this
was adopted in less than 30% of patients in other
studies.> It should also be noted that TCE4 has been pre-
viously found to be associated with OS, including an
analysis of non-overlapping Gruppo Italiano Trapianto
Midollo Osseo (GITMO) transplants from eatlier years,’
a recent study from the French Registry," and a large
multicentre  study  from  the  International
Histocompatibility Workshop.® Since the latter did not
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show a significant advantage of TCE4 over TCE3, and
DPB1 permissive donors are more frequent in TCE3,
TCE3 was adopted by stem cell donor registries and not
further investigated in subsequent studies.” The greater
restrictiveness of TCE4 compared to TCE3 in assigning
permissiveness is due to appreciation of DPB1*02 as a
separate functional group. Interestingly, HLA-DP2 is the
so far only HLA-DP specificity associated with autoim-
munity,” and recent evidence suggests a similar breadth
of the alloreactive T-cell receptor repertoire in permissive
pairs involving this allele group compared to non-permis-
sive pairs,”® arguing in favor of a functional basis for
TCEA4.

In conclusion, our results highlight the relevance of
refining transplant-associated risks according to the bio-
logical significance of HLA matching. In particular, they
confirm the association between the SNP tag models and
aGvHD, while TCE4 should be prioritized for its highest
performance in predicting survival and non-relapse relat-
ed events. Moreover, since most of TCE4 permissive
donors are classified as low-risk for both SNP tag models,
they may be the best alternative to favor positive overall
outcomes. Clearly, additional and possibly prospective
studies should be performed to provide more definitive
evidence for the respective value of the five DPB1 mod-
els, also in view of emerging new strategies for GvHD
prophylaxis, which could modulate the observed out-
come associations.
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