The
University
s Of

)

2" Sheffield.

This is a repository copy of Integrating biological HLA-DPB1 mismatch models to predict
survival after unrelated hematopoietic cell transplantation.

White Rose Research Online URL for this paper:
https://eprints.whiterose.ac.uk/207776/

Version: Published Version

Article:

Ruggeri, A., De Wreede, L.C., Mller, C.R. et al. (31 more authors) (2023) Integrating
biological HLA-DPB1 mismatch models to predict survival after unrelated hematopoietic
cell transplantation. Haematologica, 108 (2). pp. 645-652. ISSN 0390-6078

https://doi.org/10.3324/haematol.2021.280055

Reuse

This article is distributed under the terms of the Creative Commons Attribution-NonCommercial (CC BY-NC)
licence. This licence allows you to remix, tweak, and build upon this work non-commercially, and any new
works must also acknowledge the authors and be non-commercial. You don’t have to license any derivative
works on the same terms. More information and the full terms of the licence here:
https://creativecommons.org/licenses/

Takedown
If you consider content in White Rose Research Online to be in breach of UK law, please notify us by
emailing eprints@whiterose.ac.uk including the URL of the record and the reason for the withdrawal request.

\ White Rose -
| university consortium eprints@whiterose.ac.uk
WA Universiies of Leeds, Sheffield & York https://eprints.whiterose.ac.uk/




LETTER TO THE EDITOR

Integrating biological HLA-DPB1 mismatch models to

predict survival after unrelated hematopoietic cell

transplantation

Relapse and graft-versus-host disease (GvHD) are the
main impediments to the clinical success of allogeneic
hematopoietic cell transplantation (HCT) in curing malig-
nant blood disorders. Alloreactive donor T cells are im-
portant mediators of both relapse control by
graft-versus-leukemia (GvL) effects, and of GvHD.' In un-
related donor (UD)-HCT, frequent human leukocyte
antigen (HLA)-DPB1 disparity is the target of T-cell allore-
activity, contributing to both leukemia control and GvHD.?
We have previously shown that two biological models of
HLA-DPB1 mismatching, namely permissiveness according
to T-cell epitope (TCE) groups and genetically determined
high-expression levels, are individually associated with
the risks of non-relapse mortality and GvHD/relapse, re-
spectively.** This led us to hypothesize that combined
TCE-permissive and high-expression (TPHE) HLA-DPBI1
mismatches might synergize for best outcomes. We
tested this novel hypothesis in over 6,000 HCT from 8/8
HLA-matched UD reported to the European Group for
Blood and Marrow Transplantation (EBMT), to demon-
strate that HLA-DPB1 non-TPHE mismatches were associ-
ated with worse relapse-free survival and overall survival
than TPHE mismatches, present in 21.7% of single HLA-
DPB1 disparate pairs. Our work provides a synthesis of
previous algorithms, mechanistically based on HLA-DPB1
immunopeptidome divergence® and expression by residual
leukemia cells,®’” respectively, into a new and integrative
model for intelligent mismatching in UD-HCT, to improve
survival for future patients.

Alloreactive donor T cells recognizing patient-specific
genetic polymorphisms, including mismatched HLA allo-
types, play a major role in both beneficial GvL and severe
GvHD after UD-HCT. One of the best examples of these
two contrasting aspects of T-cell alloreactivity is donor-
recipient HLA-DPB1 disparity, present in over 80% of
transplants from UD.® HLA-DPB1 disparity has been ex-
tensively explored for biological models apt to tease out
clinically permissive mismatch combinations.? These in-
clude sharing of alloreactive TCE groups between mis-
matched HLA-DPBI1 alleles (TCE-permissiveness), mainly
associated with non-relapse mortality,®® and high or low
expression levels determined by a specific single nucleo-
tide polymorphism in the HLA-DPB1 3’ untranslated region
(expression-permissiveness), mainly associated with
acute GvHD.*® Numerous studies have since investigated
the clinical role of these two models in different national

and international cohorts from the USA and Europe, both
individually and in direct comparison.®™ However, it is
unclear whether the two models can be integrated, and
whether their integration improves prediction of survival.
These two questions were addressed in the present study.
We investigated a previously unexplored cohort of 6,627
HLA-A, -B, -C, -DRB1-matched (HLA-8/8) first UD-HCT for
adult patients with hematologic malignancies, reported by
160 EBMT centers between 2005 and 2017 (Table 1). Re-
flecting the increasing numbers of available six-loci HLA-
typed UD in worldwide registries, and mounting recognition
of the relevance of HLA-DPB1 matching for outcome, the
percentage of HLA-DPB1 allele-matched pairs was higher
in later years compared to earlier years (Table 1). Informed
consent was obtained from all patients according to the
Declaration of Helsinki, and protocols were approved by
the institutional review boards of the participating institu-
tions. Patients had received mainly peripheral blood stem
cells under reduced intensity conditioning and cyclospo-
rine-based GvHD prophylaxis with in vivo T-cell depletion
by anti-thymocyte globulin; use of post-transplant cyclo-
phosphamide was excluded. The cohort was stratified by
HLA-DPB1 allele matches or mismatches, by TCE-permiss-
iveness or TCE-nonpermissiveness according to the three-
group model,® or in the single HLA-DPB1 graft-versus-host
(GvH) mismatched group by high expression or low ex-
pression according to the rs9277534 G/A single nucleotide
polymorphism* and/or TCE-permissiveness, for the dis-
crimination between TPHE mismatches and others (Online
Supplementary Figure STA). The primary study endpoint was
relapse-free survival; secondary endpoints included non-
relapse mortality, relapse, acute GvHD, chronic GvHD,
GvHD-free relapse-free survival (GRFS) and overall survival.
Univariable and multivariable analyses by the log-rank test,
cumulative-incidence functions and (cause-specific) Cox-
regression models were adjusted for non-HLA-DPB1 factors
(Online Supplementary Table S7). For this hypothesis-test-
ing analysis, P-values <0.05 were considered statistically
significant.

HLA-DPB1 allele mismatches were associated with lower
risks of relapse, and increased risks of acute GvHD and
non-relapse mortality without improved relapse-free sur-
vival, compared to matches (Figure 1, Online Supplementary
Table S2). When considered individually, TCE-nonpermiss-
ive and high-expression HLA-DPB1 single GvH-mismatches
were each associated with lower relapse but higher acute
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Table 1. Patient, donor and transplant characteristics.

Total N (%) /

Characteristic? Missing N (%) Match N (%)  Mismatch N (%) Pe
Patients 6,627 (100) / 0 (0) 1,480 (22.3) 5,147 (77.7) 0.06
Age in years, median (range) 55.1 (18-77) 54.1 (18-77) '

Diagnosis 6,627 (100) / 0 (0)
AML/ALL 759 (51.3) 2,667 (51.8) 0.41
MDS/MPN 379 (25.6) 1,236 (24.0) '
Other 342 (23.1) 1,244 (24.2)

Disease stage 6,552 (98.9) / 75 (1.1)
Early 664 (45.4) 2,298 (45.2) 047
Intermediate 408 (27.9) 1,493 (29.3) '
Advanced 391 (26.7) 1,298 (25.5)

Karnofsky Index 6,088 (91.9) / 539 (8.1)
=90 1,301 (95.5) 4,513 (95.5) 0.44
<90 62 (4.5) 212 (4.5)

Donor age 5,788 (87.3) / 839 (12.7) 1,306 (19.7) 4,482 (67.6) <0.001
Median (range) 28.6 (18-60) 30.8 (18-61) ’

Donor sex 6,567 (99.1) /60 (0.9)
Female 408 (27.9) 1,421 (27.8) 0.97
Male 1,053 (72.1) 3,685 (72.2)

Cytomegalovirus match 6,555 (98.9) / 72 (1.1)
Negative/negative 459 (31.5) 1,682 (33.0) 0.28
Other 1,000 (68.5) 3,414 (67.0)

DQB1 6,627 (100) /0 (0)
Match 1,436 (97.0) 4,850 (94.2) <0.001
Mismatch 44 (3.0) 297 (5.8)

Year 6,627 (100) /0 (0)
2005-2011 276 (18.6) 1,462 (28.4) <0.001
2012-2017 1,204 (81.4) 3,685 (71.6)

Stem cell source 6,627 (100) / 0 (0.0)
Bone marrow 168 (11.4) 713 (13.9) 0.01
Peripheral blood stem cells 1,312 (88.6) 4,434 (86.1)

Conditioning 6,598 (99.6) / 29 (0.4)
Reduced intensity conditioning 859 (58.6) 3,093 (60.3) 0.261
Myeloablative conditioning 607 (41.4) 2,039 (39.7)

GvHD prophylaxis 6,627 (100) /0 (0)
CSA-MTX 894 (60.4) 2,922 (56.8)
CSA-MMF 423 (28.6) 1,585 (30.8) 0.08
Tacrolimus-based 131 (8.9) 503 (9.8)
Other 32 (2.2) 137 (2.7)

In vivo T-cell depletion 6,620 (99.9) /7 (0.1)
No 385 (26.0) 1,376 (26.8) 0.61
Yes 1,093 (74.0) 3,766 (73.2)

HLA-DPB1 T-cell epitople-mismatch 5,147 (77.7) / 1,480 (22.3)
Permissive NA 2,875 (55.9) NA
Nonpermissive NA 2,272 (44.1)

Single HLA-DPB1 GvH expression-mismatch 2,745 (41.4) / 3,882 (58.6)
Low NA 1,463 (53.3) NA
High NA 1,282 (46.7)

Combined HLA-DPB1 TCE and expression mismatch 2,745 (41.4) / 3,882 (58.6)
TPHE NA 597 (21.7) NA
Other NA 2,184 (78.3)

aDjagnosis. AML: acute myeloid leukemia; ALL: acute lymphoblastic leukemia; MDS: myelodysplastic syndrome; MPN: myeloproliferative neo-
plasm; Other: includes chronic myeloid or lymphatic leukemia, malignant plasma cell disorders and lymphoma. Disease stage. Early: first
complete remission, first chronic phase, refractory anemia with or without ring sideroblasts, deletion 5q; Intermediate: second complete re-
mission, chronic phase (not first), refractory anemia with excess blasts-1, refractory anemia with excess blasts-2; Advanced: refractory anemia
with excess blasts in transformation, MDS transformed to AML, accelerated phase, blast crisis, partial remission, very good partial remission,
refractory, untreated, progression, relapse. GvHD prophylaxis: CSA: cyclosporine A, MTX: methotrexate, MMF: mycophenolate mofetil. /n vivo
T-cell depletion. Use of anti-thymocyte globulin, anti-T-lymphocyte globulin or Campath. TCE: T-cell epitope, Combined HLA-DPB1 TCE and
expression mismatch. TPHE: single graft-versus-host (GvH) mismatches that are both TCE-permissive and high expression; Other: all single
GvH mismatches that are not TPHE (for explanations see text). °For HLA-DPB1 TCE-mismatch, Missing N (%) refer to allele-matched pairs. For
Single HLA-DPB1 GvH expression-mismatch and combined HLA-DPB1 TCE and expression mismatch, Missing N (%) refer to the sum of allele-
matched pairs and pairs that did not have a single DPB1 mismatch in the GvH direction. °NA not applicable. ‘Mismatch refers to allele-level
(i.e., 2-digit) mismatch. ¢P-values were obtained by the x? test for categorical variables, and by the Kruskal-Wallis test for continuous variables
(i.e. patient and donor age). Statistically significant P-values <0.05 are indicated in bold.
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GvHD and non-relapse mortality, compared to allele
matches (Online Supplementary Table S2). In contrast, the
risk of non-relapse mortality was not higher in TCE-per-
missive or low-expression HLA-DPB1 single GvH-mis-
matches compared to allele matches. Importantly,
TCE-permissive but not low-expression HLA-DPB1 single
GvH-mismatches were associated with lower relapse risks
compared to allele matches, albeit with higher GvHD.
Neither permissive or nonpermissive TCE-mismatches nor
high- or low-expression, were individually associated with

relapse-free survival (Online Supplementary Table S2) or
overall survival (data not shown).

Reflecting the strong linkage disequilibrium between exon
variation of HLA-DPB1 determining TCE groups and the
rs9277534 single nucleotide polymorphism determining
expression levels,” there was some overlap between the
TCE-model and the expression-model, with 65% of single
HLA-DPB1 GvH-mismatches being TCE-nonpermissive and
high expression (685/2,745, 25%) or TCE-permissive and
low expression (1,100/2,745, 40%) (Online Supplementary
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Figure S1A). In contrast, the remaining 35% of single HLA-
DPB1 GvH-mismatches were TCE-nonpermissive and low-
expression (363/2,745, 13.3%) or TCE-permissive and high
expression (TPHE; 597/2,745, 21.7%). We developed and
tested the novel hypothesis that the latter group might
identify pairs with best outcomes, given that both TCE-
permissive and high-expression mismatches were individ-
ually associated with reduced relapse risks, but at the
same time, TCE-permissive pairs did not have increased
risks of non-relapse mortality (Online Supplementary
Table S2). Univariable associations with relapse-free sur-
vival were better for TPHE-mismatches than for non-
TPHE-mismatches or allele-matches, reflecting lower
non-relapse mortality and lower relapse (Figure 1, Online
Supplementary Figure S1B). Multivariable analysis adjusted
for non-HLA-DPB1 factors (Online Supplementary Table S7)
confirmed the association between non-TPHE mis-
matches or allele matches with lower relapse-free sur-
vival, compared to TPHE mismatches (hazard ratio
[HR]=1.21, 95% confidence interval [95% CI]: 1.04-1.41,
P=0.01) (Table 2). With TPHE mismatches as the reference,

overall survival was worse for non-TPHE mismatches but
not for allele matches (HR=1.18, 95% CI: 1.01-1.39, P=0.04),
while there were no differences in GRFS (Table 2). To con-
firm the observation that the association of high-ex-
pression mismatches with acute GvHD and non-relapse
mortality was dependent on the TCE status, we per-
formed interaction analyses. We found a significant inter-
action between high expression and TCE permissiveness
in opposing directions for acute GvHD (interaction
HR=0.62; 95% CI: 0.45-0.85, P=0.003) and non-relapse
mortality (interaction HR=1.64; 95% CI: 1.09-2.48, P=0.018),
with lower mortality associated with TCE permissiveness
in the high-expression group despite increased acute
GvHD.

Our study is the first to investigate the combined effects
of the biological HLA-DPB1 TCE and expression models in
HLA-8/8-matched transplantation for association with
survival. The results provide a synthesis of both biological
algorithms into a new and integrative model for intelligent
mismatching in UD-HCT. Mechanistically, HLA-DPB1 TCE
permissiveness reflects limited immunopeptidome diver-

Table 2. Multivariable analysis of associations between combined HLA-DPB1 T-cell epitope and expression status and clinical
endpoints.

TPHE mismatch? Other mismatch? Allele match

HR 1.0 1.18 1.08
Overall survival® 95% ClI 1.01-1.39 0.91-1.28
P 0.04 0.36
HR 1.0 1.21 1.23
Relapse-free survival® 95% ClI 1.04-1.41 1.05-1.44
P 0.01 0.01
HR 1.0 1.05 1.14
Su"r'\'/'ieizee’ relapse free 95% Cl 0.91-1.20 0.99-1.32
P 0.50 0.07
HR 1.0 1.17 0.91
Non-relapse mortality® 95% Cl 0.93-1.47 0.71-1.17
P 0.18 0.47
HR 1.0 1.21 1.47
Relapse® 95% ClI 0.98-1.48 1.20-1.81
P 0.07 <0.001
HR 1.0 0.74 0.66
Acute GvHD 2-4° 95% ClI 0.62-0.97 0.55-0.80
P <0.001 <0.001
HR 1.0 0.80 0.76
Acute GvHD 3-4° 95% ClI 0.61-1.07 0.57-1.03
P 0.13 0.08
HR 1.0 0.77 0.89
Chronic GvHD® 95% ClI 0.66-0.91 0.75-1.05
P 0.002 0.16

3TPHE: combined T-cell epitope (TCE)-permissive and high expression; Other: other single HLA-DPB1 graft-versus-host (GvH)-mismatches,
PAdjustment was made for non-HLA-DPB1 variables as in Online Supplementary Table S1. Overall survival: time from transplant to death, Re-
lapse-free survival: time from transplant to first of relapse or progression, second transplant or death; Graft-versus-host disease (GvHD)-free
relapse-free survival: time from transplant to first of acute GvHD grades 3-4, extensive chronic GvHD, relapse, second transplant or death;
HR: hazard ratio; 95% Cl: 95% confidence interval. Patients without the relevant event were censored at last available follow-up. Multivariable
analysis was performed using Cox proportional hazards models for overall survival, relapse-free survival, and GvHD relapse-free survival, and
cause-specific hazards models for all other outcomes. All analyses were adjusted for the same clinically relevant non-HLA-DPB1 variables of
interest (Online Supplementary Table ST). Interactions between HLA-DPB1 allele, TCE or expression matching status and disease stage or T-
cell depletion were considered for all endpoints, and found only between T-cell depletion and expression matching for acute GvHD grades
2-4 and between disease stage and expression matching for chronic GvHD. All statistical analysis were performed in R version 3.6.3, using
the packages survival (version 3.1-12), cmprsk (version 2.2-9) and prodlim (version 2019.11.13). Statistically significant P-values <0.05 are indi-
cated in bold.
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gence between mismatched allotypes, constraining the
number and diversity of the alloreactive T-cell receptor
repertoire.®* HLA class Il expression, on the other hand, is
a hallmark of different hematologic malignancies, in-
cluding acute myeloid leukemia, in which its downregu-
lation is an established mechanism of immune escape
after allogeneic HCT.%” The favorable associations be-
tween HLA-DPB1 TPHE mismatches and survival ob-
served in this study suggest that the GvL effect
mediated by limited T-cell alloreactivity in the TCE-per-
missive setting might be most effective when HLA-DP
expression levels on residual malignant cells are high.
Concordantly, we found that in the high-expression
group, the mean (x standard deviation) immunopepti-
dome overlap of the informative mismatched HLA-DPB1
alleles was 11% (+ 13%) for TCE-permissive pairs, and
1.9% (£ 0.8%) for TCE-nonpermissive pairs (P<0.0001 in
the 2-tailed Mann-Whitney test). It should be noted that
due to the aforementioned linkage disequilibrium within
the HLA-DPB1 locus, TPHE mismatches mostly involve
certain HLA-DP allotypes carrying the DEAV motif in the
patient but not in the donor, whose immunoepepti-
domes have only partly been explored.5" Specific immu-
nopeptidome characterization of the relevant TPHE
mismatches will help to improve our understanding of
the mechanisms underlying alloreactive T-cell-mediated
GvL effects.

The present study confirmed previously described as-
sociations of HLA-DPB1 allele mismatches with relapse,
and of the individual TCE and expression models with
non-relapse mortality®*®"?" and acute GvHD grade 2-4,%%"
but also revealed some differences. Overall survival was
not improved for TCE-permissive mismatches, and
single HLA-DPB1 high-expression mismatches were not
associated with severe acute GvHD grade 3-4 (data not
shown). Patients in our study received more reduced-in-
tensity/non-ablative conditioning regimens and periph-
eral blood stem cell products with T-cell depletion,
compared to previous cohorts.®>*" These transplant char-
acteristics might explain why the GvL advantage for
TPHE-mismatches was not negated by GvHD toxicity, re-
sulting in the observed survival benefits in the current
study.

Our study has limitations related to its retrospective na-
ture and its current applicability only to patients with
single GvH mismatches, resulting in a relatively limited
number of patients in the TPHE subset of interest.
Further studies are needed to explore the possibility
that our observations apply to the entire set of HLA-
DPB1 mismatched patients. Moreover and importantly,
confirmation of our findings in additional, independent
cohorts is clearly warranted. Nevertheless, our data sug-
gest that the combined consideration of two biological
mechanisms of T-cell alloreactivity, TCE and expression,

can teach us new lessons regarding the mechanisms
underlying cellular immunotherapy of malignant blood
disorders, and help to improve survival after UD-HCT.
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