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Summary

Background—The standard for selecting unrelated umbilical cord blood units for transplantation
for nonmalignant diseases rely on antigen-level (lower resolution) human leukocyte antigen (HLA)
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typing for HLA-A and —B and allele-level for HLA-DRB1. Our aim was to study the effects of
allele-level matching at HLA-A, -B, -C and —-DRB1, the standard for adult unrelated volunteer
donor transplantation for nonmalignant diseases for umbilical cord blood transplantation.

Methods—\We retrospectively studied 1199 pediatric donor-recipient pairs with allele-level HLA
matching who received a single unit umbilical cord blood transplant for nonmalignant diseases
reported to the Center for International Blood and Marrow Transplant Research or Eurocord/
European Group for Blood and Marrow Transplant. Transplantations occurred between January 1,
2000 and December 31, 2012. The primary outcome was overall survival. The effect of HLA
matching on survival was studied using a Cox regression model.

Findings—Compared to HLA-matched transplants, mortality was higher with transplants
mismatched at two (hazard ratio [HR] 1-55, 95% CI 1-08 — 221, p=0.-018), three (HR 2.04, 95%
Cl 1-44 - 2.89, p=0-0001) and =four alleles (HR 3-15, 95% CI 2-16 — 4-58, p<0-0001). There were
no significant differences in mortality between transplants that were matched and mismatched at
one allele (HR 1.18, 95% CI 0-80 — 1:72, p=0-388). Other factors associated with higher mortality
included recipient cytomegalovirus seropositivity (HR 1-:40, 95% CI 1.13 — 1.74, p=0-002),
reduced intensity compared to myeloablative conditioning regimens (HR 1-36, 95% CI 1.10 -
1-68, p=0-004), transplantation of units with total nucleated cell dose >21 x 107/kg compared to
<>21 x 107/kg (HR 1-47, 95% CI 1-11 — 1.95, p=0-008) and transplants performed in 2000 — 2005
compared to 2006 — 2012 (HR 1-64, 95% CI 1-31 — 2-04, p<0-0001). The 5-year overall survival
adjusted for recipient cytomegalovirus serostatus, conditioning regimen intensity, total nucleated
cell dose and transplant period was 79% (95% CI 74 — 85) after HLA matched, 76% (95% CI 71 —
81) after 1 allele mismatched, 70% (95% CI 65 — 75) after 2 allele mismatched, 62% (95% CI 57 —
68) after 3 allele mismatched and 49% (95% CI 41 — 57) after >4 allele mismatched transplants.
Graft failure was the predominant cause of mortality.

Conclusion—These data support a change from current practice in that selection of unrelated
umbilical cord blood units for transplantation for nonmalignant diseases must consider allele-level
HLA matching at HLA-A, -B, -C and -DRB1.

Funding—National Cancer Institute, National Heart, Lung, and Blood Institute, National
Institute for Allergy and Infectious Diseases, US Department of Health and Human Services -
Health Resources and Services Administration and US Department of Navy

Introduction

In the absence of a suitable human leukocyte antigen (HLA) matched sibling, transplantation
from a suitably HLA matched adult donor or banked umbilical cord blood is potentially
lifesaving treatment for children with non-malignant diseases such as severe combined
immunodeficiency (SCID), non-SCID primary immunodeficiency, inborn errors of
metabolism, severe aplastic anemia, Fanconi anemia, other inherited bone marrow failure
diseases and hemoglobinopathy.1~6 Current standards for HLA matching for transplantation
of bone marrow and peripheral blood from unrelated adult volunteer donors for non-
malignant diseases support matching donors to recipients at HLA-A, -B, -C and -DRB1 at
the allele-level.” Survival was highest after HLA matched transplants at 65%, and lower
after transplants mismatched at one allele (57%; p=0-07) and two alleles (46%; p=0-001).”
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Similarly, graft failure was also higher at 28% after one allele (p<0-0001) and 24% after two
alleles (p=0-008) mismatched transplants compared to 11% after matched transplants.’

An important difference when selecting unrelated adult donors and umbilical cord blood
units for transplantation is the criteria for HLA matching. Conventionally umbilical cord
blood unit selection relies on low resolution HLA typing (antigen-level) for HLA-A and -B
and allele-level for DRB1 and matching at the HLA—-C locus is not considered.8 Recent
reports on HLA matching for hematologic malignancy in umbilical cord blood
transplantation support selecting units on high resolution HLA typing (allele-level) for
HLA-A, -B, -C and -DRB1.%:10 Those studies reported higher non-relapse mortality after
transplantations mismatched at one or more alleles and higher graft failure after
transplantations mismatched at three or more alleles.®:10

It cannot be assumed that HLA matching criteria for umbilical cord blood transplants
derived from reports on transplants for hematologic malignancy are appropriate for non-
malignant diseases. Therefore, the current analysis sought to establish the importance of
allele-level HLA matching at HLA-A, -B, -C and —-DRB1 when selecting umbilical cord
blood units for transplantation for non-malignant diseases.

Methods

Participants

The study population includes children (<16 years at transplantation) with SCID, non-SCID
primary immunodeficiency, inborn errors of metabolism, aplastic anemia/inherited bone
marrow failure, Fanconi anemia and hemoglobinopathy who received a first single unrelated
unmanipulated umbilical cord blood transplant between January 1, 2000 through December
31, 2012. Transplants were reported to Eurocord / European Society for Blood and Marrow
Transplant (EBMT) or the Center for International Blood and Marrow Transplant Research
(CIBMTR). One thousand two hundred and sixty-one eligible patients were screened and 62
were excluded (HLA mismatch at more than 2 HLA loci considering lower resolution match
at HLA-A, -B and allele-level at DRB1 (n=29), HLA not reported (n=4), graft versus host
disease prophylaxis not reported (n=24) and follow up less than 3 months (n=5)). The
Institutional Review Boards of the National Marrow Donor Program and Eurocord approved
this study.

Procedure

Donor and recipient HLA typing was completed using molecular techniques with a
minimum of antigen split-level resolution for HLA-A, -B and —C and allele-level resolution
for DRBL1. For transplantations in North and South America (n=831), recipient HLA typings
were provided by the transplant center and umbilical cord blood typings were from a
centralized confirmatory typing laboratory or through retrospective typing of stored research
samples.1! For transplantations reported to Eurocord (n=368) donor-recipient HLA typings
were obtained from cord blood banks or transplant centers. A subset of the available typing
included less than allele-level typing at HLA-A (323 of 1199; 27%), -B (275 of 23%) and/or
—C (371 of 1199; 31%) loci. A validated HLA high-resolution imputation algorithm,
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Haplogic 111 developed by the National Marrow Donor Program was used to impute allele-
level match status at HLA-A, -B, and -C for these donor-recipient pairs.10-11

The primary endpoint was overall survival. Death from any cause was considered an event
and surviving patients were censored at last follow up. Transplant-toxicity mortality
considered death from any cause other than from graft failure as an event (graft failure was
the competing risk). Primary and secondary graft failure were considered together as a
single outcome. Primary graft failure was defined as failure to achieve an absolute neutrophil
count of = 0:5 x 10%/L for 3 consecutive days or donor chimerism less than 5% (unsorted
blood or marrow or peripheral blood T cell).” Secondary graft failure was defined as initial
donor engraftment followed by graft loss, evidenced by a persistent decline in the absolute
neutrophil count (<0-5 x 109/L) or loss of donor chimerism to less than 5%. Lineage-
specific chimerism was not available for all patients. Grades I1-1V acute and chronic graft
versus host disease (GVHD) were scored based on reports from each transplant center using
standard criteria.12:13

Statistical Analysis

Patient and transplantation characteristics by donor-recipient HLA matching were compared
using the Chi-square test for categorical variables and Wilcoxon test for continuous variables
(Table 1). Median values and ranges are reported for continuous variables and percentages
for categorical variables. The incidences of transplant-toxicity mortality, acute and chronic
GVHD were calculated using the cumulative incidence estimator to accommodate
competing risks.14 95% confidence intervals (CI) were calculated with log transformation.

To analyze the association between clinical outcomes and donor-recipient HLA-matching,
Fine and Gray models were built for graft failure, acute and chronic graft-versus-host
disease to accommodate competing risks and a Cox regression model was built for overall
mortality.1516 Results are reported as hazard ratio (HR). Donor-recipient HLA match was
examined as matched vs. mismatched at one allele vs. two alleles vs. three alleles vs. >four
alleles. Other variables tested included age (<1 vs. 1 —5vs. 6 — 10 vs. 10-16 years),
recipient sex (female vs. male), recipient cytomegalovirus (CMV) serostatus (positive vs.
negative), disease type (SCID/ non-SCID primary immunodeficiency vs. inborn errors of
metabolism vs. marrow failure/hemoglobinopathy), transplant conditioning regimen
intensity (myeloablative vs. reduced intensity), GVHD prophylaxis (cyclosporine-containing
vs. tacrolimus-containing), in vivo T-cell depletion (yes vs. no), pre-cryopreserved total
nucleated cell dose (>21 vs. <21 x 107/kg) and transplant period (2000 — 2005 vs. 2006 —
2012). The optimal cut-point for total nucleated cell dose (21 x 107/kg) was determined
based on the maximum likelihood from the Cox regression model for overall survival.
Models were built using a forward stepwise selection procedure and confirmed with the use
of a backward selection procedure. The proportional hazards assumption was tested for each
variable individually; stratification was used to adjust for variables that violated this
assumption. Interactions between each variable and donor-recipient HLA match were tested
to ensure the effect of HLA matching was independent of other variables held in the final
multivariate model. Adjusted incidence of graft failure and probability of overall survival
were generated from the final Fine and Gray and Cox models, respectively.118 All p-values
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are two-sided and p-values < 0-05 were considered statistically significant. Analyses were
performed using SAS 9-4 (SAS Institute, Cary, NC).

Role of the funding source

Results

The sponsors of the study had no role in the study design, data collection, data analysis, data
interpretation, or writing of the report. The corresponding author had full access to all data
in the study and had final responsibility for the decision to submit for publication.

Table 1 shows the characteristics of the study population by donor-recipient HLA match
(n=1199). Only 20% (234 of 1199) of donor-recipient pairs were HLA-matched at the allele-
level for A, B, C and DRB1. Most donor-recipient pairs were mismatched at two or three
alleles accounting for 47% (564 of 1199) of transplantations; 22% (266 of 1199) of donor-
recipient pairs were mismatched at one allele and 11% (135 of 1199) at four or five alleles.
The median age at transplantation was 2 years for transplants mismatched at two, three and
>four alleles and 1 year for transplants mismatched at one allele or HLA-matched. Only 54
of 1199 patients (4-5%) were aged 11 — 16 years. Thirty-five percent (420 of 1199) of
transplants were for SCID / non-SCID primary immunodeficiency, 40% (484 of 1199) for
inborn errors of metabolism, 18% (214 of 1199) for aplastic anemia / inherited marrow
failure including Fanconi anemia and 7% (81 of 1199) for hemoglobinopathy. Myeloablative
transplant conditioning was more common than reduced intensity conditioning regimens.
Busulfan with cyclophosphamide was the predominant myeloablative regimen and
cyclophosphamide or melphalan with fludarabine were the predominant reduced intensity
regimens. /n vivo T cell depletion was common and the predominant GVHD prophylaxis
regimen contained cyclosporine. Increasing numbers of transplants were performed between
2006 and 2012 compared to the earlier period and these were more likely to be HLA-
matched or mismatched at one or two alleles. Table 2 shows the distribution of allele-level
HLA-matching compared with lower resolution HLA-matching. Although 63% (234 of 372)
of transplants matched at low resolution HLA-A, -B and allele-level at DRB1 (the usual
umbilical cord blood matching criteria) were also matched at the allele-level for HLA-A, -B,
-C and -DRB1, only 29% (170 of 584) of transplants mismatched at one HLA-locus by low
resolution were mismatched at only one of eight alleles with the majority mismatched at two
and three alleles.

HLA mismatching was negatively associated with overall survival. In multivariate analysis,
the risk of overall mortality was independently associated with the number of HLA
mismatches (Table 3). Compared to HLA-matched transplants, mortality risks were
significantly higher with transplants mismatched at two, three and =four alleles. Mortality
risks were not different after HLA-matched and one allele mismatched transplants.
Compared to two allele mismatched transplants, mortality risks were higher after three (HR
1.32,95% CI1 0:99 — 1.76, p=0-:054) and =four allele (HR 2.02, 95% CI 1.47 — 2.77,
p<0-0001) mismatched transplants. Risks were also higher after >four allele compared to
three allele mismatched transplants (HR 1-52, 95% CI 1-12 — 2.07, p=0-008). Other factors
associated with higher mortality included recipient CMV seropositivity (HR 1-40, 95% CI
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1.13 - 1.74, p=0-002), reduced intensity conditioning compared to myeloablative
conditioning regimens (HR 1-36, 95% CI 1-10 — 1.68, p=0-004), transplantation of units with
total nucleated cell dose >21 x 107/kg compared to <21 x 107/kg (HR 1-47, 95% CI 1-11 —
1.95, p=0-008) and transplants performed in 2000-2005 compared to 2006-2012 (HR 1-64,
95% CI 1-31 — 2:04, p<0-0001). The 5-year adjusted overall survival is shown in Figure 1,
p<0.0001.

Age at transplantation and disease type were not associated with survival. Compared to
patients aged <1 year, mortality risks for those aged 1 — 5 years were (HR 1-07, 95% CI 0-82
—1.41, p=0-606), 6 — 10 years (HR 0-85, 95% CI 0:59 — 1.24, p=0-411) and 11 — 16 years
(HR 1.55, 95% CI 0-82 — 1-41, p=0-606). Similarly, compared to patients with SCID/non-
SCID immunodeficiency, mortality risks for those with inborn errors of metabolism were
(HR 1-27, 95% CI 0-97 — 1-65, p=0-079) and marrow failure/hemoglobinopathy (HR 1-22,
95% CI 0-88 — 170, p=0-230). Nevertheless, the effect of HLA mismatch on mortality was
examined with age and disease type forced into the final model (Supplemental Table 1, page
1) and the effect of HLA mismatch on survival was consistent with that reported without
adjustment for these factors.

Graft failure was independently associated with the number of HLA mismatches (Table 3).
Compared to HLA-matched transplants, graft failure was significantly higher with
transplants mismatched at two, three and =four alleles. Graft failure risks after HLA-
matched and one allele mismatched transplants were not different. There were no differences
in graft failure risks between transplants mismatched at three and >four alleles compared to
two-allele mismatched transplants (Supplemental Table 2, page 2). Among patients with
graft failure, primary graft failure was more common with transplants mismatched at two
(65 of 73; 78%), three (60 of 79; 76%), =four (34 of 61; 83%) alleles compared to one allele
mismatched (23 of 40; 56%) and matched transplants (p=0:006). The only other factor
associated with higher graft failure was reduced intensity conditioning compared to
myeloablative conditioning regimens (HR 1:96, 95% CI 1.55 — 2:48, p<0-0001). The
adjusted 2-year incidence of graft failure is shown in Figure 2, p=0.025.

Grade 11-1V acute GVHD was independently associated with HLA mismatch. Compared to
HLA-matched transplants, grade 11-1V acute GVHD was higher with transplants
mismatched at three and =four alleles (Table 3). The day-100 incidence of grade I1-1V acute
GVHD was 22% (95% CI 17 — 28) after HLA matched transplants and 27% (95% CI 22 —
33), 29% (95% CI 24 — 35), 33% (95% CI 27 — 39) and 35% (95% CI 27 — 44) after one,
two, three and =four allele mismatched transplants, respectively. The corresponding
incidence of grade I11-1V acute GVHD were 7% (95% CI 4 — 11), 11% (95% CI 7 — 15),
11% (95% CI1 7 — 14), 14% (95% CI 10 — 19) and 18% (12 — 25). Compared to HLA-
matched transplants, grade 111-1V acute GVHD was higher with transplants mismatched at
three (p=0-010) and =four alleles (p=0-005). Risks for grade Il — IV acute GVHD were
higher for transplants between 2000 and 2005 compared to the later period (HR 1:28, 95%
Cl 1.02 - 1.62, p=0-031). HLA mismatching was not associated with chronic GVHD (Table
3). The 5-year incidence of chronic GVHD was 24% (95% CI 19 — 30) after HLA matched
transplants, 23% (95% CI 18 — 29), 26% (95% CI 21 - 32), 25% (95% CI 20 — 31) and 27%
(95% CI 20 - 36), after one, two, three and =four allele mismatched transplants,
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respectively. The only factor associated with higher risk for chronic GVHD was tacrolimus-
containing GVHD prophylaxis regimen (HR 1-54, 95% CI 1:12 — 2-11, p=0-007). The effect
of HLA mismatch on acute and chronic GVHD was examined with all variables forced into
the final model and findings consistent with that reported without these variables
(Supplemental Tables 3, 4, pages 3,4)

The causes of death are shown in Table 4. Graft failure was the predominant cause of death
in all HLA groups and there were no differences across the groups (p=0-824). Graft failure
was also the predominant cause of death by disease type. The 2-year incidence of transplant-
toxicity mortality after HLA-matched, one and two allele mismatched transplants were 12%
(95% CI 8 — 17), 11% (95% CI 8 — 15) and 13% (95% CI 10 — 18), respectively.
Corresponding incidences after three and =four allele mismatched transplants were higher at
21% (95% CI 17 — 27; p<0.001) and 30% (95% CI 22 — 38, p<0.001), respectively.

Discussion

Our study showed allele-level matching at HLA-A, -B, -C and -DRB1 between the
umbilical cord blood unit and its recipient is associated with best survival and lowest rate of
graft failure in children with non-malignant diseases. Survival rates are substantially lower
and graft failure higher for transplants mismatched at two or more alleles, though still
impressive when considering the lack of alternative therapies available for many of these
patients. A unit that is mismatched at one allele provides similar likelihood of survival and
graft failure. Grade I1-1V acute GVHD risk were higher with transplants mismatched at three
and =four alleles. Although the incidence of transplant-toxicity mortality was higher with
transplants mismatched at three and =four alleles, graft failure and not GVHD or another
transplant-toxicity was the predominant cause of mortality in all HLA groups. Our findings
are consistent with that recorded after adult unrelated volunteer donor transplantation for
non-malignant diseases.”"19 The absence of a significant difference in survival after HLA-
matched and one allele mismatched transplants should be interpreted cautiously as our
power calculations indicated that with a larger sample size (n=2248), a significant
association might be detected. Higher survival after allele-level matched transplants is also
in keeping with a report on 106 patients with inherited metabolic diseases.20

With the exception of patients with severe T-cell immune deficiency diseases, the immune
systems of patients with non-malignant diseases are more likely to reject a graft, regardless
of donor source, than the immune systems of patients with hematologic malignancy who
typically receive multiple courses of immunosuppressive chemotherapy prior to
transplantation. Therefore, with 80% of transplants mismatched and only 10% of patients
transplanted for severe T-cell immune deficiency diseases, the high incidence of graft failure
in our study is not surprising and underscores the importance of HLA matching in donor
selection algorithms. Use of reduced intensity conditioning regimens resulted in higher graft
failure and mortality independent of HLA mismatch. Although 83% of the study population
was exposed anti-thymocyte globulin, this was not associated with outcomes. Yet, others
have recorded better immune reconstitution and survival with reduced exposure to anti-
thymocyte globulin in a mixed population?! or substitution with fludarabine for hematologic
malignancy.? It is plausible some of the excess mortality may be mitigated by eliminating
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anti-thymocyte globulin or its dosing based on pharmacokinetics. We are limited by lack of
these data and beyond the scope of the current study. Pharmacokinetic dosing of busulfan
may also mitigate mortality23 but we recorded higher mortality with melphalan- and
cyclophosphamide-containing regimens rather than with busulfan-containing regimens.

Prior reports on umbilical cord blood transplantation demonstrate the importance of total
nucleated cells of the unit as a predictor for graft failure and survival.8-10 For marrow failure/
hemoglobinopathy the recommended pre-cryopreserved total nucleated cell dose is 4 — 5 x
107/kilogram recipient body weight.24-26 Further, in reports of HLA matched sibling cord
blood transplants for non-malignant diseases the median total nucleated cell dose was
approximately 4 x 107/kg and graft failure rates are low and survival is generally higher than
85%.27:28 We were unable to study the effect of low cell dose on graft failure and survival as
fewer than 10% of transplants utilized units with total nucleated cell dose less than 5 x
107/kg and 2%, less than 3 x 107/kg. Notably, mortality risks were higher for transplants
with units containing greater than 21 x 107/kg total nucleated cells. The median age at
transplantation for this group was 6 months and almost all were transplanted for SCID, non-
SCID primary immunodeficiency or inborn errors of metabolism. As these transplants
accounted for only 13% (n=151) of the study population it is difficult to conclude whether
the observed adverse effect on survival can be attributed to cell dose per se or another
unknown or unmeasured factor associated with this group. GVHD rates did not differ by cell
dose and graft failure was the predominant cause of death in this group. Acute GVHD risks
were higher after transplants mismatched at three or more alleles but not chronic GVHD
consistent with that recorded by others.10:19.29 Although GVHD was not the predominant
cause of mortality after mismatched transplants its treatment results in delayed immune
reconstitution and may decrease the chance of survival.

Our report has several limitations. First, our modest sample size prevented us from studying
the effect of HLA mismatching at individual HLA loci as was undertaken for malignant
diseases.10:29 Second, some patients may have acquired HLA antibodies that could be
donor-directed.30 An effect of donor-directed antibodies on graft failure for non-malignant
disease transplants is yet to be defined and could not be studied in the current analysis.
Third, the effect of host-versus-graft mismatching on graft failure was not tested because of
our modest sample size although an effect was not recorded after adult unrelated volunteer
transplants for nonmalignant diseases.’ Finally, ours is a pediatric population. Most patients
(80%) studied were aged 5 years or younger at transplantation with immune deficiency
diseases or inborn errors of metabolism and the recorded results may be not be generalizable
to adolescents and adults for whom additional mortality risks are mitigated by older age and
other co-morbidities.

Data reported to the CIBMTR confirm that allele-level HLA typing was available for 90% of
umbilical cord blood transplants for non-malignant diseases in 2015 and 2016 implying
access to allele-level HLA typing is not a limitation. Yet, only 13% of transplants were HLA
matched and 20% mismatched at one allele suggesting either difficulties in identifying
suitably matched units or prioritization based on the highest total nucleated cell dose rather
than HLA match. Our findings support a change in practice to prioritization of units on
allele-level HLA matching at HLA-A, -B, -C and -DRB1. As most children with immune
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deficiency diseases and inborn errors of metabolism are transplanted aged <5 years, we
recommend selecting the best available allele-level HLA-matched unit as cell dose is
unlikely to be a barrier and to avoid units containing greater than 21 x 107/kg total nucleated
cells. For marrow failure and hemoglobinopathy we recommend selecting units with total
nucleated cell dose of 4 — 5 x 107/kg?6-28 and, thereafter, prioritize based on the best
available allele-level HLA matched unit.

Research in context

Evidence before the study

We searched work published after 2010 for articles on umbilical cord blood transplantation
with Medline. Our search terms were “HLA match”, “unrelated donor transplantation”,
“umbilical cord blood” and “nonmalignant disease”. We identified two reports describing
HLA-matching at HLA-A, -B, -C, -DRBL1 at the allele-level on outcomes of adult unrelated
donor transplantation for nonmalignant diseases and one report on allele-level matching
after cord blood transplantation for inherited metabolic disorders. There were two other
reports on HLA matching and umbilical cord blood transplantation, one that reported
outcomes when matching at the HLA-C locus was considered and the other, allele-level
matching at HLA-A, -B, -C, -DRBL1 for hematologic malignancy. Therefore, our aim was to
test HLA matching at HLA-A, -B, -C, -DRB1 at the allele-level between umbilical cord
blood units and patients with the hypothesis that better matching would lead to better
survival and lower graft failure.

Added value of this study

In a population of 1199 donor-recipient pairs, the largest to-date, we recorded higher graft
failure and lower survival after transplantation of umbilical cord blood units that were
mismatched to the patient at two or more alleles compared to HLA-matched transplants.

Implications of all the available evidence

The data suggest that we reassess the present strategy for umbilical cord blood unit selection
for nonmalignant diseases and support the need for even greater investment in public cord
blood banks to expand the current inventory because of the importance of HLA matching on
graft failure and survival.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Overall survival by degree of HLA-A, -B, -C, -DRB1 mismatch: The 5-year overall survival
adjusted for recipient cytomegalovirus serostatus, conditioning regimen intensity, total
nucleated cell dose and transplant period was 79% (95% CI 74 — 85) after HLA matched
(A), 76% (95% CI 71 — 81) after 1 allele mismatched (B), 70% (95% CI 65 — 75) after 2
allele mismatched, (C) 62% (95% CI 57 — 68) after 3 allele mismatched (D) and 49% (95%
Cl 41 - 57) after =4 allele mismatched (E) transplants
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Figure 2.

Graft failure by degree of HLA-A, -B, -C, -DRB1 mismatch: The 2-year incidence of graft
failure adjusted for transplant conditioning regimen intensity was 16% (95% CI 12 — 21)
after HLA matched transplants (A), 21% (95% CI 17 — 26) after 1 allele mismatched (B),
23% (95% CI 19 — 28) after 2 allele mismatched (C), 28% (95% CI 23 - 33) after 3 allele
mismatched (D) and 25% (95% CI 18 — 32) after =4 allele mismatched (E) transplants
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Adjusted clinical outcomes by degree of HLA-A, -B, -C and -DRB1 mismatch

Table 3

Number Hazard ratio P-value
Events/Evaluable | (95% confidence interval)

Morta/ig/*
HLA matched 44/234 1.00
1 allele mismatch 63/266 1.18 (0-80-1.72) 0-388
2 allele mismatch 88/303 1.55 (1:08 — 2:21) 0018
3 allele mismatch 105/261 2.04 (1-44 - 2-89) 0-0001
>4 allele mismatch 69/135 3-15 (2:16 — 4-58) <0-0001
Graft failure”
HLA matched 39/233 1.00
1 allele mismatch 59/264 1.34 (0:90 — 1.98) 0-149
2 allele mismatch 72/302 1.50 (1-02 — 2-20) 0-037
3 allele mismatch 78/260 1.86 (1:27 - 2:73) 0001
>4 allele mismatch 35/135 1.62 (1.02 — 2:57) 0-041
Grade 111V acute GVHDT
HLA matched 52/228 1.00
1 allele mismatch 68/249 1.24 (0-87 - 1-78) 0235
2 allele mismatch 85/291 1.36 (0:97 - 1.92) 0077
3 allele mismatch 81/249 1.55 (1:09 — 2:20) 0014
24 allele mismatch 47/130 1.72 (1:17 - 2.53) 0-006
Chronic GVHDS
HLA matched 51/228 1.00
1 allele mismatch 52/252 0-92 (0-63 - 1-34) 0-659
2 allele mismatch 68/296 1.06 (0-74 — 1.52) 0-757
3 allele mismatch 57/253 1.00 (0:69 — 1-47) 0-982
>4 allele mismatch 33/133 1.15(0:74 - 1.77) 0-539

Abbreviations: GVHD = graft versus host disease

Page 19

*
Mortality risks for degree of HLA mismatch were adjusted for recipient cytomegalovirus serostatus, transplant conditioning regimen intensity,
total nucleated cell dose of the cord blood unit and transplant period

fGraﬁ failure risks for degree of HLA mismatch were adjusted for transplant conditioning regimen intensity

”Model adjusted for transplant period and stratified by transplant conditioning regimen intensity and GVHD prophylaxis

§Chr0nic GVHD risks were adjusted for GVHD prophylaxis
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