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Supplemental Methods 

  

AA HLA risk allele discovery patients (NAPAAC and CIBMTR-discovery cohorts) 

 

The HLA risk allele discovery population was assembled from two independent cohorts of AA patients (Figure 

1, Supplemental Table S1). The 156 patients in the first (“NAPAAC”) cohort included 58 AA patients recruited 

from NAPAAC and 98 AA patients from the Penn-CHOP Bone Marrow Failure Syndrome (BMFS) cohort (66 

of whom were included in our previous study1), enrolled with the Institutional Review Board (IRB) approval at 

each participating institution with written informed consent received prior to participation. This 156-patient NA-

PAAC cohort, was used for both risk allele discovery and clinical outcomes analysis, and for this reason included 

consecutively enrolled patients and was not pre-selected for any alleles. Samples used for mutation analysis were 

collected based on availability, and ranged in time of collection from diagnostic specimens to those collected 

following completion of IST. The diagnosis of AA was established using standard criteria, which required the 

exclusion of congenital bone marrow failure syndromes or other conditions mimicking AA2,3.   Severity of AA 

was defined according to the Camitta Criteria4; patients with AA of any severity were included in the NAPAAC 

cohort. The second (“CIBMTR-discovery”) cohort consisted of 349 patients with idiopathic AA and severe AA 

(SAA) without a known etiology who received an allogeneic hematopoietic stem cell transplant for AA between 

2000-2018 and were registered with the CIBMTR with recipient data samples available in the biorepository. To 

increase the probability of patients having acquired HLA mutations, we selected patients who received immuno-

suppression therapy before transplant. Because our goal was the discovery of novel HLA risk alleles, patients 

with the two most common AA HLA risk alleles, HLA-B*14:02 and HLA-B*40:02, were excluded from the 

CIBMTR-discovery cohort. This pre-selection of patients for the CIBMTR-Discovery cohort did not bias the 

subsequent HLA association or AlloHSCT outcomes analysis, because those analyses were performed in inde-

pendent cohorts of patients that were not pre-selected for alleles or prior therapy. NAPAAC and CIBMTR patients 

were screened for potential overlap between the registries by comparing high-resolution HLA genotypes and 
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patient demographics: one duplicated enrollment was identified; that patient was analyzed in the NAPAAC co-

hort.  In accordance with the American Academy of Pediatrics, pediatric-onset AA was defined as the diagnosis 

of AA up to the age of 21 years5.  

 

Identification of somatic HLA alterations 

 

Somatic loss of HLA alleles through acquired 6p CN-LOH was identified by SNP-A genotyping of peripheral 

blood or bone marrow DNA as previously described1,6.  Targeted next-generation sequencing (NGS) of the HLA-

A, B, and C genes in the peripheral blood or bone marrow DNA was performed at >10,000X depth as previously 

described7.  Briefly, sequence alignment and high-resolution HLA genotype determination were done with NGS-

engine (GenDx Utrecht, Netherlands) and Twin (Omixon) at the CHOP CLIA-approved Immunogenetics Labor-

atory. Variant calling was done with GATK Haplotype Caller8, with every variant manually curated in Integrative 

Genomics Viewer (IGV); most variants were independently verified using Twin (Omixon) software1,6,7.  Due to 

limited quantities of hematopoietic cell DNA, 17 patients were only analyzed by HLA NGS; in these patients, 

acquired 6p CN-LOH was still able to be assessed through read depth imbalance across the sequenced HLA-A, 

B, and C alleles.  Fourteen patients were analyzed for 6p CN-LOH by SNP-A genotyping but did not have suffi-

cient DNA quantity for HLA NGS.  

 

PNH flow cytometry 

The presence of PNH clones was detected using multicolor flow cytometry, as previously described9. Briefly, 

PNH flow cytometry was performed as part of routine clinical care by CLIA-certified laboratories. PNH clones 

identified after June 2018 employed high resolution PNH flow cytometry with a sensitivity threshold of 0.05% 

for PNH granulocytes, with PNH granulocyte clones >0.05% considered positive, while testing performed prior 

to June 2018, used a sensitivity threshold of >1% granulocytes, with >1% granulocytes considered positive. 
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Generation of constructs containing HLA missense mutations.  

 

Five missense mutations located in alpha-1 or alpha-2 domains were tested for effect on surface HLA expression 

(Figure 2E). cDNAs for HLA risk alleles were a kind gift from Dr. Catherine Wu (Harvard Medical School, 

Boston MA)10 or purchased from the International Histocompatibility Working Group (IHWG) or Genscript. 

HLA mutations of interest were introduced by site-directed using the QuikChange II XL Site-Directed Mutagen-

esis kit (Agilent, Santa Clara, CA). Custom-designed oligonucleotide forward and reverse primers containing the 

missense mutations of interest were obtained from Integrated DNA Technologies (IDT, Coralville, IA) (sequences 

available upon request). For each mutated allele of interest, a sample reaction was assembled containing 5 μL of 

10X reaction buffer, 10 ng of plasmid DNA, 125 ng of each custom-designed primer, 1 μL of dNTP mix, 3 μL of 

QuikSolution, and 1 μL of PfuUltra HF DNA polymerase. The sample and control reactions underwent a series 

of thermal cycling steps that allowed for primer annealing and mutant strand extension across the length of the 

plasmid. The cycling temperature profile was as follows: 1 minute at 95C; 18 cycles of 50 seconds at 95°C, 50 

seconds at 60°C, 1 minute/kb of plasmid length at 68°C (6 minutes and 30 seconds for the pcDNA 3.1 plasmid-

containing alleles and 5 minutes for the pCR2.1 plasmid-containing alleles), and 7 minutes at 68°C. Once the 

mutant strand was synthesized, 1 μL of the Dpn I restriction enzyme was added to digest the parental methylated 

un-mutagenized plasmid DNA to isolate the mutagenized plasmid. Subsequently, the mutagenized plasmid was 

transformed into XL10-Gold Ultracompetent cells alongside the aforementioned control plasmids used for the 

mutagenesis steps. Following transformation, colonies were picked and grown before extraction of the mutagen-

ized plasmid from cells using the QIAprep Miniprep kit (Qiagen, Germantown, MD). Isolated plasmid DNA was 

sent for sequencing for validation of mutant constructs using the sequencing laboratories at the University of 

Pennsylvania (Supplemental Figure S2). 

Wild-type and their respective mutant alleles were then cloned into a lentiviral vector expressing β2-microglobu-

lin linked to the HLA allele of interest, referred to as the single-chain dimer, under the control of CMV promoter, 

as previously described11.  For cloning, mutagenized and wildtype HLA alleles of interest were PCR-amplified 
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using the Phusion High-Fidelity Polymerase (Thermo Scientific, Waltham, MA). The 50 μL reaction mixture 

contained 25 μL of the 2X Phusion Master Mix, 25 moles of the forward and reverse primers, and 10 ng of the 

mutagenized plasmid DNA. The following 3-step cycling protocol was used: 30 seconds at 98°C; 35 cycles of 10 

seconds at 98°C, 30 seconds at 58°C, 30 seconds/kb at 72°C; 10 minutes at 72°C. The PCR product was subse-

quently purified using the ZYMO Research (Tustin, CA ) DNA Clean and Concentrator kit. In preparation for 

the upcoming ligation step, both the pTRE lentiviral vector and the allele inserts were cut with restriction enzymes 

SalI-HF and BamHI. The cut vector backbone and allele inserts were extracted from the gel using the QIAquick 

Gel Extraction kit (Qiagen, Germantown, MD). Ligation was performed using the Promega T4 DNA Ligase 

(Promega, Madison, WI), and a 3:1 insert to vector ratio was used. A 20 μL reaction containing 100 ng of vector 

DNA, 17 ng of insert DNA, 1 μL of Ligase 10X Buffer, and 1 μL of T4 DNA Ligase was assembled. The ligation 

reaction included two negative controls without inserts that respectively contained or did not include ligase to 

assess for a background of the undigested or re-ligated vector. The ligation reaction was incubated at room tem-

perature for 3 hours. After purifying the ligation product using the ZYMO Research DNA Clean and Concentrator 

kit, each ligation product was transformed into NEB Stable competent E. coli cells using the cell-specific protocol. 

Evidence of a successful ligation was observed, with significant colony growth compared to the three relatively 

colony-deficient negative control plates (containing the two negative ligation controls and a negative transfor-

mation control). Cloned lentiviral constructs were validated by restriction digest as well as Sanger sequencing 

using custom-designed primers that were sequenced across the backbone/insert junctions. 

Generation of monoallelic hematopoietic cell lines  

 

K562 hematopoietic leukemia line was purchased from the ATCC (catalog CCL-243; ATCC, Manassas, VA). 

Because K562 cells express endogenous HLA under differentiating conditions or interferon-γ stimulation12; we 

used CRISPR/Cas9 technology to generate true HLA-lacking K562 line with no expression of endogenous HLA 

alleles. CRISPR/Cas9 plasmids (pSpCas9 BB-2A-GFP (PX458) vector) containing gRNA targeting B2M gene 

(B2M CRISPR guide RNA 2: GAGTAGCGCGAGCACAGCTA) was synthesized by Genscript USA Inc. 1 x106 
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K562 cells were transfected with 2 µg of gRNA-containing plasmid using the SF Cell Line 4D-Nucleofector X 

Kit (Lonza, cat# V4XC2012) and FF-100 program in the Amaxa 4D Nucleofector (Lonza, USA). 24 h post-

transfection, single GFP-positive cells were flow-cytometrically sorted into 96 well plates, and individual clones 

were expanded. Single-cell clones were screened for successful B2M knockout after 24-hour pre-treatment of 

clones with 500 U/mL Interferon-gamma (Sigma-Aldrich 11040596001) by flow cytometry using FITC Mouse 

Anti-Human HLA-ABC (BD Biosciences, Clone G46-2.6 (RUO), catalog # 555552) to identify clones with loss 

of surface HLA  for 24 hours to induce endogenous HLA expression. B2M knockout K562 cells were transduced 

with HLA-containing plasmids that co-expressed GFP. GFP-positive cells were then screened for surface HLA 

expression with PE-conjugated anti-HLA-ABC antibody (BD Biosciences, Clone G46-2.6 (RUO), catalog # 

555553). Three replicate experiments analyzing surface expression were performed for each evaluated mutant 

allele. Statistical analysis was performed by comparing % surface expression normalized to the respective wild 

type alleles, using Student’s t-test with Welch correction; p value <0.05 was considered significant. 

Peptide-binding pocket analysis for AA risk and non-risk HLA alleles 

 

The amino acid residues comprising the peptide-binding pockets of HLA class I A and B alleles were previously 

established based on crystallographic analyses13-17. The residues considered to form the “B pocket” were 7, 9, 24, 

34, 45, 63, 66, 67, 70, and 99, and those for the “F pocket” were 74, 77, 80, 81, 84, 95, 97, 114, 116, 123, 133, 

143, 146, and 14717. The HLA allele supertype assignment and allele-specific alignments of B and F pocket 

residues were as described17, with a manual assignment of risk allele pocket similarity groups based on peptide-

binding pocket identity. 

Peptide-binding motifs of AA HLA risk and non-risk alleles 

 

The peptide-binding motifs for AA HLA risk and non-risk alleles were based on experimentally obtained im-

munopeptidomes from HLA class I monoallelic cell lines10. Peptides eluted from cell lines expressing a single 

HLA Class I allele were downloaded for each allele of interest10. Immunopeptidome data were not available for 

HLA-B*14:01, B*41:02, and B*50:02. Logoplots were then generated using the ggseqlogo R package18.  
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HLA allele association analysis (NMDP-association cohort) 

 

An association analysis of HLA Class I alleles with AA was performed using an independent validation cohort 

of AA patients registered with the National Marrow Donor Program (NMDP) (“NMDP association cohort”). The 

AA patient population was comprised of White (n=3979), Black (n= 1030), Hispanic (n=841), Asian and Pacific 

Islander (n=463), and Native American (n=40) AA patients, with race and ethnicity being self-reported.  The 

control population was healthy controls (n=31,057 to 50,000 per racial/ethnic group), who were randomly selected 

from the unrelated donor registry after matching for sex, age, and ethnicity. HLA genotypes were determined by 

a combination of DNA-based methods and HLA genotype multiple imputation analysis for both cases and con-

trols, as previously described for other HLA association studies19,20.  Briefly, each subject’s HLA typing was 

analyzed to determine all possible high-resolution 6-locus (A~C~B~DRB3/4/5~DRB1~DQB1) phased haplo-

types. The likelihood of each possible genotype was then estimated based on published population haplotype 

frequencies21. For association analysis, five replicate associations were performed with potentially different hap-

lotype assignments for each subject, and multiple imputation results were merged as described19,20.  

Association analysis was performed for the 19 identified risk alleles, and 7 identified non-risk alleles, and groups 

of alleles sharing the same peptide-binding pocket structures with the risk and non-risk alleles, based on previ-

ously published alignments10 (Supplemental Tables S5-S7).  Alleles that were not among the risk and non-risk 

allele-like groups were grouped as “Other HLA-A” or “Other HLA-B” alleles (Supplemental Table S7C), and 

analyzed separately (Supplemental Table S7).  The Odds Ratios (OR) were calculated for each HLA variant. 

Two-tailed p-values <0.05 were considered significant. Multiple testing adjustment was performed using the False 

Discovery Rate (FDR) method with a 5% FDR threshold22.  

AA pathogenicity stratification of HLA class I alleles 

 

We systematically compared mutation frequencies for 161 distinct HLA class I alleles (45 HLA-A, 75 HLA-B, 

and 40 HLA-C) from AA patients in the discovery cohort.  Because a single inactivating event in a homozygous 

allele does not induce allele loss, the analysis was performed only for heterozygous alleles.  Eighteen risk alleles 
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with identified somatic mutations and all HLA alleles present in 20 or more patients in the Discovery Cohort were 

included in this analysis. The rates of mutations per patient for each allele were compared to other alleles using 

two-tailed Fisher’s exact tests, with a significant p-value <0.05 (Figure 3C).  Five pathogenicity groups (High, 

High Intermediate, Low Intermediate, Low, and Non-Risk) were defined based on relative mutation frequencies 

and similarities and differences from other alleles (see text and Figure 3 caption for details). 

Higher Pathogenicity Alleles (HPA) for clinical outcomes analyses  

 

Higher Pathogenicity Alleles (HPA) were stringently defined as HLA alleles in the High or High-Intermediate 

Risk groups (Figure 2C), with additional requirements to increase the confidence of HPA group assignment. This 

was done because some risk alleles were analyzed in only a small number of patients. HPA alleles were thus 

required to either have had more than one patient with somatic mutations in the discovery cohort or were required 

to share one of the canonical risk peptide-binding pockets (Figure 3). Using these criteria, 9 alleles (HLA-A*33:03, 

HLA-B*13:02, HLA-B*14:01, HLA-B*14:02, HLA-B*27:05, HLA-B*40:02, HLA-B*41:02, HLA-B*49:01, HLA-

B*56:01) were categorized as HPA.  Patients without HPA were analyzed in the Lower Pathogenicity Allele 

(LPA) group.   

In an analysis of haploidentical alloHSCT outcomes, outcomes of patients whose donors were matched or mis-

matched for HPA or for all risk alleles were compared. For this analysis, patients who did not have any of the 19 

identified risk alleles and patients whose donors were matched for some but not for all risk alleles were excluded.    

Analysis of clinical outcomes in immunosuppressive therapy (IST)-treated patients (NAPAAC cohort) 

 

Baseline characteristics (including age, AA severity, marrow cellularity, and acquired genetic alterations at diag-

nosis), treatment regimens, and response outcomes were obtained by clinical record review. Clinical endpoints 

were response to IST at 6 mo (defined as complete response (CR) if a patient met all 3 criteria of absolute neu-

trophil count (ANC)>1000, hemoglobin (Hgb) > 10g/dl, and platelets (Plt) >100*103/µL; no response (NR) if a 

patient continued to meet severe AA (SAA) criteria, and partial response (PR), if a patient improved over SAA 

criteria but did not meet CR). Relapse was defined as a clinically significant blood count decline requiring a 
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change of therapy; the patients were determined to have had a relapse as per the clinical documentation.   Other 

clinical outcomes included the use of second-line therapies, clonal evolution metrics, including cytogenetic ab-

normalities, myelodysplastic syndrome (MDS)-associated somatic mutations, and MDS transformation, death, 

and last known clinical status. MDS-associated somatic mutations were identified by somatic NGS panel sequenc-

ing of hematologic-malignancy associated genes performed as a part of routine clinical care by CLIA-approved 

clinical laboratories as per standard of care in each respective NAPAAC institution; only mutations clinically 

reported as disease-associated were included in the analysis, and were analyzed as a binary outcome (present/ab-

sent). MDS transformation was determined using World Health Organization (WHO) classification criteria. Base-

line characteristics and clinical outcomes were compared between patients carrying Higher Pathogenicity Alleles 

(HPA) and those without HPA using a two-tailed Fisher’s exact test with a significant p-value <0.05.  Odds ratios 

(ORs) were estimated using the Haldane-Anscombe correction. 

CIBMTR alloHSCT Outcomes Analysis (CIBMTR-outcomes and CIBMTR-haplo cohorts) 

 

The 484-patient cohort used for the analysis of allogeneic hematopoietic stem cell transplant (alloHSCT) out-

comes included SAA patients participating in the CIBMTR (a research collaboration between the NMDP and 

Medical College of Wisconsin) research database, who underwent a matched sibling donor (MSD) or 8/8-matched 

unrelated donor (MUD) alloHSCT between 1988 and 2018 (Supplemental Figure S3). Patients were excluded if 

their marrow failure was caused by an inherited or other defined non-immune-mediated condition; if they received 

a syngeneic, haploidentical, mismatched unrelated or cord blood stem cell graft; or if they received a preparative 

regimen that is no longer considered standard for AA. Only patients with available high-resolution HLA typing 

and adequate follow-up data were included. Haploidentical alloHSCT outcomes were evaluated in a separate 

exploratory analysis (Supplemental Tables S12-S15).  HLA typing was performed as previously described23,24. 

The National Marrow Donor Program IRB approved the study.  
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The primary outcome was graft failure (GF), analyzed as a single outcome combining primary and secondary GF. 

Primary GF was defined as failure to achieve absolute neutrophil count (ANC) of 0.5 x 109/L or a donor chimer-

ism <5% in any compartment, including T-cell, unsorted blood, or marrow.  Secondary GF was defined as initial 

engraftment followed by graft loss evidenced by a sustained drop in the neutrophil count to less than 0.5 x 109/L, 

or loss of donor chimerism to <5% in any compartment, or a second infusion within the first year after transplant 

in patients with documented clinical remission. Patients stably engrafted with complete or mixed chimerism were 

censored at 12 months. Secondary outcomes were overall survival (OS), neutrophil and platelet engraftment, and 

acute and chronic graft-versus-host disease (GVHD), all defined per CIBMTR definitions. Death was considered 

a competing risk for all outcomes. Multivariate analysis was performed with SAS (v9.4) using Cox proportional 

hazards model, with adjustment through stratification for patient age, Karnofsky Performance Status (KPS), donor 

type, and conditioning regimen. A raw two-tailed significance level of < 0.05 was used for the primary outcome 

and < 0.025 – for secondary outcomes. 
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Supplemental Figures 

 

Supplemental Figure S1. Signal peptide sequence alignment for HLA-A and B genes 

 

Signal peptide sequence alignment for HLA-A and B genes. A. Amino acid alignment of the N-terminal re-

gion of the identified HLA-B risk alleles.  All four alleles which had mutations eliminating the start codon (ar-

row/red outline) have a polymorphism which eliminates the alternative start at the 4th position.  B. Alignment of 

the N-terminal amino acids of the most common HLA-A alleles in the North American population, 

demonstrating a high degree of conservation of the L9 residue, which was found to be mutated in the study. C. 

Alignment of the N-terminal amino acids of the most common HLA-B alleles in the North American 

population, demonstrating a high degree of conservation of the L12 residue, which was found to be mutated in 

the study. 
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Supplemental Figure S2. DNA chromatographs for constructs with missense HLA mutations 

 

DNA chromatographs for constructs with missense HLA mutations. The chromatographs of the wild-type 

alleles are shown in the top row, with the corresponding sequence of alleles carrying the missense mutations 

shown below each wild-type allele (blue line).   
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Supplemental Figure S3. The complete pathogenicity stratification of 18 HLA class I risk alleles with identified somatic mutations and other alleles 

analyzed in ≥20 patients.   

 

Shown is a pairwise comparison matrix of relative mutation frequencies per individual HLA alleles.  HLA alleles are listed along the x-axis, grouped 

by pathogenicity ranking.  High, High-Intermediate, Low-Intermediate, and Low risk alleles are shown in decreasing intensity of Red, and Non-Risk 

alleles–in green.  B*38:02 and B*50:02 were insufficiently prevalent in the cohort for analysis—these were listed as Indeterminate.  Twenty addi-

tional alleles with no identified mutations were analyzed in 20+ patients, providing sufficient statistical power to conclude that their pathogenicity is 

at most Low Risk; these are listed as “Low or Non-Risk”. The number of patient cases with mutations, total patients with listed allele, % mutation 

frequency, and median number of mutations per patient are listed in the header rows below each allele.  Pairwise comparison of mutation frequencies 

is shown a correlation matrix.  Comparisons were performed by Fisher’s exact tests, with p-value listed for each pair of alleles.  P-values<0.05 are 

shaded in dark red for comparison odds ratios (OR)>1 or dark green for OR<1.  Trends with p values ≥0.05 and <0.1 are shown in light red for OR>1 

and light green for OR<1.   
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Supplemental Figure S4. The AA patient cohort for CIBMTR all HSCT clinical outcomes analysis (CIBMTR-outcomes cohort) 

 

The AA patient cohort for CIBMTR alloHSCT clinical outcomes analysis. A schematic diagram showing the CIBMTR-outcomes cohort compo-

sition, with the relevant inclusion and exclusion criteria that resulted in the final 484 patient cohort. 
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Supplemental Tables 
 

Supplemental Table S1. Demographics of AA HLA risk allele discovery cohort 

Category CIBMTR (n=349) NAPAAC (n=156) p-value 

Age       

Age at diagnosis, years (median, range) 19.9 (1.4-71.0) 10.7 (1.5-65.6)   

Pediatric-onset, n (%) 195 (55.9%) 121 (84.0%) <0.001 

Adult-onset, n (%) 154 (44.1%) 23 (16.0%)   

N/A 0 12   

Sex       

Male, n (%) 184 (52.7%) 88 (56.4%) 0.499 

Female, n (%) 165 (47.3%) 68 (43.6%)   

N/A 0 0   

Race       

Asian, n (%) 20 (6.0%) 6 (4.3%) 0.185 

Black, n (%) 40 (11.9%) 22 (15.7%)   

White, n (%) 272 (81.0%) 107 (76.4%)   

Interracial, n (%) 0 (0%) 5 (3.8%)   

Other, n (%) 4 (1.2%) 0 (0%)   

N/A 13 16   

Ethnicity       

Hispanic, n (%) 32 (9.5%) 19 (13.1%) 0.260 

Not Hispanic, n(%) 304 (90.5%) 126 (86.9%)   

N/A 13 11   

PNH clone       

Positive, n (%) 43 (20.7%) 67 (50.8%) <0.001 

Negative, n (%) 165 (79.3%) 65 (49.2%)   

N/A 141 24   

HLA Risk Allele       

HLA-B*14:02, n (%) 0* (0%) 26 (16.0%) 

      N/A* HLA-B*40:02, n (%) 0* (0%) 9 (5.8%) 

 
N/A, not available; PNH, paroxysmal nocturnal hemoglobinuria; CIBMTR, Center for International Blood and Marrow Transplant Research; NAPAAC, North American Pediatric Aplastic 
Anemia Consortium. * Patients with the two most common AA HLA risk alleles HLA-B*14:02 and B*40:02 were excluded from the CIBMTR-discovery cohort. 
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Supplemental Table S2. Acquired genetic alterations in HLA class I genes in the Discovery Cohort 
 

Patient ID 

6p CN-
LOH 

clones 
(n) 

6p CN-LOH 
Region 

 HLA Alleles 
Lost through 

CNLOH 

Somatic 
Mutations 

(n) 
Mutated Allele 

Type of Mu-
tation 

Mutation (coding) 
Mutation (pro-

tein) 
Variant Allele Frequency (%) 

CCl-
000008 

2 

6pterp21.1  A*02:01, 
B*07:02, 
C*07:02 

1 
HLA-A*02:01 

  
Frameshift 

  
c.591delG 

  
p.N198fs 

  
11.6 

  
6pterp21.2 

BCH-01 2 
6pterp12.1  A*02:01, 

B*44:02, 
C*05:09 

1 HLA-A*02:01 Missense c.848G>A p.C283Y 14.6 

6pterp21.32 

ST-
00150946 

0 n/a 3 

HLA-A*02:01 Frameshift c.16delC p.R7fs 2.2 

HLA-A*02:01 Nonsense c.19C>T p.R7* 9.2 

HLA-A*02:01 Splice site c.616_620+2delACGGGT p.? 3.4 

ST-
00197331 

1 6pterp21.32 
A*02:01, 
B*08:01, 
C*07:01 

1 HLA-A*02:01 Missense c.26T>C p.L9P 50.1 

ST-
00208002 

2 
6pterp21.2 A*02:01, 

B*44:02, 
C*05:01 

2 
HLA-A*02:01 Splice site(25) c.373T>A p.C125S; p.? 10.7 

6pterp21.33 HLA-A*02:01 Splice site c.618_620+6 delGGGTACCA p.? 5.6 

CHOP 
281.01* 

4 

6pterp22.1   

A*33:03, 
B*44:03, 
C*07:06 

1 HLA-A*33:03 Nonsense c.526C>G p.Y142fs 15.1 
6pterp22.1 

6pterp21.33 

6pterp12.1  

ST-
00201018 

1 6pterp21.32 
A*33:03, 
B*58:01, 
C*03:02 

3 

HLA-A*33:03 Frameshift c.294_303delCCGAGTGGAC p.R99fs 3.3 

HLA-A*33:03 Missense c.698A>G p.Y233C 3.1 

HLA-A*33:03 Missense c.700C>T p.P234S 7.6 

ST-
00204077 

2 
6pterp12.2 

 
6pterp21.32 

A*33:03, 
B*15:16, 
C*14:02 

5 

HLA-A*33:03 Frameshift c.16delC p.R7fs 7.6 

HLA-A*33:03 Nonsense c.19C>T p.R7* 6.4 

HLA-A*33:03 Nonsense c.153C>A p.Y51* 15.1 

HLA-A*33:03 Frameshift c.811dupG p.G271fs 25.4 
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HLA-A*33:03 Missense c.851A>C p.H284P 6.3 

CHOP 
505.01* 

2 

 6pterp12.1 

^^ 1 HLA-A*68:01 Frameshift c.795delC p.F265fs 3.5 
 

6pterp21.31 

ST-
00207365 

2 
6pterp21.32 A*74:01, 

B*35:01, 
C*07:01 

1 HLA-A*74:01 Nonsense c.19C>T p.R7* 2.7 
6pterp21.33 

ST-
00190922 

0 n/a 1 HLA-B*07:02 Nonsense c.19C>T p.R7* 11.0 

ST-
00201926 

0 n/a 1 HLA-B*07:02 Nonsense c.19C>T p.R7* 2.5 

CHOP 
580.01 

0 n/a 1 HLA-B*08:01 Nonsense c.19C>T p.R7* 8.6 

ST-
00140088 

0 n/a 1 HLA-B*08:01 Nonsense c.19C>T p.R7* 2.0 

ST-
00144542 

0 n/a 1 HLA-B*08:01 Nonsense c.19C>T p.R7* 1.9 

ST-
00190520 

2 

6pterp21.2      
A*23:01, 
B*08:01, 
C*07:01 

4 

HLA-B*08:01 Nonsense c.19C>T p.R7* 33.1 

HLA-B*08:01 Frameshift c.36_49delGCTCTCGGCGGCCC p.L13fs 5.3 

6pterp21.32 
HLA-B*08:01 Frameshift c.44_53delCGGCCCTGGC p.A16* 0.2 

HLA-B*08:01 Missense c.421G>A p.A141T 8.7 

Baylor 
23158 

1 6pterp21.31  
A*31:01; 
B*13:02, 
C*06:02 

1 HLA-B*13:02 Nonsense c.19C>T p.R7* 7.0 

ST-
00153763 

0 n/a 3 

HLA-B*13:02 Start Loss c.1A>T p.M1? 5.9 

HLA-B*13:02 Nonsense c.19C>T p.R7* 31.6 

HLA-B*13:02 Missense c.504G>C p.Q168H 5.8 

BCH-02 1 6pterp21.33 
A*02:01, 
B*14:01, 
C*08:02 

1 HLA-B*14:01 Nonsense c.19C>T p.R7* 12.9 

ST-
00158997 

0 n/a 1 HLA-B*14:01 Frameshift c.16delC p.R7fs 53.7 

CHOP 
506.01* 

0 n/a 1 HLA-B*14:02 Frameshift c.890insAT p.R297fs 17.0 

CHOP 
555.01 

0 n/a 2 
HLA-B*14:02 Frameshift c.16delC p.R7fs 1.0 

HLA-B*14:02 Nonsense c.19C>T p.R7* 32.0 

CHOP 
609.1 

0 n/a 4 
HLA-B*14:02 Nonsense c.19C>T p.R7* 12.2 

HLA-B*14:02 Missense c.35T>A p.L12Q 5.0 



21 
 

HLA-B*14:02 Missense c.409T>G p.Y137D 2.5 

HLA-B*14:02 Missense c.421G>A p.A141T 9.6 

CHOP 
638.01 

0 n/a 1 HLA-B*14:02 Nonsense c.19C>T p.R7* 1.7 

Baylor 
15481 

0 n/a 2 
HLA-B*14:02 Nonsense c.19C>T p.R7* 10.0 

HLA-B*14:02 Frameshift c.417delG p.Q139fs 3.8 

BCH-03 0 n/a 1 HLA-B*14:02 Nonsense c.19C>T p.R7* 3.3 

BCH-04 0 n/a 2 
HLA-B*14:02 Nonsense c.19C>T p.R7* 19.7 

HLA-B*14:02 Nonsense c.69G>A p.W23* 41.1 

CHOP 
54.01* 

2 
6pterp21.31  A*33:01, 

B*14:02, 
C*08:02 

2 
HLA-B*14:02 Nonsense c.19C>T p.R7* 6.6 

6pterp21.1 HLA-B*14:02 Frameshift c.880delT p.L294fs 20.1 

BCH-05 1 6pterp21.32 
A*24:02, 
B*14:02, 
C*08:02 

1 HLA-B*14:02 Nonsense c.19C>T p.R7* 0.7 

ST-
00147936 

0 n/a 1 HLA-B*18:01 Nonsense c.19C>T p.R7* 3.2 

ST-
00191796 

1 6pterp12.1 
A*30:02, 
B*27:05, 
C*02:02 

4 

HLA-B*27:05 Frameshift 
c.7_23delGGTCAC-

GGCGCCCGAA 
p.V3fs 1.3 

HLA-B*27:05 Frameshift c.16delC p.R7fs 6.9 

HLA-B*27:05 Nonsense c.19C>T p.R7* 3.7 

HLA-B*27:05 Frameshift c.937delG p.A313fs 15.6 

BCH-06 0 n/a 4 

HLA-B*27:05 Start Loss c.1A>G p.M1? 30.6 

HLA-B*27:05 Nonsense c.19C>T p.R7* 4.0 

HLA-B*27:05 Frameshift c.46dupG p.A16fs 9.9 

HLA-B*27:05 Missense c.626G>A p.P209Q 12.0 

ST-
00115171 

0 n/a 1 HLA-B*38:02 Nonsense c.19C>T p.R7* 7.8 

CHOP 
29.01* 

0 n/a 5 

HLA-B*40:02 Start Loss c.1A>G p.M1? 7.0 

HLA-B*40:02 Nonsense c.19C>T p.R7* 12.5 

HLA-B*40:02 Nonsense c.742C>T p.Q248* 3.9 

HLA-B*40:02 Nonsense c.862G>T p.E288* 4.8 
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HLA-B*40:02 Frameshift c.870delG p.L290fs 1.6 

CHOP 
435.01* 

0 n/a 3 

HLA-B*40:02 Frameshift c.15delC p.A5fs 17.3 

HLA-B*40:02 Frameshift c.60insGA p.T20fs 19.2 

HLA-B*40:02 Frameshift c.286delAG p.Q96fs 5.1 

ST-
00191967 

1 6pterp12.1 
A*29:02, 
B*41:02, 
C*17:03 

3 

HLA-B*41:02 Nonsense c.19C>T p.R7* 6.0 

HLA-B*41:02 Frameshift c.116_119delCCGG p.G40fs 25.4 

HLA-B*41:02 Del 
c.124_147delGGG-

GAGCCCCGCTTCATCACCGTG 
p.G42_V49del 0.8 

ST-
00157774 

0 n/a 1 HLA-B*49:01 Start Loss c.1A>G p.M1? 34.4 

ST-
00168320 

0 n/a 3 

HLA-B*49:01 Nonsense c.19C>T p.R7* 9.4 

HLA-B*49:01 Frameshift c.565delG p.V189fs 16.4 

HLA-B*49:01 Missense c.842A>G p. Y281C 16.2 

ST-
00192407 

0 n/a 1 HLA-B*49:01 Start Loss c.1A>T p.M1? 6.9 

ST-
00207773 

1 n/a 
A*01:01, 
B*49:01, 
C*07:01 

2 
HLA-B*49:01 Nonsense c.19C>T p.R7* 3.9 

HLA-B*49:01 Missense c.351C>G p.H117Q 22.1 

ST-
00205927 

1 6pterp12.1 
A*02:01, 
B*50:02, 
C*06:02 

4 

HLA-B*50:02 Frameshift c.16delC p.R7fs 2.2 

HLA-B*50:02 Frameshift c.115delC p.P39fs 10.6 

HLA-B*50:02 Nonsense c.232C>T p.Q78* 5.1 

HLA-B*50:02 Missense c.325T>A p.Y109N 12.6 

ST-
00195220 

2 
6pterp21.1 

6pterp21.32 

A*68:02, 
B*53:01, 
C*04:01 

3 
HLA-B*53:01 Frameshift c.16delC p.R7fs 23.7 

HLA-B*53:01 Nonsense c.19C>T p.R7* 3.5 
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HLA-B*53:01 Missense c.694T>G p.F232V 32.2 

ST-
00180757 

0 n/a 1 HLA-B*56:01 Nonsense c.19C>T p.R7* 8.0 

ST-
00178922 

1 6pterp21.32 A*02:01† 0 n/a 

ST-
00145113 

1 6pterp21.32 A*02:06† 0 n/a 

CHOP 
56.01* 

4 

6pterp21.31 

B*14:02, 
C*08:02‡ 

0 n/a 
6pterp21.1 

6pterp12.1 

6pterp11.1 

CHOP 
284.01* 

2 
6pterp21.32 A*02:01, 

B*35:03, 
C*12:03 

0 n/a 
6pterp11.1 

CHOP 
348.01* 

1 6pterp21.2 
A*29:02, 
B*13:02, 
C*06:02 

0 n/a 

CHOP 
390.01* 

1 6WC ^^ 0 n/a 

CHOP 
471.01* 

4 

6pterp21.32 

A*11:01, 
B*35:01, 
C*04:01 

0 n/a 
6pterp21.31 

6pterp21.2 

6pterp12.1 

CHOP 
564.01 

1 6p ^^ 0 n/a 

CHOP 
575.01 

1 6pterp21.31 ^^ 0 n/a 

Baylor 
12533 

1 6pterp21.2 
A*31:01, 

B*40:02, C 
03:04 

0 n/a 

Baylor 
14545 

1 6pterp21.1 
A*03:01, 
B*47:01, 
C*06:02 

0 n/a 

BCH-07 1 6pterp21.32 
A*03:01, 
B*49:01, 
C*07:01 

0 n/a 

ST-
00137635 

1 6pterp21.32 ^^ 0 n/a 

ST-
00140300 

1 6pterp21.31 
A*02:01, 
B*51:01, 
C*01:02 

0 n/a 

ST-
00150545 

1 6pterp21.32 
A*02:01, 
B*08:01, 
C*07:01 

0 n/a 
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ST-
00160762 

1 6pterp21.32 
A*68:01, 
B*44:02, 
C*07:04 

0 n/a 

ST-
00162664 

2 
6pterp21.32 

^^ 0 n/a 
6pterp21.33 

ST-
00187774 

2 
6pterp21.1 

A*02:01, 
B*18:01‡ 

0 n/a 
6pterp21.32 

ST-
00191385 

1 n/a 
A*01:01, 
B*49:01, 
C*07:01 

0 n/a 

ST-
00191682 

1 n/a 
A*02:06, 
B*48:01, 
C*08:01 

0 n/a 

ST-
00202213 

1 6pterp21.32 
A*02:01, 
B*07:02, 
C*07:02 

0 n/a 

ST-
00205930 

1 6pterp21.2 
A*26:01, 
B*38:01, 
C*12:03 

0 n/a 

ST-
00207098 

1 6pterp21.32 
A*03:01, 
B*07:02, 
C*07:02 

0 n/a 

ST-
00219193 

2 
6pterp21.2  A*02:01, 

B*27:05, 
C*01:02 

0 n/a 
6pterp21.32 

ST-
00285358 

2 
6pterp12.1 A*02:01, 

B*39:01, 
C*07:02 

0 n/a 
6pterp21.32 

ST-
00291066 

1 6pterp21.31 
A*02:01, 
B*57:01, 
C*06:02 

0 n/a 

ST-
00291929 

2 
6pterp12.1  A*31:01, 

B*35:01, 
C*04:01 

0 n/a 
6pterp21.32 

ST-
00296246 

2 
6pterp21.1 A*02:01, 

B*15:01, 
C*03:03 

0 n/a 
6pterp21.31 

ST-
00300085 

1 6pterp21.2 
A*34:02, 
B*47:03, 
C*17:01 

0 n/a 

† Only HLA-A lost in 6pLOH event; ‡ Homozygous third allele; ^SNP-A not available, CN-LOH status determined from targeted HLA NGS; ^^ Lost haplotype could not be definitively determined due to 
small 6p CN-LOH clone size. In patients with CN-LOH events, known HLA risk alleles are shown in bold.  
The data from this table are summarized in the main manuscript in the following figures: the summary of genetic mechanisms of HLA loss is presented in Figure 1A. The locations and number of muta-
tions are shown in Figure 1B, with the breakdown of the mutation types summarized in Figure 1C. The breakdown of HLA alleles targeted by mutations are shown in Figure 3. 
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Supplemental Table S3: Rates of Pathogenic vs. Bystander Roles for High, High-Intermediate, Low-Intermediate, and Low-Risk HLA class I Alleles.  

Supplemental Table S3A: Individual Risk Allele Contribution to Autoimmune Recognition in Patients with AA with Multiple Risk Alleles. 

Patient ID 

Number of 
Known Risk Al-

leles, n Risk Allele 1 
Pathogenicity 

Category 1 Risk Allele 2 
Pathogenicity 

Category 2 Risk Allele 3 
Pathogenicity 

Category 3 
Risk Category of  

Pathogenic > Bystander Allele 

ST-00191796 2 A*02:01 Low B*27:05 High-Int     High-Int > Low 

ST-00191967 2 B*08:01 Low-Int B*41:02 High     High > Low-Int 

ST-00192407 3 A*02:01 Low A*02:01 Low B*49:01 High High > Low 

ST-00153763 2 A*02:01 Low B*13:02 High-Int     High-Int > Low 

ST-00204077 2 A*33:03 High B*53:01 Low-Int     High > Low-Int 

ST-00157774 2 B*08:01 Low-Int B*49:01 High     High > Low-Int 

ST-00195220 2 A*74:01 High-Int B*53:01 Low-Int     Low-Int > High-Int 

ST-00197331 2 A*02:01 Low B*08:01 Low-Int     Low > Low-Int 

ST-00208002 2 A*02:01 Low A*68:01 Low-Int     Low > Low-Int 

ST-00205927 2 A*02:01 Low B*50:02 Inderminate     Indeterminate > Low 

ST-00168320 2 A*02:01 Low B*49:01 High     High > Low 

ST-00201926 2 A*02:01 Low B*07:02 Low     Low > Low 

ST-00140088 3 A*02:01 Low B*07:02 Low B*08:01 Low-Int Low-Int > 2 Low-Risk alleles 

ST-00150946 2 A*02:01 Low B*07:02 Low     Low > Low 

ST-00207773 2 B*49:01 High B*56:01 High-Int     High > High-Int 

BAYLOR 15481 2 B*14:02 High B*41:02 High     High > High 

BAYLOR 23158 2 A*02:01 Low B*13:02 High-Int     High-Int > Low 

BCH-02 2 A*02:01 Low B*14:01 High     High > Low 

CCl-000008 2 A*02:01 Low B*07:02 Low     Low > Low 

CHOP 029.01 3 A*02:01 Low A*02:01 Low B*40:02 High High > Low 

CHOP 435.01 2 A*02:01 Low B*40:02 High     High > Low 

CHOP 505.01 3 A*68:01 Low-Int B*07:02 Low B*14:02 High Low-Int > High and Low 

CHOP 506.01 2 A*02:01 Low B*14:02 High     High > Low 

CHOP 555.01 2 A*02:01 Low B*14:02 High     High > Low 

CHOP 609.1 2 B*08:01 Low-Int B*14:02 High     High > Low-Int 

CHOP 638.01 2 B*08:01 Low-Int B*14:02 High     High > Low-Int 

BCH-06 3 A*02:01 Low A*02:01 Low B*27:05 High-Int High-Int > Low 

BCH-05 2 B*08:01 Low-Int B*14:02 High     High > Low-Int 

The table lists patients with two or more risk alleles of defined pathogenicity categories, with the pathogenic risk allele (as identified by somatic HLA 

mutation) shown in bold with gray shading.   
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Supplemental Table S3B Summary Statistics for Rates of Pathogenic vs. Bystander Roles for High, High-Intermediate, Low-Intermediate, and Low-

Risk HLA class I Alleles in AA.  

Pathogenicity Cate-
gory of Risk Allele 

Number of Patients 
with 2 or more Risk Al-

leles from Different 
Pathogenicity Groups, 

n 

Number of times allele 
was pathogenic, n 

Number of times allele 
was bystander, n 

Frequency of allele be-
ing pathogenic, % 

Frequency of allele be-
ing bystander, % 

High 13 12 1 92.31% 7.69% 

High-Int 12 10 2 83.33% 16.67% 

Low-Int 13 5 8 38.46% 61.54% 

Low 23 2 21 8.70% 91.30% 

The table shows summary statistics for data in Supplemental Table 3A.  
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Supplemental Table S4. Demographic Characteristics of the NMDP-Association Cohort. 

 

NMDP Group Asian and Pacific Islander Black Hispanic Native American White 

Cohort Case Control Case Control Case Control Case Control Case Control 

Subjects, n 463 50,000 1,030 50,000 840 50,000 40 31,057 3,950 49,908 

Age, median (range), 
years 20 (0-67) 21.5 (18-60) 17 (0-69) 22.5 (18-60) 14 (0-70) 21.5 (18-60) 12.5 (0-56) 32 (18-60) 20 (0-70) 21 (18-60) 

Male / Female, % 
49.5% / 
50.5% 

53% / 
47% 

53.8% / 
46.1% 

54% / 
46% 

59.4% / 
40.6% 

59% / 
41% 

40% / 
60% 

35% / 
65% 

53.5% / 
46.4% 

55% / 
45% 
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Supplemental Table S5: Association analysis of HLA risk and non-risk alleles with AA in NMDP-Association Populations of Different Ethnicities 

Supplemental Table S5A. Association analysis of HLA risk and non-risk alleles with AA in NMDP-Association Cohort (White, cases n= 3,950, con-

trols n=49,908) 

Risk Allele 
Number of Al-
leles in Cases 

Allele Frequency in 
Cases 

Number of Al-
leles in Controls 

Allele Frequency in 
Controls OR (95% CI) P value P adj 

A*02:01 2333 0.295 25732 0.258 1.216 (1.14 - 1.297) 0.000 0.000 

A*02:06 27 0.003 377 0.004 0.836 (0.541 - 1.231) 0.405 1.000 

A*33:03 53 0.007 654 0.007 1.023 (0.762 - 1.342) 0.739 1.000 

A*68:01 261 0.033 3192 0.032 1.048 (0.917 - 1.193) 0.483 1.000 

A*74:01 6 0.001 151 0.002 0.504 (0.199 - 1.042) 0.110 1.000 

B*07:02 1121 0.142 11946 0.120 1.223 (1.135 - 1.316) 0.000 0.000 

B*08:01 949 0.120 10289 0.103 1.140 (1.053 - 1.233) 0.001 0.025 

B*13:02 212 0.027 2290 0.023 1.162 (1.001 - 1.341) 0.044 0.420 

B*14:01 92 0.012 991 0.010 1.194 (0.956 - 1.473) 0.123 0.745 

B*14:02 454 0.057 2847 0.029 2.045 (1.835 - 2.275) 0.000 0.000 

B*18:01 313 0.040 4481 0.045 0.868 (0.768 - 0.978) 0.022 0.266 

B*27:05 291 0.037 3384 0.034 1.089 (0.958 - 1.232) 0.192 0.836 

B*38:02 0 0.000 110 0.001 0 (0 - 0) 0.887 0.966 

B*40:02 225 0.029 1373 0.014 2.107 (1.816 - 2.433) 0.000 0.000 

B*41:02 35 0.004 490 0.005 0.903 (0.628 - 1.254) 0.563 0.966 

B*49:01 149 0.019 1883 0.019 1.007 (0.846 - 1.190) 0.937 0.971 

B*50:02 3 0.000 48 0.000 0.787 (0.226 - 2.109) 0.361 0.966 

B*53:01 38 0.005 721 0.007 0.639 (0.448 - 0.881) 0.009 0.169 

B*56:01 44 0.006 575 0.006 0.968 (0.701 - 1.301) 0.834 0.966 

  

Non-Risk Allele 
Number of Al-
leles in Cases 

Allele Frequency in 
Cases 

Number of Al-
leles in Controls 

Allele Frequency in 
Controls OR (95% CI) P value P adj 

A*01:01 1192 0.151 15336 0.154 0.956 (0.889 - 1.028) 0.229 1.000 

A*03:01 1028 0.130 13064 0.131 0.992 (0.920 - 1.070) 0.843 1.000 

A*11:01 453 0.057 6233 0.062 0.911 (0.821 - 1.009) 0.076 1.000 

A*23:01 124 0.016 2272 0.023 0.685 (0.566 - 0.819) 0.000 0.002 

A*24:02 621 0.079 8947 0.090 0.850 (0.776 - 0.930) 0.000 0.014 

B*44:02 698 0.088 8518 0.085 1.047 (0.960 - 1.141) 0.296 0.966 

B*44:03 248 0.031 4817 0.048 0.613 (0.534 - 0.700) 0.000 0.000 

 

Risk allele: 19 AA risk alleles identified in this study; Non-Risk Alleles: 7 alleles of HLA-A and B genes significantly less likely to be targeted by mutations (A*01:01, 

A*03:01, A*24:02, B*44:03); or sharing the same peptide-binding pocket residues with a non-risk allele (A*11:01, A*23:01, B*44:02). Cntrl, control. OR, Odds Ratio. 

CI, confidence interval; P, P-value; Padj, P value adjusted for multiple comparisons. Statistically significant P-value (<0.05) are bolded. For statistically significant 

comparisons, OR >1 for risk alleles are colored in red, and for non-risk alleles OR <1 are colored in blue.  
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Supplemental Table S5B. Association analysis of HLA risk and non-risk alleles with AA in NMDP-Association Cohort (Black, cases n= 1,030, con-

trols n=50,000)  

Risk Allele 

Number of 
Alleles in 

Cases 

Allele Fre-
quency in 

Cases 

Number of 
Alleles in 
Controls 

Allele Fre-
quency in 
Controls OR (95% CI) P value P adj 

A*02:01 279 0.135 11811 0.118 1.225 (1.062 - 1.408) 0.006 0.368 

A*02:06 2 0.001 114 0.001 1.024 (0.211 - 2.968) 0.749 1.000 

A*33:03 101 0.049 5208 0.052 0.927 (0.746 - 1.138) 0.488 1.000 

A*68:01 65 0.032 3705 0.037 0.83 (0.636 - 1.064) 0.176 1.000 

A*74:01 116 0.056 5378 0.054 1.048 (0.855 - 1.272) 0.643 1.000 

B*07:02 151 0.074 7303 0.073 1.02 (0.852 - 1.213) 0.772 1.000 

B*08:01 94 0.046 3512 0.035 1.312 (1.048 - 1.622) 0.015 0.397 

B*13:02 11 0.005 822 0.008 0.650 (0.335 - 1.122) 0.157 1.000 

B*14:01 28 0.014 752 0.008 1.865 (1.247 - 2.673) 0.003 0.167 

B*14:02 103 0.050 2211 0.022 2.400 (1.937 - 2.943) 0.000 0.000 

B*18:01 74 0.036 3076 0.031 1.184 (0.923 - 1.494) 0.170 1.000 

B*27:05 17 0.008 813 0.008 1.026 (0.608 - 1.611) 0.887 1.000 

B*38:02 0 0.000 11 0.000 0.000 (0-7.431) 0.951 1.000 

B*40:02 8 0.004 388 0.004 1.002 (0.455 - 1.887) 0.779 1.000 

B*41:02 7 0.003 583 0.006 0.601 (0.261 - 1.164) 0.179 1.000 

B*49:01 76 0.037 2922 0.029 1.253 (0.977 - 1.583) 0.066 0.775 

B*50:02 2 0.001 9 0.000 10.007 (1.534 - 40.555) 0.045 0.652 

B*53:01 273 0.133 11842 0.118 1.105 (0.955 - 1.274) 0.176 1.000 

B*56:01 3 0.002 252 0.003 0.654 (0.18 - 1.632) 0.448 1.000 

  

Non-Risk 
Allele 

Number of 
Alleles in 

Cases 

Allele Fre-
quency in 

Cases 

Number of 
Alleles in 
Controls 

Allele Fre-
quency in 
Controls OR (95% CI) P value P adj 

A*01:01 96 0.047 4289 0.043 1.072 (0.858 - 1.324) 0.527 1.000 

A*03:01 136 0.066 8193 0.082 0.776 (0.642 - 0.931) 0.007 0.368 

A*11:01 27 0.013 1294 0.013 0.984 (0.648 - 1.426) 0.936 1.000 

A*23:01 197 0.096 10948 0.109 0.880 (0.749 - 1.029) 0.115 1.000 

A*24:02 50 0.024 2554 0.026 0.937 (0.692 - 1.239) 0.663 1.000 

B*44:02 85 0.041 4946 0.049 1.147 (0.810 - 1.572) 0.483 1.000 

B*44:03 38 0.019 1598 0.016 0.801 (0.632 - 1.000) 0.063 0.775 

 

Risk allele: 19 AA risk alleles identified in this study; Non-Risk Alleles: 7 alleles of HLA-A and B genes significantly less likely to be targeted by mutations 

(A*01:01, A*03:01, A*24:02, B*44:03); or sharing the same peptide-binding pocket residues with a non-risk allele (A*11:01, A*23:01, B*44:02). Cntrl, 

control. OR, Odds Ratio. CI, confidence interval; P, P-value; Padj, P value adjusted for multiple comparisons. Statistically significant P-value (<0.05) are 

bolded. For statistically significant comparisons, OR >1 for risk alleles are colored in red, and for non-risk alleles OR <1 are colored in blue.  
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Supplemental Table S5C. Association analysis of HLA risk and non-risk alleles with AA in NMDP-Association Cohort (Hispanic, cases n= 840, 

controls n=50,000)  

Risk Allele 
Number of Al-
leles in Cases 

Allele Fre-
quency in Cases 

Number of Al-
leles in Con-

trols 

Allele Fre-
quency in 
Controls OR (95% CI) P value P adj 

A*02:01 385 0.229 20588 0.206 1.163 (1.012 - 1.336) 0.036 0.679 

A*02:06 97 0.058 3892 0.039 1.562 (1.249 - 1.929) 0.000 0.035 

A*33:03 22 0.013 830 0.008 1.600 (1.011 - 2.395) 0.037 0.679 

A*68:01 84 0.050 4804 0.048 1.025 (0.808 - 1.283) 0.640 1.000 

A*74:01 10 0.006 683 0.007 0.873 (0.435 - 1.547) 0.672 1.000 

B*07:02 115 0.068 5698 0.057 1.225 (0.996 - 1.492) 0.049 0.724 

B*08:01 82 0.049 4287 0.043 1.152 (0.906 - 1.444) 0.234 1.000 

B*13:02 25 0.015 1287 0.013 1.172 (0.764 - 1.712) 0.439 1.000 

B*14:01 20 0.012 806 0.008 1.462 (0.899 - 2.234) 0.133 1.000 

B*14:02 118 0.070 4236 0.042 1.632 (1.323 - 1.993) 0.000 0.000 

B*18:01 58 0.035 4002 0.040 0.823 (0.618 - 1.073) 0.166 1.000 

B*27:05 40 0.024 1877 0.019 1.307 (0.935 - 1.774) 0.102 1.000 

B*38:02 15 0.009 1841 0.018 0 (0 - 0.225) 0.951 1.000 

B*40:02 149 0.089 4829 0.048 1.919 (1.590 - 2.299) 0.000 0.000 

B*41:02 8 0.005 567 0.006 0.843 (0.383 - 1.585) 0.641 1.000 

B*49:01 43 0.026 2427 0.024 1.047 (0.754 - 1.412) 0.775 1.000 

B*50:02 6 0.004 211 0.002 1.752 (0.703 - 3.577) 0.204 1.000 

B*53:01 40 0.024 1610 0.016 1.394 (0.982 - 1.916) 0.051 0.724 

B*56:01 10 0.006 440 0.004 1.364 (0.677 - 2.424) 0.335 1.000 

  

Non-Risk 
Allele 

Number of Al-
leles in Cases 

Allele Fre-
quency in Cases 

Number of Al-
leles in Con-

trols 

Allele Fre-
quency in 
Controls OR (95% CI) P value P adj 

A*01:01 109 0.065 7132 0.071 0.909 (0.737 - 1.111) 0.364 1.000 

A*03:01 100 0.060 8086 0.081 0.703 (0.564 - 0.866) 0.001 0.131 

A*11:01 63 0.037 4584 0.046 0.806 (0.614 - 1.037) 0.106 1.000 

A*23:01 47 0.028 3270 0.033 0.821 (0.597 - 1.098) 0.204 1.000 

A*24:02 195 0.116 12261 0.123 0.948 (0.802 - 1.115) 0.526 1.000 

B*44:02 54 0.032 3551 0.036 0.927 (0.695 - 1.210) 0.586 1.000 

B*44:03 65 0.039 5872 0.059 0.613 (0.467 - 0.789) 0.000 0.022 

Risk allele: 19 AA risk alleles identified in this study; Non-Risk Alleles: 7 alleles of HLA-A and B genes significantly less likely to be targeted by mutations 

(A*01:01, A*03:01, A*24:02, B*44:03); or sharing the same peptide-binding pocket residues with a non-risk allele (A*11:01, A*23:01, B*44:02). Cntrl, 

control. OR, Odds Ratio. CI, confidence interval; P, P-value; Padj, P value adjusted for multiple comparisons. Statistically significant P-value (<0.05) are 

bolded. For statistically significant comparisons, OR >1 for risk alleles are colored in red, and for non-risk alleles OR <1 are colored in blue.  
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Supplemental Table S5D. Association analysis of HLA risk and non-risk alleles with AA in NMDP-Association Cohort (Asian and Pacific Islander, 

cases n= 463, controls n=50,000)  

Risk Al-
lele 

Number of Al-
leles in Cases 

Allele Fre-
quency in 

Cases 
Number of Alleles 

in Controls 

Allele Fre-
quency in 
Controls OR (95% CI) P value P adj 

A*02:01 92 0.100 8087 0.081 1.328 (1.047 - 1.667) 0.025 0.551 

A*02:06 64 0.069 3835 0.038 1.930 (1.462 - 2.505) 0.000 0.005 

A*33:03 65 0.070 10150 0.102 0.665 (0.504 - 0.861) 0.003 0.106 

A*68:01 13 0.014 2666 0.027 0.490 (0.261 - 0.831) 0.015 0.376 

A*74:01 4 0.004 155 0.002 2.119 (0.522 - 5.608) 0.199 1.000 

B*07:02 28 0.030 2711 0.027 1.032 (0.672 - 1.511) 0.878 1.000 

B*08:01 6 0.006 1738 0.017 0.315 (0.112 - 0.682) 0.010 0.171 

B*13:02 22 0.024 1857 0.019 1.216 (0.753 - 1.848) 0.400 1.000 

B*14:01 2 0.002 159 0.002 1.224 (0.187 - 4.023) 0.673 1.000 

B*14:02 2 0.002 173 0.002 1.374 (0.257 - 4.124) 0.661 1.000 

B*18:01 3 0.003 1391 0.014 0.233 (0.059 - 0.606) 0.013 0.177 

B*27:05 10 0.010 725 0.007 1.450 (0.710 - 2.604) 0.294 1.000 

B*38:02 22 0.023 3318 0.033 0.719 (0.452 - 1.080) 0.137 1.000 

B*40:02 48 0.052 2228 0.022 2.536 (1.852 - 3.395) 0.000 0.000 

B*41:02 0 0.000 33 0.000 0 (0 - 3.621) 0.966 1.000 

B*49:01 6 0.006 299 0.003 2.203 (0.867 - 4.540) 0.057 0.496 

B*50:02 0 0.000 3 0.000 7.215 (NA-1.27E+07) 0.774 1.000 

B*53:01 2 0.002 88 0.001 2.461 (0.405 - 7.811) 0.209 1.000 

B*56:01 6 0.006 648 0.006 1.001 (0.399 - 2.049) 0.756 1.000 

  

Non-
Risk Al-

lele 
Number of Al-
leles in Cases 

Allele Fre-
quency in 

Cases 
Number of Alleles 

in Controls 

Allele Fre-
quency in 
Controls OR (95% CI) P value P adj 

A*01:01 41 0.044 6655 0.067 0.601 (0.420 - 0.832) 0.003 0.114 

A*03:01 24 0.026 3125 0.031 0.849 (0.547 - 1.252) 0.446 1.000 

A*11:01 161 0.174 18138 0.181 0.920 (0.752 - 1.119) 0.412 1.000 

A*23:01 4 0.004 386 0.004 1.125 (0.347 - 2.647) 0.815 1.000 

A*24:02 171 0.184 16216 0.162 1.208 (0.993 - 1.463) 0.058 1.000 

B*44:02 26 0.028 4861 0.049 1.450 (0.691 - 2.648) 0.273 1.000 

B*44:03 9 0.010 681 0.007 0.554 (0.360 - 0.811) 0.004 0.126 

Risk allele: 19 AA risk alleles identified in this study; Non-Risk Alleles: 7 alleles of HLA-A and B genes significantly less likely to be targeted by mutations 

(A*01:01, A*03:01, A*24:02, B*44:03); or sharing the same peptide-binding pocket residues with a non-risk allele (A*11:01, A*23:01, B*44:02). Cntrl, control. 

OR, Odds Ratio. CI, confidence interval; P, P-value; Padj, P value adjusted for multiple comparisons. Statistically significant P-value (<0.05) are bolded. For 

statistically significant comparisons, OR >1 for risk alleles are colored in red, and for non-risk alleles OR <1 are colored in blue.  
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Supplemental Table S5E. Association analysis of HLA risk and non-risk alleles with AA in NMDP-Association Cohort (Native American, cases n= 

40, controls n=31,057)  

Risk Allele 

Number of 
Alleles in 

Cases 

Allele Fre-
quency in 

Cases 

Number of Al-
leles in Con-

trols 

Allele Fre-
quency in 
Controls OR (95% CI) 

P 
value P adj 

A*02:01 23 0.293 12206 0.197 2.039 (1.093 - 3.825) 0.029 1.000 

A*02:06 7 0.093 1155 0.019 4.069 (1.439 - 9.369) 0.010 0.490 

A*33:03 1 0.013 1054 0.017 0.747 (0.042 - 3.442) 0.774 1.000 

A*68:01 1 0.010 2605 0.042 0.230 (0.013 - 1.19E+05) 0.371 1.000 

A*74:01 0 0.000 618 0.010 0 (0 - 1.49E+09) 0.984 1.000 

B*07:02 5 0.063 4666 0.075 0.665 (0.199 - 1.662) 0.439 1.000 

B*08:01 2 0.025 3601 0.058 0.421 (0.068 - 1.372) 0.233 1.000 

B*13:02 1 0.013 732 0.012 1.072 (0.060 - 4.938) 0.946 1.000 

B*14:01 1 0.018 341 0.005 3.284 (0.386 - 12.624) 0.259 1.000 

B*14:02 2 0.020 1670 0.027 0.747 (0.102 - 2.683) 0.735 1.000 

B*18:01 3 0.038 2140 0.034 1.122 (0.271 - 3.104) 0.848 1.000 

B*27:05 5 0.063 2045 0.033 2.110 (0.723 - 4.92) 0.119 1.000 

B*38:02 0 0.000 27 0.000 0 (0 - 1.08E+11) 0.984 1.000 

B*40:02 6 0.075 1938 0.031 2.746 (1.036 - 6.085) 0.023 1.000 

B*41:02 0 0.000 389 0.006 0 (0 - 1.03E+06) 0.981 1.000 

B*49:01 1 0.013 1153 0.019 0.674 (0.038 - 3.104) 0.697 1.000 

B*50:02 0 0.000 45 0.001 0 (0 - 6.68E+07) 0.985 1.000 

B*53:01 0 0.000 1202 0.019 0 (0 - 8.68E+04) 0.979 1.000 

B*56:01 2 0.023 409 0.007 3.548 (0.535 - 12.140) 0.151 1.000 

  

Non-Risk Al-
lele 

Number of 
Alleles in 

Cases 

Allele Fre-
quency in 

Cases 

Number of Al-
leles in Con-

trols 

Allele Fre-
quency in 
Controls OR (95% CI) 

P 
value P adj 

A*01:01 5 0.063 5575 0.090 0.549 (0.164 - 1.372) 0.256 1.000 

A*03:01 9 0.113 5758 0.093 1.359 (0.609 - 2.740) 0.418 1.000 

A*11:01 4 0.050 2824 0.045 1.144 (0.342 - 2.860) 0.798 1.000 

A*23:01 1 0.013 2409 0.039 0.316 (0.018 - 1.455) 0.256 1.000 

A*24:02 11 0.135 6996 0.113 1.222 (0.563 - 2.423) 0.592 1.000 

B*44:02 6 0.075 2973 0.048 1.728 (0.653 - 3.828) 0.217 1.000 

B*44:03 3 0.038 4480 0.072 0.510 (0.123 - 1.411) 0.262 1.000 

 

Risk allele: 19 AA risk alleles identified in this study; Non-Risk Alleles: 7 alleles of HLA-A and B genes significantly less likely to be targeted 

by mutations (A*01:01, A*03:01, A*24:02, B*44:03); or sharing the same peptide-binding pocket residues with a non-risk allele 

(A*11:01, A*23:01, B*44:02). Cntrl, control. OR, Odds Ratio. CI, confidence interval; P, P-value; Padj, P value adjusted for multiple 

comparisons. Statistically significant P-value (<0.05) are bolded. For statistically significant comparisons, OR >1 for risk alleles are col-

ored in red, and for non-risk alleles OR <1 are colored in blue.  
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Supplemental Table S6 Association Analysis for All Evaluated HLA Class I Alleles with AA Per Population 

Supplemental Table S6A: Association of HLA class I alleles in Asian and Pacific Islander NMDP Population 

HLA-A Allele OR LCI UCI P value 
adjusted P 

value adj LCI adj UCI 

A*26:03 5.845 2.756 10.844 0.000 0.000 2.069 16.515 

A*02:06g 1.930 1.462 2.505 0.000 0.000 1.316 2.832 

A*33:03g 0.665 0.504 0.861 0.003 0.016 0.463 0.954 

A*01:01g 0.601 0.420 0.832 0.003 0.016 0.385 0.938 

A*68:01g 0.490 0.261 0.831 0.015 0.057 0.237 1.014 

A*02:01g 1.328 1.047 1.667 0.025 0.078 0.998 1.768 

A*24:02g 1.208 0.993 1.463 0.058 0.157 0.957 1.525 

A*02:07g 1.279 0.935 1.708 0.119 0.283 0.898 1.822 

A*32:01g 0.656 0.326 1.162 0.188 0.390 0.317 1.354 

A*02:03g 1.284 0.899 1.778 0.205 0.390 0.872 1.890 

A*26:01g 1.165 0.808 1.624 0.409 0.605 0.790 1.717 

A*11:01g 0.920 0.752 1.119 0.412 0.605 0.740 1.144 

A*02:11g 0.782 0.423 1.311 0.429 0.605 0.425 1.441 

A*03:01g 0.849 0.547 1.252 0.446 0.605 0.547 1.317 

A*34:01 1.158 0.684 1.823 0.555 0.702 0.694 1.932 

A*31:01g 1.099 0.732 1.582 0.630 0.748 0.738 1.637 

A*30:01g 1.096 0.658 1.706 0.703 0.786 0.675 1.781 

A*24:07 0.939 0.584 1.424 0.765 0.808 0.599 1.472 

A*11:02g 0.944 0.474 1.664 0.856 0.856 0.507 1.758 

  

HLA-B Allele OR LCI UCI P value 
adjusted P 

value adj LCI adj UCI 

B*40:02g 2.536 1.852 3.395 0.000 0.000 1.541 4.175 

B*13:01g 1.881 1.389 2.492 0.000 0.001 1.199 2.949 

B*55:02g 2.104 1.391 3.048 0.000 0.003 1.180 3.752 

B*15:13 3.059 1.396 5.764 0.002 0.021 1.121 8.344 

B*48:01g 1.878 1.208 2.777 0.003 0.023 1.054 3.347 

B*44:03 0.554 0.360 0.811 0.004 0.028 0.319 0.961 

B*46:01g 1.432 1.096 1.841 0.007 0.038 1.013 2.024 

B*58:01g 0.623 0.428 0.874 0.009 0.043 0.390 0.994 

B*35:03g 0.448 0.240 0.755 0.010 0.043 0.212 0.944 

B*57:01g 0.511 0.285 0.836 0.013 0.054 0.259 1.007 

B*07:05g 0.504 0.260 0.871 0.026 0.095 0.237 1.071 

B*52:01g 0.621 0.392 0.930 0.030 0.099 0.364 1.058 

B*15:01g 1.473 1.041 2.024 0.035 0.108 0.980 2.213 

B*49:01 2.203 0.867 4.540 0.057 0.163 0.822 5.906 

B*37:01g 0.600 0.286 1.092 0.130 0.325 0.271 1.325 

B*38:02g 0.719 0.452 1.080 0.137 0.325 0.430 1.202 

B*56:04 1.960 0.696 4.282 0.138 0.325 0.689 5.572 

B*27:06 1.771 0.714 3.599 0.212 0.471 0.693 4.524 

B*39:01g 1.375 0.781 2.229 0.251 0.528 0.753 2.511 

B*44:02g 1.450 0.691 2.648 0.273 0.546 0.678 3.099 

B*27:05g 1.450 0.710 2.604 0.294 0.552 0.697 3.018 
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B*35:02g 1.576 0.560 3.436 0.315 0.552 0.581 4.276 

B*15:35 1.435 0.725 2.523 0.318 0.552 0.716 2.876 

B*15:18g 0.703 0.286 1.416 0.387 0.640 0.294 1.684 

B*13:02g 1.216 0.753 1.848 0.400 0.640 0.744 1.986 

B*54:01g 0.812 0.463 1.310 0.428 0.653 0.462 1.426 

B*50:01g 0.709 0.253 1.539 0.446 0.653 0.272 1.847 

B*35:01g 1.152 0.823 1.568 0.457 0.653 0.815 1.629 

B*51:01g 0.897 0.653 1.202 0.489 0.663 0.648 1.242 

B*15:02g 0.888 0.619 1.232 0.497 0.663 0.617 1.278 

B*51:02 1.279 0.545 2.505 0.521 0.672 0.579 2.823 

B*51:06 1.267 0.451 2.759 0.600 0.750 0.501 3.209 

B*15:11g 1.200 0.474 2.462 0.659 0.756 0.516 2.790 

B*40:06 1.061 0.760 1.443 0.661 0.756 0.762 1.479 

B*35:05 1.129 0.628 1.857 0.662 0.756 0.648 1.969 

B*15:25g 1.103 0.557 1.938 0.717 0.796 0.585 2.078 

B*55:01 0.909 0.377 1.808 0.811 0.856 0.414 1.995 

B*40:01g 1.028 0.778 1.334 0.813 0.856 0.783 1.349 

B*56:01g 1.085 0.447 2.170 0.839 0.861 0.495 2.376 

B*07:02g 1.032 0.672 1.511 0.878 0.878 0.690 1.545 

OR, Odds Ratio; LCI, Lower Confidence Interval; UCI, Upper Confidence 

Interval; adjusted P, P value adjusted for False Discovery Rate; adj LCI 

and UCI for OR were calculated with adjustment for False Discovery 

Rate. P values <0.05 are bolded. 

 

 

Supplemental Table S6B: Association of HLA class I alleles in Black NMDP Population 

HLA-A Allele OR LCI UCI P value 
adjusted P 

value adj LCI adj UCI 

A*69:01 7.871 2.682 18.562 0.000 0.001 1.732 35.758 

A*02:01g 1.225 1.062 1.408 0.006 0.072 0.992 1.512 

A*03:01g 0.776 0.642 0.931 0.007 0.072 0.596 1.011 

A*36:01 1.335 1.044 1.682 0.017 0.126 0.962 1.854 

A*02:60 2.641 0.953 5.789 0.036 0.207 0.805 8.663 

A*66:02 1.447 0.962 2.084 0.067 0.322 0.874 2.396 

A*23:01g 0.880 0.749 1.029 0.115 0.404 0.719 1.078 

A*31:01g 1.342 0.888 1.939 0.139 0.404 0.824 2.188 

A*80:01 0.641 0.319 1.134 0.164 0.404 0.296 1.389 

A*68:02 0.868 0.708 1.053 0.171 0.404 0.682 1.104 

A*02:02 0.837 0.650 1.060 0.173 0.404 0.624 1.121 

A*68:01g 0.830 0.636 1.064 0.176 0.404 0.613 1.124 

A*33:01 1.242 0.907 1.657 0.181 0.404 0.875 1.763 

A*30:01g 1.109 0.926 1.318 0.283 0.585 0.905 1.358 

A*32:01g 1.159 0.805 1.610 0.404 0.764 0.782 1.717 

A*33:03g 0.927 0.746 1.138 0.488 0.764 0.731 1.174 

A*26:01g 1.136 0.779 1.595 0.497 0.764 0.764 1.691 

A*01:02 1.214 0.644 2.061 0.510 0.764 0.644 2.288 
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A*02:05g 1.132 0.790 1.566 0.514 0.764 0.780 1.642 

A*01:01g 1.072 0.858 1.324 0.527 0.764 0.849 1.355 

A*66:03 1.291 0.486 2.734 0.571 0.769 0.520 3.208 

A*66:01g 0.893 0.594 1.285 0.583 0.769 0.594 1.343 

A*74:01g 1.048 0.855 1.272 0.643 0.781 0.851 1.291 

A*24:02g 0.937 0.692 1.239 0.663 0.781 0.693 1.268 

A*34:02 1.054 0.819 1.334 0.673 0.781 0.820 1.355 

A*30:04g 0.867 0.309 1.888 0.752 0.804 0.350 2.148 

A*29:02g 0.962 0.736 1.234 0.769 0.804 0.740 1.250 

A*30:02g 0.985 0.816 1.180 0.776 0.804 0.818 1.186 

A*11:01g 0.984 0.648 1.426 0.936 0.936 0.664 1.458 

  

HLA-B Allele OR LCI UCI P value 
adjusted P 

value adj LCI adj UCI 

B*14:02 2.400 1.937 2.943 0.000 0.000 1.699 3.391 

B*15:03g 0.685 0.546 0.848 0.001 0.017 0.487 0.963 

B*14:01 1.865 1.247 2.673 0.003 0.040 1.059 3.283 

B*15:10 0.672 0.499 0.885 0.007 0.073 0.446 1.015 

B*08:01g 1.312 1.048 1.622 0.015 0.122 0.966 1.782 

B*39:10 1.526 1.007 2.209 0.035 0.240 0.892 2.610 

B*07:05g 0.475 0.220 0.884 0.045 0.240 0.185 1.219 

B*15:01g 1.485 0.987 2.138 0.046 0.240 0.892 2.471 

B*44:03 0.801 0.632 1.000 0.063 0.279 0.594 1.078 

B*49:01 1.253 0.977 1.583 0.066 0.279 0.920 1.707 

B*58:02 0.823 0.634 1.050 0.139 0.359 0.598 1.133 

B*39:06 1.964 0.694 4.331 0.140 0.359 0.641 6.021 

B*82:01 1.686 0.779 3.152 0.145 0.359 0.718 3.962 

B*35:01g 0.868 0.714 1.047 0.150 0.359 0.687 1.097 

B*13:02g 0.650 0.335 1.122 0.157 0.359 0.316 1.338 

B*57:03 0.819 0.614 1.067 0.160 0.359 0.589 1.138 

B*57:01g 0.585 0.254 1.131 0.162 0.359 0.243 1.405 

B*18:01g 1.184 0.923 1.494 0.170 0.359 0.892 1.570 

B*51:01g 0.788 0.550 1.088 0.171 0.359 0.530 1.169 

B*53:01g 1.105 0.955 1.274 0.176 0.359 0.935 1.305 

B*41:02 0.601 0.261 1.164 0.179 0.359 0.259 1.398 

B*81:01g 0.774 0.528 1.091 0.193 0.368 0.513 1.167 

B*42:01 0.897 0.720 1.104 0.320 0.561 0.705 1.140 

B*37:01g 0.692 0.296 1.352 0.336 0.561 0.300 1.597 

B*40:01g 0.788 0.467 1.235 0.338 0.561 0.461 1.347 

B*57:02 1.335 0.704 2.277 0.347 0.561 0.703 2.534 

B*78:01 1.202 0.769 1.782 0.388 0.603 0.761 1.900 

B*44:02g 1.147 0.810 1.572 0.483 0.716 0.800 1.644 

B*14:03 1.334 0.553 2.667 0.494 0.716 0.575 3.093 

B*15:16 0.901 0.625 1.252 0.560 0.784 0.622 1.305 

B*55:01 1.197 0.570 2.186 0.596 0.808 0.590 2.427 

B*42:02 0.878 0.492 1.435 0.646 0.848 0.499 1.544 

B*15:17 0.870 0.415 1.585 0.686 0.873 0.433 1.748 
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B*50:01g 1.082 0.669 1.645 0.732 0.891 0.678 1.728 

B*45:01g 1.036 0.836 1.269 0.743 0.891 0.834 1.287 

B*07:02g 1.020 0.852 1.213 0.772 0.901 0.850 1.225 

B*40:02g 1.085 0.510 2.001 0.810 0.915 0.542 2.175 

B*58:01g 0.980 0.767 1.233 0.828 0.915 0.769 1.249 

B*27:05g 1.026 0.608 1.611 0.887 0.920 0.627 1.679 

B*52:01g 1.024 0.716 1.414 0.893 0.920 0.727 1.442 

B*27:03 0.990 0.432 1.913 0.898 0.920 0.473 2.072 

B*39:01g 1.034 0.368 2.256 0.941 0.941 0.426 2.513 

OR, Odds Ratio; LCI, Lower Confidence Interval; UCI, Upper Confidence 

Interval; adjusted P, P value adjusted for False Discovery Rate; adj LCI 

and UCI for OR were calculated with adjustment for False Discovery 

Rate. P values <0.05 are bolded. 

Supplemental Table S6B: Association of HLA class I alleles in Hispanic NMDP Population 

HLA-A Allele OR LCI UCI P value 
adjusted P 

value adj LCI adj UCI 

A*02:06g 1.562 1.249 1.929 0.000 0.004 1.102 2.212 

A*66:02 5.538 1.926 12.583 0.000 0.004 1.399 21.925 

A*03:01g 0.703 0.564 0.866 0.001 0.013 0.517 0.955 

A*33:01 1.561 1.158 2.057 0.003 0.020 1.050 2.322 

A*29:02g 0.651 0.477 0.867 0.005 0.029 0.436 0.973 

A*02:01g 1.163 1.012 1.336 0.036 0.160 0.969 1.397 

A*33:03g 1.600 1.011 2.395 0.037 0.160 0.921 2.780 

A*26:01g 0.700 0.483 0.978 0.047 0.177 0.450 1.091 

A*11:01g 0.806 0.614 1.037 0.106 0.352 0.583 1.114 

A*68:02 1.271 0.944 1.673 0.132 0.396 0.896 1.802 

A*02:11g 1.627 0.792 2.933 0.163 0.407 0.744 3.556 

A*02:05g 1.290 0.877 1.824 0.194 0.407 0.836 1.990 

A*32:01g 1.205 0.894 1.588 0.202 0.407 0.862 1.686 

A*30:02g 1.223 0.905 1.614 0.203 0.407 0.875 1.708 

A*23:01g 0.821 0.597 1.098 0.204 0.407 0.580 1.162 

A*66:01g 0.653 0.280 1.274 0.273 0.513 0.280 1.526 

A*68:03 0.798 0.509 1.185 0.315 0.556 0.498 1.279 

A*01:01g 0.909 0.737 1.111 0.364 0.606 0.725 1.141 

A*25:01g 0.783 0.428 1.301 0.384 0.606 0.428 1.433 

A*30:01g 1.136 0.794 1.571 0.495 0.735 0.784 1.645 

A*24:02g 0.948 0.802 1.115 0.526 0.735 0.794 1.132 

A*31:01g 1.063 0.835 1.334 0.612 0.735 0.828 1.364 

A*02:02 0.891 0.455 1.553 0.632 0.735 0.464 1.709 

A*29:01 1.236 0.440 2.698 0.640 0.735 0.487 3.136 

A*68:01g 1.025 0.808 1.283 0.640 0.735 0.806 1.304 

A*02:17 1.212 0.471 2.516 0.668 0.735 0.515 2.852 

A*74:01g 0.873 0.435 1.547 0.672 0.735 0.459 1.660 

A*30:04g 1.179 0.485 2.362 0.686 0.735 0.534 2.606 

A*02:04 1.168 0.415 2.548 0.732 0.757 0.478 2.857 

A*34:02 1.061 0.452 2.076 0.878 0.878 0.501 2.247 
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HLA-B Allele OR LCI UCI P value 
adjusted P 

value adj LCI adj UCI 

B*40:02g 1.919 1.590 2.299 0.000 0.000 1.409 2.613 

B*14:02 1.632 1.323 1.993 0.000 0.000 1.183 2.252 

B*44:03 0.613 0.467 0.789 0.000 0.005 0.413 0.910 

B*35:03g 0.425 0.227 0.718 0.004 0.052 0.183 0.987 

B*38:01 0.482 0.276 0.775 0.005 0.052 0.232 1.003 

B*35:02g 0.569 0.311 0.944 0.046 0.310 0.263 1.229 

B*07:02g 1.225 0.996 1.492 0.049 0.310 0.929 1.616 

B*53:01g 1.394 0.982 1.916 0.051 0.310 0.889 2.186 

B*27:05g 1.307 0.935 1.774 0.102 0.555 0.855 1.998 

B*40:05 1.590 0.867 2.653 0.127 0.592 0.767 3.299 

B*14:01 1.462 0.899 2.234 0.133 0.592 0.812 2.631 

B*18:01g 0.823 0.618 1.073 0.166 0.644 0.579 1.170 

B*15:17 0.564 0.206 1.208 0.199 0.644 0.188 1.690 

B*39:08 1.584 0.782 2.832 0.201 0.644 0.711 3.533 

B*15:15 0.661 0.324 1.182 0.209 0.644 0.299 1.460 

B*58:01g 0.720 0.417 1.149 0.219 0.644 0.388 1.338 

B*08:01g 1.152 0.906 1.444 0.234 0.644 0.868 1.528 

B*15:03g 0.739 0.424 1.186 0.248 0.644 0.400 1.367 

B*57:01g 0.757 0.452 1.181 0.256 0.644 0.428 1.339 

B*42:01 0.647 0.265 1.296 0.280 0.644 0.256 1.634 

B*15:01g 0.832 0.591 1.136 0.285 0.644 0.567 1.221 

B*51:02 0.630 0.234 1.337 0.297 0.644 0.232 1.711 

B*07:05g 0.638 0.241 1.341 0.304 0.644 0.240 1.696 

B*41:01 0.751 0.400 1.272 0.334 0.644 0.389 1.452 

B*56:01g 1.364 0.677 2.424 0.335 0.644 0.665 2.798 

B*35:01g 0.896 0.716 1.109 0.343 0.644 0.700 1.148 

B*39:06 1.169 0.828 1.600 0.363 0.644 0.808 1.692 

B*39:01g 0.753 0.378 1.326 0.380 0.644 0.376 1.509 

B*35:43g 0.737 0.363 1.318 0.384 0.644 0.361 1.508 

B*51:01g 0.904 0.716 1.127 0.394 0.644 0.705 1.161 

B*35:12 0.836 0.552 1.210 0.418 0.660 0.544 1.287 

B*13:02g 1.172 0.764 1.712 0.439 0.668 0.756 1.816 

B*45:01g 0.856 0.557 1.251 0.450 0.668 0.553 1.324 

B*40:01g 0.857 0.539 1.286 0.490 0.707 0.538 1.366 

B*15:30 0.771 0.283 1.646 0.560 0.771 0.305 1.948 

B*15:10 1.219 0.576 2.239 0.566 0.771 0.596 2.494 

B*44:02g 0.927 0.695 1.210 0.586 0.776 0.691 1.244 

B*39:02 0.811 0.343 1.598 0.602 0.776 0.363 1.814 

B*41:02 0.843 0.383 1.585 0.641 0.800 0.403 1.762 

B*52:01g 0.927 0.657 1.267 0.653 0.800 0.659 1.305 

B*37:01g 0.887 0.458 1.535 0.696 0.825 0.476 1.653 

B*35:08 1.105 0.574 1.904 0.743 0.825 0.596 2.051 

B*39:05 0.952 0.691 1.277 0.754 0.825 0.695 1.305 

B*57:03 1.025 0.571 1.682 0.771 0.825 0.591 1.779 

B*35:17 0.935 0.590 1.400 0.773 0.825 0.603 1.451 
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B*49:01 1.047 0.754 1.412 0.775 0.825 0.762 1.438 

B*40:08 0.906 0.358 1.856 0.811 0.845 0.400 2.049 

B*50:01g 1.024 0.664 1.501 0.857 0.874 0.681 1.540 

B*48:01g 1.003 0.686 1.411 0.933 0.933 0.700 1.436 

OR, Odds Ratio; LCI, Lower Confidence Interval; UCI, Upper Confidence 

Interval; adjusted P, P value adjusted for False Discovery Rate; adj LCI 

and UCI for OR were calculated with adjustment for False Discovery 

Rate. P values <0.05 are bolded. 
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Supplemental Table S6D: Association of HLA class I alleles in Native American NMDP Population 

HLA-A Allele OR LCI UCI P value adjusted P value adj LCI adj UCI 

A*02:06g 4.340 1.576 9.844 0.004 0.018 1.315 14.326 

A*31:01g 2.730 1.222 5.506 0.008 0.020 1.130 6.596 

A*02:01g 2.039 1.093 3.825 0.029 0.049 1.025 4.056 

A*03:01g 1.359 0.609 2.740 0.418 0.522 0.624 2.960 

A*24:02g 1.222 0.563 2.423 0.592 0.592 0.594 2.513 

  

HLA-B Allele OR LCI UCI P value adjusted P value adj LCI adj UCI 

B*39:01g 3.561 1.220 8.310 0.008 0.040 1.037 12.228 

B*35:01g 2.100 0.948 4.216 0.052 0.130 0.875 5.041 

B*27:05g 2.110 0.723 4.920 0.119 0.198 0.747 5.961 

B*44:02g 1.728 0.653 3.828 0.217 0.254 0.695 4.295 

B*15:01g 1.726 0.592 4.024 0.254 0.254 0.675 4.409 

OR, Odds Ratio; LCI, Lower Confidence Interval; UCI, Upper Confidence 

Interval; adjusted P, P value adjusted for False Discovery Rate; adj LCI 

and UCI for OR were calculated with adjustment for False Discovery 

Rate. P values <0.05 are bolded. 

Supplemental Table S6E: Association of HLA class I alleles in White NMDP Population 

HLA-A Allele OR LCI UCI P value 
adjusted P 

value adj LCI adj UCI 

A*02:01g 1.216 1.140 1.297 0.000 0.000 1.096 1.350 

A*33:01 1.790 1.471 2.159 0.000 0.000 1.342 2.388 

A*68:02 1.545 1.274 1.858 0.000 0.000 1.179 2.027 

A*29:02g 0.722 0.619 0.837 0.000 0.000 0.586 0.891 

A*23:01g 0.685 0.566 0.819 0.000 0.000 0.533 0.878 

A*30:02g 0.580 0.430 0.765 0.000 0.001 0.397 0.848 

A*24:02g 0.850 0.776 0.930 0.000 0.002 0.756 0.956 

A*26:01g 0.797 0.686 0.922 0.003 0.012 0.661 0.962 

A*29:01 0.571 0.323 0.929 0.054 0.186 0.295 1.104 

A*11:01g 0.911 0.821 1.009 0.076 0.236 0.803 1.034 

A*74:01g 0.504 0.199 1.042 0.110 0.310 0.186 1.364 

A*32:01g 1.098 0.969 1.239 0.137 0.353 0.948 1.271 

A*02:17 1.764 0.812 3.381 0.150 0.357 0.765 4.067 

A*68:03 1.783 0.738 3.682 0.181 0.401 0.705 4.510 

A*66:01g 0.763 0.502 1.108 0.200 0.413 0.484 1.201 

A*01:01g 0.956 0.889 1.028 0.229 0.443 0.881 1.039 

A*02:05g 0.866 0.676 1.091 0.266 0.447 0.661 1.133 

A*30:04g 0.691 0.371 1.171 0.273 0.447 0.361 1.323 

A*34:02 1.316 0.779 2.084 0.274 0.447 0.767 2.257 

A*24:03g 0.760 0.441 1.217 0.352 0.546 0.435 1.328 

A*02:02 0.776 0.429 1.285 0.381 0.562 0.430 1.401 

A*02:06g 0.836 0.541 1.231 0.405 0.563 0.539 1.297 

A*25:01g 0.931 0.780 1.102 0.417 0.563 0.775 1.119 

A*68:01g 1.048 0.917 1.193 0.483 0.623 0.913 1.204 

A*26:08 1.215 0.575 2.261 0.587 0.691 0.597 2.472 

A*03:02g 0.901 0.585 1.323 0.590 0.691 0.589 1.377 

A*31:01g 1.039 0.899 1.194 0.602 0.691 0.897 1.202 

A*30:01g 1.042 0.864 1.245 0.664 0.735 0.865 1.256 
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A*33:03g 1.023 0.762 1.342 0.739 0.790 0.768 1.362 

A*69:01 0.960 0.548 1.557 0.808 0.835 0.568 1.620 

A*03:01g 0.992 0.920 1.070 0.843 0.843 0.920 1.070 

  

HLA-B Allele OR LCI UCI P value 
adjusted P 

value adj LCI adj UCI 

B*14:02 2.045 1.835 2.275 0.000 0.000 1.710 2.447 

B*40:02g 2.107 1.816 2.433 0.000 0.000 1.676 2.650 

B*44:03 0.613 0.534 0.700 0.000 0.000 0.501 0.751 

B*57:01g 0.622 0.531 0.725 0.000 0.000 0.496 0.781 

B*35:01g 0.703 0.623 0.790 0.000 0.000 0.594 0.833 

B*07:02g 1.223 1.135 1.316 0.000 0.000 1.103 1.355 

B*38:01 0.602 0.490 0.732 0.000 0.000 0.458 0.792 

B*15:01g 0.826 0.737 0.924 0.001 0.006 0.710 0.962 

B*08:01g 1.140 1.053 1.233 0.001 0.006 1.027 1.265 

B*35:02g 0.708 0.543 0.906 0.008 0.039 0.507 0.988 

B*53:01g 0.639 0.448 0.881 0.009 0.040 0.414 0.986 

B*15:03g 0.496 0.277 0.813 0.011 0.044 0.251 0.979 

B*41:01 0.643 0.441 0.901 0.015 0.055 0.411 1.004 

B*39:06 1.379 1.059 1.765 0.022 0.066 1.004 1.893 

B*18:01g 0.868 0.768 0.978 0.022 0.066 0.748 1.008 

B*40:01g 0.874 0.777 0.980 0.023 0.066 0.758 1.006 

B*57:03 0.422 0.170 0.861 0.040 0.109 0.159 1.118 

B*15:17 0.635 0.399 0.957 0.043 0.109 0.378 1.070 

B*13:02g 1.162 1.001 1.341 0.044 0.109 0.977 1.382 

B*39:05 1.799 0.927 3.180 0.061 0.139 0.878 3.688 

B*50:01g 0.791 0.612 1.003 0.062 0.139 0.593 1.054 

B*58:01g 0.781 0.593 1.009 0.069 0.147 0.575 1.062 

B*51:01g 1.096 0.982 1.219 0.098 0.200 0.968 1.240 

B*15:10 0.517 0.206 1.059 0.109 0.213 0.207 1.292 

B*14:01 1.194 0.956 1.473 0.123 0.231 0.935 1.525 

B*07:05g 0.682 0.416 1.048 0.140 0.253 0.405 1.147 

B*52:01g 0.844 0.668 1.052 0.145 0.253 0.655 1.088 

B*27:05g 1.089 0.958 1.232 0.192 0.323 0.947 1.251 

B*42:01 0.655 0.310 1.206 0.216 0.351 0.313 1.371 

B*48:01g 0.696 0.330 1.284 0.291 0.450 0.334 1.453 

B*44:02g 1.047 0.960 1.141 0.296 0.450 0.953 1.151 

B*45:01g 1.146 0.877 1.472 0.308 0.452 0.867 1.516 

B*47:01 0.781 0.452 1.251 0.337 0.481 0.453 1.345 

B*27:02 0.843 0.560 1.216 0.424 0.586 0.557 1.276 

B*41:02 0.903 0.628 1.254 0.563 0.723 0.626 1.302 

B*44:05 0.869 0.529 1.343 0.570 0.723 0.532 1.420 

B*35:08 1.037 0.748 1.399 0.570 0.723 0.746 1.443 

B*51:08 1.189 0.607 2.096 0.585 0.723 0.626 2.258 

B*40:06 0.860 0.400 1.611 0.672 0.810 0.420 1.763 

B*39:01g 0.994 0.787 1.238 0.720 0.827 0.786 1.256 

B*15:16 1.106 0.495 2.137 0.722 0.827 0.523 2.339 
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B*35:03g 0.973 0.806 1.163 0.763 0.854 0.806 1.173 

B*15:18g 0.939 0.569 1.457 0.795 0.869 0.583 1.513 

B*56:01g 0.968 0.701 1.301 0.834 0.870 0.708 1.323 

B*55:01 1.017 0.849 1.208 0.851 0.870 0.851 1.215 

B*37:01g 0.981 0.799 1.191 0.851 0.870 0.803 1.199 

B*49:01 1.007 0.846 1.190 0.937 0.937 0.849 1.194 

OR, Odds Ratio; LCI, Lower Confidence Interval; UCI, Upper Confidence 

Interval; adjusted P, P value adjusted for False Discovery Rate; adj LCI 

and UCI for OR were calculated with adjustment for False Discovery 

Rate. P values <0.05 are bolded. 
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Supplemental Table 7. Association Analysis of AA with HLA allele groups based on peptide-binding pocket structure 

Supplemental Table 7A. Groups of AA Risk-Like HLA Class I Alleles Based on Peptide-Binding Pocket Identity Used in Group-Based Association Analysis 
Risk-PPSM1 

Group 
(B*14:01 & 

B*14:02-like) 

Risk-PPSM2 
Group 

(B*40:02 & 
B*41:02-like) 

Risk-PPSM3 
Group 

(B*56:01, 
B*55:02-like) 

Risk-PPSM4 
Group 

(A*02:01 & 
A*02:06-like) 

A*33:0
3-like 

Alleles 

A*68:01-
like Al-
leles 

A*74:01-
like Al-
leles 

B*07:02-
like Al-
leles 

B*08:01- 
like Al-
leles 

B*13:02-
like Al-
leles 

B*18:01-
like Al-
leles 

B*27:05-
like Al-
leles 

B*38:02-
like Al-
leles 

B*49:01-
like Al-
leles 

B*50:02-
like Al-
leles 

B*53:01-
like Al-
leles 

B*14:01 B*40:02 B*55:01 A*02:01 A*33:01 A*68:01 A*74:01 B*07:02 B*08:01 B*13:02 B*18:01 B*27:05 B*38:02 B*44:18 B*45:01 B*53:01 

B*14:02 B*40:05 B*55:02 A*02:03 A*33:03 A*68:08 A*74:02 B*07:04 B*08:11 B*1303 B*18:05 B*27:10 B*38:08 B*49:01 B*45:03 B*53:02 

B*14:03 B*40:15 B*55:03 A*02:09 A*33:04 A*68:09 A*74:03 B*07:15 B*08:13 B*1308 B*18:06 B*27:13   B*45:04 B*53:06 

B*14:07 B*40:16 B*55:05 A*02:12 A*33:05 A*68:12 A*74:05 B*07:19 B*08:15  B*18:10 B*27:17   B*45:05 B*53:08 

 B*40:29 B*55:09 A*02:13 A*33:06 A*68:16 A*74:07 B*07:20 B*08:18  B*18:11 B*27:28   B*45:07 B*53:10 

 B*40:35 B*55:15 A*02:16 A*33:07 A*68:19 A*74:08 B*07:21 B*08:19  B*18:13    B*50:01  

 B*40:39 B*55:19 A*02:19  A*68:21 A*74:09 B*07:22 B*08:20  B*18:15    B*50:02  

 B*40:56 B*56:01 A*02:22  A*68:22 A*74:11 B*07:24 B*08:21  B*18:19    B*50:04  

 B*40:57 B*56:13 A*02:24  A*68:24  B*07:25 B*08:22  B*18:20      

 B*41:02  A*02:25  A*68:25  B*07:26 B*08:24        

   A*02:26  A*68:26  B*07:30 B*08:25        

   A*02:27    B*07:31         

   A*02:30    B*07:33         

   A*02:31    B*07:35         

   A*02:36    B*07:39         

   A*02:37    B*07:41         

   A*02:38    B*07:42         

   A*02:40    B*07:43         

   A*02:43             

   A*02:45             

   A*02:46             

   A*02:49             

   A*02:59             

   A*02:66             

   A*02:67             

   A*02:68             

   A*02:70             

   A*02:71             

   A*02:74             

   A*02:75             

   A*02:77             

   A*02:82             

   A*02:83             

   A*02:85             

   A*02:86             

   A*02:06             

   A*02:21             

   A*02:28             

   A*02:44             

   A*02:51             

   A*02:54             

   A*02:61             

   A*02:72             

   A*02:79             
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Supplemental Table 7B. Groups of Non-Risk-Like HLA Class I Alleles Based on Peptide-Binding Pocket Identity Used in Group-Based Association Analysis 

NR-PPSM1 
Group (A*03:01 & 

A*11:01-like) 

NR-PPSM2 
Group (A*23:01 
& A*24:02-like) 

NR-PPSM3 
(B*44:02 & 

B*44:03-like) 

A*01:01-
like Alleles 

A*03:01 A*23:01 B*44:02 A*01:01 

A*03:02 A*23:02 B*44:03 A*01:04 

A*03:04 A*23:03 B*44:04 A*01:06 

A*03:05 A*23:04 B*44:07 A*01:08 

A*03:06 A*23:06 B*44:13 A*01:09 

A*03:07 A*23:07 B*44:16 A*01:10 

A*03:10 A*23:08 B*44:21 A*01:11 

A*03:13 A*23:10 B*44:22 A*01:12 

A*03:14 A*24:02 B*44:24 A*01:14 

A*03:16 A*24:03 B*44:26 A*01:15 

A*03:17 A*24:05 B*44:27 A*36:01 

A*03:12 A*24:06 B*44:28 A*36:02 

A*11:01 A*24:08 B*44:29 A*36:04 

A*11:02 A*24:09 B*44:30  
A*11:03 A*24:10 B*44:32  
A*11:04 A*24:11 B*44:33  
A*11:05 A*24:13 B*44:35  

A*11:07 A*24:18 B*44:36  
A*11:08 A*24:20 B*44:37  

A*11:09 A*24:21 B*44:38  

A*11:12 A*24:22   
A*11:13 A*24:23   
A*11:14 A*24:26   
A*11:15 A*24:27   
A*11:16 A*24:29   
A*11:20 A*24:33   
A*11:21 A*24:34   
A*11:23 A*24:35   

 A*24:37   

 A*24:38   

 A*24:39   

 A*24:40   

 A*24:43   

 A*24:46   

 A*24:47   

 A*24:48   

 A*24:49   
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Supplemental Table 7C. List of Other Alleles Analyzed in the Other HLA-A and Other HLA-B Allele Groups 

A*01:02 A*02:186 A*03:33 A*24:07 A*26:01g A*31:20 A*66:12 B*07:46 B*15:13 B*18:07 B*35:116 B*39:12 B*40:82 B*51:03 B*55:44 

A*01:03 A*02:189 A*03:35 A*24:100 A*26:02 A*31:25 A*68:02 B*07:62 B*15:132 B*18:14 B*35:119 B*39:13 B*40:84 B*51:04 B*55:47 

A*01:105 A*02:197 A*03:44 A*24:102 A*26:03 A*31:26 A*68:03 B*07:68 B*15:134 B*18:18 B*35:12 B*39:14 B*40:87 B*51:05 B*55:56 

A*01:110 A*02:20 A*03:46 A*24:104 A*26:07 A*31:28 A*68:05 B*07:73 B*15:135 B*18:26 B*35:13 B*39:15 B*40:89 B*51:06 B*56:02 

A*01:112 A*02:200 A*03:50 A*24:105 A*26:08 A*31:29 A*68:06 B*07:80 B*15:14 B*18:28 B*35:137g B*39:16 B*40:94 B*51:07 B*56:03 

A*01:171 A*02:201 A*03:51 A*24:107 A*26:09 A*31:30 A*68:07 B*07:81 B*15:15 B*18:31 B*35:14 B*39:20 B*41:01 B*51:08 B*56:04 

A*01:25 A*02:203 A*03:60 A*24:112 A*26:10 A*31:35 A*68:111 B*07:97 B*15:154 B*18:33 B*35:158 B*39:22 B*41:03 B*51:09 B*56:09 

A*01:26 A*02:207 A*03:63 A*24:120 A*26:13 A*31:39 A*68:125 B*08:04 B*15:16 B*18:34 B*35:16 B*39:24 B*41:16 B*51:10 B*56:15 

A*01:29 A*02:211 A*03:65 A*24:121 A*26:14 A*31:41 A*68:13 B*08:09 B*15:162 B*18:39 B*35:169 B*39:29 B*41:21 B*51:100 B*56:29 

A*01:30 A*02:219 A*11:103 A*24:135 A*26:15 A*31:43 A*68:15 B*08:104 B*15:169 B*18:40 B*35:17 B*39:31 B*42:01 B*51:105 B*56:30 

A*01:38 A*02:221 A*11:104 A*24:136 A*26:16 A*31:66 A*68:17 B*08:12 B*15:17 B*18:41 B*35:172 B*39:35 B*42:02 B*51:109 B*57:01g 

A*01:41 A*02:230 A*11:112 A*24:14 A*26:17 A*31:68 A*68:31 B*08:14 B*15:175 B*18:46 B*35:189 B*39:44 B*42:05 B*51:119 B*57:02 

A*01:42 A*02:258 A*11:114 A*24:15 A*26:23 A*31:70 A*68:32 B*08:33 B*15:183 B*18:47 B*35:19 B*39:45 B*42:16 B*51:12 B*57:03 

A*01:43 A*02:259 A*11:116 A*24:156 A*26:34 A*31:84 A*68:34 B*08:36 B*15:184 B*18:59 B*35:199 B*39:47 B*44:05 B*51:18 B*57:04 

A*01:50 A*02:271 A*11:117 A*24:167 A*26:41 A*32:01g A*68:36 B*08:58 B*15:18g B*18:68 B*35:20 B*39:60 B*44:06 B*51:19 B*57:06 

A*01:58 A*02:283 A*11:119 A*24:17 A*26:70 A*32:03 A*68:37 B*08:59 B*15:20 B*27:01 B*35:21 B*39:62 B*44:08 B*51:21 B*57:15 

A*01:59 A*02:29 A*11:19 A*24:175 A*29:01 A*32:04 A*68:55 B*08:63 B*15:21 B*27:02 B*35:24 B*39:67 B*44:09 B*51:22 B*57:17 

A*01:67 A*02:302 A*11:22 A*24:178 A*29:02g A*32:06 A*68:67 B*08:71 B*15:215 B*27:04g B*35:26 B*40:01g B*44:10 B*51:24 B*57:19 

A*01:88 A*02:307 A*11:24 A*24:179 A*29:06 A*32:07 A*68:71 B*13:01g B*15:219 B*27:06 B*35:27 B*40:03g B*44:109 B*51:29 B*57:24 

A*01:89 A*02:316 A*11:27 A*24:182 A*29:09 A*32:08 A*68:74 B*13:10 B*15:23 B*27:07 B*35:28 B*40:04 B*44:121 B*51:43 B*58:01g 

A*01:92 A*02:317 A*11:29 A*24:186 A*29:10 A*32:11 A*68:75 B*13:14 B*15:237 B*27:08 B*35:29 B*40:06 B*44:125 B*51:46 B*58:02 

A*01:93 A*02:330 A*11:30 A*24:192 A*29:32 A*32:29 A*68:79 B*13:18 B*15:24 B*27:09 B*35:30 B*40:08 B*44:17 B*51:49 B*58:16 

A*01:94 A*02:333 A*11:32 A*24:193 A*29:34 A*32:31 A*68:84 B*13:22 B*15:252 B*27:12 B*35:31 B*40:09 B*44:39 B*51:69 B*58:19 

A*02:02 A*02:334 A*11:33 A*24:194 A*29:37 A*32:39 A*68:88 B*13:25 B*15:256 B*27:14 B*35:36 B*40:10 B*44:50 B*51:71 B*58:22 

A*02:04 A*02:335 A*11:36 A*24:195 A*29:44 A*33:08 A*68:91 B*13:29 B*15:25g B*27:15 B*35:37 B*40:102 B*44:65 B*51:75 B*58:25 

A*02:05g A*02:340 A*11:40 A*24:25 A*30:01g A*33:18 A*69:01 B*13:30 B*15:27 B*27:19 B*35:41 B*40:104 B*44:68 B*51:78 B*59:01g 

A*02:07g A*02:341 A*11:41 A*24:28 A*30:02g A*33:20 A*74:04 B*13:43 B*15:28 B*27:21 B*35:43g B*40:107 B*44:71 B*51:80 B*67:01g 

A*02:08 A*02:346 A*11:42 A*24:292 A*30:03 A*33:22 A*74:13 B*13:50 B*15:29 B*27:23 B*35:48 B*40:11 B*44:72 B*51:84 B*73:01 

A*02:106 A*02:347 A*11:43 A*24:30 A*30:04g A*33:23 A*80:01 B*13:54 B*15:30 B*27:45 B*35:55 B*40:111 B*44:73 B*51:95 B*78:01 

A*02:10g A*02:35 A*11:51 A*24:31 A*30:06 A*33:27 B*07:03 B*13:60 B*15:31 B*27:70 B*35:64 B*40:116 B*44:76 B*51:96 B*78:02 

A*02:11g A*02:403 A*11:55 A*24:32 A*30:08 A*33:29 B*07:05g B*14:05 B*15:33 B*27:71 B*35:65Q B*40:12 B*44:84 B*52:01g B*81:01g 

A*02:122 A*02:483 A*11:56 A*24:50 A*30:10 A*33:45 B*07:07 B*14:18 B*15:34 B*27:72 B*35:72 B*40:122 B*44:86 B*52:04 B*82:01 

A*02:123 A*02:58 A*11:62 A*24:53 A*30:18 A*33:51 B*07:09 B*14:20 B*15:35 B*27:79 B*35:77 B*40:134 B*44:91 B*52:08 B*82:02 

A*02:127 A*02:60 A*11:88 A*24:56 A*30:19 A*33:53 B*07:10 B*14:26 B*15:37 B*35:01g B*35:89 B*40:138 B*46:01g B*52:11  

A*02:136 A*02:64 A*11:97 A*24:57 A*30:20 A*33:56 B*07:101 B*15:01g B*15:39 B*35:02g B*37:01g B*40:145 B*46:10 B*52:17  



45 
 

A*02:137 A*02:95 A*23:13 A*24:67 A*30:25 A*33:60 B*07:103 B*15:02g B*15:40 B*35:03g B*37:02 B*40:152 B*46:12 B*52:22  

A*02:139 A*02:96 A*23:15 A*24:69 A*30:29 A*33:66 B*07:104 B*15:03g B*15:43 B*35:04 B*38:01 B*40:18 B*47:01 B*52:23  

A*02:144 A*03:08 A*23:21 A*24:78 A*30:32 A*34:01 B*07:105 B*15:04 B*15:45 B*35:05 B*38:06 B*40:19 B*47:02 B*53:04  

A*02:148 A*03:103 A*23:22 A*24:81 A*30:35 A*34:02 B*07:106 B*15:05 B*15:48 B*35:06 B*38:09 B*40:198 B*47:03 B*53:05  

A*02:154 A*03:119 A*23:24 A*24:87 A*30:38 A*34:03 B*07:108 B*15:06 B*15:56 B*35:07 B*38:12 B*40:21 B*48:01g B*53:23  

A*02:157 A*03:120 A*23:26 A*24:93 A*30:39 A*34:04 B*07:112 B*15:07 B*15:63 B*35:08 B*39:01g B*40:217 B*48:02 B*53:26  

A*02:158 A*03:121 A*23:33 A*24:98 A*30:54 A*34:05 B*07:12 B*15:08 B*15:65 B*35:09 B*39:02 B*40:27 B*48:03 B*54:01g  

A*02:162 A*03:124 A*23:34 A*25:01g A*31:01g A*34:06 B*07:121 B*15:09 B*15:71 B*35:10 B*39:03 B*40:32 B*48:04 B*54:03  

A*02:17 A*03:133 A*23:37 A*25:02 A*31:02 A*34:08 B*07:127 B*15:10 B*15:73 B*35:101 B*39:04 B*40:33 B*48:07 B*55:04  

A*02:171 A*03:137 A*23:39 A*25:03 A*31:06 A*34:09 B*07:14 B*15:101 B*15:78 B*35:103 B*39:05 B*40:40g B*48:11 B*55:20  

A*02:177 A*03:138 A*23:43 A*25:04 A*31:08 A*36:03 B*07:23 B*15:118 B*15:82 B*35:104 B*39:06 B*40:48 B*48:21 B*55:25  

A*02:181 A*03:143 A*23:48 A*25:05 A*31:09 A*66:01g B*07:29 B*15:11g B*15:90 B*35:107 B*39:08 B*40:49 B*49:13 B*55:39  

A*02:182 A*03:15 A*23:53 A*25:09 A*31:11 A*66:02 B*07:37 B*15:128 B*18:02 B*35:108 B*39:09 B*40:50 B*49:16 B*55:40  

A*02:186 A*03:163 A*23:54 A*25:14 A*31:13 A*66:03 B*07:38 B*15:129 B*18:03 B*35:11 B*39:10 B*40:64 B*51:01g B*55:42  

A*02:189 A*03:31 A*23:56 A*25:15 A*31:19 A*66:04 B*07:45 B*15:12g B*18:04 B*35:111 B*39:11 B*40:81 B*51:02 B*55:43  
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Supplemental Table 7D. Association Analysis of AA with HLA allele groups in Asian and Pacific Islander and Black NMDP Populations 

  Asian and Pacific Islander Black 

  Cases 

Case Al-
lele 
Freq Cntrl 

Control Allele 
Freq OR (95% CI) P Padj Cases 

Case Allele 
Freq Cntrl 

Control Allele 
Freq OR (95% CI) P Padj 

Risk Allele -Like Group                             
Risk Pocket 1 Group (B*14:01 & 
B*14:02-like) 4 0.004 332 0.003  n/a     138 0.067 3203 0.032 

2.254 (1.868-
2.7) 0.000 0.000 

Risk Pocket 2 Group (B*40:02 & 
B*41:02-like) 48 0.052 2272 0.023 

2.486 (1.815-
3.326) 0.000 0.000 18 0.009 1087 0.011 

0.814 (0.492-
1.259) 0.402 0.581 

Risk Pocket 3 Group (B*56:01, 
B*54:01, B*55:02-like) 41 0.044 2911 0.029 

1.551 (1.101-
2.122) 0.010 0.050 12 0.006 625 0.006 

0.966 (0.52-
1.625) 0.877 0.950 

Risk Pocket 4 Group (A*02:01 & 
A*02:06-like) 193 0.209 15289 0.153 

1.554 (1.284-
1.875) 0.000 0.000 282 0.137 11976 0.120 

1.221 (1.059-
1.403) 0.007 0.029 

A*33:03-like Alleles 66 0.071 10253 0.103 
0.669 (0.508-
0.864) 0.003 0.008 148 0.072 7028 0.070 

1.022 (0.852-
1.218) 0.808 0.808 

A*68:01-like Alleles 13 0.014 2682 0.027 
0.487 (0.259-
0.826) 0.014 0.025 65 0.032 3713 0.037 

0.828 (0.634-
1.061) 0.171 0.273 

A*74:01-like Alleles 4 0.004 159 0.002  n/a     117 0.057 5482 0.055 
1.041 (0.85-
1.262) 0.693 0.792 

B*07:02-like Alleles 28 0.030 2714 0.027 
1.031 (0.671-
1.51) 0.882 0.882 152 0.074 7310 0.073 

1.027 (0.858-
1.221) 0.739 0.873 

B*08:01 like Alleles 6 0.006 1739 0.017  n/a     94 0.046 3513 0.035 
1.312 (1.048-
1.621) 0.015 0.064 

B*13:02-like Alleles 22 0.024 1857 0.019 
1.215 (0.753-
1.848) 0.400 0.505 11 0.005 826 0.008 

0.646 (0.334-
1.117) 0.153 0.300 

B*18:01-like Alleles 3 0.003 1395 0.014  n/a     74 0.036 3079 0.031 
1.182 (0.921-
1.493) 0.173 0.300 

B*27:05-like Alleles 10 0.010 729 0.007 
1.441 (0.706-
2.587) 0.302 0.503 24 0.012 1178 0.012 1 (0.646-1.47) 0.999 0.999 

B*38:02-like Alleles 22 0.023 3318 0.033 
0.719 (0.452-
1.08) 0.137 0.274 0 0.000 11 0.000  n/a     

B*49:01-like Alleles 6 0.006 299 0.003 
2.203 (0.867-
4.54) 0.057 0.143 76 0.037 2923 0.029 

1.253 (0.976-
1.582) 0.067 0.217 

B*50:02-like Alleles 7 0.008 926 0.009 
0.709 (0.28-
1.451) 0.404 0.505 128 0.062 5745 0.057 

1.062 (0.872-
1.281) 0.545 0.708 

B*53:01-like Alleles 2 0.002 89 0.001  n/a     273 0.133 11844 0.118 
1.105 (0.955-
1.274) 0.176 0.300 

Non Risk Allele -Like Group                             
NR Pocket 1 Group (A*03:01 & 
A*11:01-like) 199 0.215 23047 0.230 

0.85 (0.701-
1.026) 0.094 0.111 163 0.079 9570 0.096 

0.785 (0.658-
0.93) 0.006 0.029 

NR Pocket 2 Group (A*23:01 & 
A*24:02-like) 181 0.196 17525 0.175 

1.179 (0.972-
1.425) 0.095 0.111 247 0.120 13609 0.136 

0.889 (0.767-
1.028) 0.116 0.233 

NR Pocket 3 (B*44:02 & B*44:03-like) 35 0.038 5548 0.055 
0.667 (0.462-
0.932) 0.024 0.079 124 0.060 6591 0.066 

0.876 (0.718-
1.06) 0.185 0.300 

A*01:01-like Alleles 41 0.044 6673 0.067 
0.599 (0.419-
0.83) 0.003 0.008 176 0.086 7116 0.071 

1.177 (0.99-
1.39) 0.060 0.161 

Other Alleles                             
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Other A Alleles 228 0.246 24371 0.244 
1.015 (0.843-
1.22) 0.869 0.869 860 0.418 41505 0.415 

1.045 (0.918-
1.192) 0.510 0.680 

Other B Alleles 693 0.748 75868 0.759 
0.949 (0.673-
1.387) 0.737 0.818 934 0.454 52064 0.521 

0.726 (0.635-
0.833) 0.000 0.000 

Risk allele groups: Groups of HLA-A and HLA-B alleles with the same peptide binding pocket residues as 19 AA risk alleles identified in this study.  Non-Risk allele groups: groups of alleles with same 

peptide binding pocket structures as the identified HLA-A and HLA-B Non-Risk alleles. In cases where insufficient number of patients had alleles from a particular allele group for statistically robust 

comparison, OR and p values could not be calculated (marked as not available, “n/a”). Cntrl, control. OR, Odds Ratio. CI, confidence interval; P, P-value; Padj, P value adjusted for multiple compari-

sons. Statistically significant P-value (<0.05) are bolded. For statistically significant comparisons, OR >1 are colored in red, and <1 are colored in blue. OR where the comparison showed significant 

differences with an OR discrepant to risk allele status are in purple.  

Supplemental Table 7E. Association Analysis of AA with HLA allele groups in Hispanic and Native American NMDP Populations 

  Hispanic Native American 

  Cases 
Case Allele 
Freq Cntrl 

Control Allele 
Freq OR (95% CI) P Padj Cases 

Case Allele 
Freq Cntrl 

Control Allele 
Freq OR (95% CI) P Padj 

Risk Allele -Like Group                             
Risk Pocket 1 Group (B*14:01 & 
B*14:02-like) 140 0.083 5078 0.051 

1.667 (1.374-
2.006) 0.000 0.000 3 0.038 2042 0.033  n/a     

Risk Pocket 2 Group (B*40:02 & 
B*41:02-like) 170 0.101 5907 0.059 

1.809 (1.514-
2.148) 0.000 0.000 6 0.075 2414 0.039  n/a     

Risk Pocket 3 Group (B*56:01, 
B*54:01, B*55:02-like) 20 0.012 1302 0.013 

0.921 (0.57-
1.399) 0.717 0.775 2 0.023 1023 0.016  n/a     

Risk Pocket 4 Group (A*02:01 & 
A*02:06-like) 485 0.288 24814 0.248 

1.266 (1.105-
1.451) 0.001 0.002 32 0.398 13481 0.217 

2.93 (1.557-
5.739) 0.001 0.005 

A*33:03-like Alleles 73 0.043 2859 0.029 
1.576 (1.224-
1.997) 0.000 0.002 2 0.025 1999 0.032  n/a     

A*68:01-like Alleles 84 0.050 4819 0.048 
1.024 (0.807-
1.282) 0.652 0.704 1 0.010 2610 0.042  n/a     

A*74:01-like Alleles 10 0.006 700 0.007 
0.852 (0.424-
1.51) 0.618 0.704 0 0.000 626 0.010  n/a     

B*07:02-like Alleles 115 0.068 5705 0.057 
1.223 (0.995-
1.49) 0.050 0.109 5 0.063 4674 0.075  n/a     

B*08:01 like Alleles 82 0.049 4288 0.043 
1.152 (0.906-
1.444) 0.234 0.338 2 0.025 3604 0.058  n/a     

B*13:02-like Alleles 25 0.015 1289 0.013 
1.171 (0.763-
1.71) 0.442 0.574 1 0.013 732 0.012  n/a     

B*18:01-like Alleles 58 0.035 4016 0.040 
0.82 (0.616-
1.069) 0.158 0.258 3 0.038 2140 0.034  n/a     

B*27:05-like Alleles 42 0.025 1941 0.019 
1.33 (0.959-
1.793) 0.075 0.139 5 0.063 2053 0.033 

2.1 (0.72-
4.896) 0.121 0.364 

B*38:02-like Alleles 0 0.000 27 0.000  n/a     0 0.000 27 0.000  n/a     

B*49:01-like Alleles 43 0.026 2427 0.024 
1.047 (0.754-
1.412) 0.775 0.775 1 0.013 1153 0.019  n/a     

B*50:02-like Alleles 57 0.034 3379 0.034 
0.944 (0.705-
1.237) 0.690 0.775 0 0.000 1930 0.031  n/a     

B*53:01-like Alleles 41 0.024 1610 0.016 
1.434 (1.015-
1.963) 0.032 0.083 0 0.000 1202 0.019  n/a     

Non Risk Allele -Like Group                             
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NR Pocket 1 Group (A*03:01 & 
A*11:01-like) 165 0.098 12905 0.129 

0.735 (0.616-
0.873) 0.001 0.002 14 0.175 8727 0.140 

1.231 (0.602-
2.364) 0.548 0.730 

NR Pocket 2 Group (A*23:01 & 
A*24:02-like) 246 0.146 15972 0.160 

0.897 (0.768-
1.044) 0.167 0.334 12 0.150 9871 0.159 

0.926 (0.443-
1.802) 0.829 0.829 

NR Pocket 3 (B*44:02 & B*44:03-like) 119 0.071 9455 0.095 
0.705 (0.575-
0.857) 0.001 0.002 9 0.113 7470 0.120 

1.01 (0.452-
2.035) 0.979 0.979 

A*01:01-like Alleles 112 0.067 7338 0.073 
0.91 (0.739-
1.11) 0.363 0.581 5 0.063 5794 0.093  n/a     

Other Alleles                             

Other A Alleles 505 0.301 30593 0.306 
1.028 (0.897-
1.179) 0.704 0.704 14 0.180 19006 0.306 

0.487 (0.245-
0.922) 0.039 0.078 

Other B Alleles 767 0.457 53578 0.536 
0.686 (0.591-
0.798) 0.000 0.000 43 0.540 31650 0.510 

1.19 (0.587-
2.683) 0.659 0.979 

Risk allele groups: Groups of HLA-A and HLA-B alleles with the same peptide binding pocket residues as 19 AA risk alleles identified in this study.  Non-Risk allele groups: groups of alleles with same 

peptide binding pocket structures as the identified HLA-A and HLA-B Non-Risk alleles. In cases where insufficient number of patients had alleles from a particular allele group for statistically robust 

comparison, OR and p values could not be calculated (marked as not available, “n/a”). Cntrl, control. OR, Odds Ratio. CI, confidence interval; P, P-value; Padj, P value adjusted for multiple compari-

sons. Statistically significant P-value (<0.05) are bolded. For statistically significant comparisons, OR >1 are colored in red, and <1 are colored in blue. OR where the comparison showed significant 

differences with an OR discrepant to risk allele status are in purple.  
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Supplemental Table 7F. Association Analysis of AA with HLA allele groups in White NMDP Population 

  White 

  Cases Case Allele Freq Cntrl Control Allele Freq OR (95% CI) P Padj 

Risk Allele -Like Group               

Risk Pocket 1 Group (B*14:01 & B*14:02-like) 548 0.069 3845 0.039 1.832 (1.658-2.02) 0.000 0.000 

Risk Pocket 2 Group (B*40:02 & B*41:02-like) 263 0.033 1887 0.019 1.791 (1.563-2.045) 0.000 0.000 

Risk Pocket 3 Group (B*56:01, B*54:01, B*55:02-like) 188 0.024 2366 0.024 1.009 (0.863-1.172) 0.913 0.937 

Risk Pocket 4 Group (A*02:01 & A*02:06-like) 2365 0.299 26219 0.263 1.205 (1.129-1.285) 0.000 0.000 

A*33:03-like Alleles 180 0.023 1572 0.016 1.462 (1.243-1.709) 0.000 0.000 

A*68:01-like Alleles 261 0.033 3198 0.032 1.047 (0.916-1.191) 0.498 0.498 

A*74:01-like Alleles 9 0.001 190 0.002 0.602 (0.286-1.108) 0.138 0.220 

B*07:02-like Alleles 1127 0.143 11982 0.120 1.225 (1.138-1.319) 0.000 0.000 

B*08:01 like Alleles 949 0.120 10293 0.103 1.14 (1.053-1.233) 0.001 0.003 

B*13:02-like Alleles 212 0.027 2292 0.023 1.161 (1-1.34) 0.045 0.066 

B*18:01-like Alleles 314 0.040 4486 0.045 0.869 (0.768-0.979) 0.023 0.037 

B*27:05-like Alleles 292 0.037 3424 0.034 1.08 (0.951-1.222) 0.238 0.310 

B*38:02-like Alleles 0 0.000 110 0.001  n/a     

B*49:01-like Alleles 149 0.019 1883 0.019 1.007 (0.846-1.19) 0.937 0.937 

B*50:02-like Alleles 136 0.017 1864 0.019 0.909 (0.756-1.083) 0.296 0.350 

B*53:01-like Alleles 38 0.005 721 0.007 0.639 (0.448-0.881) 0.009 0.017 

Non Risk Allele -Like Group               

NR Pocket 1 Group (A*03:01 & A*11:01-like) 1515 0.192 19694 0.197 0.963 (0.899-1.031) 0.277 0.317 

NR Pocket 2 Group (A*23:01 & A*24:02-like) 762 0.097 11519 0.115 0.795 (0.73-0.864) 0.000 0.000 

NR Pocket 3 (B*44:02 & B*44:03-like) 950 0.120 13397 0.134 0.874 (0.808-0.943) 0.001 0.002 

A*01:01-like Alleles 1194 0.151 15416 0.154 0.952 (0.885-1.023) 0.185 0.246 

Other Alleles               
Other A Alleles 1611 0.204 22008 0.220 0.895 (0.837-0.957) 0.001 0.003 

Other B Alleles 2730 0.346 41264 0.413 0.688 (0.644-0.734) 0.000 0.000 

Risk allele groups: Groups of HLA-A and HLA-B alleles with the same peptide binding pocket residues as 19 AA risk alleles identified in this study.  Non-Risk allele groups: groups of alleles with same 

peptide binding pocket structures as the identified HLA-A and HLA-B Non-Risk alleles. In cases where insufficient number of patients had alleles from a particular allele group for statistically robust 

comparison, OR and p values could not be calculated (marked as not available, “n/a”). Cntrl, control. OR, Odds Ratio. CI, confidence interval; P, P-value; Padj, P value adjusted for multiple compari-

sons. Statistically significant P-value (<0.05) are bolded. For statistically significant comparisons, OR >1 are colored in red, and <1 are colored in blue. OR where the comparison showed significant 

differences with an OR discrepant to risk allele status are in purple.  

  



50 
 

Supplemental Table S8. Clinical characteristics of AA patients with and without Higher Pathogenicity Alleles (HPA). 

Clinical characteristics HPA Present (n=62) No HPA (n=94) OR p 
D

e
m

o
gr

ap
h

ic
s 

an
d

 C
h

ar
ac

te
ri

st
ic

s 
at

 D
ia

gn
o

si
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A
ge

 a
t 

d
i-

ag
n

o
si

s Pediatric, n (%) 47 (79.7%) 74 (87.1%) 0.5845 0.2546 

Adult, n (%) 12 (20.3%) 11 (12.9%)     

Not evaluable, n 3 9     
A

A
 s

e
ve

ri
ty

 a
t 

d
ia

gn
o

si
s NSAA, n (%) 8 (15.1%) 12 (14.6%) 0.9645 1 

SAA, n (%) 21 (39.6%) 42 (51.2%)     

VSAA, n (%) 24 (45.3%) 28 (34.1%)     

Not evaluable, n 9 12     

C
yt

o
ge

n
e

ti
c 

ab
n

o
rm

al
i-

ti
e

s 
at

 d
ia

g-

n
o

si
s 

Yes, n (%) 4 (7.0%) 2 (2.4%) 2.9946 0.2274 

No, n (%) 53 (93.0%) 80 (97.6%)     

Not evaluable, n 
5 12     

C
e

llu
la

ri
ty

 

at
 d

ia
gn

o
-

si
s 

Less than or equal to 5%, n (%) 22 (44.0%) 25 (31.6%) 1.6901 0.1897 

Greater than 5%, n (%) 28 (56.0%) 54 (68.4%)     

Not evaluable, n 12 15     

Fr
o

n
tl
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e 

Tr
e

at
m

e
n

t 

Fr
o

n
tl

in
e 

th
e

ra
p

y 

R
e
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ed
 

Frontline IST (hATG + CSA), n (%) 44 (74.6%) 69 (81.2%)     

Frontline transplant, n 10 (17.0%) 10 (11.8%)     

Other therapy (e.g., cyclosporine 
monotherapy), n 

1 (1.7%) 1 (1.2%)     

No therapy, n 4 (6.8%) 5 (5.9%)     

Not evaluable, n 3 9     

Ti
m

e
 t

o
 f

ro
n

t-

lin
e

 IS
T 

<30 days, n (%) 21 (48.8%) 29 (42.6%)   0.6977 

30-90 days, n (%) 18 (41.9%) 34 (50.0%)     

>90 days, n (%) 4 (9.3%) 5 (7.4%)     

N/A (not IST or not evaluable), n 19 26     

D
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l-
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w
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p

 f
o

r 
p

a-

ti
e
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IS
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<2 years, n (%) 4 (8.9%) 8 (11.3%)   0.9048 

2-5 years, n (%) 13 (28.9%) 21 (29.6%)     

>5 years, n (%) 28 (62.2%) 42 (59.2%)     

Not evaluable (frontline transplant 
or no data), n 

17 23     

HPA (higher pathogenicity alleles): HLA-A*33:03, B*13:02, B*14:01, B*14:02, B*27:05, B*40:02, B*41:02, B*49:01 or B*56:01. IST, immunosuppressive therapy. 

SAA, severe aplastic anemia, VSAA, very severe aplastic anemia, NSAA, non-severe aplastic anemia; hATG, horse anti thymocyte globulin; CSA, cyclosporine A.  
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Supplemental Table S9: Clinical characteristics of pediatric and adult AA patients with and without Higher Pathogenicity Alleles (HPA) 

Clinical Characteristic 
Pediatric-onset AA Adult-onset AA 

Total pediatric 
(n= 121) 

HPA Present 
(n=47) 

No HPA 
(n=74) OR p 

Total adult 
(n=23 ) 

HPA Present 
(n=12) 

No HPA 
(n=11) OR p 

Age, median (range), years 9.1 (1.5-20.2) 8 (1.5-19.6) 9.6 (1.7-20.2)   0.327 46.9 (27.1-78.7) 42.1 (27.1-78.7) 48.8 (27.7-75)   0.779 

A
A

 s
e

ve
ri

ty
 a

t 

d
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o

si
s 

NSAA, n (%) 14 (12.4%) 7 (16.7%) 7 (9.9%) 0.5469 0.377 6 (27.3%) 1 (9.1%) 5 (45.5%) 8.33* 0.149 

SAA, n (%) 54 (47.8%) 15 (35.7%) 39 (54.9%)     9 (40.9%) 6 (54.5%) 3 (27.3%)     

VSAA, n (%) 45 (39.8%) 20 (47.6%) 25 (35.2%)     7 (31.8%) 4 (36.4%) 3 (27.3%)     

Not evaluable, n 8 5 3     1 1 0     

C
e

llu
la

ri
ty

 a
t 

d
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gn
o
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s 

Less than or equal to 5%, n (%) 42 (38.2%) 18 (43.9%) 24 (34.8%) 1.467 0.418 5 (26.3%) 4 (44.4%) 1 (10.0%) 7.20 0.141 

Greater than 5%, n (%) 68 (61.2%) 23 (56.1%) 45 (65.2%)     14 (73.7%) 5 (55.6%) 9 (90.0%)     

Not evaluable, n 11 6 5     4 3 1     
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o
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p
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R
e
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e
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Frontline IST (hATG + CSA), n (%) 93 (76.9%) 33 (70.2%) 60 (81.1%)     20 (87.0%) 11 (91.7%) 9 (81.8%)     

Frontline transplant, n 20 (16.5%) 10 (21.3%) 10 (13.5%)     0 (0.0%) 0 (0.0%) 0 (0.0%)     

Other therapy (e.g., CSA mono-
therapy), n 2 (1.7%) 1 (2.1%) 1 (1.4%)     0 (0.0%) 0 (0.0%) 0 (0.0%)     

No therapy, n 6 (5.0%) 3 (6.4%) 3 (4.1%)     3 (13.0%) 1 (8.3%) 2 (18.2%)     

Not evaluable, n 0 0 0     0 0 0     

Ti
m

e
 t

o
 f

ro
n

t-

lin
e

 IS
T 

<30 days, n (%) 42 (45.7%) 14 (42.4%) 28 (47.5%)   0.551 8 (42.1%) 7 (70.0%) 1 (11.1%)   0.031 

30-90 days, n (%) 45 (48.9%) 16 (48.5%) 29 (49.2%)     7 (36.8%) 2 (20.0%) 5 (55.6%)     

>90 days, n (%) 5 (5.4%) 3 (9.1%) 2 (3.4%)     4 (21.1%) 1 (10.0%) 3 (33.3%)     

N/A (not IST or not evaluable), n 29 14 15     4 2 2     

D
u

ra
ti

o
n

 o
f 

fo
llo

w
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fo
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p
at
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w
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T <2 years, n (%) 8 (8.6%) 2 (6.1%) 6 (10.0%)   0.894 4 (17.4%) 2 (16.7%) 2 (18.2%)   0.845 

2-5 years, n (%) 29 (31.2%) 11 (33.3%) 18 (30.0%)     5 (21.7%) 2 (16.7%) 3 (27.3%)     

>5 years, n (%) 56 (60.2%) 20 (60.6%) 36 (60.0%)     14 (60.9%) 9 (66.7%) 6 (54.5%)     

Not evaluable (frontline trans-
plant or no data), n 28 14 14     0 0 0     

Duration of follow-up (median 
(range)), years 5.6 (0.1-113.9) 5.9 (1.4-16.3) 

5.5 (0.1-
113.9)     5.8 (0.1-112.7) 6.7 (0.5-112.7) 

5.1 (0.1-
107.4)     

HPA (higher pathogenicity alleles): HLA-A*33:03, B*13:02, B*14:01, B*14:02, B*27:05, B*40:02, B*41:02, B*49:01 or B*56:01. IST, immunosuppressive therapy. 

SAA, severe aplastic anemia, VSAA, very severe aplastic anemia, NSAA, non-severe aplastic anemia; hATG, horse anti thymocyte globulin; CSA, cyclosporine A.  
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Supplemental Table S10. Characteristics of AA patients in CIBMTR-Outcomes Cohort  

 

Characteristic Total Cohort High risk alleles Other HLA alleles 

No. of patients 484 166 318 

No. of centers 135 93 107 

Patient age, years - median (min-max) 21 (0-73) 22 (2-73) 21 (0-71) 

Patient age at HSCT, years - no. (%)  
  

   <=10 98 (20) 31 (19) 67 (21) 

   11-17 87 (18) 32 (19) 55 (17) 

   18-29 126 (26) 46 (28) 80 (25) 

   30-39 59 (12) 18 (11) 41 (13) 

   40-49 37 (8) 14 (8) 23 (7) 

   50-59 47 (10) 18 (11) 29 (9) 

   60-69 28 (6) 6 (4) 22 (7) 

   70+ 2 (0) 1 (1) 1 (0) 

Sex - no. (%)  
  

   Male 268 (55) 100 (60) 168 (53) 

   Female 216 (45) 66 (40) 150 (47) 

Race - no. (%)  
  

   Caucasian 350 (72) 101 (61) 249 (78) 

   Hispanic 41 (8) 23 (14) 18 (6) 

   African-American 31 (6) 16 (10) 15 (5) 

   Native American 4 (1) 1 (1) 3 (1) 

   Asian/Pacific Islander 27 (6) 12 (7) 15 (5) 

   Other 8 (2) 3 (2) 5 (2) 

   Missing 23 (5) 10 (6) 13 (4) 

Donor group - no. (%)  
  

   HLA-identical sibling 79 (16) 30 (18) 49 (15) 

   8/8 plus well matched unrelated 405 (84) 136 (82) 269 (85) 

HCT-CI - no. (%)  
  

   0 178 (37) 59 (36) 119 (37) 

   1-2 93 (19) 32 (19) 61 (19) 

   3+ 98 (20) 40 (24) 58 (18) 

   NA (data not collected prior to 2007) 115 (24) 35 (21) 80 (25) 

Karnofsky score - no. (%)  
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   <90 115 (24) 38 (23) 77 (24) 

   >=90 351 (73) 122 (73) 229 (72) 

   Missing 18 (4) 6 (4) 12 (4) 

Conditioning regimen intensity - no. (%)  
  

   MAC 7 (1) 1 (1) 6 (2) 

   RIC 1 (0) 0 (0) 1 (0) 

   NMA 476 (98) 165 (99) 311 (98) 

Conditioning regimen - no. (%)  
  

   TBI/Cy 98 (20) 27 (16) 71 (22) 

   TBI/Cy/Flu 178 (37) 68 (41) 110 (35) 

   Cy/Flu 100 (21) 35 (21) 65 (20) 

   Cy alone 108 (22) 36 (22) 72 (23) 

PNH - no. (%)  
  

   Negative 233 (48) 79 (48) 154 (48) 

   Positive 69 (14) 34 (20) 35 (11) 

   Missing 182 (38) 53 (32) 129 (41) 

Blood counts at diagnosis—median (range)    

WBC (x109/L)  3 (0-10) 2 (0-10) 3 (0-9) 

Hemoglobin (g/dL)  8 (2-17) 8 (3-14) 8 (2-17) 

Platelet count (x109/L)  13 (0-197) 14 (0-170) 13 (0-197) 

Absolute neutrophil count (x109/L)  1 (0-6) 1 (0-6) 1 (0-6) 

Absolute reticulocyte count (x109/L)  11 (0-210) 10 (0-67) 16 (0-210) 

Graft type - no. (%)  
  

   Peripheral blood 54 (11) 22 (13) 32 (10) 

   Bone marrow 430 (89) 144 (87) 286 (90) 

Immunosuppressive therapy prior to HSCT - no. (%)  
  

   Yes 382 (79) 132 (80) 250 (79) 

   Missing 102 (21) 34 (20) 68 (21) 

ATG immunosuppression - no. (%)  
  

   No 35 (7) 14 (8) 21 (7) 

   Yes 358 (74) 123 (74) 235 (74) 

   Missing 91 (19) 29 (17) 62 (19) 

CSA immunosuppression - no. (%)  
  

   No 42 (9) 15 (9) 27 (8) 

   Yes 254 (52) 94 (57) 160 (50) 
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   Missing 188 (39) 57 (34) 131 (41) 

GVHD prophylaxis - no. (%)  
  

   Ex-vivo T-cell depletion 3 (1) 0 (0) 3 (1) 

   Post-CY + other(s) 5 (1) 0 (0) 5 (2) 

   CSA/TAC + MMF ± other(s) (except post-CY) 65 (13) 24 (14) 41 (13) 

   CSA/TAC + MTX ± other(s) (except post-CY) 340 (70) 114 (69) 226 (71) 

   CSA/TAC + other(s) (except MMF, MTX, post-CY) 25 (5) 12 (7) 13 (4) 

   CSA/TAC alone 35 (7) 11 (7) 24 (8) 

   Other 1 (0) 1 (1) 0 (0) 

   Missing 10 (2) 4 (2) 6 (2) 

Year of transplant - no. (%)  
  

   1988-1999 10 (2) 2 (1) 8 (3) 

   2000-2009 183 (38) 49 (30) 134 (42) 

   2010-2018 291 (60) 115 (69) 176 (55) 

Unrelated donor age, years - median (range) 31 (19-53) 30 (19-49) 32 (20-53) 

Follow-up, months, median (range) 58 (3-241) 55 (3-198) 59 (3-241) 

no., number. HSCT, hematopoietic stem cell transplantation, ATG, anti-thymocyte globulin, CSA, cyclosporine A, GVHD, 

graft-versus-host disease; CY, cyclophosphamide; TAC, tacrolimus; MMF, mycophenolate mofetil; MTX, methotrexate.  
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Supplemental Table S11: Multivariate analysis of alloHSCT outcomes of AA patients with and without Higher 

Pathogenicity Alleles (HPA). 

 

 Graft failure OS Grade 2-4 

aGVHD 

cGVHD Neutrophil En-

graftment 

Platelet en-

graftment 

 
N HR 

(95

% 

CI) 

P N HR 

(95% CI) 

P N HR 

(95

% 

CI) 

P N HR 

(95

% 

CI) 

P N HR 

(95

% 

CI) 

P N HR 

(95

% 

CI) 

P 

AA HLA Risk Allele Group 

No HPA Alleles 30

9 

1.00 0.1

15 

31

8 

1.00 0.5

69 

31

7 

1.00 0.3

50 

31

0 

1.00 0.3

38 

31

6 

1.00 0.4

54 

31

2 

1.00 0.1

48 

HPA alleles 16

4 

0.57 

(0.2

2-

1.43

) 

0.1

15 

16

6 

0.88 

(0.56-

1.38) 

0.5

69 

16

3 

0.82 

(0.5

5-

1.24

) 

0.3

50 

16

5 

1.18 

(0.8

4-

1.66

) 

0.3

38 

16

6 

0.93 

(0.7

6-

1.13

) 

0.4

54 

16

6 

1.16 

(0.8

9-

1.50

) 

0.1

48 

Age group, years 

<=17 17

9 

1.00 0.0

31 

18

5 

1.00 0.0

01 

   18

1 

1.00 0.0

42 

      

18-39 18

3 

1.73 

(0.6

2-

4.84

) 

0.1

68 

18

5 

1.77 

(0.93-

3.37) 

0.0

81 

   18

1 

1.71 

(1.1

6-

2.51

) 

0.0

06 

      

40-59 81 3.15 

(1.0

5-

9.51

) 

0.0

07 

84 2.84 

(1.38-

5.84) 

0.0

05 

   83 1.69 

(1.0

3-

2.78

) 

0.0

40 

      

>=60 30 3.35 

(0.8

1-

13.7

8) 

0.0

28 

30 5.11 

(2.09-

12.50) 

<.0

01 

   30 1.91 

(0.9

1-

4.00

) 

0.0

88 

      

Donor group 

MSD    79 1.00 0.0

04 

78 1.00 0.0

10 

      79 1.00 0.0

25 

≥8/8 MUD    40

5 

7.63 

(1.92-

30.30) 

0.0

04 

40

2 

2.60 

(1.2

6-

5.34

) 

0.0

10 

      39

9 

0.75 

(0.5

5-

1.04

) 

0.0

25 



56 
 

Karnofsky score 

≥90    35

1 

1.00 0.0

08 

            

<90    11

5 

1.27 

(0.69-

2.31) 

0.4

43 

            

Missing    18 3.74 

(1.62-

8.65) 

0.0

02 

            

Conditioning regimens 

Flu/CY/TBI +  

(ATG or Camp) 

      17

5 

1.00 <.0

01 

         

Cy/TBI/ATG + 

200 cGy TBI 

      98 1.81 

(1.3

3-

2.46

) 

<.0

01 

         

Flu/Cy +  

(ATG or Camp) 

      10

0 

0.59 

(0.3

4-

1.04

) 

0.0

68 

         

CY + (ATG or 

Camp) 

    

 

 10

7 

0.88 

(0.4

9-

1.57

) 

0.6

63 

         

HPA (higher pathogenicity alleles): HLA-A*33:03, B*13:02, B*14:01, B*14:02, B*27:05, B*40:02, B*41:02, B*49:01 or B*56:01. aGVHD, acute graft-

versus-host disease; cGVHD, chronic GVHD; HR, hazard ratio. ATG, anti-thymocyte globulin; CY, cyclophosphamide; TBI, total body irradiation; Flu, 

fludarabine; Camp, Campath. 
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Supplemental Table S12. AA patient characteristics for exploratory analysis of the effect of Higher Pathogenic-

ity Allele concordance in donor-recipient pairs on outcomes of haploidentical alloSCT for AA. 

 

Clinical Characteristic Total Cohort HPA Concordant donor-recipient 

HSCT 

HPA Discordant 

donor-recipient 

HSCT 

No. of patients 29 15 14 

No. of centers 20 12 12 

Patient age, years - median (range) 21 (2-65) 18 (2-65) 22 (7-38) 

Patient age at HSCT, years - no. (%)  
  

   <=10 7 (24) 5 (33) 2 (14) 

   11-17 6 (21) 3 (20) 3 (21) 

   18-29 9 (31) 3 (20) 6 (43) 

   30-39 4 (14) 1 (7) 3 (21) 

   40-49 1 (3) 1 (7) 0 (0) 

   50-59 0 (0) 0 (0) 0 (0) 

   60-69 2 (7) 2 (13) 0 (0) 

Sex - no. (%)  
  

   Male 23 (79) 12 (80) 11 (79) 

   Female 6 (21) 3 (20) 3 (21) 

Race - no. (%)  
  

   Caucasian 7 (24) 4 (27) 3 (21) 

   Hispanic 5 (17) 3 (20) 2 (14) 

   African-American 8 (28) 4 (27) 4 (29) 

   Native American 1 (3) 0 (0) 1 (7) 

   Asian/Pacific Islander 0 (0) 0 (0) 0 (0) 

   Other 2 (7) 1 (7) 1 (7) 

   Missing 6 (21) 3 (20) 3 (21) 

HCT-CI - no. (%)  
  

   0 11 (38) 6 (40) 5 (36) 

   1-2 12 (41) 6 (40) 6 (43) 
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   3+ 6 (21) 3 (20) 3 (21) 

Karnofsky score - no. (%)  
  

   <90 12 (41) 5 (33) 7 (50) 

  ≥90 17 (59) 10 (67) 7 (50) 

Conditioning regimen intensity - no. 

(%) 

 
  

   MAC 0 (0) 0 (0) 0 (0) 

   RIC 9 (31) 5 (33) 4 (29) 

   NMA 20 (69) 10 (67) 10 (71) 

Conditioning regimen - no. (%)  
  

   TBI/Cy/Flu 27 (93) 14 (93) 13 (93) 

   Cy/Flu 1 (3) 1 (7) 0 (0) 

   Others 1 (3) 0 (0) 1 (7) 

PNH - no. (%)  
  

   Negative 11 (38) 6 (40) 5 (36) 

   Positive 7 (24) 3 (20) 4 (29) 

   Missing 11 (38) 6 (40) 5 (36) 

Blood counts at diagnosis—median 

(range) 

   

WBC (x109/L)  2 (0-5) 2 (1-5) 2 (0-4) 

Hemoglobin (g/dL)  7 (3-13) 6 (4-11) 9 (3-13) 

Platelet count (x109/L)  25 (1-50) 25 (1-50) 25 (1-45) 

Absolute neutrophil count (x109/L)  1 (0-5) 0 (0-5) 1 (0-1) 

Absolute reticulocyte count (x109/L)  8 (0-22) 11 (0-22) 6 (0-16) 

Graft type - no. (%)  
  

   Peripheral blood 11 (38) 5 (33) 6 (43) 

   Bone marrow 18 (62) 10 (67) 8 (57) 

Immunosuppressive therapy prior to 

HSCT - no. (%) 

 
  

   Yes 25 (86) 13 (87) 12 (86) 

   Missing 4 (14) 2 (13) 2 (14) 
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ATG immunosuppression - no. (%)  
  

   No 2 (7) 2 (13) 0 (0) 

   Yes 24 (83) 12 (80) 12 (86) 

   Missing 3 (10) 1 (7) 2 (14) 

CSA immunosuppression - no. (%)  
  

   No 5 (17) 3 (20) 2 (14) 

   Yes 21 (72) 11 (73) 10 (71) 

   Missing 3 (10) 1 (7) 2 (14) 

GVHD prophylaxis - no. (%)  
  

   Ex-vivo T-cell depletion 1 (3) 1 (7) 0 (0) 

   Post-CY + other(s) 21 (72) 11 (73) 10 (71) 

   CSA/TAC + MMF ± other(s) (except 

post-CY) 

6 (21) 3 (20) 3 (21) 

   CSA/TAC + MTX ± other(s) (except 

post-CY) 

0 (0) 0 (0) 0 (0) 

   Missing 1 (3) 0 (0) 1 (7) 

Year of transplant - no. (%)  
  

   2010-2018 29 (100) 15 (100) 14 (100) 

Follow-up, months - median (range) 30 (6-67) 33 (6-67) 29 (17-52) 

HPA (higher pathogenicity alleles): HLA-A*33:03, B*13:02, B*14:01, B*14:02, B*27:05, B*40:02, B*41:02, B*49:01 or B*56:01. 
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Supplemental Table S13: Univariate analysis of the effects of High Pathogenicity Alleles (HPA) concordance in 

donor-recipient pairs on outcomes after haploidentical alloSCT for AA. 

 

  

Outcomes 

HPA-concordant* HSCT (N = 

15) 

HPA-discordant HSCT (N = 14)   

P Value 

Probability, % (95% CI) Probability, % (95% CI) 

Neutrophil engraftment     0.258 

   1 months 86.7 (61.9-99.3) 71.4 (43.8-92.4) 
 

Platelet recovery 
  

0.095 

   1 months 46.7 (21.9-72.4) 21.4 (4.3-46.9) 
 

   6 months 100 71.7 (26.9-99.1) 
 

Graft failure 
  

0.331 

   1-year 21.3 (4.1-47.1) 35.7 (12.8-62.8)   

   2-year 21.3 (4.1-47.1) 35.7 (12.8-62.8)   

* Patients were stratified by risk allele concordant or risk allele discordant status for the 9 Higher Pathogenicity Alleles 

(HPA) (HLA-A*33:03, B*13:02, B*14:01, B*14:02, B*27:05, B*40:02, B*41:02, B*49:01 or B*56:01) in donor-recipient 

pairs. 
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Supplemental Table S14: AA patient characteristics for exploratory analysis of the effect of HLA risk allele 

concordance in donor-recipient pairs on outcomes after haploidentical alloSCT for AA. 

 

Clinical Characteristic Total Cohort Matched for all Risk 

Alleles 

Mismatched for All 

Risk Alleles 

No. of patients 41 25 16 

No. of centers 26 17 14 

Patient age, years - median (range) 21 (2-74) 23 (2-74) 18 (2-46) 

Patient age at HSCT, years - no. (%)  
  

   <=10 8 (20) 4 (16) 4 (25) 

   11-17 11 (27) 6 (24) 5 (31) 

   18-29 13 (32) 10 (40) 3 (19) 

   30-39 3 (7) 0 (0) 3 (19) 

   40-49 2 (5) 1 (4) 1 (6) 

   50-59 1 (2) 1 (4) 0 (0) 

   60-69 1 (2) 1 (4) 0 (0) 

   70+ 2 (5) 2 (8) 0 (0) 

Sex - no. (%)  
  

   Male 29 (71) 18 (72) 11 (69) 

   Female 12 (29) 7 (28) 5 (31) 

Race - no. (%)  
  

   Caucasian 10 (24) 7 (28) 3 (19) 

   Hispanic 5 (12) 1 (4) 4 (25) 

   African-American 15 (37) 10 (40) 5 (31) 

   Native American 0 (0) 0 (0) 0 (0) 

   Asian/Pacific Islander 2 (5) 1 (4) 1 (6) 

   Other 2 (5) 1 (4) 1 (6) 

   Missing 7 (17) 5 (20) 2 (13) 

HCT-CI - no. (%)  
  

   0 15 (37) 7 (28) 8 (50) 

   1-2 11 (27) 6 (24) 5 (31) 
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   3+ 15 (37) 12 (48) 3 (19) 

Karnofsky score - no. (%)  
  

   <90 14 (34) 9 (36) 5 (31) 

  ≥90 27 (66) 16 (64) 11 (69) 

Conditioning regimen intensity - no. (%)  
  

   MAC 3 (7) 3 (12) 0 (0) 

   RIC 9 (22) 6 (24) 3 (19) 

   NMA 28 (68) 15 (60) 13 (81) 

   TBD 1 (2) 1 (4) 0 (0) 

Conditioning regimen - no. (%)  
  

   TBI/Cy/Flu 34 (83) 19 (76) 15 (94) 

   Cy/Flu 1 (2) 1 (4) 0 (0) 

   Others 6 (15) 5 (20) 1 (6) 

PNH - no. (%)  
  

   Negative 20 (49) 11 (44) 9 (56) 

   Positive 10 (24) 7 (28) 3 (19) 

   Missing 11 (27) 7 (28) 4 (25) 

Blood counts at diagnosis—median (range)    

WBC (x109/L)  2 (0-7) 2 (0-7) 2 (0-5) 

Hemoglobin (g/dL)  8 (3-13) 8 (3-13) 8 (3-13) 

Platelet count (x109/L)  17 (1-542) 16 (1-542) 17 (1-52) 

Absolute neutrophil count (x109/L)  1 (0-5) 0 (0-5) 1 (0-1) 

Absolute reticulocyte count (x109/L)  15 (0-217) 14 (0-217) 15 (1-84) 

Graft type - no. (%)  
  

   Peripheral blood 14 (34) 10 (40) 4 (25) 

   Bone marrow 27 (66) 15 (60) 12 (75) 

Immunosuppressive therapy prior to HSCT - 

no. (%) 

 
  

   Yes 35 (85) 23 (92) 12 (75) 

   Missing 6 (15) 2 (8) 4 (25) 
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ATG immunosuppression - no. (%)  
  

   No 6 (15) 6 (24) 0 (0) 

   Yes 30 (73) 18 (72) 12 (75) 

   Missing 5 (12) 1 (4) 4 (25) 

CSA immunosuppression - no. (%)  
  

   No 5 (12) 3 (12) 2 (13) 

   Yes 31 (76) 21 (84) 10 (63) 

   Missing 5 (12) 1 (4) 4 (25) 

GVHD prophylaxis - no. (%)  
  

   Ex-vivo T-cell depletion 3 (7) 3 (12) 0 (0) 

   Post-CY + other(s) 31 (76) 20 (80) 11 (69) 

   CSA/TAC + MMF ± other(s) (except post-

CY) 

6 (15) 2 (8) 4 (25) 

   CSA/TAC + MTX ± other(s) (except post-CY) 0 (0) 0 (0) 0 (0) 

   Missing 1 (2) 0 (0) 1 (6) 

Year of transplant - no. (%)  
  

   2010-2018 41 (100) 25 (100) 16 (100) 

Follow-up, months - median (range) 31 (6-60) 30 (6-60) 35 (17-53) 
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Supplemental Table S15: Univariate analysis of the effects of HLA risk allele concordance in donor-recipient 

pairs on outcomes after haploidentical alloSCT for AA. 

 

  

Outcomes 

Risk Allele* Concordant 

HSCT (N = 25) 

Risk Allele* Discordant 

HSCT (N = 16) 

  

P Value 

Probability, % (95% CI) Probability, % (95% CI) 

Neutrophil engraftment     0.257 

   1 months 80 (61.5-93.5) 75 (49.8-93.4)   

Platelet recovery     0.51 

   1 months 52 (32.2-71.5) 31.3 (11-56.2)   

   6 months 80 (51.1-97.7) 77.1 (45-97.4)   

Graft failure     0.676 

   1-year 32.5 (15.4-52.4) 25 (7.1-49.2)   

   2-year 32.5 (15.4-52.4) 25 (7.1-49.2)   

* Patients were stratified by risk allele concordant or risk allele discordant status for any of the 19 risk alleles in donor-

recipient pairs. 
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