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Introduction

• While immunotherapies have revolutionized cancer 
treatment, the limited predictability of response and 
resistance mechanisms present challenges to the 
development of novel therapeutics for solid tumors.

• Novel therapeutic modalities use a sensitive and 
specific T cell receptor (TCR)-HLA:peptide interaction 
but could theoretically be impacted by allele specific 
HLA loss of heterozygosity (LOH).

• Allele-agnostic HLA LOH analyses assessing loss 
of any MHC class I allele are relevant for HLA-
agnostic approaches such as immune checkpoint 
inhibitors; however, context-specific studies remain 
limited.

• For example, adoptive TCR T cell therapies and bi-
specific TCR T cell engagers target neoantigen 
peptides derived from oncogenic driver mutations, 
such as those of KRAS and TP53, presented by a 
specific HLA allele.

• Thus, allele-agnostic analyses may overestimate 
the frequency and relevance of HLA LOH for 
allele-specific modalities.

Methods
• Data source: a real-world comprehensive genomic 

profiling dataset consisting of 78,418 cases (Montesion 
et al.) [1], from solid tumor biopsies germline 
heterozygous for one or more HLA class I locus.

• Approach: HLA LOH was analyzed in the context of 
frequent driver mutations, the corresponding HLA 
alleles (Table 1), and within tumor subtypes frequently 
harboring these mutations (including breast (BRCA), 
colorectal (CRC), non-small cell lung (NSCLC), and 
pancreatic (PDAC) cancers). Combinations with small 
sample size (N<20) we excluded from analysis. Two-
tailed Fisher’s exact or Chi-square tests were used for 
allele-specific comparisons within specific indications, 
depending on the sample size.

Results Considerations

Conclusions
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Table 1. HLAs presenting common oncogenic driver 
mutations

 

• Based on this real-world dataset, over 90% of cases 
retain the TCR-targeted allele and, therefore, 
preserve the molecular complex necessary for 
HLA/driver mutation-based therapies.

• Allele specific and pan-indication LOH ranged from 
6.3–6.6% (Table 2).

• In the assessed mutation/HLA pairs allele-specific 
HLA LOH was found in only:
o 5.9% - 9.7% of tumors across all indications

o 4.4% - 12.7% of tumors within specific indications
• Further studies should test correlations with 

treatments and whether tumors in earlier lines of 
treatment have an even lower rate of HLA LOH.

• The analyzed database is enriched for 
advanced/metastatic cancer patients.

• Patients homozygous for all HLA class I loci were 
excluded from the database since these patients 
can’t lose heterozygosity; thus, the frequency of HLA 
LOH in all patients might be even lower than 
reported herein.

• HLA allele losses are usually monoallelic 
(McGranahan et al.), and it is hypothesized that the 
second chromosome is preserved to prevent NK cell 
response (Moretta et al.). Thus, we further 
hypothesize that patients homozygous at the 
targeted HLA allele (2 copies of the same allele or 1 
copy, but the other one lost) may have lower chance 
of HLA-related immune escape from TCR based 
therapies.

• HLA LOH is frequently sub-clonal and occurs late in 
the cancer pathogenesis (McGranahan et al.). Cases 
with HLA LOH in a metastatic lesion, may be retain 
both alleles in the truncal tumor and, thus, still 
benefit from the HLA/driver mutation-based 
therapy.

Total 
Patients

Patients with 
LOH

Percent of 
patients with LOH

Allele-agnostic 78,418 12,990 16.6%

Allele-specific
A*02:01 32,090 2,008 6.3%
A*03:01 18,594 1,232 6.6%
A*11:01 9,793 615 6.3%
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Table 2. Number of analyzed patients and HLA LOH frequencies across all indications

• Allele-agnostic HLA LOH was 
observed in 16.6% of all samples 
and varied between indications, 
which is consistent with previously 
published literature.

• Notably, allele-specific loss of HLAs 
A*02:01, A*03:01, and A*11:01 
across all samples was much lower 
than allele-agnostic loss (6.3%, 
6.6%, and 6.3% cases, 
respectively; Table 2 and Figure 1), 
which is lower than half of general 
loss, possibly due to a fraction of 
losses involving only B and/or C 
loci, and lower frequency of LOH 
relative to other A alleles.Figure 2. HLA LOH frequencies in the context of high frequency driver 

mutations and within tumor subtypes
(Colo-Rectal Cancer = CRC; Non-Small Cell Lung Cancer = NSCLC; Pancreatic Ductal AdenoCarcinoma = PDAC; Invasive Breast Carcinoma = BRCA;
* p ≤ 0.05, ** p ≤ 0.01)

• KRAS (Figure 2, left): A trend for increased allele-specific HLA 
LOH was observed when analyzed by driver mutation, although 
the frequency remained low. Specifically, across all cases, 
A*02:01, A*03:01, and A*11:01 allele-specific LOH ranged 
between 5.9% - 9.7% in relation to KRAS G12C, G12D, and 
G12V compared to 5.9% - 6.2% for wild-type (WT). Moreover, 
allele-specific LOH did not achieve statistical significance for 
any HLA-KRAS mutation pairs in CRC, NSCLC, and PDAC 
cancers, except for A*11:01 and KRAS G12C in NSCLC, which 
was lower in mutated cases (5.3% for G12C vs 10.1% for WT 
KRAS, p=0.045).

• TP53 (Figure 2, top): Both allele-agnostic and A*02:01-specific 
HLA LOH in TP53 WT samples were lower than average. The 
TP53 R175H mutation was associated with limited increase in 
HLA-A*02:01 LOH (from 4.4% for WT to 8.1% for TP53 R175H) 
and varied between indications.

Figure 1. HLA LOH frequencies across all indications 
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