
Supplementary Methods    

Exome sequencing and data analysis  

We extracted genomic DNA from FFPE tumor tissue and white blood cells with QIAamp 

DNA FFPE Tissue Kit and DNeasy Blood & Tissue Kit (cat# 56404 and 69504, QIAGEN, 

Germany), following the manufacturer’s protocol.  Genomic DNA libraries were prepared 

following Illumina’s (Illumina, San Diego, CA) suggested protocol. Human exome capture was 

performed following a protocol from Agilent SureSelect Human All Exon 50Mb Kit 5.0 

(Agilent, Santa Clara, CA)  

Somatic variants were identified using GATK Best Practices Pipeline. Quality control of 

raw data was calculated using FastQC software (version 0.11.2). Sequencing reads were aligned 

to human genome hg19 with the BWA software for both tumor and normal samples. PCR 

duplications of each BAM file were marked with Picard software (version 1.115). The BAM 

files were locally realigned, and the base quality scores were recalibrated with GATK (version 

3.2). Mutect (version 1.1.4) was used to call somatic mutations with the following criteria1: (a) 

it was identified by five or more distinct pairs of reads; (b) the number of distinct reads 

containing a particular mismatched base equaled at least 5% of the total distinct reads; and (c) 

it was not present in more than 0.2% of the reads in the matched normal sample. Indels were 

found using VarScan2 (version 2.3.7) with parameters: min-coverage 6, somatic-p-value 0.05. 

All the somatic variants were annotated with ANNOVAR software3.  

The average coverage of each base in the exome region was 331 (range from 141 to 545) 

for the tumor samples and 151 (range from 115 to 184) for the normal samples (Supplementary 

Table 1). 99.3% (range from 98.6% to 99.5%) of the target region was covered at least 10 times 

in the tumor samples. The coverage, percentage of covered region, and the total data yield 

showed no significant difference between those with or without clinical benefit (unpaired t test, 

two sided).    

Mutant peptide MHC binding prediction  

The missense mutations identified in the exome sequencing were analyzed for potential 

MHC class I binding focusing on HLA-A, HLA-B, and HLA-C. First, all mutations in exomes 

were translated to amino acid alterations using the CCDS database from NCBI, and we 

identified 9-mer and 10-mer epitopes surrounding each mutation. Then we analyzed the 

predicted MHC Class I binding strength of each mutant amino acid fragments, using Immune 

Epitope Database (www.iedb.org). A predicted affinity of less than 5000 nm was considered to 

be potential binders. To further refine the total neoantigen burden, we repeated that same 

process for the complementary wild-type peptide for each mutant peptide. Mutation-associated 

neoantigen (MANA) that was a strong potential binder and its complementary wild-type 

peptide was predicted a weak potential binder4. The difference in mutation burden or MANA 

between the CB and NCB groups turned to be more significant when we filtered high fraction 

mutations. The P value of MANAs comparison between CB and NCB was 0.044, 0.043, 0.028 

and 0.026 when counting mutations of >5%, 10%, 12% and 15% fraction, respectively. The P 



value of SBSs comparison was 0.080, 0.048, 0.038 and 0.035, respectively. These results are 

consistent with the recent discovery that clonal mutations/neoantigens are more likely to elicit 

T cell immunoreactivity and sensitivity to immune checkpoint blockade6. We compared SBS 

and MANAs based on mutations of >10% fraction in the analysis (Fig. 2AB). The percentage 

of MANAs among missense mutations was similar in the two groups (16.74% vs 16.66%, P = 

0.9787, unpaired t test, two sided).  

     For the tetrapeptide neoantigen signature analysis, a total number of 160,000 possible 

tetrapeptides were summarized. The times of each tetrapeptides occurred in MANA (9-mer or 

10-mer epitopes) of clinical benefit group or no clinical benefit group were calculated, and 

defined as mj or nj. The mj indicates the times of jth tetrapeptides occurred in MANA (9-mer or 

10-mer epitopes) of clinical benefit group. The nj indicates the times of jth tetrapeptides 

occurred in MANA (9-mer or 10-mer epitopes) of no clinical benefit group. The candidate 

tetrapeptide in clinical benefit group was selected with the following criterion: mj >= 3 and nj 

= 0. Similarly, the candidate tetrapeptide in no clinical benefit group was selected with the 

following criterion: nj >= 3 and mj = 0. The heatmap shows all the candidate tetrapeptides 

clinical benefit group which was referred to as a “neoantigen signature”5. 

The definition of index for clinical benefit prediction 

The application of a combined index from multiplex factors is based on a previous study7 where 

combination of multiple factors provided more accurate prediction of immune therapy. A 

comprehensive index was defined to predict the clinical benefit of SHR1210 based on both the 

clinical and molecular factors. The index was calculated using the following formula: 

𝐼𝑗 = {
0                             𝐾𝑗 = 0

𝑆𝑗𝑀𝑗𝑁𝑗𝑃𝑗/𝑇𝑗                    𝐾𝑗 ≠ 0
          

Where Ij indicates the index of jth sample for clinical benefit prediction. 

Sj indicates the number of SBSs of jth sample. 

Mj indicates the number of mutation associated neoantigens. 

Tj indicates the reciprocal tumor burden (sum of the longest diameters in millimeter). 

Pj indicates the percent of PD-L1 expression positive cell. 

Nj indicates the number of candidate tetrapeptide neoantigens. 

Kj indicates the number of mutations in the genes of JAK-STAT pathway according to DAVID 

(https://david.ncifcrf.gov/tools.jsp). When the number of mutational genes in JAK-STAT 

pathway >4, Kj = 0; When the number of mutational genes in JAK-STAT pathway < 4, Kj ≠ 0; 

The definition of different groups in Kaplan–Meier curves analysis for progression-free 

survival (PFS) as follow: 

Low SBS group: Sj < 70.  

High SBS group: Sj >= 70. 

Low MANA group: Mj < 9.  

High MANA group: Mj >= 9. 

Low tumor burden group: Tj < 50. 

High tumor burden group: Tj >= 50. 

Without signature group: Nj < 3.  

With signature group: Nj >= 3. 



Low PD-L1 group: Pj < 10%.  

High PD-L1 group: Pj >= 10%. 

Low index group: Ij < 4. 

High index group: Ij >= 4. 

 

References  

1. Cibulskis K, Lawrence MS, Carter SL, et al. Sensitive detection of somatic point mutations in 

impure and heterogeneous cancer samples. Nature Biotechnology 2013;31:213-219.  

2. Koboldt DC, Zhang Q, Larson DE, et al. VarScan 2: somatic mutation and copy number 

alteration discovery in cancer by exome sequencing. Genome Res 2012;22:568-76.  

3. Wang K, Li M, Hakonarson H. ANNOVAR: functional annotation of genetic variants from 

high-throughput sequencing data. Nucleic Acids Res 2010;38:e164.  

4. Le DT, Uram JN, Wang H, et al. PD-1 Blockade in Tumors with Mismatch-Repair 

Deficiency. N Engl J Med 2015;372:2509-20.  

5. Snyder A, Makarov V, Merghoub T, et al. Genetic basis for clinical response to CTLA-4 

blockade in melanoma. New England Journal of Medicine 2014;371:2189-2199.  

6. McGranahan N, Furness AJ, Rosenthal R, et al. Clonal neoantigens elicit T cell 

immunoreactivity and sensitivity to immune checkpoint blockade. Science 

2016;351(6280):1463-9 

7. Huang AC, Postow MA, Orlowski RJ, et al. T-cell invigoration to tumour burden ratio 

associated with anti-PD-1 response. Nature 2017;545(7652):60-5. 


