SUPPLEMENTAL METHODS

RNA extraction, RNA sequencing, and quantitative real-time PCR

Total RNA was extracted from FFPE samples using the AllPrep DNA/RNA FFPE kit
(Qiagen) per the manufacturer’s guidelines. One microgram of extracted RNA was allocated for
library preparation following the dUTP strand-specific protocol, with ribosome RNA removed
using the Ribo-Zero rRNA Removal Kit (Human) (Illumina, San Diego, USA). 50bp single-end
reads were generated on an Illumina HiSeq 4000 platform at The University of Chicago
Functional Genomics Facility. The quality of raw paired-end (PE) reads was assessed by FastQC
(v0.11.5).! Reads were aligned to human reference transcriptome (GRCh38) with Gencode gene
annotation (v28)? using Kallisto (v0.43.1).2 Transcript abundance was quantified at transcript
level specifying strand-specific protocol by Kallisto and summarized into gene level by tximport
(v1.6.0).* Lowly expressed genes were defined as those with CPM (counts per million of mapped
reads) < 2 in a sample and removed from further analysis. Genes with CPM > 2 in at least 6
samples were kept for normalization by TMM (trimmed mean of M values) method, followed by
log2-transformation. Differentially expressed genes (DEGSs) between PD-L1 altered and PD-L1
not altered groups were identified using Linear Models for Microarray Data (limma) voom
method with precision weights (v3.34.5).° Significant DEGs were defined as those that passed
filters of FDR-adjusted P < 0.05, and fold change > 1.5 or <-1.5.

GO (Gene Ontology)® biological processes and KEGG pathways ’ significantly enriched
within the DEGs were identified using enrichGO and enrichKEGG function from Bioconductor
package clusterProfiler (v3.6.0),% respectively. The prediction of upstream regulators in IPA was

performed in accordance with previous studies.® Gene set enrichment analysis (GSEA)* was
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performed using the javaGSEA desktop software to compare biologically relevant gene
signatures in PD-L1 gene-altered and not altered samples. Specifically, log2 transformed
expression data was ranked according to the default Signal2Noise ranking metric, and GSEA
was performed using datasets in the Hallmark,'! Biocarta, and C2 gene sets from the Molecular
Signature Database (MSigDB) (v6.2).2° The statistical significance of the enrichment score was
calculated by using default software settings, and permuting the phenotype labels 1000 times.%2

Five hundred nanograms of extracted mRNA was also used to synthesize cDNA (Applied
Biosystems high capacity cDNA reverse transcription kit) for quantitative real-time PCR of PD-
L1 transcripts. Primer pairs were generated across joining exons to avoid amplification of

contaminating genomic DNA. Relative expression of PD-L1 was assessed and normalized

against a housekeeping gene (f-actin) using the Viia7 Applied Biosystem gPCR system.

DNA extraction and whole exome sequencing

DNA was isolated from FFPE samples using the AllPrep DNA/RNA FFPE kit (Qiagen)
per the manufacturer’s guidelines. Corresponding germline DNA was obtained from peripheral
blood mononuclear cells using the DNeasy Blood and Tissue kit (Qiagen). Whole exomes and
untranslated regions (UTR) were captured using the Agilent SureSelect Human All Exon V6
plus UTR kit (Agilent Technologies, Santa Clara, USA). 101bp PE reads were generated on an
Illumina HiSeq 2500 instrument at Theragen Etex Bio Institute (Seoul, South Korea). Raw
sequencing data were analyzed by an in-house pipeline constructed for WES analyses of paired
or unpaired cancer genomes. The quality of raw reads was assessed by FastQC (v0.11.5),' and
preprocessed to trim adaptors and low-quality bases using Trimmomatic (v0.36)* and merge 3’

overlapping mates using FLASH (v1.2.11).}* Reads were aligned to the decoy version of human
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reference genome (GRCh38.d1.vd1) using BWA-MEM (v0.7.17)*® with soft-clipping option
activated by default. Read duplicates were marked using Sambamba (v0.6.7),'® and alignments
of mapping quality <30 were removed. Read alignment was further refined for
insertions/deletions (indels) realignment and base quality score recalibration (BQSR) using
GATK4 (v4.0.4.0).1718 putative somatic mutations were identified using the GATK4-MuTect2 °
following GATK’s best practice protocol.*® For the 19 tumors with matched normal tissues,
variants were called using paired tumor-normal mode. For the 2 tumors without matched normal
tissue available, we first generated a Panel of Normal (PON) using the normal samples of the
other 19 tumors as recommended by GATK protocols, and then called somatic variants with this
PON variant file as the control. The raw variant calls were post-processed by multiple filtering
steps implemented in GATKA4, followed by stringent downstream custom filters. The resulting
high-quality variants were further filtered to remove potential germline variants identified as
those at allele frequency (AF) > 0.0001 in gnomMAD database (Genome Aggregation
Database).?°

Variants that passed all filters were carried on for annotation using ANNOVAR (April
2018 release).?! Somatic mutation burden was calculated by the total number of somatic
mutations that were predicted to cause a protein sequence change, including non-synonymous,
stopgain, and stoploss SNVs (single-nucleotide variants), frameshift and non-frameshift indels,
and variants that modify splicing sites. Putative neoantigens derived from protein-changing
somatic mutations in each lymphoma specimen were predicted using netMHCpan (v4.0),%? and
filtered by gene expression from RNAseq data. Patients” MHC class | haplotypes were predicted
from WES of germline DNA using Optitype (v1.3.1).2 9-mer mutant peptides were predicted

using a sliding window approach centered at the mutated site of the protein sequence, and those
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with a predicted binding affinity to HLA-A molecule <500 nM were selected as putative

neoantigens.

External validation dataset

Preprocessed log2 ratios of hybridization probe intensities from Affymetrix SNP 6.0
arrays,>* non-silent somatic mutations from whole exome sequencing in mutation annotation
format (MAF),% gene expression FPKM (Fragments Per Kilobase of transcript per Million
mapped reads)?® values from RNAseq, and clinical data were downloaded for patients with
DLBCL in a previously published study?’ as an external validation cohort from the National
Cancer Institute’s Genomic Data Commons data portal.?® A total of 476 cases were included in

the analysis.

Identification of PD-L1 amplified cases in external dataset

The log2 ratios of hybridization probe intensities in the 476 DLBCL cases?’ were
segmented using a circular binary segmentation (CBS) algorithm in DNAcopy (v1.56.0).%°
Discrete chromosomal regions with significant copy number variations (amplifications or
deletions) were identified at a 99% confidence level in each sample using the Genomic
Identification of Significant Targets in Cancer algorithm (GISTIC) (v2.0).* Patients with a
GISTIC score of 2 at the PD-L1 locus, corresponding to a log2 copy ratio > 0.9 above baseline
were classified as “amplified” (n = 21, 4.5%). Patients with a GISTIC score of 1 at the PD-L1
locus, corresponding to a log2 copy ratio > 0.1 above the baseline, were classified as “copy gain”
(n = 46, 9.6%). Those with a GISTIC score of 0 or lower, corresponding to a log2 copy ratio <

0.1 above baseline, were classified as “non-amplified” (n = 409, 85.9%). The amplified group
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(referred to hereafter as “PD-L1 amplified”) and non-amplified group were included in further

analyses.

Clinical characterization and survival analysis

Clinical characteristics were extracted for the 476 DLBCL cases from Supplementary
Data Appendix 2 of the published study,?” matched to PD-L1 amplification group assignments,
and compared between PD-L1 amplified and non-amplified cases by Fisher’s exact test or
Student’s t-test (R v3.5.1).3! Differences in the probability of overall survival (OS) and
progression-free survival (PFS) between PD-L1 amplified and non-amplified cases was tested by
log-rank test using the R package survival (v2.43).32 One and two year OS and PFS landmark

analyses were performed using the R package landest (v1.0).%

Somatic mutation analysis

A total of 48745 non-silent somatic mutations identified in the 476 DLBCL cases were
re-annotated using Oncotator (v1.9).34 24980 driver mutations that occurred at a significantly
higher rate than expected background mutational rates (defined as g-score < 0.1) were identified
using MutSig2CV (v3.11).% The frequency of driver mutations in each sample was compared
between PD-L1 amplified and non-amplified cases by Fisher’s exact test (R v3.5.1). Benjamini
and Hochberg (BH) FDR method was used for multiple testing correction of P-values.**3’ Total
tumor mutational burden (TMB) was assessed by the total number of non-silent protein-coding
somatic mutations and compared between PD-L1 amplified and non-amplified cases by non-

parametric Wilcoxon rank-sum test (R v3.5.1).
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RNAseq gene expression analysis

Preprocessed normalized and log2-transformed FPKM values derived from RNA
sequencing experiments for the 476 DLBCL cases?’ were used for the identification of
differentially expressed genes (DEGs) and pathways between PD-L1 amplified and non-
amplified cases. Raw RNAseq FastQ files were not yet released at the time of this study. Out of
25066 genes total, 17981 genes with log2-FPKM > 5 in at least 10 samples were kept for further
analysis. Significant DEGs were identified using limma (v3.38.3),® filtered by FDR-corrected P
< 0.05, and expression fold change > 1.5 or < -1.5. Gene ontology (GO)® terms and Kyoto
Encyclopedia of Genes and Genomes (KEGG)’ pathways significantly enriched in genes of
interest were identified using clusterProfiler (v3.10.1)® at FDR-corrected P < 0.20. Using the
significant DEGs as downstream target molecules in Ingenuity Pathway Analysis (IPA, ©
Qiagen, accessed Feb 6, 2019) causal network analysis,® the upstream regulators were identified
in accordance with previous studies.®”® Gene set enrichment analysis (GSEA) was performed
using the javaGSEA desktop software to compare biologically relevant gene signatures between
PD-L1 amplified and non-amplified cases. In brief, log2-transformed gene expression data were
ranked higher to lower according to the default Signal2Noise ranking metric, and GSEA was
performed using Hallmark, Biocarta, and C2 curated gene sets from the Molecular Signatures
Database (MSigDB v6.2).1%!! The statistical significance of the enrichment score was accessed

using default software settings with 1000 permutations. %2

RESULTS: ANALYSIS OF EXTERNAL DATASET

Identification and characterization of PD-L1 amplified cases
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Using the gene-centric and broad peak results from GISTIC analysis, 21 samples (4.5%)
were identified as PD-L1 amplified (see Supplemental Methods). JAK2, which also resides on
the 9p24.1 cytoband, was co-amplified in 19 (90.4%) of 21 amplified samples. PD-L1 amplified
cases were associated with significantly increased PD-L1 expression (P = 2.3e-21, limma DEG
analysis) (supplemental Figure 8), consistent with prior reports 34, For the current analysis, we
focused exclusively on the extreme phenotypes (21 PD-L1 amplified cases versus 409 PD-L1
non-amplified cases). PD-L1 amplified cases were significantly associated with the activated B-
cell (ABC) gene expression subtype, higher international prognostic index score, and higher
LDH levels (supplemental Table 3). No strong association with PD-L1 amplification was
detected for age, sex, or genetic subgroup (as defined in Schmitz et al?”). Overall survival (OS)
was significantly inferior at one year in the PD-L1 amplified group compared to the PD-L1 non-
amplified group (55.7% vs 83.7%, P = 0.04, log-rank test). No significant differences were
detected in one-year progression-free survival (PFS) or two-year OS and PFS between the two

groups.

PD-L1 amplifications and somatic mutations

No significant differences were detected in driver mutation frequency between PD-L1
amplified and non-amplified cases after correction for multiple testing. No significant differences
were detected in total tumor mutational burden (TMB) between the PD-L1 amplified and non-

amplified groups (supplemental Figure 10, P = 0.34, Wilcoxon rank-sum test).

PD-L1 amplifications and gene expression patterns
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The PD-L1 amplified group demonstrated significantly higher gene expression of PD-L1,
CDB8A, and CD4 relative to the non-amplified group (supplemental Figure 8). 488 significantly
differentially expressed genes (DEGs) were identified comparing the two groups at FDR-
corrected p-value < 0.05, and fold change > 1.5 or < -1.5 (supplemental Figure 9A). Gene
ontology analysis of the PD-L1 amplified group’s differentially expressed genes found the
highest overlap in neutrophil-related pathways, followed by phagocytosis and T-cell activation
(supplemental Figure 9B). IPA upstream regulator causal network analysis identified significant
activation in the transcriptional programs of NF-xB (Z-score 2.93, P = 6.37e-6), TNF (Z-score
4.16, P = 3.06e-13) and IFNG (Z-score = 5.42, P = 4.35e-30) in the PD-L1 amplified group
(supplemental Figure 9C). GSEA found significant activation in the Hallmark TNF signaling via
NF-xB pathway, as was seen in our primary tumor analysis (Figure 3E; supplemental Figure
9D).

To investigate the influence of activated B-cell (ABC) enrichment in the PD-L1
amplified subgroup, we repeated the same analysis comparing PD-L1 amplified (n = 21) to
ABC-only non-amplified cases (n = 219). 1705 significant DEGs were identified using the same
thresholds described above. IPA upstream regulator causal network analysis identified similar
results as that of all non-amplified samples. For example, activation in NF-xB complex (Z-score
= 5.267, P = 3.2e-10), TNF (Z-score = 6.325, P = 5.15e-32) and IFNG (Z-score = 6.752, P =
2.54e-41) pathways was observed within the PD-L1 amplified group relative to ABC-only non-
amplified cases. GSEA analysis also found significant activation in the Hallmark TNF signaling
via NF-xB pathway within PD-L1 amplified samples (P = 0.019). Collectively these results
suggest that the differential gene expression seen between PD-L1 amplified and non-amplified

cases are independent of gene expression subgroup enrichment.



SUPPLEMENTAL TABLES

Supplemental Table 1. Treatment status of samples used for study experiments.

SubjectID PD-il Swatus Disease Status WES RNASeq TCR Seq CD/CDBIHC  HLAIf I IHC PD-11 IHC
1 Polysomic  Treatment Naive NotPerformed Not Performed Not Performed  Completed Completed Completed
Polysomic Relapsed Not Performed Mot Performed  Not Performed  Completed Completed Completed

3 Copy Gain  Treatment Naive  Completed  NotPerformed Not Performed NotPerfoormed  Not Peformed  Gompleted
4 Copy Gain | Treatment Nafve Not Pedformed NotPerformed Not Performed  Completed Completed Completed
5 Copy Gain  Treatment Nalve Not Performed NotPerformed  Not Performed  Completed  NotPefomned  Gompleted
6 Copy Gain  Treatment Natve Not Pedformed NotPerformed Not Performed Not Perfoormed  Not Peformed  Gompleted
7 Copy Gain  Treatment Naive NotPerformed NotPerformed Not Performed Not Performed Not Peformed  Completed
B Copy Gain  Treatment Naive  Com pleted Completed  NotPerformed  Completed  NotPeformed  Completed
9 Copy Gain | Treatment Nafve NotPedformed  Completed  NotPerformed  Completed Completed Completed
10 Copy Gain  Treatment Nalve  Completed Completed Completed Completed Completed Completed
n Copy Gain Relapsed Not Peformed  NotPerformed Mot Perfformed  Completed Completed Completed
12 Copy Gain  Treatment Naive NotPerformed NotPerformed Not Perfformed  Completed Completed Completed
13 Copy Gain  Treatment Nalve NotPerfoomed  Completed  NotPerformed  Completed Completed Completed

&

Copy Gain  Treatment Naive NotPerformed NotPerformed Not Perfformed NotPerformed  Not Peformed  Not Performed

15 Copy Gain  Treatment Naive  Com pleted Completed Completed Completed Completed  Not Performed
16 Copy Gain  Treatment Naive NotPefformed NotPerformed Not Perfformed  Completed Completed Completed
17 Copy Gain Relapsed Not Performed  Not Performed | Not Performed  Not Performed . Completed Completed
18 Copy Gain  Treaiment Nafve  Com pleted Completed  Not Performed  NotPerfoormed Mot Peformed  Gompleted
19 Copy Gain Relapsed Not Perfformed = Not Performed  Completed Completed Completed Completed
20 Amphified  Treatment Naive  Completed Completed Completed Completed  Not Peformed  Gompleted
21 Amphfied TreatmentNaive  Completed  NotPerformed  Completed Completed Completed Completed
22 Amplified Treatment Naive  Completed Completed Completed Completed Completed Completed
23 Amphified Relapsed Completed Completed Completed Completed Completed Completed
24 Amplified Treatment Naive  Completed Completed Completed Completed Completed Completed
25 Amplified Treatment Naive  Completed Completed Completed Completed Completed Completed
26 Amphified TreatmentNaive  Completed NotPerformed Not Performed  Completed Completed Completed
27 Trandocated Treatment Naive NotPerformed NotPerformed Not Performed NotPerformed  Not Peformed  Gompleted
28 Trandocated Treatment Naive NotPerfformed  Gompleted Completed Completed Completed Completed
29 Disomic Treatment Naive NotPerformed Not Performed  Not Performed  Completed Completed Completed
30 Disomic  Treatment Naive NotPerformed NotPerformed Not Performed NotPerformed Not Peformed  Gompleted
3 Disomic Relapsed Not Perfformed Not Performed  Not Performed  Completed Completed Completed
32 Disomic Relapsed Not Performed Mot Performed  Not Performed  Completed Completed Completed
33 Disomic Treatment Nafve  Completed Completed  Not Performed NotPerfoormed Not Peformed  Completed
34 Disomic Relapsed Not Performed  NotPerformed  Not Performed  Completed Completed Completed
35 Disomic Treatment Naive NotPerformed Not Performed  Not Performed  Completed Completed Completed
36 Disomic Treatment Naive NotPerfformed  Completed  NotPerformed  Completed Completed Completed
37 Disomic Treatment Naive Not Pefformed NotPerformed Not Perfformed Completed Completed Completed
38 Disomic  Treaiment Nafve  Com pleted Completed Completed Completed Completed Completed
39 Disomic Treatment Naive NotPerformed Not Performed Not Perfformed  Completed Completed Completed
40 Disomic Relapsed Completed Completed Completed Completed Completed Completed
11 Disomic Treatment Naive NotPerformed Not Performed Not Perfformed  Completed Completed Completed
12 Disomic Treatment Naive  Completed Completed Completed Completed Completed Completed
3 Disomic Relapsed Not Perfformed Not Performed  Not Performed  Completed Completed Completed
44 Disomic  Treatment Nalve NotPerformed  Completed Completed Completed Completed Completed
15 Disomic Treatment Natve  Not Perfformed  Not Performed  Not Performed  Not Performed | Not Peformed — Not Performed
416 Disomic Treatment Natve  Not Perfformed  Not Performed  Not Performed  Not Performed | Not Peformed  Not Performed
47 Disomic  Treatment Nalve  Completed Completed Completed  NotPerformed NotPeformed  Completed
48 Disomic Relapsed Not Perfformed = Not Performed  Not Performed  Not Performed  Completed Completed
49 Disomic Treatment Naive  Completed Completed Completed Completed Completed Completed
50 Disomic  Treatment Naive NotPerformed NotPerformed Not Performed NotPerformed Not Peformed | Not Performed
B Disomic Treatment Naive NotPerformed Not Performed Not Performed  Completed Completed Completed
52 Disomic Treatment Naive NotPerformed Not Performed  Not Performed  Completed Completed Completed
53 Disomic Relapsed Not Performed  Not Performed | Not Performed  Completed Completed GCompleted
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Not Performed  NotPerformed Mot Peformed = Completed

Completed Completed Completed Completed
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Not Performed  Not Performed = Not Perfformed  Completed
Not Performed | NotPerfformed  Completed Completed
Not Performed Mot Performed Not Pefformed Completed
Not Performed | NotPerformed  Completed Completed
Not Performed | NotPerfformed  Completed Completed
Not Performed  Not Perfformed = Not Performed = Not Peformed
Not Performed | NotPerfformed  Completed Completed
Not Performed | NotPerformed  Completed Completed
Not Performed | NotPerfformed  Completed Completed
Not Performed  Not Perfformed  Not Performed  Not Peformed
Completed Completed Completed Completed
Not Performed | NotPerfformed  Completed Completed
Not Performed  NotPerformed  Completed Completed
Not Performed | NotPerformed  Completed Completed
Not Performed | NotPerfformed  Completed Completed
Not Performed Mot Performed  Not Perfformed .  Completed
Not Performed | NotPerfformed  Completed Completed
Not Performed | NotPerfformed  Completed Completed
Not Performed  Not Perfformed = Not Performed = Not Peformed
Not Performed | Not Performed  Not Performed  Not Peformed
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Not Performed Mot Performed  Not Perfformed .  Completed
Not Performed | Not Performed  Not Performed  Not Peformed
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PD-L1 IHC
Completed
Completed
Completed

Not Performed
Completed
Completed
Completed
Completed
Completed
Completed
Completed
Completed
Completed
Completed
Completed
Completed
Completed
Completed

Not Performed
Completed
Completed
Completed
Completed
Completed
Completed
Completed
Completed
Completed
Completed

Not Performed

Not Performed

Not Performed
Completed

Not Performed
Completed
Completed
Completed
Completed
Completed
Completed
Completed
Completed
Completed
Completed
Completed

Not Performed
Completed
Completed
Completed
Completed
Completed
Completed



Supplemental Table 2. Differentially expressed genes between PD-L1 altered and PD-L1

not altered DLBCLs.

Gene

cD274
NUP&8
SULT1C2
ACADM
KNTC1
Al1327380.3
B4GALNT1
GPD1L
RAB13
KCNE3
RSBNI1L
EAF2
ACO1
SLC9A7
PDCD1LG2
NPFFR1
GAB1
MAFG
STAP1
MYO1G
HK3
PELI1
RASGRP1
SLC2A6
TNFAIP2
LRP12
PLD1
METTL16
FAS

FUT4
ACVR1B
MICALL2
HIVEP2
ZNF360
TNIP2
FCRL2
KLHL14
FYGO1
G0S2
CSF3R
RUBCNL
TMEM189
ZNRF1
PLEKHO2
PTAFR
TFEC
SPSE1
SNX33
NGLY1

EnsemblGenelD

ENSG00000120217
ENSG00000108559
ENSG00000198203
ENSG00000117054
ENSG00000134445
ENSG00000259132
ENSG00000135454
ENSG00000152642
ENSG00000143545
ENSG00000175538
ENSG00000137257
ENSG00000145088
ENSG00000122729
ENSG00000065923
ENSG00000197646
ENSG00000148734
ENSG00000109458
ENSG00000197063
ENSG00000035720
ENSG00000136286
ENSG00000160883
ENSG00000197329
ENSG00000172575
ENSG00000160326
ENSG00000135215
ENSG00000147650
ENSG00000075651
ENSG00000127804
ENSG00000026103
ENSG00000196371
ENSG00000135503
ENSG00000164877
ENSG00000010818
ENSG00000197385
ENSG00000168384
ENSG00000132704
ENSG00000197705
ENSG00000171016
ENSG0000012368%
ENSG00000119535
ENSG00000102445
ENSG0000024034%
ENSG00000186187
ENSG0000024133%
ENSG00000169403
ENSG00000105967
ENSG00000171621
ENSG00000173548
ENSG00000151092

AveExpr

6.196242096
5.800975158
4.972159193
6.154588374
7.885726221
-0.999323589
1.271986554
5.082129702
4.615473655
4.008157593
6.748677893
4.498766756
5.61232566
7.173800127
4.560056314
4.4661185
5.91078463
5.241187539
4.017496811
6.944730834
4.359156951
6.49123533
7.240649249
5.029002459
7.681332892
4.148595801
5.634969991
5.96533389
6.185125007
5.008903861
4.536680487
4.740938302
7.367013588
4.245318884
4.774366543
6.185756083
4.633618713
4.596554393
2.037118144
5.215834223
6.535755309
5.412827006
4.874819656
6.3433349238
5.878947799
7.461914119
3.72080779
4.884239851
6.941479726

P.Value

1.11E-06
1.38E-06
1.73E-06
2.29E-06
2.91E-06
4.29E-06
7.16E-06
7.45E06
8.52E06
9.20E-06
9.89E-06
1.05E-05
1.24E-05
1.42E-05
1.43E-05
1.80E-05
2.08E-05
2.10E-05
2.38E-05
2A47E05
2.86E-05
3.05E05
3.08E05
3.14E05
3.97E05
4.00E-05
4.17E05
4.60E-05
4.69E-05
4.85E05
5.09E05
5.38E05
5.40E05
5.68E-05
5.74E05
5.84E05
6.09E-05
6.23E-05
6.31E05
7.04E05
7.75E05
7.88E05
8.17E05
8.26E-05
8.41E05
8.80E-05
9.21E05
9.69E-05
9.71E05

0.008362921
0.008362921
0.008362921
0.008362921
0.008498304
0.010425213
0.012726308
0.0127263038
0.012726308
0.0127263038
0.0127263038
0.012726308
0.013887372
0.013887372
0.013887372
0.016442539
0.016984647
0.016984647
0.017701909
0.017701909
0.018322721
0.018322721
0.018322721
0.018322721
0.021592901
0.021592901
0.021700504
0.022780928
0.0227809238
0.022797819
0.022995759
0.022995759
0.022995759
0.022995759
0.022995759
0.022995759
0.022995759
0.022995759
0.022995759
0.025037845
0.026656514
0.026656514
0.026656514
0.026656514
0.026656514
0.027291506
0.027759957
0.027759957
0.027759957

PDL1alt.vs.PDL1notalt PDL1alt.vs.PDL1notalt
adj.P.Val

.FoldChange

8.586016957
-1.866418188
5.279733901
-2.087329416
-1.956945716
12.49949752
4.18626551
-2.00978417
2.575491214
2.043818103
-1.648332486
-2.971023001
2.160340948
-2.382487276
2.407715601
2.74837051
-3.358209712
1.644195333
-4.858961987
2.164171724
4.557029933
-2.198967414
2.455894165
2.495885487
2.633505325
2.1456104
1.984540682
-1.58093691
2.149395287
1.759305019
2.093828179
2.714255487
-1.698726434
-5.478437077
1.740585595
-9.130131036
-7.916045513
-6.851451786
7.788386991
2.186832942
-4.234934584
1.54014945
2.526080519
1.816321757
2.110705846
2.633147711
2.187710875
2.068020348
-1.719400303



Gene

SLC38A1
EPMZA
SH2D3C
50CS3
ARHGAP24
JUNB
VPS37C
FLNA
PLXNB2
TNFRSF17
ADGRE2
ENO2
RPAL
COL27Al1
OSBPL10O
FAMG9A
XKR6
PRMT7
SOCs1
SRC
DOCKS
NUBPL
RTKN2
FCRL1
PPP1R18
SUsSDe
BCAS4
TP53
CDCA7L
PPT2
ARHGAP17
PRS516
CYP27B1
PRIM1
CYP26B1
TMEM131L
DOCK4
ETVS
FCRLA
TXLNB
Cllorf80
BRI3BP
TOP2B
IKZF2
LANCL1
ADAMTS14
ZBEDGCL
ILLORB
FCRLS
AGAP3

EnsemblGenelD

ENSG0O0000111371
ENSG0Q0000112425
ENSG0O0000095370
ENSGQ0000184557
ENSG0O0000138639
ENSG0O0000171223
ENSGO0000167987
ENSG0Q0000196924
ENSGO0000196576
ENSGQ0000048462
ENSG0O0000127507
ENSGQ0000111674
ENSG00000132383
ENSG0O0000196739
ENSG0Q0000144645
ENSG00000154511
ENSG0O0000171044
ENSGQ0000132600
ENSG0O0000185338
ENSGQ0000197122
ENSG0Q0000147459
ENSG00000151413
ENSG0Q0000182010
ENSG0O0000163534
ENSG00000146112
ENSGQ0000100647
ENSG00000124243
ENSG00000141510
ENSGQ0000164649
ENSG0O0000221988
ENSGQ0000140750
ENSG00000112812
ENSG00000111012
ENSG0O0000198056
ENSGQ0000003137
ENSG0O0000121210
ENSG0Q0000128512
ENSG00000244405
ENSGQ0000132185
ENSG00000164440
ENSGQ0000173715
ENSG0Q0000184992
ENSGO0000077097
ENSG0O0000030419
ENSGQ0000115365
ENSG0O0000138316
ENSGQ0000188707
ENSG0O0000243646
ENSG0O0000143297
ENSGQ0000133612

AvebExpr

9.131075031
5.152487031
4.998470966
6.231280671
6.172995338
6.021125315
4.174442586
9.737022925
7.220616093
1.753473097
5.650705462
4.806878074
6.379019492
5.15659974
6.497908278
4.249996383
4.37399075
5.388294546
3.3410772
4.987911061
5.562024594
5.164052652
5.242596782
5.282784114
6.970800565
7.143771107
6.388014513
5.993229226
6.427103281
2.630075721
7.384752049
1.087706152
3.310196621
4.243824722
3.262766712
7.796621967
6.157145916
4.808663603
5.866675911
4.068260317
4.308121357
7.416630126
8.129077965
5.992219303
6.172995078
3.717792066
4.67799075
5.580469324
8.396006944
4.985912618

P Value

0.000100958
0.0001042
0.000104948
0.000109865
0.000111744
0.000113044
0.000113754
0.000128265
0.000132829
0.000133091
0.000135179
0.000136417
0.000137089
0.000140177
0.000141013
0.000141041
0.000145767
0.000147326
0.000148096
0.000153092
0.000153245
0.00015417
0.000164198
0.000166497
0.000166749
0.000172536
0.000173291
0.0001784
0.000184388
0.000184627
0.000186732
0.000191001
0.00019654
0.000201986
0.000202959
0.000204802
0.000205357
0.000205387
0.000208209
0.000209436
0.000210342
0.000216415
0.000216932
0.000217483
0.000218312
0.000229865
0.000242603
0.000245067
0.000255106
0.000256937

0.028114701
0.028114701
0.028114701
0.028114701
0.028114701
0.028114701
0.028114701
0.029806731
0.029806731
0.029806731
0.029806731
0.029806731
0.029806731
0.029806731
0.029806731
0.029806731
0.029974673
0.029974673
0.029974673
0.029974673
0.029974673
0.029974673
0.031173576
0.031173576
0.031173576
0.031586636
0.031536636
0.031834295
0.031834295
0.031834295
0.031834295
0.031834295
0.031834295
0.031834295
0.031834295
0.031834295
0.031834295
0.031834295
0.031834295
0.031834295
0.031834295
0.031834295
0.031834295
0.031834295
0.031834295
0.032646526
0.034015753
0.034033999
0.035015437
0.035015437

PDL1alt.vs. PDL1notalt PDL1alt.vs.PDL1notalt
.adj.P.val

_FoldChange

-1.576380381
-1.875921891
-2.299483239
2.405864185
-2.671569531
2.146588603
1.627283527
1.923538048
1.932766779
-6.947313337
2.22931729
2.277313811
-1.80211008
2.4563606
-3.656707044
-2.004323052
-2.245951504
-1.530039552
2.3549395
1.988101833
1.698873732
-1.710604005
-2.53101977
-6.049482095
1.55909261
1.640509131
-2.416664687
-1.688782145
-2.628307838
1.873377902
-2.061197976
-4.441661047
5.364356642
-1.796701831
3.290794546
-1.871993524
2.089392624
1.7538627389
-6.292200327
-2.665568102
-1.924818959
-1.987470366
-1.680722385
-2.616092524
-1.537974209
3.081413347
2.01357447
1.507490901
6.177235933
1.879760005



Gene

INSIG2
RFXAP
PFKFB3
SPRY4
FAM214B
FLVCR2
LRRC61
HLA-DOB
GK
HACD1
BLK
ALDH2
TYMP
SMAD4
TPRG1
RFX2
POUZF1
LRMP
5T18
SPRED1
MIPEP
SDCa4
SLC16A3
KLHL15
BCL2
KIAADDAD
CARMIL3
FNDC3B
GUCY1B3
ABCC3
CSF2RA
IL10
OX5M
RRAS2
IL17RC
NECTIN2
ARRB1
ZNF519

EnsemblGenelD

ENSGO0000125629
ENSG0O0000133111
ENSGO0000170525
ENSGOD000187678
ENSGO0000005238
ENSGO0000119686
ENSG0O0000127399
ENSG00000241106
ENSGO0000198814
ENSGO0000165996
ENSGOO000136573
ENSG0O0000111275
ENSGOO000025708
ENSGO0000141646
ENSGOO000188001
ENSGOO000087903
ENSG0O0000143190
ENSGOO000118308
ENSGO0000147488
ENSGO0000166068
ENSGO0000027001
EN5SG00000124145
ENSGO0000141526
ENSG0O0000174010
ENSGO0000171791
ENSGO0000235750
ENSGO0000186648
ENSGOO000075420
ENSGO0000061918
ENSGO0000108846
ENSGO0000198223
ENSG0O0000136634
ENSG00000151093
ENSG0O0000133818
ENSGO0000163702
ENSGO0000130202
ENSG0O0000137486
ENSG0O0000175322

AveExpr

5.396106032
4.200812851
7.246433617
3.848356053
3.801462399
4.519951815

3.42687456
4.085408879
6.326270947
2.642782314
6.098317942
6.429450044
6.739764267
7.362415523
2.895823504
3.998613606
7.454622669
7.912642236
2.807463511
6.976181004
3.591098672
4.720865197

5.47175444
4.970660361

8.17861779

6.70990791
3.110480163
7.094888833

3.95662356
4.890281953
4.816916285
3.935129099

2.64637408
5.322479614
1.935315877
4.420067723
5.080038922
6.354557918

P.Value

0.000263269
0.000279874
0.000295003
0.0003079638
0.000313291
0.000318446
0.000318567
0.000318959
0.000319449
0.000345766
0.000349809
0.000350628
0.000352467
0.000356505
0.000359799
0.000368714
0.000369647
0.000371083
0.000371629
0.000372209
0.000374315
0.000404107
0.000406094
0.000410799
0.000413131
0.000414363

0.00041604
0.000437544
0.000438335
0.000440592
0.000452477
0.000466143
0.000469712
0.000478732
0.000478994
0.000489527
0.000498103
0.000506336

0.035220033
0.037101116
0.038754329
0.039813781
0.039813781
0.039813781
0.039813781
0.039813781
0.039813781
0.042312119
0.042312119
0.042312119
0.042312119
0.042312119
0.042312119
0.042312119
0.042312119
0.042312119
0.042312119
0.042312119
0.042312119

0.04493853

0.04493853

0.04493853

0.04493853

0.04493853

0.04493853

0.04655589

0.04655589

0.04655589
0.047128672
0.047868242
0.047897469
0.048170324
0.048170324
0.048892364
0.049410458
0.0498878038

PDL1alt.vs.PDL1notalt PDL1alt.vs.PDL1notalt
adj.P.Val

.FoldChange

1.603433695
-1.526179823
2.267788839
2.262169566
1.721327377
2.230507277
2.189354714
-2.541888391
2.08119694
3.26392262
-3.205553174
2.574744984
2.185000975
-1.601441225
2.253827062
1.813821617
-1.749402604
-2.686530635
1.888400691
1.590174152
-1.502666564
2.6187
2.243502763
-1.841870925
-3.248239818
-2.279944
4.160769055
1.719607513
1.644890984
1.950585516
1.612458259
3.356417968
-1.61699319
-2.455940526
2.005844947
2.013836424
1.846157832
-1.691761599



Supplemental Table 3. Baseline characteristics of PD-L1 amplified DLBCLs in an external

dataset.

PD-L1 amplified

PD-L1  non-amplified p.

(n=21) (n=409) value
Mean age (SD) 58.8 (16.2) 61.2 (14.6) NS
Female sex 7 (33%) 167 (41%) NS
Cell of origin
ABC 13 (62%) 202 (49%)
0.03
GCB 1 (5%) 119 (29%)
IPI score
High 2 (10%) 63 (15%)
Intermediate 14 (67%) 152 (37%) 0.03
Low 1 (5%) 89 (22%)
Stage
Stage 1 0 47 (11%)
Stage 2 7 (33%) 100 (24%)
NS
Stage 3 3 (14%) 102 (25%)
Stage 4 8 (38%) 112 (27%)
LDH elevated 13 (62%) 163 (40%) 0.02
Genetic subtype
BN2 4 (19%) 74 (18%)
NS
EZB 1 (5%) 49 (12%)




MCD 0 48 (12%)

N1 2 (10%) 13 (3%)
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Supplemental Figure 1. Residual PD-L1 disomic lymphoma cells in DLBCL specimens
according to PD-L1 locus status. Percentage of residual PD-L1 disomic lymphoma cells in

DLBCLs with the indicated mechanism of PD-L1 gene alteration as assessed by FISH is shown

(***P <0.001, Mann-Whitney U test).



CcD8 . HLI 7 HLA II PD-L1

Supplemental Figure 2. Representative IHC images for PD-L1, CD8, and HLA class | and
Il in PD-L1 gene-altered and PD-L1 not altered cases. IHC images depicting CD8" T cell
infiltration and expression of HLA I/l and PD-L1 in representative DLBCLs with PD-L1
disomy, copy gain or amplification. The PD-L1 disomic DLBCL specimen (top row) was largely
devoid of CD8" T cells, exhibited normal HLA class | and Il staining, and was PD-L1 negative.
The DLBCL case harboring a relative PD-L1 copy gain (middle row) contained numerous CD8"*
T cells, was negative for class | and Il HLA staining (note positive HLA class | staining of
infiltrating non-malignant immune cells), and displayed moderately-intense PD-L1 expression.
Finally, the PD-L1 gene-amplified DLBCL specimen (bottom row) was robustly infiltrated by
CD8" T cells, had reduced HLA class | expression compared to surrounding non-malignant cells,

was negative for HLA class Il, and exhibited very intense and diffuse PD-L1 expression.
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Supplemental Figure 3. CD4* T cell infiltration in PD-L1 altered versus not altered
DLBCLs. Numbers of CD4" T cells/hpf in PD-L1 altered and PD-L1 not altered DLBCLs as

assessed by IHC (P = 0.30, Mann-Whitney U test).
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Supplemental Figure 4. Combined HLA class I and 11 cell surface expression according to
PD-L1 locus status. Percentage of DLBCLs with normal, reduced, or absent HLA class | and/or
Il expression as assessed by IHC according to PD-L1 locus status (*P = 0.028, Fisher’s exact

test).
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Supplemental Figure 5. PD-L1 mRNA expression according to PD-L1 locus status. Relative
PD-L1 mRNA expression compared to a housekeeping gene (ACTB) was assessed by
quantitative PCR in PD-L1 gene-altered and not altered DLBCLs (n=47). Experiments were

performed in triplicate with the average being depicted (***P = 0.004, Mann-Whitney U test).
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Supplemental Figure 6. Predicted HLA-A neo-antigen burden in PD-L1 gene-altered

versus not altered DLBCL (P = 0. 853, Mann-Whitney U test).
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Supplemental Figure 7. One-year OS is significantly worse in the PD-L1 amplified group,
with non-significant observed differences in PFS in a validation dataset. Overall survival and
progression free survival were not significantly different between the PD-L1 amplified and non-
amplified groups over the entire course of follow-up (OS P = 0.2, PFS, P = 0.3 with log-rank
test). P-value from landmark survival analysis at one year using the Kaplan-Meier estimator is

shown for OS (P = 0.04, log-rank test) and PFS (P = 0.07, log-rank test).
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Supplemental Figure 8. PD-L1 gene amplifications are associated with increased expression
of PD-L1, CD8A and CD4 in a validation dataset. Gene expression of PD-L1, CD8A, and
CD4 was compared between PD-L1 amplified (n = 21) and non-amplified groups (n = 409).
Violin plots of (A) PD-L1, (B) CD8A, (C) CD4 gene expression in PD-L1 amplified versus non-
amplified DLBCLs. The mean is marked with a horizontal bar, and width of the violin plot
corresponds to the number of samples with that y-value. Significance testing was performed in
the entire gene expression cohort with limma and Ebayes as described above, reported here for

the individual genes.
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amplified relative to PD-L1 non-amplified DLBCLSs in a validation dataset. (A) Volcano plot

summarizing 488 differentially expressed genes (DEG) in DLBCLs with vs without PD-L1 gene

amplifications (FDR-adjusted P < 0.05, fold change >1.5 or < -1.5) in 430 previously-published

RNAseq profiles.?” (B) GO analysis performed on the 488 DEGs. GO terms significantly

enriched in DLBCLs with PD-L1 gene amplifications are denoted by red dots. (C) Ingenuity

Pathway Analysis revealing predicted upstream regulators of gene expression activated (positive

z-score) or inhibited (negative z-score) in DLBCLs with PD-L1 amplifications relative to those

without. Vertical line indicates the position of P = 0.05 on the x-axis. (D) GSEA demonstrating

enrichment of NF-kB-regulated genes in PD-L1 amplified compared to PD-L1 non-amplified

DLBCLs.
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Supplemental Figure 10. Tumor mutational burden in PD-L1 gene-amplified and non-
amplified DLBCLs in a validation dataset. Total tumor mutational burden (TMB), defined as
non-silent protein-changing somatic mutations per sample, was compared between PD-L1
amplified (n = 21) and non-amplified samples (n = 409) (P = 0.34, Wilcoxon rank sum test). The

mean is marked with a horizontal bar, and the width of the violin plot corresponds to the number

of samples with a given y-value.
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Supplemental Figure 11. Coronal PET images before and after pembrolizumab therapy for patient

included in Figure 5C.
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