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Abstract

To improve our understanding of longstanding disparities in incidence and mortality in lung cancer
across ancestry, we per-formed a systematic comparative analysis of molecular features in tumors
from African Americans (AAs) and European Americans (EAs). We find that lung squamous

cell carcinoma tumors from AAs exhibit higher genomic instability—the pro-portion of non-
diploid genome—aggressive molecular features such as chromothripsis and higher homologous
recombination deficiency (HRD). In The Cancer Genome Atlas, we demonstrate that high
genomic instability, HRD and chromothripsis among tumors from AAs is found across many
cancer types. The prevalence of germline HRD (that is, the total number of pathogenic variants

in homologous recombination genes) is higher in tumors from AAs, suggesting that the somatic
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differences observed have genetic ancestry origins. We also identify AA-specific copy-number-
based arm-, focal- and gene-level recurrent features in lung cancer, including higher frequencies
of PTEN deletion and KRAS amplification. These results highlight the importance of including
under-represented populations in genomics research.

In the United States, African Americans (AAs) have the highest cancer incidence and lowest
survival across multiple cancer types!. The reasons for these persistent trends are not clear.
Our current understanding of the molecular mechanisms of tumorigenesis is primarily from
analyses of tumors derived from European ancestry patients, including The Cancer Genome
Atlas (TCGA) where only 8.5% of samples are from AAs. This raises a question about
whether there are differences in tumor evolution and molecular features by genetic ancestry.
Recently, Yuan et al.2 compared somatic copy-number alteration (SCNA)-based genomic
instability (GI) across genetic ancestry in TCGA and found that invasive breast carcinoma
(BRCA), head and neck squamous cell carcinoma (HNSC) and uterine corpus endometrial
carcinoma tumors from AAs had significantly increased Gl compared with tumors from
European Americans (EAs). Furthermore, recent work showed that the African pan-genome
contains numerous large insertions—whose total length comprises ~10% of the genome—
that are not present in the current human reference genome (GRCh38)3, which was primarily
derived from a small number of individuals, primarily of European descent?. Together, these
data highlight the need for studies specifically investigating the molecular landscape of
cancer in minority and under-represented populations.

Lung cancer—the second most common cancer in the United States and the leading cause of
cancer-related death®—has persistent disparities in both incidence and mortality. AAs have
the highest lung cancer incidence and mortality rates compared with other racial or ethnic
groups!-®. These disparities persist even after considering tobacco smoking exposure—the
strongest risk factor for lung cancer development®.

Population-specific molecular patterns in tumor biology and cancer genomics have been
reported in recent years’~10 with limited power and coverage. Here, we systematically
identified ancestry-specific genome-wide copy-number features in a racially balanced (EA
and AA) cohort of 222 lung tumors. Our analysis reveals higher GI and homologous
recombination deficiency (HRD) in lung squamous cell carcinoma (LUSC) tumors from
AAs compared with EAs. This suggests an ancestry-associated disparity in deficiency of the
homologous recombination pathway, which we confirmed by finding a higher prevalence of
germline HRD in AA compared with EA patients in LUSC. In the TCGA cohort, we further
found increased GI, HRD and chromothripsis (CHTP) among AAs across multiple cancer
types and pan-cancer. Furthermore, we identify ancestry-specific arm-, focal- and gene-level
features in lung adenocarcinoma (LUAD) and LUSC. Our results highlight the importance
of including minority and under-represented populations in cancer genomics research and
may have therapeutic implications.
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LUSC tumors from AAs have higher Gl and HRD.

We generated genome-wide copy-number profiles of 222 non-small cell lung cancer tumor
samples from the National Cancer Institute-Maryland (NCI-MD) study (105 LUAD (AA
=63; EA=42)and 117 LUSC (AA = 63; EA = 54)) (Supplementary Table 1) using

the OncoScan platform!?, which provides comprehensive coverage of 50-100-kilobase
copy-number resolution in cancer genes and 300-kilobase copy-number resolution across
the rest of the genome. Sample characteristics for the patients in this study are shown in
Supplementary Table 1.

Based on these copy-number alteration profiles, we first quantified Gl—defined as the
proportion of the genome with non-diploid copy number—for each sample. We found that
LUSC tumors from AAs had significantly higher GI compared with EAs (Fig. 1a, top;
Wilcoxon rank-sum test, P< 6 x 1073). In contrast, we did not find significantly higher Gl in
LUAD in AAs (Fig. 1a, middle).

We tested the hypothesis that higher GI across tumors from AAs is due to a higher
prevalence or extent of HRD, which was previously identified as a key contributor to Gl

in cancerl2. We quantified HRD in tumors using four independent measures of HRD: (1)
loss of heterozygosity (LOH), which is the number of LOH segments3-14: (2) telomere
allelic imbalance (AIL), which is the number of regions of allelic imbalance that extend

to one of the sub-telomeres but do not cross the centromere; (3) large-scale state transition
(LST), which is the number of breakpoints between regions longer than 10 megabases (Mb)
after filtering out regions shorter than 3 Mb13; and (4) the sum of these three features. All
four scores are scaled within the range of 0-1. In the NCI-MD study, we observed a strong
positive correlation between Gl and HRD across the whole cohort for all four features (P

< 2 x 10716 for all; Spearman’s Rho = 0.64 for LOH, 0.31 for LST, 0.44 for AIL and

0.51 for the sum), where, in AA tumors, the observed correlation is stronger than in EA
tumors (Spearman’s Rho for AA = 0.57 and for EA = 0.48; P < 2.2 x 10716 for both)
(Supplementary Table 2). Next, we observed significantly higher HRD in AAs with LUSC
(false discovery rate (FDR)-corrected A< 2 x 10~ for LOH (Fig. 1b, top), A< 2.0 x 1072
for LST, P< 3.9 x 1072 for AIL and P< 7.1 x 1073 for the net sum), but not LUAD, which
is consistent with our Gl-based findings outlined above (Fig. 1b, middle). This suggests that
HRD contributes to the ancestry-specific pattern of higher GI burden in LUSC among AAs.

To account for potential confounding factors, we performed multivariate linear regression to
model separately Gl and HRD in the NCI-MD cohort as a function of ancestry, adjusting
for tumor stage, patient age, sex, smoking status, pack-years of cigarettes and tumor purity.
Here, we found AA ancestry to be strongly positively associated with Gl and HRD in
LUSC, but not LUAD, consistent with our previous observations (LUSC: FDR < 3 x 1072
and FDR < 5.35 x 107>, respectively; LUAD: FDR < 0.24 and FDR < 0.09, respectively;
Supplementary Table 3).

We initially determined ancestry by self-report; however, it is possible that misreport
could have confounded our results!®. Therefore, we inferred ancestry in an unsupervised
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manner via principal component analysis (PCA) of ancestry-informative single-nucleotide
polymorphisms (SNPs; Extended Data Fig. 1 and Methods) followed by classification of the
first two principal components via support vector classification, which identified two classes
of ancestry. We found that inferred ancestry class was concordant with self-reported ancestry
for 98.6% of participants; four samples were potentially misclassified (Supplementary Table
3, column B). We removed these samples and repeated the analyses above and found
consistent results with comparable significance (higher Gl and LOH HRD in LUSC among
AAs; Wilcoxon rank-sum test, P< 6 x 1073 and P< 2 x 1074, respectively).

To validate the relationship between GI and the extent of HRD that we found in the
NCI-MD cohort, we quantified GI and HRD using the four signatures described above in
the TCGA cohort. Both Gl and HRD were higher in tumors from AAs compared with
EAs in LUSC, but the differences did not reach statistical significance (Fig. 1a,b, bottom).
This could be due to the limited number of tumor samples from AAs in TCGA (29 AAs
compared with 346 EAs), which was supported by a power analysis of TCGA samples
across ancestry (Methods).

Lung tumors from AAs have more frequent complex structural variants.

The observed deficiencies in DNA damage repair related to Gl in LUSC prompted us

to chart the landscape of complex structural variants recently reported to be related to
HRD16. We studied CHTP, which was first described as a catastrophic event that leads

to chromosome shattering and tens to hundreds of simultaneously acquired oscillatory copy-
number aberrations on one chromosomel7:18, Therefore, we represented CHTP as a binary
variable indicating presence/absence. Using the classical definition (i.e., many oscillatory
copy-number events clustered on a chromosome (Methods)9), tumor samples with CHTP
had significantly higher HRD than samples without CHTP (Wilcoxon rank-sum test, A<

9 x 1074) in the NCI-MD lung cancer cohort (Supplementary Table 2). Furthermore, we
observed a higher frequency of CHTP in tumors from AAs compared with EAs in LUSC
(Fig. 1c, top; A< 0.12; odds ratio (OR) = 1.24) and in LUAD, but to a weaker extent

(Fig. 1c, middle; < 0.49; OR = 1.15). These patterns are consistent when adjusted for

age, sex, stage, smoking status and pack-years of cigarettes (multivariate regression P for
ancestry < 2.8 x 1073; Supplementary Table 3). The same result held qualitatively when an
alternative quantification of CHTP—defined by the allowance for two oscillation states in
the affected region—was used (Methods) (Supplementary Table 2, columns A and D). Next,
we quantified CHTP in the TCGA LUSC cohort and observed a consistent pattern of higher
frequency in tumors from AAs (Fig. 1c, bottom; £< 0.12; OR = 1.45). We further analyzed
the chromosome frequency distribution of CHTP, which varied by histological subtype and
ancestry (Extended Data Fig. 2).

Landscape of arm- and focal-level SCNAs in lung cancer in AAs and EAs.

To identify SCNA-based ancestry-specific features in detail, we examined population-
specific SCNA profiles in lung cancer for chromosome arm- and focal-level (shorter

than half a chromosome arm) events in the NCI-MD study where statistical power for
both populations was available. Further support for key observations was demonstrated by
analysis of TCGA cohort. Recurrent arm- and focal-level SCNA events were identified
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for both populations separately using GISTIC20 (Methods; FDR < 0.1) and used to map
genome-wide SCNA across histology and ancestry (Fig. 2 and Supplementary Tables 4 and
5).

For each chromosome arm, the alteration frequency and recurrence significance by ancestry
for both amplifications and deletions were plotted for patients in the NCI-MD cohort (Fig.
2). We identified known cancer-specific arm-level SCNA events, including amplifications of
3q and 5p and deletion of 3p (ref. 21) in both populations (Supplementary Tables 4 and 5).
Similarly, 19p deletion—a molecular signature of LUAD—uwas recurrent in EAs and AAs

at similar frequencies of ~45% (Fig. 2 and Supplementary Table 5). Recurrent population-
specific arm-level SCNA differences were observed, including 4p and 4q arm-level deletions
in LUSC and 7p and 7q amplifications in LUAD, and both occurred at a higher frequency in
AAs compared with EAs. These observations were replicated by TCGA (Fig. 2).

To visualize genome-wide focal-level SCNA events across populations, including co-
occurrence and mutual exclusivity, we created an SCNA map showing genome-wide SCNA
frequency distributions for both LUSC and LUAD in the NCI-MD cohort (Fig. 3, left). The
overlaps in recurrent focal regions among EAs and AAs were 59 and 70% for LUAD and
LUSC, respectively (Fig. 3, left). Furthermore, we observed population-specific patterns of
co-occurring and mutually exclusive SCNA events (Fig. 3, left). To identify potential novel
AA-specific copy-number-driven focal-level regions, we selected high-confidence recurrent
focal-level regions from GISTIC that met the following criteria: (1) alteration frequency
>5% in AAs; (2) frequency at least two times higher in AAs than EAs; (3) recurrent only

in AAs; and (4) no recurrent peak of the same type (amplification or deletion) was present
in EAs within the region or an extended additional 10% on both sides of the region length.
We identified eight potential AA-specific potential driver regions. The top hit ranked by
significance was a 22g11.23 deletion in LUSC (Fig. 3, right), with a frequency of 27% in
AAs and 13% in EAs. Following a previous study?2-24, we tested whether this deletion
event is somatic or germline by profiling matched-control tissue samples with genome-wide
copy number; we observed that two out of five control samples from AAs also had a deletion
of 22911.23, suggesting that this event could be germline (Supplementary Table 6). This
22011.23 region deleted in LUSC is disjoint from the nearby region on 22g11.21 that is
hemizygously deleted in DiGeorge syndrome?3.24, The region with the second highest fold
change in alteration frequency in LUSC, 12p12.1 (Fig. 3, right), is a short region including
KRAS and is discussed in detail in the next section. Third, common to both LUAD and
LUSC, the 20p12.1 region is deleted more than four times as often in AAs compared with
EAs. This region includes the genes FLRT3and MACROD?Z.

We also identified several SCNA events previously linked to AA ancestry in cancer, and
assessed the relationship between copy number and gene expression (Supplementary Tables
7-10). We observed an AA-specific amplification of the oncogene KAT6A in LUAD,

which was previously observed in ref. 24, We also identified a recurrent deletion of

4935.2 extending to the telomere in LUSC that includes FBXWW/7, which was previously
shown to be deleted in colorectal cancer and triple-negative breast cancer among AAs25:26
(Supplementary Table 7). In LUAD, 8qg24 was significantly recurrently amplified in AAs
only (frequency=33% and 18% in AAs and EAs, respectively). Within a subregion, 8q24.21,
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the PV/T1 copy-number profile was significantly associated with expression (P< 7 x 1073),
while in 8924.3, HSF1, DgATI1 and BOPI copy-number profiles were also significantly
associated with gene expression (P< 7 x 1073) (Supplementary Tables 8 and 10).

Landscape of driver-gene SCNAs in lung cancer in AAs and EAs.

We analyzed the recurrence and alteration frequency of known lung cancer driver genes
mined from the cancer gene census of the Catalogue of Somatic Mutations in Cancer

(Fig. 4a). We identified population-specific SCNA patterns of drivers (Fig. 4a) significantly
correlated with gene expression (Fig. 4b and Extended Data Figs. 3 and 4). In LUSC, one
of the key cancer driver genes, KRAS, is amplified in both populations but is significantly
recurrent (FDR < 0.1; Methods) and has a higher frequency in AAs (KRAS amplification
frequency=23% in EAs compared with 51% in AAs; Fig. 4). Similarly, PTEN deletion is
significantly recurrent and more frequent in AAs (PTEN deletion frequency=32% in EAs
compared with 53% in AAs; Fig. 4). Another key driver, CDKNZA, was recurrently deleted
in both populations, but the frequency was 35% in AAs compared with 64% in EAs (Fig.
4a). These three population-specific patterns in frequency were also observed in TCGA
(Extended Data Figs. 3 and 4).

A pan-cancer survey of Gl, HRD and CHTP in tumors from AAs versus EAs.

To determine whether the higher prevalence of aggressive molecular features, including Gl,
HRD and CHTP, extends to other cancer types, we mined TCGA SCNA profiles of 6,492
tumor samples, originating from 23 tumor types, with available self-reported ancestry from
AAs and EAs (Supplementary Tables 11 and 12). Consistent with previous observations3,
we initially observed an overall significantly higher GI burden in tumors from AAs (pan-
cancer Wilcoxon rank-sum test, < 6.9 x 10~7; Fig. 5a). These differences were most
significant in BRCA, HNSC, stomach adenocarcinoma, cervical squamous cell carcinoma
and endocervical adenocarcinoma, with a general trend towards higher Gl burden in 17 out
of the 23 cancer types (Extended Data Fig. 5). We repeated this analysis separately for
SCNA loss- and gain-based Gl and observed a consistent pattern (Extended Data Fig. 6 and
Methods).

We quantified HRD using the four measures previously used (that is, LOH, AIL, LST and
a normalized sum of the three) and observed a strong correlation between Gl and HRD in
pan-cancer (P < 2 x 10716 for all; Spearman’s Rho = 0.56 for LOH, 0.47 for LST, 0.60

for AIL and 0.58 for the sum) and cancer type-specific analyses (Supplementary Table 13),
where, in tumors from AAs, the correlation observed was stronger than in tumors from EAs
for both pan-cancer (LOH-based measure: Rho for AA = 0.57 and Rho for EA = 0.48; P

< 2.2 x 10716 for both; AlL-based measure: Rho for AA = 0.66 and Rho for EA = 0.60;

P< 2.2 x 10716 for both; LST-based measure: Rho for AA = 0.51 and Rho for EA =

0.47; P< 2.2 x 10716 for both) and cancer type-specific analyses (Supplementary Table
13). Moreover, HRD was significantly higher in AAs in pan-cancer for all four measures
(Extended Data Fig. 7a—d; Wilcoxon rank-sum test, < 1.5 x 1072 for LOH; P< 7.7 x 1072
for LST; P< 2.2 x 1072 for AlL; P< 1.9 x 1072 for the sum). This further suggests that
HRD contributes to the ancestry-specific pattern of higher GI burden in AAs across cancer

types.
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When analyzed by specific cancer type, we found that BRCA and HNSC have significantly
higher HRD across all four measures in AAs compared with EAs (Supplementary Table 12).
A trend towards increased HRD among AAs was observed in 11 out of 17 cancer types
where increased GI was also observed (Extended Data Fig. 8). The remaining six cancer
types had an inverse trend, including kidney renal papillary cell carcinoma and kidney

renal clear cell carcinoma, which have significantly lower Gl and HRD. We confirmed

these results by quantifying HRD using a somatic mutation profile-based signature?” (that
is, mutational signature 3). This signature is typified by a C > G/A transversion and

is strongly associated with HRD?7-29, We leveraged the mSignatureDB database where
mutation signatures are profiled?” on 7,042 tumors from 30 different cancer types and found
the mutational signature 3 contribution to be higher in tumors from AAs compared with EAs
in pan-cancer (Wilcoxon rank-sum test, P< 1 x 1073; Extended Data Fig. 7e). Testing each
cancer type specifically for a higher mutational signature 3 in AAs, we found that BRCA
and HNSC have a higher prevalence of this HRD-related signature, which is consistent

with the SCNA hallmarks-based quantification of HRD described above (Wilcoxon rank-
sum test, < 0.01 and A< 0.10, respectively; Extended Data Fig. 8e). Additionally, we
performed multivariate regression, modeling GI and HRD in pan-cancer as a function of
ancestry, adjusting for stage, sex, age and smoking status in TCGA samples, and found AA
ancestry to be strongly positively associated with these genomic features (that is, higher Gl
(FDR < 2.2 x 1077) and HRD (FDR < 4.5 x 1076 for LOH, <7.8 x 1077 for AIL, <3.8 x 107
for LST and <2 x 10~ for mutational signature 3) (Supplementary Table 3)).

Similar to the NCI-MD cohort, we tested here for possible confounding by mislabeled self-
reported race. We accessed the genotype information of 906,600 SNPs in matched peripheral
blood mononuclear cells (PBMCs) that were downloaded from the controlled-access part of
TCGA (Methods) and inferred unsupervised ancestry (Methods). The overall concordance
of our computed inferred ancestry with self-reported ancestry was high (94.7%). Using this
inferred ancestry, we removed the possibly misclassified samples and repeated the above
analysis, with consistent significant results (Extended Data Fig. 9).

Next, we quantified CHTP in TCGA samples and observed that tumor samples with CHTP
have significantly higher HRD than samples without CHTP (Wilcoxon rank-sum test, 7

< 3.2 x 10710 for all five HRD markers) in both pan-cancer and cancer type specifically.
Consistently, we observed a higher frequency of CHTP in tumors from AAs compared with
EAs in pan-cancer samples (Fig. 5c; Fisher’s one-sided test, £< 0.028; OR = 1.25) and in
LUSC samples from TCGA (Fig. 5¢; < 0.11; OR = 1.4). These patterns were consistent
when adjusted for age, sex and stage (multivariate regression P for ancestry < 2.8 x 1073), as
well as when another CHTP definition was used (Methods). Similar to the NCI-MD cohort,
we observed enrichment of CHTP on chromosome 12 among AAs in LUSC (Extended Data
Fig. 2).

Tumors from AAs have a higher germline prevalence of HRD.

Given the higher prevalence of HRD in tumors from AAs across LUSC and pan-cancer,
we asked whether the increase of HRD in tumors could be driven by germline factors. We
accessed the TCGA database of germline pathogenic variants across 10,389 adult tumors0,
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This study3° performed whole-exome sequencing on PBMCs and then cataloged pathogenic
variants (Methods). Using this dataset, we first counted the total number of pathogenic
variants in homologous recombination genes (Supplementary Table 14) in each patient and
defined it as germline HRD. Next, we asked whether AA patients have a higher extent

of germline HRD than EA patients. In TCGA pan-cancer and LUSC, but not LUAD, we
found that AAs had significantly higher germline HRD than EAs (Fig. 6, left (OR = 1.2;
P< 0.02 for pan-cancer), Fig. 6, right (OR = 6; £< 8 x 1074 for LUSC) and Extended
Data Fig. 10 (P< 0.23 for LUAD)). Repeating this analysis in LUSC patients for individual
genes of the homologous recombination pathway, we found predicted pathogenic variants
in the canonical homologous recombination pathway genes BRCAI, BRCAZand POLD1
to be enriched in AAs (Supplementary Table 14) (hypergeometric £< 0.15, 0.01 and 0.08,
respectively). Similarly, in pan-cancer, we found predicted pathogenic variants of BARD1,
FANCM, BRIP1, PALBZ2, POL D1 and BRCAZ1to be more enriched in AA patients (P<
0.06,0.12, 0.12, 0.19, 0.20 and 0.25, respectively). Since some of these genes are mutated
in hereditary predisposition syndromes, it is possible that AAs in TCGA have a higher
incidence of such syndromes. However, the known syndromes do not necessarily match
the observed LUSC cancer type. BRCAZ mutations most commonly predispose to breast
and ovarian cancers, although there is some evidence of association with lung cancer31.
Mutations in POLDI have been associated with colorectal cancer32, but not lung cancer, to
our knowledge. We also found BLM and RECQL predicted pathogenic variants to be more
enriched in EA patients (< 0.06 and 0.22).

Discussion

Here, we mapped molecular features of tumors from EAs and AAs across many cancer
types, with greater depth and power in lung cancer. We observed that, consistent with
previous reports?, Gl is higher in AAs across multiple cancer types. This higher Gl is
unlikely to be related to the recently identified unmapped 10% of the genome that is found
in populations of African ancestry3, as we found both copy-number gain- and copy-number
loss-based Gl to be higher in AAs. We hypothesized and confirmed that this higher Gl is
probably due to a higher prevalence of HRD in tumors from AAs. We also identified a
significantly higher prevalence of mutational signature 3—closely associated with HRDZ7-29
—among a wide range of tumors from AAs (Extended Data Fig. 8). We further show

that tumors from AAs have a higher frequency of aggressive molecular features, including
structural variants. HRD was not uniformly higher among AAs in some cancers, including
kidney renal papillary cell carcinoma and kidney renal clear cell carcinoma, where HRD was
significantly lower.

Higher SCNA-based Gl and HRD in tumors from AAs raises the question of whether
underlying defective DNA repair mechanisms could drive this observation. While HRD

has been linked with germline and somatic mutations in BRCA1/2 (ref. 33), no striking
differences in the somatic mutation frequencies of these genes have been demonstrated in
cancer between EAs and AAs234, To investigate whether the increased HRD could be driven
by a germline event, we analyzed germline pathogenic variants3? and identified a higher
proportion of HRD-related pathogenic variants among AAs compared with EAs, suggesting
that GI/HRD events and tumor evolution could be shaped by these features. The observation
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that several cancer types occur at an earlier age among AAs3°, and evidence that germline
pathogenic events are associated with early-onset disease3%, are consistent with these data.

Higher HRD in LUSC and many other cancer types suggests that these tumors could
respond to poly (ADP-ribose) polymerase inhibitors, and that perhaps AAs may be more
likely to respond. Most trials do not report and/or are not powered to compare differences

in response by ancestry group. Poly (ADP-ribose) polymerase inhibitors are not commonly
used in lung cancer treatment, although in combination with chemotherapy they have shown
promising efficacy in both cell lines3® and a clinical trial3”. In the clinical trial, benefit

from the combination treatment was primarily restricted to LUSC tumors. Furthermore, a
recent retrospective analysis of clinical trial data found that response to platinum compounds
and survival were significantly better in patients with hallmarks of HRD38. Thus, future
preclinical and clinical studies could include biomarkers of HRD either in the study design
or as a covariate in the data analysis.

Next, we identified multiple ancestry-specific chromosome alterations with unknown
relevance, including chromosome 7p and 7q (with the AA frequency twice that of EAs). We
also observed ancestry-specific patterns of co-occurrence and mutually exclusive events, and
recurrent focal-region alterations. Furthermore, only one out of eight potential AA-specific
driver regions identified in this study has a previously known driver gene (that is, KRAS).
We also found AA-specific recurrent alterations previously linked with ancestry disparities
in other cancer types3®-41, including focal deletion of 4q35.2 comprising FBXW?7, and
amplification of oncogene KAT6A*2 (18% in AAs versus 0% in EAS).

In summary, we have identified population differences in molecular features, including Gl,
HRD and CHTP. As these features are related to therapy response34344 our findings could
have therapeutic implications. We also find higher Gl and HRD in LUSC among AAs and
highlight some granular differences at the SCNA level in canonical lung cancer genes, such
as CDKNZA, KRASand PTEN. As our study used the same platform to compare SCNA
events across EAs and AAs, it largely removes the possibility that technical artifacts could
confound our observations. Defining these differences in both genome-wide and more focal
regions highlights distinct differences in lung tumor biology between AAs and EAs and
supports recent work showing that inherited variants, and thereby genetic ancestry, can shape
tumor evolution at a molecular level and influence the somatic nature of a tumor#®. Finally,
our work highlights the importance of including under-represented populations in balanced
genomic studies of molecular patterns and cancer evolution.

Statistics and reproducibility.

While generating genome-wide copy-number profiles of NCI-MD via OncoScan, two
aliquots from the same sample were used to test the reproducibility of the assay for three
samples by the company (available on reasonable request). In the NCI-MD study design,
no statistical method was used to predetermine the sample size. In the additional cohort,
TCGA, we mined the copy-number profiles of samples publicly available and excluded
cancer types with fewer than five tumor samples of AA ancestry, to provide minimum
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statistical power. The experiments were not randomized. The investigators were not blinded
to allocation during the experiments and outcome assessment, although samples were run on
the OncoScan assay in a blinded manner.

The processed tables containing the data and R code used to produce our figures and
conclusions are provided (see ‘Data availability”). In this work, we used non-parametric tests
using R, including Wilcoxon rank-sum tests to compare the difference in medians, Fisher’s
tests to compare frequency, and Spearman’s correlation, with an FDR-corrected Pthreshold
of <0.1 indicating statistical significance. Wherever GISTIC was used, the FDR-corrected
significance threshold of <0.1 was applied to identify significantly recurrent regions. While
identifying CHTP, the distance between events on a chromosome was compared with the
overall distance between events in the samples to identify clustered events using an FDR-
corrected Pthreshold of <0.1.

Sample characteristics.

Patients living in the Baltimore metropolitan area with histologically confirmed cases of
LUAD and LUSC were recruited prospectively to the ongoing NCI-MD Case-Control
Study“8. Institutional review boards at seven participating Baltimore hospitals and the NCI
approved the study with written informed consent obtained from all patients. All samples
were collected from an NCI Institutional Review Board-approved study. We conducted

a retrospective study of eligible participants who self-reported as AA or EA, with non-
Hispanic ethnicity. Additional clinical and sociodemographic data for each patient were
obtained from medical records and pathology reports. Macro-dissected primary lung tumor
tissues were obtained from patients directly after surgical removal. Samples were placed

in collection tubes, flash frozen and stored at —80 °C until the OncoScan analyses were
performed. Sample characteristics for the patients from whom tumor DNA was extracted can
be found in Supplementary Table 1 (7= 142 for AA and 108 for EA).

DNA extraction.

DNA was extracted from fresh, frozen micro-dissected primary lung tumor tissues using

the Qiagen DNeasy Blood and Tissue kit spin column procedure, according to the
manufacturer’s protocol (Qiagen). Isolated primary lung tumor DNA was initially quantified
using a DS-11 spectrophotometer (DeNovix). Subsequent Qubit fluorometer analyses were
performed to assess DNA integrity and ensure the presence of intact double-stranded DNA
in all samples (Invitrogen). DNA with an A260-to-A280 ratio between 1.8 and 2.0, a
minimum concentration of 12 ng pl~1 and a total concentration of 80 ng was used for further
analysis.

Genome-wide copy-number analysis and data quality control.

DNA samples were sent for genome-wide copy-number analysis using the Affymetrix
OncoScan copy-number array and run according to protocols suggested by the manufacturer.
The OncoScan array is based on molecular inversion probe technology and provides
comprehensive high-resolution copy-number detection across the genome and at pan-cancer
driver genes. OncoScan fluorescence array intensity (CEL) files were converted to OSCHP
files using the hg19 reference (OncoScan_CNV.Ref103.na33.r1.REF_MODEL reference file
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included with the Affymetrix OncoScan Console software; version 1.3). Manual re-centering
of samples was performed by adjusting the TuScan log,[ /] using the OncoScan Console.
Clonality analysis was performed with the Affymetrix OncoClone Composition tool.

Segmentation of NCI-MD and TCGA intensity files.

For these samples, Chromosome Suite Analysis was used for segmentation of intensity files
at the default hyperparameters for output of segments with their copy number, log,[~] and
B allele frequency information. For TCGA samples, level 3 segmented files were retrieved
from the firehose pipeline where a consistent version of reference hgl9 was used.

Quantification of GI.

Taking the output of segmentation results from the above method for every sample in
NCI-MD where we had copy-number information for each segment, G1 was defined by the
ratio of the total length of regions with a copy number other than 2 to a constant of 3.3 x
109, based on previous studies?”8. We repeated this calculation for TCGA samples where
we only selected cancer types with at least five AA samples.

Quantification of HRD.

We identified five independent signatures to define somatic-level HRD (somatic HRD)
across tumor samples; four used copy-number profiles and one used the mutation profile
of the tumor. We also used one signature to identify germline-level HRD (germline HRD),
using germline variants in blood samples of the patients (detailed methods below). Below,
we describe each of them in detail.

Somatic HRD quantification.

Based on LOH regions.: Using the output of allele-specific segmentation, we identified and
calculated a total sum of the number of LOH events (segments with only one allele) in each
sample. Then, we normalized the value to be in the range 0-1 and termed it LOH HRD13.14,

Based on AIL regions.: Again using the output of segmentation, we identified and counted
the sum of regions with allelic imbalance, an unequal allele copy number and extension to
a sub-telomere without crossing the centromere. Again, we normalized the sum to be in the
range 0-1 and termed the normalized sum AIL HRD.

Based on LST regions.: Here, also using the output of allele-specific segmentation, we
identified and counted the total number of breakpoints between regions longer than 10 Mb
after filtering out regions shorter than 3 Mb13. Again, we normalized the breakpoint counts
to be in the range 0-1 and termed it LST HRD.

We defined the fourth method as (LOH HRD + AIL HRD + LST HRD)/3, scaled to 0-1, for
each sample. The division by 3 puts the value in the range 0-1. These four signatures were
quantified and used in both NCI-MD and TCGA samples.

Based on Mutation Signature.: Exposures for each sample (that is, the proportion of
mutations assigned to mutation signature 3) were mined from mSignatureDB*°—a database
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of mutation signatures for more than 15,000 tumor samples from more than 73 projects,
where only TCGA samples are considered for calculations.

Germline HRD quantification.—Using the predicted pathogenic germline variant
information in patients from TCGAS30, we calculated the total number of pathogenic variants
in HRD genes in each sample (Supplementary Table 14) and performed a Fisher’s exact

test to identify whether AAs, compared with EAs, have a significantly higher frequency of
pathogenic variants. We repeated this analysis for each HRD gene as well.

Purity and ploidy calculation.

Using the OncoClone tool provided by Affymetrix, which uses the algorithm ASCAT0, we
computed the purity and ploidy of samples from the NCI-MD cohort (Supplementary Table
2). Furthermore, intratumor heterogeneity was calculated using the TuScan algorithm—a
further extension of OncoClone.

Accessing variant calls of TCGA patients’ blood samples from the database of Genotypes
and Phenotypes (dbGAP).

TCGA collection included non-tumor biospecimens (blood samples were preferred if
available; otherwise, adjacent non-tumor samples were collected) from 10,224 patients.
Informed consent for whole-genome sequencing was obtained under the authorization of
local institutional review boards39. We requested permission for these data from dbGaP and,
after it was received, downloaded the variants from the controlled-access part of the TCGA
portal.

Quantification of CHTP.

With the aim of identifying whether an autosomal chromosome had undergone CHTP
using SCNA profile data, we used four copy-number-based hallmark traits of regions

that underwent CHTP. Some of these hallmarks of CHTP have evolved since the first
description; hence, we used two partially overlapping hallmarks to identify CHTP, based on
the conventional method?? and an alternative, more recent®1:52 description. Chromosomes
that had all four hallmark properties were considered to have undergone CHTP.

We modeled the four hallmarks of CHTP via two tests for each sample. First, we filtered
for chromosomes with significantly more events than the sample’s background, derived
from all other autosomes. Specifically, a chromosome had to have a higher number of
copy-number events than the median number of copy-number events per chromosome

in the sample. Second, for every chromosome that passed the first test, the distance
between the event breakpoints on the chromosomes had to be significantly lower than

the background distribution of copy-number event breakpoints within the rest of the
chromosomes. To this end, we tested whether the distances between the breakpoints of
events of a given chromosome were lower than the background distribution of distances
between the breakpoints of events on the rest of the chromosomes. If not, we removed the
terminal event with higher breakpoint distance from the penultimate and repeated the above
step.
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The above iteration was repeated for a chromosome until we found a region with greater
than five events with significantly lower breakpoint distance (clustered, FDR-corrected P<
0.1) and the region comprised only one type of copy-number event (oscillatory copy-number
state). We repeated the above steps with a single modification to model and detect CHTP
based on the recent definition, where in a CHTP region two oscillatory copy-number states
or two types of copy-number event can be present.

of copy-number change with expression.

For this study, total RNA sequencing was performed for 56 out of 222 samples with SCNA
profiles (31 LUAD and 25 LUSC). The association of copy number with expression was
calculated via a one-tailed Wilcoxon rank-sum test, where samples were divided into two
categories by thresholding on the median gene copy number to test, in a genome-wide
fashion for each gene, whether samples with a copy number higher than the gene median
copy number in the cohort had expression significantly higher than the rest of the samples.

Focal and arm events by GISTIC.

Generating a copy-number map with focal- and arm-level events via GISTIC.—
The GISTIC algorithm was used to find recurrent regions of amplification, deletion or LOH
from the segmented file generated from Chromosome Suite Analysis. We used the following
hyperparameter configuration throughout the study to find recurrent regions ‘--genegistic

1 --smallmem 1 --broad 1 --brlen 0.5 --conf 0.90 --armpeel 1 --savegene 1. Based on this
configuration, a gene GISTIC algorithm was used where arm-level events were defined as
aberrant regions with at least the length of half an arm, and regions below this threshold
were defined as focal. The confidence level used to calculate the region was 0.90 and the ¢
value was the default of 0.25.

Unsupervised ancestry inference via PCA for the NCI-MD cohort.—Genotypes
for 217,611 SNPs were generated from the OncoScan OSCHP file via apt-tools for the
samples from the NCI-MD cohort. We identified 46,217 SNVs likely to be associated with
ancestry and not somatically acquired that were found to be present in at least 25% of the
AAs or EAs in our cohort. In this matrix, where each row represents a patient and each
column represents a SNP, we performed a PCA with rank two, constraining the number of
principal components to two (Extended Data Fig. 1). Next, we performed a classification
using the two principal components, using support vector classification with a linear kernel
to identify two classes. The predominant self-reported race in the class was assigned to be its
identity. These two classes were then tested for concordance with self-reported ancestry.

Unsupervised ancestry inference via PCA for the TCGA cohort.—Genotype
information of 906,601 SNPs from the SNP6 array performed on matched PBMC samples
of TCGA patients called using BirdSeed (a SNP genotyping algorithm) were downloaded.
We requested permission for these data from dbGaP and, after receiving it, downloaded the
variants from the controlled-access part of the TCGA portal. To infer ancestry, methods
similar to those used by NCI-MD were employed, where after removing low-variance SNPs,
we inferred 300,000 SNPs likely to be associated with ancestry that were found to be present
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in at least 25% of the AAs or EAs in our cohort. Following the methods described above for
NCI-MD, we identified two classes of ancestry.

Statistical power analysis of TCGA samples from various populations.—\We
observed a negative correlation between the FDR-corrected significance for AAs having
higher GI and the proportion of samples from AAs included per cancer type, which was
higher than expected when permuted one million times (Spearman’s Rho = —-0.34; < 0.15;
empirical P< 1 x 1074), suggesting that under-representation of samples from AAs is a
limiting factor in terms of statistical power when comparing these two populations in certain
tumor types in TCGA.

Gain-and loss-based Gl analysis.

For TCGA pan-cancer.—We calculated SCNA gain- and SCNA loss-based Gl and
consistently observed both Gl measures to be higher in AAs (Wilcoxon rank-sum test, P
<5.2x 108 and P< 1.5 x 1075, respectively). Furthermore, the trend of higher GI was
observed in 16 out of 23 cancer types for both SCNA gain- and SCNA loss-based Gl
(Extended Fig. 2a,b).

For NCI-MD LUSC.—SCNA gain- and SCNA loss-based GI was calculated for LUSC
from the NCI-MD cohort. We observed only SCNA loss (Wilcoxon rank-sum test, P< 4.5
x 1076) and not SCNA gain (Wilcoxon rank-sum test, £< 0.34) to be significantly higher in
AAs (P< 4.5 x 10-8 and P< 0.34, respectively).

Qualitative characterization of NCI-MD cohort tumor samples.—Purity—the
percentage of the tumor cell fraction within a sample—was successfully resolved in 194
out of 222 samples (Supplementary Table 2), for which the mean purity was 34%. LUSC
tumor samples (38.5% mean purity) had a significantly higher (Wilcoxon rank-sum test,
P <0.009) purity than LUAD (30.5%), consistent with the purity differences observed for
TCGA. The overall mean ploidy was 2.22.

Arm-level aberration frequency negatively correlated with the number of
genes present on the chromosome arm (NCI-MD).—Broad-level events across
chromosome arms were quantified and plotted against the number of proteins expressing
genes. We observed a general trend of negative correlation between the frequency of an
aberration on a chromosome arm and the number of genes present on the same arm (median
Spearman’s Rho = 0.41).
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Extended Data
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Extended Data Fig. 1 |. Unsupervised inference of genetic ancestry of lung adenocarcinoma
(LUAD) and lung squamous carcinoma (LuSC) tumor samples from the NCI-MD cohort (n=222
patients).

A principal component analysis (PCA) of ancestry-associated single nucleotide
polymorphisms (SNPs) (46,217) was performed with rank=2 and the two PCs are shown
here. These PCs were used in unsupervised clustering via support vector clustering (SVC)
to identify two distinguishable clusters. For each cluster, the respective predominant self-
reported race observed in the cluster was considered as the cluster ancestry identity, termed

as inferred ancestry. This inferred ancestry is concordant with self-reported for 98.6%
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cases, where two AAs (African Americans) were potentially misclassified as EA (European
American) and one EA as AA.
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Extended Data Fig. 2 |. Chromothripsis (CHTP) in European Americans (EAs) and African
Americans (AAs) and chromosome distribution in The Cancer Genome Atlas (TCGA) and

NCI-MD cohorts.

A) CHTP frequency distribution in AAs and EAs in various cancer types across TCGA.
B) CHTP frequency across chromosomes for NCI-MD cohort in LUSC (lung squamous
Carcinoma) and LUAD (lung adenocarcinoma). C) CHTP frequency across chromosomes
for various cancer types in the TCGA cohort. In Panel A, a one-sided Fisher test has been
performed to test whether chromothripsis frequency is higher in AAs or not.

Nat Cancer. Author manuscript; available in PMC 2022 March 15.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Sinha et al.

Frequency in EA

Page 17

TCGA Lung cancer Drivers Alteration Freq across race

Amp Del

0.751
CDKN2A
. : PRD REA E
0.501 EGER P83 s s
STK11 | gproTL1 |©
KRAS
SOX2
0.25 4 T
RE KDR
* ERBB4
X2°
0.754
RB1
TP53
LEPROTLA N4BP?2
PTEN

c
S STK11 2

0.251

O.I25 0.I50 0.I75 142)0 O.I25 0.:50 0.l75 142)0

Frequency in AA

Extended Data Fig. 3 |. Landscape of somatic copy number alterations frequencies of lung
cancer driver genes in lung squamous carcinoma (LuSC) and lung adenocarcinoma (LUAD)
from European Americans (EAs) and African Americans (AAs) in The Cancer Genome Atlas
(TCGA).

Frequencies in tumors from EAs and AAs with LUAD and LUSC from TCGA were
plotted with the blue diagonal line as a null axis (no alteration frequency difference). The
diagonal dashed line denotes the null line with points falling away from this line indicating
chromosome arms with alteration frequency differences across populations. Del=deletion,

Amp=amplification.
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Extended Data Fig. 4 |. Effect of somatic copy number alteration (SCNA) on expression for
cancer driver genes in the NCI-MD cohort (n=91 patients).

Effect of SCNA on expression for driver genes is plotted for lung cancer driver genes whose
somatic copy number alteration frequency across populations are significantly different.
Two-sided Spearman correlation significance with Rho is provided with the corresponding
gene name before multiple testing correction. Here, in the box plot, the center line denotes
the median, the box indicates the interquartile range and the black line represents the rest

of the distribution, except for points that are determined to be “outliers”, 1.5 times the
interquartile range.
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Extended Data Fig. 5 |. Landscape of genomic instability (GI) in African Americans (AAs) and
European Americans (EAs) in 23 cancer types from The Cancer Genome Atlas (TCGA) cohort.

Here, Gl is quantified and presented stratified by genetic ancestry for 23 cancer types

where the sample size for each cancer type is provided on the x-axis. First, cancer types

are categorized by cell type or tissue of origin, if possible, where defined groups are
pan-squamous (squamous cell derived tumors), pan-adeno (glandular structures in epithelial
tissue derived tumors), pan-kidney (tumors originating in the kidney), and rest (referring to
cancer types that cannot be categorized and includes LAML, THYM, GBM, LGG, SARC,
BRCA, LIHC, OV, TCGT, THCA and UCEC; Refer here for reference to each cancer

type: https://gdc.cancer.gov/resources-tcga-users/tcga-code-tables/tcga-study-abbreviations).
Second, additional categorization was performed based on tissue type (where solid is derived
from solid tumors and neural-crest and Hema & Lymph—hematologic and lymphatic
tumors). A two-sided Wilcoxon Rank-sum test has been performed within each cancer type
and significance before multiple testing correction is provided. Here, in the box plot, the
center line denotes the median, the box indicating the interquartile range and the black line
represents the rest of the distribution, except for points that are determined to be “outliers”,
1.5 times the interquartile range.
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Extended Data Fig. 6 |. Gain and loss genomic instability (GI) burden in European Americans
(AAs) and European Americans (EAs) in 23 cancer types from The Cancer Genome Atlas
(TCGA).

a, Somatic copy number alteration (SCNA)-gain and b SCNA-loss based Gl are quantified
and presented stratified by genetic ancestry for 23 cancer types in TCGA where sample

size for each cancer type is provided on the x-axis. First, cancer types are categorized by
cell type or tissue of origin, if possible, where defined groups are pan-squamous (squamous
cell derived tumors), pan-adeno (glandular structures in epithelial tissue derived tumors),
pan-kidney (tumors originating in the kidney), and rest (referring to cancer types that cannot

OV TGCT THCA UCEC

(355) (157)

be categorized and includes LAML, THYM, GBM, LGG, SARC, BRCA, LIHC, QV, TCGT,

THCA and UCEC; Refer here for reference to cancer types: https/gdc.cancer.gov/resources-
tcga-users/tcga-code-tables/tcga-study-abbreviations). Second, additional categorization was
performed based on tissue type (where solid is derived from solid tumors and neural-crest
and Hema & Lymph—hematologic and lymphatic tumors). A two-sided Wilcox Rank-sum
test has been performed within each cancer type and significance before multiple testing
correction is provided. Here, in the box plot, the center line denotes the median, the box
indicates the interquartile range and the black line represents the rest of the distribution,
except for points that are determined to be “outliers”, 1.5 times the interquartile range.
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Extended Data Fig. 7 |. Various measures of homologous recombination deficiency (HRD) in
pan-cancer in European Americans (EAs) and African Americans (AAs) from The Cancer
Genome Atlas (TCGA) (total N=6,966 patients; [AA=770, EA=6,196]).

HRD is quantified and presented via score based on (a) number of Loss of heterozygosity
(LOH) events, (b) telomere allelic imbalance (AIL), (c) large-scale state transitions (LST),
(d) sum of previous three defined as “genomic scar” and (e) mutation signature 3
contribution. A one-sided Wilcoxon Rank-sum test has been performed to test whether HRD
in tumors from AAs is higher than in EAs. Here, in the box plot, the center line denotes the
median, the box indicates the interquartile range and the black line represents the rest of the
distribution, except for points that are determined to be “outliers”, 1.5 times the interquartile
range.
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Extended Data Fig. 8 |. Various measures of homologous recombination deficiency (HRD) across
23 cancer types in European Americans (EAs) and African Americans (AAs) from The Cancer
Genome Atlas (TCGA).

HRD is quantified and presented via various scores. a, Number of (loss of heterozygosity)
LOH events, (b) telomere allelic imbalance (AIL), (c) large-scale state transitions (LST),
(d) scaled net sum of previous three defined as “genomic scar” and (€) mutation

signature 3 contribution in AAs and EAs in various cancer types in TCGA where

sample size for each cancer type is provided on the x-axis. First, cancer types

are categorized by cell type or tissue of origin, if possible, where defined groups

are pan-squamous (squamous cell derived tumors), pan-adeno (glandular structures in
epithelial tissue derived tumors), pan-kidney (tumors originating in the kidney), and

rest (referring to cancer types that cannot be categorized and includes LAML, THYM,
GBM, LGG, SARC, BRCA, LIHC, OV, TCGT, THCA and UCEC; Refer here for
reference to cancer types: https://gdc.cancer.gov/resources-tcga-users/tcga-code-tables/tcga-
study-abbreviations). Second, additional categorization was performed based on tissue
type (where solid is derived from solid tumors and neural-crest and Hema & Lymph—
hematologic and lymphatic tumors). One-sided Wilcox Rank-sum test has been performed
within each cancer type to test whether HRD is higher in AA than EA and significance
before multiple testing correction is provided. Here, in the box plot, the center line denotes
the median, the box indicates the interquartile range and the black line represents the rest
of the distribution, except for points that are determined to be “outliers”, 1.5 times the
interquartile range.
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Extended Data Fig. 9 |. Genomic instability (GI), homologous recombination deficiency (HRD)
and Chromothripsis (CHTP) across the cancer Genome Atlas (TCGA) with race classified by
inferred ancestry.

a, HRD based on number large-scale state transitions (LST) (b), telomere allelic Imbalance
(AIL) (c), number of LOH events (d) and scaled net sum of previous three defined as
“genomic scar” (e), and CHTP (f) Is quantified and presented In European Americans
(EASs) and African Americans (AAs) in various cancer types in TCGA where sample size
for each cancer type is provided on the x-axis. First, cancer types are categorized by cell
type or tissue of origin, if possible, where defined groups are pan-squamous (squamous

cell derived tumors), panadeno (glandular structures in epithelial tissue derived tumors),
pan-kidney (tumors originating in the kidney), and rest (referring to cancer types that
cannot be categorized and includes LAML, GBM, LGG, BRCA, OV, and UCEC). Refer
here for reference to cancer types for reference: https://gdc.cancer.gov/resources-tcga-users/
tcga-code-tables/tcga-study-abbreviations). Second, additional categorization was performed
based on tissue type (where solid is derived from solid tumors and neural-crest and Hema
& Lymph—hematologic and lymphatic tumors). Across, panels a-e, two-sided Wilcoxon
Rank-sum test has been performed for each cancer type and significance before multiple
testing correction is provided. In the corresponding panels, the box plot, the center line
denotes the median, the box indicates the interquartile range and the black line represents
the rest of the distribution, except for points that are determined to be “outliers”, 1.5 times
the interquartile range. In panel f, one-sided Fisher test has been performed to test whether
chromothripsis frequency is higher in AA or not.
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Extended Data Fig. 10 |. Prevalence of germline homologous recombination deficiency (HRD)
proportion in European Americans (EAs) and African Americans (AAs) patients from the
cancer Genome Atlas (TCGA) cohort.

Germline HRD (see methods) is quantified and presented in AAs and EAs for 17 cancer
types with at least 30 AA samples in TCGA, where HRD is defined by 88 hallmark
genes provided in Table S14, with the respective AA and EA patients included in each

group. Refer here for reference to cancer types: https://gdc.cancer.gov/resources-tcga-users/
tcga-code-tables/tcga-study-abbreviations). Further, the number of samples in each group is
provided in Table S12. AAs are shown in red and EAs in blue. A one-sided Fisher test was
performed to test whether AA have higher germline HR-Deficiency than EA within each
cancer types and the p-value is provided.
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database (http://tardis.cgu.edu.tw/msignaturedb/). For the corresponding samples and copy-
number profiles, level 3 segmented files were retrieved from the firehose pipeline (https://
gdac.broadinstitute.org/) where a consistent version of reference hg19 was used. The NCI-
MD data were derived from patients enrolled in the ongoing NCI-MD Case-Control Study.
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pathogenic variant calls that required dbGaP controlled access and any sequence information
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files for each sample, in addition to the raw files for copy-number profiles of the NCI-MD
patients and their corresponding expression profiles, are deposited in doGAP with the
accession number phs001895.
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Fig. 1 |. Differences in GI, HRD and CHTP across AA and EA patients with lung cancer from the
NCI-MD and TCGA cohorts.

a—c, Gl (a), HRD (b) and CHTP (c) are quantified and presented stratified by genetic
ancestry for LUSC (top; n = 105 patients (AA = 63; EA = 42)) and LUAD (middle; n = 117
patients (AA = 63; EA = 54)) from the NCI-MD cohort, and LUSC from the TCGA cohort
(bottom; n = 375 patients (AA = 29; EA = 346)). Significance for comparison of medians in
a and b was calculated by one-sided Wilcoxon rank-sum test. Significance for comparison
of frequency in ¢ was calculated by one-sided Fisher’s exact test. The violin plots in a and b
show the data distribution, where the center line denotes the median, the box edges show the
interquartile range and the black line represents the rest of the distribution, except for points
that were determined to be ‘outliers’, which is 1.5 times the interquartile range.

Nat Cancer. Author manuscript; available in PMC 2022 March 15.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Sinha et al.

Frequency in EAs

LUAD
Amplification

LUAD
Deletion

* Recurrent in AAs only = Recurrent in both
* Recurrent in EAs only e Recurrent in neither

LUSC
Amplification

Page 29

LUSC
Deletion

0.8

0.6

6q
18q 10p

14q 6p|

21q
i\ 18p

49

7q Qq —10q
1 9
‘?a "

q 18q
q 15q 9q

159,99

Bpig-ll.
10q 19q 179738

10p \6q 4q 18p 22q
(\)% p39/4p
20\q p.<. ?4'?1 2p

8‘17%17

11q 12q
,\5 11p

1q 7p

224 Zp',,/‘_p
18 P 179 19> 79
2q% 129.4,19q

1
3
5% ,Egﬂ\\g‘gggmq

4p 1 foq 9
; 13q

'U

20g 3%

0.4

08 0 0.2 0.4

0.8 0 0.2 0.4
Frequency in AAs

Nat Cancer. Author manuscript; available in PMC 2022 March 15.

Fig. 2 |. Characterization of arm-level SCNA events across AA and EA patients in the NCI-MD
cohort.

Frequency distribution of aberrant SCNA events on autosomal chromosome arms in LUAD
and LUSC for the NCI-MD and TCGA cohorts (LUSC: n = 375 patients (AA = 29;

EA = 346); LUAD: n = 432 patients (AA = 51; EA = 381)). The diagonal dashed

lines represent equal AA and EA frequencies, with points falling away from this line
indicating chromosome arms with alteration frequency differences between populations.

A color code is provided to denote population-specific recurrent SCNA events with
statistical significance. Statistical significance of recurrence was computed via GISTIC,
which provides arm-level FDR-corrected significance with a threshold of 0.1.
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Fig. 3 |. Global SCNA map across AA and EA patients in the NCI-MD cohort.
Segmental deletions and amplifications are shown In blue and green, respectively, in the

Circos plots to the left. In these plots, the top 50 (Pearson’s Rho>0.50) highly positively
(co-occurring) and negatively (mutually exclusive) correlated copy-number segment pairs
are connected with yellow and blue arcs, respectively. The overlap and unique recurrent
regions between AAs and EAs in LUSC and LUAD are shown as Venn diagrams at the top
and bottom. Regions which are (1) AA-specific recurrent; (2) have a frequency in AAs>2 x
frequency in EAs; (3) have an AA frequency >5%; and (4) no recurrent peak of the same
type (amplification or deletion) is present in EAs within the region or an extended additional
10% on both sides of the region length, are considered potential SCNA-driven AA-specific
driver regions. For each of the regions that meet these criteria, a bar plot is provided to the
right, showing the corresponding frequency in AAs (red) and EAs (blue) for LUSC (left) and
LUAD (right). The recurrence significance for each focal region was computed via GISTIC
in AAs and EAs separately, with an FDR-corrected significance threshold of 0.1.
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Fig. 4 |. Landscape of SCNA of lung cancer drivers AA and EA patients in the NCI-MD cohort.
a, Amplification and deletion frequencies of lung cancer driver genes across population and
histology. The recurrence significance for each gene was computed via GISTIC in AAs

and EAs separately, with an FDR-corrected significance threshold of 0.1. The diagonal
dashed lines denote the null lines, with points falling away from this line indicating
chromosome arms with alteration frequency differences across populations. A color code

is provided to denote gene-level population-specific statistically significant recurrent SCNA
events, where a gene name in black implies no statistically significant SCNA recurrence

in either population. b, Effect of copy-number changes on the expression profiles (n = 91
patients) of driver genes with population-specific patterns. Only genes whose SCNA profile
is significantly correlated with their corresponding expression profile are plotted (£ <0.01
and Spearman’s Rho>0.2). Here, the center line denotes the median, the box edges show the
interquartile range and the black line represents the rest of the distribution, except for points
that were determined to be ‘outliers’, 1.5 times the interquartile range.
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Fig. 5. Landscape of GI, HRD and CHTP across AA and EA patients with lung cancer in the

TCGA cohort.

a-c, Gl (a), HRD (b) and CHTP (c) are quantified and provided across genetic ancestry for

pan-cancer TCGA samples (1= 6,256 patients (AA = 692; EA = 5,563)). Significance for

comparison of the medians in a and b was calculated via one-sided Wilcoxon rank-sum test.

Significance for comparison of frequency in ¢ was calculated via one-sided Fisher’s exact
test. The violin plot shows the data distribution, where the center line denotes the median,
the box edges indicate the interquartile range and the black line represents the rest of the

distribution, except for points that were determined to be ‘outliers’ using a method that is a

function of the interquartile range, as in box plots.
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Fig. 6 |. Landscape of germline HRD across AA and EA patients in the pan-cancer and LuSC

TCGA cohort.

Prevalence of germline HRD in AAs and EAs, calculated using the total frequency of
germline pathogenic variants in homologous recombination pathway genes in pan-cancer
(left; n= 8,920 patients (AA =919; EA =8,001)) and LUSC (right; n = 382 patients (AA
= 31; EA = 351)). Significance for the comparison of frequency of germline HRD was
calculated via one-sided Fisher’s exact test. Exact Pvalues are provided at the top of each

plot.
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