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Summary

Background Most research on genetic screening and precision oncology is based on individuals of European ancestry.
We applied the National Health Service (NHS) England’s cancer variant prioritisation workflow to evaluate the
performance of these approaches in ethinically and ancestrally diverse populations. The second aim of the study was to
assess the representativeness of the 100000 Genomes Project cancer cohort of the population of England.

Methods In this cross-sectional analysis, whole-genome sequencing data from patients with cancer recruited into the
100000 Genomes Project between February 2015 to December 2018 were analysed. Clinical information, including
tumour stage and grade, was gathered from the NHS England National Cancer Registration and Analysis Service.
Patients with cancer types with fewer than five individuals, haematological cancers, childhood cancers, unknown
primary carcinomas, patients with indeterminate sex, and patients missing somatic mutations in genes were excluded.
To assess ethnicity representation in the 100000 Genomes Project, we calculated the recruitment ratios for self-reported
ethnicities for patients with cancer recruited to the 100000 Genomes Project and patients with cancer in England. We
also analysed differences in classification rates for potentially pathogenic variants to assess ancestry-related differences
in germline and somatic mutations of different ancestry groups.

Findings 14775 patients with cancer were recruited between February, 2015, and December, 2018, into the
100 000 Genomes Project. There was no evidence of under-representation of diverse ethnic groups in the 100 000 Genomes
Project when compared with the national statistics. The recruitment rate ratio for breast cancer was 2-2 (95% CI
1-6-3-0) for Black versus White women in the 100000 Genomes Project compared with 0-81 (0-79-0-83) for Black
versus White women in the national data (fold-change in rate ratios 2-7; 95% CI 2-0-3 -7, p<0-0001), suggesting higher
representation of Black women in the 100000 Genomes Project than expected given the ethnicity-specific incidence
rates in England. Compared with national rates, the 100000 Genomes Project also had higher recruitment rates of Black
versus White men with prostate cancer (fold-change in rate ratios 3-7; 1-8-7-5, p=0-0004), Black versus White men
with bladder cancer (fold change in rate ratios 6-1; 2-0-18-8, p=0-0016), and Asian versus White women with breast
cancer (fold change in rate ratios 1-4; 1-2-1-7, p=0-0008). Ancestry had a significant association with the likelihood of
carrying a variant classified as a potentially pathogenic (likelihood ratio test p=0-0011). Potentially pathogenic variants
were identified in 23 (4-6%) of 500 South Asian (adjusted model odds ratio [OR] 1-88, 95% CI 1-21-2-93, p=0-0052)
and 24 (5-3%) of 453 African ancestry patients (OR 2-24, 1-44-3-48, p=0-0003) compared with 263 (2-2%) of 11955 in
European-ancestry patients. However, we found that fewer tumour mutations in actionable genes were identified for
patients of non-European ancestry compared with patients of European ancestry when adjusting for sex and cancer type
(likelihood ratio test p<0-0001).

Interpretation There was an excess of germline variants classified as potentially pathogenic variants in patients with
non-European ancestry, which might impede the diagnostic process. Improved variant prioritisation workflows and
more research in diverse groups are needed to ensure equitable implementation of genomics in cancer care.
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Introduction

Identification of individuals with cancer susceptibility
variants  through genome sequencing facilitates
prevention and earlier disease diagnosis. Characterising
somatic mutations in tumour tissue has an important role
in targeted treatment. To our knowledge, England was the
first country to offer whole-genome sequencing as part of
routine cancer care within a national health-care system,
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through the Genomic Medicine Service of National Health
Service (NHS) England.' The foundation for this service
was laid by the 100000 Genomes Project,? which recruited
more than 15000 patients to the programme in 2015-18.°
Several other countries are now following suit to increase
the use of whole-genome sequencing in oncology.*
Previous studies have identified differences between
ethnicities in terms of cancer incidences, diagnoses, and
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Research in context

Evidence before this study

We reviewed the existing literature on cancer genomics and
disparities related to ancestry using PubMed. The search
covered articles published from database inception to

April 1, 2024, and used keywords: “cancer” and “cancer
genomics”, “ancestry disparities”, “variant prioritization”,
“precision oncology,” and “genetic diversity”. No other search
restrictions were applied. We included studies that evaluated
genetic variant classification or cancer care in diverse
populations and excluded those that did not have ancestry-
specific analysis or genomic prioritisation data. Evidence
consistently showed poor or no representation of individuals of
diverse ancestry in cancer genomics research, limiting our
understanding of the performance of precision oncology across
ancestries. USA-based studies found that screening using gene
panels yields more variants of uncertain significance for Black
and Asian individuals and lower rates of pathogenic variants
compared with White individuals. However, a study on breast
cancer published in 2021 did not find any statistically
significant differences. To our knowledge, outside the USA, no
large study has explored germline and somatic variant
classification discrepancies in cancer genomic data.

prognoses.”™ Genetic screening and precision oncology
must provide equal benefits for people from diverse ethnic
backgrounds to avoid exacerbating existing health
inequalities. A US-based study found that genetic
screening using gene panels yields variants of uncertain
significance about twice as often for individuals who are
Black or Asian compared with individuals who are
White.” Patients who are not White also had slightly
lower rates of variants that were likely to be classified as
germline pathogenic.® However, a later study did not
find a statistically significant difference in pathogenic
variants between Black and White women with
breast cancer."

The influence of genetic ancestry on genetic screening
and precision oncology has never been investigated for
a national cancer sequencing programme. Furthermore,
the causes of any genetic ancestry-related differences in
cancer incidences, diagnoses, and prognoses remain
largely unknown, so that routes towards reducing
disparities are currently unclear.

In this Article, we aim to examine how representative
the 100000 Genomes Project Cancer Programme is in
terms of self-reported ethnicity, compared with national
statistics. We also assess whether there are ancestry-
related differences in the identification of clinically
relevant germline variants in high-risk genes, such as
BRCA1 or BRCA2, as well as in the identification of
somatic cancer variants and investigate how these relate
to demographics, tumour characteristics, population
genetic differences, and features of the bioinformatics
pipeline used for variant prioritisation.

Added value of this study

This study offers a unique analysis of cancer genomics disparities
by ancestry using data from the 100 000 Genomes Project, which
includes over 14 000 patients from diverse ethnic and ancestral
backgrounds. Adapting the cancer variant prioritisation
workflow used by the English National Health Service's Genomic
Medicine Service, we observed significant disparities in variant
prioritisation across ancestries. Patients of non-European
ancestry were more likely to have germline variants classified as
potentially pathogenic. Additionally, we observed fewer somatic
mutations in actionable genes in non-European ancestry groups
than in the European ancestry group.

Implications of all the available evidence

These findings call for refinements in the variant prioritisation
workflow and variant annotation to improve genetic screening
for individuals with non-European ancestries, combined with the
need for enhanced genomic reference datasets that better
represent genetic diversity. Findings also raise concerns over
unequal clinical benefits of tumour sequencing and point to an
urgent need for dedicated research to develop targeted therapies
based on diverse patient populations.

Methods

Study design

In this cross-sectional analysis, we analysed whole-
genome sequencing data from patients with cancer
recruited into the 100000 Genomes Project’ between
February, 2015, and December, 2018 (appendix pp 3—4).
Our analysis was limited to patients in the version 15
release of the National Genomic Research Library,
a database of whole-genome sequence and linked health
data from consenting NHS patients. Each patient had
one germline sample sequenced at 30x coverage and
one or more tumour samples sequenced at 100x coverage.
The whole-genome sequence results were returned
between 2016 and 2019. Cancer types were assigned
according to the location of the primary tumour.

Ethical approval for the 100000 Genomes Project was
obtained from the East of England—Cambridge South
Research Ethics Committee (reference 14/EE/1112,
integrated research application system identification
166046). Documents related to the 100000 Genomes
Project study protocols are available online. Patient
representatives were not involved in shaping the
current study.

Patients

Basic patient and sample data were collected at the time of
DNA sample submission to the 100000 Genomes Project.
Secondary clinical information, including cancer stage
and tumour grade, was gathered from the NHS England
National Cancer Registration and Analysis Service.
Patients with cancer types with fewer than five individuals,
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haematological cancers, childhood cancers, unknown
primary carcinomas, patients with indeterminate sex, and
patients missing somatic mutations in genes were
excluded. Patients of admixed Latin American ancestry
were also excluded due to low sample numbers.
100000 Genomes Project participant ethnicity was self-
reported at registration using UK Office of National
Statistics categories.” Written informed consent was
obtained from participating patients, including for genetic
testing and reporting test results back to their clinical
team before discussions with the patient.

Procedures

Whole-genome sequence data of each patient was used to
assigned them to genetically inferred ancestry groups
based on their similarity to so-called super populations—
European, African, South Asian, and Admixed
American—in the 100000 Genomes Project, as described
elsewhere (appendix p 5)."” Any patient who did not meet
the threshold for similarity to a single reference population
(ie, =0-8 probability of belonging to a specific
super population class) was labelled as unassigned. In this
Article, we occasionally use terms for brevity, such as
“patients with European ancestry” to refer to patients
assigned to the European ancestry group, while noting
that no individuals derive from a single ancestry in any
meaningful sense. When referring to ancestry in this
Article, genetically inferred ancestry is always implied.

To align with clinical practices in England, we adopted
the variant prioritisation workflow used for patients with
cancer within NHS England’s Genomic Medicine Service.
Germline and somatic variants were identified and
classified by the 100000 Genomes Project cancer
bioinformatics pipeline (version 1.6-1.11).* Functional,
allele frequency, and variant database annotations were
obtained from the National Genomic Research Library.”

Germline variants were classified as likely pathogenic or
pathogenic variants (ie, Tier 1 in the Genomics England
pipeline) if they were found in genes linked to the patient’s
cancer type according to PanelApp, a gene panel database
for health disorders,” and were either predicted protein
truncating variants, for which the mechanism of
pathogenicity is loss of function (excluding variants
annotated as benign or likely benign in Clinvar”), or were
listed in ClinVar as pathogenic or likely pathogenic (with
a rating of at least two stars; appendix pp 19-20). We refer
to these as germline pathogenic variants.

Candidate variants (ie, Tier 3 in the Genomics England
workflow) are a lower priority classification, across a wider
range of consequence types, including missense variants,
where the frequency in an internal Genomics England
dataset of over 6000 unrelated individuals is less
than 0-05% (rare variant threshold) for dominant-acting
genes and less than 2% (common variant threshold) for
recessive genes. Candidate variants included genes within
a broader cancer susceptibility panel as well as familial
cancer syndromes. Variants listed in ClinVar as benign or
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likely benign with a rating of at least two stars were
excluded from pathogenic variants and candidate variants.

Somatic mutations were classified as actionable, or
domain 1, if they were protein altering and located in
genes affecting diagnosis, prognosis, or treatment for the
patient’s cancer type or if they led to eligibility for a clinical
trial. Cancer-related somatic domain 2 mutations were
protein-altering mutations located in genes implicated
in any cancer type. Domain 3 mutations were protein-
altering mutations found in any protein-coding genes.
(appendix p 21). We only included data for one tumour
sample per patient in the analysis.

Statistical analysis

We compared recruitment rate ratios of Black to White
and Asian to White ethnicities with those reported by
Delon and colleagues.’ In their analysis, Delon and
colleagues reported age-standardised incidence rates for
ethnic groups in England in 2013-17, and ratios of the age-
standardised incidence rate for each non-White ethnicity
versus White ethnicity. If recruitment of patients to the
100000 Genomes Project for cancer was representative,
then the ratios of the age-standardised recruitment rates
should be similar to the ratios of the age-standardised
incidence rates for England. Therefore, we calculated
Black to White and Asian to White recruitment rate ratios
for 100000 Genomes Project participants for each cancer
type using Delon and colleagues’ method and compared
the resultant recruitment rate ratios with the previously
reported ratios. Only cancer types with at least 100 patients
were compared. We compared these rate ratios using
z-tests and applied a Bonferroni correction to resulting
p values.

The association of genetic ancestry with the probability
of finding at least one pathogenic variant was modelled by
logistic regression with cancer type as a random effect.
Negative binomial regression was used to evaluate the
association between ancestry and the total number of
candidate germline variants because many patients
carried one or more of these variants. We also used
negative binomial regression for the association analyses
between ancestry and the number of non-synonymous
somatic variants in actionable genes as well as ancestry
and number of somatic mutations of all domains.

Likelihood ratio tests were used to test for an overall
effect of ancestry on outcomes. For significant likelihood
ratio tests (p<0-05), we assessed differences between
individual groups using the regression coefficients for the
categorical ancestry group predictors.

We explored whether ancestry differences in germline
variants are linked to other variables, including age at
registration, ratio of heterozygous to homozygous
variants, and total number of germline variants, by adding
them as covariates to the model. For somatic mutations,
the variables we considered were age at registration,
tumour mutation burden (TMB), tumour grade, and
cancer type. TMB was defined as the count of somatic

For the panel of genes for each

cancer type see https://

panelapp.genomicsengland.

co.uk/panels/
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Figure 1: Patient characteristics by cancer type in the 100 000 Genome Project

(A) Percentage of patients assigned to each genetically inferred ancestral super-population group in the 100 000 Genomes Project Cancer Programme. (B) Percentage
of patients by self-reported ethnicity. (C) Percentage of patients by sex. (D) Total number of patients. Cancers with fewer than 100 patients are not displayed. Sub-
groupings with fewer than five patients for a cancer type are not included in percentage calculations. Tabular data are available in the appendix (pp 3-5).
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mutations in any region of the genome that were smaller
than 50 bp. We assessed whether TMB can be used as
a proxy for tumour grade because there were high rates of
missing data for the latter. We used ordinal logistic
regression to predict grade as an ordered class outcome,
TMB as a linear predictor, and cancer type as a covariate.

We conducted a sensitivity analysis on somatic
mutations, restricted to targetable genes, that is those with
potential treatment relevance. An additional sensitivity
analysis was conducted in female patients with breast
cancer to assess whether ancestry group effects on
germline pathogenic variant detection were confounded
by age. For this analysis, we created early (ie, age <46 years,
n=394) and late (age =53 years, n=2020) onset groups and
repeated the analysis described earlier.

We estimated population allele frequencies for identified
candidate germline variants using data from the Genome
Aggregation  Database  (gnomAD) version 3.1.%
100000 Genomes Project ancestry groups were mapped to
gnomAD super populations with the same names, except
for the European ancestry group, which was mapped to
Non-Finnish European in gnomAD.

We used a threshold for statistical significance of p<0-05
for all analyses, with adjustment for multiple testing
where appropriate.

All  statistical analyses were done using R
(version 4.1.2), with regression analyses performed
using the glmmTMB (version 1.2.2.3) R package (cran.r-
project.org/web/packages/glmmTMB). Code for all
analyses is available online.

Role of the funding source

The funder had no role in study design, collection,
analysis, or interpretation of data, nor in the writing of the
report or the decision to submit the paper for publication.

Results

14775 patients with cancer were recruited between
February, 2015, and December, 2018, into the
100000 Genomes Project (figure 1). To assess ethnicity
representation in the 100000 Genomes Project, we
compared the ethnic composition of 14775 patients with
cancer in the 100000 Genomes Project (figure 2) with the
ethnic composition of patients with cancer in England.’
There was no evidence that non-White ethnic groups were
under-represented when compared with national statistics
(figure 2, appendix pp 6-7). The recruitment rate ratio for
breast cancer was 2-2 (95% CI 1-6-3-0) for Black versus
White women in the 100000 Genomes Project compared
with 0-8 (0-8-0-8) for Black versus White women in the
national data (fold-change in rate ratios 2-7; 95% CI
2-0-3-7, p<0-0001), suggesting higher representation of
Black women in the 100000 Genomes Project than
expected given the ethnicity-specific incidence rates in
England. Compared with national rates, the 100000
Genomes Project also had higher recruitment rates of
Black versus White men with prostate cancer (fold-change

www.thelancet.com/oncology Vol 26 July 2025

in rate ratios 3-7; 1-8-7-5, p=0-0004), Black versus White
men with bladder cancer (fold change in rate ratios 6-1;
95% CI 2-0-18-8, p=0.0016), and Asian versus White
women with breast cancer (fold change in rate ratios 1-4;
1.2-1.7, p=0-0008).

We investigated ancestry differences in germline variant
prioritisation. Patients with cancer types with fewer than
five individuals, haematological cancers (n=788),
childhood  cancers (n=154), unknown primary
carcinomas (n=84), patients with indeterminate sex (n=77),
and patients missing somatic mutations in genes were
excluded. Patients of admixed Latin American ancestry
(n=35) were also excluded due to low sample numbers.
Overall, 332 (2-4%) of 13645 patients included in this
analysis had one or more potentially pathogenic variant.
5608 (70-8%) of 7926 patients had at least one candidate
germline variant (appendix p 8). The most common genes
with potentially pathogenic variants were BRCA2 in
European and African ancestries and BRCAI in South
Asian ancestries (further information on pathogenic
variants in female patients with breast cancer are available
in the appendix p 9).

Ancestry had a significant association with the likelihood
of carrying a variant classified as potential pathogenic
(likelihood ratio test p=0-0011). Potential pathogenic
variants were identified in 23 (4-6%) of 500 patients with
South Asian ancestry and 24 (5-3%) of 453 patients with
African ancestry compared with 263 (2:2%) of
11955 patients with European ancestry (appendix p 8).
Compared with patients with European ancestries,
significantly higher frequencies of potential pathogenic
variants were found for patients with African (adjusted
odds ratio [OR] 2-24; 95% CI 1-44-3-48, p=0-0003) and
South Asian (adjusted OR 1-88; 1-21-2-93, p=0-0052)
ancestries (figure 3A; appendix p 10). Furthermore, all the
ancestry groups had significantly more candidate variants
compared with the European ancestry group (p<0-0001;
figure 3B; appendix p 11). Candidate variants were only
called for versions 1.9 or later of the pipeline, so
5719 patients were not included in the analyses on
candidate variants.

We assessed, using a sensitivity analysis, whether these
differences might be linked to higher genetic diversity or
heterozygous to homozygous ratio in some ancestry
groups.” However, when adjusted for the total number of
germline variants and for the heterozygous to homozygous
ratio in addition to adjustment for age and cancer type,
non-European ancestry groups consistently had more
potential pathogenic variants and candidate variants than
those in European ancestry groups and neither covariate
was associated with the likelihood of having
a potential pathogenic variant (appendix p 10).

In another sensitivity analysis, we investigated the effect
of age on the likelihood of finding potential pathogenic
variants in patients with breast cancer, the largest cancer
type in the 100000 Genomes Project. The most prevalent
pathogenic variants were in the BRCAIland BRCA2 genes,

For analysis code see https://
gitlab.com/genomicsengland/
Data_Diversity_Public/cancer-
100kg-diversity-blog/-/
tree/2024paper?ref_type=heads
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Figure 2: Recruitment ratios for self-reported ethnicity (A) Black to White and (B) Asian to White
Data are age-adjusted recruitment ratio for the 100 000 Genomes Project in blue and age-adjusted incidence ratios for England in red,® with 95% Cls. Comparisons for sub-categories with fewer than
five patients in the 100 000 Genomes Project are omitted. *Statistically significant difference (p<0-05) in age-adjusted recruitment ratio after correction for multiple tests across cancer types.
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which have previously been linked to earlier age at
diagnosis.® The likelihood of identifying a pathogenic
variant was associated with younger age across all cancers
(p<0-0001). To separate the effect of age from ancestry,
female patients with breast cancer were split into early-
onset and late-onset groups. Only South Asian ancestry in
the early-onset group and African ancestry in the late-
onset group remained significantly associated with an
increased likelihood of identifying a potential pathogenic
variant in this small dataset (appendix p 12). For the East
Asian ancestry group there were only 12 patients in the
early-onset group and 17 patients in the late-onset group
and none of them carried pathogenic variants.

We found that each non-European ancestry group had
a proportion of candidate variants with allele frequencies
greater than 2% (the common variant threshold used by
the variant prioritisation pipeline; figure 4). 223 (25%)
of 895 candidate variants in patients of African ancestry
were common in the African gnomAD group, compared
with 39 (0-5%) of 8362 in the European ancestry group,
eight (1%) of 561 in the South Asian ancestry group, and
three (2%) of 139 in the East Asian ancestry group
(figure 4, appendix p 13).

For our analysis of ancestry differences in the
prioritisation of somatic mutations, we compared
somatic mutations in actionable genes for 13 645 patients
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(table). We found that fewer somatic mutations in
actionable genes were identified for patients of South
Asian, East Asian, and African ancestry compared with
patients of European ancestry when adjusting for sex
and cancer type (likelihood ratio test p<0-0001).
Compared with patients of European ancestry, patients
of African ancestry had an incidence rate ratio of
mutations in actionable genes of 0-89 (95% CI
0-80-0-99, p=0-028); patients of South Asian ancestry
had an incidence rate ratio of 0-80 (0-73-0-89;
p<0-0001), and patients of East Asian ancestry had an
incidence rate ratio of 0-74 (0-60-0-92, p=0.0058; table;
appendix p 22). Findings were consistent when
restricting the analysis to targetable genes, except for
African ancestry where the difference in the mutation
count was not significant compared with European
ancestry (appendix p 14). However, significantly fewer
patients of African ancestry had any mutations in
targetable genes, compared with those of European
ancestry (p=0-025; appendix p 14).

We tested whether the differences in mutations in
actionable genes are linked to ancestry differences in
tumour characteristics. Although tumour stage was not
associated with the number of somatic mutations in
actionable genes (p=0-81), higher tumour grade was
(table; p<0-0001). For some cancer types, there were
ancestry-related differences in tumour grade (appendix
pp 15, 23), with sarcoma tumour grade significantly
lower in individuals of South Asian ancestry (p<0-0001),
and breast cancer tumour grade higher in women of
African ancestry (p=0-016), both compared with
European ancestry. Ancestry still had a significant effect
on the number of mutations in actionable genes after
accounting for tumour grade (likelihood ratio
test p=0-013, table [model 3]). However, grade was only
available for around 60% of tumour samples
(9278 samples across 8845 patients) resulting in
a substantial loss of statistical power, and grade data
were more likely to be missing for patients of African
and unassigned ancestry and younger patients (appendix
p 16).

Therefore, we also considered TMB which was
available for the full sample and, when combined with
cancer type, is predictive of grade (prediction accuracy
56-9%; appendix p 18). TMB was associated with an
increased number of somatic mutations in actionable
genes (p<0-0001; table). However, ancestry remained
a significant predictor in the model adjusting for TMB
(likelihood ratio test p=0-0006, table [model 2]). In
addition, older age was associated with the number of
somatic mutations in actionable genes. However, the
effect of ancestry was still significant in models adjusted
for age (data not shown, likelihood ratio test p=0-031).

Findings for somatic mutations across all genes
(domains 1, 2, and 3 combined) were consistent with
those for mutations in actionable genes (appendix
pp 17, 22).
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Figure 3: (A) Percentage of
potential pathogenic
variants and (B) distribution
of candidate variants by
ancestry group

The scales of the vertical axes
in (B) vary by ancestry group.
Full details are available in the
appendix (pp 8, 10-11).
*Statistically significant
difference (p<0-05) between
the number of variants fora
given ancestry compared with
individuals of European
ancestry (model accounting
for sex and cancer type).
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Figure 4: Distribution of
ancestry-specific allele
frequencies in gnomAD for
candidate germline variants,
stratified by ancestry group
The vertical line represents an
allele frequency threshold of
2% to indicate common
variants.
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Discussion

We found that ethnicity in the 100000 Genomes Project
cancer programme is largely representative of the
population of England, distinguishing it as a uniquely
useful pan-cancer cohort for research on the role of
ethnicity in diagnosis, prognosis, and care. We also
identified ~ statistically  significant ancestry-related
differences in the detection of both potentially
pathogenic germline variants and somatic mutations in
actionable genes.

To the best of our knowledge, this is the first study
assessing ancestry differences in variant prioritisation for
a national cancer cohort. Given its role as the pilot for
nation-wide implementation of clinical whole-genome
sequencing in cancer care, the representativeness of the
100000 Genomes Project is of great importance. Other
large studies assessing ancestry differences in cancer
sequencing have suffered from under-representation of
minority ethnic groups.” In the 100000 Genomes Project,
there was an over-recruitment of minority ethnicities
relative to national incidence rates for some cancers.” As
a limitation of our study, we cannot rule out the possibility
that there are some recruitment biases affecting our
findings, in particular for less common cancers. Our
study does not allow conclusions to be drawn on the
reasons for not finding under-representation of minority
ethnic groups.

We found evidence that more germline variants in
cancer susceptibility genes were classified as pathogenic
variants for individuals of non-European ancestry. This
finding was not explained by ancestry differences in
genomic diversity or segregation mode. There is little
previous evidence that cancer susceptibility variants are
generally more frequent in non-European ancestry
groups, except for specific founder effects.? We found
that 25% of candidate germline variants in patients of
African ancestry were common based on ancestry-specific
reference data in gnomADv3.l. These variants are
unlikely to be pathogenic. Some previous studies also
found worse variant classification for individuals with
non-European ancestry. For example, using data from
5026 patients from SEER in the USA, one study found
variants of uncertain significance for 23-7% of White
patients, but 44-5% of Black patients and 50-9% of Asian
patients.” The difference in excess variants of uncertain
significance versus potentially pathogenic variants is
likely to be due to the different variant prioritisation and
filtering approaches between studies. An excess of
variants classified as potentially pathogenic variants seen
in our data might have clinical disadvantages for patients
with non-European ancestry in England, since they might
make it more difficult to identify true pathogenic variants.

Future strategies to reduce the excess of variants
classified as potentially pathogenic variants in these
groups could be to improve annotations of variants in
cancer susceptibility genes for diverse ancestries and to
separate reference datasets into ancestry groups for
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Samples with
mutations in
actionable genes

Model 1 (N=13 645)

Model 2 (N=13 645)

Model 3 (N=8845)

40% reduction in sample size compared with model 1 (see appendix p 17).

Incidence rate ratio p value Incidence rate ratio p value Incidence rate ratio p value
European 10223/12028 (85%) 1 (ref) . 1 (ref) 1 (ref) .
African 346/456 (76%) 0-89 (0-80-0-99) 0-028 0-91(0-84-0-99) 0-025 0-94 (0-83-1-10) 0-39
South Asian 403/497 (81%) 0-80 (0-73-0-89) <0-:0001  0-92(0-86-0-99) 0-030 0-89 (0-79-1:00) 0-053
East Asian 91/108 (84%) 074 (0-60-0-92) 00058  0-90 (0:77-1:00) 016 0-83 (0-66-1-10) 012
Unassigned 433/556 (78%) 0-83 (0.76-0-91) 00001  0:90(0-84-0-97) 0-0044 0-89 (0-79-0-99) 0-036
Male sex . 0-91 (0-87-0-95) 0-0001 1.0 (0-97-1-00) 0-83 0-85 (0-80-0-89) <0-0001
Tumour mutation burden 1.00 (1-00-1-00) <0-0001
Tumour grade 140 (1:33-1:43) <0-0001

Data are mutations in actionable genes/number of pathogenic variants (%) or incidence rate ratio (95% Cl) unless otherwise indicated. Model 1 was adjusted for sex and cancer type. Model 2 was adjusted for sex,
cancer type, and tumour mutation burden. Model 3 was adjusted for sex, cancer type, and tumour grade. European ancestry and female sex were used as references. Model 3 was affected by missing data, with a

Table: Association between genetically inferred ancestry group and the number of somatic mutations in actionable genes identified in tumour tissue

filtering out common variants. Furthermore, it is
important to continue to increase sample sizes and
diversity of reference resources.

Conversely, fewer somatic mutations in potentially
actionable genes were identified for individuals of non-
European ancestry. This finding broadly aligns with
findings from studies in the USA.” Using data from
45000 patients with pan-cancer diagnoses from the MSK
cohort, one study found targetable mutations in
30% of African ancestry patients versus 33% of European
ancestry patients.” This study was different from ours in
focusing on targetable somatic mutations and compared
presence and absence rather than counts. Some genes,
such as EGFR, show differential rates of somatic
mutations in tumours across ancestry groups.”** The
under-representation of diverse ancestry groups in
research studies could have favoured the development of
targeted therapies for mutations in genes that are more
frequent in European ancestries. To address this historic
bias, future research should improve consideration of
ancestry background across research stages in
therapy development.

There are ethnicity-related differences for some
tumour characteristics. For example, Black women in
England present more frequently with triple negative
breast cancer® and, in line with this finding, we observed
that female patients with breast cancer of African
ancestry had higher grade tumours. However, for
patients with sarcoma, individuals of South Asian
ancestry had significantly lower tumour grades. Other
differences were not statistically significant, although
this might be due to insufficient statistical power. When
accounting for tumour grade or tumour mutational
burden, the differences between European and other
ancestry groups reduced, but the number of mutations
in actionable genes remained consistently lower in
African and South Asian ancestries. These findings
suggest that the different detection rates of mutations in
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actionable genes might be partly mediated by differences
in tumour characteristics.

However, as a limitation of our study, missing data
made it difficult to assess the mediating role of tumour
features more widely. For example, tumour grade was
only available for around 60% of tumour samples.

Further study limitations include the small group sizes
that resulted from that the intersection of ancestry and
cancer types for some combinations. Therefore, most of
the analyses adjusted for cancer types, but did not consider
them separately as an outcome. The conclusions are
unlikely to apply equally across all cancer types.

External validation is fundamentally challenging as we
evaluated how a specific national whole-genome
sequencing programme performs for patients with
different ancestries. Other studies with whole-genome
sequencing of patients with cancer not only had different
designs, but also used different workflows for the
identification of pathogenic variants or candidate variants
and actionable tumour mutations. Moreover, such studies
would need very large numbers of patients with cancer
with whole-genome sequencing to enable the kinds of
comparison that we undertook, and we are not aware of
such a resource.

In conclusion, opportunities for further research will
increase with the release of additional data from routine
sequencing as part of the NHS Genomic Medicine
Service. Our study underlines the need for this research, if
we are to ensure equitable benefits from genomics in
cancer prevention and care for diverse populations.
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