1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2024 July 29.

-, HHS Public Access
«

Published in final edited form as:
Cancer Epidemiol Biomarkers Prev. 2022 August 02; 31(8): 1593-1601.
doi:10.1158/1055-9965.EP1-21-1397.

Breast cancer risk in women from Ghana carrying rare germline
pathogenic mutations

Thomas U. Ahearn”, Parichoy Pal Choudhuryl”, Andriy Derkach?, Beatrice Wiafe-Addai3,
Baffour Awuah?, Joel Yarney®, Lawrence Edusei®, Nicholas Titiloye#, Ernest Adjei4, Verna
Vanderpuye®, Francis Aitpillah#, Florence Dedey®, Joseph Oppong?, Ernest Baawuah
Osei-Bonsu?, Maire A. Duggan®, Louise A. Brintonl, Jamie Allen’, Craig Luccarini8,
Caroline Baynes8, Sara Carvalho’, Alison M. Dunning®, Brittny C. Davis Lynn!, Stephen

J. Chanock?, Belynda D. Hicks®, Meredith Yeager?®, Nilanjan Chatterjeel%11, Richard
Biritwum2, Joe Nat Clegg-Lamptey®, Kofi Nyarkol2, Seth Wiafel3, Daniel Ansong?,
Douglas F. Easton’:8, Jonine D. Figueroal4, Montserrat Garcia-Closas?

LDivision of Cancer Epidemiology and Genetics, National Cancer Institute, Bethesda, MD, USA

2.Department of Epidemiology and Biostatistics, Memorial Sloan Kettering Cancer Center, New
York, NY, USA

3-Peace and Love Hospital, Kumasi, Ghana
4Komfo Anokye Teaching Hospital, Kumasi, Ghana
5Korle Bu Teaching Hospital, Accra, Ghana

6.Department of Pathology and Laboratory Medicine, Cumming School of Medicine, University of
Calgary, Calgary, AB, Canada

7-Centre for Cancer Genetic Epidemiology, Department of Public Health and Primary Care,
University of Cambridge, Cambridge, UK

8.Centre for Cancer Genetic Epidemiology, Department of Oncology, University of Cambridge,
Cambridge, UK

9-Cancer Genomics Research Laboratory, Leidos Biomedical Research, Frederick National
Laboratory for Cancer Research, Frederick, MD, USA

Corresponding Author Montserrat Garcia-Closas, National Cancer Institute, Division of Cancer Epidemiology & Genetics, 9609
Medical Center Drive, Rockville, MD 20850, montserrat.garcia-closas@nih.gov, 240-276-7150.

Contributed equally.
TUA, PPC, BWA, BA, JY, LE, NT, EA, VV, FA, FD, JO, EBOB, MAD, LAB, BCDL, RB, JNCL, KN, SW, DA, JDF, MGC; for the
Ghana Breast Health Study (unnamed study members are listed in the Acknowledgements)
Contributions:
Conception & Design of the study: TUA, PPC, AD, BAW, BA, JY, LE, NT, EA, VV, FA, FD, JO, EOB, MD, LAB, JA, CL, CB, SC,
AMD, BCDL, SC, BH, MY, NC, RB, JNCL, KN, SW, DA, DFE, JF, MGC

Data callection: TUA, PPC, AD, BAW, BA, JY, LE, NT, EA, VV, FA, FD, JO, EOB, MD, LAB, JA, CL, CB, SC, AMD, BCDL, SC,
BH, MY, NC, RB, JNCL, KN, SW, DA, DFE, JF, MGC

Interpretation of data: TUA, PPC, AD, BAW, BA, JY, LE, NT, EA, VV, FA, FD, JO, EOB, MD, LAB, JA, CL, CB, SC, AMD,
BCDL, SC, BH, MY, NC, RB, JNCL, KN, SW, DA, DFE, JF, MGC

Data analysis: TUA, PPC, AD

Drafting of the manuscript: TUA, PPC, MGC

Revised work and provided important intellectual content: TUA, PPC, AD, BAW, BA, JY, LE, NT, EA, VV, FA, FD, JO, EOB,
MD, LAB, JA, CL, CB, SC, AMD, BCDL, SC, BH, MY, NC, RB, JNCL, KN, SW, DA, DFE, JF, MGC

Disclosures of potential conflicts of interest: The authors declare no potential conflicts of interest




1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Ahearn et al. Page 2

10.Department of Biostatistics, Johns Hopkins Bloomberg School of Public Health, Baltimore, MD,
USA

11.Department of Oncology, Johns Hopkins University School of Medicine, Baltimore, MD, USA
12.University of Ghana, Accra, Ghana

13 oma Linda University, School of Public Health, Loma Linda, CA, USA

14.Usher Institute and CRUK Edinburgh Centre, University of Edinburgh, Edinburgh, UK

Abstract

Background: Risk estimates for women carrying germline mutations in breast cancer
susceptibility genes are mainly based on studies of European ancestry women.

Methods: We investigated associations between pathogenic variants (PV) in 34 genes with
breast cancer risk in 871 cases (307 estrogen receptor (ER)-positive, 321 ER-negative, and 243
ER-unknown) and 1,563 controls in the Ghana Breast Health Study (GBHS), and estimated
lifetime risk for carriers. We compared results to those for European, Asian and African-American
ancestry women.

Results: The frequency of PV in GBHS for nine breast cancer genes was 8.38% in cases and
1.22% in controls. Relative risk estimates for overall breast cancer were: OR (95% Cl)=13.70
(4.03-46.51) for BRCA1, 7.02 (3.17-15.54) for BRCAZ, 17.25 (2.15-138.13) for PALBZ2, 5/0
cases/controls for 7P53, and 2.10, (0.72-6.14) for moderate-risk genes combined (A7M, BARDI,
CHEKZ, RAD51C, RAD52D). These estimates were similar to those previously reported in other
populations and were modified by ER status. No other genes evaluated had mutations associated
at P<0.05 with overall risk. The estimated lifetime risks for mutation carriers in BRCA1, BRCAZ
and PALB2Zand moderate risk genes were 18.4%, 9.8%, 22.4% and 3.1%, respectively, markedly
lower than in Western populations with higher baseline risks.

Conclusions: We confirmed associations between PV and breast cancer risk in Ghanaian
women and provide absolute risk estimates that could inform counseling in Ghana and other
West African countries.

Impact: These findings have direct relevance for genetic counseling in West Africa since
currently available data is primarily from Western populations

Keywords

Breast Cancer; pathogenic germline variants; Ghana; absolute risk; population-based case-control
study

Introduction

Gene panel testing for breast cancer predisposition is widely used in high-income countries;
however, susceptibility gene risk estimates are often imprecise and derived primarily from
family-based studies in European ancestry populations (1-3). Recent publications from
three large studies in women of European, Asian, African-American (AA), and other racial/
ethnic groups in the US have enhanced our understanding of the role genetic factors in
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breast cancer etiology (4-6). The Breast Cancer Risk after Diagnostic Gene Sequencing
(BRIDGES) study performed germline DNA panel testing for 34 putative breast cancer
susceptibility genes in 60,466 cases and 53,461 controls of European and Asian ancestry (4).
This study identified the most clinically useful genes for genetic testing as four high-risk
(relative risk (RR) >4) genes, BRCA1, BRCAZ, PALBZand TP53, five moderate-risk

(RR 2-4) genes, ATM, BARD1, CHEKZ, RAD51C, and RAD51D, and provided precise
RR estimates for overall and estrogen receptor (ER)-defined breast cancer. Palmer et al.
investigated AA women (5,054 cases and 4,993 controls) and found similar results as
reported by BRIDGES based on germline DNA panel testing of 23 genes (5). The Cancer
Risk Estimates Related to Susceptibility (CARRIERS) study used the same sequencing
panel as Palmer et al. to investigate a multi-ethnic US population (78% non-Hispanic White,
14% non-Hispanic Black, 4% Asian, 3% Hispanic, and 2% other) of 32,247 breast cancer
cases and 32,544 controls and also reported similar results as BRIDGES(6). Notably, most
AA women in Palmer et al. overlapped with the CARRIERS study population.

Although breast cancer incidence historically has been low in West African compared to
Western countries, incidence rates in West Africa are rising. West African women are
disproportionately affected by early-onset/ER-negative breast cancer, and low survival rates
mainly due to advanced stages at diagnosis (7-9). To date, there are limited data on the
association of germline mutations in breast cancer susceptibility genes with disease risk in
West Africa (10-13). Population-based studies are needed to clarify the role of pathogenic
mutations in breast cancer genes in African women to improve our understanding of breast
cancer etiology and prevention strategies. In this report, we used the 34 gene panel from
BRIDGES to sequence 871 breast cancer cases and 1,563 controls in the Ghana Breast
Health Study (GBHS) (14-16). We estimated odds ratios (OR) of overall and ER-defined
breast cancer for protein truncating variants (PTVs) and pathogenic missense variants, and
we compared them to published estimates in European, Asian, and AA populations (4-

6). We also provide population-specific lifetime breast cancer risk estimates for mutation
carriers in Ghana.

Study Population:

The GBHS has been described in detail elsewhere (14-16). In brief, the GBHS is a
population-based case-control study of breast cancer conducted in Accra and Kumasi,
Ghana. The study enrolled breast cancer cases and frequency matched population-based
controls using census-based sampling of women between the ages of 18 to 74 years of age.
Cases were women recommended for a biopsy based on the suspicion of malignancy or
presenting at a study hospital for treatment of pathologically documented breast cancer
within the previous year. Controls included women who reported never having been
diagnosed with breast cancer (14-16). We performed gene panel sequencing on 1,077 cases
and 1,993 controls with an available source of germline DNA. After quality control, we
included 871 breast cancer cases (829 pathologically confirmed invasive, 12 pathologically
confirmed in situ, and 30 considered malignant based on clinical manifestations) and

1,563 controls (Supplementary Figure 1). The study was approved by the Special Studies
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Institutional Review Board of the National Cancer Institute (Rockville, MD), the Ghana
Health Service Ethical Review Committee and institutional review boards at the Noguchi
Memorial Institute for Medical Research (Accra, Ghana), the Kwame Nkrumah University
of Science and Technology (Kumasi, Ghana), the School of Medical Sciences at Komfo
Anokye Teaching Hospital (Kumasi, Ghana) and Westat (Rockville, MD). All participants
provided written informed consent.

Laboratory methods, variant calling and classification:

Details on the laboratory methods, variant calling, and classification have been published
(4). In brief, we analyzed a gene panel of 34 known or suspected breast cancer susceptibility
genes. Library preparation was conducted using the Fluidigm Juno 192.48 system at

the Centre for Cancer Genetic Epidemiology, University of Cambridge, Cambridge, UK.
Amplified products were combined into barcoded libraries of 768 samples, each of which
was run on a single lane of an Illumina Hiseq4000. Each sample was sequenced to an
average depth of 349 reads, in the target region.

Variant calling was performed using VarDict;(17) comparison with other callers indicated
that this had much better specificity for this type of targeted sequencing (18). We applied

the following filters at the VCF level: phred scaled sequencing quality assessment of the
bases contributing to the variant (QUAL) <30, allele fraction (AF) <0.2 and mean mapping
quality (MQMEAN) <60, mean number of mismatches per read (NM) >2.0, AFxBase Depth
< 7.5. Variants failing any of these filters were removed. PTVs were defined as frameshifting
insertions/deletions, stop/gain or canonical splice variants as classified by the Emsembl
Variant Effect Predictor (VEP) (19), except for variants in the last exon of each gene, which
were excluded from the primary analysis. Missense variants defined as pathogenic or likely
pathogenic in ClinVar by two or more clinical laboratories (Ambry Genetics, SCRP, InVitae,
GeneDX, Counsyl, InSiGHT) were considered pathogenic, the same criteria as applied by
Palmer et al.in the study of AA women (20).

Statistical analysis:

We used Fisher’s Exact Test to compare carrier frequencies in GBHS to carrier frequencies
in BRIDES and Palmer et al. We used logistic regression to perform burden analyses to
estimate odds ratios (ORs) and 95% confidence intervals (95% CI) associated with carrying
a pathogenic variant (PV) in each gene adjusting for age and family history. Because

risk associations for PTVs and PVs in the moderate risk genes (ATM, BARD1, CHEK2,
RADS51C, and RAD51D) were found to be similar by BRIDGES (4), and the GBHS
sample size was too small to evaluate each gene separately, we tested for associations

with breast cancer risk for these genes combined. Disease endpoints considered were overall
(invasive or in-situ), ER-defined, and triple-negative (TN, defined as being negative for

ER, PR and HER?2) breast cancer. Case-only analyses were used to estimate heterogeneity
P-values (Pyet) in associations between carrying a PV with risk of ER-defined breast cancer.
We compared frequencies and risk estimates of PTVs in breast cancer risk genes with

those reported among European and Asian ancestries in the BRIDGES study (4), and the
frequencies and risk estimates associated with all PVs in aggregate (defined as either PTVs
and pathogenic missense variants) in breast cancer risk genes with those reported among
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AA and a multi-ethnic (primarily non-Hispanic White) US population by CARRIERS (5,6).
For comparisons to the BRIDGES studies, we were able to compare overall breast cancer
risk estimates for carrying PTVs in ATM, BARDI1, BRCA1, BRCAZ, CHEKZ2, MSH6, NF1,
PALBZ, PTEN, RAD51C, RAD51D, and TP53 separately to European and Asian ancestry
women; BRIDGES did not report risk estimates for other genes separately by ancestry
group (4). We generated z-scores and corresponding P-values to compare risk estimates
across studies (P-diff). Population attributable risks (PAR) for pathogenic mutations were
calculated based on the mutation frequencies in the control population and OR estimates.

Lifetime absolute risk estimates of overall and ER-defined breast cancer within the 18 to

74 years age range, the oldest age in the GBHS (female life expectancy in Ghana is 64.4
years(21)), for women carrying a PV were generated using the Individualized Coherent
Absolute Risk Estimator tool (iCARE)(22). Absolute risk estimation using iCARE requires
the odds ratios for disease risk, age-specific disease incidence rates and competing mortality
rates and an individual level reference dataset of risk factors representing the underlying
population (22). We used the estimated odds ratios for risk of breast cancer for carriers of
pathogenic variants in BRCAI1, BRCAZ, PALBZ, and the combined moderate risk genes. We
leveraged the census-based sampling strategy to generate sampling fractions and estimate
breast cancer incidence rates in Accra and Kumasi, as previously described in greater

detail (23). The population distribution of carrying a pathogenic variant was estimated

using the controls from our study, which provided the reference dataset for absolute risk
estimation. The overall absolute risk estimation further accounted for competing mortality
due to causes other than breast cancer using the competing mortality rates derived from
published estimates of overall mortality (24) and the mortality due to breast cancer
published by GLOBOCAN 2018 (25). We further derived 95% confidence intervals for
lifetime absolute risk of breast cancer using bootstrap resampling. This approach assumed
the disease incidence rates and competing mortality rates to be known with certainty. The
log-odds ratio estimating the association of each carrier type with overall breast cancer or
subtype-specific breast cancer asymptotically follows a normal distribution by the theory of
maximum likelihood estimation. Each bootstrap iteration sampled the log-odds ratios and
sampled the reference dataset with replacement. The confidence intervals were calculated
using the 2.5 and 97.5 percentiles of the lifetime absolute risk distribution derived from 1000
bootstrap iterations.

A P-value threshold of 0.05 was used to denote statistically significant associations.
Analyses were performed in R (version 3.4.2) and SAS (version 9.4).

Results

The GBHS study population included 871 breast cancer cases [307 ER-positive (48.9%),
321 ER-negative (51.1%), 243 without ER tumor status data, and 172 (28%) TN] and 1,563
controls. The mean (standard deviation) age (in years) of cases was slightly older (50.8
(12.0)) than controls (45.8 (12.7)), reflecting controls being initially frequency matched to
women with a suspicion of breast cancer prior to diagnosis confirmation (Supplementary
Table 1).
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Frequency of PTV and missense pathogenic variants

Among the 34 genes investigated, the percentage of controls carrying at least one PTV
across all genes was 3.97% and for overall, ER-positive, ER-negative, and TN cases the
percentages were 11.94%, 13.68%, 12.46%, and 15.52%, respectively (Supplementary Table
2, Supplementary Figure 2). Supplementary Table 3 lists the identified PVs.

Figure 1 and Supplementary Table 4 shows PTV frequencies in GBHS and BRIDGES for
the 9 genes (ATM, BARD1, BRCA1, BRCAZ, CHEKZ, PALBZ, RAD51C, RAD51D, and
TP53) that were associated with breast cancer risk at a Bayesian False Discovery Probability
(BFDP) <5% in BRIDGES (4). The frequency of carrying at least one PTV in these nine
genes was 1.15% in controls and 7.58%, 8.14%, and 8.41% in overall, ER-positive, and ER-
negative disease, respectively. Women in GBHS had approximately two-times the frequency
of PTVs in BRCAIand BRCAZthan women of European or Asian ancestry in the
BRIDGES study (4) for both controls and overall breast cancer cases; however, differences
were statistically significant only for overall breast cancer. For mutation frequencies in
ER-defined disease the largest differences were for PTVs in ER-positive cases for BRCAZ
and PALBZ. There was also a higher frequency of 7P53PTVs for ER-negative cases in
GBHS than BRIDGES. No controls carried a 7P53PTV, and no cases or controls carried a
CHEKZPTV. Seven cases and one control carried missense variants classified as pathogenic
in ATM, BRCA1, CHEK?Z, and TP53(Supplementary Tables 5-6).

Figure 2 shows PV frequencies in the 9 breast cancer genes for GBHS and AA women

in Palmer et al. (PTVs and pathogenic missense variants were combined for comparison
with Palmer et al.) (5). This figure shows a higher mutation frequency in GBHS cases and
controls for BRCA1 and BRCAZ, in ER-positive cases for PALBZ, and in ER-negative cases
for 7P53, like the comparisons with European or Asian ancestry women in BRIDGES.

No pathogenic 7P53 mutations were found in controls from either study. Notably, GBHS
controls had approximately 10 times the frequency of BRCAI pathogenic mutations
compared to AA controls (Figure 2, Supplementary Table 7) (5).

Pathogenic variant carrier frequencies were higher in GBHS cases who reported a breast
cancer family history in a first-degree relative at the time of interview, compared to those
without such a history. Carrying a PV in BRCAI and BRCAZ was not associated (P<0.05)
with age at diagnosis for overall, ER-positive, or ER-negative disease (Supplementary
Figure 3, Supplementary Tables 8-9).

Comparisons of mutation frequencies with genes not found associated with breast cancer at
BFDP <5% by BRIDGES (4) are shown in Supplementary Tables 4 and 7. Comparisons of
mutation frequencies between GBHS and a multi-ethnic US population in CARRIERS(6) is
not shown; however, they were reported to be similar to BRIDGES (4) and Palmer et al. (5),
except for BRCAI pathogenic mutations in controls that were markedly low in AA controls

).

Relative risk of breast cancer for mutation carriers

Among the 34 genes investigated we estimated associations with breast cancer risk for
mutation carriers in 14 genes, as there were no carriers in cases and/or controls for
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the remaining 20 genes (Figure 3, Supplementary Table 2). We identified significant
associations at P<0.05 between PTVs and overall breast cancer risk for three high-risk
genes: BRCAI (OR=13.17, 95% Cl1=3.86-44.91), BRCAZ2(7.02, 3.17-15.54), and PALBZ2
(17.25, 2.15-138.13). The magnitude of association for these genes was like those in women
of European or Asian ancestry in BRIDGES (Figure 4, Supplementary Table 10) (4). PTVs
in BRCAI were more strongly associated with ER-negative (28.62, 8.15-100.57) and TN
disease (41.67, 11.53-150.54) than ER-positive (5.43, 1.08-27.43) disease (ER-positive vs
ER-negative case-only Pne=0.01). PTVs in BRCAZ2were more strongly associated with ER-
positive (10.32, 4.27-24.96) than ER-negative (5.62, 2.12-14.88) and TN (7.96, 2.82-22.47)
disease, but differences were not statistically significant (ER-positive vs ER-negative case-
only Pnhet=0.16, Figure 4, Supplementary Tables 2). ER-specific associations for BRCAI and
BRCAZwere consistent with European and Asian populations in BRIDGES (P-diff>0.20,
Figure 4, Supplementary Table 10) (4). PALBZ2was more strongly associated with ER-
positive than ER-negative disease (28.02, 3.17-247.74 and 5.02, 0.31-82.59, respectively),
but estimates were imprecise, and differences were not statistically significant (case-only
Phet=0.12; Supplementary Tables 2). PALB2 ER-specific estimates were not significantly
different from those reported by BRIDGES (4). The magnitude of the associations for
BRCA1, BRCAZ, and PALBZfor carrying a PV in these genes was also like AA women and
the multi-ethnic US population in CARRIERS. Pathogenic mutations in A7TMand RAD51C
were not significantly associated with breast cancer risk, although the magnitude of the
estimated ORs was like those reported by BRIDGES, Palmer et al and CARRIERS (Figure
4, Supplementary Table 10). ORs could not be estimated for BARD1, CHEKZ2, RAD51D,
and 7P53as no carriers were identified in cases or controls. Notably, five cases but no
controls (cases=0.57% vs controls=0.0%, p=0.006) were identified carrying a PV in 7P53.
The magnitude of the estimated OR for overall breast cancer among women carrying a PV in
any of the combined moderate-risk genes, ATM, BARD1, CHEKZ2, RAD51C, and RAD51D,
was similar to other populations (2.10, 0.72-6.14) (Supplementary Table 10) (4-6). Only 1
ER-negative case carried a PV in the combined moderate-risk genes (Supplementary Table
2). Among other investigated genes, RAD50 was associated with risk of ER-positive disease
(7.89, 1.29-48.20), in contrast to results from BRIDGES and CARRIERS (P-diffs=0.03 and
0.02, respectively). FANCM was associated with risk of ER-negative disease (5.91, 1.17-
29.91) (4), consistent with BRIDGES and CARRIERS results (P-diff>0.08; Supplementary
Figure 4, Supplementary Table 10). Evidence for associations with risk for mutations in
other putative risk genes was weaker.

Population attributable risk and lifetime absolute risk of breast cancer for mutation carriers
in 9 established breast cancer genes

Supplementary Table 11 shows the PAR estimates for BRCAI and BRCAZ pathogenic
mutations in Ghana for overall, ER-positive, and ER-negative disease, based on mutation
frequencies in the control population and OR estimates. PAR estimates in Ghana might be
higher than in other populations, however Cls were wide and overlapped with PAR estimates
using data from previously published studies of larger sample sizes (4,5).

The lifetime absolute risk for overall breast cancer among women carrying a PV in BRCA1,
BRCAZ, PALBZ, and moderate-risk genes combined (ATM, BARD1, CHEKZ, RAD51C,
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and RAD51D) was: 18.4% (95% CI1=6.0-48.6%), 9.8% (95% CI=4.5-19.5%), 22.4% (95%
Cl=3.5-78.6%), and 3.1% (95% CI=1.1-8.4%), respectively. BRCAI mutation carriers

had a higher lifetime risk for developing ER-negative (17.3%, 95% C1=5.6-41.1%) than
ER-positive (3.7%, 0.9-14.3%) disease, while BRCAZand PALBZ2 mutation carriers had
higher lifetime risks for ER-positive (7.4%, 3.1-15.4% and 19.1%, 2.4-72.3%, respectively)
than ER-negative (3.8%, 1.5-8.8% and 3.2%, 0.2-27.0%) disease. Mutation carriers for
moderate-risk genes had a lifetime risks for ER-positive disease of 2.5% (0.7-7.8%) (Figure
5). An estimate of lifetime risk for ER-negative disease for mutation carriers in moderate-
risk genes is not shown due to only 1 ER-negative case being found carrying a PV in the
combined moderate-risk genes. As a sensitivity analysis, we estimated lifetime risks using
OR estimates from BRIDGES while keeping Ghana age-specific disease incidence rates and
competing mortality rates. Estimates were similar except for PALB2 (Supplementary Table
12), likely due to the lack of precision of the OR estimate from the GBHS.

Discussion

In this study in Ghanaian women, we confirmed breast cancer risk associations for PVs

in four established high-risk genes (BRCAI1, BRCAZ, PALBZ, and TP53) and provided
evidence consistent with moderate risk associations for ATM, BARDI1, CHEK?2, RAD51C,
and RAD51D. Relative risks estimates were of similar magnitude to results published in
large studies in women of European, Asian, AA and multi-ethnic (primarily non-Hispanic
White) US population (4-6). However, Ghanaian women were about twice as likely to carry
pathogenic mutations in BRCAI or BRCAZ. The estimated lifetime risks for overall breast
cancer among carriers were lower for Ghanaian women than for AA(5), European ancestry
women in the UK(4), and non-Hispanic Whites in the USA.(6)

By using the same gene panel, methodology and bioinformatic pipelines as in the BRIDGES
study, we were able to make direct comparisons between estimates in GBHS and this

large study of European and Asian ancestry women (cases=60,466 and controls=53,461
controls) (4). This gene panel was also similar to that used by Palmer et al and CARRIERS,
allowing for comparisons to AA women (cases=5,054 and controls=4,993) and a multi-
ethnic US population (cases=32,247 and controls=32,544), respectively (5,6). Although OR
estimates for carrying a PV in established high- and moderate-risk genes were similar across
populations (4-6), OR estimates in GBHS were less precise due to the smaller sample size.
Notably, the OR estimates for AA BRCA1 carriers reported by Palmer et al. were also
imprecise due to only 1 of 4,925 controls (0.02%) carrying a BRCA1 pathogenic mutation
(5). Compared to other studies, the Carolina Breast Cancer Study (CBCS) also reported

a low BRCA carrier frequency among controls, 1 in 1,635 (0.06%, AA=592, European-
Americans=1016, other ancestry=27) (26). BRCAI and BRCAZ carrier frequencies among
GBHS controls are more like those from the Nigeria Breast Cancer Study (NBCS), which
reported 3 in 997 (0.3%) and 4 in 997 (0.4%) controls to be BRCAIand BRCAZ carrier,
respectively (10). Adedokun et al. found in a study from Uganda and Cameroon 2 in

185 (1.08%) hospital-based controls to be BRCAI carriers, while no controls were found

to be BRCAZ carriers (27). Collectively, these findings suggest that women from West
Africa more frequently are carriers for PVs in BRCA1 and BRCAZ. However, the control
populations in the GBHS, NBCS, and Adedokun et al were on average approximately 10—
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15 years younger than controls in BRIDGES, Palmer et al., and CARRIERS (4-6,10,27).
These age differences across populations could at least partly explain differences in PV
carrier frequency distributions. In addition, information on prior breast cancer screening was
collected on control women in the GBHS, but they were not screened at study enroliment to
identify subclinical breast cancer, which could have resulted in overestimation of pathogenic
mutation frequencies.

GBHS ER-positive cases more often carried PVs in BRCAZand PALB2 compared to
ER-positive cases of European, Asian or AA ancestry (4,5). However, GBHS ER-negative
carrier frequencies were similar to other populations, except for a higher 7P53 carrier
frequency in GBHS than AA ER-negative cases (5). Our finding suggesting PV in RAD50
being associated with risk of ER-positive disease contrasted with results from the BRIDGES
and CARRIERS studies, thus this finding require replication in larger studies (4,6). Palmer
et al. did not report results for RAD50 (5). Previous, reports found pathogenic mutations

in BRCAI, BRCAZ, and combined breast cancer genes were more common among women
diagnosed at younger than older ages (4-6,10). We did not find age associated with BRCA1
and BRCAZ, possibly due to our study having a smaller sample size and/or a younger, more
narrower age range (median diagnosis age=51 years; range=18-74 years) than most other
populations. Notably, 59.2% of NBCS cases were less than 50 years of age, which reported
BRCAI mutations were more common in women diagnosed at younger ages (10).

We were not able to obtain risk estimates for all the individual moderate risk genes due to
our limited sample size, thus we combined these genes to test for associations with breast
cancer risk. Among the combined moderate risk genes, we found modest evidence of an
association with risk of ER-positive disease. For ER-negative cases we found only 1 case
carrying a pathogenic missense variant [p.Ala2622Val] in ATM. Notably, BRIDGES, Palmer
et al, and CARRIERS found RAD51C and RAD51D to be most strongly associated with
risk for ER-negative disease. BRIDGES and CARRIERS also found BARD1 most strongly
associated with risk of ER-negative disease, while Palmer et al. found no association

with risk for BARDI (4-6). For CHEKZ, we did not identify PVs among GBHS cases;
however, one control carried a pathogenic missense variant [p.Arg145Trp]. Pathogenic
variants in CHEKZ were reported among 0.2% of cases from Nigeria(10) and 1.1% of
cases from Cameroon, but none were the ¢.1100delC mutation (27). In BRIDGES, nearly
80% of CHEKZ2PTVs were accounted for by ¢.1100delC, a founder mutation variant in
north-western European populations (4,28). This variant accounted for 47% and 33% of
CHEKZ2PTVs found among AA cases and controls, respectively, possibly resulting from
European population admixture among AAs (5).

BRIDGES estimated lifetime cumulative risks by age 80 years for BRCAI1, BRCAZand
PALBZ2PTV carriers in the UK of approximately 55%, 45%, and 42%, respectively (4).
These results were similar to findings from CARRIERS, which reported cumulative absolute
risks by age 85 for non-Hispanic Whites in the US of approximately 50% for PVs in
BRCA1 or BRCAZ, and 32% for variants in PALBZ. Palmer et al estimated lifetime
cumulative risks by age 85 for BRCAZand PALBZin AA women of 58% and 30%,
respectively (5). Palmer et al did not report a lifetime risk for BRCA1 because only 1
control was identified carrying a PV in the gene. In contrast, we estimated much lower
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lifetime risks for overall breast cancer by age 74 for Ghanaian women in Kumasi and
Accra carrying pathogenic mutations in BRCAI1, BRCAZ2and PALBZ. Based on the figures
reporting the lifetime absolute risk in BRIDGES (Figure 3), CARRIERS (Figure 1), and
Palmer et al. (Figure 2), the absolute risk at age 74 in these populations were only slightly
lower than the lifetime risks (4-6). The lower lifetime risks found in the GBHS, despite

the similar OR, can be explained by the lower overall breast cancer incidence rates and
higher competing mortality rates in Ghana compared to the UK and AA populations (21,29-
31). Differences in rates could be partly explained by explained by younger demographics
in Ghana compared to higher income countries and differences in reproductive patterns
(32,33). Differences can also be explained by overdiagnosis or detection of indolent tumors
in higher income countries with widespread mammographic screening programs (34-36),
compared with only opportunistic screening in Ghana (14,37). This will be particularly
relevant for ER-positive tumors that are more likely to be screen-detected than ER-negative
tumors (38). However, we could not compare ER-specific absolute risk across populations
because they were not reported for other ancestry populations (4-6).

Our estimated lifetime risks for mutation carriers could be used to inform genetic counseling
of women in Ghana and other West African countries. However, our lifetime risk estimates
were based on incidence rates estimates from two major cities, Kumasi and Accra, and they
may not reflect estimates in more rural regions of Ghana. Other barriers for implementation
of genetic testing and counseling services in these countries need to be addressed, including
consideration of psycho-social and cultural factors, burden to the health care systems, and
guidelines for clinical management of mutation carriers developed for local environments
(39-41).

Our findings indicate that OR estimates for pathogenic mutations in established high- and
moderate-risk breast cancer genes are similar across populations. However, overall lifetime
risks for PV carriers were lower in Accra and Kumasi due to lower underlying rates for
overall breast cancer than in Western populations. The role of other putative breast cancer
genes remains unclear and larger studies in West Africa are needed to increase the precision
of risk estimates.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Comparison of the frequency of protein truncating variants (PTVs) in breast cancer genes for
controls and breast cancer cases from the Ghana Breast Health Study (GBHS) and the Breast
Cancer Risk after Diagnostic Gene Sequencing (BRIDGES) study (European and Asian
ancestries combined). Includes genes with PTVs reported associated with risk of breast
cancer at a Bayesian False Discovery Probability < 5% in BRIDGES?!. See Supplemental

Table 4 for more details.
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Figure 2.

Comparison of the frequency of pathogenic mutations in putative susceptibility breast cancer
genes in controls and breast cancer cases from the Ghana Breast Health Study (GBHS) and
the CARRIERS study in African American (AA) women?. See Supplemental Table 7 for

more details
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Figure 3.
Association between protein truncating variants (PTVSs) in putative susceptibility genes and

risk of breast cancer in the Ghana Breast Health Study (GBHS). The figure shows odds
ratios (ORs) with 95% confidence intervals, indicated by bars. Genes are ordered by the size
of estimated odds ratio for overall breast cancer. Showing 14 of 341 genes of which ORs and
95% CI could be estimated. See Supplemental Table 2 for more details.
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Figure 4.
Associations between protein truncating variants (PTVs) in the Ghana Breast Health

Study (GBHS), African Americans (PTVs and pathogenic missense variants combined) as
reported by Palmer et al.1,Europeans and Asian ancestries in the Breast Cancer Risk after
Diagnostic Gene Sequencing (BRIDGES?), and in a multi-ethnic US population as reported
by CARRIERS? (PTVs and pathogenic missense variants combined) for high risk breast
cancer genes (BRCA1, BRCAZ, PALB2, and TP53% and five®6 moderate susceptibility
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breast cancer risk genes combined. The figure shows odds ratios (ORs) with 95% confidence
intervals (ClI), indicated by bars. See Supplemental Table 10 for more details.
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C) ER-negative breast cancer

»_ = od o il
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Age (years)
Gene :'I’::'(‘;:)’ 95%C1 Gene ‘;'I’::'(‘;:)' 95%Cl Gene ';'I’::'(‘;:)' 95%Cl

BRCA1 184 6.0-48.6 BRCA1 3.7 0.9-14.4 BRCA1 173 5.6-41.1
BRCA2 9.8 4.5-19.5 BRCA2 7.4 3.1-154 BRCA2 38 15-88
PALB2 224 3.5-78.6 PALB2 19.1 24723 PALB2 3.2 0.2-27.0
Combined moderate risk genes 31 1.1-84 Combined moderate risk genes 25 0.7-7.8 Combined moderate risk genes -1 -1

1. Results from the combined moderate susceptibility genes are not shown for ER-negative disease due to only one case being identified carrying a pathogenic mutation

Figureb.

Estimates of absolute risk of A) overall, B) ER-positive, and C) ER-negative breast cancer
through age 74 in women from Ghana who are carriers of pathogenic mutations in three

high risk genes (BRCA1, BRCAZ, PALBZ), and five susceptibility genes combined (A7M,

BARD1, CHEKZ, RAD51C, and RAD51D). See Supplemental Table 12 for more
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