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1 | INTRODUCTION

Breast carcinoma is the leading cause of cancer mortal-
ity in women in Turkey, largely due to a lack of breast
cancer awareness and delayed diagnosis." The most
common histological type of cancer is ductal carcinoma
(DC),* followed by lobular carcinoma (LC).> Women
diagnosed with LC are more likely to have bilateral
breast carcinoma and a first-degree relative affected
with breast carcinoma.* Although there are well-known
breast cancer predisposition genes, most studies have
been performed primarily on ductal breast carcinoma.’
The genetic susceptibility to lobular breast carcinoma is
relatively unknown.® CDHI is the only well-known gene
associated with increased invasive lobular carcinoma
(ILC) risk.”® Recently, CHEK2 and BRCAZ have been re-
ported in association with ILC.>*°

While studies have evaluated the genetic etiology
of constitutional breast cancer in the Turkish popula-
tion,'"!? the effect of population genetics in the clinical
evaluation of breast cancer in Turkish individuals re-
mains unknown. The Turkish population is genetically
unique due to a high rate of consanguineous marriage
and admixture,"*™*® which in turn can greatly affect the
frequency of alleles in this population. The accurate
assessment of allele frequency is critical in the clinical
assessment of variant classification and determination
of pathogenicity. Despite its value, the Turkish genome
is underrepresented in publicly available databases.
gnomAD, currently the largest genome database (v2
n=125,748 exomes and 15,708 genomes, v3.1 n=76,156
genomes), does not contain sub-population data from
Turkish individuals.'® In the Great Middle East (GME)
Variome, only 12% (140/1111) of samples sequenced for
the database are from the Turkish population.'” Turkish
Variome is the only genome database of the Turkish
population, it only contains 3362 combined exomes and
genomes.'*

Currently, Turkish Variome is the only publicly avail-
able database generated with the genome data obtained
from Turkish individuals."* It includes exome and ge-
nome data from non-cancer patients with amyotrophic
lateral sclerosis, ataxia, delayed sleep phase disorder, es-
sential tremor, obesity, Parkinson's disease, polycystic

It further highlights the significance of the ancestry-appropriate population data-
base for accurate variant assessment in clinical settings.

breast cancer, cancer genetics, molecular genetics, next-generation sequencing

ovarian syndrome, and neurological and immunological
disorders."

Turkish Variome is the only genome database of the
Turkish population, it only contains 3362 combined ex-
omes and genomes.

The effect of genomic inequity in population da-
tabases on patient's clinical management is well doc-
umented. Genomic inequity refers to an unequal
opportunity for genetic testing or database generation in
many geographical locations, due to economic and other
limiting reasons, which in turn leads to the underrep-
resentation of many ethnic populations in large public
genome databases. Recent studies highlighted the role
of inadequate representation of population-specific
variants in current databases in the misclassification of
variants in disease.'® The underrepresentation of non-
European variants in databases has also been shown to
be an incorrect result in a high percentage of variants of
uncertain significance (VUS).>>*' These limitations can
perpetuate healthcare disparities further by resulting in
inaccurate diagnoses.

This study aims to provide insight into the genetic
background of invasive ductal carcinoma (IDC) and ILC
patients from the Turkish population, focusing on ger-
mline findings and clinicopathological features. We hy-
pothesized that some features of germline variants in our
patient populations might be a function of genomic struc-
ture specific to the Turkish population. We addressed the
effect of population-specific allele frequency in the clinical
assessment of germline sequence variants by performing
a comparative evaluation of genetic variations in breast
cancer and a non-cancer control group from Turkey. The
study highlights the importance of population-specific da-
tabases to promote the unbiased application of genomic
medicine.

2 | PARTICIPANTS, MATERIALS
AND METHODS

To test this hypothesis of the population effect on germline
variations, we compared the germline findings of cancer
and non-cancer cohorts and compared the population
allele frequency of the variants obtained from gnomAD
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with those obtained from Turkish Variome. The specific
methods are described below.

21 | Study cohort

2.1.1 | Breastcancer cohort

The breast cancer cohort included 43 patients with ILC,
69 with IDC, 3 with ductal carcinomas in situ (DCIS),
and 17 with mixed invasive ductal and lobular carci-
noma (IDC-L). IDC-L is poorly studied; as per the WHO
classification, tumors with specialized histologic pat-
terns occur in at least 50%-90% of the tumor area, and
those with a non-specialized pattern occur in 10%-49%
of the tumor area.?? Data were collected from patients
evaluated at Umraniye Research and Training Hospital
(URTH) in 2020 and 2021. The age range of the breast
cancer cohort was 24-80years old. Before ordering
the genetic testing, patients’' medical and family histo-
ries were evaluated by clinical geneticists according to
the current National Comprehensive Cancer Network
(NCCN) guidelines.?® Patients with breast cancer who
met the NCCN criteria were enrolled in the study.
Patients without breast cancer and those who did not
consent to genetic testing as part of the routine clinical
practice were excluded from this study. Cascade testing
for the families was offered and performed whenever it
was possible, as part of routine clinical management.
Informed consent was obtained from the patients as part
of the routine clinical care.

2.1.2 | Non-cancer cohort

The non-cancer control cohort comprised a total of 492
participants. The participants were recruited as part of a
different study in the URTH between 2016 and 2017. The
inclusion criteria were the absence of personal and family
history of cancer as assessed by the clinical geneticist and
research associate before genetic testing. None of these in-
dividuals had a personal or family history of cancer, but
some presented with hypertension and diabetes mellitus.
The probands in the non-cancer control were unrelated.
The age range of individuals in the non-cancer cohort
was between 62 and 104years old. Participants without a
genetic panel test results were excluded from this study.
Cascade testing and routine clinical management were of-
fered to the non-cancer cohort with any unexpected path-
ogenic (P)/likely pathogenic (LP) findings. Participants
consented to a broad research study per institutional ethi-
cal policy at URTH.
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2.2 | Sample preparation, next-generation
sequencing, and bioinformatics

The genomic DNA was extracted from peripheral blood
by QIAamp DNA Mini QIA cube Kit (Qiagen, Hilden,
Germany) before library preparation as previously de-
scribed.'** The extracted DNA was run on a 27 gene
panel which was the current gene panel at URTH dur-
ing the study period (approved by the Ministry of Health
in Turkey). Briefly, Sophia Hereditary Cancer Solution
kit (Sophia Genetics, Lausanne, Switzerland) consist-
ing of coding regions of 27 genes (ATM, BARD1, BRCAI,
BRCA2, BRIP1, CDHI1, CHEK2, FAMI175A, MREIIA,
NBN, PALB2, PIK3CA, RAD50, RAD51C, RAD51D, TP53,
XRCC2, MLH1, MSH2, MSH6, EPCAM, PMS2, PMS2CL,
MUTYH, APC, PTEN, and STK11) was used for library
preparation. Sequencing was performed by NextSeq500
platform (Illumina Inc., San Diego, USA). FASTQ data
were analyzed by SOPHiA Data-Driven Medicine (Sophia
DDM, Sophia Genetics v4.2, hgl9 alignment). Copy num-
bers were identified by measuring the coverage levels of
the desired regions along with samples within the same
run.”

2.3 | Development of genetic database of
Turkish participants

A genetic variant database for all 625 participants (non-
cancer n=492, breast cancer n=132) was generated.
For the cancer cohort, personal cancer history, demo-
graphic information, three-generation family cancer
history, and histopathological features of the carcinoma
types were included. For all participants, details of ger-
mline variants and supported evidence were included
in the database. ACMG classification®® was performed
for all variants, and designations of P, LP, and VUS
were included. gnomAD (v2.1.1 n=125,748 exomes and
15,708 genomes) database was used to investigate al-
lele frequency in large population databases.'® Turkish
Variome (n=2589 exomes and n=773 genomes) was
used to investigate allele frequency, more specifically in
the Turkish population.*

2.4 | Query of database

The genes identified in the cancer cohort were compared
with the non-cancer cohort to evaluate the population ge-
netics effect. In addition, the occurrence of each variant
from the cancer cohort was crosschecked with the non-
cancer cohort. The denoted variant allele frequencies of
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the VUS in Turkish Variome and gnomAD were analyzed.
These variants were reevaluated for variant classification
with consideration of their allele frequencies in these
databases.

2.5 | Statistical analysis

The allele frequency of all 121 variants from the breast can-
cer groups was obtained from Turkish Variome and gno-
mAD. The differences in allele frequencies in the 2 groups
were measured using Prism, unpaired t¢-test (GraphPad,
version 9.5). The two-tailed p value was calculated with a
95% confidence interval.

3 | RESULTS

3.1 | Patient demographics and
clinicopathologic characteristics

A total of 60 patients were histopathologically diag-
nosed with ILC (n=43) and IDC-L (n=17). All patients
were female, with a median age of 44 (range 24-80years)
(Table 1). In four patients, multiple primary carcinomas
were detected in addition to lobular breast carcinoma.
Nine patients presented with bilateral breast carcinoma.
ER and PR positivity rate was 83.3% and 81.6%, respec-
tively, whereas 16.6% of the ILC and IDC-L cases were
HER?2 positive (Table 1). Of 60 patients, 36 had available
E-cadherin test results, of which 34 were negative. Family
history assessment showed 39 patients (65%) had positive
family history of cancer, including breast cancer, in the
first-degree relatives. In 38 patients (63.3%) the family his-
tory extended to the second-degree relatives, and in 11 pa-
tients (18.3%) to the third-degree relatives (Tables S1 and
S2).

Patients with ductal breast carcinoma (IDC n=69,
DCIS n=3) had a median age of 45 (26-70years); 20 of
these patients were younger than 40years old (Table 1).
The ER, PR, and HER-2 positivity rates were 73.6%, 70.8%,
and 32%, respectively (Table 1). The evaluation of family
history showed that 57 (79.2%) patients had a positive
family history of cancer, including breast cancer, in the
first-degree relatives. In 64 (88.8%) patients, the positive
family history extended to the second-degree family mem-
bers, and in 28 patients (38.9%) to the third-degree rela-
tives (Table S3).

The non-cancer group included 492 participants, 308
of whom were female and 184 were male. The average age
of participants was 75, ranging from 65 to 104 years old.
All participants were negative for any personal and family
history of cancer (Table S4).

3.2 | Genomic analysis of breast
cancer cohort

The genetic assessment of 43 females with ILC showed
that four patients (9%) had actionable variants in CDH1,
BRCA2, MUTYH, RAD50, and CHEK2 (Table S1). There
were no recurring variants among these patients, except
for CHEK2 ¢.1427C>T, a known common risk factor.
There were 13 VUS reported in this group, more com-
monly in BRCA2, followed by APC, CHEK?2, and PALB2
(Figure 1). In our IDC-L cohort, two patients harbored
P, LP variants in MSH2, and PALB2. Nine VUS were
identified in the IDC-L cohort (Table S2). The most com-
mon gene harboring VUS was ATM, followed by BRCA2
(Figure 1).

The genetic evaluation of the 72 patients with IDC
revealed that 20 (27.8%) patients were positive for P, LP
variants in BRCA2, NBN, ATM, BRCA1, CHEK2, MLH],
MSH6, PALB2, and TP53 genes (Table S3). BRCAI (n=5)
and BRCA2 (n=5) were the most frequently mutated
genes, as commonly reported in ductal breast carcinoma.
Overall, 56 patients harbored VUS more frequently in
BARDI and CHEK?2 (Figure 1). A total of 34 (61%) VUS
were in the genes without a strong association with breast
cancer.

Actionable results among the ILC, IDC-L, and IDC co-
horts were observed in BRCA2, PALB2, MUTYH, RAD50,
CDH1, and MSH2 genes. The more diverse genes were
observed in the IDC cohort (Table S3). Notably, BRCAI
was only affected in the IDC group. At the variant level,
there were no common VUS among these breast cancer
groups (Table S5), except for CHEK2 c.1427C>T (clas-
sified as a risk factor) and CHEK?2 ¢.549G > C (VUS). In
total, 75 non-recurrent VUS were found in the breast can-
cer cohort (Table S5). The distribution of genes with VUS
designation was similar in the three breast cancer groups
(Figure 1). The occurrence of VUS in these three breast
cancer subtypes might be a factor in population genetic
structure. The distribution and frequency of the VUS from
the breast cancer group were therefore evaluated against
those from the non-cancer cohort collected from the same
center, presumably all representing the Turkish popula-
tion at large.

3.3 | Genome
analysis of non-cancer cohort

In the non-cancer cohort, 25/492 (5%) participants carried
17 unique P/LP variants in ATM, BRCA2, BRIP1, CHEK?2,
MUTYH, NBN, and PMS2 genes (Table S4). MUTYH
(n=9) followed by CHEK?2 (n=6) were the most affected
genes. None of the P, LP variants in the control cohort was
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TABLE 1 Demographic and tumor characteristics of patients with breast carcinoma.

Invasive lobular carcinoma/mixed invasive

Patient and tumor characteristics

Number of patients ILC:43
IDC-L:17

Male 0(0%)
Female 60 (100%)
Median age at diagnosis 44 (24-80)
<40 age number of patients 13 (21.7%)
>40 age number of patients 48 (78.3%)
Histopathologic type

Invasive ductal carcinoma

Ductal carcinoma in situ

Invasive lobular carcinoma 43 (71.7%)

Mixed invasive ductal and lobular carcinoma 17 (28.3%)

Multiple primary cancer 4 (6.6%)
Receptor positivity

ER 50 (83.3%)

PR 49 (81.6%)

HER-2 10 (16.6%)

Unknown 5(8.3%)
E-cadherin expression

Positive 2(3.3%)

Negative/low expression 34 (56.7%)

Unknown 24 (40%)

ductal and lobular carcinoma of the breast

Ductal breast carcinoma

72

0(0%)

72 (100%)
45 (26-70)
20 (28%)
52(72%)

69 (95.8%)
3(4.2%)

2(2.8%)

53 (73.6%)
51 (70.8%)
23 (32%)
6(8.1%)

N/A
N/A
N/A

Abbreviations: ER, estrogen receptor; HER2, human epidermal growth factor receptor; IDC-L, mixed invasive ductal and lobular carcinoma of the breast; ILC,

invasive lobular carcinoma; PR, progesterone receptor.

seen in the breast cancer cohort. Regarding VUS distri-
bution, 166/492 (34%) participants had VUS in 21 genes
(Figure 1), with APC and ATM being the most involved
genes (n=24).

3.4 | The analysis of population
genetics effects

We hypothesized that the occurrence of the germline
variants in our patients might be a function of genomic
structure specific to the Turkish population. To test this
hypothesis, we compared the germline findings identified
in the cancer and non-cancer cohorts. At the variant level,
21 variants were common between the breast cancer and
non-cancer cohorts (Table S5).

To assess the effect of population genetic structure on
a larger scale, the allele frequency of VUS was assessed
using both gnomAD and Turkish Variome. The gnomAD
is the largest population genome database, but it does not
contain Turkish subpopulation data. Turkish Variome,

while much smaller, is a genome database generated
from the Turkish genomic non-cancer data. In the ILC
patient group, the aggregated allele frequency of VUS in
the Turkish Variome was 19 times larger than the value in
gnomAD; in IDC-L and IDC patients this allele frequency
difference was respectively 1.36 times and 6 times greater
(Figure 2). Altogether of 75 VUS in breast cancer groups,
25 variants (33%) had higher allele frequency in the
Turkish Variome than in gnomAD (Figure 3). A total of
22 VUS had an allele frequency reported both in gnomAD
and Turkish Variome; the allele frequency in 100% of
these variants was greater in Turkish Variome compared
to those in gnomAD (on average 60 times, ranging from
1.37-354.4 times) (Table S5). A total of 5/25 P, LP variants
were reported both in gnomAD and Turkish Variome, all
had greater frequency in Turkish Variome compared to
gnomAD, on average 49 times, ranging from 2.2 to 161.74.
Overall, the allele frequency value of 27 variants (VUS
n=22, P, LP n=5) was significantly higher in Turkish
Variome compared to those in gnomAD (p <0.0001, 95%
CI, Figure 4).
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FIGURE 1 (A) Distribution of cancer genes harboring reported variants in patients diagnosed with ILC, (B) IDC-L, (C) IDC, and (D) in
the non-cancer cohort. Orange color represents commonly affected genes in all these four groups. Gray represents shared genes between (A),
(C), and (D). The yellow color represents shared genes between (B), (C), and (D). Green and blue colors represent common genes between
(A) and (D) and between (C) and (D), respectively. Red represents a unique gene in the non-cancer control cohort.

We further set to investigate the effect of population
allele database in variant classification. We conducted
ACMG classifications by using both the allele frequen-
cies in Turkish Variome and gnomAD. PM2, the evidence
supporting the absence or extremely rare allele frequency,
was invoked for 74 variants based on values in gnomAD
(Table S5). Using allele frequency in the Turkish Variome,
however, only 59 variants met the PM2 criterion and 2
met the BS1 criterion, due to a more common occurrence
of variants in the Turkish Variome. Overall, this affected
the classification of 6.7% (5/75) of variants, as they were
downgraded from VUS to likely benign (Table S5). The

variants were in EPCAM, RAD50, STK11, and MRE11
genes. The allelic frequencies of the actionable variants
were below the PM2 threshold in both Turkish Variome
and gnomAD (Table S6).

4 | DISCUSSION

We addressed two goals in this study. First, we aimed
to assess the population-specific germline etiology of
lobular and ductal breast carcinoma in the Turkish
population. To that end, we performed a comprehensive

85U8017 SUOWWOD SAIERID 3(dedl|dde 8Ly Aq peusenob ae Ssppiie O ‘8sn J0 Sa|nJ 10} ARIq1T78UIUO AB]1M UO (SUONIPUCD-pUE-SW.B) W00 A8 1M Aeiq Ut |uo//Sdiy) SUOIIPUOD pue swis | 8U1 89S *[9202/T0/zz] Uo Akeiqiauljuo AB[IM ‘SeISIBAIUN RIUIPAY 1Y BWUSIN Wepedny AQ 2689 'vLUed/Z00T 0T/I0p/Wod A8 | im Ake.djpuluo//sdny woij pepeojumod ‘€ ‘20z ‘7E9.Sv02



AGAOGLU ET AL.

0.35

0.3

0.25

e
)

Allele Frequency
=}
&

0.1 0.0917

0.05

ILC
OgnomAD

0.1855

.. 7 of 11
Cancer Medicine _ —WILEYJ—

0.319

0.2533

0.0552

IDC-L IDC

Turkish Variome

FIGURE 2 The range of population allele frequencies of VUS in cancer genes identified in three breast cancer subgroups. The ratio of

variant allele frequency in Turkish Variome over gnomAD was 19 in invasive lobular carcinoma (ILC), 1.36 in mixed invasive ductal and

lobular carcinoma (IDC-L), and 6 in invasive ductal carcinoma (IDC). The green bar represents variant allele frequency in the Turkish

Variome. The dotted bar represents variant allele frequency in gnomAD.

0.35

0.3

0.25

w
2
]
g 02
o
2
=
o
E 0.15
<
0.1
0.0
F L F LT T E LT
PN U SRS SR . RN
KSR S M L S e SN A L
RIS SURNIS NS SN SU I SRS I VP S S PN S
& FF TS F ¥ & F L >
R P N @Qv@o&&-v‘z&
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frequency obtained from Turkish Variome is shown in gray, and from gnomAD is shown in blue.

investigation of patients with lobular and ductal breast
carcinomas from the Turkish population by assessing
germline genetic, clinical, and histopathological fea-
tures. Second, we investigated the effect of population
genetics in variant classification by assessing germline
variants detected in 132 patients with all subtypes of
breast cancer and those detected in 492 individuals in
the non-cancer group.

Histopathological features of our breast cancer co-
hort from the Turkish population were similar to those
reported previously in non-Turkish individuals. ILC
and IDC pathology findings are generally ER+, PR+,
and HER-2-status.”” Although the current studies on
IDC-L characteristics are scarce and consist of small co-
hort sizes, the immunohistochemical profile of IDC-L
is found to be similar to ILC.*® The lack of E-cadherin
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FIGURE 4 Comparative analysis of variant allele frequency
values in gnomAD and Turkish Variome. The differences in allele
frequencies of 121 variants in the 2 groups were measured using an
unpaired ¢-test in Prism (GraphPad, version 9.5). The two-tailed p
value was calculated with a 95% confidence interval.

expression is the hallmark of ILC and IDC-L.* In con-
cordance with these studies, the majority of our patients
with ILC, IDC-L, or IDC were ER-positive, PR-positive,
and HER-2-negative. As expected, E-cadherin was neg-
ative in 34 out of 36 patients with available E-cadherin
test results in our ILC and IDC-L cohorts. Almost all
studies showed ER and PR positivity is more likely in
ILC and IDC-L than IDC.*” This was in line with the
higher ER and PR positive rates among ILC/IDC-L pa-
tients than IDC/ DCIS in our cohort. The bilaterality of
breast cancer was 15% and 4% in ILC/IDC-L and DCIS/
IDC cohorts, respectively, and these results are consis-
tent with previous studies defining lobular breast carci-
noma as a possible risk factor for the onset of bilateral
breast cancer.*

Around 10%-15% of breast cancers are familial, and
this rate is shown to be higher in ILCs.* In our Turkish
breast cancer cohort, 27% of our patients with ILC or
IDC-L had a first-degree relative affected by breast can-
cer. Germline variants of CDH1 are described in ILC.*"*
However, we only detected one patient with germline
pathogenic CDHI variant, which might stem from the
small patient number in our ILC cohort. Previous stud-
ies have reported CDHI and BRCA2 (and not BRCAI
and CHEK2 c.470T > C) to be strongly associated with
ILC.'* Despite the small sample size, we observed sim-
ilar findings; the BRCA2 pathogenic variant, but not the

BRCA1 and CHEK?2 c.470T > C, were present in our ILC
cohort. The BRCA1, BRCA2, TP53, CHEK2, ATM, and
PALB2 genes are well-known for predisposition to IDC.’
In our IDC/DCIS cohort, in addition to these genes, we
identified P, and LP variants in MSH6 and MLHI. The
risk association between these genes and breast cancer
is not well established.**

The population allele frequency is a main crite-
rion for assessing the pathogenicity of variants per the
ACMG guideline. In the currently available genome
databases, 59%-94% of sequence data are obtained
from European individuals.'®**2® In one study of the
Brazilian population, 207,621 variants identified in their
cohort were not reported in major publicly available ge-
nomic databases.’” Therefore, these databases may not
adequately represent the genomic diversity of under-
represented populations, such as the Turkish popula-
tion. The genomic diversity of the Turkish population
is well-documented. Every subregion of Turkey has a
diverse admixture, mainly consisting of four groups of
population of Europe, Balkan, Caucasus, and GME."
Inbreeding also plays a crucial role in the genetics of the
Middle Eastern populations.'® Turkey's average consan-
guineous marriage rate is 21.1%. This high rate of con-
sanguinity may increase the occurrence of excessively
rare variants,"* as well as the occurrence of common
pathogenic or polymorphic variants in Turkish individ-
uals compared to other populations. In our non-cancer
control cohort, 6% of the variants were present in the
breast cancer cohort. This observation might be due to
the population-specific structure. However, the com-
mon occurrence of these variants could be explained
by reduced or incomplete penetrance of alleles. Further
large-scale studies are required to delineate the underly-
ing effect of population genetics in cancer cohorts.

Currently, Turkish Variome is the only publicly avail-
able database generated with the genome data obtained
from Turkish individuals.'* It includes exome and genome
data from non-cancer patients with amyotrophic lateral
sclerosis, ataxia, delayed sleep phase disorder, essential
tremor, obesity, Parkinson's disease, polycystic ovarian
syndrome, and neurological and immunological disor-
ders.!* Despite the smaller size of the Turkish Variome
compared to gnomAD, in our cancer cohort, 27/121vari-
ants had a significantly higher allele frequency in the
Turkish Variome compared to gnomAD (p <0.0001, 95%
CI) the difference in ratio ranging from 1.37 to 354 times.
The allele frequency in the Turkish population could po-
tentially be higher when assessed in a larger genome data-
base generated with sequencing data from healthy Turkish
individuals. This highlights the critical role of population
genetic structure in genetic medicine. It also emphasizes
the need for a comprehensive genomic variant database
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specific to the Turkish population for the clinical evalua-
tion of patients with Turkish backgrounds.

The accurate assessment of the clinical utility of vari-
ants is crucial in patient management. In our cancer co-
hort, 6.7% (5/75) of VUS were reclassified to likely benign
by using Turkish Variome. Although downgrading VUS to
LB might not often affect patient management, this reclas-
sification holds clinical importance.*® There are reports
of diverse practices of surgical procedures for patients
with VUS in clinically relevant genes.**** Patients with
reported VUS experience increased anxiety and even un-
necessary procedures.**** The clinical, economic, and psy-
chosocial burden of VUS is well-studied.*****” As genome
sequence databases grow in volume, VUS can be more ac-
curately assessed and perhaps reclassified. In a large study
on the prevalence of variant reclassification, 91.2% of VUS
assessed between 2006 and 2018 were downgraded to
likely benign or benign.*® The reclassifications are feasible
due to the accumulation of larger genome databases and
additional supporting evidence. Similarly, variant reclas-
sification has been reported in ancestry-based studies in
underrepresented and diverse ethnic backgrounds.***~>
Therefore, large prospective genetic studies are needed
to assess the larger reclassification of variants in Turkish
and other populations. Furthermore, the development of
large gnomAD-like databases representing the Turkish
population and making such knowledge bases publicly
available is a crucial next step in addressing the current
limitations. Future directions should include the assem-
bly of aggregate allele data from healthy individuals as
well as different disease groups, such as cancer, neurol-
ogy, etc. This disease- and population-specific collation
of databases would allow the utility of an accurate allele
frequency value in variant classifications and, therefore
more informed clinical management of patients with spe-
cific genetic conditions. Data sharing is equally crucial in
addressing genomic disparity. Making population-specific
genome aggregate databases publicly and freely accessible
will allow clinicians and researchers to utilize the variant
data.

While this study underscores the importance of
ancestry-appropriate databases in genomic medicine,
several limitations should be acknowledged. Individuals
without cancer diagnosis but with a strong family cancer
history could not be included in the study. The patient co-
hort in the cancer genetics center at UTRH largely rep-
resents those who are referred to this center for cancer
evaluation. Therefore, most patients have a personal his-
tory of cancer, with or without a family history. Another
limitation may stem from the timeline when the personal
and family cancer history of the non-cancer cohort was
collected. Given that data were collected in 2016-2017,
some of this information might have changed over time.
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Additionally, the time difference in testing for the non-
cancer and cancer cohort was about 4-5years. Although
the number of genes in the testing panel remained the
same, the informatics and annotation tools were up-
dated to newer versions over time. To account for possible
changes in annotations, all germline variants in this study
were assessed for population allele frequency at the time
of this study.

In conclusion, we comprehensively investigated the
genetic susceptibility of breast cancer subtypes. To our
knowledge, no other studies investigated these subtypes of
breast cancer in the Turkish population. This study high-
lights the role of a population-specific genome database
in the genetic assessment of breast cancer in the Turkish
population. The statistically significant difference of vari-
ant frequencies between gnomAD and Turkish Variome
indicates the importance of creating and using ancestry-
appropriate genomic databases to decrease inequity in ge-
nomic medicine. Further, it shows the potential effect of
genomic databases on clinical management by decreasing
the reported VUS ratio. More globally, it presents the need
for creating larger genomic databases from genetically un-
derrepresented populations for patient care in addressing
healthcare disparities in genomic medicine.
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