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ABSTRACT

Background. The burden of hereditary breast cancer in

India is not well defined. Moreover, genetic testing criteria

(National Comprehensive Cancer Network [NCCN] and

Mainstreaming Cancer Genetics [MCG] Plus) have never

been validated in the Indian population.

Methods. All new female breast cancer patients from 1st

March 2019 to 28th February 2020 were screened. Those

providing informed consent and without previous genetic

testing were recruited. Multigene panel testing (107 genes)

by next-generation sequencing was performed for all

patients. The frequency of pathogenic/likely pathogenic (P/

LP) mutations between patients qualifying and not quali-

fying the testing criteria was compared and their sensitivity

was computed.

Results. Overall, 275 breast cancer patients were screened

and 236 patients were included (median age 45 years); 30

patients did not consent and 9 patients previously under-

went genetic testing. Thirty-four (14%) women had a

positive family history and 35% had triple-negative breast

cancer. P/LP mutations were found in 44/236 (18.64%)

women; mutations in BRCA1 (22/47, 46.8%) and BRCA2

(9/47, 19.1%) were the most common, with 34% of

mutations present in non-BRCA genes. Patients qualifying

the testing criteria had a higher risk of having a P/LP

mutation (NCCN: 23.6% vs. 7.04%, p = 0.03; MCG plus:

24.8% vs. 7.2%, p = 0.01). The sensitivity of the NCCN

criteria was 88.6% (75.4–96.2) and 86.36% (72.65–94.83)

for MCG plus. More than 95% sensitivity was achieved if

all women up to 60 years of age were tested. Cascade

testing was performed in 31 previous (16/44 families), with

23 testing positive.

Conclusions. The frequency of P/LP mutations in India is

high, with significant contribution of non-BRCA genes.

Testing criteria need modification to expand access to

testing.

Breast cancer is the most common cancer among Indian

women and worldwide, and constitutes the most common

cause of cancer-related mortality among women.1,2

According to Western literature, around 10–15% of breast

cancers can be attributed to germline pathogenic mutations,

with BRCA1/2 causing around 40–50% of hereditary

breast cancers (4–6% of the unselected breast cancer

population).3–7 With increasing use of multigene panel

testing, mutations in other breast cancer-causing genes,

such as PALB2, ATM, CHEK, and TP53, are being

increasingly detected.8,9 The Indian scenario is character-

ized by a younger median age of onset (\ 50 years) and a
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higher prevalence of triple-negative breast cancer (TNBC;

up to 30%), which when combined with delayed access to

effective breast cancer screening programs and limited

access to treatment leads to a low incidence-to-mortality

ratio compared with the West.10–13 Since BRCA mutations

are enriched in the young TNBC population, the population

prevalence of these mutations is expected to be higher in

India.14

There are two main issues in the Indian context that

need to be addressed. First, the genetic burden of breast

cancer is not well-defined in the Indian population. Previ-

ous studies have reported a high prevalence of pathogenic

mutations, however they were performed on non-consec-

utive patients with a limited gene panel and suffered from

strong selection and referral bias.15–17 Second, it remains

unclear as to which patients should be offered genetic

testing. National Comprehensive Cancer Network (NCCN)

and Mainstreaming Cancer Genetics (MCG) Plus criteria

are commonly used to select patients for testing, however

other groups have used even more restrictive criteria for

testing without any definite evidence for doing so.18,19

Recent studies have highlighted the limitations of the

NCCN criteria when applied to a North American popu-

lation20–22 and have suggested expanding the testing to

include all patients up to the age of 65 years to improve

sensitivity.20 However, no such data are available from

India and the application of these criteria to the Indian

population remains empiric.

In the present study, we subjected all consecutive

patients with breast cancer attending the breast cancer

clinic (BCC) at our institute over a one-year period to

multigene panel testing by next-generation sequencing

(NGS). Our objective was to define the prevalence and

describe the mutational profile of hereditary breast cancer,

as well as to test the performance of NCCN and MCG Plus

criteria in our population.

METHODS

All new patients above 18 years of age registered at the

BCC over a 1-year period from 1st March 2019 to 28th

February 2020, with a diagnosis of invasive breast cancer,

were screened for participation in this study. Patients who

had not undergone genetic testing previously and who

provided written informed consent were included. A

detailed clinical history was recorded in a predesigned

proforma. Staging was performed according to the Amer-

ican Joint Committee on Cancer (AJCC) 8th edition. A

three-generation pedigree chart was built using standard

symbols. Patients were classified into those qualifying

either the NCCN 2018 criteria or MCG Plus criteria23 for

testing and those who did not using a predesigned checklist

(electronic supplementary Tables e1 and e2). After pretest

counseling by a medical oncologist, 5 mL of peripheral

blood was taken from each patient and a targeted NGS was

performed using the Trusight cancer sequencing panel

(Illumina, San Diego, CA, USA) covering 107 high-risk

genes associated with cancer predisposition at a centralized

College of American Pathologists (CAP) and Clinical

Laboratory Improvement Amendments (CLIA) certified

laboratory. The reflex multiplex ligation by probe ampli-

fication (MLPA) method was performed in all cases that

were negative by NGS to identify large genomic rear-

rangements (LGRs) in BRCA1 and 2 genes. Technical

details, including the genes that were tested as part of the

panel, are provided in the appendix (electronic supple-

mentary e3 and Table e4). All variants obtained by NGS

were classified as benign, likely benign, pathogenic, likely

pathogenic, and variant of uncertain significance (VUS)

according to the American College of Medical Genetics

(ACMG) guidelines. Sanger sequencing was used to con-

firm single nucleotide variants (SNVs) and small insertions

and deletions (indels). All patients received post-test

counseling. Patients having pathogenic/likely pathogenic

(P/LP) mutations in any of the breast cancer-related genes

were managed according to NCCN guidelines. Cascade

testing was initiated to identify unaffected previvors

(Fig. 1). The study was approved by the Institute Ethics

Committee (IEC) and was conducted according to good

clinical practice (GCP) guidelines as outlined in the Dec-

laration of Helsinki.

Statistical Analysis

Descriptive statistics were used to describe the baseline

characteristics of the entire cohort. The Chi-square test was

used to compare the rates of P/LP mutations in patients

qualifying and not qualifying the testing criteria. A p value

\ 0.05 was considered significant. Sensitivity, specificity,

positive predictive value, and negative predictive value of

both the NCCN and MCG Plus criteria at different cut-off

ages was calculated using 2 9 2 tables. All analysis was

performed using STATA software version 13 (StataCorp

LLC, College Station, TX, USA).

RESULTS

Study Population

A total of 275 breast cancer patients were screened and

236 women with breast cancer were recruited in the study.

Thirty patients (10.9%) did not provide consent and nine

(3.3%) had previously undergone genetic testing. Median

age of the entire cohort was 45 years (18–80 years); 73
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(31.1%) women were under 40 years of age, 77 (32.8%)

were between 40 and 49 years, 48 (20.4%) were between

50 and 59 years, and 38 (16.1%) were aged 60 years or

above. Thirty-four women (14.4%) had a significant family

history suggestive of HBOC. Stage one tumors were

uncommon (18/236, 7.6%), and an almost equal proportion

of women had stage II and III disease (35.1% and 34.3%

respectively). Around 35.2% (83/236) of patients had

TNBC among our cohort, with 45.8% (108/236) and 33.5%

(79/236) having hormone-positive and human epidermal

growth factor receptor 2 (HER2)-positive disease, respec-

tively (Table 1 and electronic supplementary Table e5)

Mutational Profile in the Overall Cohort

A total of 44/236 (18.64%) patients had a P/LP muta-

tion; however, 47 P/LP mutations were seen, as three

patients had two simultaneous P/LP mutations in different

genes. Thirty-four (72.3%) mutations were present in one

of the high penetrance genes [22 BRCA1 (46.8%), 9

BRCA2 (19.1%), 3 TP53 (6.3%)] and 11 mutations

(23.4%) were seen in moderate penetrance genes (4

PALB2, 2 RAD50, 2 ATM, 2 FANCI, 1 RAD51D). One

mutation each was identified in MSH2 and MUTYH. Both

these mutations were subsequently confirmed on Sanger

sequencing but these patients did not have any other fea-

tures suggestive of hereditary colon cancer syndrome

(Fig. 2 and electronic supplementary Table e5). Interest-

ingly, only one patient with a TP53 mutation had the

features of Li-Fraumeni syndrome. We identified only one

patient with an Ashkenazi Jewish (AJ) founder mutation.

A VUS was detected in 89 patients (37.71%), yielding a

VUS/pathogenic ratio of 2.02. The VUS rates were not

significantly different in women qualifying and not quali-

fying the NCCN criteria (34.5% vs. 45%, p = 0.14). No

LGRs were detected by MLPA in patients who were neg-

ative by NGS.

Comparison of National Comprehensive Cancer

Network (NCCN) Qualifiers and Non-Qualifiers

A total of 165 patients (69.9%) fulfilled the NCCN

criteria for testing; 88 (37.3%), 59 (25%), 16 (6.8%), and 2

(0.8%) women fulfilled one, two, three, and four of the

NCCN criteria, respectively (Table 2). Median age was

younger in the NCCN qualifiers (39 years vs. 50 years). All

patients with a significant family history and with meta-

chronous breast cancer qualified the NCCN criteria for

testing. Although baseline stage was equitably distributed

in both groups, more patients in the NCCN qualifier group

had TNBC (p = 0.003). Patients who qualified the NCCN

criteria had a significantly higher incidence of P/LP

mutation (23.6% vs. 7.04%, p = 0.03) or a BRCA1/2

mutation (18.18% vs. 1.4%, p\ 0.001) (Table 3).

Comparison of Mainstreaming Cancer Genetics (MCG)

Plus Qualifiers and Non-Qualifiers

Overall, 153 (64.8%) patients qualified the MCG Plus

criteria for testing, whereas 83 (35.2%) patients did not

(electronic supplementary Table e7). Baseline characteris-

tics between the two groups are summarized in electronic

Study Schema

Ca Breast and no prior genetic testing
(N-266)

Did not consent-30

informed consent (N-236)

Collection of demographic/disease related
data

NCCN/MCG qualifiers (N-165/153) NCCN/MCG plus checklist NCCN/MCG non qualifiers (N-71/83)

Post Test Counselling
Pre-test
counselling

Pre-test
counselling

NGS multigene panel
testing + reflex MLPA

NGS multigene panel
testing + reflex MLPA

Risk management of
patient with P/LP
mutations

•    Single site testing for
     family members 
•    Risk management of
     relatives

NCCN- National comprehensive Cancer Network
MCG- Mainstreaming Cancer genetics
DASS- Distress, Anxiety, stress Scale
IES- Impact of Event scale
NGS- Next Generation sequencing
MLPA- multiplex Ligation probe amplification

FIG. 1 Study schema. NCCN
National Comprehensive

Cancer Network, MCG
Mainstreaming Cancer

Genetics, NGS Next-Generation

Sequencing, MLPA multiplex

ligation probe amplification, P/
LP pathogenic/likely pathogenic
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supplementary Table e6. As among the NCCN groups,

patients who qualified the MCG Plus criteria were younger

and had a higher probability of having TNBC (p\ 0.001)

[electronic supplementary Table e6]. A significantly higher

proportion of patients qualifying the MCG Plus criteria had

a P/LP or BRCA1/2 mutation compared with those not

qualifying the criteria (24.8% vs. 7.2%, p = 0.01; and

19.6% vs. 1.2%, p\ 0.001) (Table 3).

Characteristics of Patients with Pathogenic/Likely

Pathogenic Mutations but Not Qualifying the Testing

Criteria

A total of five (11.36%) and six patients (13.6%) would

have been missed if only the NCCN and MCG Plus criteria

had been used for selecting patients for testing, respec-

tively. Analyzing these six patients, all of whom were [
45 years of age (46–64 years), all five had hormone-posi-

tive tumors, while four had HER2-positive tumors. The

mutations found were variable, with one patient each

having mutation in the RAD50, TP53, MUTYH, MSH2,

BRCA1 and PALB2 genes (supplementary e8).

TABLE 1 Baseline characteristics (NCCN vs. non-NCCN)

Baseline characteristics Overall [N = 236) NCCN qualifier [n = 165] NCCN non-qualifier [n = 71]

Age, years [median (range)] 45 (18–80) 39 (18–57) 50.5 (50–80)

Race/ethnicity All Asian/non- Hispanic All Asian/non- Hispanic All Asian/non- Hispanic

Religion

Hindu 209 (88.55) 148 (91.51) 61 (83.1)

Muslim 21 (8.89) 12 (7.27) 9 (12.67)

Others 6 (2.54) 5 (1.2) 1 (4.22)

Marital status

Married 225 (95.34) 154 (94.54) 71 (100)

Unmarried 11 (4.66) 11 (5.45) 0

Education status

Illiterate 89 (37.87) 53 (32.12) 36 (50.7)

Educated 147 (20.43) 112 (67.88) 35 (49.3)

Occupation

Unemployed 176 (75) 115 (69.70) 62 (87.32)

Employed 59 (25) 50 (30.30) 9 (12.67)

Age at menarche, years [median (range)] 13 (11–18) 13 (11–18) 13 (11–18)

Age at first childbirth, years [median (range)] 21.5 (15–37) 21.5 (15–37) 21.5 (15–32)

Duration of breastfeeding, months [median (range)] 18 (2–60) 18 18

Previous history of hysterectomy 15 (6.35) 5 (3.03) 10 (14.08)

Metachronous breast cancer 5 (2.1) 5 (3.03) 0

Significant family history 34 (14.4) 34 (20.6) 0

Clinical stage

I 18 (7.63) 10 (6.06) 8 (11.26)

II 83 (35.16) 60 (36.36) 23 (32.39)

III 81 (34.32) 61 (36.96) 20 (28.16)

IV 54 (22.88) 34 (20.60) 20 (28.16)

Receptor status

Hormone-positive 108 (45.76) 68 (41.21) 40 (56.33)

HER2-positive 79 (33.47) 48 (29.09) 31 (43.66)

Triple-negative 83 (35.17) 68 (41.21) 15 (21.12)

Data are expressed as n (%) unless otherwise specified

NCCN National Comprehensive Cancer Network, HER2 human epidermal growth factor receptor
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Sensitivity of the NCCN and MCG Plus Criteria

The sensitivity of the NCCN and MCG Plus criteria for

picking up patients with pathogenic mutations was 88.6%

(75.4–96.2) and 86.36% (72.65–94.83) respectively

(Table 4). When age criteria were adjusted to include all

women \ 40 years of age, the sensitivity decreased to

79.55% (64.7–90.2%); however, if all women up to the age

of 60 years were to be tested, sensitivity of both the NCCN

and MCG Plus criteria would have increased to 97.73%

(87.98–99.94), with only one patient not being picked up.

Sensitivity of both criteria at various cut-off ages is given

in Table 5. Relaxing the cut-off age to 60 years (from

45 years for MCG Plus and NCCN 2019) would have

meant testing an additional 22 women (9.3%) for picking

up five additional mutations, giving a yield of 22.72%. It

would also mean leaving 22 women out of the entire cohort

untested (9.3%) and one mutation not being picked up.

Interventions Based on Genetic Testing Results

Of the 31 patients who tested positive for a mutation in

any of the BRCA genes, 27 were offered a contralateral

risk-reducing mastectomy (RRM) and 24 were offered a

bilateral salpingo-oophorectomy (RRBSO). Ten patients

underwent an RRM (37.37%) and seven underwent an

RRBSO (29.16%). Occult malignancy was not identified in

any of the operated patients. The delay in elective surgeries

during the coronavirus disease 2019 (COVID-19) pan-

demic was the major reason for patients not opting for risk-

reducing interventions (14/17, 82.35%). Only three patients

refused surgery due to personal reasons (2) or fear of

complications even after extended counseling (1). The

family members of 16 patients with a P/LP mutation were

able to undergo cascade testing, which was also affected by

the COVID-19 pandemic. A total of 31 of 310 (10%) first-

degree relatives of affected patients were tested, of whom a

P/LP mutation was identified in 23 previvors (74.19%)

[electronic supplementary Table e9]

Number of patients

*Three patients had pathogenic mutations in both BRCA1 and ATM, BRCA1
and FANCI, BRCA2 and ATM respectively 

BRCA1-22 BRCA2-9 TP53-3 PALB2-4 ATM-2
RAD50-2 FANCI-2 RAD51D-1 MUTYH-1 MSH2-1

22

11
1222

4

3

9

FIG. 2 Profile of P/LP mutations. P/LP pathogenic/likely pathogenic

TABLE 2 Analyzing NCCN

criteria
No. of patients qualifying NCCN criteria for testing 165 (69.92)

One criterion 88 (37.28)

Two criteria 59 (25)

Three criteria 16 (6.77)

Four criteria 2 (0.8)

Which NCCN criteria were fulfilled

Breast cancer\ 50 years 151 (91.51)

TNBC\ 60 years 69 (41.8)

Two breast primaries at any age 5 (3.03)

Positive family history 34 (20.6)

P/LP mutations in patients qualifying NCCN criteria 39 (23.63)

P/LP mutations in patients not qualifying NCCN criteria 5 (7.04)

Mutations missed if only NCCN qualifiers were tested 5/44 (11.36)

Data are expressed as n (%)

TNBC triple-negative breast cancer, P/LP pathogenic/likely pathogenic, NCCN National Comprehensive

Cancer Network

TABLE 3 Comparison of patients qualifying and not qualifying the

testing criteria

NCCN? NCCN- p value

P/LP mutation 39/165 (23.63%) 5/71 (7.04%) 0.03

MCG Plus? MCG Plus-

P/LP mutation 38/153 (24.83%) 6/83 (7.22%) 0.01

P/LP pathogenic/likely pathogenic, NCCN National Comprehensive

Cancer Network, MCG Mainstreaming Cancer Genetics
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DISCUSSION

In this prospective study of consecutive breast cancer

patients from a North Indian tertiary care cancer center, we

report a high prevalence of P/LP mutations (18.64%) in

hereditary cancer susceptibility genes among breast cancer

patients. It is also evident that although patients qualifying

the NCCN/MCG Plus criteria have a higher likelihood of

having a P/LP mutation, a finding that is similar to some

studies and discordant with other studies,20–22 a significant

proportion of patients are missed by these restrictive cri-

teria (11.3 and 13.6%, respectively), thus confirming their

relative insensitivity when applied to an Indian population.

Few studies from India have reported on the prevalence

and spectrum of pathogenic mutations. The largest study by

Mannan et al., which was published in 2016 and later

updated in 2018, evaluated 1010 patients with either breast

or ovarian cancers, or both, and found a mutation rate of

30.3%.16,17 In their study, around 80% of patients qualified

the NCCN criteria and those qualifying had a higher rate of

mutation (34.4%) compared with those not qualifying the

criteria (13.5%). Around 85% of patients in this cohort had

mutation in the BRCA1/2 gene. A similar laboratory-based

study by Chheda et al. analyzed the prevalence of BRCA1/

2 mutations in 160 women fulfilling the NCCN criteria for

testing and found a mutation frequency of 31.2%.15 How-

ever, these studies were laboratory based and were

conducted on a non-consecutive population of mixed breast

and ovarian cancer patients, and thus suffered from sig-

nificant referral and selection bias and likely overestimated

the prevalence of pathogenic mutations. Although we

recognize the limitation of a relatively small sample size in

our study, the prevalence of 18.6% reported in our study is

likely a closer estimate of the actual prevalence of patho-

genic mutations in breast cancer patients, as consecutive

patients were studied. This prevalence is significantly

higher than what is reported from large Western literature

and is similar to the young TNBC rich African population

(11%).3,4,20,21,24–26 We also found a higher proportion of

non-BRCA mutations compared with Singh et al. (34% vs.

15%), as we used a larger and more comprehensive

panel.16 We found a higher prevalence of P/LP mutations

despite only 14% of patients having a significant family

history, compared with almost 50% of patients with a

significant history in large US studies.20,21

TABLE 4 Analysis of the sensitivity of both criteria

Mutation-

negative

Mutation-

positive

Sensitivity Specificity Positive predictive

value

Negative predictive

value

NCCN non-qualifier 66 5 88.64 34.38 23.64 92.96

NCCN qualifier 126 39 (75.44–96.21) (27.69–41.56) (21.08–26.40) (84.97–96.86)

MCG plus non-

qualifier

75 6 86.36 39.47 24.84 92.59

MCG plus qualifier 115 38 (72.65–94.83) (32.47–46.81 (21.9–28.03) (85.34–96.41)

NCCN National Comprehensive Cancer Network, MCG Mainstreaming Cancer Genetics

TABLE 5 Sensitivity of criteria at various cut-off ages

Cut-off age, years Sensitivity

(our study)

Sensitivity

(Yadav et al., Mayo clinic) [20]

35 79.5% Not evaluated

40 79.5% Not evaluated

45 86.4% Not evaluated

50 88.6% 72.2%

55 90.09% 83%

60 97.7% 86.7%

65 100% 92.2%

70 100% (no additional patients identified[ 65 years of age) 95.9%

75 100% (no additional patients identified[ 65 years of age) 95.9%
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There was a significant difference in the frequency of

P/LP mutations between the NCCN qualifiers and non-

qualifiers in our study, which is in stark contrast to the

findings in the American populations.21 As both these

studies had consecutive patients and used large multigene

panels, the spectrum of mutations appears different in

India. However, Yadav et al. quoted a significant difference

between NCCN qualifiers and non-qualifiers, but this was

likely due to the use of a small restrictive panel of genes.20

We did not find any recurrent mutations in our cohort

and only one patient had an AJ founder mutation (BRCA1

c68_69 delAG). This spectrum of mutations is significantly

different from what has been previously reported from

India.15,16,18,19,27–29 Studies from Western and Southern

India have reported a high prevalence of founder mutation,

particularly c68_69 delAG, with a frequency of

0.5–4.1%.17,28,30 Singh et al. reported a founder mutation

prevalence of 3.5%. Other recurrent mutations, including

c.5074 ? 1G[A, which have been previously reported in

Marwari families of Western India, were absent in our

population.16 The absence of founder mutations in a pre-

dominantly North Indian population signifies that a

strategy of screening patients by testing for founder

mutations, as followed in some parts of India, is unlikely to

be fruitful.

We also tried to address which patients should undergo

genetic testing in India. Data are available to suggest that

50–80% of individuals at risk of having a hereditary breast

cancer are never tested as they do not meet the current

criteria31,32 and, overall, \ 10% of patients carrying a

BRCA1/2 mutation have been identified.33 Recent guide-

lines from the American Society of Breast Surgeons

(ASBRS) recommend the testing of all women with breast

cancer for pathogenic mutations, a recommendation that is

based on studies by Yang et al. and Beitsch et al., which

showed that there was no significant difference in the

prevalence of pathogenic mutations in patients qualifying

and not qualifying the NCCN criteria for testing.21,22 This

suggests that almost 50% of mutations are missed if they

are only tested by criteria-based testing. This was an

important landmark in breast cancer genetics research as

previously the NCCN guidelines, which are published and

updated by expert groups, were universally accepted

without having prospective validation. There are merits to

testing all patients as systemic therapy can be tailored to

mutation status,34–36 and risk-reducing interventions,

including RRBSO and RRM, can be offered to patients and

affected previvors.37,38 Although an argument can be made

that testing more women leads to an increase in cost, more

demand for genetic counsellors, and higher VUS detection

rates, all these issues stem from not testing enough women

in the first place.39–41 The cost has come down significantly

over the past decade, with multiple studies showing the

cost effectiveness of even a population-based testing

strategy in high-income countries.42,43 VUS rates are also

likely to decrease as more data become available from

diverse populations. Recent studies have suggested that

mainstreaming genetic testing and counseling by an

oncologist is acceptable, and this strategy, often used in

India and also in this study, may further decrease the need

for certified genetic counsellors.23,44

Although patients qualifying the NCCN and MCG cri-

teria had a higher likelihood of having a P/LP mutation in

our study, the sensitivity of these criteria remain low and

suggests that these criteria need modification in order to

identify more patients for testing. In our study, a sensitivity

analysis by age revealed that relaxing the age cut-off from

the current 45 years in both the NCCN and MCG Plus

criteria to 55 years could increase the sensitivity of these

criteria to[90% in our population, and testing all women

up to the age of 60 years further improved the sensitivity to

97.7%. In the study by Yadav et al., a sensitivity cut-off of

[ 90% was reached at age 65 years, on which recom-

mendations to consider testing in all women until 65 years

of age, followed by risk stratification, were made in the

recent NCCN guidelines.20 Although our sample size was

small, a cut-off age of 60 years seems plausible in our

setting in view of the younger age of onset of breast cancer

in the Indian population. Testing women above the age of

60 years is unlikely to be of benefit as the prevalence of

BRCA1/2 mutation and non-BRCA genes is low in this

cohort (\ 1%), as reported in a recent Women’s Health

Initiative (WHI) study.45 None of the patients in our study

aged [ 65 years had a P/LP mutation, thus lending cre-

dence to these observations. Alternatively, incorporating

the CANRISK tool for prediction of mutations at a cut-off

of [ 5%, as suggested by the recent NCCN guidelines,

could improve the sensitivity of the testing criteria to

93.18%; however, this tool is cumbersome to use and

utility in a busy routine practice is questionable.

An important aspect of genetic testing is the prevention

of further cancers in patients and unaffected previvors.

Although the NCCN guidelines offer recommendations for

testing unaffected individuals, the sensitivity of these cri-

teria for unaffected previvors has not been prospectively

validated and are likely inadequate for the same. Despite

the demonstrated benefits of RRBSO in terms of all-cause

mortality and reduction in breast cancer incidence in

multiple studies, the major focus of guidelines remains on

identifying genetic susceptibility in patients after cancer

diagnosis, rather than before the diagnosis.37,38,46 Although

the uptake of risk-reducing interventions has increased

over the past decade, with one study suggesting increased

frequency of RRM in women diagnosed after 2009 than

before,47 the willingness to undergo prophylactic surgeries

among cancer survivors has varied widely, from 30 to 70%
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among studies, and depends on a number of ethnic and

sociocultural factors besides cancer risk.47–50 Delay in

elective surgeries due to the COVID-19 pandemic pre-

vented a significant number of women in our cohort from

undergoing preventive surgery (the current uptake of 37%

for RRM and 29% for RRBSO would have been[90% for

both without the pandemic). None of the unaffected pre-

vivors were able to undergo preventive surgeries due to the

pandemic. Uptake of cascade testing among first-degree

relatives was low (10%), primarily due to the pandemic. A

recent study by Offit et al. emphasized the importance of

cascade testing among first-, second- and third-degree

relatives of affected individuals in order to estimate the

actual burden of hereditary cancer.51,52 However, a study

from Singapore showed that even when free cascade test-

ing was offered, only 29% of the first-degree relatives

actually underwent testing, highlighting the need to extend

counseling to unaffected previvors to meet this huge unmet

need.53 Several factors, including hesitancy to reach out to

health care providers and lack of communication on the

part of the affected proband, contribute to this gap. Tele-

phonic counseling is a potential solution to this problem,

especially in a country such as India, and a recent study has

shown the feasibility of such an approach.54

To summarize, this is the first prospective study from

India to report a high prevalence of pathogenic mutations

in a cohort of consecutive breast cancer patients. Testing

by NGS using a broad multigene panel at a centralized

CAP- and CLIA-certified laboratory for all patients with

confirmation of a pathogenic variant by Sanger sequencing,

followed by reflex MLPA for all patients negative by NGS,

is a significant strength of this study. Pre- and post-coun-

seling was performed by a medical oncologist in the study

showing the feasibility of mainstreaming of genetic testing,

which is an urgent need in a low middle-income country

setting due to the shortage of trained cancer genetic

counsellors.23,55 The relatively small sample size of the

study, as well as its single-center nature, are important

limitations of this study and larger prospective multi-in-

stitutional studies are needed to confirm these observations.

CONCLUSION

The prevalence of pathogenic mutations in breast cancer

patients is higher in Indian patients compared with most

other populations. AJ founder mutations are uncommon in

the North Indian population and a strategy to screen for

them before going on to full sequencing is unlikely to be

beneficial. Although criteria-based testing still has a role in

the current scenario, age criteria needs relaxation to 55–60

years to increase the sensitivity of the criteria to[90% and

expand the access to genetic testing. At the same time,

there is an urgent need to improve post-test counseling and

extend it to the unaffected previvors in order to improve the

uptake of prophylactic interventions and cascade testing.
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