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Abstract

Women with an inherited pathogenic variant (PV) in a breast cancer (BC) susceptibility

gene, or familial predisposition (FP) have an increased risk to develop BC. There is a

need for improvement of screening methods due to interval cancers and radiation

exposure. The aim of the TESTBREAST study is to develop a blood test suitable for

early diagnosis. Here, the clinical composition of participants is provided. From 2010 to

2022, 1108 women were included in the TESTBREAST study, with currently 750 partic-

ipants suitable for serum analysis.

The median follow-up was 7 years [1–14]. Of the 1108 participants, 70% (n = 728)

had a PV. BC was diagnosed in 16.5% (n = 124), mainly stage I-II (68.5%), and mostly

BRCA1 (n = 47, 47%) and BRCA2 (n = 29, 29%) carriers. Invasive cancer was diag-

nosed in 100 cases: 76% (n = 76) had a PV with a median age of 49 [26–68] at diag-

nosis, whereas 24% (n = 24) had a FP, with a median age of 51 years [25–65]. The

general population (the Netherlands) is aged 61 years on average at diagnosis. Triple

negative breast cancer (TNBC) occurred in 51% (n = 39) of the TESTBREAST women

with a PV, whereas this was 11% in the general population. Within the TESTBREAST

cohort, BRCA carriers were younger at diagnosis and often had the aggressive TNBC
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subtype. Improvement of current screening methods for early detection is especially

important for this group of high-risk women to reduce interval cancers, exposure to

radiation, and to improve survival.

K E YWORD S

breast cancer, germline mutation, hereditary breast and ovarian cancer, high-risk, screening

What's New?

Women who are at high risk of breast cancer (BC), either because of a BRCA1/2 mutation or

family history, require more aggressive screening. Here, the authors report on the clinical char-

acteristics of the high-risk women who developed BC during the TESTBREAST study. Of the

1108 participants, 124 (16.5%) developed breast cancer. Their median age at diagnosis was

younger than in the general population, and they were more likely to have triple-negative BC,

which is more aggressive and difficult to treat. The findings suggest that earlier and more fre-

quent screening is advisable in the high-risk population.

1 | INTRODUCTION

Around 5%–10% of all breast cancer (BC) cases are associated with a

positive family history.1 Conventional screening programs focus on

women with an average risk of BC, which affects one out of seven

women in the Netherlands.2 Many international guidelines differ in

recommendations regarding the screening of the general population,

but overall the advice is to offer screening to women aged 40–

74 years (50–75 years in the Netherlands), with screening mainly con-

sisting of mammography and Magnetic Resonance Imaging (MRI).3

However, women with an increased risk of developing breast cancer,

also called high-risk women here, need intensified screening.

Increased risk may be due to a familial predisposition (FP) or

because of a pathogenic variant (PV) in one of the BC susceptibility

genes.1 In these high-risk women, 25% is attributable to an identified

susceptibility gene, such as BRCA1/2. Carriers of such genes have a

lifetime risk (LTR) up to 85% to develop BC.4 Another high-risk gene

is PALB2, which has a LTR of around 50%.5 Carriers of moderate risk

genes, such as CHEK2 (LTR 20%–30%),5 account for approximately

2%–3% of the population of high-risk women. This means that in the

majority of these high-risk women, the exact cause of their elevated

risk remains unclear.1,4

BC screening among high-risk women starts earlier and is per-

formed more frequently, compared to the nationwide screening pro-

gram. In the Netherlands, screening outside population screening is

offered according to the Dutch guideline for breast cancer (FMS),6

which is roughly comparable to other international guidelines, such as

the National Comprehensive Cancer Network (NCCN) in the

United States (US)7 and the National Institute of Health and Care

Excellence (NICE) in the United Kingdom (UK).8

The adapted program for high-risk women differs for each risk

classification. An overview of the screening strategies per risk classifi-

cation is provided in Figure S1.6 In general, high-risk women who are

carriers of a PV of BRCA1/2 undergo BC screening, including a yearly

physical examination, MRI, and a mammography initiated at 30 years

(BRCA2) or even 25 years (BRCA1) old. For other high-risk women,

the exact frequency and diagnostic methods depend on their risk clas-

sification.6 The NCCN guidelines advise annual screening via mam-

mography from the age of 30 and annual MRI at the minimum age of

25 years, depending on the age at diagnosis of the youngest family

member with BC.7 According to the NICE guidelines, annual mam-

mography should be performed between 30 and 39 years in BRCA1

and BRCA2 carriers, and annual MRI in women aged 30–49 years.8 In

a previous meta-analysis regarding women at high risk, mammography

showed a sensitivity of 32% and specificity of 95%, and for the MRI,

this was 77% and 86%, respectively.9,10 These data urge the need for

further improvement of early detection of BC.

In addition to earlier initiation of screening and more frequent

diagnostic testing, the schedule of surveillance can be quite a bur-

den for these high-risk women, especially since screening is

started at such a young age.6 With the current screening methods,

BC screening with mammography and MRI is postponed in case of

pregnancy or lactation, which is not optimal. Additionally, the risk

of interval cancers makes the need for optimization of screening

both more important and demanding.11

In 2010, the Trial Early Serum Test BREAST cancer (TESTBREAST)

study was initiated with the aim to improve the current screening pro-

gram and early detection of BC in women at high risk of BC. A detailed

description of the study method was published previously, along with

lessons learned regarding study logistics and sample processing.12 The

intention of this study is to develop a blood test containing a panel of

proteins—with high specificity for breast cancer—that is suitable for

detecting longitudinal changes in an individual. Ideally, this blood test

will be incorporated in the current screening program to aid in the early

detection of breast cancer by identifying even subtle changes in protein

levels.

Results from the first serum analysis have already been reported:

during surveillance, we evaluated changes in a series of protein levels

measured via a blood test in a longitudinal setting.13 In this current

article, we evaluated the inclusion process, sample collection, and the
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clinical characteristics of patients who have developed BC in

the decade of the TESTBREAST study and compared this with data

from the national breast cancer registry for sporadic cases.

2 | METHOD

2.1 | Study design

The TESTBREAST study was initiated in 2010 as a prospective, multi-

center, cohort study in the Netherlands. Patients were enrolled

between June 2010 and June 2022 (Table S1). Women with a high

risk of BC due to their family history or due to a PV of a susceptibility

gene, who underwent breast surveillance in the hospital, were

included. A blood sample was obtained during their visits at the out-

patient clinics for breast surveillance.

Considering the inclusion of patients has been closed, a retro-

spective assessment was performed between December 2023 and

February 2024 to determine if all included patients had met the eligi-

bility criteria and to assess the up-to-date incidence of breast cancer

in the study cohort.

2.2 | Inclusion and exclusion criteria

Women between the age of 25 to 75 years at high risk of breast can-

cer (here: high-risk women) were included in the TESTBREAST study,

after referral by clinical genetic services. There, they received genetic

counselling and risk estimation. Each woman received screening

advice based on her individual risk classification to follow a specific

screening schedule in the outpatient clinic. A high risk was defined as

having a LTR of ≥20% to develop BC, due to either a germline PV

mutation or based on a family history with BC (familial predisposition,

without a known gene mutation). Based on the PV and/or affected

family members, the classification ranges from moderate (LTR >20%

and <30%) to strong risk (LTR >30%).6 Exclusion criteria comprised a

history of BC or other malignancies, other than basal cell carcinoma.

Moreover, participants who returned to the general practitioner

(GP) or the national BC screening program (BCSP), or women who

underwent risk-reducing surgery of their breasts (risk-reducing/

prophylactic mastectomy) prior to having completed a 5-year follow-

up period in this study, were also excluded. Cases/patients were

defined as high-risk participants who did develop breast cancer—

either invasive or in situ (ductal carcinoma in situ (DCIS) and/or lobu-

lar carcinoma in situ (LCIS))—at some point during their follow-up. A

complete follow-up was defined as ≥5 years to allow sufficient time

to monitor whether a woman developed BC.

2.3 | Blood sample collection

During regular screening appointments at the outpatient clinic for

hereditary BC, women with a PV or FP were asked to have blood

samples drawn as part of the TESTBREAST study.13 Depending on

the screening schedule of the institute, this occurred once every half

year or on a yearly basis, and in some cases even up to four times a

year when women volunteered to donate blood more frequently in

the study. From August 2022 on, enrollment of new participants was

discontinued based on the powered sample size calculation before-

hand. Collection of samples from included patients continues up to

5-year follow-up. The most recent update in sample collection

occurred in March 2024. If participants develop a carcinoma, collec-

tion of sampling is discontinued.

2.4 | Subtypes of invasive cancer

Tumor subtypes were defined based on hormone status and human epi-

dermal growth factor receptor 2 (HER2)-status, but not on Ki-67 since

this was not known for all patients. Here, the luminal A-like subtype

was characterized by positive estrogen (ER) and/or progesterone

(PR) and negative HER2 status. The luminal B-like subtype was defined

as ER and/or PR positive and HER2 positive BC. HER2-enriched breast

cancer included patients with negative ER/PR expression but with a

HER2-positive tumor. Finally, patients with triple negative BC (TNBC)

had a tumor with negative ER, PR, and HER2 expression.

2.5 | Clinical composition

We describe the clinical composition of our high-risk TESTBREAST

cohort and place it into perspective with women diagnosed with spo-

radic BC, based on data from literature and the Dutch national cancer

registration (IKNL, Netherlands Comprehensive Cancer Organiza-

tion).2 Data from IKNL was derived from online, publicly available data

on their website, which mainly included documentation from 2023.

Since not all data were generally accessible from IKNL, results were

complemented with data from previous literature.

3 | RESULTS

Over the years, a total of 1193 participants were enrolled across nine

participating centers (Table S1). Finally, after meeting the eligibility cri-

teria, 1108 women were included in the presented analyses

(Figure S2). Clinical data of these 1108 participants were used to

examine the number of women that carry a PV of one of the BC sus-

ceptibility genes, and to gain insight into the number of women who

have undergone risk-reducing surgery. Ultimately, after extraction of

women who returned to the GP, who underwent a risk-reducing mas-

tectomy (RRM) before complete follow-up (≥5 years) or were lost to

follow-up, a total number of 750 participants (Figure S3) remained.

This remaining group of 750 high-risk women was analyzed for their

BC diagnoses (cases/patients in the TESTBREAST cohort).

Data of these 750 TESTBREAST participants, including cases and

women currently in the follow-up (who have not yet developed BC,
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TABLE 1 Characteristics of participants in the TESTBREAST study.

Characteristics

All eligible women Suitable for analysis

n = 1108 (100%) n = 750 (100%)

Median age [distribution] 51 [26–81] 51 [27–81]

Age groups

<50 years 512 (46.2%) 354 (47.2%)

50–74 years 590 (53.2%) 393 (52.4%)

≥75 years 6 (0.5%) 3 (0.4%)

Reason high risk

Familial predisposition 364 (32.9%) 222 (29.6%)

Non-pathogenic BRCA1 UV (still familial risk) 3 (0.3%) 1 (0.1%)

Non-pathogenic BRCA2 UV (still familial risk) 4 (0.4%) 2 (0.3%)

Susceptibility gene in family, patient not tested 16 (1.4%) 10 (1.3%)

Of which UV in family 6 (0.5%) 4 (0.5%)

Carrier susceptibility gene 728 (65.7%) 518 (69.1%)

Gene carriers

BRCA1 337 (30.4%) 222 (29.6%)

Of which BRCA1 UV (possible still pathogenic) 1 (0.1%) 1 (0.1%)

BRCA2 335 (30.2%) 254 (33.9%)

Of which BRCA2 UV (possible still pathogenic) 3 (0.3%) 2 (0.3%)

PALB2 9 (0.8%) 7 (0.9%)

ATM 5 (0.5%) 4 (0.5%)

CHEK2 28 (2.5%) 22 (2.9%)

NF1 5 (0.5%) 4 (0.5%)

BRCA1 and BRCA2 2 (0.2%) 2 (0.3%)

PTEN 7 (0.6%) 3 (0.4%)

Development of cancer

No carcinoma 687 (62%) 626 (83.5%)

Invasive carcinoma 102 (9.2%) 100 (13.3%)

DCIS 15 (1.4%) 15 (2%)

LCIS 2 (0.2%) 2 (0.3%)

DCIS and LCIS 2 (0.2%) 2 (0.3%)

Prophylactic mastectomy and benign histology 133 (12.0%) N/A

Prophylactic mastectomy and DCIS histology 3 (0.3%) 3 (0.4%)

Prophylactic mastectomy and LCIS histology 2 (0.2%) 2 (0.3%)

Unknown, last visit no carcinoma 150 (13.5%) N/A

Unknown, has another primary tumor 13 (1.2%) N/A

Risk-reducing/prophylactic gynecologic operation 488 (44.0%) 349 (46.5%)

Previous surgery on breast

Excision and benign histology 24 (2.2%) 19 (2.5%)

Breast reduction 38 (3.4%) 27 (3.6%)

Status

Alive 906 (81.8%) 730 (97.3%)

Dead 14 (1.3%) 5 (0.7%)

Censored before 5 year 188 (17%) 15 (2%)

Serum samples

Available 1024 (92.5%) 691 (92.1%)

One sample 282 (25.5%) 172 (22.9%)

Two samples 212 (19.1%) 140 (18.7%)
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n = 626, Table S2), were assessed to compare their clinical character-

istics to BC patients from the national registry. A detailed overview of

our entire cohort is described in Table 1. The median follow-up time,

during which clinical data were registered and samples were collected,

was 7 years [range 1–14]. Since the start of the study, 14 out of the

enrolled 1108 (1.3%) women have passed away (Table 1). Out of

these 14 women, 9 (64.3%) had another primary malignancy, such as

an ovarian carcinoma (n = 5, 35.7%). Out of the five remaining partici-

pants, three had developed breast cancer (21.4%), with metastasis

confirmed in two women. Finally, in the last two women, the cause of

death was unknown (14.3%).

4 | CHARACTERISTICS OF PARTICIPANTS

Most women (n = 728, 65.7%) in the TESTBREAST cohort of 1108

participants were proven carriers of a PV variant (Table 1 and

Figure S4), compared to a lower number of women (n = 380, 34.3%)

with an FP. Concordantly, we also found more gene carriers in the

group of patients with BC, of which both invasive and in situ

(n = 124, Table S3). Most of the gene carriers in our cohort (n = 750)

are carriers of BRCA1 (n = 222, 29.6%) and BRCA2 (n = 254, 33.9%).

4.1 | Risk-reducing surgery

During the course of the study, 138 of the 1108 (12.5%) eligible

women underwent an RRM. Out of those with a BRCA1/2 mutation

(n = 672), 130 (19.4%) women underwent an RRM. This consisted of

76 of 337 (22.6%) BRCA1 and 54 of 335 (16.1%) BRCA2 carriers.

Almost half of the women in our cohort (488 out of 1108, 44.0%) also

had either a risk-reducing salpingo-oophorectomy (RRSO), a risk-

reducing salpingectomy (RRS) with a delayed oophorectomy (RRO), or

solely an RRS and not yet an RRO performed. Women who under-

went an RRS with or without a delayed RRO participated in the

TUBA- or TUBA-WISP II study.14

The group of women who underwent risk-reducing gynecologic

surgery (RRGS) consisted mostly of BRCA carriers (91%). Of the

BRCA1 carriers, 227 (67.4%) underwent an RRGS at a median age of

40 [25–69] years, and 221 (66.0%) of the BRCA2 carriers at 43 [29–

74] years. Of the 138 women who had undergone an RRM, four

developed another malignancy during their follow-up. Among the

remaining 134 women, 89 (66.4%) had also undergone an RRGS.

5 | CARCINOMA: INVASIVE AND IN SITU

In the cohort of 750 women, the incidence of BC in February 2024

was 16.5% (n = 124), consisting of 100 patients with an invasive car-

cinoma (Table S3) and 24 patients with an in situ (DCIS and LCIS)

carcinoma (Table S4). Characteristics of the (first) primary tumor are

described in Table S3; additional data in case of a bilateral or multifo-

cal tumor can be found in Table S5.

Of the 124 cases, five (4.0%) women had an in-situ carcinoma

detected after an RRM. Among the 488 women who had undergone

an RRGS, 68 (13.9%) women developed BC. Of these women,

38 (55.9%) were BRCA1 and 26 (38.2%) BRCA2 carriers.

5.1 | Tumor stage

In the TESTBREAST cohort, the stage was unknown in eight of the

cases. Most patients were diagnosed with an early stage I BC

(53.4%, Figure 1A and Table S6), whereas in sporadic cancer patients

from the national registry, the initial detection was more evenly

spread between stages I and II (40% and 35%, respectively,

Figure 1B). The occurrence of late stage IV was lower in the TEST-

BREAST cohort (1.7%), compared to the sporadic cases in the

national registry (5%).

5.2 | Subtypes: invasive carcinoma

In the TESTBREAST cohort, most of the patients had a tumor with a

luminal A (49.0%) or TNBC (44.8%) subtype (Figure 2A/B). This con-

trasts with the sporadic cases of BC in the national registry, where

85% of the patients had a hormone receptor positive carcinoma, pre-

dominantly the luminal A subtype (77%). In 11% of the sporadic cases,

the subtype was TNBC. In four of the TESTBREAST cases, the tumor

subtype was unknown.

Of the 43 TNBC patients in the TESTBREAST cohort (Table S7),

33 (76.7%) were BRCA1 carriers, six (14%) BRCA2 carriers, and four

(9.3%) had an FP. A total of seven (16.3%) of the TNBC patients had a

grade 2 tumor, whereas 33 (76.7%) had a grade 3 tumor. Finally, most

of the TNBC patients had a stage I (n = 27, 65.9%) or stage II tumor

(n = 10, 24.4%). Only a small number of patients had a stage III (n = 3,

7.3%) or stage IV (n = 1, 2.4%) carcinoma. The stage was unknown in

two of the TNBC cases.

TABLE 1 (Continued)

Characteristics

All eligible women Suitable for analysis

n = 1108 (100%) n = 750 (100%)

Three or more samples 530 (47.8%) 379 (50.5%)

Missing/no samples 84 (7.6%) 59 (7.9%)

Median amount of serum samples Median 3 [1–26] Median 3 [1–23]

Abbreviations: DCIS, ductal carcinoma in situ; LCIS, lobular carcinoma in situ; UV, unclassified variant.
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5.3 | Familial predisposition versus proven genetic
mutation

Within the TESTBREAST cohort, patients with a PV and those with an

FP were separately analyzed to assess potential clinical differences

regarding their risk. The distribution of breast cancer subtypes in

patients with an FP (Figure 2C) resembles that of the national registry

with sporadic cases, compared to patients with a PV (Figure 2D). In

the group with a PV, patients with a BRCA1 and BRCA2 mutation

were also separately analyzed (Figure 2E/F): in the TESTBREAST

cohort, patients with a BRCA1 mutation (n = 47) more often had the

TNBC subtype (75.0%), whereas BRCA2 carriers with breast cancer

(n = 29) more frequently had the luminal A subtype (71.4%). The sub-

type was unknown in three cases with a BRCA1 PV and in one case

with a BRCA2 PV.

6 | AGE

6.1 | Breast cancer diagnosis

The median age at diagnosis of BC of the TESTBREAST patients was

49 years [26–68]. Of those patients, women with an FP were gener-

ally older (median 52 years [40–64]), compared to women with a PV

(median 48 years [26–68]). TESTBREAST patients were generally

younger at the time of diagnosis, compared to the average age of the

sporadic cases from the national registry (61 years).15

6.2 | Age and tumor stage

In the TESTBREAST cohort, 54.8% (n = 34) of the patients with a

stage I tumor (n = 62) were aged 50–74 years at diagnosis, and this

was 71% in cases from the national registry (Tables S8/S9 and

Figure S5). In stage III patients in the TESTBREAST cohort (n = 5),

80% (n = 4) were younger than 50 years, in comparison to 24% of the

stage III patients in the national registry (sporadic BC, Figure S6).

6.3 | Age, subtype and cause of high risk

In the TESTBREAST cohort, 48 (48.0%) women with invasive BC were

aged 50–74 years, and 52 women (52.0%) were aged <50 years when

they developed BC. The subtype of the tumor was unknown in two

cases aged <50 years and in two women aged 50–74 years. Patients

aged 50–74 years more often had a tumor of the luminal A subtype

(n = 29, 30.2%), whereas the group of women aged <50 years more

often had the TNBC subtype (n = 29, 30.2%). In the group of

48 women aged 50–74 years, 34 (70.8%) of the women had a PV. Of

the 52 women aged <50 years, 42 (80.8%) had a PV.

7 | DISCUSSION

The goal of the TESTBREAST study is to improve current screening

for BC, especially for women at high risk, using a blood test for early

detection. In this article, we provide an overview of the characteristics

among the Dutch national, multicenter TESTBREAST population, con-

sisting of women with an inherited or familial increased risk of BC,

compared to sporadic cases from the Dutch national cancer registry.

7.1 | Pathogenic variant and familial predisposition

In our TESTBREAST cohort, 65.7% of the women had a PV of one of

the BC susceptibility genes, most of whom were BRCA1 (30.4%) and

BRCA2 (30.2%) carriers. In previous literature, it was described that

most of the familial BC cases do not have an identified cause, and

around 30% is explicable due to a PV in one of the susceptibility

genes.4 Since our cohort consists of relatively more gene carriers

F IGURE 1 (A) Tumor stage among TESTBREAST participants diagnosed with breast cancer (n = 124); stage I (53.4%), stage II (19.8%), stage
III (4.3%), stage IV (1.7%), in situ (DCIS and LCIS: 20.7%). (B) stage among patients of the national registry; stage I (40%), stage II (35%), stage III
(8%), stage IV (5%), DCIS (12%).
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compared to this previous article on women with an increased risk of

BC,4 the composition of the characteristics of the TESTBREAST

cohort might have a different representation. The relatively high num-

ber of women with a PV might be due to the relatively high incidence

of genetic mutations in the Dutch population, which is thought to be

the result of inheritance of the mutation from common ancestors

(founder mutation) and a relatively isolated population up until after

the Second World War.16,17 Peelen et al. even described a specific

mutation in the BRCA1 gene that had never been documented out-

side the Netherlands.17 Other countries with a relatively high fre-

quency of mutations are Iceland and Poland, which is also thought to

be due to founder mutations and geographic isolation.18 It might also

be attributed to a certain selection bias, since only women who under-

went screening in the outpatient clinic were included and not those

screened via the GP.

7.2 | Risk-reducing surgery

A total of 138 of the 1108 women in the TESTBREAST cohort under-

went an RRM and 488 an RRGS. In our cohort, 22.6% of the BRCA1

and 16.1% of the BRCA2 carriers had undergone an RRM. Other

F IGURE 2 (A) Breast cancer subtypes in the entire TESTBREAST cohort (n = 100); luminal A (49.0%), luminal B (3.1%), HER2-enriched (1.0%),
TNBC (44.8%), luminal A and B (2.1%). (B) subtypes in the national registry; luminal A (77%), luminal B (8%), HER2-enriched (4%), TNBC (11%).
(C) subtypes in TESTBREAST patients with familial predisposition (n = 24); luminal A (70.8%), luminal B (8.3%), HER2-enriched (4.2%), TNBC (16.7%),
luminal A and B (0%). (D) subtypes in TESTBREAST patients with proven genetic risk (n = 76); luminal A (41.7%), luminal B (1.4%), HER2-enriched (0%),
TNBC (54.2%), luminal A and B (2.8%). (E) Breast cancer subtypes in TESTBREAST patients with a BRCA1 mutation (n = 47); luminal A (22.7%), luminal
B (0%), HER2-enriched (0%), TNBC (75.0%), Luminal A and B (2.7%). (F) subtypes in TESTBREAST patients with a BRCA2 mutation (n = 29); luminal A
(71.4%), luminal B (3.6%), HER2-enriched (0%), TNBC (21.4%), Luminal A and B (3.6%).
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studies that included BRCA1 (n = 139) and BRCA2 (n = 483) carriers

showed an incidence of, respectively, 54.7% and 21.7% of preventive

operations among these women.19,20

Around 44.0% of the 1108 women had undergone an RRGS: this

consisted of 227 women of the 337 (67.4%) BRCA1 carriers, and

221 of the 335 (66.0%) BRCA2 carriers. BRCA1 carriers had under-

gone this procedure at a median age of 40 years, and the BRCA2 car-

riers at 43 years. This is in line with the Dutch guideline, which

advises an RRSO around the age 35–40 in BRCA1 carriers and 40–45

in BRCA2 carriers.21 A previous longitudinal cohort study of

Kotsopoulos et al. in 872 BRCA1 patients (mean follow-up 7.6 years)

estimated that around 65% of the BRCA1 carriers will have a risk-

reducing gynecologic operation in their life.22

The high number of risk-reducing surgeries in our cohort empha-

sizes the impact that being at high risk of breast and ovarian cancer

has on the quality of life (QOL). A study by Parker et al. found that

women who underwent an RRM had a worse QOL compared to

women who did not have this operation.23 An RRSO at the recom-

mended age between 35 and 40 years (BRCA1) and 40–45 years

(BRCA2) leads to early surgically induced menopause.24 This may

result in psychological, emotional, sexual, and physical complaints,25

which are also possible explanations for a lower QOL score.26

Two important factors that play a role in the decision-making pro-

cess of undergoing an RRM are possible cultural differences and the

effect of media. For example, the Angelina Jolie effect has been men-

tioned in the literature, which resulted in an increase in RRM and

more genetic testing after 2013 in the United States, after her

announcement that she underwent this operation.27 Furthermore,

earlier research found that French women were less inclined to favor

an RRM, compared to women from the United Kingdom (UK).28 The

attitude of a physician towards an RRM might also influence this deci-

sion: den Heijer et al. found that physicians in the Netherlands and

UK more often had a positive outlook on an RRM, in comparison to

GPs and breast surgeons in France and Germany.29

Since our population consisted of Dutch women, these factors

might explain the relatively high risk-reducing operations in our cohort,

in relation to other studies which include women of other nationalities.

7.3 | Development of breast cancer

A total of 124 out of the 750 women in the TESTBREAST cohort

developed BC, of whom 100 were invasive and 24 in situ. This corre-

sponds to an incidence of 16.5% after a median follow-up of 7 years

since the enrollment of participants. Depending on the PV they carry,

these women have an LTR of up to 50% (PALB2) and even 85%

(BRCA1/2) to develop BC.4,30

Out of these 124 patients, five (4%) had an in-situ carcinoma that

was found after an RRM. In a study of Khurana et al., which included

45 high-risk women, one woman had DCIS (2.2%) and one had an

invasive carcinoma (2.2%) after an RRM.31

Of the TESTBREAST participants, 13.9% of the women who had

undergone an RRGS developed BC (invasive or in situ), of whom

94.1% were BRCA1/2 carriers. Even though previous studies sug-

gested that an RRSO might also influence the risk of developing BC,32

a recent prospective study of Stuursma et al. in women with a PV of

BRCA1/2 concluded that an RRSO did not affect the incidence

of BC.33 Other studies also did not find (strong) evidence that an

RRSO decreases the risk of developing breast cancer in BRCA1/2 car-

riers.34,35 In our cohort, an RRGS also did not appear to have a protec-

tive effect against developing BC, as the incidence across the entire

cohort (16.5%) was similar among women who had undergone an

RRGS (13.9%).

7.4 | Characteristics of patients

The median age at diagnosis of the TESTBREAST cohort was 49 years:

women with a PV had a median age of 48 years, and women with an

FP 52 years. Women at high risk of BC were generally younger, com-

pared to sporadic cases in the Netherlands (average 61 years) and the

US (median 60 [52–67]).36 Our data underlines the importance of early

and frequent screening: most of the TESTBREAST patients with inva-

sive BC had stage I cancer (50%), which is correlated with better sur-

vival.37 Of all cases in the TESTBREAST cohort, 43% had the TNBC

subtype, of which mostly grade 3 (76.7%), stage I (62.8%) and stage II

(23.3%) tumors. In a study of Plasilova et al., most of the 38,628 TNBC

patients had a grade 3 tumor (n = 29,353, 79.8%), which is in line with

our findings. They subsequently found that other patients often had a

grade 2 tumor (n = 2996, 24.2%), and a smaller number had a grade

1 tumor (n = 888, 2.4%), which was also in unison with our data.38

Another study of Yeh et al. in 190 TNBC patients found mainly stage I

(n = 101, 53%) and stage II (n = 55, 29%) BC.39 Stage III (n = 33, 17%)

was less frequently observed and only one patient had stage IV (n = 1,

1%) BC. Again, this generally aligned with results from our cohort.

We found that characteristics of TESTBREAST patients with a FP

were more similar to cases from the national registry, compared to the

TESTBREAST women with a PV. We also found that the tumors of

BRCA2 carriers resembled the sporadic cases more, compared to

BRCA1 carriers. In our cohort, the TNBC subtype was most frequent in

patients with a BRCA1 mutation (75.0%), whereas this was the luminal

A subtype in BRCA2 carriers (71.4%). Mavaddat et al. included 4325

BRCA1 and 2568 BRCA2 patients, and found TNBC in 68% of the

BRCA1 carriers and in 16% of the BRCA2 carriers.40 Overall, BRCA1

patients more often have TNBC, whereas BC in BRCA2 patients more

often behaves like the sporadic cases (luminal subtypes). As such, char-

acteristics of patients in the TESTBREAST cohort were consistent with

previously reported findings on BRCA1/2 carriers.1,40

8 | CHALLENGES

8.1 | Risk classification

One of the challenges in the TESTBREAST study involved the group

of women that returned to the GP or the national screening program,
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based on their risk classification. In some cases, this resulted in an

incomplete 5-year follow-up, which was part of our study criteria for

analysis of the serum samples. The different risk classifications also

presented challenges in characterizing our study participants. At this

moment, women with an FP are classified as moderate (20–30%) or

high risk (>30%), mainly depending on which family members and how

many of them are affected. Over the years, the definition of the risk

classification has changed, along with the knowledge on the unclassi-

fied variants of the BRCA genes, which makes it a dynamic process. A

tool that can help decide the risk and therefore the fitting surveillance

for an individual is the CanRisk Tool, which is developed specifically

for breast and ovarian cancer.41 It also takes personal lifestyle and

clinical features into consideration to aid in risk prediction. Assessing

the risk for each person separately, instead of for several family mem-

bers at once, has the preference since it offers a more individual

program.41,42

8.2 | Radiation

There is still room for improvement regarding sensitivity/specificity of

current diagnostic tools. The primary screening method is mammogra-

phy, which has the risk of exposure to radiation. A previous study

showed that BRCA1/2 carriers who are exposed to radiation before

the age of 30 have an increased risk to develop BC.43 Miglioretti et al.

estimated the incidence of BC related to radiation during screening,

based on a model-based approach.44 The findings indicated that

annual screening in women aged 40–74 (based on a work-up of

100.000 women, 35 screening moments per woman) resulted in the

induction of 125 BC cases related, whereas this would be 68 in case

of biennial screening in this age group.

Therefore, alternating, for example, between a mammography

1 year and a blood test the other year could help to reduce the risk of

radiation-induced BC. Especially carriers of BRCA2, CHD1, and

PALB2 mutations are at risk, due to the early start of screening: in the

case of a BRCA2 mutation, additional mammography to MRI is

advised from the age of 30, which amounts to approximately 46 mam-

mography's and 35 MRIs in the surveillance period between 25 and

70 years, compared to 13 mammography's women in the national

screening program undergo in their life (Figure S1).

Current guidelines advise screening with not only MRI, but also

mammography to avoid missing DCIS cases, which are often only visi-

ble as microcalcifications on a mammography. Starting at a later age

could result in a radiation reduction. However, in BRCA2 patients,

DCIS occurs more often, and there still seems to be an additional

value of the mammography in BRCA2 patients, especially in those

younger than 40 years.6,45 If a blood test could replace the diagnostics

instead, the exposure to radiation could be (further) reduced. First

results of serum analysis in longitudinally acquired serum samples of

three women with BC and three without (30 samples over time)

showed unique patterns of protein clustering in each woman.13 Fur-

ther analysis is still needed and ongoing to determine if a blood test is

suitable for monitoring purposes.

8.3 | Interval cancer

Another concern is the occurrence of interval cancer. Buist et al. included

women aged >40 years with invasive BC, diagnosed within 2 years after

the index mammogram (last mammogram before the detection of cancer)

and before the next screening.46 According to their findings, interval can-

cer occurred especially in younger women aged 40–49 years.46 In their

cohort of 576 patients, 73 women aged 40–49 years developed cancer

(n = 38 interval cancer, 52.1%), whereas this was 503 in women aged

≥50 years (n = 124 interval cancer, 24.7%). There was an association

between younger age, high breast density, and quick tumor growth

related to interval cancers. Independent of age, there was an association

between menopausal status and high breast density and the occurrence

of an interval cancer. Menopausal status was more strongly correlated

with interval cancer compared to (young) age: 52.1% of the young

women had an interval cancer, whereas this was 64% in the premeno-

pausal group. Factors related to interval cancers in the premenopausal

group were similar to those in younger women. Other studies also sup-

ported the association between high breast density and interval can-

cer.47,48 Exact numbers of the incidence of interval cancer in our

TESTBREAST cohort are not clear, as specific dates of imaging are not

recorded in the study, but the relatively young age and more aggressive

tumors of women in the TESTBREAST cohort make them more suscepti-

ble to develop interval cancer, according to these data.

8.4 | Quality of screening

Finally, a further concern is the quality of the screenings program that

is currently under pressure in the Netherlands. According to the

Healthcare and Youth Inspectorate report (2024) the workload is

heavy; there is insufficient emphasis on improvement of the program,

and efforts to make screening more accessible to all target groups are

lacking.49 This, again, accentuates the need for improvement of cur-

rent screening, not only for high-risk women but also for women in

the general population.

9 | CONCLUSION

The TESTBREAST study cohort mainly consists of proven carriers of

one of the two most common susceptibility genes (BRCA1/2). The

data reported from this study underline the importance of early and

more frequent screening in a high-risk population: in contrast to data

from the national registry, which includes sporadic cases, the TEST-

BREAST patients were generally younger and more frequently had

the more aggressive TNBC subtype, which especially affected the

BRCA1 carriers. However, most of the invasive breast cancer patients

in the TESTBREAST cohort had stage I cancer, which is associated

with better survival. Furthermore, the occurrence of late stage IV can-

cer was lower in our cohort compared to the women in the national

registry. Altogether, these data accentuate the need for an optimally

functioning screening method—possibly in the form of a less invasive
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blood test—since early detection is especially important for this young

patient group.
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