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The impact of a mainstream genetic testing
pathway and socioeconomic factors on the
uptake of germline genetic testing in breast
cancer patients: results of the nationwide
GENE-SMART study
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Summary

Background Genetic testing in breast cancer patients is important for the patient’s local and systemic treatment
choices and follow-up, as well as for their family members. Not all eligible patients currently undergo genetic testing
and disparities persist in genetic testing uptake. It is unknown on the large scale whether pre-test counselling by
non-genetic healthcare professionals (HCPs)-mainstream genetic testing (MGT) — improves overall genetic testing
uptake and reduces disparities. We examined the impact of MGT on germline genetic testing uptake in general and in
subgroups of socioeconomic status (SES) in particular.

Methods In this retrospective nationwide cohort study, we selected all breast cancer patients from the Netherlands
Cancer Registry who were eligible for genetic testing according to patient and tumour characteristics under the
Dutch guidelines and who were diagnosed between 1-Jan-2017 and 31-Dec-2022. The primary outcome was genetic
testing uptake. The influence of MGT and SES on overall uptake and uptake across different SES levels was evaluated
using chi-squared tests and multivariable logistic regression analyses.

Results A total of 12,071 breast cancer patients were included. Overall genetic testing uptake was 67%: 78% for

MGT versus 63% in referral to a genetics department (RGD) (p < 0.001) with significantly higher odds of receiving
genetic testing for MGT versus RGD (OR 2.48, 95% Cl 2.14-2.87). Patients with low SES showed significantly lower odds
of receiving genetic testing compared to those with a high SES (OR 0.71, 95% Cl 0.61-0.83). In MGT, no significant
difference was found between low and high SES in the likelihood of receiving genetic testing (OR 0.75, 95% Cl
0.50-1.13).
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Conclusions MGT significantly increases genetic testing uptake among all eligible patients and across all SES
subgroups, strongly encouraging further implementation of MGT. Educating HCPs about current disparities in genetic
testing is essential to improve health equity in breast cancer care.

Keywords Breast cancer, Genetic testing, Socioeconomic status, Disparities, Mainstream genetic testing.

Introduction

Approximately 6% of breast cancer cases have a genetic
cause underlying their disease, with around 2% linked
specifically to BRCA1 or BRCA2 [1, 2]. Genetic testing
can detect these pathogenic variants (PVs) and is relevant
for patients’ risk of secondary breast, ovarian or other
malignancies, surgical and oncological treatment options
and preventative options, as well as for family members
[3, 4]. Moreover, germline genetic testing has become
increasingly important to guide adjuvant or neoadjuvant
therapy [5, 6]. However, not all eligible patients receive a
genetic test [7, 8] with genetic testing rates such as 52%
reported when referring patients to a genetic healthcare
professional (HCP) [9].

The increasing importance of genetic testing for treat-
ment selection combined with the limited capacity of
genetics departments has paved the pathway for imple-
menting mainstream genetic testing (MGT). In stan-
dard genetic care, a patient is referred to a genetic HCP
whereas in MGT, pretest counselling and ordering of
the germline genetic test is performed by a non-genetic
HCP in the hospital where the diagnosis is made. A few
studies have shown that MGT has increased genetic test-
ing uptake among eligible breast cancer patients [9-11].
However, these were single-centre studies with relatively
small study populations over relatively short times.

Furthermore, several studies have shown that patients
with lower levels of education, lower incomes, migrant
backgrounds or lower health literacy levels have limited
access to genetic testing and are even less frequently
referred to a genetic HCP than patients with higher
incomes and literacy levels [7, 12-14]. Up to now, these
socioeconomic factors have been studied separately. The
influence of socioeconomic status (SES), as a compre-
hensive concept, on the likelihood of undergoing genetic
testing, remains unstudied. In healthcare, low SES (a
composite variable involving education, occupation and
income) translates to limited access to the resources
needed for maintaining a healthy lifestyle [15]. Moreover,
religious affiliations are associated with negative attitudes
to genetic testing [16—19]. Additionally, travel time to the
nearest genetic HCP could affect patients’ decisions to
undergo genetic testing as travel time was found in gen-
eral to impact the decision to access healthcare services
[20].

In this nationwide study, we therefore aimed to exam-
ine the impact of MGT on the uptake of germline genetic

testing in general and in SES subgroups in particular
between 2017 and 2022 in the Netherlands.

Method

Data collection

The data for the GENE-SMART study (Genetic Evalu-
ation for breast cancer in the Netherlands: Studying a
Mainstreaming Approach for Redefining Testing path-
ways), a nationwide retrospective cohort study, was
obtained from the Netherlands Cancer Registry (NCR),
kept by the Netherlands Comprehensive Cancer Organi-
zation (IKNL). Specially trained registrars gathered data
about patient, diagnostic, tumour, treatment characteris-
tics and whether genetic testing was performed, directly
from patient files in almost all Dutch hospitals (73 of 75
hospitals). Two hospitals were excluded from the study
as data from these hospitals was not collected by data
registrars employed by IKNL. In the remaining hospitals
(n=73), patients were excluded if they had undergone
genetic testing before their breast cancer diagnosis or
if data about the hospital of diagnosis, tumour stage or
postcode was unknown.

Study sample.

The study included newly diagnosed Dutch breast can-
cer patients diagnosed between 1 January 2017 and 31
December 2022. Patients aged 18 or older were eligible
for genetic testing if they met the patient characteristics
as described in the Dutch guidelines [21].

Variables

Organization of genetic care

Three pathways to access to genetic testing apply in the
Netherlands: (1) referral to a genetic HCP in one of the
eight hospitals with a genetics department (seven UMCS
— university medical centres — and the Antoni van Leeu-
wenhoek cancer hospital), (2) referral to an academic
genetic HCP at a satellite outpatient clinic embedded in
a general hospital (which is still run by genetic HCP from
a genetics department) or (3) the MGT pathway, which
is the pre-test counselling by the physician who is treat-
ing the patient. Information from the genetics depart-
ments indicated that a period of six months was generally
considered a reasonable timeframe for the full imple-
mentation of MGT. Therefore, the MGT pathway was
subdivided in the MGT start-up phase (<6 months after
the start of the implementation of the MGT pathway)
and fully-implemented MGT (=6 months after the start
of the implementation of MGT pathway).
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The organization of genetic care during the study
period was determined for each Dutch hospital, based
on information obtained from the eight genetics depart-
ments in the Netherlands. At the end of the study period,
26 out of 73 hospitals had implemented the MGT path-
way, compared to 3 hospitals at the start. Patients diag-
nosed at a hospital where patients were referred to a
genetics department (i.e. from a general hospital or from
the hospital in which the genetics department was situ-
ated) were categorized as ‘referral to genetics department
(RGD). Patients diagnosed at a hospital where patients
were referred to a satellite outpatient clinic were cat-
egorized as ‘satellite outpatient clinic! If MGT was the
current practice in a hospital at the patient’s date of
diagnosis, a comparison was made between the patient’s
date of diagnosis and the date when MGT was started.
Patients diagnosed less than 6 months after the start of
the implementation of the MGT pathway were assigned
to the ‘MGT start-up phase’ group and patients with a
date of diagnosis more than 6 months after the start of
the MGT pathway in their hospital were assigned to the
‘MGT’ group.

Eligibility criteria for genetic testing

Based on the Dutch national breast cancer guideline [21]
patients eligible for genetic testing were divided into four
groups: breast cancer diagnosis at age <40, triple negative
breast cancer (TNBC) at age <60, bilateral breast cancer
with the first diagnosis at age <50, or male breast can-
cer (Table 1). These groups were not mutually exclusive.
The four eligibility criteria were included in the logistic
regression model as separate binary variables, allowing
for overlap between criteria. Other genetic testing crite-
ria (e.g. family history, Ashkenazi Jewish ancestry) exist,
but are not included in this study, since this data was not
available.

Tumour stage

Tumours were grouped according to the TNM staging
system: Ductal Carcinoma In Situ (DCIS) and tumour
stages I, II, III and IV. When the pathological stage was
unknown, the clinical stage was used.

SES
Median household income was used as a proxy for socio-
economic status. Statistics Netherlands provided data

Table 1 Genetic testing criteria for breast cancer patients based
on patient characteristics as described in the Dutch guidelines
Genetic testing criteria

Woman with a breast cancer diagnosis at age <40

Woman with triple negative breast cancer at age <60

Woman with bilateral breast cancer with the first diagnosis at age < 50
Man with breast cancer regardless of age at diagnosis
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about household incomes broken down by detailed post-
codes for 2016, with each postcode covering an average of
17 households. Median household income was clustered
into 9 groups, covering 99% of the Dutch population. SES
scores were classed as ‘low’ (1-3), ‘middle’ (4-7) or ‘high’
(8-9), adapted from Van Maaren et al. [22]. Previously,
SES was determined using a score derived from mean
household income, the proportion of residents with low
income, the percentage of individuals with limited educa-
tional attainment, and the unemployment rate [22]. How-
ever, this method is not used anymore since July 2023
due to the lack of data. The correlation between the prior
methodology and the current approach is strong (r=0.72,
»<0.0001).

Orthodox religion

The patient’s postcode was also used for determining
whether a patient lived in a Reformed church municipal-
ity, as a proxy for orthodox religion. Based on a recent
study [23] we created a list with the percentage of votes
per municipality for the Staatkundig Gereformeerde Par-
tij (SGP), the religious orthodox Christian political party,
during the 2017 Dutch parliamentary elections [24].
Municipalities were grouped based on the percentage of
votes for the SGP there: low’ (less than 5%), ‘moderate’
(5 to 10%), ‘high’ (10 to 20%), and ‘very high’ (more than
20%). Although the proportion of votes for the SGP in the
2017 parliamentary elections were similar to those in the
2021 parliamentary elections, mergers of various munici-
palities in 2019 that led to more postcodes per munici-
pality made the 2021 parliamentary election results less
accurate. We therefore only used the results of the 2017
parliamentary elections.

Travel time to genetic care

Travel time to the nearest HCP for genetic care at the
time of the patient’s diagnosis (i.e. to one of the eight
clinical genetics departments, a satellite outpatient genet-
ics clinic or an MGT hospital) was calculated using the
Drive Time Matrix (Geodan, version 2.1), containing all
travel times between Dutch postcode areas. Travel times
were grouped into <10, 10-20, 20—-30 min and > 30 min.

Statistical analysis

Genetic testing uptake was determined based on the per-
centage of eligible patients who received germline genetic
testing. Chi-squared tests were carried out to identify
differences in genetic testing uptake based on the orga-
nization of genetic care, both for eligible patients over-
all and for specific clinical genetic testing criteria defined
by patient characteristics. Multivariable logistic regres-
sion analysis was performed to determine the effect of
MGT and SES on the uptake of genetic testing by eligible
patients. For estimating the odds ratios (ORs) of MGT
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and SES for the uptake of genetic testing, the four clini-
cal genetic testing criteria based on patient characteris-
tics (each criterion included individually), tumour stage,
year of diagnosis, orthodox religion and travel time to a
genetic HCP were included as confounding variables.
The same confounding variables were used for estimating
the effect of the MGT on the uptake of genetic testing for
patients within different SES groups. To determine the
effect of MGT on the disparities in uptake of genetic test-
ing between patients in different SES groups, ‘MGT’ was
compared against ‘RGD; ‘satellite outpatient clinic’ and
‘MGT start-up phase’

We assessed multicollinearity among predictor vari-
ables by calculating the Variance Inflation Factor (VIF).
All VIF values were below 5 (mean VIF =1.93), indicating
no significant multicollinearity. The analyses were carried
out using Stata 17.0. A p-value of <0.05 was considered
statistically significant.

Results

Between 2017 and 2022, a total of 111,772 patients were
diagnosed with breast cancer in the Netherlands. Based
on predefined criteria, 4,146 patients were excluded
(Supplementary Fig. 1), leaving 107,006 patients. Of
these patients, 12,071 (11%) met at least one of the four
patient characteristics in the guideline and were eligible
for genetic testing. Of these, 8,212 (67%) actually received
genetic testing (Table 2). Genetic testing uptake was 80%
for patients with a breast cancer diagnosis <40, 77% for
patients with TNBC diagnosed < 60, 44% for patients with
bilateral breast cancer with a first diagnosis at age <50,
and 41% for male breast cancer patients.

The overall uptake of genetic testing for patients eli-
gible for genetic testing differed by type of organization:
63% for ‘referral to genetics department;, 66% for ‘satellite
outpatient clinic; 72% for ‘MGT start-up phase’ and 78%
for ‘MGT’. Moreover, compared to RGD, genetic testing
uptake increased for all clinical genetic testing criteria in
MGT (Table 3). Since pre-existing differences between
the hospitals that implemented MGT and those that did
not could exist, we analysed the genetic testing uptake
in the hospitals that had implemented MGT at the end
of the study period (n=26) individually. Most hospitals
showed an increase in genetic testing uptake after the
implementation of MGT (Supplementary Fig. 2).

In general, MGT showed higher odds of receiving a
genetic test compared to RGD (OR 2.48, 95% CI 2.14—
2.87) (Table 4). Low SES showed significantly lower odds
of receiving a genetic test compared to high SES (OR
0.71, 95% CI 0.61-0.83). No significant difference was
found between medium and high SES (OR 0.90, 95% CI
0.79-1.02). The odds of receiving a genetic test increased
with advancing tumour stage compared to DCIS, except
for tumour stage IV. Patients diagnosed in 2021 had
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significantly higher odds of undergoing genetic testing
than patients diagnosed in 2017 (OR 1.18, 95% CI 1.02—
1.37). Patients living in a municipality in which the SGP
received more than 20% of the votes had significantly
lower odds of receiving a genetic test than patients liv-
ing in a municipality where the SGP received less than 5%
of the votes (OR 0.69, 95% CI 0.48—0.98). No significant
difference was found between different travel times to
genetic care.

Socioeconomic status

With the patients stratified into SES groups, MGT is
seen to have significantly increased the odds of receiv-
ing a genetic test compared to RGD within all SES groups
(Fig. 1). The increase in odds was comparable for high
SES (OR 2.09, 95% CI 1.39-3.14), medium SES (OR
2.67, 95% CI 2.25-3.18) and low SES (OR 2.23, 95% CI
1.57-3.19).

Conversely, stratifying patients by the type of orga-
nization of genetic testing in the hospital of diagnosis
revealed that, in the case of being diagnosed in a hospital
where RGD was common practice, patients with medium
SES (OR 0.73, 95% CI 0.58—0.92) and low SES (OR 0.70,
95% CI 0.53-0.92) had significantly lower odds of receiv-
ing a genetic test compared to patients with high SES
(Table 5). In patients diagnosed in a hospital in which
MGT was implemented at the time of their breast cancer
diagnosis, no significant difference in the odds of receiv-
ing a genetic test was seen for patients with medium SES
(OR 1.13, 95% CI 0.81-1.57) and low SES (OR 0.75, 95%
CI0.50-1.13) when compared to patients with high SES.

Discussion

To our knowledge, this is the first nationwide multicen-
tre study on the impact of MGT on the uptake of genetic
testing, showing that the chance of eligible breast cancer
patients receiving a genetic test is about 2.5 times higher
when MQGT is applied than with the RGD usually applied.
An increase in genetic testing uptake was observed in
MGT compared to RGD, with the largest increases seen
among patients with bilateral breast cancer and male
breast cancer patients. Furthermore, the results show
that lower SES clearly has a negative effect on the uptake
of genetic testing, and implementation of an MGT path-
way significantly improves the uptake of genetic testing
in patients in all SES groups and even seems to reduce
disparities in genetic testing uptake. These findings
underscore the importance of further implementation of
the MGT pathway.

Recent studies have shown a positive relationship
between MGT and the uptake of genetic testing in
patients with breast cancer [9-11]. However, these stud-
ies were limited by their small sample size (230-410
patients), a small number of hospitals (1 to 10) and a
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Table 2 Clinical and socioeconomic characteristics of all breast cancer patients and for patients eligible for genetic testing for each
test criterion

Eligible BCdiagnosis TNBC Bilateral Male Ineligible BC Al BC
BC patients*  <40* diagnosis BC+1stBCat BC* patients** patients
<60* age<50*

Total 12,071 (11.3) 4,737 (4.4) 5,028 (4.7) 2,994 (2.8) 782(0.7) 94,935 (88.7) 107.006
Gender
Male 782 (6.5) 17 (0.4) 3(0.1) 1(0.03) 782 (100) - 782(0.7)
Female 11,289 (93.5) 4,720 (99.6) 5025(99.9) 2,993 (99.97) - 94,935 (100) 106,224 (99.3)
Age at diagnosis
18-29 550 (4.6) 550(11.6) 140 (2.8) 28(0.9) 3(04) - 550(0.5)
30-39 4,187 (34.7) 4,187 (884) 936 (18.6) 194 (6.5) 14(1.8) - 4,187 (3.9)
40-49 2,827 (234) - 1,726 (34.3) 1,154 (38.5) 35(4.5) 11,186 (11.8) 14,013 (13.1)
50-59 2,906 (24.1) - 2,226 (443)  637(21.3) 110 (14.1) 22,352 (23.5) 25,258 (23.6)
60-74 1,184 (9.8) - - 806 (26.9) 378 (483) 41,459 (43.7) 42,643 (39.9)
75+ 417 (3.5) - - 175 (5.9) 242 (31.0) 19,938 (21.0) 20,355 (19.0)
Year of diagnosis
2017 1,996 (16.5) 773 (16.3) 796 (15.8) 550 (184) 128 (16.4) 16,303 (17.2)  18299(17.1)
2018 1,996 (16.5) 765 (16.2) 847 (16.9) 505 (16.9) 122 (15.6) 15,865 (16.7) 17,861 (16.7)
2019 2,005 (16.6) 797 (16.8) 818(16.3) 497 (16.6) 127 (16.2) 16,043 (16.9) 18,048 (16.9)
2020 1,996 (16.5) 808 (17.1) 804 (16.0) 479 (16.0) 1(16.8) 13,559 (14.3) 15,555 (14.5)
2021 2,030 (16.8) 786 (16.6) 922 (18.3) 483 (16.1) 118(15.1) 16,822 (17.7) 18,852 (17.6)
2022 2.048(17.0) 808 (17.1) 841 (16.7) 480 (16.0) 156 (20.0) 16,343 (17.2) 18,391 (17.2)
Tumour stage
DCIS 863 (7.2) 337.(7.1) - 509 (17.0) 77 (9.9) 11,717(12.3) 12,580 (11.8)
| 3,746 (31.0) 1,269 (26.8) 1,363 (27.1) 1,233 (41.2) 242 (31.0) 39,550 (41.7) 43,296 (40.5)
Il 5,109 (42.3) 2,108 (44.5) 2,632 (524) 803 (26. 8) 305 (39.0) 30,821 (32.5) 35,930 (33.5)
Il 1,602 (13.3) 715 (15.1) 763 (15.2) 258( 96 (12.3) 7,859 (8.3) 9461 (8.8)
% 751(6.2) 308 (6.5) 270 (5.4) 91 (6. ) 62 (7.9) 4,988 (5.2) 5,739 (5.4)
SES
Low 2,193 (17.72) 888 (18.8) 869 (17.3) 503 (16.8) 158 (20.2) 19,039 (20.1)  21,178(19.8)
Medium 8,337 (69.1) 3,333 (70.4) 3438 (684) 2,094 (69.9) 516 (6.0) 63,160 (66.5) 71,497 (66.8)
High 1,595 (13.2) 516 (10.9) 721 (14.3) 397 (13.3) 108 (13.8) 12,736 (134)  14331(134)
Orthodox religion***
Low 10,996 (91.1) 4,353 (91.9) 4,549 (90.5)  2,719(90.8) 719 (91.9) 85,510 (90.1) 96.506 (90.2)
Moderate 503 (4.2) 172 (3.6) 223 (44) 142 (4.7) 30(3.8) 4,167 (4.4) 4,670 (4.4)
High 410(34) 152 (3.2) 191 (3.8) 90 (3.0) 23(2.9) 3,753 (4.0) 4,163 (3.9
Very high 162 (1.3) 60 (1.3) 65 (1.3) 43(1.4) 10(1.3) 1,505 (1.6) 1,667 (1.6)
Travel time to genetic care
<10 min 3,270 (27.1) 1,411 (29.8) 1,308 (26.0) 760 (25.4) 9(28.0) 23,216 (24.5) 26,486 (24.7)
10-20 min 5,935 (49,2) 2,304 (48.6) 2,468 (49.1) 1,507 (50.3) 374 (47.8) 60 (486) 52,095 (48.7)
20-30 min 2,365 (19.6) 858 (18.1) 1,033 (20.5 599 (20.0) 154 (19.7) 20 977 (22.0) 23,242 (21.7)
>30 min 501 (4.2) 164 (3.5) 219 (4.4) 128 (4.3) 35(4.5) 4,682 (4.9) 5183 (4.8)
Genetic care organization
RGD 3,654 (30.3) 1,443 (30.5) 1,579 (314) 857 (286) 219 (28.0) 28,620 (30.2) 32,274 (30.2)
Satellite outpatient clinic 5922 (49.1) 2,326 (49.1) 2,446 (48.7) 1,502 (50.2) 377 (48.2) 46,849 (49.4) 52,771 (49.3)
MGT start-up phase**** 417 (3.5) 178 (3,8) 154 (3.1) 107 (3.6) 28(3.6) 3,237 (34) 3,654 (34)
MGT**** 2,078(17.2) 790 (16.7) 849 (16.9) 528(17.6) 158 (20.2) 16,229 (17.1) 18,307 (17.1)
Genetic test performed
Yes 8,116 (67.2) 3,797 (80.2) 3,867 (76.9) 1,323 (44.2) 319 (40.8) 7,376 (7.8) 15492 (14.5)
No 3,955 (32.8) 940 (19.8) 1,161 (23.1) 1,671 (55.8) 463 (59.2) 87.559(92.2) 91,514 (85.5)

Data items are n and percentage (%). BC=breast cancer, TNBC=triple negative breast cancer, DCIS=ductal carcinoma in situ, SES=socioeconomic status,
RGD =referral to genetics department, MGT = mainstream genetic testing. * The total number of eligible patients is not equal to the sum of the number of patients
fulfilling one of the four clinical genetic testing criteria because the criteria are not mutually exclusive. ** ‘Ineligible patients’ includes all patients who are not
eligible for genetic testing based on the four clinical genetic testing criteria based on patient characteristics [21]. *** Orthodox religion represents the percentage
of votes for the Staatkundig Gereformeerde Partij (the religious orthodox Christian political party), during the 2017 Dutch parliamentary elections in the patient’s
municipality. Low =0-5%, moderate=5-10%, high=10-20%, and very high=>20%. **** MGT start-up phase: mainstream genetic testing implemented within the
last 6 months at the date of diagnosis. MGT refers to a mainstream genetic testing pathway implemented more than 6 months before date of diagnosis
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Table 3 Uptake of genetic testing for all eligible patients and per clinical genetic testing criterion based on patient characteristics

Uptake of
genetic testing

Referral to genetics

department clinic

Satellite outpatient

MGT start-up
phase <6 months

MGT p-
>6 months value

Total eligible patients 2,297/3,654 (62.9) 3,904/5,922 (65.9) 3007417 (71.9) 1,615/2,078 (77.7) <0.001
BC<40 1,096/1,443 (76.0) 1,865/2,326 (80.1) 147/178 (82.6) 689/790 (87.2) <0.001
TNBC<60 1,153/1,579/ (73.0) 1,869/2,446 (76.4) 122/154(79.2) 723/849 (85.2) <0.001
Bilateral BC (1st BC<50) 320/857 (37.3) 641/1,502 (42.7) 66/107 (61.7) 296/528 (56.0) <0.001
Male BC 64/219 (29.2) 139/377 (36.9) 9/28 (32.1) 107/158 (67.7) <0.001

Data items are number n and percentage (%). The table presents the uptake of genetic testing across different types of organizations for genetic care for each
genetic testing criterion based on patient characteristics. The p-values are derived from a chi-squared test, indicating whether the differences in uptake between
types of genetic care organization are statistically significant (p <0.05). BC=breast cancer, TNBC =triple negative breast cancer, MGT =mainstream genetic testing

relatively short study period (2 to 3.5 years). Our study
has significantly substantiated these findings, using a
larger patient population, at a national level, examined
over a longer period (6 years). Moreover, we found that
genetic testing was performed in only 44% of patients
with bilateral breast cancer with a first diagnosis under
the age of 50 and in only 41% of male breast cancer
patients. The logistic regression supported these find-
ings, with patients with bilateral breast cancer and male
breast cancer patients showing around 50% lower odds
at receiving genetic testing compared to patients who
did not meet these criteria (but who did meet one of
the other criteria). Although the uptake of genetic test-
ing was higher among patients with breast cancer aged
under 40 and patients with TNBC aged under 60, around
20% of these patients were still not tested. Comparable
results regarding genetic testing uptake were found in
earlier studies in Norway and the US [9, 11]. Although
a 100% uptake is unrealistic — and not necessarily desir-
able, given that some patients may refrain from genetic
testing — the uptake as shown in the results (especially for
patients with bilateral breast cancer and male breast can-
cer) is unexpectedly low. This indicates that HCPs often
fail to identify or refer patients eligible for genetic test-
ing. MGT significantly improved genetic testing uptake
overall and for all four eligibility criteria taken separately.
However, there are still discrepancies in genetic test-
ing uptake between the four eligibility criteria. These
discrepancies regarding eligibility criteria can be rem-
edied by enhancing HCPs’ knowledge of testing criteria
(and thereby increasing non-genetic HCPs” awareness of
genetic testing) through targeted training. In addition,
fully informing patients and empowering them to choose
their degree of involvement in decisions about their
care can have a positive influence on equitable access to
genetic testing [25].

In our study, we found that patients with tumour stage
IV received genetic testing less frequently than patients
with tumour stages I, II and III. These discrepancies were
also shown in an earlier study [26]. This may be explained
by the fact that newly diagnosed patients with metastatic
breast cancer often primarily visit a medical oncolo-
gist, whereas the surgical oncologist is usually the first

physician for patients with non-metastatic breast can-
cer. Moreover, in the Netherlands surgical oncologists
are used to referring for or requesting genetic testing,
whereas in other countries medical oncologists are (also)
involved in discussing and requesting genetic testing [10,
11, 27, 28]. Due to the patients’ disease status, medical
oncologists could decide not to discuss genetic testing
(or to do so later) in patients with tumour stage IV. As a
result, genetic testing may be postponed and ultimately
forgotten. Obviously, this is undesirable because patients
with metastatic breast cancer can also benefit from
genetic testing in their therapy choices (e.g. PARP-inhib-
itors) and by enabling their relatives to take preventive
measures [10]. The involvement of a medical oncologist
in MGT is therefore strongly recommended, especially
regarding the increasing importance of therapeutic cri-
teria for germline genetic testing. Future studies are
needed to explore the causes for the observed discrepan-
cies in uptake of genetic testing by patients with different
tumour stages.

Although the evidence suggests that MGT has a ben-
eficial impact, it is critical to recognize that patients
with low SES still had less access to genetic testing than
patients with high SES. An earlier study found that HCPs
perceive difficulties in recognizing patients with low
health literacy and in adapting communication to the
needs of such patients [29]. These inequalities highlight
the need for ongoing efforts to ensure that all patients,
regardless of their SES, can benefit from genetic testing.
We showed that MGT seemed to reduce the gap between
access to genetic testing for patients with low and high
SES. A recent study on improving the access of genetic
testing for patients with ductal pancreatic carcinoma
found a comparable result, that MGT reached a more
ethnically diverse patient population, thereby reduc-
ing disparities [30]. Our study underlines that MGT has
the potential to reduce existing disparities in access to
genetic testing. However, increasing HCPs” awareness of
the current inequitable access to genetic testing and fur-
ther education on recognizing patients with low SES is
needed in order to reduce these disparities.

Although travel time to genetic care was not a sig-
nificant factor, patients diagnosed in hospitals with a
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Table 4 Independent variables associated with the uptake of
genetic testing in breast cancer patients eligible for genetic

testing (n=12,071)

OR (95% Cl) p-value
Genetic care organisation
RGD ref ref
Satellite outpatient clinic 1.19 (1.07-1.31) 0,001
MGT start-up phase (<6 months) 1.67 (1.30-2.15) <0.001
MGT (=6 months) 2.48 (2.14-2.87) <0.001
SES
High ref ref
Medium 0.90 (0.79-1.02) 0.10
Low 0.71 (0.61-0.83) <0.001
BC diagnosis < 40*
No ref ref
Yes 2.57 (2.21-2.99) <0.001
TNBC diagnosis < 60*
No ref ref
Yes 1.69 (1.45-1.98) <0.001
Bilateral BC (1st BC at <50)*
No ref ref
Yes 0.53 (0.45-0.62) <0.001
Male BC*
No ref ref
Yes 0.42 (0.34-0.52) <0.001
Tumour stage
DCIS ref ref
I 2.45(2.07-291) <0.001
Il 4,00 (3.37-4.75) <0.001
Il 4.74 (3.88-5.80) <0.001
% 1.34 (1.08-2.67) 0.008
Year of diagnosis
2017 ref ref
2018 1.06 (0.92-1.22) 043
2019 1.09 (0.94-1.25) 0.25
2020 1.13(0.97-1.31) 0.11
2021 1.18 (1.02-1.37) 0.03
2022 1.02 (0.88-1.19) 0.77
Orthodox religion**
Low ref ref
Moderate 0.96 (0.78-1.18) 0.68
High 1.02 (0.80-1.29) 0.89
Very high 0.69 (0.48-0.98) 0.04
Travel time to genetic care
<10 min ref ref
10-20 min 0.98 (0.88-1.09) 0.71
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Table 4 (continued)
OR (95% ClI) p-value
Genetic care organisation
20-30 min 0.96 (0.84-1.10) 0.55
>30min 0.82 (0.65-1.02) 0.07

Multivariable logistic regression analysis on the influence of independent
variables on genetic testing. RGD=referral to genetics department,
MGT =mainstream genetic testing, SES=socioeconomic status, BC=breast
cancer, TNBC=triple negative breast cancer, DCIS=ductal carcinoma in situ.
* These four clinical genetic testing criteria are not mutually exclusive. Each
genetic testing criterion was included individually. For each criterion, the
reference group includes all patients that do not meet that specific criterion.
However, these patients do meet one (or more) of the other criteria, since
all included patients are eligible for genetic testing. ** Orthodox religion
represents the percentage of votes for the Staatkundig Gereformeerde
Partij (the religious orthodox Christian political party) during the 2017
Dutch parliamentary elections in the patient’s municipality. Low=0-5%,
moderate=5-10%, high=10-20%, and very high=>20%

genetics satellite outpatient clinic were more likely to
receive genetic testing than those referred to a genetic
HCP elsewhere. This suggests that on-site access to
a genetic HCP influences testing rates, implying that
travel time does influence the chance of receiving genetic
testing.

A strength of this nationwide retrospective cohort
study is the use of data from the NCR that includes all
patients diagnosed with breast cancer over a relatively
long period, which enhances the validity and generaliz-
ability of the results. Additionally, including factors such
as the travel distance to genetic care and orthodox reli-
gion, which are known to influence healthcare accessi-
bility, have been included in the analyses. The study has
some limitations. We only included patients eligible for
genetic testing based on the four patient characteristics
as described in the Dutch guideline. No data was avail-
able on other eligibility criteria such as a positive cancer
family history, Ashkenazi Jewish ancestry, clinical trial
participation and/or therapeutic implications for genetic
testing. We therefore do not know which factors influ-
ence genetic testing in patients who are eligible based
on one of the other genetic testing criteria. Further-
more, the postcode was used for determining a patients’
SES and whether a patient lived in a Reformed Church
municipality. Although there will indeed be differences
in income and religious beliefs among residents of a cer-
tain postcode, this approach approximates SES and reli-
gion effectively. Another limitation of the study is that
SES was not included as a composite SES index, because
SES was based on median income in a postal code area.
However, a statistically significant association exists
between the use of median income and a composite SES
index (r=0.72, p<0.0001)*2. Another limitation is that
since the first Dutch COVID-19 lockdown, hospital visits
have increasingly been replaced by video consultations.
It is unclear if the implementation of video consulta-
tions has had a positive impact on genetic testing uptake,
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Fig. 1 Effect of the organization of genetic care on the uptake of genetic testing for patients within groups with different socioeconomic status. Odds
of receiving a genetic test for referral to a satellite outpatient clinic, MGT start-up phase and MGT compared to RGD (OR 1.0; orange baseline), corrected
for the four clinical genetic testing criteria, tumour stage, year of diagnosis, orthodox religion and travel time to genetic care. MGT =mainstream genetic

testing, RGD =referral to genetics department, SES = socioeconomic status

Table 5 Effect of the organization of genetic care in the hospital of diagnosis on the disparities in uptake of genetic testing between

eligible patients in different SES groups (n=12,071)

RGD (n=3,654) Satellite outpatient clinic MGT Start-up phase, <6 months MGT, =6 months
(n=5,922) (n=417) (n=2,078)
OR (95% Cl) p-value OR(95% Cl) p-value OR(95% Cl) p-value OR(95% Cl) p-value
SES
High ref ref ref ref ref ref ref ref
Medium  0.73 (0.58-0.92)  0.008 0.90 (0.75-1.08) 0.27 1.88 (0.90-3.92) 0.09 1.13(0.81-1.57) 047
Low 0.70 (0.53-0.92) 0.01 0.69 (0.56-0.86) 0.001 0.63(0.26-1.52) 030 0.75(0.50-1.13) 017

The effect of the organization of genetic care on the disparities in uptake between different levels of SES, corrected for the four clinical genetic testing criteria,
tumour stage, year of diagnosis, orthodox religion, and travel time to genetic care. RGD =referral to genetics department, MGT=mainstream genetic testing,

SES=socioeconomic status

as the odds of receiving genetic testing increased in the
year after the first COVID-19 infections in the Nether-
lands (2021). However, no significant difference was
seen between 2017 and 2022. On top of that, we cannot
exclude the possibility that the introduction of MGT may
have positively influenced the uptake due to increased
awareness of genetic testing. The increased aware-
ness could have led to a better identification of eligible

patients. Additionally, differences exist between MGT
pathways in different hospitals. In some hospitals where
MGT was implemented, patients with a positive family
history received genetic testing via the MGT pathway,
whereas in other hospitals where the MGT pathway was
implemented these patients were referred to a genetic
HCP. These differences, however, are not expected to
interfere with the results, because in this study we only
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included patients who meet the testing criteria based on
patient characteristics. Finally, when genetic testing was
not performed, it was not registered in the data whether
genetic testing was not recommended or whether the
patient refrained from genetic testing. However, previous
research has shown that the proportion of patients not
interested in genetic testing is relatively small and that a
lack of physician’s recommendation is a frequent reason
for not being tested [31, 32].

In conclusion, MGT is important for increasing the
overall uptake of genetic testing and has the potential to
reduce disparities in access to genetic testing. An essen-
tial next step would be to motivate and educate HCPs
who are as yet unfamiliar with pre-test counselling to
embrace the MGT pathway. For hospitals where MGT is
already implemented, encouraging medical oncologists to
participate in this pathway is crucial, as they can serve as
a checkpoint to ensure that eligible patients have under-
gone genetic testing, including those who might not have
been offered genetic testing by other HCPs. Moreover, as
newly diagnosed patients with metastatic breast cancer
often first see a medical oncologist, these specialists are
well-positioned for providing genetic counselling when
needed for guiding therapy choices. Also, further educa-
tion for HCPs about recognizing patients with low SES is
needed to reduce disparities in access to genetic testing.
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