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Purpose: This study aimed to evaluate predictors of testing uptake
among unselected breast cancer patients who were offered germline
BRCA1/2 testing in a prospective study.

Methods: Pretest information was provided by a standardized
invitation letter instead of in-person counseling. Data was
abstracted from medical records. Using multivariate logistic
regressions, predictors of testing uptake were analyzed.

Results: The overall uptake of testing was 67% (539 of 805
patients). Low uptake rates were found for patients aged ≥80 years
(33%), and patients born outside of Europe (37%). In adjusted
analysis, age ≥80 years (odds ratio [OR] 0.10; P= 0.002),
psychiatric disorders (OR 0.46; P= 0.006), occupation requiring
at least 3 years of university or college education (OR 2.03; P=
0.003), and breast cancer or ovarian cancer in first-degree or

second-degree relatives (OR 1.66; P= 0.02) were independently
associated with uptake of BRCA1/2 testing. Somatic comorbidity in
patients aged <70 years was associated with lower testing uptake.

Conclusion: Testing uptake varies across different subgroups
according to patient-related factors that are readily available in the
medical records. Knowledge about these factors enables health care
professionals to identify patients who are less likely to pursue
genetic testing.
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INTRODUCTION
Carriers of germline pathogenic variants in BRCA1 and
BRCA2 have very high risks of breast cancer and ovarian
cancer.1 Female carriers who are aware of their pathogenic
variant carrier status can opt for prophylactic surgeries or
surveillance programs, and thereby, substantially decrease
their risk of cancer-related death.2,3 Despite the advantages
associated with genetic testing, a large proportion of patients
who are actively approached and offered genetic testing do
not pursue testing.4,5 Studies on predictors of genetic testing
uptake are needed to identify subgroups of patients that are
less likely to be tested. Most previous studies have been
retrospective and have focused on cohorts of patients
enriched for BRCA1/2 pathogenic variant carriers, i.e., high-
risk cohorts. These studies have found that young age, high
level of education, high income, and a positive family history
are independently associated with increased rates of genetic
counseling and testing.6–10 Ethnic minorities have consis-
tently been shown to have lower rates of testing.11–14

Two randomized trials have compared telephone genetic
counseling with the standard procedure of in-person
counseling,15,16 and both of these have now reported on

predictors of testing uptake.17,18 In the first study, in-person
counseling, higher knowledge, lower perceived stress, and
nonminority ethnicity were associated with higher testing
uptake. Ethnicity moderated the association between rando-
mization group and testing, meaning that minority women
were least likely to pursue testing if randomized to the
telephone intervention group.17 In the second study, in-
person counseling, higher perceived comparative pathogenic
variant risk, higher cancer distress, a positive family history,
and no cost concerns were associated with higher testing
uptake. Distress, perceived comparative pathogenic variant
risk, and education moderated the association between
randomization group and testing.18

Compared with in-person or telephone pretest genetic
counseling, written information is a further simplification of
the testing procedure. In a nonrandomized prospective
study (BRCAsearch), we recently showed that written
pretest information to unselected breast cancer patients
was feasible, and associated with an uptake of germline
BRCA1/2 testing in 2/3 of the patients.19 Here, we
report on predictors of genetic testing uptake in the
BRCAsearch study.
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MATERIALS AND METHODS
Study population
The study population has been described in detail elsewhere.19

Briefly, patients diagnosed with nonmetastatic breast cancer
at three participating hospitals in south Sweden were
prospectively offered analysis of germline pathogenic variants
in BRCA1 and BRCA2, unselected for age at diagnosis or
family history of cancer (BRCAsearch, ClinicalTrials.gov
identifier: NCT02557776). Pretest information was provided
by a standardized invitation letter instead of in-person genetic
counseling. The invitation letter was given to the patient by
the nurse at the regular visit to the surgeon approximately a
week after primary surgery, or by the oncologist at the time of
information about neoadjuvant chemotherapy. For noncon-
senting patients, a reminder was sent by mail at a median time
of 4.5 months after the invitation letter. Patients fulfilling any
of the following exclusion criteria were not given the
invitation letter: (1) the patient is unable to understand the
written information in Swedish; (2) the patient is in a
psychological state, due to chronic or temporary reasons,
where one could suspect that information about the study
substantially could be detrimental to their psychological well-
being.
As previously reported, the invitation letter was given to 818

patients during the time period February 2015–August
2016.19 Following confirmation of the pathological anatomical
diagnosis in the medical records and pathology reports, it
turned out that one patient only had lobular carcinoma
in situ, and she was therefore excluded. Twelve patients had
not consented to further follow-up, and they were also
excluded. The remaining 805 patients constituted the present
study population (Fig. 1).
In our health care region, genetic counseling and testing are

free of charge for all breast cancer patients. Medical health
care copayment is limited to a maximum of 1100 SEK (~127
USD) per 12 months, including surveillance programs and
prophylactic surgeries for all BRCA1/2 pathogenic variant
carriers. Therefore, economic barriers are unlikely to have
contributed to decisions about testing uptake.

Data collection
The aim of the present study was to analyze predictors of
genetic testing uptake, i.e., to study if patient, tumor, or
treatment related factors were associated with genetic testing
uptake. Before the data collection was initiated, it was
determined that the variables listed in Table 1 would be
collected. First, some tumor and treatment characteristics
were collected by cross-referencing with the INCA database,
where some data from all breast cancer patients in our health
care region are prospectively recorded. Then, the information
from the INCA database was supplemented with patient,
tumor, and treatment characteristics abstracted from the
medical records. In case of discrepancies, the information in
the medical records took precedence. Every study partici-
pant’s medical record was reviewed by an oncologist (MPN).
As described in detail elsewhere,19 BRCAsearch was a

substudy of a biobank research study (SCAN-B, Clinical-
Trials.gov identifier: NCT02306096). Therefore, all patients in
the present study population (n= 805) had allowed their
medical data to be accessed.
Either a ductal carcinoma in situ (DCIS) or an invasive

breast cancer in the contralateral breast was considered a
contralateral breast cancer (CBC). For patients with synchro-
nous bilateral breast cancer, tumor characteristics of the side
with the highest tumor stage were recorded. Some patients
were offered inclusion in BRCAsearch due to an ipsilateral
event following a previous breast cancer. It was not always
possible to differentiate a true local recurrence from a new
primary tumor, and both were therefore denoted an ipsilateral
event. A previous ipsilateral event or a synchronous or
metachronous contralateral breast cancer were grouped
together as “previous breast cancer.”
More than 90% of the patients who were treated with

adjuvant or neoadjuvant chemotherapy received three cycles
of epirubicin-cyclophosphamide q3w followed by three cycles
of docetaxel q3w. Postoperative radiation therapy was
delivered with either 50 Gy in 25 fractions or 40 Gy in
15 fractions, starting 4 weeks after surgery or 4 weeks after the
last day of chemotherapy treatment.
Information about occupation was collected from the

medical records. For senior citizens, previous occupation
was recorded if that information was available in the medical
records. Different occupations were categorized into three
groups based on the minimum level of education required.
Group 1 consisted of occupations requiring little formal
education other than compulsory school (e.g., secretary, shop
assistant, farmer). Occupations requiring some, but less than 3
years, of vocational school or college education were allocated
to group 2 (e.g., assistant nurse, teacher’s assistant, dental
hygienist). Group 3 consisted of occupations requiring at least
3 years of college or university education, equivalent to a
bachelor’s degree (e.g., nurse, teacher, librarian) or a master's
degree (e.g., physician, professor, civil engineer).
Information about psychiatric disorders was abstracted

from the medical records. A psychiatric disorder was defined
as a present or past (during the past 10 years) diagnosis of any
of the following: minor or major depression, anxiety
disorders, bipolar disorder, schizophrenia or other psychotic
disorders, posttraumatic stress disorder, and eating disorders.
Only two study participants had bipolar disorder and none
had schizophrenia; the great majority of psychiatric disorders
were depressions and anxiety disorders. There were also 42
patients who were currently treated with psychiatric medica-
tions, but with no psychiatric disorder noted in the surgical or
oncological medical records; they were allocated to the group
psychiatric disorders= Yes. Most of these patients were
taking selective serotonin reuptake inhibitors (n= 34). The
others were taking venlafaxine (n= 2), mirtazapine (n= 2),
clomipramine (n= 1), flupentixol (n= 1), or daily doses of
benzodiazepines (n= 2).
Information about somatic comorbidity was abstracted

from the medical records, and coded according to the
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Charlson comorbidity index (CCI).20 A recent diagnosis of
breast cancer rendered 2 points, and accordingly, no patient
had a CCI of less than 2. Age categories are usually included
in the CCI, but because we aimed to include age as a separate
variable in the logistic regression models, we did not include
age in the CCI. Therefore, CCI in this paper refers to CCI
excluding age.

Statistical analyses
Differences in patient, tumor, and treatment characteristics
between patients who consented to testing and patients who
did not consent to testing were assessed using Pearson Chi-
square test, independent samples t-test, and Mann–Whitney
U test. Unadjusted associations between all variables in
Table 1 and testing uptake were evaluated using logistic
regression. Age at diagnosis was categorized into age groups
to account for nonlinear associations, and to make inter-
pretations of the results easier.
Variable selection for multivariate logistic regression

(Enter) in model 1 was based on the results of previous
studies. We also included somatic and psychiatric comorbid-
ity in model 1, based on a prespecified hypothesis that these
variables might be associated with testing uptake. In model 2,
variables with a significance of P ≤ 0.20 in unadjusted analyses

were entered into the model, and all variables from model 1
were retained.
All analyses were conducted using SPSS version 22.0 (SPSS

Inc., Chicago, Illinois, USA). All tests were two-sided. For the
results and the discussion, P values below 0.05 were
considered statistically significant.

RESULTS
Patient, tumor, and treatment characteristics are listed in
Table 1. Within the present study population, 539 of 805
patients consented to germline pathogenic variant testing of
BRCA1 and BRCA2 (Fig. 1). Accordingly, the overall uptake
of testing was 67.0% (539/805). The uptake of testing was
remarkably similar across the different study sites in
Helsingborg (66.8%), Kristianstad (66.7%), and Malmö
(67.7%). Patients who consented to testing were younger
compared with patients who did not consent to testing
(mean age 61.9 vs. 67.1 years; P <0.001). In unadjusted
analyses, no significant differences were seen between
the age categories <50 years, 50–59 years, and 60–69 years
regarding uptake of testing. In contrast, patients aged 70–79
years (odds ratio [OR] 0.54; P= 0.01) and patients aged ≥80
years (OR 0.17; P <0.001) were less likely to pursue testing
(Table 2).

Assessed for eligibility (n = 860)

Excluded  (n = 42)

Not given the invitation letter (n = 29)
Language problems (n = 5)
Forgot to give the invitation letter (n = 3)
Severe comorbidity, e.g. dementia (n = 3)
Psychological reasons (n = 2)
Reason not noted (n = 16)

Other reasons (n = 13)
Known BRCA1/2 pathogenic variant carrier (n = 2)
Previously tested negative for pathogenic variants
in BRCA1 and BRCA2 (n = 3)
Referred for clinical genetic counseling and
testing instead of the BRCAsearch study (n = 8)

Analysed  (n = 539)

Excluded from analysis (LCIS only) (n = 1)

Lost to follow-up (no consent to further follow-
up) (n = 5)

Consented to analysis of BRCA1 and BRCA2
(n = 545)

Lost to follow-up (no consent to further follow-
up) (n = 7)

Did not consent to analysis (n = 273)

Analysed  (n = 266)

Analysis

Follow-Up

Received the invitation
letter (n = 818)

Fig. 1 Flowchart of study enrollment, follow-up, and analysis regarding predictors of uptake of BRCA1/2 testing. LCIS, lobular carcinoma in situ
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Main results of adjusted analyses
In model 1, we adjusted for patient-related variables (Table 2).
Entering also tumor and treatment characteristics into the
model (model 2) had only a marginal effect on the odds ratios
and corresponding P values of the patient-related variables. In
the fully adjusted logistic regression model, age ≥80 years (OR
0.10; P= 0.002), occupation requiring at least 3 years of
university or college education (OR 2.03; P= 0.003), breast
cancer or ovarian cancer in first-degree or second-degree

Table 1 Patient, tumor, and treatment characteristics

All

patients

(n= 805)

Did not

consent to

testing

(n= 266)

Consented

to testing

(n= 539)

Variable n (%) n (%) n (%) P

valuea

Age at diagnosis (years)

Mean; SD 63.6; 12.4 67.1; 12.8 61.9; 11.8 <0.001b

Median;

range

65.4;

26.2–94.3

68.7;

35.7–91.6

64.0;

26.2–94.3

<0.001c

Age at

diagnosis,

categories

<0.001

<50 years 137 (17.0) 34 (12.8) 103 (19.1)

50–59 years 147 (18.3) 38 (14.3) 109 (20.2)

60–69 years 261 (32.4) 76 (28.6) 185 (34.3)

70–79 years 194 (24.1) 74 (27.8) 120 (22.3)

≥80 years 66 (8.2) 44 (16.5) 22 (4.1)

Occupation,

categoriesd
<0.001

1 300 (37.3) 114 (56.7) 186 (40.3)

2 170 (21.1) 44 (21.9) 126 (27.3)

3 192 (23.9) 43 (21.4) 149 (32.3)

Missing 143 (17.8)

Children 0.73

No 99 (12.3) 34 (13.0) 65 (12.1)

Yes 697 (86.6) 227 (87.0) 470 (87.9)

Missing 9 (1.1)

Previous BCe 0.13

No 695 (86.3) 223 (83.8) 472 (87.7)

Yes 109 (13.5) 43 (16.2) 66 (12.3)

Missing 1 (0.1)

BC or OC in

FDR or SDR

0.05

No 517 (64.2) 176 (73.9) 341 (66.9)

Yes 231 (28.7) 62 (26.1) 169 (33.1)

Missing 57 (7.1)

Psychiatric

disorder

0.002

No 709 (88.1) 221 (83.1) 488 (90.7)

Yes 95 (11.8) 45 (16.9) 50 (9.3)

Missing 1 (0.1)

Charlson

comorbidity

index (CCI)

<0.001

CCI= 2 634 (78.8) 186 (69.9) 448 (83.3)

CCI ≥3 170 (21.1) 80 (30.1) 90 (16.7)

Missing 1 (0.1)

County of birth 0.18

Outside of

Sweden

75 (9.3) 30 (11.3) 45 (8.3)

Sweden 730 (90.7) 236 (88.7) 494 (91.7)

Invasiveness 0.20

Table 1 continued

All

patients

(n= 805)

Did not

consent to

testing

(n= 266)

Consented

to testing

(n= 539)

Variable n (%) n (%) n (%) P

valuea

Only DCIS 59 (7.3) 24 (9.0) 35 (6.5)

Invasive

cancer

746 (92.7) 242 (91.0) 504 (93.5)

Lymph node

status

0.08

Negative 544 (67.6) 191 (72.3) 353 (66.1)

Positive 254 (31.6) 73 (27.7) 181 (33.9)

Missing 7 (0.9)

Surgery 0.02

Breast-

conserving

518 (64.3) 156 (58.9) 362 (67.7)

Mastectomy 280 (34.8) 108 (40.8) 172 (32.1)

No surgery

or missing

7 (0.9)

(Neo)adjuvant

chemotherapyf
0.01

No 509 (63.2) 185 (69.5) 324 (60.1)

Yes 296 (36.8) 81 (30.5) 215 (39.9)

Adjuvant

endocrine

treatment

0.03

No 278 (34.5) 106 (39.8) 172 (31.9)

Yes 527 (65.5) 160 (60.2) 367 (68.1)

Radiotherapy <0.001

No 176 (21.9) 79 (29.7) 97 (18.0)

Yes 629 (78.1) 187 (70.3) 442 (82.0)

Study site,

hospital

0.97

Helsingborg 328 (40.7) 109 (41.0) 219 (40.6)

Kristianstad 279 (34.7) 93 (35.0) 186 (34.5)

Malmö 198 (24.6) 64 (24.1) 134 (24.9)
aPearson Chi-square for all if otherwise not noted
bIndependent samples t-test
cMann–Whitney U test
dSee Materials and Methods section for definitions of categories
ePrevious breast cancer (invasive or DCIS) in the ipsilateral or in the contralateral
breast
fNeoadjuvant or adjuvant chemotherapy
SD standard deviation, DCIS ductal carcinoma in situ, BC breast cancer, OC ovar-
ian cancer, FDR first-degree relative, SDR second-degree relative
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relatives (OR 1.66; P= 0.02), and psychiatric disorders (OR
0.46; P= 0.006) were independently associated with uptake of
BRCA1/2 testing.

Country of birth
Seventy-five patients (9.1% of the study population) were
born outside of Sweden. After adjustments, a trend for a lower
uptake of testing was seen for them compared with patients
born in Sweden (OR 0.58; P= 0.07). In an exploratory
analysis, the group born outside of Sweden was subdivided
into (1) born in the Nordic countries, (2) born in non-Nordic
European countries, and (3) born outside of Europe. Due to
small numbers, no multivariate analyses were carried out for

these subgroups. Despite a relatively young age at diagnosis
(mean 52.4 years), a very low uptake rate was noted for
patients born outside of Europe (7 of 19= 37%).

Somatic comorbidity
One hundred seventy patients (21.1% of the study population)
had at least one extra point on the CCI scoring in addition to
the two points implicated by the breast cancer diagnosis, i.e.,
CCI ≥3. In unadjusted analysis, these patients had a
significantly lower uptake of testing (CCI ≥3 vs. CCI= 2,
OR 0.47; P <0.001), but the results were attenuated after
adjustments (model 1: OR 0.63; P= 0.06, model 2: OR 0.69; P
= 0.13). As expected, CCI ≥3 was less common among

Table 2 Logistic regression models assessing predictors of uptake of BRCA1/2 testing

Model 1:

Patient factors

Model 2:

Patient, tumor, and treatment factors

Variable Crude OR 95% CI P value OR 95% CI P value OR 95% CI P value

Age, categories

<50 years ref. ref. ref.

50–59 years 0.95 0.55–1.62 0.84 1.00 0.56–1.78 1.00 1.07 0.60–1.93 0.81

60–69 years 0.80 0.50–1.29 0.36 0.84 0.50–1.42 0.52 0.94 0.55–1.63 0.84

70–79 years 0.54 0.33–0.87 0.01 0.64 0.35–1.19 0.16 0.70 0.37–1.32 0.27

≥80 years 0.17 0.09–0.31 <0.001 0.08 0.02–0.30 <0.001 0.10 0.03–0.44 0.002

Occupation, categories

1 ref. ref. ref.

2 1.76 1.16–2.66 0.01 1.35 0.86–2.12 0.19 1.43 0.91–2.25 0.13

3 2.12 1.41–3.21 <0.001 1.97 1.24–3.12 0.004 2.03 1.26–3.26 0.003

Children

Yes vs. no 1.08 0.70–1.69 0.73 1.41 0.83–2.40 0.21 1.50 0.87–2.58 0.15

Previous BC

Yes vs. no 0.73 0.48–1.10 0.13 0.92 0.52–1.62 0.77 0.99 0.53–1.82 0.96

BC or OC in FDR or SDR

Yes vs. no 1.41 1.00–1.98 0.05 1.71 1.12–2.61 0.01 1.66 1.08–2.55 0.02

Psychiatric disease

Yes vs. no 0.50 0.33–0.78 0.002 0.48 0.28–0.82 0.007 0.46 0.27–0.80 0.006

CCI

≥3 vs. 2 0.47 0.33–0.66 <0.001 0.63 0.40–1.01 0.06 0.69 0.42–1.12 0.13

Country of birth

Outside of Sweden vs. Sweden 0.72 0.44–1.17 0.18 0.58 0.33–1.03 0.06 0.58 0.32–1.04 0.07

Invasiveness

DCIS vs. invasive cancer 0.70 0.41–1.20 0.20 1.31 0.62–2.78 0.48

Lymph node status

Positive vs. negative 1.34 0.97–1.86 0.08 1.17 0.70–1.97 0.55

Surgery

Breast-conserving vs. mastectomy 1.46 1.07–1.98 0.02 0.82 0.44–1.52 0.52

(Neo)adjuvant chemotherapy

Yes vs. no 1.51 1.11–2.07 0.01 1.12 0.72–1.73 0.62

Adjuvant endocrine treatment

Yes vs. no 1.41 1.04–1.92 0.03 1.34 0.88–2.03 0.18

Radiotherapy

Yes vs. no 1.93 1.37–2.71 <0.001 1.75 0.85–3.60 0.13
OR odds ratio, CI confidence interval, ref reference, BC breast cancer, OC ovarian cancer, FDR first-degree relative, SDR second-degree relative, CCI Charlson comorbidity
index, DCIS ductal carcinoma in situ
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patients aged <70 years (85 of 545= 15.6%) compared with
patients aged ≥70 years (85 of 259= 32.7%). The uptake of
testing was significantly lower for patients with somatic
comorbidity, i.e., CCI ≥3, among patients aged <70 years (56.5
vs. 75.9%; P <0.001), which was not the case for patients aged
≥70 years (49.4 vs. 56.9%; P= 0.26). Restricting the adjusted
analyses to patients aged <70 years in an exploratory analysis,
CCI ≥3 was associated with a lower uptake of testing (model
1: OR 0.56; P= 0.03, model 2: OR 0.60; P= 0.08).

Neoadjuvant vs. adjuvant chemotherapy
In Table 1 and Table 2, (neo)adjuvant chemotherapy refers to
either neoadjuvant or adjuvant chemotherapy. In unadjusted
analysis, (neo)adjuvant chemotherapy was associated with a
higher uptake of testing (OR 1.51; P= 0.01). After adjust-
ments, no association was seen (OR 1.12; P= 0.62). In a post
hoc analysis, we hypothesized that differences in the setting in
which the invitation letter was delivered might influence
uptake rates. Patients who were treated with adjuvant
chemotherapy (n= 238) were given the invitation letter by
the nurse at the Department of Surgery, prior to being
referred to the Department of Oncology. In contrast, most of
the patients who were treated with neoadjuvant chemother-
apy (n= 58) were given the invitation letter by their medical
oncologist. Patients treated with neoadjuvant chemotherapy
were younger at diagnosis compared with patients treated
with adjuvant chemotherapy (mean 53.0 vs. 58.9 years; P=
0.001). The uptake of testing was higher for patients treated
with neoadjuvant (86.2%) compared with patients treated
with adjuvant chemotherapy (69.3%), even after adjustment
for age at diagnosis (OR 2.39; P= 0.04). Adjusting for all
patient-related variables in model 1, the odds ratio for
neoadjuvant vs. adjuvant chemotherapy with uptake of testing
as dependent variable was 2.15 (P= 0.09). Among patients
treated with neoadjuvant chemotherapy, 13 had triple-
negative breast cancer (TNBC) and 45 had non-TNBC; the
uptake of testing was similar for TNBC (11 of 13) and non-
TNBC (39 of 45). Accordingly, the higher testing uptake in
the neoadjuvant subgroup could not be explained by
increased uptake rates among TNBC patients.

Predictors of uptake following the reminder
Of 539 patients consenting to testing, 84 (15.6%) consented
following a reminder. The mean age at diagnosis was similar
for patients who consented following a reminder compared
with patients who consented without a reminder (63.2 vs. 61.6
years; P= 0.26). An exploratory analysis was undertaken to
investigate if any characteristics were associated with an
uptake following a reminder compared with an uptake
without a reminder. The proportion of all consenting patients
who consented following a reminder was between 12 and 19%
within all subgroups listed in Table 1, and no P values were
<0.05 (data not shown). Accordingly, a reminder increased
uptake rates in all subgroups of patients, but we were not able
to identify any subgroup of patients who would be in more
need of a reminder than others.

DISCUSSION
Our present paper is the first to report on patient
characteristics of importance for genetic testing uptake when
unselected breast cancer patients are offered germline BRCA1/
2 testing through a simplified testing protocol. In the near
future, simplified testing protocols offered to a majority of—
or even to all—breast cancer patients are likely to replace the
hitherto used standard procedure. Therefore, we hope that the
results of our study will be useful for other researchers and
clinicians. The overall testing uptake in our study was 67%.
For two subgroups, very low uptake rates were noted: patients
aged ≥80 years (33%), and patients born outside of Europe
(37%).
The results of our prospective study confirmed a number of

findings from previous studies, mainly carried out in cohorts
enriched for BRCA1/2 pathogenic variant carriers.6–10 High
age and occupations requiring a low level of education were
independently associated with lower testing uptake. Family
history of breast or ovarian cancer—but not personal history
of breast cancer—was associated with higher testing uptake.
In contrast to most other studies, we extracted data from

the medical records. The rigorous and time-consuming data
collection method enabled us to acquire detailed and valid
data on psychiatric and somatic comorbidity. To the best of
our knowledge, comorbidity has not been evaluated in
relation to uptake of BRCA1/2 testing previously. Some other
studies have collected data on distress from self-reported
questionnaires, and have found conflicting results regarding
the association between levels of distress and testing
uptake.17,18,21 However, “cancer distress” or “perceived stress”
is not synonymous to psychiatric disorders. Our finding that
persons with psychiatric disorders had a significantly lower
uptake of testing is therefore novel and most likely clinically
relevant. Of note, the nonrandomized study design precludes
any comparisons with the standard procedure of in-person
genetic counselling. Using data from one of the randomized
trials on telephone genetic counseling, Steffen et al. recently
showed that cancer distress moderated the effect of counseling
and testing; patients with high levels of precounseling cancer
distress had a higher uptake of testing in the in-person
counseling group, but not in the telephone counseling
group.18 The method used for pretest information in our
study is a further simplification compared with telephone
counseling. Whether persons with psychiatric disorders have
lower testing uptake irrespective of what pretest information/
counseling method is used, or if they only have a lower testing
uptake when simplified methods are used, is a question that
merits further research.
In the entire study population, somatic comorbidity was

associated with lower testing uptake in unadjusted analysis,
but not in the fully adjusted model. To grade and categorize
comorbidity, we used the Charlson comorbidity index, which
is the most commonly used comorbidity index in research.20

It was originally developed to predict one-year mortality, but
has since been used for many different types of endpoints, for
instance to assess correlations between comorbidity and
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quality of life in breast cancer survivors.22 To some extent,
somatic comorbidity is a surrogate marker of higher
“biological age,” which might be an explanation of our
exploratory finding that comorbid patients had lower testing
uptake in the age group <70 years.
At the time of the study, the chemotherapeutic regimens

used for neoadjuvant and adjuvant treatment were identical in
our health care region. Furthermore, both patients who were
scheduled for neoadjuvant and for adjuvant chemotherapy
received the invitation letter shortly before commencing
chemotherapy treatment. Despite these similarities, the
uptake of testing was considerably higher in the neoadjuvant
(86.2%) than in the adjuvant (69.3%) group, even adjusted for
age. The difference in testing uptake between the groups could
be a chance finding, but might also be attributed to small, but
important, differences between the settings in which the
invitation letters were delivered. For instance, most of the
patients who were treated with neoadjuvant chemotherapy
received the invitation letter from an oncologist, in contrast to
the other patients who received the invitation letter from a
nurse. Generally, uptake rates have varied enormously
between studies. In some, uptake rates have been close to
20%, whereas in others, uptake rates have been 80–90%.15,16,23

These differences in uptake rates are most likely not merely a
reflection of different study populations, but also of variations
in the settings surrounding the testing procedures.
In the present study, 66 patients aged ≥80 years were

offered testing, but only 22 of them pursued testing, none of
whom turned out to be a pathogenic variant carrier. Given the
low uptake rate and low likelihood of identifying pathogenic
variants, one could argue that unselected breast cancer
patients aged ≥80 years should not be offered germline
BRCA1/2 pathogenic variant testing. However, BRCA1/2
pathogenic variants are not absent among old breast cancer
patients. In a previous publication from our research group,
BRCA1/2 pathogenic variant analysis was undertaken in a
cohort of unselected breast cancer patients. Of 20 identified
germline BRCA1/2 pathogenic variant carriers in that study, 2
were aged ≥80 years.24

In addition to the nonrandomized study design discussed
above, there are other limitations to our study. First, the data
collection method used did not enable us to collect some
variables of potential importance. For instance, level of
education was extrapolated from data on occupation, but we
had no information about actual education or about knowledge
of hereditary cancer and genetic testing, which could have
contextualized our findings further. Second, despite including
>800 patients in the entire study population, the study was not
powered to carry out explorative multivariate analyses in some
small, but potentially important, subgroups, e.g., patients born
outside of Europe. Third, we did not collect data on patient-
reported reasons for not consenting to genetic testing. A very
limited number of studies have investigated patient-reported
reasons for not accepting an offer to undergo germline testing of
BRCA1/2 pathogenic variants.5,25,26 In a study from Canada,
Godard et al. examined why individuals withdrew from genetic

testing for breast and ovarian cancer susceptibility. The most
commonly given reason was “afraid of the psychological effects
of genetic testing” (36.3%). The second most common reason
was “logistic problems such as limited ability to travel, lack of
time, personal issues, advanced age, or health problems”
(21.7%), and the third was “did not see any advantage in being
tested” (14.5%).26

In summary, uptake of BRCA1/2 testing varies across
different subgroups according to patient-related factors that
are readily available in the medical records. Knowledge about
these factors enables health care professionals to identify
patients who are less likely to pursue genetic testing. As the
evidence for a treatment predictive value of BRCA1/2
pathogenic variants in breast cancer is increasing, future
trials should focus both on ways to increase overall uptake
rates, and ways to increase uptake rates in underserved
groups.
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