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Background
Personal cancer risk assessments enable stratified care, for example, offering preventive
surgical measures such as risk-reducing mastectomy (RRM) to women at high risk for
breast cancer. In scenario-based experiments, we investigated whether different benefit–
harm ratios of RRM influence women’s consideration of this, whether this consideration is
influenced by women’s perception of and desire to know their personal cancer risk, or by
their intention to take a novel cancer risk-predictive test, and whether consideration varies
across different countries.
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Method
In January 2017, 1,675 women 40 to 75 years of age from five European countries—Czech
Republic, Germany, UK, Italy, and Sweden—took part in an online scenario-based experiment. Six different scenarios of hypothetical benefit–harm ratios of RRM were presented in
accessible fact box formats: Baseline risk/risk reduction pairings were 20/16, 20/4, 10/8, 10/
2, 5/4, and 5/1 out of 1,000 women dying from breast cancer.

Results
Varying the baseline risk of dying from breast cancer and the extent of risk reduction influenced the decision to consider RRM for 23% of women. Decisions varied by country, risk
perception, and the intention to take a cancer risk-predictive test. Women who expressed a
stronger intention to take such a test were more likely to consider having RRM. The desire
to know one’s risk of developing any female cancer in general moderated women’s decisions, whereas the specific desire to know the risk of breast cancer did not.
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Conclusions
In this hypothetical scenario-based study, only for a minority of women did the change in
benefit–harm ratio inform their consideration of RRM. Because this consideration is influenced by risk perception and the intention to learn one’s cancer risks via a cancer risk-predictive test, careful disclosure of different potential preventive measures and their benefit–
harm ratios is necessary before testing for individual risk. Furthermore, information on risk
testing should acknowledge country-specific sensitivities for benefit–harm ratios.

Introduction
Genetic, epigenetic, lifestyle, and reproductive factors alone or combined can be used to predict a woman’s risk for developing breast cancer.[1–3] Although the average 10-year absolute
risk of breast cancer in women in the UK aged 50 years is 2.85%, women at the lowest and
highest percentile of the risk distribution have a 0.53% and 9.96% 10-year risk, respectively.[4]
Risk prediction can be used in each of these cases to enable risk-stratified early detection and
risk-reducing preventive interventions.[5–7]
The FORECEE Consortium (Female Cancer Prediction Using Cervical Omics To Individualise Screening And Prevention; https://forecee.eu) aims to develop a risk-predictive test—for
breast, cervical, endometrial, and ovarian cancer—in cervical epithelial cells, based on epigenetic markers.[8] Once identified, women at high risk of breast cancer could be offered riskreducing surgery. Although there is no evidence from randomised clinical trials on the effectiveness of risk-tailored preventive intervention at the population level, there are clinical guidelines that suggest the option of risk-reducing surgery, for example, for women with BRCA1 or
BRCA2 mutations.[9] Such interventions have both potential benefits and harms (e.g., psychological distress, complications from surgery).[10]
Among BRCA mutation carriers in Europe, more recent findings reveal proportions of
about 36% in the Netherlands[11] and 34% in Wales[12] who opted for a risk-reducing mastectomy (RRM). Known factors that influence RRM decisions are having children, risk perception, cancer worry, and risk level.[13] What happens, however, if women misperceive the
numerical relationship between their individual cancer risk and the potential benefit from risk
reduction, as is the case for cancer screening?[14] Women who overestimate benefit–harm
ratios may more likely consider mastectomy.[15] This may be even more pronounced for
women who already have an elevated perception of their individual breast cancer risk.[16, 17]
Moreover, women who have a strong desire to know their cancer risks and who perceive being
in control of managing these risks[18] may also be more likely to control any elevated breast
cancer mortality risk effectively by preventive surgery.[19]
Presenting women with six different scenarios, we investigated in this experimental survey
study whether (1) varying baseline risks of breast cancer-specific mortality and varying extents
of reduction in breast cancer-specific mortality following mastectomy would affect women’s
consideration of RRM. In order to control whether aspects other than risk information would
moderate their decisions, we further investigate if potential differences in women’s considerations are associated with (2) their perception of the individual female cancer risk, (3) their
desire to know their female cancer risks, and (4) their intention to take a novel risk-predictive
test if available. Finally, we investigated (5) whether the proportion of women considering
RRM varied across European countries.
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Materials and methods
We developed an online survey questionnaire, which was translated into five languages.
FORECEE Consortium[8] members from each of the five countries checked for the correctness and completeness of the translation. The survey was administered via e-mail by the market research institute Harris Interactive (Germany) to a sample of the Harris Interactive Panel
and the Toluna Panel (sampling frame details in S1 Text).
The study was approved by the Institutional Ethics Board of the Max Planck Institute for
Human Development, Berlin (Germany). It was carried out in accordance with the guidelines
and regulations of the Max Planck Society for the Advancement of Science in Germany. Written informed consent was required to participate in this particular study.
In January 2017, Harris Interactive drew national samples of women in the core age group
of screening programs and around that core age (aged 40 to 75 years) from five European
countries that represent Northern (Sweden), Eastern (Czech Republic), Southern (Italy), Western (United Kingdom), and Central Europe (Germany): Of the 3,629 women invited (inclusion criteria: aged 40 to 75 years), 2,092 responded and 1,675 completed the survey (response
rate: 61.4%). The questionnaire did not allow for item nonresponse. Sample selection and sample population are detailed elsewhere.[20]

Survey questionnaire
The survey consisted of three sections eliciting women’s disease risk perception, their attitude
toward cancer risk-predictive testing based on epigenetic markers, and their considerations to
undertake RRM. Participants were presented with a leaflet containing baseline risk information about developing breast, cervical, endometrial, or ovarian cancer within 10 years and a
novel risk-predictive test (S1 Fig) before they were asked once more about their disease risk
perceptions. Subsequently, participants were presented with an introduction to six hypothetical scenarios that asked them to imagine having a higher-than-average risk of breast cancer
(S2 Fig). They were then presented with a fact box informing them about the fictitious effect of
having or not having RRM on breast cancer mortality risk (Fig 1). Fact boxes are tabular formats that present information on the benefits and harms of a medical option for a control
group and an intervention group in absolute numbers, which are adjusted to the same denominator.[21–23]
Within the fact box, in a frequency format,[24] information was provided on the potential
benefits and harms of RRM. Numbers characterising the benefit were varied experimentally:
The baseline risks of 10-year breast cancer-related mortality (defined interval instead of lifetime risk[25]) were varied from high to extremely high across the scenarios (20 vs. 10 vs. 5 out
of 1,000 women not having RRM). Following RRM, each breast cancer mortality risk was
reduced by 20% and 80% to represent limited risk reduction and realistic risk reduction,
respectively. None of these variations led any scenario to be more realistic than another from
the perspective of the participants. In fact, prophylactic mastectomy could reduce the risk of
developing breast cancer by about 90% to 95%[26] and breast cancer mortality by 80%.[27]
The fact box was presented together with the question “Would you consider having prophylactic removal of your breasts?”. At the end of the survey, participants were debriefed that the
figures in the scenarios were hypothetical and how they were varied across the scenarios.

Analysis
Within-subjects and between-subjects analyses were performed using variance analyses, with
samples approximating normal distributions. Linear regressions with the dependent variable
average level of mastectomy consideration across the six scenarios and logistic regressions
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Fig 1. Example of a fact box which provides women with information on the benefits and harms of having/not
having RRM. Note that although the information on the benefits was varied across scenarios, the information on
harms remained constant.
https://doi.org/10.1371/journal.pone.0218188.g001

with the dependent variable scenario-specific mastectomy consideration were conducted to
investigate the influences of disease risk perception, a general desire to know one’s female cancer risk, and the intention to have a risk-predictive test for female cancer. Different response
patterns of consideration were identified and the association with the study variables was
assessed using the Chi-squared test.

Results
Among the 1,675 women in the study (the participants characteristics are described in S1
Table), we identified three general response patterns (Table 1): 968 (58%) did not consider
mastectomy in any of the presented scenarios, 323 (19%) decided to consider mastectomy in
each of the six scenarios, and 384 (23%) women varied their responses across the scenarios.
Thus, only for the latter group does the numerical relationship between cancer risks and risk
reduction through RRM appear to have an effect on their decisions to consider mastectomy.
Notably, 112 out of 384 participants violated transitivity across scenarios at least once: 46 considered a mastectomy for reducing mortality risk from 20 to 12, but not for a reduction from
20 to 4 out of 1,000; 53 participants considered it for 10 to 6, but not for 10 to 2; and 41 participants considered it for 5 to 3, but not for 5 to 1.
The distribution of response patterns varied not with age, but with education (χ2(4) =
23.11, p < .001): Women with low levels of the International Standard Classification of Education (ISCED) were more likely to consider mastectomy in every scenario, those with medium
levels were more likely to never consider mastectomy, and those with high levels were more
likely to consider mastectomy in dependence of the risk information provided in the scenarios.
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Table 1. Response patterns to the scenarios stratified by factors.
Proportion: always no
(n = 968)
[%]

Proportion: scenario- dependent
(n = 384)
[%]

Proportion: always yes
(n = 323)
[%]

40–49 years

56.4

23.0

20.6

50–59 years

58.8

23.3

18.0

60–69 years

58.9

21.7

19.4

70–75 years

56.1

25.0

18.9

High

50.6

30.0

19.3

Medium

62.7

19.8

17.5

Low

55.3

22.4

22.4

Yes

48.1

23.1

28.8

No

58.6

23.0

18.4

Not known

48.0

20.0

32.0

Reporting

57.9

23.4

18.7

Not reporting

57.7

22.1

20.3

Czech Republic

61.8

22.8

15.4

Germany

75.5

15.2

9.3

UK

42.1

33.1

24.8

Italy

65.1

14.8

20.1

Sweden

43.0

29.4

27.6

Increased

49.9

24.8

25.4

Correct

59.6

22.8

17.7

Decreased

60.4

21.8

17.8

All risks

51.5

25.7

22.8

Some risks

58.7

28.0

13.3

No risks

72.1

14.8

13.1

Yes

52.5

25.8

21.7

No

71.3

15.6

13.1

Definitely DO

48.3

26.0

25.8

Probably DO

56.4

25.8

17.8

Probably NOT

69.7

15.3

15.0

Definitely NOT

76.8

10.7

12.5

Age [groups]

pa

.909

Education [ICED]

< .001

Personal female cancer history

.041

Reporting personal or familial cancer history

.672

Country

< .001

Breast cancer risk perception

.008

Desire to know one’s female cancer risks

< .001

Desire to know one’s breast cancer risk

Intention to take a novel risk-predictive test

< .001
< .001

a

Chi-squared tests

https://doi.org/10.1371/journal.pone.0218188.t001

Response patterns varied by country (χ2(8) = 124.07, p < .001): 75.5% of women in Germany
but only 42.1% of women in the United Kingdom and 43.0% in Sweden never considered mastectomy in the scenarios. Conversely, 24.8% of women in the United Kingdom and 27.6% in
Sweden, but only 9.3% of women in Germany, considered mastectomy in each scenario
(Table 1). Women reporting personal or familial cancer experience did not respond differently
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from women without this experience, but a higher proportion of women with personal female
cancer experience considered mastectomy across all scenarios.

Is the numerical relationship between breast cancer mortality risks and risk
reduction across the scenarios associated with the consideration of RRM?
Higher baseline risk of breast cancer mortality (F(2,3348) = 43.67, p < .001, ηp2 = 0.03) and
larger mortality risk reduction with RRM (F(1,1674) = 62.86, p < .001, ηp2 = 0.04) were associated with a larger average consideration of RRM in our sample (Fig 2). The effects remained
stable after excluding from the analysis women with female cancer history (n = 104), breast
cancer diagnosis, or ductal carcinoma in situ (n = 59). Including age group as a between-subject factor revealed neither a main effect on consideration (F(3,1671) = 0.25, p = .862) nor
interactions with baseline risk (F(6,3243) = 1.81, p = .095) or risk reduction (F((3,1671) = 2.19,
p = .087). Factors associated with scenario-dependent responses are presented in S2 Table.

Fig 2. Mastectomy considerations according to baseline mortality risks. The risk of dying from breast cancer and the level of risk reduction were varied across the
scenarios. Error bars show the standard error of the mean.
https://doi.org/10.1371/journal.pone.0218188.g002
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Does the consideration of RRM vary across European countries?
The decisions on considering RRM were influenced by multiple factors, including country,
level of education, personal female cancer history, breast cancer risk perception after reading
an information leaflet, desire to know one’s female cancer risks, desire to know one’s breast
cancer risk, and intention to take a novel risk-predictive test (Table 2).
As the response patterns indicated, women’s decisions varied across countries. For each
scenario, women from the United Kingdom and Sweden were most likely to consider having
RRM, whereas women from Germany were least likely to consider having it (Fig 3).
Table 2. Average mastectomy consideration stratified by factors.
n

Average mastectomy consideration M(SD)

495

0.31 (0.41)

Age [groups]
40–49 years
50–59 years

490

0.29 (0.40)

60–69 years

494

0.29 (0.41)

70–75 years

196

0.30 (0.40)

393

0.33 (0.41)

Education [ICED]
High
Medium

817

0.27 (0.40)

Low

465

0.30 (0.41)

Yes

104

0.40 (0.45)

No

1,546

0.29 (0.40)

25

0.43 (0.47)

356

0.25 (0.38)

Personal female cancer history

Not known
Country
Czech Republic
Germany

335

0.16 (0.32)

UK

323

0.42 (0.43)

Italy

338

0.27 (0.41)

Sweden

323

0.42 (0.43)

Breast cancer risk perception
Increased

343

0.38 (0.44)

Correct

905

0.28 (0.40)

Decreased

427

0.28 (0.40)

1,066

0.36 (0.42)

Desire to know one’s female cancer risks
All risks
Some risks

150

0.24 (0.37)

No risks

459

0.19 (0.36)

Desire to know one’s breast cancer risk
Yes

1,201

0.34 (0.36)

No

474

0.19 (0.36)

497

0.39 (0.44)

Intention to take a novel risk-predictive test
Definitely DO

a

Probably DO

759

0.30 (0.40)

Probably NOT

307

0.21 (0.37)

Definitely NOT

112

0.16 (0.34)

F

p

ηp2 a

F(3, 1671) = 0.25

.862

–

F(2, 1672) = 5.37

.005

0.01

F(2, 1672) = 4.49

.011

0.01

F(4, 1670) = 27.58

< .001

0.06

F(2, 1672) = 8.78

< .001

0.01

F(2, 1672) = 28.03

< .001

0.03

F(1, 1673) = 45.18

< .001

0.03

F(3, 1671) = 18.17

< .001

0.03

ηp2 (Partial eta square) reflects the ratio of variance associated with an effect to the sum of this variance plus associated error variance.

https://doi.org/10.1371/journal.pone.0218188.t002
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Fig 3. European mastectomy considerations according to baseline mortality risks. Proportion of women considering RRM by country and baseline risk of
breast cancer-specific mortality. Error bars show the standard error of the mean.
https://doi.org/10.1371/journal.pone.0218188.g003

A stepwise regression showed that country-specific considerations of mastectomy were
moderated by the general desire to know one’s female cancer risks (F(8, 1666) = 34.22, p <
.001, R2 = 0.10) (Fig 4). The general desire to know (β = .22, p < .001) explained the increased
consideration of mastectomy across countries. However, women from Italy (β = -0.18, p <
.001), Germany (β = -0.09, p = .026), and the Czech Republic (β = -0.16, p < .001) with a general desire to know their female cancer risks were less likely to consider mastectomy than
those from the United Kingdom. Moreover, German women (β = -.13, p < .001) were less
likely to consider mastectomy in general (Fig 4).

Does an increased risk perception of disease influence consideration?
During the study, the women were given a leaflet containing the age-specific risks of developing breast cancer.[20] After reading it, they were asked to indicate an estimate of their personal
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Fig 4. Mastectomy considerations according to country and general desire to know one’s cancer risks. Proportion of women considering RRM by country and
the amount of cancer risk information desired. Error bars show the standard error of the mean.
https://doi.org/10.1371/journal.pone.0218188.g004

breast cancer risk. The proportion of women who estimated having an increased risk of breast
cancer was 20.5%. Women who perceived themselves to be at higher risk considered RRM
more often (averaged across the scenarios M = 0.38, SD = 0.44). In comparison, the average
consideration of those who did not perceive themselves to be at higher risk was M = 0.28
(SD = 0.40). This association holds after controlling for several factors, including the desire to
know one’s risk level and the intention to take a novel risk-predictive test under development.

Is women’s intention to take a novel cancer risk-predictive test associated
with their consideration of RRM?
The stepwise regression showed that the women were more likely to decide to consider mastectomy when they intended to take the predictive test for four different types of cancer and
when they had a general desire to know their cancer risk, averaged across the four types of cancer. At the same time, when controlled for the general desire to know, the desire to know one’s

PLOS ONE | https://doi.org/10.1371/journal.pone.0218188 June 12, 2019

9 / 15

A scenario-based experiment on the risk-dependent consideration of risk-reducing mastectomy

Table 3. Country-specific linear regressions of average consideration of RRM.
Standardised coefficient [95% Confidence interval] (p)
Czech Republic Germany

United Kingdom Italy

Sweden

All countries

Risk perception of BC (increased estimation after reading information
leaflet)a

0.07
[-0.02,0.17]
(.184)

-0.05
0.22
[-0.15,0.05] [0.11,0.34]
(.386)
(.001)

0.09
0.07
0.10
[-0.01,0.20] [-0.05,0.18] [0.05,0.15]
(.092)
(.242)
(< .001)

Desire to know one’s breastcancer risk a

0.09
[0.00,0.17]
(.114)

0.17
[0.10,0.24]
(.002)

0.04
0.22
[-0.07,0.16] [0.11,0.33]
(.430)
(< .001)

0.08
[-0.18,0.35]
(.641)

-0.05
-0.26
[-0.27,0.17] [-0.58,0.07]
(.767)
(.118)

-0.07
-0.09
-0.09
[-0.43,0.30] [-0.42,0.23] [-0.22, 0.05]
(.696)
(.568)
(.248)

0.08
[-0.01,0.17]
(.131)

0.19
[0.12,0.26]
(.001)

0.20
[0.09,0.31]
(< .001)

0.05
0.24
[-0.07,0.17] [0.13,0.35]
(.333)
(< .001)

0.18
[0.13,0.23]
(< .001)

0.08
[-0.01,0.17]
(.142)

0.19
[0.07,0.31]
(.001)

0.20
[0.09,0.31]
(< .001)

0.06
0.24
[-0.06,0.19] [0.12,0.35]
(.304)
(< .001)

0.17
[0.13,0.22]
(< .001)

0.03
[-0.02,0.07]
(.567)

0.20
[0.17,0.24]
(< .001)

0.21
[0.16,0.27]
(< .001)

0.12
[0.07,0.18]
(.025)

0.19
[0.14,0.25]
(< .001)

0.17
[0.15,0.20]
(< .001)

0.03
[-0.02,0.07]
(.621)

0.21
[0.17,0.25]
(< .001)

0.21
[0.16,0.26]
(< .001)

0.13
[0.07,0.20]
(.019)

0.19
[0.13,0.25]
(.001)

0.17
[0.15,0.19]
(< .001)

b

General desire to know one’s cancer risks a

c

Intention to have a novel risk-predictive test a

c

0.16
[0.05,0.27]
(.005)

0.16
[0.11,0.20]
(< .001)

a

Adjusted for age, education, female cancer experience
If additionally adjusted for general desire to know one’s cancer risk

b
c

If additionally adjusted for BC risk perception.

https://doi.org/10.1371/journal.pone.0218188.t003

breast cancer risk did not make it more likely to consider mastectomy (Table 3). As women’s
disease risk perception may have interfered with their perceptions of the given mortality risks
across the scenarios, it is noteworthy that the described effect of the general desire to know
held even when controlled for disease risk perception.
To summarise and structure all described relationships, S3 Table classifies participants
according to a pipeline of their perception of breast cancer risk, their desire to know their
female cancer risks, and their intention to take a novel risk-predictive test which is under
development.

Discussion
Only 23% of the participants varied their decisions on RRM according to a given baseline risk
of breast cancer mortality and the expected risk reduction due to the mastectomy. In contrast,
most of the women always applied the same response strategy, that is, always responded “yes”
or “no” regardless of information provided. Although this phenomenon may hint to the fact
that the presented scenarios did not translate well to the women in our study, it is worth noting
that the consistent response patterns systematically varied across the five European countries.
For instance, we saw the largest proportion of women who would not consider undergoing
RRM in Germany and the largest proportion who would always consider it in the United
Kingdom and Sweden. Thus, the proportion of consistent response patterns observed in our
survey might be less an artefact of women not understanding the information provided than a
general national attitude toward having preventive surgeries to reduce cancer risk. The
observed variations in our study are indeed quite in line with real uptake rates in different
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countries.[28] In Wales (UK), 34% of all BRCA mutation carriers identified up to 2015 underwent RRM[12], and 40% of participants opted for bilateral RRM in a study in England.[29] US
data similarly indicate increasing acceptance of this preventive measure.[30] A study from the
Netherlands shows that 36% of BRCA mutation carriers chose to undergo RRM within five
years after disclosure of the test result.[11]
A history of large-scale prevention campaigning in the United Kingdom and Sweden[31]
(with 42% of participants in each country considering RRM) could have promoted acceptance
of preventive measures in a larger proportion of the population than within the health systems
of the Czech Republic and Italy (with around 26% of participants in each country considering
RRM). The low proportion of women (16%) considering RRM in Germany, on the other
hand, could be due to media reporting on potential harms or shortcomings of personalized
medicine, whereas in the UK media, the potential merits are emphasized.[32] Moreover, highquality medical service is easily accessible in Germany even for people with low incomes (9 out
of 10 people in Germany have a statutory health insurance). One can speculate that particularly
women in Germany expect easy access to alternative preventive measures. Future research
thus needs to compare breast cancer prevention across different countries with different
healthcare systems.
Importantly, breast cancer risk perception, after reading an information leaflet on age-specific breast cancer disease risk, influenced the consideration of RRM, although the scenarios
presented numbers on the risk of breast cancer mortality. Those who perceived themselves to
be at higher risk of developing the disease were more likely to consider having mastectomy,
even if after having available information about “their” breast cancer mortality risk. Providing
this subgroup with particular care accompanied by evidence-based and consistent information
at all stages thus appears crucial for ensuring informed decision-making.
The desire to know one’s breast cancer risk was not associated specifically with considering
mastectomy in our study, whereas a general desire to know one’s risk of developing the four
different female cancers and the intention to take an offered cancer risk-predictive test (even
though it is still under development) were associated with considering. Many preventive considerations regarding breast cancer are not necessarily based on disease-related interest.
Instead, it cannot be excluded that offering the test could nudge some part of the general population toward surgery by advancing cancer risk-testing opportunities in the first place.
The hypothetical scenario-based approach does not allow for a direct transfer of our findings to real-world health considerations. For instance, there is a gap between considering and
having prophylactic mastectomy.[33] Furthermore, benefits and harms of RRM were selective
and its effectiveness was varied. For example, to keep our experimental stimuli comprehensible, we did not include numbers for potential distress by having RRM. Instead, we expected
that participants themselves would most likely anticipate potential distress of breast removal.
It remains a limitation that we did not inquire about their feelings and perceived distress as
this presumably factors in considering RRM.
Participants could only marginally experience the decision faced by a high-risk woman.
However, we chose to use very high risks so that participants would not underestimate the
impact of potential real-world risks. A limitation of the study is that only breast cancer mortality risk is considered and not the risk of developing breast cancer. Another limitation is that
the presentation of the scenarios was in random sequence and non-adaptive, which can produce errors if participants are forced to make repeated judgments. This may have led the 112
participants (6.7%) to produce intransitive considerations. This is not surprising because lownumerate people have difficulties in understanding numerical risk information, but this could
be overcome with the help of icon arrays in future studies.[34]
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With a 61% response rate, there is a potential participation bias and nonresponse bias. However, there is unlikely to be bias by disease experience. For example, 3.5% of participants from Germany with a median age of 56 years reported a breast cancer diagnosis in the past. The cumulative
risks of developing breast cancer in Germany for women aged 54 and 59 years are 2.9% and 4.1%,
respectively.[35] Furthermore, our findings did not vary by including and excluding women who
reported a personal history of female or breast cancer in our study. Generally, the potential for a
selection bias by paid panellists as a sample is a qualitative limitation inherent to this type of online
survey. To surmount such a limitation, future research should use computer-assisted telephone
surveys with random digit dialling and representative cell-phone number shares.
How information is provided to the public is crucial. Obviously, many women in our study
did not take the presented cancer mortality baseline risk into account and the extent of mortality reduction, but were influenced by other factors. It follows that, if risk-predictive tests for
female cancers enter the healthcare system providing women with consistent evidence-based
health information at all different stages of their care, this will be particularly important in
order to ensure informed decisions. Furthermore, communication regarding cancer risk-predictive tests needs to promote reflection on potential benefits and harms of testing and nontesting as well as on risk management in the first place. Finally, communication strategies
should also acknowledge country-specific health values.

Supporting information
S1 Table. Joint distributions for age and education in the populations and samples.
(PDF)
S2 Table. Predictors of scenario-based mastectomy consideration.
(PDF)
S3 Table. Hierarchically stratified consideration of mastectomy.
(PDF)
S1 Fig. The leaflet (English) with which participants were presented before the scenario
study.
(PDF)
S2 Fig. The instruction of the task.
(PDF)
S3 Fig. Questionnaire used in the study (Czech version).
(PDF)
S4 Fig. Questionnaire used in the study (German version).
(PDF)
S5 Fig. Questionnaire used in the study (English version).
(PDF)
S6 Fig. Questionnaire used in the study (Italian version).
(PDF)
S7 Fig. Questionnaire used in the study (Swedish version).
(PDF)
S1 Text. Sampling frame and survey administration.
(PDF)

PLOS ONE | https://doi.org/10.1371/journal.pone.0218188 June 12, 2019

12 / 15

A scenario-based experiment on the risk-dependent consideration of risk-reducing mastectomy

Author Contributions
Conceptualization: Felix G. Rebitschek, Odette Wegwarth.
Formal analysis: Felix G. Rebitschek, Nora Pashayan, Martin Widschwendter, Odette
Wegwarth.
Funding acquisition: Martin Widschwendter, Odette Wegwarth.
Investigation: Felix G. Rebitschek, Martin Widschwendter, Odette Wegwarth.
Methodology: Felix G. Rebitschek, Odette Wegwarth.
Supervision: Martin Widschwendter, Odette Wegwarth.
Writing – original draft: Felix G. Rebitschek, Nora Pashayan.
Writing – review & editing: Nora Pashayan, Martin Widschwendter.

References
1.

Antoniou A, Cunningham A, Peto J, Evans D, Lalloo F, Narod S, et al. The BOADICEA model of genetic
susceptibility to breast and ovarian cancers: updates and extensions. British Journal of Cancer. 2008;
98(8):1457. https://doi.org/10.1038/sj.bjc.6604305 PMID: 18349832

2.

Tyrer J, Duffy SW, Cuzick J. A breast cancer prediction model incorporating familial and personal risk
factors. Statistics in Medicine. 2004; 23(7):1111–30. https://doi.org/10.1002/sim.1668 PMID: 15057881

3.

Gail MH, Costantino JP, Pee D, Bondy M, Newman L, Selvan M, et al. Projecting individualized absolute
invasive breast cancer risk in African American women. Journal of the National Cancer Institute. 2007;
99(23):1782–92. https://doi.org/10.1093/jnci/djm223 PMID: 18042936

4.

Pashayan N, Morris S, Gilbert FJ, Pharoah PD. Cost-effectiveness and benefit-to-harm ratio of riskstratified screening for breast cancer: a life-table model. JAMA Oncology. 2018; 4(11):1504–10. https://
doi.org/10.1001/jamaoncol.2018.1901 PMID: 29978189

5.

Khoury MJ, Galea S. Will Precision Medicine Improve Population Health? Jama-Journal of the American Medical Association. 2016; 316(13):1357–8. https://doi.org/10.1001/jama.2016.12260
WOS:000384591300012. PMID: 27541310

6.

Dent T, Jbilou J, Rafi I, Segnan N, Tornberg S, Chowdhury S, et al. Stratified Cancer Screening: The
Practicalities of Implementation. Public Health Genomics. 2013; 16(3):94–9. https://doi.org/10.1159/
000345941 WOS:000319508300003. PMID: 23363703

7.

Hall AE, Chowdhury S, Hallowell N, Pashayan N, Dent T, Pharoah P, et al. Implementing risk-stratified
screening for common cancers: a review of potential ethical, legal and social issues. Journal of Public
Health. 2014; 36(2):285–91. https://doi.org/10.1093/pubmed/fdt078 WOS:000337077300015. PMID:
23986542

8.

Pashayan N, Reisel D, Widschwendter M. Integration of genetic and epigenetic markers for risk stratification: opportunities and challenges. Personalized Medicine. 2016; 13(2):93–5. https://doi.org/10.2217/
pme.15.53 WOS:000372886800001. PMID: 27053939

9.

Cancer NCCf. Familial breast cancer: Classification, care and managing breast cancer and related risks
in people with a family history of breast cancer (CG164). National Institute for Clinical Excellence,
2013.

10.

Carbine NE, Lostumbo L, Wallace J, Ko H. Risk-reducing mastectomy for the prevention of primary
breast cancer. Cochrane Database of Systematic Reviews. 2018;(4). https://doi.org/10.1002/
14651858.CD002748pub4. CD002748.

11.

van Driel CM, Eltahir Y, de Vries J, Jaspers JP, Oosterwijk JC, Mourits MJ, et al. Risk-reducing mastectomy in BRCA1/2 mutation carriers: Factors influencing uptake and timing. Maturitas. 2014; 77(2):180–
4. https://doi.org/10.1016/j.maturitas.2013.10.017 PMID: 24268650

12.

Long J, Evans TG, Bailey D, Lewis MH, Gower-Thomas K, Murray A. Uptake of risk-reducing surgery in
BRCA gene carriers in Wales, UK. The Breast Journal. 2018; 24(4):580–5. https://doi.org/10.1111/tbj.
12978 PMID: 29286205

13.

Howard AF, Balneaves LG, Bottorff JL. Women’s decision making about risk-reducing strategies in the
context of hereditary breast and ovarian cancer: a systematic review. J Genet Couns. 2009; 18(6):578–
97. https://doi.org/10.1007/s10897-009-9245-9 PMID: 19802692

PLOS ONE | https://doi.org/10.1371/journal.pone.0218188 June 12, 2019

13 / 15

A scenario-based experiment on the risk-dependent consideration of risk-reducing mastectomy

14.

Gigerenzer G, Mata J, Frank R. Public knowledge of benefits of breast and prostate cancer screening in
Europe. Journal of the National Cancer Institute. 2009; 101(17):1216–20. https://doi.org/10.1093/jnci/
djp237 PMID: 19671770

15.

Hamilton JG, Genoff MC, Salerno M, Amoroso K, Boyar SR, Sheehan M, et al. Psychosocial factors
associated with the uptake of contralateral prophylactic mastectomy among BRCA1/2 mutation noncarriers with newly diagnosed breast cancer. Breast Cancer Research and Treatment. 2017; 162(2):297–
306. https://doi.org/10.1007/s10549-017-4123-x PMID: 28150129

16.

King L, O’Neill SC, Spellman E, Peshkin BN, Valdimarsdottir H, Willey S, et al. Intentions for bilateral
mastectomy among newly diagnosed breast cancer patients. Journal of Surgical Oncology. 2013; 107
(7):772–6. https://doi.org/10.1002/jso.23307 PMID: 23280632

17.

Tong A, Kelly S, Nusbaum R, Graves K, Peshkin BN, Valdimarsdottir HB, et al. Intentions for risk-reducing surgery among high-risk women referred for BRCA1/BRCA2 genetic counseling. Psycho-Oncology.
2015; 24(1):33–9. https://doi.org/10.1002/pon.3560 PMID: 24839250

18.

Lerman C, Seay J, Balshem A, Audrain J. Interest in genetic testing among first-degree relatives of
breast cancer patients. American Journal of Medical Genetics. 1995; 57(3):385–92. https://doi.org/10.
1002/ajmg.1320570304 PMID: 7677139

19.

van Driel C, Oosterwijk J, Meijers-Heijboer E, van Asperen C, van Emmichoven IZ, de Vries J, et al. Psychological factors associated with the intention to choose for risk-reducing mastectomy in family cancer clinic
attendees. The Breast. 2016; 30:66–72. https://doi.org/10.1016/j.breast.2016.08.016 PMID: 27639031

20.

Wegwarth O, Widschwendter M, Cibula D, Sundström K, Portuesi R, Lein I, et al. What do European
women know about their female cancer risks and cancer screening? A cross-sectional online intervention survey in 5 European countries. BMJ Open 2018; 8. https://doi.org/10.1136/bmjopen-2018-023789

21.

McDowell M, Rebitschek FG, Gigerenzer G, Wegwarth O. A Simple Tool for Communicating the Benefits and Harms of Health Interventions. MDM Policy & Practice. 2016; 1(1):2381468316665365. https://
doi.org/10.1177/2381468316665365

22.

Schwartz LM, Woloshin S, Welch HG. Using a drug facts box to communicate drug benefits and harms:
two randomized trials. Annals of Internal Medicine. 2009; 150(8):516–27. PMID: 19221371

23.

McDowell M, Gigerenzer G, Wegwarth O, Rebitschek FG. Effect of Tabular and Icon Fact Box Formats
on Comprehension of Benefits and Harms of Prostate Cancer Screening: A Randomized Trial. Medical
Decision Making. 2019; 39(1):41–56. https://doi.org/10.1177/0272989X18818166 PMID: 30799691

24.

Gigerenzer G. The psychology of good judgment: frequency formats and simple algorithms. Medical
Decision Making. 1996; 16(3):273–80. https://doi.org/10.1177/0272989X9601600312 PMID: 8818126

25.

Fagerlin A, Zikmund-Fisher BJ, Ubel PA. Helping patients decide: ten steps to better risk communication. Journal of the National Cancer Institute. 2011; 103(19):1436–43. https://doi.org/10.1093/jnci/
djr318 PMID: 21931068

26.

Ludwig KK, Neuner J, Butler A, Geurts JL, Kong AL. Risk reduction and survival benefit of prophylactic
surgery in BRCA mutation carriers, a systematic review. The American Journal of Surgery. 2016; 212
(4):660–9. https://doi.org/10.1016/j.amjsurg.2016.06.010 PMID: 27649974

27.

Padamsee TJ, Wills CE, Yee LD, Paskett ED. Decision making for breast cancer prevention among
women at elevated risk. Breast Cancer Research. 2017; 19(1):34. https://doi.org/10.1186/s13058-0170826-5 PMID: 28340626

28.

Metcalfe KA, Birenbaum-Carmeli D, Lubinski J, Gronwald J, Lynch H, Moller P, et al. International variation in rates of uptake of preventive options in BRCA1 and BRCA2 mutation carriers. International Journal of Cancer. 2008; 122(9):2017–22. https://doi.org/10.1002/ijc.23340 PMID: 18196574

29.

Evans DGR, Lalloo F, Ashcroft L, Shenton A, Clancy T, Baildam AD, et al. Uptake of risk-reducing surgery in unaffected women at high risk of breast and ovarian cancer is risk, age, and time dependent.
Cancer Epidemiology and Prevention Biomarkers. 2009; 18(8):2318–24.

30.

Liede A, Cai M, Crouter TF, Niepel D, Callaghan F, Evans DG. Risk-reducing mastectomy rates in the
US: a closer examination of the Angelina Jolie effect. Breast Cancer Research and Treatment. 2018;
171(2):435–42. https://doi.org/10.1007/s10549-018-4824-9 PMID: 29808287

31.

Biesheuvel C, Weige S, Heindel W. Mammography screening: evidence, history and current practice in
Germany and other European countries. Breast Care. 2011; 6(2):104–9. https://doi.org/10.1159/
000327493 PMID: 21673820

32.

Almeyda T, Andersson L, Eppinger E. Nutzen und Risiken der Personalisierten Medizin–Analyse der
Berichterstattung in den deutschen, britischen und US-amerikanischen Medien. Dienstleistungspotenziale und Geschäftsmodelle in der Personalisierten Medizin: Springer; 2015. p. 197–240.
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