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Abstract

Objective

As a first step towards the development of a patient-friendly interface to facilitate clinical
implementation of a newly developed contralateral breast cancer (CBC) prediction
model to support decision making about contralateral prophylactic mastectomy (CPM),
we investigated among breast cancer survivors’: (1) preferences for and understanding
of graphical presentation of probabilities, (2) which factors are associated with their
trust in the risk estimates, and (3) which factors play a role in decision about CPM.

Methods

Semi-structured interviews were conducted with 19 breast cancer survivors. Two
researchers independently coded the interview transcripts to identify themes.
Discrepancies were resolved using consensus.

Results

Almost all participants (17/19) found a graphical display of added value, but preferences
varied regarding which graphical display format was most clear. The majority of
participants (13/19) had moderate to good understanding of all display formats and
14/19 highly trusted the probabilities. Participants (11/19) wished to receive information
about epistemic uncertainty (e.g., confidence interval), but only four participants had
good understanding of the graphical display format containing this information. High
probability of developing CBC and fear of future breast cancer were the factors most
frequently mentioned as relevant for decision-making about CPM.

Conclusion

No single graphical display format was preferred by all participants. Incorporating
multiple display formats into the CBC tool seems to be the best option to meet the needs
of a wide range of women considering CPM. Since women wish to receive information
about uncertainty associated with the risk estimates, effective ways to graphically
communicate this are needed.
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Introduction

Active involvement of patients in decisions regarding their health care is widely advocated
andshareddecision-makingisthe preferred styleinclinical practice nowadays*?. Providing
patients and clinicians with personalized probabilities of outcomes can help them when
weighing the pros and cons of treatment options. Prediction models including patient-
friendly presentation of probabilities can play a key role in clear risk communication, and
thereby, support effective well-informed and shared decision-making. This is particularly
important in the context of medical decisions when from a clinical perspective there is
no best choice (i.e., preference-sensitive treatment decisions).

A preference-sensitive medical decision where risk communication can play a
major role is the context of contralateral prophylactic mastectomy (CPM) for breast
cancer patients who are worried about developing breast cancer again in their other
(contralateral) breast. Even though the incidence of contralateral breast cancer (CBC) is
low in the general breast cancer population (~0.4% per year)*®, an increasing number of
patients with unilateral breast cancer opt for a CPM, even when they are at low risk®®.
One of the most important reasons why patients opt for CPM is the fear of getting
breast cancer again’. CPM significantly reduces the risk of CBC, but the procedure is
drastic, irreversible and can negatively impact women’s long-term quality of life®.
Accurate individualized information about the actual CBC risk is lacking, and e.g., in the
Netherlands, CPM is mainly indicated for breast cancer patients carrying a BRCA1/2
mutation®, since these women experience high 10-year CBC risks of ~10-20%%1,

To support physicians” and patients’ decisions about CPM, we recently developed
and validated a CBC risk prediction model (PredictCBC) which provides 5- and 10-year
individualized probabilities of developing CBC* To make a prediction model useful in
clinical practice, the model should be incorporated into a decision support tool, which
is not yet available in current practice. Such a tool can help to better identify women at
high risk of CBC who may benefit from a CPM, while the estimates can also be used to
reassure patients who are at low risk of developing CBC.

It is, however, challenging to effectively communicate probabilistic information.
Only a small proportion of people have skills that correspond to minimum statistical
literacy in health?*3, Literature showed that graphics, e.g., pictographs and bar charts,
can improve patients” understanding of probabilistic information?®. Moreover, patients
appear to have a more accurate understanding of risk if probabilistic information is
presented as absolute risks (e.g., 10%) rather than verbal labels (e.g., ‘a high chance’),
and particularly when the information is tailored!*'¢. Whether absolute risks should
include a range representing epistemic uncertainty (e.g., 5-15%) is still under debate”*°.
Conveying the randomness of future outcomes (i.e., aleatory uncertainty) to patients
seems to be done more easily by clinicians, and patients generally do not seem to
struggle with this as much as they do with epistemic uncertainty®®. Currently, little is

PREFERENCES FOR GRAPHICAL PRESENTATION OF PROBABILITIES | 117



known about how this can best be communicated’*°.

Even though many prediction models have been and continue to be developed,
very few have been implemented in clinical practice. One of the reasons for this is
that they often lack patient-friendly interfaces to facilitate their use during doctor-
patient consultations. Moreover, most research on risk communication is performed
among healthy participants (e.g., students)®, and not among patients. For successful
implementation of a decision tool, it is important to test the interface within the target
end-users. As a first step towards development of a CBC prediction tool that can help
clinicians to communicate probabilities to patients, the main aim of this exploratory
interview study was to get insights into breast cancer survivors’ (i.e., potential end-users)
preferences for the graphical presentation of the probabilities, including the epistemic
uncertainty, provided by the model. Secondary aims were to evaluate which factors are
associated with participants’ level of trust in the risk estimates provided, participants’
understanding of different graphical display formats, and which factors (in particular
probabilities) would play a role in participants’ decision on whether to undergo a CPM.

Methods

Design

Study population

Female breast cancer survivors aged >18 years were eligible to participate if their
invasive breast cancer diagnosis was at least one year prior to the interview (range 2-38
years) and they did not have bilateral breast cancer at primary diagnosis. We chose
to exclude women with bilateral breast cancer at primary diagnosis, as these women
were no longer at risk of developing CBC during follow-up, and therefore, did not
have to consider the prophylactic removal of the contralateral breast. Breast cancer
survivors were recruited between March and May 2020 via three different networks;
1) a patient advisory group from the Dutch Breast Cancer Research Group (BOOG),
2) the Dutch Breast Cancer Society, and 3) a breast cancer panel from the Antoni van
Leeuwenhoek hospital (AVL; a Dutch cancer hospital). From the applications, we tried
to select a heterogeneous sample of participants, i.e., patients with low and high risk of
developing CBC (e.g., BRCA1/2 carriers and Hodgkin lymphoma survivors), a wide age
range, and both women who did and those who did not undergo a CPM. We selected
a heterogeneous sample to capture the diversity of the population of breast cancer
survivors. We did not put any restriction on time since primary breast cancer diagnosis,
as women diagnosed long ago have had more time to process and reflect on their breast
cancer (treatment) trajectory and can provide input on what is important in the long-
term. The Netherlands Cancer Institute-AVL review board approved the study protocol.
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Contralateral risk prediction model (PredictCBC)

The PredictCBC risk prediction model quantifies the probability of developing a CBC
during follow-up®. The model provides individualized estimates of 5- and 10-year CBC
probabilities based on patient, primary tumor and treatment (received for the primary
tumor) characteristics, and BRCA1/2 germline mutation status. The PredictCBC model
shows an area under the curve (AUC) of 0.63 (95% prediction interval at 5 years, 0.52-
0.74; at 10 years, 0.53-0.72)*.

Graphical display formats

We created five different display formats of the 10-year CBC probability based on
formats described in the literature and discussions with experts (Figure 1). All display
formats were based on an example patient who had a probability of developing CBC
within 10 years after the primary diagnosis of 4% (average risk in the general breast
cancer population®®). The probability was visualized using 1) text only, 1) horizontal bar
chart, Ill) pictograph including graphical representation of randomness, 1V) pictograph
including epistemic uncertainty by showing the confidence interval around the point
estimate, as was described by Raphael et al'’, and V) vertical bar chartincluding reference
lines depicting average risk of the general breast cancer population and BRCA1/2
mutation carriers. All graphical display formats also included textual explanation of the
probabilities, both positively and negatively framed (Figure 1).

Procedures and measures

Interviews

We carried out semi-structured interviews using a video connection (due to the COVID-19
outbreak) after participants electronically provided informed consent. The interviews
(Supplementary Information A) were conducted by a research clinician (JMNLC) and
took on average 45 minutes (range 34-66 min). The research protocol was developed by
two researchers (IK and EGE) based on available literature regarding risk communication
principles and input from clinicians. We did not include a patient representative in
the development phase as the main aim of this study was to get the perspective of a
diverse sample of patients. The interviewer used display format | (Figure 1) to explain
the purpose of the model and which factors were included to quantify the probability
of developing CBC. The participants were then asked to indicate how much trust they
had in the probability provided on a 6-point Likert-type scale, ranging from no trust at
all to full trust, and were asked to elaborate on their answer. Next, participants were
shown each of the graphical display formats (display formats II-V, Figure 1) and asked
to describe in their own words what the display format depicted (“Could you explain
in your own words what the chances are for this (example) patient to develop breast
cancer in the other (tumor-free) breast?”). Participants were encouraged to verbalize
which aspects of the graphical display format they liked and which aspects they disliked,
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reasons for their preferences, and any changes they would make to improve the display
format. Finally, to evaluate which factors, and in particular probabilities, would play a
role in participants’ decision to undergo a CPM, participants were asked (using an open-
ended question) to indicate which factors would play an important role in their decision
on whether to undergo a CPM.

Questionnaire

After the interview, all participants completed an electronic questionnaire assessing
background information, such as age, educational level, genetic testing, and subjective
numeracy (i.e., their ability to use mathematics in everyday life) (Supplementary
Information B). We used the Ability subscale from the Subjective Numeracy Scale
developed by Fagerlin et al.?%, rated on 6-point Likert-type scales ranging from not at all
good to extremely good. Finally, to better understand whether probabilities play a role
in decision-making we asked participants to indicate at what minimum level of risk to
develop CBC they would choose to undergo CPM.

Coding and analyses

The interviews were transcribed verbatim. To identify and score the themes that came up
during the interviews, an initial codebook was developed by two researchers (IK and EGE)
based onthreeinterviews. All interviews were then independently coded by the same two
researchers. Items that were coded included factors associated with participants’ level
of trust, understanding of the graphical display formats, wishes regarding adjustments
to display formats, and factors influencing CPM decision. Understanding of the graphical
display formats of the participants was scored as ‘good’, ‘moderate’, or ‘bad’ based on
the impression of the two researchers (IK and EGE). To score understanding, we looked
at whether participants could correctly explain the probabilities visualized in the display
formats in their own words and if they understood the different aspects of the display
format (e.g., for display format V (Figure 1) if they understood the reference lines for
BRCA1/2 carriers and the general breast cancer population). All transcripts were double
coded. Discrepancies in coding were resolved through consensus and new codes were
added to the initial codebook as encountered. Finally, the two researchers grouped the
categories into overarching domains for presentation purposes. All findings and codes
were shared and discussed in the project team.
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Results

We included breast cancer survivors until we achieved saturation (N=19). Table 1 shows
the characteristics of the breast cancer survivors who were interviewed. Mean age was 50
years (range 25-72) at primary breast cancer diagnosis and 59 years (range 34-76) at date of
interview. Thirteen of the 19 participants were highly educated, and in general, participants
had high confidence in their ability to perform mathematical tasks. Twelve participants
underwent breast conserving surgery for their primary breast cancer and three participants
had undergone a CPM. The participants who had undergone a CPM were younger than
45 years at primary breast cancer diagnosis, and two of them had been diagnosed with
Hodgkin’s disease prior to their breast cancer diagnosis, for which they received (mantle
field) radiation therapy (i.e., radiation was delivered to a large area including the breasts).
The participants without CPM (N=16) indicated that removal of the other breast was not
discussed as an option during consultations on their primary breast cancer.

Table 1. Characteristics of participating breast cancer survivors (N=19)

Number of participants (%)*

Personal characteristics

Mean age in years at interview (range) 59 (34-76)
Education

Low 2(11)

Intermediate 4(21)

High 13 (68)
Breast cancer risk gene testing result at clinical genetic center®

Not tested 5(26)

Positive 1¢(5)

Negative 12 (63)

Unknown whether testing has been performed 1(5)
Non-breast cancer diagnosis prior to primary breast cancer diagnosis® 7(37)
Subjective numeracy® (1=not at all good, 6=extremely good), median (range)

How good are you at working with fractions? 3(1-6)

How good are you at working with percentages? 5(1-6)

How good are you at calculating a 15% tip? 5(1-6)

How good are you at figuring out how much a trouser will cost if it is 25% off? 6 (3-6)
Primary breast cancer and treatment characteristics
Mean age in years at breast cancer diagnosis (range) 50 (29-72)
TNM stage'

I 4(21)

1l 7(37)

Il 8 (42)
Surgery

Mastectomy 7 (37)

Breast conserving surgery 12 (63)
Radiotherapy 13 (68)
Chemotherapy 12 (63)
Endocrine therapy 6(32)
Trastuzumab 3(16)

@ May not total 100% because of rounding

®The participants were asked to indicate if they were tested for any germline mutation (BRCA1, BRCA2, CHEK2,
PALB2, etc.)

¢ BRCAZ2 carrier

dHodgkin’s lymphoma (N=2), basal cell carcinoma (N=2), cervical cancer and anal cancer (N=1), endometrial
carcinoma in situ (N=1), oral cancer (N=1)
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¢ We used the Ability subscale from the Subjective Numeracy Scale proposed by Fagerlin et al.?°. In these
questions, participants were asked to assess their perceived numerical ability in different contexts. Higher
scores denote greater belief in own ability to use mathematics in everyday life

fTNM staging source: Brierley JD, Gospodarowicz MK, Wittekind C. TNM Classification of Malignant Tumours. 8th
ed. West-Sussex: Wiley-Blackwell; 2017:272

Preferences for model layout and inclusion of information on uncertainty

During the interview, the participants were able to give their opinion on the visualization
of probability in the different display formats. Five participants felt that, in all display
formats shown, there was too much emphasis on the group of women who do develop
a CBC. They mentioned they would have preferred more emphasis on the group of
women who do not develop CBC, as a reassuring message, for example by using a more
pronounced/vibrant color for that group. One participant said:

“Well, especially in this case, it is of course 96% [chance] to remain free of
cancer, and that is quite a positive message. But, by making it very light
gray, [the positive message] falls away and highlights especially those
cases that do develop [breast cancer in the other breast].”

In display format Ill and IV, CBC probabilities were visualized using pictographs (Figure
1). Six participants liked the fact that in display format Ill the female icons were randomly
scattered throughout the array. Conversely, five participants preferred a sequential
arrangement of the icons (display format 1V), mainly because they found the random
arrangement messier and more confusing. Some participants indicated that it would
help to explicitly mention that the icons are randomly distributed because of chance.
The confusion that arose from the random arrangement is illustrated by this quote:

“Well, let’s see. Yeah, well, | wonder why, uh, those 4 women are ... those
green women. Why is one on the 3 row and the other on the 5" row and
the other on the 7" row and the other on the last row? | wonder what’s
the reason or, ...? [interviewer explains why icons are randomly distributed
and checks if participant understands this] Well, | would add [to the display
format] that... what the meaning is of the place where those women are
put. Otherwise, | would think maybe, maybe uh uh, well maybe one is
in the 3 year [of follow-up] and the other in the 5" year [of follow-up]
and the other, well... | want to give it a meaning right away and that [the
meaning | give it] would not be that it is just randomness. So, it gets it [a
wrong interpretation] then... And when you say that they are placed like
that to show that it is random, you think, oh yes...”

Of the 19 participants, 11 thought it was important to show the epistemic uncertainty,
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as was visualized in display format IV where a confidence interval was shown around the
point estimate (Figure 1). However, nine participants mentioned that they did not like
the way the confidence interval was currently visualized. They found only coloring in part
of the female icons step by step confusing. For example, some participants mentioned
“It is not about getting cancer in your legs, as it looks now”. Six patients mentioned that
they would have preferred a fading color to indicate the confidence interval of the icons
rather than only coloring in part of the female icons step by step.

In display format V (Figure 1), the CBC probability was visualized using a bar chart
including reference lines showing the average CBC risk in the general breast cancer
population and in BRCA1/2 mutation carriers. Fourteen participants mentioned they
did not value the reference lines for BRCA1/2 mutation carriers, since they felt this
information was not of added value and/or the dotted lines made the graphical display
messier. Ten participants found that the reference line for the general breast cancer
population was not of added value either. One participant said:

“I think this [display format] contains too much information. It says,
‘general breast cancer population’, but this lady is not general. She wants
to know what her personal risk is. So it should state ‘your risk is.... And if
she is not a BRCA1 or BRCA2 mutation carrier... | would not mention it. This
[information] is not useful for her.”

Finally, participants were asked to select the display format they most liked. Seventeen
of the 19 participants indicated that a graphical display of the probabilities was of added
value. Participants had varying preferences and not one graphical display format was
clearly preferred. However, 10 participants preferred a bar chart, specifically when
oriented vertically.

Trust in risk estimation

Median score on trust in the probability provided by the CBC model was 5 (SD=0.99) based
on a 6-point Likert-type scale ranging from no trust at all to full trust (Figure 2). Eleven
participants mentioned that having trust in science in general and/or trusting that the
scientific foundation of the predictions is sound were important factors that increase their
trust in the model probability (Table 2). The majority of participants mentioned that they
would not be able to give a score of six as it is impossible to have 100% certainty; there
is always the possibility that you are the unlucky person who does develop a CBC. Five
participants had the perception that not all relevant factors were included in the prediction
model, which made them score low on trust in the probability (Table 2). Factors they
missed in the current model included information on CHEK2 ¢.1100del mutation, detailed
information about adjuvant treatment (e.g., which type of chemotherapy), number of
positive lymph nodes, and the MammaPrint (70-gene signature).
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Table 2. Factors mentioned by the participating breast cancer survivors that influence trust in probabilities
provided by the contralateral risk prediction model (PredictCBC)

4 . E ] % g Mentioned factors? Frequency® Example quotations
ki R - ' i H 5 % § § Factors that increase trust in the probability shown
E 8 g = > |5 i s 3 3§ Se 3 Trust in science and/or scientific foundation of 11 “If 1 would have known that this [calculation of
-'E g 8 g % @ T ] H g E ; - ié prediction probability] is based on a very large dataset... Yes,
- | % Eﬁ 2 5 g E i g é § } sé $£ g Perception that all relevant factors are included in risk 3 then | would have more trust.”
= s R 5% g% g EE §1§ iz f—g prediction model
Els g 22 3 § g |3 % 32 %8 H Factors that decrease trust in the probability shown “| cannot fully trust it, but | think that is true for
2 § 5 " 32 9% e 3 -é §'§ 55 i; You can never be 100% sure/you could always be the 13 many cancer patients. There will never be complete
> 2 g £; 55| O |32 852f I unlucky person that experiences the outcome trust”
E- & & H E _‘:j E E ig .‘;g E % §§ Perception that not all relevant factors are included in 5
o é E g $F ES o e e e A g 82 i3 3% the risk prediction model “What | am actually missing here is [results from]
B35 g % g 5 T B ) v Perception that included factors do not discriminate 3 the pathological examination. Because it seems
3 5 k] % t1 sufficiently between high and low risk to me that with the pathological examination you
8% § s 3 B> = g o should also be able to make a certain prediction. So
35 § = ) S.E &5 g E ~f ug that makes this incomplete, right?” i
bl % g > §£ §§ 2Factors were listed that were mentioned by at least two participants
E ;E 31 %E ®Rows do not add up to the number of participants (N=19) because some answers contained multiple factors
g (5% = i i
'_3;‘ é E : S : 3§ g
2 of a |53 - 8 b i
grEs 2 i3 = il . N
§e8 a i§ - i3 Understanding of the graphical display formats
s 2883 & L .. . .
ot 2= - We observed that the majority of participants had good understanding of display
o E s . . . . . .
= odc§ formats Il (horizontal bar chart), Il (pictograph including graphical representation of
= sg€ge
Y - 5 - . . . . L .
E R g if randomness), and V (vertical bar chart including reference lines depicting average risk
S 85 E = | § |3
- mie® = |z 2¥ . . ..
> g % [iz e gé for other populations) (Figure 3). We found that the participants generally seemed
= @ © £ |58
o T3 2 H . . . . . . . .
Z Ex3s S g% - gg to have difficulty understanding display format IV (pictograph including epistemic
22058 g §T . . . . . .
g 5% ] % 38 1 uncertainty by showing the confidence interval around the point estimate). Out of the
Z5£8s 5L gz . . .
Sfeyt & i - 358 19 participants, 14 scored moderate on understanding of display format IV and one had
2088 g ie g8 . .
< EEE it poor understanding (Figure 3).

Factors influencing CPM decision
Figure 4 shows factors mentioned by the participants that would influence their decision
on whether to undergo a CPM and quotes to illustrate this. Almost all participants

Poorty or undifferentisted

yoars

Negative and untreated
Negative and urtreated

(N=18) mentioned that they would choose to have their other (tumor-free) breast

ay format 5 — vertical bar chart including reference lines depicting average risk of the general breast cancer population and BRCA1 and BRCA2 mutation carriers
2For the purpose of this study, our CBC risk prediction model was implemented in an online tool using the Evidencio platform (https://www.evidencio.com/home)

ay format 4 — pictograph including epistemic uncertainty by showing the confidence interval around the point estimate as was similar to Raphael et al.*’

Figure 1. Overview of the display formats of the contralateral risk prediction model (PredictCBC) shown during the interview?®

g
c
£
]
e
G
C
o
kS
e
3 b
w [0
i 5 g g i = removed if the probability of developing CBC was high. In the post-interview survey
(L] ° 8 & Q
3 ] : : < seven participants (out of 14 participants who answered this question) indicated that
& 5 H g o . . -
E 3 g § @ the 10-year probability of developing a CBC had to be minimally 10% for them to choose
) g £ £ i H H 3 ¥ = ;;: to undergo a CPM. Other factors that were repeatedly mentioned were the reduction of
= ¥ El E H g ° 3 . ) ) ) )
g g - . & 2 fear of future breast cancer, being a BRCA1/2 mutation carrier, and the desire to achieve
I E g ; 5 2 2 g > g ?,} breast symmetry (if the breast of the primary breast cancer is removed).
L z 4 & c =
; 28 An important factor for not opting to undergo a CPM was to avoid side-effects of
o o L
; E H %f T prophylactic surgery (Figure 4). Some participants mentioned that they considered
5 : g g : £ $ i :§ : g % 2 CPM unnecessary as long as they received follow-up check-ups for their primary breast
; § 8 : . i 23 § ¢ £25 _ ‘ 4
; § % 4 P g, * ?-‘_ g: "§ ;E : E g E cancer, including mammography of the other breast. Other factors were the negative
£z i gei i 2L PP ®EL il EpEi RE xR R = impact on femininity or body image, or that a breast is a cherished part of the body and/
b B3:3 B¢ Ept B¢ §:8i D PP §4F ERge BE 55558
<8 w L @@ .. [ 5 I~ Il & &5 0 5 E8888 or plays arolein sexuality.
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Discussion

As a first step towards the development of a CBC prediction tool that can help clinicians
to communicate probabilities to patients, the main aim of this exploratory interview
study was to get insights into breast cancer survivors’ (i.e., potential end-users)
preferences for the graphical presentation of the probabilities, including the epistemic
uncertainty, provided by the model. Participants in this study preferred graphics to show
probabilities in a CBC risk prediction model, but they had varying preferences regarding
the type of graphical representation. It is reassuring that participants had high levels of
trust in the probabilities shown, which indicates that a CBC risk prediction model can be
of added value in helping patients to make decisions. Moreover, probabilities seem to
play an important role in decision-making about CPM, as we found that having a high
probability of developing a CBC as well as fear of future breast cancer were the factors
most frequently mentioned by participants’ as relevant for their decision-making.
Interestingly, the majority thought it was important to show the epistemic uncertainty
associated with risk estimates. However, including the epistemic uncertainty also seems
to have its drawback, as only four participants had good understanding of the graphical
display format containing this information.

Our findings are in line with previous research showing that textual risk
communication is better understood in combination with graphical formats?2*. In the
literature, no consensus has been reached yet on the optimal graphical format for
presenting a single probability. This is reflected in our study where participants had
varying preferences, and no display format was a clear favorite. However, a substantial
proportion of participants preferred a bar chart, specifically when oriented vertically. The
preference for a vertical orientation is in line with some previous studies that showed
that vertical graphs were processed slightly faster than horizontal graphs®?.

Some studies recommend pictographs as the optimal format to communicate
probabilistic information to patients, especially for patients with low numeracy?>%-%,
They argue that pictographs improve patients understanding of probabilities as they
better represent the part-to-whole relationship?® and they are easier to identify with than
bar charts®*®2. In our study, participants had slightly better understanding of the display
format including a pictograph (display format Ill) compared with a bar chart (display
format Il). However, the improvement in understanding could potentially be explained by
alearning curve, as participants become more familiar with the concept of risk prediction
by viewing multiple display formats. Participants had varying preferences between a
random and sequential arrangement of the cases in the pictograph. Randomly arranged
pictographs have the benefit that they convey the difficult concept of randomness®, so
they are in a way more realistic, but they are generally perceived as more difficult to
understand?®’. In our study, participants indicated that when using random arrangement,
some additional information on the explanation of the randomness may be a solution to
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overcome confusion.

In the display format including a vertical bar chart (display format V), we also
included reference lines depicting average risk of the general breast cancer population
and BRCA1/2 mutation carriers. The intent was to help patients put their risk in
perspective. However, our results suggested that it would be better to leave out these
reference lines, as the majority of the participants thought these were not of added
value and made the display messier. Moreover, model understanding was slightly
worse for display format V compared to display format Il (horizontal bar chart) and Il
(pictograph including graphical representation of randomness). This is in line with the
growing evidence that “less is more” in the field of decision-making®. For example,
a recently published systematic review that evaluated the effect of different ways of
communicating treatment risks and benefits to cancer patients, showed that limiting the
amount of information in a graphical display improved patients’ understanding®.

In the literature, there is an ongoing debate about whether epistemic uncertainty
should be communicated to patients, and if so, how this should be visualized by risk
prediction models and in decision aids**8. In current practice, epistemic uncertainty
is rarely explicitly communicated®®!°. In our study, more than half of the participants
thought it is important to show epistemic uncertainty, since this information is “more
true” and complete. However, the participants seemed to struggle with information
about epistemic uncertainty, as understanding of the graphical display format containing
the confidence interval was worse. Many participants pointed out they did not like the
way the confidence interval was currently visualized (stepwise coloring in part of the
female icons) and they recommended a fading color. This is in contrast with another
study in the Dutch breast cancer survivor population?’, where the stepwise coloring
came out as best format. Future studies should investigate the best way to communicate
epistemic uncertainty to patients.

The results of our study indicate that the probability of developing CBC and fear
of future breast cancer play an important role in participants’ decision on whether
to undergo a CPM. This is in line with a systematic review on patient reported and
psychological factors influencing the decision on CPM’. Our finding highlights that at
least some patients have a need for personalized CBC risks. Indeed, we are careful
and hesitant in extrapolating our findings to all breast cancer patients since our study
included a selected group of breast cancer survivors due to the invitation approach
and our sampling to achieve a heterogeneous group of participants. The majority of
the participants was highly educated, had high confidence in their ability to perform
mathematical tasks, and some may have been more actively involved with research than
the general breast cancer population. Another limitation is the potential learning curve
that participants may have developed by viewing several display formats during the
interview. In addition, since this was an exploratory interview study, future large-scale
experimental studies are needed to investigate how to effectively design the interface
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for a risk prediction tool that meets the diverse needs of end users, and to investigate
differences in preferences between subgroups of women. The main strength of this
study is that we performed the interviews within the target end-users, breast cancer
survivors for whom decision-making about CPM is relevant at different time-points in
their survivorship (time since primary breast cancer diagnosis ranged from 2-38 years).
As a next step, healthcare professionals’ preferences for the CBC model interface should
also be investigated as they play a key role in implementation of the model in clinical
practice.

In conclusion, our study provided valuable information on preferences for graphical
presentation of probability and uncertainty in a CBC prediction model. Graphical
components are important to explain probabilities, but there is no single best method
for communication of probabilities to patients. Any tool intended for use with patients’
needs to allow flexibility in display format (e.g., as done in the frequently used PREDICT
prognostication tool 3°). Our study showed that participants valued information on
epistemic uncertainty, but future studies are needed to investigate the best way to
effectively communicate this type of information. As the probability of developing CBC
plays an important role in the participants’ decision to undergo a CPM, it is important
to carefully design and test the risk prediction model interface prior to implementation.
Finding better ways to communicate probabilities will result in better understanding and
consequently improve the quality of health decisions and outcomes such as decision
regret.
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Supplementary Information A - Interview protocol

Introduction

Word of welcome: Thank you for participating in this study. Let me introduce
myself. The interview will take about 45 minutes.

Explanation goal of the study: Our research group focuses on women diagnosed
with breast cancer. We would like to have a better estimate for every woman
diagnosed with breast cancer what the probability is of developing a second
breast cancer in the other (tumor-free) breast. We are currently developing a
risk prediction model. In general, the probability of developing a second breast
cancer in the other (tumor-free) breast is small. The purpose of this interview
is to understand what patients think of our model and how we can improve the
risk visualization, in order to make the model as clear as possible and patient-
friendly. The results of this study may be published in scientific journals. From
the text, you will not be identifiable. With your permission | will record the
interview. Everything you say will be treated confidentially. After analyzing the
information, we will delete the recording. Do you give consent for this?

Background

Before we start with the questions related to the model, | would like to know
how you are doing?
I would like to ask a few more questions to get some background information.
o How old were you when you were diagnosed with breast cancer?
What is your current age?
At what stage was the primary breast cancer diagnosed?
What treatments did you receive when you were diagnosed with
breast cancer? Did you receive:
< Breast conserving surgery, mastectomy, or no surgery? Was
this conform the doctor’s advice?

N

Did you and your doctor discuss the possibility for preventive
removal of the other (tumor-free) breast?

Did you receive chemotherapy?

Did you receive endocrine therapy?

Did you receive HER2-specific therapy?

TN

Did you receive radiotherapy?

o Was your primary breast cancer diagnosis the first time that you were
diagnosed with cancer? If not, may | ask what diagnoses you have had
previously?

Model introduction

134 |

As | just explained, we developed a model to estimate the probability that a
woman who has been diagnosed with breast cancer will develop breast cancer

CHAPTER S

again in the other (tumor-free) breast. | will give some more information [shows
display format I]. We developed a mathematical model with data from a large
group of patients. In this example we use a fictitious patient with an average
CBC risk. The model contains factors that influence the risk of a second breast
cancer. For example, age at first breast cancer diagnosis, tumor characteristics
of the primary tumor, and treatment. These factors can be entered for each
patient, which will result in a certain risk estimate.

The end goal is that this model can be used by doctors to inform
patients about the risk of developing breast cancer in the other (tumor-free)
breast. For example, additional treatment may be provided, preventive removal
of the other breast, or the model can be used to reassure women who are at
very low risk of developing breast cancer in the other breast. The latter will be
applicable to most women.

In this example (display format 1), 4 out of 100 women, who have the
same characteristics as this fictitious patient, will develop breast cancer in the
other (tumor-free) breast within 10 years. This means that 96 out of 100 women
do not develop breast cancer in the other (tumor-free) breast. Currently, the
model is still under development and therefore, it is not used by doctors yet.
First, we would like to investigate how we can improve the risk visualization, to
make the risk information provided by the CBC prediction model as clear and
patient-friendly as possible. Therefore, | would like to ask you some questions
based on some examples of model visualizations.

Model trust

[Show display format | and explain the information shown, and then show the
6-point Likert-type scale to rate trust] Could you indicate on this 6-point scale,
ranging from no trust at all to full trust, how much trust you have in the risk
estimates you just viewed?

Could you elaborate on the score you have given? What could be said to
improve your trust?
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Different display formats of model

As | just explained, we would like to investigate what type of risk visualization
is most clear and patient-friendly. Therefore, | will show you different display
formats of the model and ask a few questions.

[show display format II-V, one by one, and repeatedly ask the following
guestions] Could you explain in your own words what the chances are for this
(example) patient to develop breast cancer in the other (tumor-free) breast?
Do you miss specific information?

[show overview of display format I-V] You have just viewed five different display
formats of the model. What display format do you prefer? And why?

Factors contralateral prophylactic mastectomy

Finally, 1 would like to talk about important factors that influence patients’
decision to opt for preventive removal of the other (tumor-free) breast. We
ask you this question to get an idea about what information is important when
making such a decision.

[for patients without CPM] Imagine that you have the choice to have the other
(tumor-free) breast removed preventively. What would be reasons to remove
the other (tumor-free) breast? And what would be reasons for not removing
the other (tumor-free) breast?

[for patients with CPM] You have had your other (tumor-free) breast removed
preventively. What were the reasons to remove the other breast preventively?

End interview

136

These were all my questions. | would like to thank you for this interview. If you
have any questions left, please contact me at any time.
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Supplementary Information B — Questionnaire

Question 1. What is your current age:

Question 2. What is your highest level of education you have completed:

O
O
O

O
O

Elementary school, primary school

Pre-vocational secondary education

Secondary vocational education, senior general secondary education, pre-
university education

University of applied sciences (i.e., higher professional education) or university
Other, namely

With the following questions we want to get insight into whether you or someone in your

family has undergone genetic testing. Genetic testing can be used to find out whether

someone has an increased risk of developing cancer due to a genetic predisposition.

Genetic predisposition does not automatically mean that someone will get cancer.

Question 3. Have you or someone in your family undergone genetic testing?

OoOooOoo

No (as far as | know)

| do not know

| would rather not answer this

Yes, please tick what is applicable below:
| have undergone genetic testing
Son(s) and/or daughter(s)

Father and/or mother

Brother(s) and/or sister(s)

Uncle(s) and/or aunt(s)

Cousin(s)

OOoooOoooo

Grandfather(s) and/or grandmother(s)

Question 4. Has a genetic mutation been found in yourself or someone in your family?

O VYes
O No
O 1do not know
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please check the box that best reflects

Question 6. For each of the following questions,
how good you are at doing the following things!

How good are you at working with fractions?

a.

Extremely good

Not at all good

How good are you at working with percentages?

b.

Extremely good

Not at all good
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Question 7. At what level of probability of developing breast cancer in the other
(tumor-free) breast would you choose to have the other (tumor-free) breast removed
preventively?
o 1-2 out of 100 women will develop breast cancer in the other (tumor-free)
breast within 10 years
o 3-5 out of 100 women will develop breast cancer in the other (tumor-free)
breast within 10 years
o 5-10 out of 100 women will develop breast cancer in the other (tumor-free)
breast within 10 years
o More than 10 out of 100 women will develop breast cancer in the other
(tumor-free) breast within 10 years

140 | CHAPTERS

Supplemental References

1 Fagerlin, A. et al. Measuring numeracy without
a math test: development of the Subjective
Numeracy Scale. Med. Decis. Making 27, 672-680,
doi:10.1177/0272989x07304449 (2007).

PREFERENCES FOR GRAPHICAL PRESENTATION OF PROBABILITIES

141



