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Communicating tailored risk information 
of cancer treatment side effects: Only words 
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Abstract 

Background: The increased availability of patient reported outcome data makes it feasible to provide patients 
tailored risk information of cancer treatment side effects. However, it is unclear how such information influences 
patients’ risk interpretations compared to generic population‑based risks, and which message format should be used 
to communicate such individualized statistics.

Methods: A web‑based experiment was conducted in which participants (n = 141) read a hypothetical treatment 
decision‑making scenario about four side effect risks of adjuvant chemotherapy for advanced colon cancer. Partici‑
pants were cancer patients or survivors who were recruited from an online Dutch cancer patient panel. All partici‑
pants received two tailored risks (of which the reference class was based on their age, gender and tumor stage) and 
two generic risks conveying the likelihood of experiencing the side effects. The risks were presented either in words‑
only (‘common’ and ‘very common’), or in a combination of words and corresponding numerical estimates (‘common, 
10 out of 100’ and ‘very common, 40 out of 100’). Participants’ estimation of the probability, accuracy of their estima‑
tion, and perceived likelihood of occurrence were primary outcomes. Perceived personal relevance and perceived 
uncertainty were secondary outcomes.

Results: Tailored risks were estimated as higher and less accurate than generic risks, but only when they were 
presented in words; Such differences were not found in the verbal and numerical combined condition. Although 
tailoring risks did not impact participants’ perceived likelihood of occurrence, tailored risks were perceived as more 
personally relevant than generic risks in both message formats. Finally, tailored risks were perceived as less uncertain 
than generic risks, but only in the verbal‑only condition.

Conclusions: Considering current interest in the use of personalized decision aids for improving shared decision‑
making in oncology, it is important that clinicians consider how tailored risks of treatment side effects should be 
communicated to patients. We recommend both clinicians who communicate probability information during 
consultations, and decision aid developers, that verbal descriptors of tailored risks should be supported by numerical 
estimates of risks levels, to avoid overestimation of risks.

Keywords: Tailoring, Personalization, Risk communication, Message format, Cancer, Treatment side effects, Patient 
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Background
After a cancer diagnosis, most patients want to be fully 
informed about the possible treatment options and the 
associated risks of side effects to support a well-informed 
treatment decision-making process [1, 2]. For instance, 
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colorectal cancer patients eligible for chemotherapy 
should be informed about the chances of experiencing 
adverse effects such as neuropathy or changes in smell 
and taste. Such risk statistics are typically communicated 
by the clinician during a consultation and/or incorpo-
rated into tools such as patient decision aids [3], and are 
therefore an essential part of shared decision-making [4]. 
However, patients often have difficulty understanding 
and interpreting risks [5], especially those patients with 
low numeracy of health literacy skills [6], which can fur-
ther influence treatment decision-making [7, 8]. Due to 
advances in artificial intelligence and personalized medi-
cine, there has been rapid growth in the development of 
tailored risk communication tools in cancer care [9–12], 
with the aim to provide patient’s risk information about 
treatment side effects based on their personal clinical and 
sociodemographic characteristics. Despite great promise 
of such individualized data-driven tools [13], it is unclear 
whether (1) tailored risks influence risk estimates and 
perceptions and lead to more or less accurate risk esti-
mates compared to generic risks, and (2) which message 
format should be used to communicate such individual-
ized statistics to patients.

Typically, risk information about possible treatment 
side effects is generic and mostly based on the “average 
patient”, such as information presented in randomized 
controlled trials or patient reported outcome reports [14]. 
Such average statistics make it hard to relate outcomes to 
individual patients [15], particularly because they often 
do not contain a clear description of to whom the risk 
estimates refer (i.e., the reference class) and may there-
fore be a factor in the misunderstanding of the risk infor-
mation about treatment side effects [16]. Tailoring risk 
information of side effects adjusted to the clinical (e.g., 
tumor stage) and sociodemographic (e.g., age, gender) 
characteristics of an individual patient may increase the 
perceived personal relevance of risk information, thereby 
increasing the likelihood that patients will process the 
tailored information with more deliberation, considera-
tion, and evaluation [17, 18]. In fact, several studies have 
shown that tailored risk estimates may improve the accu-
racy of patients’ estimations of probabilities and may 
increase their perceived likelihood of occurrence in both 
the general health context [19] as well as in the domain 
of cancer risk and screening [20, 21]. Therefore, tailoring 
side effect risks may be an effective communication strat-
egy for enhancing the accuracy of patients’ risk estimates 
and for increasing risk perceptions.

An important consideration for clinicians, health 
educators and patient tool developers is through which 
message format they should communicate tailored risk 
statistics, using for instance verbal and/or numerical for-
mats [15]. Verbal risks can be expressed via descriptions 

such as rare, likely, or very common. The European Com-
mission provided guidelines on using particular verbal 
descriptors associated with corresponding numerical 
estimates (Table 1) [22]. The problem is that such phrases 
are often interpreted in different ways by different 
patients, typically causing overestimations of the actual 
occurrence of the side effect [23–26]. Another way of 
communicating risks is through combining verbal infor-
mation with numerical estimates, such as percentages, 
probabilities, or natural frequencies [22, 26]. Although 
experimental studies have consistently shown that a 
combination of verbal and numerical formats of generic 
risks are estimated as lower and perceived as less likely 
to occur than verbal descriptions alone [23–27], it is not 
known to what extent such results apply to tailored risks. 
It is important to study this, as recent studies suggest that 
verbal risk labels without accompanying numerical infor-
mation are still frequently used by oncologists [28] or 
incorporated in patient decision aids for communicating 
tailored risks of treatment side effects [29–31].

Present study and hypotheses
In the present study, we will examine the impact of tailor-
ing (tailored vs. generic risks) and message format (ver-
bal-only vs. verbal and numerical combined format) of 
risks of cancer treatment side effects on cancer patients’ 
risk interpretations. We will use estimation of probability, 
accuracy of estimation of probability, and perceived like-
lihood of occurrence as primary outcome variables. First, 
regarding the influence of tailoring, we expect that risks 
that are tailored will be perceived as more likely to occur 
than generic risks [20, 32].

H1: Compared to generic risks of treatment side 
effects, tailored risks will be perceived as more likely to 
occur.

Table 1 Verbal descriptors of  side effects risks and  their 
corresponding numerical probabilities as  recommended 
by the European Commission [22]

Verbal descriptor Corresponding numerical frequency interval

Very common May affect more than 1 in 10 people (≥ 1/10)

Common May affect up to 1 in 10 people (≥ 1/100 to < 1/10)

Uncommon May affect up to 1 in 100 people (≥ 1/1000 
to < 1/100)

Rare May affect up to 1 in 1,000 people (≥ 1/10,000 
to < 1/1000)

Very rare May affect up to 1 in 10,000 people (< 1/10,000)

Not known Frequency cannot be estimated from the available 
data
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Second, given the growing importance of replication 
research in the empirical sciences for improving the 
reproducibility of earlier study’s results [33], we attempt 
to conceptually replicate previous findings on the effect 
of message format on peoples’ risk interpretations. Previ-
ous studies have consistently shown that people viewing 
generic risk information in a verbal-only format estimate 
the probability as higher and less accurate [23, 25], and 
perceive these risks as more likely to occur than people 
viewing risks in a verbal and numerical combined format 
[23–26]. We expect this impact of message format to per-
sist for tailored risks as well.

H2:  Compared to risks of treatment side effects pre-
sented in a verbal and numerical combined format, risks 
presented in a verbal-only format will be estimated as (a) 
higher) and (b) less accurate, and (c) perceived as more 
likely to occur.

Third, regarding the combined effect of tailoring and 
message format, we assume that tailored risks expressed 
as words and numbers combined should improve peo-
ples’ estimated risk accuracy even more compared to 
generic risk information [19–21]. This is because espe-
cially in this situation, people should have less reason 
to deviate from the actual tailored risk statistic being 
communicated.

H3:  Compared to generic risks of treatment side 
effects, tailored risks will be estimated as more accurate 
than generic risks, but only when the risks are presented 
in a verbal and numerical combined format.

Finally, we will assess perceived personal relevance and 
perceived uncertainty of the risk information as second-
ary outcome measures, for which we propose the follow-
ing two hypotheses:

H4:  Tailored risks of treatment side effects will be per-
ceived as more personally relevant than generic risks, 
regardless of the message format.

H5:  Tailored risks of treatment side effects will be per-
ceived as less uncertain than generic risks, regardless of 
the message format.

Methods
Study design
We used a 2 (tailoring: tailored vs. generic) × 2 (mes-
sage format: verbal-only vs. verbal and numerical com-
bined) × 2 (probability rate: low vs. high) mixed design, 
with repeated measures on the first and third factor. 

Participants were randomly assigned to one of the two 
message format conditions. We included probability rate 
as a methodological variable to investigate whether the 
effects of tailoring and message format are similar for 
high and low probability rates 25. We used estimation of 
probability, accuracy of estimation of probability, and 
perceived likelihood of occurrence as primary outcome 
variables, and perceived personal relevance and per-
ceived uncertainty as secondary outcome variables.

Participants
Native Dutch adults between the ages of 18 and 70 who 
had been diagnosed with cancer in the past were selected 
from the scientific panel of the online cancer commu-
nity platform Kanker.nl to participate in our study. We 
selected people who had been in a similar health situation 
before, since they are better able to imagine the given sce-
narios (compared to, for instance, a student sample), thus 
enhancing the generalizability of our results [34]. Patients 
who were diagnosed with colorectal cancer in the past 
were excluded from participation due to prior personal 
experience. As part of the pre-registered analysis (https 
://osf.io/ygchx ), power calculations were conducted prior 
to data collection to determine our sample size using the 
program G*Power 3.1 [35]. Previous meta-analyses have 
indicated small effect sizes for tailoring effects on per-
ceived likelihood of occurrence [36], and medium effect 
sizes for message format effects on estimation of prob-
ability and perceived likelihood of occurrence [23]. To 
detect a small effect (effect size f = 0.10) with a 2 × 2 × 2 
mixed design, a sample of 136 participants was needed 
(power = 0.8, alpha = 0.05). We therefore aimed for a 
minimum of 136 participants.

Stimulus materials
All participants received two tailored and two generic 
risk statistics for the occurrence of four possible side 
effects after adjuvant chemotherapy including fatigue, 
neuropathy, taste and smell changes, and diarrhea, 
respectively. Tailoring was established by manipulating 
the reference class (i.e., denominator) to which the risk 
statistic applies. More specifically, tailored risks con-
tained a reference class based on participants’ reported 
gender (male or female), age group (in 5-year bins 
between 15 and 69  years), and tumor stage (advanced 
colon cancer as stated in the scenario). For example: ‘This 
side effect is common (occurs in 10 out 100 men like you, 
aged between 65 and 69 years with advanced colon can-
cer)” (Table 2). Generic risks descriptions were fixed and 
included a reference class that was not tailored toward 
patient and tumor characteristics. For example: “This 
side effect is common (occurs in 10 out of 100 people)” 
(Table 2).

https://osf.io/ygchx
https://osf.io/ygchx
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Half of the participants received the risk only in words 
(verbal-only condition), and the other half in a combina-
tion of words and numbers (verbal and numerical com-
bined condition). Within the verbal-only condition, we 
selected the verbal descriptors ‘common’ (vaak in Dutch) 
for representing a low probability rate and ‘very common’ 
(zeer vaak in Dutch) for representing a high probability 
rate. Following the recommendations proposed by the 
European Commission, we used the corresponding natu-
ral frequency estimates ‘10 out of 100’ for representing a 
low probability rate and ‘40 out of 100’ for representing a 
high probability rate [3, 5, 15, 22]. To exclude the possi-
ble effect that a specific side effect could influence higher 
risk estimates, the combination of tailoring, probability 
rate and type of side effect was randomized, as well as the 
order of tailored and generic risks in combination with 
the probability rate.

Procedure
Data collection took place in May 2019. A representa-
tive of Kanker.nl sent a link of our web-based experi-
ment to participants of the cancer patient panel. When 
entering the online experiment, an introductory text was 
shown, followed by questions on background and medi-
cal characteristics. The reported gender and age group 
were subsequently used for tailoring the reference class 
of the tailored risk information. Participants then read a 
short scenario in which they imagined being diagnosed 
with advanced colon cancer and discussing adjuvant 
chemotherapy as a treatment option with their doctor. 
We chose colon cancer as the disease context because 
both men and women can be diagnosed with this form 
of cancer (versus, for example, prostate cancer). This 
allowed us to include gender as a tailoring factor of the 
risk information. Participants were told that they were 
receiving a decision aid from their doctor including infor-
mation about four possible side effects after adjuvant 

chemotherapy. Each description consisted of three ele-
ments: the name of the side effect, a short description of 
the side effect, and risk information about the likelihood 
of experiencing the side effect. This was followed by the 
assessment of the primary and secondary outcome meas-
ures. In the final part of the experiment, we measured 
participants’ subjective numeracy skills and prior history 
with chemotherapy and/or one of four mentioned the 
side effects. Participants were then debriefed about the 
main purpose of the experiment and thanked for their 
participation.

Measures
Primary outcome measures
We had three primary outcome measures for measur-
ing risk interpretations, based on the meta-analysis by 
Büchter and colleagues [23] and the studies by Knapp and 
colleagues that we attempted to replicate [24, 25]. First, 
estimation of probability was assessed using the question 
“What do you think is the probability you will experi-
ence this side effect”, measured as a percentage between 
0 and 100 [24]. Second, the accuracy of the estimation 
of probability was determined by computing the abso-
lute difference between the actual risk of each side effect 
occurring and each participant’s estimated risk of that 
side effect occurring. Scores closer to zero were therefore 
more accurate (for similar reasoning, see [21, 25]). Third, 
perceived likelihood of occurrence was assessed using the 
question “How likely is it that you will experience this 
side effect?”, measured on a 6-point scale, with 1 as ‘not 
likely at all’ and 6 as ‘very likely’ [23, 24].

Secondary outcome measures
We also included two secondary outcome variables. First, 
perceived personal relevance was assessed using the items 
“The risk information about the side effect was made per-
sonally for me” and “The way how the risk information 

Table 2 Development and  structure of  the  risk information about  the  likelihood of  occurrence for  each experimental 
condition

The risk information was presented in Dutch to the participants

Verbal-only condition Verbal and numerical combined condition

Generic Tailored Generic Tailored

Low probability rate This side effect is common This side effect is common 
in [gender] like you, aged 
between [age group] years with 
advanced colon cancer

This side effect is 
common (occurs 
in 10 out of 100 
people)

This side effect is common (occurs 
in 10 out of 100 [gender] like 
you, aged between [age group] 
with advanced colon cancer)

High probability rate This side effect is very common This side effect is very common in 
[gender] like you, aged between 
[age group] with advanced 
colon cancer

This side effect is 
very common 
(occurs in 40 out of 
100 people)

This side effect is very common 
(occurs in 40 out of 100 [gender] 
like you, aged between [age 
group] with advanced colon 
cancer)
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was being presented was relevant to me” (measured on 
a 5-point scale, with 1 as ‘strongly disagree’ and 5 as 
‘strongly agree’) [32]. Second, perceived uncertainty was 
assessed by asking the question “How uncertain do you 
think is this likelihood of experiencing this side effect 
after chemotherapy?”, measured on a 6-point scale, with 1 
as ‘not at all’ and 6 as ‘extremely’ [37].

Individual difference measures
Individual differences in subjective numeracy were 
assessed by the Subjective Numeracy Scale (SNS [38]), 
which is an 8-item self-assessment for determining par-
ticipants’ quantitative ability and preferences for receiv-
ing numerical information (measured on a 6-point scale, 
with 1 as ‘least numerate’ and 6 as ‘most numerate’). The 
SNS has proven to be a valid and reliable measure, and 
correlates strongly with objective numeracy measures 
[39]. For the current study, we used the Dutch version of 
the SNS [40]. The mean subjective numeracy score was 
determined by computing the average score of the eight 
items.

Statistical analyses
We conducted a 2 (within-subjects: tailoring) × 2 
(between-subjects: message format) × 2 (within-sub-
jects: probability rate) mixed-model multivariate analy-
sis of variance (MANOVA).1 The dependent variables 
were our three primary outcome measures; estimation 
of probability, accuracy of estimation of probability, 
and perceived likelihood of occurrence (see Additional 
file  1 for full results). If applicable, significant interac-
tion effects were further analyzed by means of simple 
effect analyses. As an additional exploratory analysis, 
we controlled for individual differences by conducting a 
separate mixed-model multivariate analysis of covariance 
(MANCOVA) with subjective numeracy skills and prior 
history with chemotherapy and/or one of the side effects 
as covariates. For this exploratory analysis, only results 
that deviate from the pre-registered MANOVA analysis 
were reported (Additional file 1). For our two secondary 
outcome measures, we conducted two separate mixed-
model ANOVAs, with repeated measures on the first 
and third factor. The dependent variables were perceived 
personal relevance and perceived uncertainty. Data on 
patient and tumor characteristics for the two message 

format conditions were compared using chi-square tests 
for categorical variables and t-tests for continuous vari-
ables. All statistical analyses were performed using SPSS 
version 24.0 (IBM Corporation, Somers, NY, USA). Tests 
were two-sided and considered statistically significant at 
p < .05. The study design, hypotheses, and analysis plan 
were pre-registered prior to data collection and analysis 
within the Open Science Framework (https ://osf.io/j74dt 
/). Ethical approval was granted by the Research Ethics 
and Data Management Committee of the Tilburg School 
of Humanities and Digital Sciences of Tilburg University 
(ID REDC.2019.26).

Results
Participants
Out of 825 people who were invited to participate, 188 
(23%) clicked the link to launch the survey. Of those, 
171 (91%) continued beyond the informed consent page, 
and 141 (75%) fully completed the survey (Fig.  1). All 
completed cases were analyzed. Completion rates were 
consistent across experimental conditions (73% in the 
verbal-only condition, 77% in the verbal and numerical 
combined condition). The mean age of participants was 
57.3  years (SD = 7.4), and the participants in both mes-
sage format conditions were comparable in terms of soci-
odemographic and disease-related characteristics (all p 
values > .10, Table 3).

Effects on primary outcome measures
In both message format conditions, participants’ esti-
mated probabilities strongly correlated with the accu-
racy of their estimated probabilities (rverbal-only = − .984, 
p < .001, rverbal+numerical = − .943, p < .001) and perceived 
likelihood of occurrence (rverbal-only = .820, p < .001, 
rverbal+numerical = .738, p < .001), which, in turn, strongly 
correlated with participants’ accuracy of estimated prob-
abilities (rverbal-only = -.813, p < .001, rverbal+numerical = .728, 
p < .001).

Effects of tailoring
There was a significant main effect of tailoring on the 
estimation of probabilities and accuracy of estimation 
of probabilities. Tailored risks were estimated as higher, 
F(1, 125) = 6.25, p = .023, ηp

2 = .04, and less accurate, 
F(1, 125) = 6.25, p = .014, ηp

2 = .05, than generic risks 
(Tables  4, 5). However, in contrast to our hypothesis 
(H1), there was no significant main effect of tailoring 
on the perceived likelihood of occurrence, indicating 
that tailored risks were not perceived as more likely 
to occur than generic risks, F(1, 125) = 1.79, p = .183, 
ηp

2 = .01. It should be noted that these tailoring effects 
were not found when controlling for individual dif-
ferences in numeracy and prior history with the side 

1 According to our pre-registration (https ://osf.io/j74dt /), our main analy-
sis consisted of a 2 (tailoring: tailored, generic) × 2 (message format: verbal-
only, verbal and numerical combined) mixed-model multivariate analysis of 
variance (MANOVA) with repeated measures on the first factor. However, 
we decided to include probability rate as a methodological variable in our 
study design, which resulted in a 2 × 2 × 2 mixed-model MANOVA. This 
MANOVA was initially stated as an exploratory analysis in our pre-registra-
tion, but has now become the main analysis in this study.

https://osf.io/j74dt/
https://osf.io/j74dt/
https://osf.io/j74dt/
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effects (Additional file 1). Overall, the effects of tailor-
ing did not depend on the probability rate (all Fs < 1).

Effects of message format
As hypothesized, there was a significant main effect of 
message format on the estimation of probabilities, F(1, 
125) = 69.82, p < .001, ηp

2 = .36, accuracy of estimation 
of probabilities, F(1, 125) = 64.26, p < .001, ηp

2 = .34, and 
perceived likelihood of occurrence, F(1, 125) = 30.27, 
p < .001, ηp

2 = .20. The results therefore suggest that 
risks presented in a verbal-only format were estimated 
as higher (H2a), less accurate (H2b), and perceived as 
more likely to occur (H2c) than risks presented in a 
verbal and numerical combined format. These message 
format effects were also found when controlling for 
individual differences (all ps < .001; Additional file  1), 
and were more pronounced for low probability rates 
(all ps < .001).

Interaction effects between tailoring and message format
There was a significant interaction effect between tailor-
ing and message format on the accuracy of estimation of 
probabilities, F(1, 125) = 7.82, p = .006, ηp

2 = .06. Simple 
effect analysis showed that tailored risks were estimated 
as less accurate than generic risks in the verbal-only 
condition, (p < .001), but not in the combined condition 
(p = .833). This is in contrast to our hypothesis (H3), 
for which we expected tailored risks to be estimated as 
more accurate compared to generic risks, but only when 
expressed as words and numbers combined. There was 
also a significant interaction effect on the estimation of 
probabilities, F(1, 125) = 7.21, p = .008, ηp

2 = .06. Simple 
effect analysis revealed that tailored risks were estimated 
as higher than generic risks in the verbal-only condition 
(p = .001), but not in the combined condition (p = .789). 
Overall, these significant interaction effects were found 
for both probability rates, and when controlling for indi-
vidual differences (Additional file 1). Finally, there was no 

Fig. 1 Flowchart of the data collection process
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Table 3 Participant characteristics by message format condition

a Lymphoma, Leukemia, Multiple myeloma
b Prostate, bladder
c Uterus, cervix, ovary
d Esophageal, anus, GIST, gall bladder, but excluding colorectal cancer
e Brain, renal cell, undifferentiated pleomorphic sarcoma, neuroendocrine tumor
f α = .82; SD standard deviation

Verbal-only (n = 69) Verbal and numerical combined (n = 72) p

n % n %

Gender

 Female 45 35 46 36

 Male 24 65 26 64 .869

Age at time of experiment, mean (SD) 57.72 (7.29) 56.83 (7.50) .469

 < 50 years 8 11 13 18

 50–65 years 44 64 49 68

 > 65 years 17 25 10 14 .201

Education

 Primary school 8 11 12 17

 Secondary school 17 25 24 33

College/University 44 64 36 50 .255

Tumor

 Breast 22 32 22 31

 Hematologicala 13 19 8 12

 Urologicalb 10 15 13 18

 Gynecologicalc 7 10 10 14

 Head and neck 4 6 6 8

 Lung 2 3 4 5

 Skin 3 4 2 3

 Gastroenterologicald 3 4 2 3

 Othere 3 4 4 5

 Unknown 2 3 1 1 .912

Years since diagnosis, mean (SD) 6.48 (6.89) 5.01 (4.22) .133

 0–5 years 43 62 52 72

 6–10 years 12 17 13 18

 11–15 years 8 12 5 7

 > 15 years 6 9 2 3 .318

Treatment(s)

 Surgery 48 70 48 67 .712

 Radiotherapy 40 58 35 49 .266

 Chemotherapy 40 58 37 51 .433

 Immunotherapy 13 19 11 15 .574

 Hormone therapy 18 26 24 33 .347

 Other 16 23 13 18 .451

Prior experience side effects

 Fatigue 55 80 49 68 .116

 Neuropathy 29 42 26 36 .471

 Smell and taste changes 30 44 27 38 .470

 Diarrhea 14 20 11 15 .436

 None of the above 7 10 9 13 .659

Subjective numeracy, mean (SD)f 4.51 (0.81) 4.64 (0.86) .384
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significant interaction effect between tailoring and mes-
sage format on perceived likelihood of occurrence, F(1, 
125) = 1.79, p = .183, ηp

2 = .01. Figure 2 displays the dis-
tribution of estimations of probabilities (and the mean 
estimates) given by participants for each experimental 
condition.

Effects on secondary outcome measures
As hypothesized (H4), participants perceived tailored 
risks as more personally relevant than generic risk 

information about side effects, F(1, 123) = 19.11, p < .001, 
ηp

2 = .13 (Tables  4, 5). This effect of tailoring occurred 
regardless of message format conditions, F(1, 123) = 2.36, 
p = .127, ηp

2 = .02, and probability rate, F < 1. Regarding 
perceived uncertainty, there was a significant interac-
tion effect between tailoring and message format, F(1, 
113) = 6.23, p = .014, ηp

2 = .05. Simple effects analy-
sis showed that tailored risks in the verbal-only condi-
tion were perceived as less uncertain than generic risks 
(p = .007), but not in the verbal and numerical combined 

Table 4 Participants’ mean scores (with standard deviations within parentheses) on the primary and secondary outcome 
measures as a function of tailoring (tailored vs. generic risks) and message format (verbal-only vs. verbal and numerical 
combined) for low probability rate risks

1 “What do you think is the probability you will experience this side effect” (percentage between 0 and 100%)
2 The absolute difference between the actual risk of each side effect occurring and each participant’s estimated risk (scores closer to zero are more accurate)
3 “How likely is it that you will experience this side effect?” (1 = not likely at all, 6 = very likely)
4 “The risk information about the side effect was made personally for me” and “The way how the risk information was being presented was relevant to me” 
(1 = strongly disagree, 5 = strongly agree, α = .87)
5 “How uncertain do you think is this likelihood of experiencing this side effect after chemotherapy?” (1 = not at all, 6 = extremely)
a Mean differs significantly compared to generic risk within verbal-only risk condition
b Mean differs significantly compared to generic risk within verbal and numerical combined condition
c Mean differs significantly compared to total verbal-only risk; *p < .01, **p = .001, ***p < .001

Measures Verbal-only “common” Verbal and numerical combined “common, 10 
out of 100”

Generic Tailored Total Generic Tailored Total

Primary measures

Estimation of  probability1 (in %) 64.8 (20.1) 70.1 (19.6)a** 67.5 (19.8) 34.3 (29.9) 32.9 (30.8) 33.6 (30.4)c***

Accuracy of estimation of  probability2 (in %) 54.8 (20.1) 60.1 (19.6)a*** 57.5 (19.9) 24.9 (29.4) 23.7 (30.2) 24.3 (29.7)c***

Perceived likelihood of  occurrence3 4.41 (1.09) 4.46 (1.01) 4.49 (1.05) 3.25 (1.52) 3.23 (1.57) 3.24 (1.55)c***

Secondary measures

Perceived personal  relevance4 3.16 (0.74) 3.46 (0.81)a*** 3.34 (0.78) 3.19 (0.97) 3.40 (0.91)b*** 3.30 (0.94)

Perceived  uncertainty5 2.90 (1.19) 2.59 (1.19)a* 2.75 (1.19) 3.13 (1.50) 3.31 (1.47) 3.18 (1.49)

Table 5 Participants’ mean scores (with standard deviations within parentheses) on the primary and secondary outcome 
measures as a function of tailoring (tailored vs. generic risks) and message format (verbal-only vs. verbal and numerical 
combined) for high probability rate risks

a Mean differs significantly compared to generic risk within verbal-only risk condition
b Mean differs significantly compared to generic risk within verbal and numerical combined condition
c Mean differs significantly compared to total verbal-only risk; *p < .01, **p = .001, ***p < .001

Measures Verbal-only “very common” Verbal and numerical combined “very 
common, 40 out of 100”

Generic Tailored Total Generic Tailored Total

Primary measures

Estimation of probability (in %) 71.0 (21.1) 78.9 (18.1)a** 74.9 (19.1) 53.5 (22.3) 54.0 (21.9) 53.7 (22.1)c***

Accuracy of estimation of probability (in %) 32.1 (19.5) 39.6 (16.7) a*** 35.8 (18.1) 17.4 (19.3) 17.9 (18.7) 17.7 (19.0)c***

Perceived likelihood of occurrence 4.73 (1.07) 5.02 (0.98) 4.87 (1.03) 4.23 (1.22) 4.28 (1.21) 4.26 (1.22)c***

Secondary measures

Perceived personal relevance 3.16 (0.74) 3.47 (0.80) a*** 3.39 (0.77) 3.34 (0.89) 3.47 (0.86) b*** 3.40 (0.88)

Perceived uncertainty 2.55 (1.30) 2.41 (1.37)a* 2.48 (1.34) 2.73 (1.20) 2.91 (1.36) 2.82 (1.28)



Page 9 of 12Vromans et al. BMC Med Inform Decis Mak          (2020) 20:277  

condition (p = .436), which partly confirms H5. Finally, 
risks with low probability rates were perceived as more 
uncertain than risks with high probability rates, F(1, 
113) = 11.01, p < .001, ηp

2 = .09.

Discussion
Main findings
The current study demonstrates that message format 
matters when communicating tailored risk information 
of treatment side effects. We found that communicating 
tailored side effect risks leads to higher and less accurate 
risk estimates compared to generic risks, but only when 
the risks were communicated using words-only. Such 
differences were not found in the combined verbal and 
numerical condition. This suggests that communicating 

about side effect risks in words-only allows patients to 
overestimate and even inaccurately estimate their tai-
lored risks [15, 41, 42]. Moreover, patients may take these 
individualized verbal risk labels as too personal, which in 
turn may lead to overestimations of the risks. However, 
these tailoring effects could not be found for perceived 
likelihood of occurrence, which may underscore that 
increases in risk estimations do not necessarily translate 
into increases in perceived likelihood of occurrence. Fur-
thermore, we replicated the message format effect for 
Dutch verbal risk labels. More specifically, we showed 
that risks presented in a verbal-only format are estimated 
as higher and less accurate, and perceived as more likely 
to occur than risks presented in a combined verbal and 
numerical format [23, 25, 26].

Fig. 2 Comparisons of distribution of estimations of probabilities between verbal‑only (red) and verbal and numerical combined (blue) message 
formats for a low probability tailored risks and b low probability generic risks, and for c high probability tailored risks and d high probability generic 
risks. The dotted lines represent the average estimated risks
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However, tailored risks in a verbal and numerical com-
bined format did not lead to more accurate risk estimates 
compared generic numerical risk information [19–21]. 
A possible explanation for this might be that the tailored 
and generic risks were shown separately and did not 
contain any comparative risk information. As a result, 
patients could not see their own risk score for a particular 
side effect in comparison with scores of other patients, 
especially for determining whether they were above 
or below average [43, 44]. Although there is currently 
a debate about whether comparative risk information 
should be provided to patients [45, 46], such communica-
tion strategy could improve people’s estimations of prob-
abilities and perceived likelihood of occurrence in the 
context of tailored versus generic risks of side effects [19].

Finally, in both message formats, tailored risks are per-
ceived as more personally relevant than generic risks, 
which is in line with past studies on tailoring effects in 
health communication [32]. In addition, this shows that 
by manipulating the reference class of probability out-
comes our manipulation of tailoring was successful. We 
further found that when risks were presented only by 
means of verbal descriptors, tailored risks were perceived 
as less uncertain than generic risks. This suggests that tai-
lored risks in the verbal-only condition were estimated as 
higher, and therefore perceived as more certain to occur.

Limitations and suggestions for future research
A first limitation is that the research design uses a hypo-
thetical decision-making scenario instead of a real deci-
sion-making scenario. To partially compensate for this, 
our sample consisted of cancer patients and survivors 
who were recruited from a Dutch cancer patient panel. 
Often, scenario-based experimental studies on effec-
tive risk communication strategies are conducted in stu-
dent samples (for an overview, see [18]), who may not be 
familiar with a medical decision-making situation and 
may have different perceptions of risks and probability 
information about cancer [23, 47]. Although the use of 
cancer patients in our experiment contributed to the eco-
logical validity of the results, future research to confirm 
our findings in a real-world treatment decision-making 
situation would be advisable.

Another limitation is that we tailored the risks based 
on a limited number of patient characteristics in a non-
interactive way, to keep the experiment manageable 
and the results generalizable. Clinical prediction mod-
els in oncology settings typically utilize a larger variety 
of patient and tumor characteristics in decision-making 
(e.g., TNM-stage, the specific use of chemotherapy, or 
comorbidities) that is more extensive than we have dealt 
with in our study. Using such an interactive prediction 
modelling tool in which participants can enter their own 

personal and disease-related characteristics and see the 
impact of each characteristic on their personal risk could 
influence patients’ risk perception [48]. Despite this limi-
tation, the tailored risks in our study were perceived as 
more personally relevant compared to the generic, popu-
lation-based risks.

Finally, we only compared risks communicated through 
words or a combination of words and numbers, and did 
not consider the potential added value of visual aids as 
another message format. A plethora of research suggests 
that visual aids may increase understanding and percep-
tion of risk information [3, 15, 42, 49, 50]. For instance, 
bar charts may help to display the distinction between 
tailored and generic risks, and pictographs may commu-
nicate the number of people with similar characteristics 
that may experience the side effect compared to the num-
ber of people from the general population [15]. There-
fore, it is suggested to investigate the impact of tailored 
risks through visually presented information compared 
to, for instance, numerical descriptions of risks.

Implications
Despite these limitations, our findings have implications 
for research and practice. First, in line with guidelines 
and best practices for communicating complex medical 
data and risks in daily clinical practice and patient deci-
sion aids [3, 15, 42, 51], our results offer support for the 
recommendation to avoid verbal descriptions without 
numbers since they may lead to inaccurate risk estimates. 
Our findings suggest that this recommendation may 
become even more relevant when the risks are tailored 
and adjusted to sociodemographic and clinical character-
istics of patients. This finding is useful for clinicians who 
discuss risks, health data, and other probability informa-
tion during consultations in general with their patients 
and relatives, and especially for clinicians who are using 
modern decision-support systems (e.g., clinical predic-
tion models) for estimating and communicating individ-
ualized treatment outcomes to patients. In addition, in 
light of the growing emphasis of personalized medicine 
[52], shared decision-making [4, 53], and the promis-
ing approaches of the delivery of tailored risk informa-
tion through patient-centered decision aids [9–12], our 
results contribute to the empirical evidence on how best 
to communicate tailored risks to individual patients [54, 
55].

Conclusion
When communicating tailored risk information of 
treatment side effect to patients, using a combination 
of words and numbers will lead to more accurate risk 
estimates than when using words only. Although we 
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found no evidence that tailoring of numerical risks 
leads to even more accurate risk estimates, doing so 
with verbal labels alone may have a negative impact on 
patients’ (accuracy) of estimation of risks. Given the 
strong movements toward personalized medicine and 
patient-centered healthcare, future research will have 
to determine whether other ways of presenting tailored 
risk information, such as comparative risk information 
or visual aids promote effective communication of tai-
lored risks during cancer treatment decision-making.
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