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Abstract

Background
Treatment decision-making is often guided by evidence-based probabilities, which 
may be presented to patients during consultations. These probabilities are intrinsically 
imperfect, and embody two types of uncertainties: aleatory uncertainty arising from the 
unpredictability of future events, and epistemic uncertainty arising from limitations in 
the reliability and accuracy of probability estimates. Risk communication experts have 
recommended disclosing uncertainty. We examined whether uncertainty was discussed 
during cancer consultations, and whether and how patients perceived uncertainty.

Methods
Consecutive patient consultations with medical oncologists discussing adjuvant treat-
ment in early-stage breast cancer were audiotaped, transcribed, and coded. Patients 
were interviewed after the consultation to gain insight into their perceptions of uncer-
tainty. 

Results
In total 198 patients were included by 27 oncologists. Uncertainty was disclosed in 
49% (97/197) of consultations. In those 97 consultations, 23 allusions to epistemic 
uncertainty were made and 84 allusions to aleatory uncertainty. Overall, the allusions 
to the precision of the probabilities were somewhat ambiguous. Interviewed patients 
mainly referred to aleatory uncertainty if not prompted about epistemic uncertainty. Even 
when specifically asked about epistemic uncertainty, one in four utterances referred 
to aleatory uncertainty. When talking about epistemic uncertainty many patients con-
tradicted themselves. In addition, one in ten patients seemed not to realize that the 
probabilities communicated during the consultation are imperfect. 

Conclusions
Uncertainty is conveyed in only half of patient consultations. When uncertainty is 
communicated, oncologists mainly refer to aleatory uncertainty. This is also the type of 
uncertainty that most patients perceive and seem comfortable discussing. Given that it is 
increasingly common for clinicians to discuss outcome probabilities with their patients, 
guidance on whether and how to best communicate uncertainty is urgently needed. 
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Introduction

Medical decision-making, whether relating to diagnostic procedures or treatment, 
should ideally be guided by evidence-based probabilities. Numerous prediction models 
have been developed to promote this goal. The individualized prognostic estimates 
these models provide facilitate better conceptualization of the trade-offs between 
benefit and harm of different treatment options. However, even evidence-based prob-
ability estimates are intrinsically imperfect. They are based on past observations and 
unavoidably limited evidence, resulting in two major types of uncertainty. First-order, 
or aleatory uncertainty, arises from the unpredictability of single events arising from the 
fundamental indeterminacy or randomness of future outcomes. Aleatory uncertainty 
is inherent to the concept of probability (we seldom speak of a probability of 1 or of 
0). Second-order, or epistemic uncertainty, arises from deficits in knowledge, due to 
limitations in a) the precision of the risk estimates or b) their applicability to a specific 
patient (1, 2). 

Risk communication experts have argued, mainly from an ethical perspective, that 
patients should be fully informed, and thus also be informed about these uncertainties 
(3). Failure to explicitly address epistemic and aleatory uncertainties may create mis-
conceptions about the level of precision and individualization of probabilities presented 
during consultations. In the absence of adequate communication of such uncertainty, 
patients may have excessive confidence in probabilities, thus (potentially) resulting in 
pseudo-certainty. 

Currently, no literature is available on the extent to which physicians communicate the 
epistemic uncertainty of prognostic estimates and the inability to predict individual 
disease outcomes. In addition, it is unknown to which extent patients understand these 
uncertainties and how these uncertainties are best communicated (3, 4). Clinicians may 
be hesitant to communicate uncertainty, fearing that such communication would make 
the information (even) more difficult for patients to comprehend, for we know that most 
people struggle to understand probabilities, irrespective of their education level (1, 5). 
For clinicians it is a challenge to find a balance between ´fully´ informing their patient, 
whilst not overwhelming them by providing too much information. 

In the current study, we investigated the communication of uncertainty in the context 
of decision-making about adjuvant systemic treatment for early-stage breast cancer. 
Stage I-III breast cancer patients undergoing adjuvant systemic treatment may expe-
rience improvement in both disease-free and cancer-specific survival (6-10). Using 
known clinical prognosticators (e.g., tumor size, nodal status and differentiation grade) 
and/or bio-molecular profiles, the likelihood of beneficial treatment outcomes can be 
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calculated, for instance using the Adjuvant! prediction model (11). The likelihoods from 
Adjuvant! are frequently discussed during consultations in the adjuvant setting (12, 13). 
In combination with estimates of treatment effect, these likelihoods improve insight on 
the balance between the potential benefits and side-effects of treatment (10, 14, 15). 
We assessed a) whether and which type of uncertainty oncologists disclosed: i.e., the 
limitations in the precision of risk estimates/their applicability to an individual patient 
and/or unpredictability of single events, and b) patients’ perceptions of the uncertainty 
associated with probabilities discussed during the consultation. 
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Methods

Design
Patient sample
The current study was nested in a large multicenter observational study with a partici-
pation rate of 358/500 (72%), which assessed the communication of survival probability 
estimates calculated by the Adjuvant! prediction model (11) during consultations of 
stage I-III invasive breast cancer patients by medical oncologists. Consecutive outpa-
tient female breast cancer patients, eligible to receive chemotherapy and/or endocrine 
therapy, who were fluent in the Dutch language, were invited to participate in the cur-
rent study. We included patients if survival probabilities from the Adjuvant! prediction 
model had been discussed during the consultation (Figure 1). This was determined 
following analysis of the content of the consultations. The medical ethics boards of 
the participating hospitals approved the study.

Adjuvant! prediction model
Adjuvant! (11) is a freely available online prognostication tool that provides estimates 
of 10-year a) overall, b) breast cancer-specific, and c) disease-free mortality and d) 
benefit of adjuvant systemic treatment. The information is presented as bar charts. 
Adjuvant!’s prognostic estimates are based on patient and tumor characteristics (i.e., 
age, patient’s general health, tumor size, nodal status, estrogen receptor status and 
histological tumor grade) and type of systemic treatment. Oncologists may print the 
page to hand to the patient, or show the results on a computer screen.

Procedures 
Consultations
Prior to their consultation, patients were informed that the study aimed to investigate 
information provision during consultations concerning adjuvant systemic therapy. The 
concept of uncertainty was not introduced. Oncologists were instructed to conduct 
their consultation as usual. Consultations were audiotaped after patients had given 
written informed consent.
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Patient interviews 
Uncertainty was addressed in two types of interviews, 1) ‘Standard’ and 2) ‘In-depth’ 
interviews. The standard interview was a component of the main study. Patients were 
interviewed by telephone within seven days of their consultation (mean=3.4 days). The 
interviewer had no knowledge of what had been discussed during the consultation prior 
to this interview. Given the extensive character of the interview of the main study, we 
chose to only probe about epistemic uncertainty, since this is particularly relevant in 
the context of risk communication using probabilities from prediction models. To begin 
with, we asked patients whether the oncologist had discussed probabilities during the 
consultation. If patients indicated that this was the case, we asked them to list the 
probabilities discussed. Next, we posed two probes on uncertainty. First, we posed an 
‘Open probe’: “What do the probabilities [repeat probabilities the patient has already 
mentioned] mean to you?”. Second, we posed a ‘Precision probe’: “In your opinion, 
are the probabilities you were provided with during the consultation [repeat probabilities 
the patient has already mentioned] exact survival probabilities… [pause] or could they 
be higher or lower for example”. 

As probing turned out to be a challenge, not only practically but also ethically, with 
limited time, we could not elaborate on uncertainty during the standard interviews. 
Therefore, we decided to conduct additional in-depth interviews solely dedicated 
to uncertainty in a subset of patients not previously interviewed. Thus, we hoped to 
achieve a more comprehensive exploration of the patients’ awareness of and views on 
epistemic uncertainty (consisting of the imprecision of risk estimates and their appli-
cability to an individual patient), and the unpredictability of single events (i.e. aleatory 
uncertainty). We extended the inclusion period of the main study to recruit patients for 
these latter interviews. Expecting to need at least 15 interviews to reach saturation, we 
approached 15 consecutive patients not previously interviewed with whom probabilities 
had been discussed during the consultation. We conducted the in-depth interview only 
if patients indicated that probabilities had been discussed, irrespective of whether this 
had indeed been the case (according to the audiotapes). After 12 in-depth interviews, 
no new themes had emerged. Consequently, we ended inclusion and completed three 
already scheduled interviews.

On average, in-depth interviews took place within four days of the consultation (range: 
0-12 days), either in person (N=10) or, by telephone if preferred (N=5). We recruited 
and informed patients in the same way about the study as the patients of the standard 
interviews. First, we used an ‘Open probe’ not introducing the concept of uncertainty, 
to assess whether patients spontaneously referred to the uncertainty associated with 
the probabilities. Thereafter, we probed patients’ perception of the uncertainty asso-
ciated with the survival probabilities discussed during the consultation. We also asked 
patients whether - to the best of their recollection - uncertainty had been discussed 
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during the consultation and whether they thought it important to hear about such 
uncertainty during the consultation (see Appendix A for the probes on uncertainty used 
in the in-depth interviews). 

Table 1 Patients and consultation characteristics (N (%))

Overall
N=198

Standard
interview sample

N=183 

In-depth

interview sample*

N=15

Mean age in years (range) 59 (32-90) 59 (32-90) 54 (37-73)

Recruited at
Academic medical center
General teaching hospital

52 (26)
146 (74)

47 (26)
136 (74)

5
10

Education
Low
Intermediate
High
Missing

30 (19)
82 (52)
45 (29)

41

27 (19)
78 (54)
40 (28)

38

3
4
5
3

Numeracy
Low
Intermediate
High
Missing

33 (21)
42 (26)
84 (53)

39

31 (21)
39 (27)
77 (52)

36

2
3
7
3

Median duration of 
consultation in minutes 
(range)

28 (5-80) 28 (5-80) 27 (17-62)

Treatment discussed
Chemotherapy
Endocrine therapy
Both

21 (11)
21 (11)

156 (79)

19 (10)
20 (11)

144 (79)

2
1

12

* For one patient with whom we conducted an in-depth interview, audiotaping of the consultation failed.

Patient and oncologist questionnaire
Patients completed a written survey after having been interviewed assessing age 
and education level (defined using the highest level of schooling/vocational training 
completed) as well as objective numeracy, i.e., their ability to understand and use 
numbers. We used the seven expanded numeracy items proposed by Lipkus et al. (5). 
Scores (range: 0-7) were divided into three categories (low numeracy= 0-2; intermediate 
numeracy= 3-5; high numeracy= 6-7). 

After patient recruitment was closed, we asked oncologists to fill out a survey to obtain 
their age, gender, and number of years of experience with the systemic treatment of 
breast cancer. They were also asked to indicate their reluctance to disclose uncertainty 
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to patients on the relevant subscale of the Physicians’ Reactions to Uncertainty Scale 
(example of items: “When physicians are uncertain of a diagnosis, they should share this 
information with their patients”, and “If I shared all of my uncertainties with my patients, 
they would lose confidence in me”) (16) (scored on a six-point Likert scale, range 
between 5-30, with higher scores indicating greater reluctance towards disclosure).
Finally, we asked oncologists to indicate the frequency with which during consultations 
they discussed epistemic and aleatory uncertainty with patients on five-point Likert 
scales (categories: never, seldom, sometimes, often, and always). 

Coding and analyses 
Consultations 
Two trained researchers analyzed the content of the consultations to ascertain which 
treatment had been discussed (chemotherapy, endocrine therapy or both) and identify 
references to epistemic (yes/no) and aleatory uncertainty (yes/no). 

Due to time constraints, it proved impossible to transcribe all consultations. Therefore, 
consultations were analyzed either directly from a verbatim transcription (N=94/197 
(48%)) or from audio (N=103/197 (52%)). The coders first coded ten transcripts inde-
pendently. Inter-rater agreement was 100%. To also ensure the reliability of coding 
directly from audio, each coder coded a sample of consultations (N=13-16) that had 
already been coded from transcript minimally three months after the original coding. 
The agreement between coding from audio and transcripts was again high (81% and 
83%, respectively). As the agreement between coders was good, one researcher 
performed final coding.

Patient interviews
Patients’ answers to the uncertainty probes in the Standard Interviews were transcribed. 
To categorize emerging themes, the research team developed an initial codebook based 
on the literature and open coding by two researchers of a subset of five consultations, 
thereafter it was refined and applied. This process was repeated several times, and 
the categories in the codebook are based on the coding of a subset of 30 interviews. 
The content of all standard interviews was double-coded by two trained researchers 
independently, and discrepancies were resolved in consensus meetings.

All 15 in-depth interviews were transcribed verbatim and coded independently by the 
two trained researchers, using the same categories used to code the standard inter-
views as a starting point. New categories were added as encountered. Discrepancies 
were resolved in consensus meetings.
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Table 2 Oncologist characteristics (N=18)

N (%)

Median age in years (range)
Missing

42 (30-66)
7

Gender (male) 12 (44)

Experience with breast cancer systemic treatment (in years)
≤ 5 
6-10 
>10
Missing 

9 (45)
2 (10)
9 (45)

7

Oncologists’ reluctance to disclose uncertainty to patients (median (range))*

Missing
13 (5-17)

7

Self-reported frequency of disclosure of uncertainty (% often and always)
Aleatory uncertainty (i.e., the unpredictability of single events)

15 (79)

Epistemic uncertainty, specifically:
precision of prognostic estimates
applicability to an individual

9 (47)
8 (42)

Missing 8

* Five-item reluctance to disclose uncertainty to patients subscale of the Physicians’ Reactions to 
Uncertainty Scale (16), scored on a six-point Likert scale; the higher the score, the greater the reluctance 
towards disclosing uncertainty to patients (score range: 5-30).

Finally, the two coders independently grouped the 40 categories (i.e., themes) identi-
fied during the coding of both the standard and in-depth interviews into overarching 
domains for presentation purposes. The definitive grouping was established through 
further discussion and consensus among members of the research team (see Table 3 
for the Standard Interview themes and Figure 2 for the In-depth Interview domains).
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Results

We included 198 patients (Mdn age =59 years; range: 32-90). Overall, 74% of patients 
were recruited at general teaching hospitals, 29% were highly educated, and 53% were 
highly numerate (Table 1). The median duration of the consultations was 28 minutes 
(range: 5-80). Audiotaping of the consultation was successful for all patients except 
one. In 79% of consultations Adjuvant!’s prognostic estimates were presented orally 
and its output was displayed visually on the computer screen and/or on a printout of 
the output. The standard interview was conducted with 170 of the 198 patients, the 
in-depth interview was conducted with 15 patients, and no interview was conducted 
with 13 patients (nine patients could not be reached by telephone within 1 week after 
the consultation, and four declined to be interviewed).

Twenty-seven medical oncologists (Mdn age = 42 years; range: 30-66) recruited patients 
(Mdn=7 patients per oncologist; range: 1-33) (Table 2). Twenty oncologists (partially) 
completed the survey (74%), of whom 12 had more than 10 years of experience in this 
setting. Oncologists showed low to moderate reluctance towards disclosing uncertainty 
to patients (Mdn=12 out of a maximum of 30 points; range: 5-17). Nine of the 19 
oncologists said they often or always discuss epistemic uncertainty (i.e. the imprecision 
of risk estimates and/or their applicability to a specific patient) during consultations, 
and 15/19 said they often or always discuss the unpredictability of single events.

Consultations
Disclosure of uncertainty during consultations
In about half (N=97/197 (49%)) of the consultations some type of uncertainty was dis-
closed. During these consultations, 107 references to uncertainty were made, of which 
84 (79%) allusions to the unpredictability of single events (aleatory uncertainty). For 
example, one oncologist said: “… [there are] no guarantees. It remains … I always say 
that in reality if you look at an individual it is 100% or 0%. So you either get the disease 
back or you don’t, right. But if you have 100 women, then you have 30 women in whom 
during the course of 10 years, metastases will manifest... And I can’t tell just by looking 
at you whether you are one of the 70 lucky ones or one of the 30 unlucky ones”. The 
remaining 23 (21%) references to uncertainty were allusions to the imprecision of the 
risk estimates and/or their applicability to a specific patient (epistemic uncertainty). 
Allusions to the imprecision of the risk estimates were generally somewhat vague, for 
example: “Of course there always is a margin associated with such statistics”. Utterances 
about the applicability of the probabilities to specific (subgroups of) patients were more 
tangible, for example: “… look these are averages … yes. It’s a large database, and we 
can’t comment on the individual ... the only thing we can do is look at averages. And 
of course, there are always exceptions on both sides”, or “… these probabilities will 
be somewhat different for you … your relapse risk will be higher, because the model 
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[Adjuvant!] does not take the Her2 [Her2neu receptor status] into account”. 

Standard interviews
Patients’ perception of the various types of uncertainty
One hundred forty-four (85%) patients indicated that probabilities had been discussed 
during the consultation. We posed the open probe to them. Of those 144 patients, 97 
(67%) did not make a reference to uncertainty and 47 did. The response to the open 
probe of 12 of these 47 patients contained allusions to more than one aspect of uncer-
tainty, resulting in 62 allusions. Overall, 37/62 allusions were about the unpredictability 
of single events, and 10/62 allusions were about the imprecision of the risk estimates 
or their applicability to a specific patient. The remaining 15/62 allusions were general 
statements without further clarification as to what the patient was aiming at (e.g., “It’s 
just statistics …” or “… it’s statistically a substantial reduction of my recurrence risk”) 
or statements about the patients’ struggle to cope with uncertainty. Table 3 presents 
patients’ utterances about uncertainty during the standard interview. 

Understanding of imprecision 
The imprecision probe was posed to 80% (115/144) of patients who indicated prob-
abilities had been communicated. This probe was not posed to 29 patients as the 
interviewer felt they were too emotional and/or had too limited understanding of the 
probabilities to allow probing. We found that patients generally seemed to struggle 
with what we were asking them. Patients seemed to think that we were asking them 
whether the probabilities they had heard during the consultation were correct, e.g., “I 
think they calculated that [the probabilities] correctly. Yes, I’m confident about that”. 
Fifteen out of the 115 patients (13%) indicated they were unable to provide an answer. 
The 100 patients that did provide an answer made 178 allusions to uncertainty (Table 
3). We were asking patients about the imprecision of the risk estimates, yet only 35% 
(63/178) of utterances referred to imprecision.

One out of three patients who alluded to imprecision (20/63) indicated that the proba-
bilities were exact, i.e., they reported no uncertainty about the probability. About one 
out of four (41/178) utterances were an allusion to the inapplicability of probabilities to 
an individual, and 23% (41/178) of utterances were an allusion to the unpredictability 
of single events. The remaining 26 of the 178 (15%) remarks were statements about 
patients’ struggle to cope with uncertainty or vague allusions to uncertainty (e.g., “… 
it’s just statistics”).

In-depth interviews
Figure 1 provides an overview of the themes identified in the 15 in-depth interviews 
(see Table 1 for patients’ socio-demographic characteristics). When we posed the open 
probe, 26 unique references to uncertainty were made, whereas 66 unique references 



179

Disclosure of uncertainty in clinical practice and patients’ perceptions thereof

7

were made after we posed the probes about the unpredictability of single events 
(aleatory uncertainty), and the imprecision of the risk estimates, their applicability to a 
specific patient (epistemic uncertainty). Fourteen of the 26 references to uncertainty 
following the open probe alluded to the unpredictability of single events, four alluded 
to the imprecision of the risk estimates, one alluded to the applicability of the proba-
bilities to a specific patient, and seven were vague allusions to uncertainty or patients’ 
struggle to cope with uncertainty.

Again patients seemed to have difficulty understanding what we were asking them 
when we probed specific elements of uncertainty. Patients mainly struggled with probes 
about the imprecision of the risk estimates and their applicability to a specific patient. 
Box 1 provides excerpts from an interview as an illustration of the struggle to formu-
late answers and inconsistencies between a patient’s utterances. Of the six patients 
who indicated that there was no uncertainty with regard to the precision of prognostic 
estimates, four were highly numerate. Utterances about the imprecision of the risk 
estimates and their applicability to a specific patient frequently contained (logical) 
inconsistencies. An overview of inconsistent utterances within patients is provided in 
appendix Table 1 (enclosed in boxes).
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Discussion

We investigated whether and which type of uncertainty oncologists disclose during 
consultations and explored patients’ perceptions of the uncertainty associated with the 
probabilities discussed during their consultation. Additionally, we queried oncologists 
about their willingness to discuss uncertainty, and their practice in this regard. We 
found that communication of uncertainty is limited. First, oncologists talked about 
uncertainty in only half of the consultations. Second, if they did discuss uncertainty, 
oncologists infrequently discussed the imprecision of the risk estimates (epistemic or 
2nd-order uncertainty), despite its potential relevance in the context of risk estimates 
produced by prediction models. Furthermore, the discussions that did occur most often 
consisted of vague allusions to imprecision. If oncologists referred to uncertainty, it 
was mostly (4 out of 5) an allusion to the unpredictability of single events (aleatory or 
1st-order uncertainty). 

The focus on disclosure of the unpredictability of single events may not be surprising 
as this type of uncertainty (‘aleatory uncertainty’) is relatively straightforward to discuss 
and comprehend. People are generally aware of the unpredictability of future events. 
Conversely, comprehending epistemic uncertainty (i.e. uncertainty about the precision 
of the risk estimates and their applicability to a specific patient) requires insight into the 
nature of probability and the origin of probability estimates. Clinicians may be hesitant 
to further complicate matters by bringing up a complex construct such as epistemic 
uncertainty bearing in mind that many people, even those highly educated, struggle 
to understand probabilistic information (1, 5). Moreover, the goal of discussing survival 
probabilities during consultations is to inform patients about their prognosis with and 
without adjuvant systemic treatment, and ultimately to help patients pass judgment 
about whether or not undergoing treatment is worthwhile (13). Clinicians may not want 
to undermine patients’ confidence in probabilities by highlighting the limitations in their 
reliability or accuracy. Additionally, even if oncologists wish to discuss the imprecision 
of probabilities, this intent might be subverted by the fact that Adjuvant!, like other 
prediction models, does not provide such information. Perhaps due to the absence 
of information about precision, allusions to (im)precision were often somewhat vague. 

Our study also shows that eliciting patients’ perceptions of uncertainty is methodologi-
cally difficult. This may be due to the abstract nature of uncertainty. In addition, people 
may generally not give much thought to such uncertainty, possibly also for reasons 
of coping. As we interviewed patients shortly (within one week) after the consultation 
with their medical oncologist, it may have been difficult for them to delve too deeply 
into this topic. At the time of the consultation, they were still recuperating from sur-
gery or undergoing radiotherapy. They may not have had the time to process all that 
happened to them recently and put it into perspective. Our questions may also have 
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caused anxiety by making patients aware of the fallibility of the probabilities guiding 
their treatment decisions. This posed a moral dilemma for the interviewers; they found 
themselves trying to find a balance between obtaining an answer to the research 
question and not distressing patients.
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They dealt with this problem by dropping the probe if they perceived signs of appre-
hension in patients and then did not push the subject any further, even without having 
gotten a clear answer. This strategy limited the amount of information gained from 
the standard interviews and the potential inferences we can draw about patients’ 
understanding of uncertainty. A deeper understanding requires probing much further 
in spite of patients’ (perceived) apprehension. The face-to-face in-depth interviews 
were easier in this respect, but in those, we still ran into substantial incomprehension, 
perhaps mixed in with some apprehension and/or denial.

Patient A (61 years, highly numerate with stage II disease), her views on:

- the certainty of the survival probabilities: 
“I cling to it [survival probability], whilst I secretly think, everyone is unique, so you never know. Yet, I 
still put a lot of… have a lot of faith in them [probabilities]”

- the precision of the survival probabilities: 
“… uhm I’ve never thought about it [precision of probabilities]. But now I do think about it, I think it 
[the probability] does fluctuate a little. Yes, so not exactly 10, it could also be 11.”

“… but I think it’s more… what is precise? I don’t know whether they [oncologists] can say it [survival 
probability] so precisely, that it’s [survival probability] not greater than 10%. But I do think that if it 
had been 11% she would’ve told me. Yes… I’m confident about that, so it [survival probability] is 
exact.”

 “… on average it [survival probability] could also be higher. If you are in a group [with specific 
prognostic characteristics], you’re in that group… and if you say that on average you have 10% 
chance of getting it [cancer] again… I’m not so good at this.... I don’t think in terms of averages, 
because then it [10-year recurrence risk] could also be 5 or 15. I want to think about the 10% 
[recurrence risk after adjuvant treatment discussed during the consultation].”

- whether her oncologist can predict her prognosis and to what extent available survival 
probabilities apply her personally: 
“I think so [it is possible to predict prognosis for an individual], but she [the oncologist] did not do it. 
She explained that I was in a certain group, but not everyone in that group is exactly the same… but 
an individual risk [estimate] might be possible. No no no, she based it [probabilities] on the group…” 

“I do think she could have been more specific, but whether that would’ve been useful, a single 
percent [higher or lower on an individual level]. If you got your own percentage [survival probability] it 
could deviate from 10… a little bit. It wouldn’t be far off.”

Box 1 Example of answers during an in-depth interview

Patients seemed to struggle with information about uncertainty. This was most true 
for the imprecision in probability estimates (epistemic uncertainty), and least with the 
fundamental inability to predict individual futures (aleatory uncertainty). We observed 
many logical contradictions in patients’ answers. In addition, if not specifically asked 
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about uncertainty, only about one in four referred to uncertainty, and three out of five 
of those utterances were allusions to the unpredictability of single events. Even when 
we specifically asked about the imprecision of risk estimates and their applicability to 
a specific patient, almost one in four utterances were allusions to the unpredictability 
of single events. It is unclear whether patients do not perceive epistemic uncertainty, 
or whether they did not understand what we were asking them. For example, when 
asked about imprecision, patients seemed to think that we were asking whether the 
probabilities were true – i.e., whether their oncologist had got them right or whether he/
she had been truthful with them. They seemed unable to reconcile the thought that a 
probability can be correct and at the same time not be exact. These seemingly incom-
patible realities may account for some of the inconsistencies in patients’ perceptions 
of uncertainty. Previous reviews have also identified a struggle to reconcile seemingly 
incompatible realities; in those cases, patients tried to reconcile the need to be fully 
informed about prognosis with not being overwhelmed with complex medical informa-
tion (17, 18). Patients seem to use ‘positive thinking’, or even an element of denial in 
their recall of prognostic information (19, 20). Perhaps such coping strategies also play 
a role here, which may at least partly explain the logical inconsistencies we observed. 

Most patients seem to realize that the unpredictability of single events is inherent 
to probabilities, but across education and numeracy levels they do place value on 
probability information. These probabilities seem to satisfy patients’ need to have some 
sense of certainty to cling to (e.g., “I attach a lot of value [to the probabilities] ... in truth, 
I cling to them [probabilities], even though I think to myself, everyone is unique…”). 
Patients seem to perceive the unpredictability of single events as an inevitable part of 
life (e.g., “…there are no guarantees in life, not with this [cancer]… not with anything.”), 
but uncertainty about the precision of the risk estimates and their applicability may be 
more challenging to cope with. Acknowledging this type of uncertainty may undermine 
the sense of security some patients seem to derive from the probabilities communicated 
during the consultation (e.g., “I don’t think in terms of averages, because then it [10-year 
recurrence risk] could also be 5 or 15. I want to think about the 10% recurrence risk 
after adjuvant treatment discussed during the consultation”). Conversely, it has been 
suggested that if explicit prognostic information, including its associated uncertainty, 
is coupled with appropriate emotional support it could be a way of decreasing anxiety, 
generating greater self-efficacy and ultimately achieving a better quality of life (21). 
Research is needed to investigate whether this approach is effective in the curative 
setting. 

This is the first study to investigate disclosure of uncertainty during real-time consulta-
tions, and to explore perceptions of uncertainty in a large sample of patients. Currently, 
it is increasingly common for clinicians to discuss probabilities during consultations with 
patients. Whether disclosure of uncertainty should be part of risk communication or 
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not, however, is a matter of debate. This debate has so far been based on ethical and/
or practical concerns. The available evidence is limited and most work in this area has 
been experimental or focused on healthy subjects’ perceptions of uncertainty (e.g., (2)).
Therefore, although informative, the currently available evidence might not be the best 
indication of how actual patients, especially those facing a potentially life-threatening 
illness, perceive and understand information about uncertainty. 

We did not assess whether uncertainty was communicated during consultations in 
which prognostic estimates were not communicated. The current debate revolves 
around whether the uncertainty surrounding risk estimates (e.g., survival estimates) 
should be communicated whenever these risk estimates are communicated to patients. 
Therefore, we opted to focus on consultations in which prognostic estimates had 
been discussed. Further, in the consultations in which no prognostic estimates were 
discussed, oncologists can only have discussed aleatory uncertainty. 

Our study showed that there is wide variability in the communication of uncertainty, 
and that clarity is often lacking. Oncologists infrequently fully inform their patients 
about uncertainty around the probabilities given. This is especially true for the uncer-
tainty concerning precision and applicability to individuals. When communicated, such 
information turns out to be difficult to understand. If clinicians wish patients to become 
aware of this type of uncertainty, its inherent complexity makes it imperative that such 
information be presented in a clear manner. Otherwise, the meaning behind clinicians’ 
statements is likely to be lost on most patients. Witteman et al. developed pictographs 
with animated random dispersal of risk events, and the effect of such pictographs has 
been evaluated in healthy subjects (22, 23). Such visual display formats could facili-
tate communication about uncertainty, and increase patient awareness of the random 
nature of probabilities. However, no clear guidance exists today on how best to inform 
patients about uncertainty, more research is needed. In the meantime, it is clear that it 
is important to raise awareness in communication skills training about the importance 
of clearly formulating information about uncertainty if oncologists choose to discuss it 
with patients. For now it seems that patients can grasp aleatory uncertainty, but have 
difficulty with epistemic uncertainty.

It was not our aim to assess whether or not there is a discrepancy between oncologists’ 
perception about the frequency with which they disclose uncertainty and their actual 
disclosure. To answer this question, oncologists should be asked after each consultation 
whether or not they communicated uncertainty. Such a question could have predisposed 
oncologists to discuss uncertainty more often than they normally would have, hindering 
our aim, i.e., to observe what currently happened in clinical practice. It may be of value 
for future research to explore whether or not oncologists’ perception about how often 
they disclose uncertainty is congruent with observed disclosure during consultations. 
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Oncologists might feel they communicated uncertainty, but for example the way they 
formulate this information is not clear or explicit enough. Indeed in the current study 
we found that especially communication about epistemic uncertainty was somewhat 
vague. Results of such studies may help shape communication training. 

Interestingly, the moral dilemma we encountered while probing patients during the 
interviews is comparable to the difficulty oncologists face, trying to balance com-
plete information provision and not causing unnecessary confusion and/or distress 
in patients, and not overwhelming them with too much information. If the problems 
we encountered during the interviews mainly arise from a lack of understanding, the 
focus of future research should be on how clinicians can best inform their patients 
about uncertainty. Alternatively, perhaps the most urgent question currently is whether 
uncertainty should be communicated at all. If indeed not paying attention to uncertainty 
may help patients to better cope with their disease, the imperative of autonomy and 
full disclosure may contradict that of well-being (24, 25). Our findings suggest that the 
question how to communicate the uncertainty of risk estimates may be secondary to 
the question whether patients benefit from such information. This dilemma deserves 
careful consideration in future research.
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Appendix A Interview protocol to explore patient awareness and perceptions about 
uncertainty

1. Open probe assessing patients’ awareness of the uncertain nature of the 
prognostics estimates discussed if this is not brought up by the interviewer (= 
open probe without priming): 
Open probe assessing patients’ awareness of uncertainty associated with the survival 
estimates, without introducing the concept of uncertainty: What did you think about 
when you first heard these probabilities?

Then the interviewer explicitly stated that some of the questions that would next be 
posed might be a bit abstract and difficult. We made clear that we were in no way 
implying that she did not understand the information correctly or that her oncologist 
withheld information or provided her with incorrect information. We explained that we 
only wanted to know if she has ever thought about the following concepts and what 
her views are.

2. Probes for specific elements of uncertainty:

a. Open probe assessing patients’ views on the certainty of the survival estimates, after 
introducing the concept of uncertainty (= certainty probe): We have just talked about 
the probabilities from ...[name source].. you had talked about with dr…. In your opinion, 
how certain are the risk estimates your doctor gave you? How much confidence or 
faith do you have in those probabilities?

b. Probe assessing patients’ views on the precision of the risk estimates (= precision 
probe): How precise or exact do your risk estimates seem? [pause, allowing the patient 
room to respond] For example, do you think it’s possible that your actual risk is higher 
or lower?

c. Probe assessing patients’ views on their oncologist’s ability to predict single events 
(= predicting future/applicability to individual probe): 
• In your opinion, to what extent do you think your oncologist is able to predict your 

prognosis, for you as an individual?
• To what extent do you feel the risk estimates you discussed with your oncologist 

apply to you personally?

3. Probe to assess whether patients felt they had been informed about uncertainty:

a. We have talked at length about your views on how exact the probabilities you dis-
cussed with dr. … are and whether you think they apply to you personally. We were 
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keen to find out whether you had ever given it any thought and what your thoughts 
are on this subject. We would also like to know, did you discuss any of these issues 
with your oncologist?
b. If patient answers yes:
What did dr. … say about this?



194

Chapter 7 

Ap
pe

nd
ix

 T
ab

le
 1

 O
ve

rv
ie

w
 o

f p
at

ie
nt

s’
 c

ha
ra

ct
er

is
tic

s,
 p

ro
be

s 
po

se
d 

an
d 

th
em

es
 d

is
cu

ss
ed

 in
 th

e 
In

-d
ep

th
 in

te
rv

ie
w

s

Pa
rti

ci
pa

nt
 ID

P1
1

P1
2

P1
3

P1
4

P1
5

P2
1

P2
2

P2
3

P2
4

P2
5

P2
6

P2
7

P2
8

P3
1

P3
2

N

O
ve

rv
ie

w
 o

f p
ro

be
s 

th
at

 th
e 

in
te

rv
ie

w
er

 p
os

ed
a

O
pe

n 
pr

ob
es

W
ith

ou
t p

rim
in

g
x

x
x

x
x

x
x

x
x

x
x

x
x

x
x

15

W
ith

 p
rim

in
g

x
x

x
x

x
x

x
x

x
9

Ep
is

te
m

ic
 u

nc
er

ta
in

ty

Pr
ec

isi
on

 o
f t

he
 e

st
im

at
es

x
x

x
x

x
x

x
x

x
x

x
11

Ap
pl

ic
ab

ilit
y 

to
 in

di
vid

ua
l p

ro
be

x
x

x
x

x
x

x
x

x
x

10

Al
ea

to
ry

 u
nc

er
ta

in
ty

Pr
ed

ic
tin

g 
fu

tu
re

 e
ve

nt
s 

pr
ob

e
x

x
x

x
x

x
x

x
x

x
10

Pa
tie

nt
 p

er
ce

pt
io

n 
w

he
th

er
 o

nc
ol

og
is

t d
is

cu
ss

ed
 u

nc
er

ta
in

ty
x

x
x

x
x

x
x

7

Pa
tie

nt
 u

tte
ra

nc
es

 a
bo

ut
 u

nc
er

ta
in

ty
 m

ad
e 

af
te

r t
he

 in
te

rv
ie

w
er

 p
os

ed
 th

e 
O

pe
n 

Pr
ob

e

N
o 

ut
te

ra
nc

es
 a

bo
ut

 u
nc

er
ta

in
ty

x
x

x
3

Al
lu

si
on

s 
to

 a
le

at
or

y 
un

ce
rta

in
ty

In
ab

ilit
y 

to
 p

re
di

ct
 s

in
gl

e 
ev

en
ts

x
x

x
x

x
x

6

It’
s 

al
l o

r n
ot

hi
ng

x
x

2

Th
er

e 
ar

e 
no

 g
ua

ra
nt

ee
s 

in
 li

fe
x

x
x

x
x

5

Ab
br

ev
ia

tio
ns

: N
= 

nu
m

be
r; 

X=
 y

es
 

a=
 s

ee
 A

pp
en

di
x 

2 
fo

r t
he

 in
te

rv
ie

w
 p

ro
to

co
l



195

Disclosure of uncertainty in clinical practice and patients’ perceptions thereof

7

Ap
pe

nd
ix

 T
ab

le
 1

 c
on

tin
ue

d 
O

ve
rv

ie
w

 o
f p

at
ie

nt
s’

 c
ha

ra
ct

er
is

tic
s,

 p
ro

be
s 

po
se

d 
an

d 
th

em
es

 d
is

cu
ss

ed
 in

 th
e 

In
-d

ep
th

 in
te

rv
ie

w
s

Pa
rti

ci
pa

nt
 ID

P1
1

P1
2

P1
3

P1
4

P1
5

P2
1

P2
2

P2
3

P2
4

P2
5

P2
6

P2
7

P2
8

P3
1

P3
2

N

Pa
tie

nt
 u

tte
ra

nc
es

 a
bo

ut
 u

nc
er

ta
in

ty
 m

ad
e 

af
te

r t
he

 in
te

rv
ie

w
er

 p
os

ed
 th

e 
O

pe
n 

Pr
ob

e

It’
s 

a 
lo

tte
ry

x
1

Al
lu

si
on

s 
to

 e
pi

st
em

ic
 u

nc
er

ta
in

ty

A.
 P

re
ci

si
on

 o
f t

he
 e

st
im

at
es

Es
tim

at
es

 a
re

 e
xa

ct
 –

 n
o 

un
ce

rta
in

ty
 a

bo
ut

 p
re

ci
sio

n
x

1

Es
tim

at
es

 a
re

 n
ot

 fi
xe

d
0

Th
er

e 
is 

a 
m

ar
gi

n 
ar

ou
nd

 th
e 

es
tim

at
es

x
x

2

U
nc

er
ta

in
ty

 a
ss

oc
ia

te
d 

w
ith

 th
e 

m
od

el
 u

se
d 

to
 c

al
cu

la
te

 
pr

ob
ab

ilit
ie

s
0

Pr
ec

isi
on

 d
ep

en
ds

 o
n 

sa
m

pl
e 

siz
e

 
 

 
 

 
 

 
 

 
 

 
 

 
 

x
1

B.
 A

pp
lic

ab
ili

ty
 o

f t
he

 e
st

im
at

es
 to

 in
di

vi
du

al
s 

U
ns

ur
e 

w
he

th
er

 in
di

vid
ua

l p
ro

ba
bi

lit
ie

s 
ca

n 
be

 c
om

pu
te

d
0

N
o 

un
ce

rta
in

ty
 a

bo
ut

 th
e 

ap
pl

ic
ab

ilit
y 

to
 a

n 
in

di
vid

ua
l

0

Th
e 

pr
ob

ab
ilit

ie
s 

ar
e 

av
er

ag
es

0

Pr
ob

ab
ilit

ie
s 

on
ly 

ap
pl

y 
at

 g
ro

up
 le

ve
l

x
1

Ab
br

ev
ia

tio
ns

: N
= 

nu
m

be
r; 

X=
 y

es
 

a=
 s

ee
 A

pp
en

di
x 

2 
fo

r t
he

 in
te

rv
ie

w
 p

ro
to

co
l



196

Chapter 7 

Ap
pe

nd
ix

 T
ab

le
 1

 c
on

tin
ue

d 
O

ve
rv

ie
w

 o
f p

at
ie

nt
s’

 c
ha

ra
ct

er
is

tic
s,

 p
ro

be
s 

po
se

d 
an

d 
th

em
es

 d
is

cu
ss

ed
 in

 th
e 

in
-d

ep
th

 in
te

rv
ie

w
s

Pa
rti

ci
pa

nt
 ID

P1
1

P1
2

P1
3

P1
4

P1
5

P2
1

P2
2

P2
3

P2
4

P2
5

P2
6

P2
7

P2
8

P3
1

P3
2

N

Pa
tie

nt
s’

 u
tte

ra
nc

es
 a

bo
ut

 u
nc

er
ta

in
ty

 m
ad

e 
af

te
r t

he
 in

te
rv

ie
w

er
 p

os
ed

 th
e 

O
pe

n 
Pr

ob
e

G
en

er
al

 re
m

ar
ks

 a
bo

ut
 u

nc
er

ta
in

ty
 

Th
es

e 
ar

e 
ju

st
 s

ta
tis

tic
al

 p
ro

ba
bi

lit
ie

s
x

x
x

x
4

Va
gu

e 
al

lu
sio

n 
to

 g
ro

up
 s

ize
 o

r c
at

eg
or

iza
tio

n
x

1

C
op

in
g 

w
ith

 u
nc

er
ta

in
ty

x
x

2

Pa
tie

nt
s’

 u
tte

ra
nc

es
 a

bo
ut

 u
nc

er
ta

in
ty

 m
ad

e 
af

te
r t

he
 in

te
rv

ie
w

er
 p

os
ed

 p
ro

be
s 

fo
r s

pe
ci

fic
 e

le
m

en
ts

 o
f u

nc
er

ta
in

ty

Al
lu

si
on

s 
to

 a
le

at
or

y 
un

ce
rta

in
ty

In
ab

ilit
y 

to
 p

re
di

ct
 s

in
gl

e 
ev

en
ts

x
x

x
x

x
x

x
x

8

It’
s 

al
l o

r n
ot

hi
ng

x
1

Th
er

e 
ar

e 
no

 g
ua

ra
nt

ee
s 

in
 li

fe
x

x
x

x
x

5

It’
s 

a 
lo

tte
ry

x
x

2

Al
lu

si
on

s 
to

 e
pi

st
em

ic
 u

nc
er

ta
in

ty

A.
 P

re
ci

si
on

 o
f t

he
 e

st
im

at
es

Pr
ob

ab
ilit

ie
s 

ar
e 

ex
ac

t -
 n

o 
un

ce
rta

in
ty

 a
bo

ut
 p

re
ci

sio
n

x
x

x
x

x
x

6

Es
tim

at
es

 a
re

 n
ot

 fi
xe

d
x

x
x

x
x

5

Th
er

e 
is 

a 
m

ar
gi

n 
ar

ou
nd

 th
e 

es
tim

at
es

x
x

x
4

Ab
br

ev
ia

tio
ns

: N
= 

nu
m

be
r; 

X=
 y

es
a=

 s
ee

 A
pp

en
di

x 
2 

fo
r t

he
 in

te
rv

ie
w

 p
ro

to
co

l



197

Disclosure of uncertainty in clinical practice and patients’ perceptions thereof

7

Ap
pe

nd
ix

 T
ab

le
 1

 c
on

tin
ue

d 
O

ve
rv

ie
w

 o
f p

at
ie

nt
s’

 c
ha

ra
ct

er
is

tic
s,

 p
ro

be
s 

po
se

d 
an

d 
th

em
es

 d
is

cu
ss

ed
 in

 th
e 

in
-d

ep
th

 in
te

rv
ie

w
s

Pa
rti

ci
pa

nt
 ID

P1
1

P1
2

P1
3

P1
4

P1
5

P2
1

P2
2

P2
3

P2
4

P2
5

P2
6

P2
7

P2
8

P3
1

P3
2

N

U
nc

er
ta

in
ty

 a
ss

oc
ia

te
d 

w
ith

 th
e 

m
od

el
 u

se
d

x
x

2

Pr
ec

isi
on

 d
ep

en
ds

 o
n 

sa
m

pl
e 

siz
e

x
1

B.
 A

pp
lic

ab
ili

ty
 o

f t
he

 e
st

im
at

es
 to

 in
di

vi
du

al
s

U
ns

ur
e 

w
he

th
er

 in
di

vid
ua

l p
ro

ba
bi

lit
ie

s 
ca

n 
be

 c
om

pu
te

d
x

1

N
o 

un
ce

rta
in

ty
 a

bo
ut

 th
e 

ap
pl

ic
ab

ilit
y 

to
 a

n 
in

di
vid

ua
l

x
x

x
x

x
x

6

Th
e 

es
tim

at
es

 a
re

 a
ve

ra
ge

s
x

x
x

x
x

x
6

Es
tim

at
es

 o
nl

y 
ap

pl
y 

at
 g

ro
up

 le
ve

l
x

x
x

x
x

x
x

x
x

9

Pa
tie

nt
s’

 u
tte

ra
nc

es
 a

bo
ut

 u
nc

er
ta

in
ty

 m
ad

e 
af

te
r t

he
 in

te
rv

ie
w

er
 p

os
ed

 p
ro

be
s 

fo
r s

pe
ci

fic
 e

le
m

en
ts

 o
f u

nc
er

ta
in

ty

G
en

er
al

 re
m

ar
ks

 a
bo

ut
 u

nc
er

ta
in

ty

Th
es

e 
ar

e 
ju

st
 s

ta
tis

tic
al

 e
st

im
at

es
x

x
x

x
x

x
6

Va
gu

e 
al

lu
sio

n 
to

 g
ro

up
 s

ize
 o

r c
at

eg
or

iza
tio

n
x

x
x

3

C
op

in
g 

w
ith

 u
nc

er
ta

in
ty

x
1

Pa
tie

nt
 in

di
ca

te
d 

th
at

 u
nc

er
ta

in
ty

 h
ad

 b
ee

n 
di

sc
us

se
d 

by
 

on
co

lo
gi

st
x

1

Ab
br

ev
ia

tio
ns

: N
= 

nu
m

be
r; 

X=
 y

es
a=

 s
ee

 A
pp

en
di

x 
2 

fo
r t

he
 in

te
rv

ie
w

 p
ro

to
co

l




