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Breast cancer

Breast cancer is the most prevalent cancer diagnosis in women in the world, and in the 
Netherlands (1). 

Per year, worldwide around 2.1 million women receive a diagnosis of breast cancer, of which 
1,500 women in the Netherlands (2). The incidence of breast cancer in the Netherlands 
is rising and has doubled since 1989. The lifetime risk for Dutch women to suffer from 
breast cancer is 1 in 7, and 1 in 27 women die from breast cancer in the Netherlands. In 
addition, around 2300 Ductal Carcinoma In Situ (DCIS) cases are diagnosed per year in the 
Netherlands. A large proportion of cases is diagnosed through the national breast cancer 
screening program while still in a low stadium (3).

Breast cancer treatment
Breast cancer is a heterogeneous disease, resulting in different treatments for individual 
patients (4). Most patients are treated with a multi-modality treatment, meaning that 
more than one treatment is given. 90% of patients are treated with surgery, being either 
breast-conserving surgery or a mastectomy; 68% receive radiotherapy (RT), 45% receive 
hormonal therapy, 32% chemotherapy, and 10% targeted therapy (5). The 10-year local 
recurrence risk for the entire breast cancer population in the Netherlands is 4.7%. This is 
3.0% for regional recurrence and 15% for distant metastasis. The individual recurrence risk 
for patients varies widely, depending on the patient’s personal situation, the treatment 
and tumor characteristics (4).

Breast cancer radiotherapy
As stated before, 68% of Dutch breast cancer patients are treated with RT. This high 
rate is related to the high rate of patients treated with breast-conserving surgery in 
the Netherlands. Most patients treated with breast-conserving surgery are also offered 
(whole) breast RT (6). Post-operative RT for breast cancer patients has proven to reduce the 
risk of a local recurrence significantly (7). In general, post-operative RT reduces the local 
recurrence risk with a factor three to four, independent of the absolute recurrence risk. 
This results in a larger effect of RT when the absolute recurrence risk is high. For example, 
when patients have a 30% recurrence risk after surgery, the absolute effect of RT is large, 
reducing the recurrence risk to approximately 5-10%. However, when the recurrence risk 
after surgery is low, the absolute additional effect or RT is also small (8, 9). Therefore, when 
the recurrence risk after surgery is high (usually > 15-20%), RT is stated to be offered as 
the standard treatment by (inter)national guidelines. When the absolute recurrence risk 
after surgery is considered to be low (< 5%), RT is usually omitted (10). There is, however, 
a gray area between these two groups (11, 12). From an overview of older clinical trials, 
it is estimated that one patient will have a survival benefit for every four patients where 
a local recurrence is prevented by radiotherapy (13). This results in a large benefit in 
survival, in case of a large local recurrence risk reduction. This effect however does not 
always hold in more recent clinical trials, where in specific patient categories no or only 
limited survival benefit is found, also in cases where there is a relatively large reduction in 
local recurrence risk (14). Simultaneously, RT of the breast or chest wall can cause short 
and long-term side effects. The most important short-term side effects are fatigue, skin 

redness and sensitivity, pain, and edema of the breast and chest wall. The most important 
long-term side effects are fibrosis, edema and skin discoloration of the breast and chest 
wall, and rib, heart and lung problems. Although the probability and severity of the side 
effects is related to the radiation dose and the irradiated volume (15), it is difficult to 
predict the extent to which patients will suffer from side effects, since individual radio-
sensitivity varies widely (16-18). The choice for more or less intensive RT is therefore 
considered a preference-sensitive decision in the cases mentioned above. Since breast 
cancer treatments are improving and (local) recurrence rates are decreasing, new debates 
emerge on gray areas, with a focus on de-escalation of treatment (19). Patients who fall 
within this gray area either have little or no survival benefit from the adjuvant RT (20-24).

Gray areas in radiotherapy addressed in this thesis

1. Whole-breast or partial-breast RT for patients with low-risk DCIS treated with breast-
conserving surgery. There is a wide range of literature showing that RT for this group 
significantly lowers the local recurrence risk. The absolute local recurrence risk in DCIS 
patients varies widely, depending on disease and patient characteristics, such as tumor 
grade and size, and age at diagnosis. In DCIS patients, RT halves the local recurrence 
risk. Of the patients who suffer from a local recurrence, in general half the patients 
will develop a new DCIS lesion, while the other half will develop invasive breast cancer 
(20, 25). Therefore, DCIS is treated the same way as invasive breast cancer. National 
and international guidelines recommend offering RT to all DCIS patients treated with 
breast-conserving treatment. Although the effect of RT on local recurrence is apparent, 
especially in patients with an absolute high risk of a local recurrence, no survival benefit 
has been found in large cohort studies for RT after breast-conserving surgery, not even for 
patients with a high local recurrence risk (12, 20). Therefore, a lot of effort has been put 
in investigating which patients might have a benefit in survival from post-operative RT. 
Sagara et al. found that a modified score proposed by Smith et al. (26), based on tumor 
grade, tumor size, and age of the patient at diagnosis, was related to overall survival (24). 
However, this study was based on data from retrospective studies, and other important 
treatment characteristics of the included patients were unknown, such as surgical margins, 
adjuvant hormonal treatment, and the reason for receiving or omitting RT. There is still 
a lot of ongoing research to identify which DCIS patients benefit from post-operative RT 
(27, 28) and to identify the role of surgical margins (29). Furthermore, studies have been 
and are investigating the additional value of a boost dose to the tumor bed (30) and/or 
hormonal treatment (31). However, no firm conclusions can be drawn yet. Fortunately, 
the breast cancer specific survival for all DCIS patients is very high, in the order of over 
90% (20). Patients with a DCIS and a relatively low recurrence risk, consequently, also 
have a low risk of developing invasive breast cancer, and an extremely low risk of dying 
of the disease. Therefore, choosing for post-operative RT or not in this low-risk DCIS 
group is a preference-sensitive decision. The decision is a trade-off between a relatively 
small reduction in local recurrence risk—and therefore a small reduction in the risk of 
developing invasive breast cancer without an expected survival benefit—and with the risk 
of developing side effects of RT.
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2. Whole-breast or partial-breast RT for patients with very low-risk invasive ductal 
carcinoma treated with breast-conserving surgery. Breast-conserving therapy in 
combination with post-operative RT versus mastectomy without postoperative RT are 
considered equally effective treatments in early breast cancer and have thus been the 
standard treatment already for a long time (32). Therefore, all patients treated with 
breast-conserving treatment are offered post-operative RT. Recent literature, though, 
shows that for elderly patients, with a very low absolute post-operative local recurrence 
risk without RT, RT can safely be omitted. In this group of elderly patients, RT does lower 
the recurrence risk but does not result in survival benefit (21, 33). For example, in the 
PRIME II trial, 1326 women of 65 years or older, with low-risk breast cancer and adjuvant 
endocrine therapy, were randomized to receive post-operative RT or not. The 10-year local 
recurrence in these patients was 1.3% for patients treated with post-operative RT versus 
4.1% for patients treated without post-operative RT respectively. Overall survival did not 
differ between both groups (21). Also in a review on patients of >70 years treated with 
breast-conservative treatment, a 5-year local recurrence was found of 2.2% for women 
treated with post-operative RT versus 6.5% for women treated without post-operative 
RT, without any survival benefit (32). Nevertheless, up till recently, post-operative RT for 
these women was considered the standard treatment. There are different trials ongoing 
that investigate whether this could be changed. In the Netherlands, the TOP-1 study is 
open for inclusion: in this prospective cohort study, patients >70 years, with a very low 
risk of breast cancer and without an indication for adjuvant endocrine treatment, are 
offered the option to leave out post-operative RT (TOP-1 study, NL58117.058.16). The role 
of postoperative partial-breast RT (PBI) has been studied in numerous trials (e.g. RAPID 
trial, NSABP trial, IMPORT LOW); in addition, studies have been done and are ongoing 
on the role of pre-operative PBI (e.g. PAPBI-II study NL53862.031.15, ABLATIVE-2). While 
awaiting the results of these studies, post-operative RT in this group can be considered a 
preference-sensitive treatment decision. 

3. Chest wall RT for patients with intermediate-risk breast cancer treated with a mastectomy. 
Literature is inconclusive on the exact benefit of RT in this group. In patients treated 
with a mastectomy, with a low risk of local recurrence (i.e. patients with small indolent 
tumors and no regional disease), there is consensus on not offering post-operative RT. For 
patients with a high local recurrence risk after mastectomy, patients with advanced local 
disease (usually with four or more positive regional lymph nodes), there is consensus on 
offering post-operative RT. In this high-risk group, research has shown that post-operative 
RT results in a significant survival benefit (23). For the intermediate-risk breast cancer 
group (patients with 1-3 positive lymph nodes, or patients with more aggressive tumors 
but without involved lymph nodes), literature is inconclusive on the exact benefit of post-
operative RT. There is evidence that post-operative RT does lower the local recurrence 
risk in this category, as shown in a meta-analysis of 22 trials on post-mastectomy RT (23), 
with an associated reduction in mortality. However, in the trials included in this meta-
analysis, patients were not treated with optimal adjuvant systemic therapy according 
to current standards. The survival of contemporary patients with intermediate risk is 
currently much higher than in the overview trials. Therefore, the survival benefit of post-
mastectomy RT in this intermediate group remains unclear (34). To determine the role of 
radiotherapy in the era of contemporary systemic therapy, between 2006-2013 patients 

in this intermediate group were included in the SUPREMO trial (ISRCTN61145589) and 
randomized between post-operative RT or no post-operative RT (35, 36). Since follow-up 
of this trial for the primary endpoint is overall survival at 10 years, no clear answers are 
expected before 2023. In addition, breast cancer treatments have changed in the last 
decade. More patients are being treated with (novel) neo-adjuvant systemic treatments, 
lowering long-term local recurrence risks. This results in more uncertainty on the effect 
of post-operative chest wall RT. Some guidelines therefore recommend discussing post-
operative RT with the patient (11). 

4. Whole-breast RT with or without an extra boost dose to the tumor bed for patients 
with intermediate-risk breast cancer treated with breast-conserving surgery. Also, in this 
group, there is a clear benefit to the extra boost dose on local recurrence risk. However, 
in randomized clinical trials, no survival benefit has been found of the extra boost dose. 
Between 1989 and 1996, 5,318 patients were included in the EORTC boost/no-boost 
trial and randomized between post-operative whole-breast RT with 50 Gy; patients 
were randomized to receive either and post-operative whole breast RT with 50 Gy with 
an additional dose of 16 Gy at the original tumor bed. This trial showed that the extra 
boost dose halved the local recurrence risk independent of the absolute recurrence risk. 
Therefore, a larger effect on local recurrence risk is seen in patients with a higher absolute 
recurrence risk. However, no effect on survival was found for the boost dose (14, 37). On 
top of that, due to improved breast cancer treatments, the absolute local recurrence rate 
for most breast cancer patients has decreased over the last decade. These lower absolute 
local recurrence risks, therefore, also result in a lower absolute effect of the extra boost 
dose (38). On the other hand, the boost dose does result in potentially more severe side 
effects such as severe breast fibrosis and poor cosmetic outcome (39). Most guidelines 
therefore recommend offering a boost dose to patients with a higher absolute recurrence 
risk, but not to patients with a low absolute recurrence risk. There is a gray area between 
these groups. Since it is also hard to predict which patients will develop more severe side 
effects and no survival benefit has been found for the extra boost dose, this may also be 
considered a preference-sensitive treatment decision.

In all these gray areas, there is not one best (medical) treatment option for the individual 
patient, and decisions in these situations are therefore so-called preference-sensitive 
decisions (40). Which treatment is best for the individual patient depends on what 
attributes are the most important for the individual patient. In other words, it should be 
taken into account which “price” patients are willing to pay; in this case, the chances of 
which side effects or other treatment burdens for which gain in recurrence risk or survival 
benefit (41). There is increasing awareness that, especially in this type of decisions, 
better decisions are being made, i.e. decisions that fit best to their own perspectives and 
preferences, if taken together with their clinician. This process, in which clinicians and 
patients decide together, taking into account the patient’s preferences, is called shared 
decision-making (SDM) (42, 43). To support and stimulate SDM, patient decision aids 
(PtDAs) have been developed, and many studies have been performed to evaluate these 
patient decision aids. Stacey et al. performed a systematic review, and evaluated 115 
randomized clinical trials (44). They found that patients who receive a PtDA are better 
informed and have a more accurate risk perception. These patients made choices that 
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were more congruent with their own preferences and had a lower decisional conflict. 
PtDAs should provide neutral evidence-based information, make clear that there is a 
decision to be made, and facilitate the elicitation of patients’ preferences on treatment 
options (45). PtDAs have been shown to cause no harm with respect to psychosocial 
outcomes, such as anxiety (44). Nevertheless, SDM is not yet widely implemented in the 
field of RT for breast cancer patients (46). Consequently, patients are dependent on their 
clinician, if and how they are informed about their different treatment options. This leads 
to wide, unwanted, practice variation (47). To improve SDM for decisions in the gray areas 
described above, we aimed to develop a PtDA for breast cancer patients deciding on their 
RT and to evaluate this tool in clinical practice.

Development of a patient decision aid
The International Patient Decision Aid Standards (IPDAS) Collaboration has set a standard 
for PtDA development (45). According to the IPDAS criteria, guidelines have been made 
for PtDA development (48). Important steps in the development process are exploring 
patients’ and clinicians’ needs on the subject of the PtDA, the making of a prototype, 
and alpha and beta testing of the tool (48) (Figure 1). The development of a PtDA is an 
elaborate process, and it is important to include all stakeholders in this process (49). Not 
much research has been done on the important attributes for patients and clinicians 
deciding on RT for breast cancer (50). What information patients receive from their 
radiation oncologist on the effect and side effects of radiation treatment differs widely 
among clinicians. Kunneman et al. audiotaped consultations of patients with their 
radiation oncologists prior to their RT for rectal cancer. There was a wide range in number 
of attributes mentioned by the clinician (range of 2-13 different attributes), and in total 
30 different attributes were mentioned by the different clinicians (51). We are not aware 
of any study exploring the information provision of radiation oncologists to breast cancer 
patients. Literature on important attributes for breast cancer patients deciding on RT 
is scarce (50). Therefore, it is unknown which attributes are important for patients and 
clinicians when deciding on RT for breast cancer patients. 

When the important attributes are known, another problem arises. The benefit of choosing 
for RT is a reduction in local recurrence risk. From clinical trials, there is knowledge on 
recurrence risks in large group of patients/ the trial population, but the exact benefit 
for individual patient is usually unknown, especially since patient characteristics of trial 
populations often do not match with all patients in general clinical practice (52). Estimated 
local recurrence risks are therefore surrounded by uncertainty margins. Although there 
have been some attempts to develop prediction models for breast cancer patients 
deciding on RT, no prediction model has been widely accepted and implemented in clinical 
practice (53-55). Subsequently, the effect of RT on tumor control, should be balanced 
against the risk and severity of developing side effects. Since long-term side effects of RT 
occur months to years after treatment, these side effects are not well documented and 
there is a lack of data on prevalence and severity of side effects after post-operative RT. 
Therefore, there is even more uncertainty around the exact risk and expected severity of 
side effects for individual patients (10). In addition to the lack of data and exact estimates, 
communicating risks to patients in a comprehensive way is challenging as well. Although 
a lot of research has focused on this topic, no clear guidelines exist on the best way to 

communicate risks (56). Communicating uncertainty around risks in a comprehensive way 
is even a bigger challenge (57). While little is known on the best way to communicate risks 
in a PtDA, even less is known on the best way to communicate uncertainty around these 
risks in a PtDA (58, 59). 

Figure 1. Patient decision aid development process (Coulter 2013).
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Testing and implementation of a patient decision aid

Despite the positive results found in PtDA studies, as mentioned earlier, PtDAs have not 
been widely implemented in daily clinical practice (60, 61). One important barrier for 
implementation might be that physicians doubt the effect of PtDAs. Since evidence-based 
medicine is the heart of our clinical practice (62), scientific evidence is asked for before 
implementing new treatments and interventions in guidelines and daily clinical practice. 
The quality of the SDM process can be measured from different points of view: observed-
based (OPTION scale (63)), clinicians’ view (SDM-Q-DOC (64). There is consensus on 
distinguishing different types of effect of a PtDA, and consequently several outcome 
measures have been used to measure the effect of PtDAs (65).The quality of the SDM 
process can be measured from different points of view: observed-based (OPTION scale 
(63)), clinicians’ view (SDM-Q-DOC (64)), and patient-reported (collaboRATE and the 
SDM-Q9 (64, 66)). Observer-based measures, however, are very time-consuming. Another 
way of measuring the effect of a PtDA is to measure the effect on quality of the decision 
made. Therefore, different measures have been developed (67). Frequently used outcome 
measures are the Decisional Conflict Scale and informed decision/ knowledge on the 
treatment options (44). 

Apart from the scientific evidence, theories have also been conceived on other barriers and 
facilitators in implementation of PtDAs. Important facilitators are considered: clinicians 
supporting the content of the PtDA, mentioning patients’ eligibility for the PtDA in 
multidisciplinary team meetings, and the PtDA not interfering too much with the logistics 
of the clinical center. Important barriers are the belief that a PtDA is too time-consuming 
and a lack of leadership in implementation (68, 69). It has been stated, however, that the 
exact reason for this implementation problem has not totally been solved yet. An even 
bigger knowledge gap exists with regards to the implementation of PtDAs in oncology care 
(68). Therefore, much is unknown about important factors that influence implementation 
of a PtDA in oncology care. In the field of RT for breast cancer patients there is a need from 
the clinic to develop and implement a PtDA to support the SDM process in the gray areas 
(bottom-up). There is great readiness from radiation oncologists from different RT centers 
in the Netherlands to co-operate in the development and implementation of the tool. This 
creates an opportunity to gain insight in patient, clinician, and organizational factors that 
influence implementation of a PtDA in breast cancer patients choosing for RT.

Aim and research questions

In summary, there are several gray areas for breast cancer patients choosing for post-
operative RT. In these patient groups, post-operative RT lowers the (local) recurrence 
risk without a clear survival benefit, whilst simultaneously it does cause side effects. The 
best treatment for the individual patient therefore depends on the ideas and preferences 
of the individual patient. Therefore, these decisions should be made by the patient and 
the clinician together, shared decision-making. How these gray areas are discussed with 
the patient differs per clinician and per medical center, resulting in wide, unwarranted 

practice variation. The process of SDM is a difficult process and patient decision aids can 
help to support this process.

The main aims of this thesis are to develop and evaluate the effect of a patient decision 
aid for breast cancer patients who have a preference-sensitive treatment decision on RT 
in the realistic situation of daily clinical practice, and to investigate barriers and facilitators 
for implementation of the PtDA. We defined four research questions:

1.  What are the experiences, decisional attributes and needs of patients and health care 
professionals experiences, decisional attributes and needs as input for the development 
of a patient decision aid for breast cancer patients deciding on radiation treatment, to 
facilitate shared decision-making?

2.  How can we incorporate uncertainties in a patient decision aid for breast cancer patients 
to support their decision on radiation treatment? 

3.  What are important patient, clinician, and organizational success factors for 
implementing a patient decision aid, designed for breast cancer patients, facing a 
decision on their radiation treatment? 

4.  What is the effect of a patient decision aid for breast cancer patients deciding on 
radiation treatment on decisional conflict, perceived shared decision-making, and 
knowledge on treatment options?

Outline of this thesis

Chapter 2 describes the results of a qualitative study. This is the first step in PtDA 
development, eliciting the patients’ and clinicians’ views. Interviews were held with 
breast cancer patients who had faced a decision in their RT treatment and with (breast 
cancer) clinicians. The scope of this chapter was to explore the patients’ and clinicians’ 
view on important attributes when making a decision on RT after breast cancer surgery.

The results of the interviews were used to develop a prototype of the PtDA. Chapter 
3 describes the development process of the final version of the PtDA. In this chapter, 
additional attention is given to risk communication and communication of uncertainty in 
the PtDA.

The final version of the PtDA was tested in a multi-center pre- and post-intervention study, 
the BRASA-study. First breast cancer patients who faced a preference sensitive decision 
of RT after breast surgery where included in the study and asked to fill in a questionnaire 
on the decision making process without the support of a PtDA. The subsequent patients 
who were included in the study, did receive the PtDA when deciding on their RT and were 
asked to fill in the same questionnaire on the decision-making process.
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Chapter 4 describes the process evaluation of the implementation of the PtDA in the group 
of patients that did receive the PtDA. It explores the patient, clinician, and organizational 
factors that influence the uptake of the PtDA.

The effect evaluation of the BRASA-study is described in chapter 5. This chapter describes 
the effect of the PtDA on decisional conflict, the decision-making process, and patient 
knowledge on the different treatment options, duration of consultation, and the actual 
choice for more or less intensive treatment. 

Chapter 6 is the general discussion summarizing and discussing the main results. This 
chapter reflects on the present study and discusses perspectives on research in the future.
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Abstract 

Background and aim: There is increased attention for shared decision-making (SDM) 
when deciding on radiotherapy for selected patients with Stage 0-2 breast cancer. This 
study aimed to explore patients’ and health care professionals’ experiences, decisional 
attributes, and needs, as input for the development of a patient decision aid to facilitate 
SDM. 

Methods: Qualitative semi-structured interviews were held with fifteen breast cancer 
patients, being confronted with a radiotherapy decision one month to eight years earlier. 
Another fifteen interviews were held with professionals specialized in breast cancer care. 
Interviews were transcribed verbatim and independently coded by two researchers, who 
agreed upon relevant issues. 

Results: Most patients made their decision by weighing the advantages of radiotherapy, 
i.e., comparing the decrease in recurrence risk with and without radiotherapy, and 
disadvantages, i.e., possible side effects. Patients and professionals agreed that recurrence 
risks should be communicated but not on how to deal with uncertainty. There was wide 
variation in which, and how, side effects were explained by professionals. The most 
common side effects mentioned by both patients and professionals were skin toxicity, 
fatigue, and breast deformity.

Conclusion: Patients and professionals appeared to agree on what type of attributes 
should be communicated during SDM on radiotherapy, but how this should be done is up 
for discussion. To ensure the patient’s voice, these attributes and needs be incorporated 
in the risk communication and value elicitation sections of the patient decision aid. The 
format in which the attributes are communicated should be critically evaluated.

Introduction 

Currently, there is a growing trend to de-escalate treatment for selected patients with 
Stage 0-2 breast cancer. Clinical trials, such as the PRIME II trial (1), the BASO II trial (2), 
and the EUROPA trial (NCT04134598), evaluate the omission and / or replacement of 
endocrine therapy with breast radiotherapy (RT) for these patients. In the Netherlands, 
where endocrine therapy is not offered for these very low risk invasive breast cancer, the 
TOP-1 trial is being conducted in which also the local breast RT is omitted after breast-
conserving surgery in patients above 70 years of age (NL5983) (1, 3). 

In such cases, de-escalating treatment from the current adjuvant standard is justified on 
the grounds that a small absolute benefit in terms of tumour control will not necessarily 
translate into a survival advantage (4). Consequently, the decision on which treatment 
option to apply is therefore a so-called a “preference-sensitive decision”, meaning that the 
outcome of the decision depends on the individual situation and values of the patient. For 
example, the trade-off between the level of recurrence risk and side effects with possible 
consequences for their health-related quality of life (HRQoL) at which patients will accept 
omission of RT is an individualized decision. 

Shared decision-making (SDM) is a process in which a clinician and patient work together 
to choose the best available treatment for the individual patient (5, 6), and is the preferred 
model for preference-sensitive decisions (7-10). Patient decision aids (PtDAs) can support 
doctors as well as patients in implementing SDM. PtDAs lower decisional conflict among 
patients and increase patients’ knowledge of different treatment options and feeling of 
being involved in the decision-making process (11-14). The use of PtDAs might also reduce 
regional practice variation (13).

To our knowledge, two PtDAs have been described for breast cancer patients, exclusively 
for decision making on RT. Both decision aids have been developed in Canada and are only 
suitable for small groups of patients (one for older women, and the other for node-negative 
woman after lumpectomy); they have not been implemented in the Netherlands (15-18). 

According to international guidelines, a first step in the development of a PtDA is 
exploration of patients’ and HPs’ informational needs based on the results of qualitative 
interview studies (19-21). There is quite some literature on informational needs of breast 
cancer patients deciding on other aspects of their treatment (22, 23). However, only two 
studies have investigated the informational needs of patients deciding on RT. One study 
focused on older patients (24); another study included five patients only. Both studies 
were not designed in the light of the development of a PtDA (25). We found no studies 
exploring HPs’ perspectives. 

Therefore, the aim of this qualitative study was to explore patients’ and HPs’ perspectives 
with regard to the most relevant attributes in decision-making on RT for breast cancer. 
The results have since been used to develop a PtDA to support the SDM process. The 
development of the format of the PtDA (an online tool) and its effects will be reported at 
a later date in separate manuscripts. 
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Methods 

We performed a qualitative study with semi-structured interviews in breast cancer 
patients and HPs. All interviews were held by DR, a research clinician, who received basic 
training in qualitative research and interview techniques from experts in the field. There 
was no prior relationship between the researcher and the patients. We have used the 
Coreq checklist for the reporting of this study (26). 

Study population and recruitment
Patients: We asked female breast cancer patients to participate, who had explicitly been 
given the option to receive or to omit radiotherapy after surgery in the past. We aimed to 
develop a PtDA for four groups of patients deciding on RT:

1.  Patients with low-risk ductal carcinoma in situ (DCIS) after breast-conserving surgery 
deciding on whole/partial breast RT or no RT.

2.  Patients with low-risk invasive ductal carcinoma after breast-conserving surgery 
deciding on whole/partial breast RT or no RT.

3.  Patients with intermediate risk breast cancer after mastectomy deciding on thoracic 
wall RT or no RT.

4.  Patients with intermediate risk breast cancer after breast-conserving surgery deciding 
on whole breast RT with or without an extra boost dose to the tumor bed. 

Therefore, to obtain an as heterogeneous a group as possible, a purposive sample was 
taken of patients from each of these four groups. Patients with varying educational levels 
and of different ages were selected. Patients were recruited from hospitals in Amsterdam 
and Maastricht.

We invited patients 1 to 3 months after their decision and a group five years after 
treatment. The first group was selected to ensure that they had passed the stage of highest 
emotional arousal but still remembered sufficient details of their decisional process. The 
second group had participated in the SUPREMO trial (ISRCTN61145589), a clinical trial in 
which breast cancer patients with an intermediate risk were randomized between chest 
wall irradiation or not, following mastectomy (27). All patients in our study group had 
been allocated to receive RT, so that they could reflect on the impact of the late side 
effects of RT and their impact on HRQoL.

Patients were informed about the current study by their physician and were asked for 
consent to be contacted by the researcher. The information letter was sent to them by 
mail and questions were answered by phone. A face-to-face interview was planned at the 
time and place of their preference.

w Health care professionals: A purposive sample was taken by recruiting different 
HPs (physician assistants, nurse practitioners, breast cancer surgeons, and radiation 
oncologists) from eight different peripheral and academic centers in The Netherlands. They 
were selected to generate a heterogeneous sample with regard to working experience 
and past experience in the development or use of PtDAs.

We contacted HPs by e-mail via personal contacts. A face-to face interview was planned 
in their working hospitals. 

Semi structured interviews/data collection
Patients: Before the start of the interview, patients were asked to complete a short 
questionnaire, consisting of ten questions, such as on their marital status, number of 
children, educational level, and computer and internet skills. 

The interview guide (Table 1a) was constructed based on literature (15, 17, 25) and 
on questions raised by the study protocol and the research team. The interview guide 
contained questions on patients’ experience with and their opinion about the information 
provision, and on how they had experienced the decision-making process and what 
specific attributes had been important in that process. Finally, questions were asked 
about specific requirements for a PtDA. 

Healthcare professionals: The interview guide was aligned to the content of the patient 
interview guide (table 1b). The interview contained questions on the information provision 
on RT, their experience on SDM and their experiences with and ideas for a PtDA. 
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Table 1a. Interview protocol patients.

Word of welcome: Thank you for coming, let me introduce myself.
Explanation about the study: Maastro and the Netherlands Cancer Institute are currently 
conducting a study to improve support for future patients who have the choice between 
whether or not to undergo radiotherapy. To do this, we want to develop a patient decision aid 
to facilitate the process of “shared decision-making”. The first step in the process is to talk with 
patients who have already experienced making a choice, to learn about how they experienced 
the process, to explore their ideas are about “shared decision-making”; what they think about 
a patient decision aid and its contents. I’ll come back to this later. This conversation will take 
about 60 minutes, and with your permission I will record the whole conversation so that I can 
use it for scientific research. After analyzing the information, I will delete the recording and the 
information will remain anonymous. Do you give consent for this? 

Could you introduce yourself? What sort of schooling or training have you followed/ What is 
your work?

What sort of information did you receive about the radiation treatment?
- Who provided the information and when? 
-  Did you look for information on the internet, from friends or acquaintances, or from patient 

organizations?

What did you think of the information?
- Amount, content, difficulty, timing?
-   What information did you miss/ what had you rather not known beforehand, and what did 

you consider the most valuable information?
- Did your ideas about this change during the treatment period?
- What information was the most important for you in making the treatment choice?
-  If you were to advise another patient about whether to undergo radiotherapy or not, what 

in your opinion should she be aware of before making the decision? And what would you 
advise her?

How do you look back on your decision?
- Did you feel that there was a choice to be made?
-  How was the decision made? What was your role? Was the choice made after discussing it 

with someone?
-  In your opinion, who should make the medical decisions, and to what extent do want to be 

involved in your own treatment?

As I mentioned earlier, we are currently developing a patient decision aid for patients who have 
a choice whether or not to undergo radiotherapy. In the patient decision aid, we want to provide 
information about the radiation treatment including the benefits as well as the side effects.

Have you previously used an existing patient decision aid?
- What do you expect from a patient decision aid and what is your experience with one?
- Would you use one, if available?
- When do you think it would have helped you the most?

What do you think should be definitely covered in a patient decision aid?
- Which numbers or percentages should be given?
- Would you like to see pictures or videos in the patient decision aid, and if so, which?
- What do you think about an online patient decision aid? 

These were all my questions. I would like to thank you for this interview. Do you have any 
questions now? Should you have any questions later, then please contact me at any time.

Table 1b. Interview protocol healthcare professionals (HPs).

Word of welcome: Thank you for coming, let me introduce myself.
Explanation about the study: Maastro and the Netherlands Cancer Institute are currently 
developing a patient decision aid to support “shared decision-making” for patients who have 
a choice between whether or not to undergo radiotherapy. As part of the development, we 
would like the input form clinicians: doctors, physician assistants, and nurse specialists.
This conversation will take about 35 minutes, and with your permission, I will record 
the whole conversation so that I can use it for scientific research. After analyzing the 
information, I will delete the recording and the information will remain anonymous. Do you 
give consent for this?

Could you introduce yourself?

What information is given to patients in your hospital concerning radiotherapy? 
- From whom do patients get this information, at what time-point?
- Do you refer patients to websites or other sources of information?

How much information do you give to patients?
-  What information is the most relevant? And what information can you burden a patient 

with?
- Do you adapt the information to the patient sitting in front of you, and if so, how?
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Do you always discuss the possible options with the patient?
-  To what extent do you think that patients can participate in deciding on their own 

treatment?
- How do you apply shared decision-making in your own practice?
- What is needed to facilitate the application of SDM?

As I mentioned earlier, we are currently developing a patient decision aid for patients who 
have a choice whether or not to undergo radiotherapy. In the patient decision aid, we want 
to provide information about the radiation treatment, including the benefits as well as the 
side effects.

Do you already have experience with use of a patient decision aid?
-  What is your experience with a patient decision aid, and do you already use one in your 

practice? What are the reasons for using/ not using one?
- Would you use one if it was available?
- At what point in the treatment would you want to use one, and how?

What do you think should be definitely covered in a patient decision aid for these breast 
cancer patients?
- Which numbers or percentages should be given?
- Would you like to see pictures or videos in the patient decision aid, and if so, which?
- What do you think about an online patient decision aid?

These were all my questions. I would like to thank you for this interview. Do you have any 
other questions? Should you have any questions later, then please contact me.

Data analysis
Interviews were recorded and transcribed verbatim. The transcripts were analyzed through 
a thematic analysis. All interviews were independently coded by two researchers (DR and 
JTS), who sought consensus by discussion upon relevant issues in case of discrepancies. 
All findings and codes were shared with the entire project team in numerous project 
meetings. NVIVO 11 (QSR International Pty Ltd, Victoria, Australia) was used to store the 
coded interviews, ordered by different themes. After the first round of coding, we selected 
the codes which answered our research question.

Results

Patients’ and HPs’ characteristics
Fifteen patients were included; mean age was 59 years. Half of these patients had received 
RT. Most patients were married, and half had a high educational status (Table 2a). The 
interviews lasted between 30 and 90 minutes. 

All fifteen HPs who were approached agreed to participate; eight radiation oncologists, 
three breast cancer surgeons, two physician assistants, and two nurse practitioners. 

Their working experience varied between 1.5 and 30 years (Table 2b). Interviews lasted 
between 20 and 40 minutes. 

After the fifteen interviews, saturation was reached in both patients’ and HPs’ interviews, 
meaning that no new attributes were identified, and that further inclusion of patients 
would not yield new insights.

Table 2A. Patient characteristics (N=15).
Mean age at time of interview in years (range) 59 (38-79)

N
Time since diagnosis
1-6 months
>5 years 

11
4

Underwent RT:
Yes
No

8
7

Marital state:
Married
Not married

13
2

Educational level: 
University
Higher vocational education
Intermediate vocational education
Secondary education

2
5
5
3

Reason for facing radiotherapy decision:
Whole breast irradiation after lumpectomy for DCIS
Whole breast irradiation after lumpectomy for low-risk invasive 
breast cancer
Thoracic wall irradiation after mastectomy
Axillary RT yes or no instead of an axillary lymph node dissection

6
1

7
1

Table 2B. HPs characteristics (N=15).
N

Specialisation
Radiation oncologist
Physician assistant
Surgeon
Nurse practitioner

7
2
4
2

Years of working experience
<5 years
5-15 years
>15 years

3
7
5
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Main findings from the interviews
Patients and HPs mentioned the same sort of attributes that should be reflected on during 
SDM on the decision for RT, i.e., information about recurrence risks with and without RT 
and the side effects of RT. In the next paragraph we describe the main findings from the 
interviews. Quotes from the patients and HPs are cited in the appendix.

Informational needs and important attributes

Information on recurrence risk
The majority of the patients remembered that an explanation was given about their 
recurrence risk with and without RT, without remembering the exact risk estimates. Most 
patients experienced this as a useful attribute. One patient felt that these estimates could 
not help her making the decision since, in her view, her odds were fifty-fifty (the tumor 
will recur or not). While some patients weighed the recurrence risk in relation to the 
possible side effects to decide on RT yes or no, other patients chose for RT independent 
of the actual recurrence.

While most HPs thought it is important to mention the recurrence risk, there was no 
consensus on how this should be done. Some HPs thought that numbers are difficult to 
understand for patients and therefore used narrative descriptions (small, large, etc.) only. 
Uncertainty, based on outdated trial data with non-representative patient populations, 
was seen as an important barrier to communicate exact numbers. Therefore, most HPs 
thought that the uncertainty range around the risk estimates should be communicated, 
although most HPs acknowledged that this might be even more difficult to understand for 
patients. HPs agreed that if numbers are given, this should be communicated to patients 
in a visual way. 

Information on side effects
Quite some variation was observed in the need to be informed or to inform about side 
effects and their impact on HRQoL, both regarding which side effects and how side effects 
were framed.

Patients remembered having been told about only a few possible side effects, not 
making a distinction between short-term and long-term side effects. The most frequently 
mentioned side effect was skin reaction, which was characterized most frequently as a 
burn lesion. Pain and tiredness were also commonly remembered. The fibrosis/change 
in breast shape was framed as a deformation. Patients differed in their experience of 
received information about side effects on heart and lungs. Some patients mentioned to 
remember that RT had a negative effect on the heart and lungs, while others were told 
that there is no negative effect, since the heart is not affected (Table 3).

There was variation in the number of side effects communicated by the HPs, between only 
one up to fourteen possible side effects. Most HPs differentiated between short-term and 
long-term side effects. The most frequently mentioned short-time side effects were skin 
reaction and fatigue. Edema and pain were mentioned both as short-term and as long-

term side effects. Most attention was given to the long-term side effects of fibrosis and 
subsequent change of the breast shape. There was a difference in which and how the side 
effects of the lungs and the heart were explained. While some HPs mentioned that RT may 
cause heart and lung damage, other HPs only mentioned that this is rare with the modern 
radiation techniques. Only a minority of the HPs mentioned the risk of secondary tumors.

Table 3. Side effects and their effects on Health-Related Quality of Life mentioned by HPs and 
patients.

Health care professionals Patients
Short-term side effects

Skin toxicity Skin reaction (redness, 
light burning, itching, and 
sometimes open)
(Dark) skin discoloration
Small blood vessels
Radiation dermatitis
Erythema
Epidermolysis

Skin open
Skin burns
Redness 

Fatigue Tiredness Tiredness
Short- and long-term side effects

Edema (Lymph) edema
Only mentioned in the case 
of regional radiation

Edema

Pain Pain
Painful stabbing feeling
Feeling of tightness
Painful muscle

Pain
Sensitivity of the breast
Permanent burning 
sensation

Long-term effects
Fibrosis or change in breast 
shape

Fibrosis of chest wall
Scarring, scar tissue 
formation leading to nipple 
transposition
Connective tissue formation
Fibrosis with pain and 
changes in shape and 
contour 
Shrinking
Asymmetry
Change in texture 

Malformation
Deformation
Scarring

Consequences for breast 
reconstruction

Consequences for 
reconstruction

Consequences for 
reconstruction

Problems for ribs / chest 
wall 

Painful ribs
Rib complaints
Rib fractures

Side effects affecting the ribs 
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Heart toxicity Heart toxicity
Heart almost no longer an 
issue

Disadvantageous for the 
heart
Heart problems
No heart problems

Lungs Lung problems almost not 
seen now
Radiation pneumonitis
Lung fibrosis
Secondary lung tumor (if 
smoker)

Increased risk for lung cancer 
(if smoker)
 

Second cancer Second tumors (minority) 
Mobility limitations Reduced mobility of 

shoulder
Reduced mobility due to 
regional radiation

Reduced arm mobility

Swallowing complaints after 
esophagus regional RT 

Swallowing complaints in 
case of regional RT  

Other Changes in the effects if also 
chemotherapy given 

Information on treatment burden
Most patients were aware of the treatment burden of the RT. The treatment burden was 
framed as the number of times patients have to come to the hospital (normally three-four 
weeks on a daily basis, in addition to a separate preparatory session), how much time the 
RT takes (15-30 minutes a day) and travel time. Only one patient mentioned this as an 
important attribute. Some HPs mentioned the treatment burden as an important attribute 
when deciding on RT. In some centers all the practical information about RT was given 
after the decision on RT has been made. 

Other attributes
The majority of patients were satisfied with the (amount of) information received. Only 
a few patients mentioned they had missed certain information, although this did not 
influence their feeling about their decision. One patient did not realize that RT was given 
on the naked upper body. Although everybody was respectful to her, she felt her breast 
became a “public property”. Another patient missed information on the consequences for 
the post-treatment check-ups when choosing for RT or not. Another attribute mentioned 
by several patients, was what they considered consequences of their choice for future 
therapy options. Some patients mentioned that an advantage of omitting RT left open 
the option for breast-conserving therapy in case of a recurrence, whereas immediate RT 
would render breast-conserving therapy impossible due to the earlier RT.

Discussion and conclusion 

We found that patients and HPs mentioned the same type of attributes as relevant for SDM 
on RT, i.e. information about recurrence risks with and without RT and the side effects of 
RT impacting HRQoL. However, in what way and how detailed the information should 
be communicated varied between all interviewed persons. Although in some countries 
endocrine therapy is offered to patients with a very low risk of recurrence, affecting the 
balance on advantages and disadvantages of choosing for RT and/or endocrine therapy 
this is not clinical practice in the Netherlands (3); and was therefore, not included in this 
study.

Information on recurrence risk
The majority of patients and HPs agreed that patients should be informed about the 
risk reduction caused by RT. To find the best way of communicating risks in a way that 
is understandable for patients is, however, a challenge. It might seem attractive to use 
narratives to avoid this problem, but patients interpret these labels in different ways (28). 
Another issue is that while patients are aware that there is a risk of recurrence, they feel 
that there is an uncertainty as to whether the given risk will apply in their individual case. 
For example, if there is a 10% recurrence risk, will I fall into the 10% group? This is called 
an aleatory uncertainty. HPs also worried about how to communicate the uncertainty 
and reliability of the given risk estimates or their range (known as epistemic uncertainty). 
Communicating epistemic uncertainty seems to be even more challenging than 
communicating risk. A recently published paper showed wide variation in how uncertainty 
is being communicated in PtDAs (29, 30); this is due to a lack of evidence on how this 
should be done (31). Van der Bles et al. (32) recently reviewed interdisciplinary literature 
on communicating epistemic uncertainty. They advise to adapt the given information on 
the available evidence to separate the magnitude of the effect of the treatment and the 
magnitude of the uncertainty around the effect, and they point out that communicating 
epistemic uncertainty does not undermine trust (32). The use of natural frequencies 
in combination with visual pictographs with textual explanation might support risk 
communication (33, 34). 

Information on side effects
In our study, there was large variation in how much and how detailed HPs communicate 
about side effects. This has also been found in a study by Kunneman et al. (35). In that 
study, consultations with radiation oncologists giving information on RT for rectal cancer 
were audiotaped. A range of two to thirteen side effects were mentioned. Which and how 
much information patients received depended on their HP. A difference was the framing 
of the side effects by patients compared to HPs. While the majority of HPs referred to skin 
toxicity as redness, patients phrased this as burn lesions. The same applied to fibrosis or 
change in breast shape, which patients phrased as breast deformation. This may indicate 
that side effects should be communicated in terms of symptoms and their impact on 
HRQoL instead of biologic etiology. The variation in the information patients received may 
be a cause of the wide practice variation observed (36). A decision aid may reduce this 
practice variation, since it supports the standardization of the information given.
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Information on treatment burden
Whereas other studies describe distance to radiotherapy centers as a barrier for choosing 
for RT (37-40), this does not seem to be a problem in our study, since in our study only 
one patient took the treatment burden into account when deciding on RT. An explanation 
might be that in small countries such as the Netherlands there is easy and wide access to 
RT centers for all inhabitants (40, 41). 

Other attributes
Apart from local recurrence risks and side effects, two patients also mentioned another 
reason to refrain from RT. They believed that avoiding RT in the initial treatment would 
increase the possibility to keep their breast in case of a recurrence, since re-irradiation is 
often not advised. However, literature in DCIS shows that patients who do not undergo 
RT after lumpectomy have an 11% higher risk of ultimately undergoing a mastectomy, 
compared to those immediately irradiated post-operatively (42).

Strengths and limitations 
A limitation of this study may be a selection bias among the patients. Participating patients 
may have been more actively involved in the decision-making process or may have had a 
more positive attitude towards SDM. We have no insight into how many patients refused, 
since clinicians only told us when patients gave permission. No patients were included 
from more remote areas, such as the Dutch islands. It is impossible to avoid all recall 
bias in such a study. However, we tried to reduce this by interviewing patients who had 
been faced RT decision within weeks after the decision. A strength of this study is that we 
addressed information exchanged from the perspectives of both patients and HPs. 

Conclusions and future plans
These interviews yielded valuable attributes for decision-making, which will be 
incorporated into a PtDA, standardizing information on side effects and treatment burden, 
to assist SDM in breast cancer radiotherapy. Although a PtDA can give a good visual 
representation of recurrence risks with and without RT, the best way to communicate 
epistemic uncertainty in a decision aid is still unclear (29). This will be further explored 
whilst developing the decision aid. 
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Appendix

Informational needs
Patient: Yes, they were mentioned, but if you would ask me now I don’t think I would be 
able to say with any certainty. What I did take home was the chances of things developing 
the wrong way increase per year, and because I’m still so young, yes I’m not yet 80… But if 
you’re 50, 60 I’ll still want to reach an old age… so the percentages… really cannot say any 
more, but the feeling… of hopefully you’ve still got some years to go.

Patient: No, I didn’t hear anything about them, at any rate I don’t remember, that idea of 
percentages. But those percentages then huh, if you hear that, then you have to think by 
yourself like: yeah, but what’s the point knowing this, as it doesn’t actually say anything 
about me. It’s just all or nothing. Either it comes back or it doesn’t. Umm yeah, it’s a 
question of wait and see if it goes well or not.

Patient: Then I actually have a choice, like in a while, if it turns out that, if I do the radiation 
and I’ve just got 1% or 2% yeah, more would help, like now I can consider it, yes I still think 
it’s worth the risk, with possible complications, I think it’s still worth doing the radiation. 
And if it’s more percent, like, then yes, then I can say, yes guys, I just have to do it, you 
know?

Patient: Yeah, the radiation and everything around it, by your ribs maybe or um the 
tiredness. I was already extremely tired. I hear a lot of women talk about tiredness with 
radiotherapy. And umm, that your breast gets harder, and gets deformed. I’ve also got 
prosthesis in and I just know, radiation and prostheses don’t really go together. So umm, 
and umm, wounds that heals poorly. I don’t want to be bothered with all that. To be honest. 
If it really, uh, if the percentages had been higher, then of course I would have done it, but 
5%? Then I reckon, you know, leave it at that, it’s all right.

Patient: But at the moment I had to make the decision, I found it actually all less important 
than the idea of: so, all that works.

HP: That we expect some benefit, but because the risk that she gets a recurrence is already 
very low, and then the benefit is also relatively low and that in any case they are kept in 
follow-up.

HP: Recently there have been a lot of changes in the values for the rates, hum, that’s all 
very difficult to estimate. So by giving detailed information umm, yes, that’s tricky. You can 
also make mistakes of course. That umm, if you keep it vague, umm then I think that, well 
that’s not much use to anyone.

HP: I always give a rough estimate as there is also uncertainty of course, because you’re 
sitting opposite an individual and you can’t really… So you give a general impression, of the 
statistics, but you can’t, I would never say like: you’ve got, 8% chance. You can’t do that. Or 
can’t manage to do it. You shouldn’t do it, because you don’t know.

HP: So it should be made visual to be able to introduce it.

Information on treatment burden
Patient: So the consideration of the tiredness and that daily trips to the hospital what I 
really wasn’t looking forward to, like, let that be clear, because I really don’t like hospitals, I 
find it all horrible. But I had the feeling of: if it must, it must. So if that helps, then I just do 
it. So that’s no longer a consideration.

Other attributes
Patient: Umm, intimacy. And the feeling of, umm, at any rate my chest is rather public 
property during that trajectory and really respectful and kind and so on umm, fantastic 
at the radiotherapy, no bad word about it, but every day with your wherewithal open and 
naked I had like, I had lost it a bit and it was no longer ours, as it were.

Patient: Umm looking back I, umm, would have liked umm more information about what 
would happen if you don’t go for the radiation, in my case then huh, what would be the 
consequences?

Patient: Yeah, that umm, like they did say, at least, that was how I heard it, that if later on 
something is there, then did they say what would happen? Yes, then we would have to 
proceed to a mastectomy.

Patient: An important argument for me was what if I do the radiation now and I get it again, 
then I would have to, if I got it again, I would have to have an immediate mastectomy. So 
that could not be done in the same procedure, while if I don’t do the radiation now, the 
next time I could be treated the same way. That went so quickly and well in my case that 
was a month of madness, but just one month.
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Abstract

Background and aim: Patient decision aids for oncological treatment options provide 
information on the effect on recurrence rates and/or survival benefit, and on side effects 
and/or burden of different treatment options. However, often, uncertainty exists around 
the probability estimates for recurrence/ survival and side effects which is too relevant to 
be ignored. Evidence is lacking on the best way to communicate these uncertainties. The 
aim of this study is to develop a method to incorporate uncertainties in a patient decision 
aid for breast cancer patients to support their decision on radiotherapy.

Methods: First, qualitative interviews were held with patients and healthcare professionals. 
Second, in the development phase, thinking aloud sessions were organized with four 
patients and 12 healthcare professionals, individual and group-wise. 

Results: Consensus was reached on a pictograph illustrating the whole range of uncertainty 
for local recurrence risks, in combination with a textual explanation that a more exact 
personalized risk would be given by their own physician. The pictograph consisted of 
100 female icons in a 10 x 10 array. Icons with a stepwise gradient color indicated the 
uncertainty margin. The prevalence and severity of possible side effects were explained 
using verbal labels. 

Conclusions: We developed a novel way of visualizing uncertainties in recurrence rates in 
a patient decision aid. The effect of this way of communicating risk uncertainty is currently 
being tested in the BRASA study (NCT03375801).

Introduction 

In health care, the best treatment for the individual patient is a tradeoff between the 
medical advantages and disadvantages of different treatment options and the personal 
values and preferences of the patient. This tradeoff is most relevant in preference-
sensitive decisions: treatment decisions where no best treatment exists (1-3).

Some breast cancer patients, e.g. those with an intermediate risk local recurrence risk 
(LRR), face such a preference-sensitive decision when deciding on adjuvant radiotherapy 
(RT). The benefits of RT consist of a decrease in the risk of recurrence and sometimes a 
small survival benefit (4-9). The disadvantages are possible side effects and treatment 
burden. In many cases however, the exact recurrence risks are unknown. This is amongst 
other reasons due to literature based on outdated trials; breast cancer clinical trials 
having a long follow-up, whilst new treatment options develop fast. Another reason is 
that clinical trials use strictly defined patient categories, and patients do not always fit 
in the trial population (7). Therefore, estimated recurrence risks are surrounded by an 
uncertainty margin. Some guidelines reflect this uncertainty, advocating shared decision-
making with the patient (5).

There are two levels of uncertainty. First-order or aleatory uncertainty is the uncertainty 
of an event taking place in the future. The risk estimate is known on group level, but it is 
difficult to predict whether or not it will happen in the individual patient. Second-order 
or epistemic uncertainty is the uncertainty around the risk estimates (10). There is even 
uncertainty about the risk estimate on group level. Little is known on the best way to 
communicate risks and uncertainties to patients (11, 12). Risks and aleatory uncertainty 
are difficult to understand for patients (13). Communicating epistemic uncertainty is 
even a bigger challenge. Therefore, when clinicians communicate risks to patients, point 
estimates are commonly used. From ethical and medical-legal considerations, it can be 
argued that patients should be fully informed on their treatment options, including the 
uncertainty around these point estimates (14, 15). 

There is also epistemic uncertainty around the prevalence and severity of the side effects 
of RT for breast cancer patients. First, the available literature mentioning prevalence and 
severity of side effects is inconsistent, partly due to the use of different scoring systems to 
record side effects (16). Consequently, the literature provides a wide range of prevalence 
and severity estimates (17, 18). Second, long-term side effects occur months to many 
years after irradiation, such that not all side effects may be captured by registries, and 
that by the time late side-effects occur, new treatments may have become the standard 
(19). Third, patient and treatment characteristics influence the risk of developing certain 
side effects, making it harder to translate general risk estimates to specific estimates for 
individual patients (20).

A patient decision aid (PtDA) may be used to support the decision-making process and 
communication of risks and uncertainty (21). PtDAs are tools that provide evidence-based 
information on the advantages and disadvantages of different treatment options, make clear 
that they can decide between these options, and help patients to clarify which attributes 
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are most important to them when making a medical decision (21). However, there is no 
clear guideline on how uncertainty should be communicated in a PtDA. Therefore, there 
is significant heterogeneity in how this is done (22). In a review by Bansback et al. (23), 
only half of the tools described epistemic uncertainty. When epistemic uncertainty was 
mentioned, it was usually referred to in a qualitative way (large, small, etc.). Although it 
might seem that these qualitative labels are better understood compared to quantitative 
risks (24), it is known that patients interpret qualitative labels in very different ways. For 
example, Freeman describes that the term “common” in an information leaflet is used for 
a side-effect occurring in 1-10% of cases, while doctors interpret “common” as something 
occurring in 25% of cases and patients in 50% of cases (15). 

Although several PtDAs have been developed for early-stage breast cancer patients who 
are deciding on different treatment options, to our knowledge there are only two PtDAs 
for breast cancer patients deciding on RT (25). Both have been developed in Canada 
for patients deciding on RT after lumpectomy. The PtDAs do not include information on 
uncertainty around the point estimates or side effects (26, 27). Therefore, the primary 
objective of this study was to assess opinions and attitudes of breast cancer patients and 
professionals on whether and how to communicate uncertainties in recurrence rates, 
survival, and side effects. The second objective was to incorporate this knowledge in a 
PtDA for breast cancer patients to support their decision on radiotherapy.

Methods

For the content of the PtDA, we followed the guidelines of the International Patient 
Decision Aid Standards (IPDAS) (28, 29). From the start, it was clear that the PtDA had to 
be made for four different pathways: 

1.  Patients with low-risk ductal carcinoma in situ (DCIS) after breast-conserving surgery 
deciding on (partial) breast RT or no RT.

2.  Patients with low-risk invasive ductal carcinoma after breast-conserving surgery 
deciding on (partial) breast RT or no RT.

3.  Patients with intermediate-risk breast cancer after mastectomy deciding on thoracic 
wall RT or no RT.

4.  Patients with intermediate-risk breast cancer after breast-conserving surgery deciding 
on whole breast RT with or without an additional boost dose to the tumor bed. 

Phase one: Qualitative interviews
A qualitative study was conducted to explore patients’ and healthcare professionals’ 
(HPs) views on important attributes for shared decision-making for breast cancer patients 
deciding on RT (30). For this paper, we only report the data on the communication of 
uncertainties. Data on other attributes and preferences are published elsewhere (31). 

Phase two: Alpha testing the risk communication part of the PtDA
With information derived from the interviews, the research team developed a draft 
version of the risk communication part of the PtDA. The PtDA was developed with input 
from both patients and HPs in different rounds (Figure 1).

Figure 1. Overview of the development of the Patient decision aid.
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Patient advocates recruitment
Patient advocates were recruited through the national breast cancer association, the 
patient advisory group of the national breast cancer research group and through the 
patient advisory board of Maastro, one of the participating hospitals. 

Health care professionals’ recruitment
Radiation oncologists, surgeons, RT physician assistants and trial managers, all specialized 
in breast cancer, from 15 RT centers in the Netherlands were invited through personal 
contacts. 

Development rounds
The draft version contained a PowerPoint presentation with a schematic concept of the 
PtDA, accompanied by a Word document for patient advocates’ feedback. In round 1, the 
feedback was used to make a first online PtDA version. In round 2, a live group meeting 
with HPs and patient advocates was organized to discuss this online version. The content 
and layout of the PtDA was discussed until consensus was reached on the most important 
topics. In round 3, thinking aloud sessions (32) were organized with new drafts of the 
PtDA: Patient advocates reviewed the PtDA while speaking out loud what they thought 
and understood. With this feedback, a pre-final version was developed. Round 4 consisted 
of a second live group meeting with HPs and patients. Here the pre-final version of the 
PtDA was discussed until consensus was reached on a version that was created for testing 
in the field.

Results

Phase one: Qualitative interviews
Most patients and HPs agreed that recurrence risks, survival data and side effects in the 
PtDA should be communicated. While patients were only aware of aleatory uncertainty 
for recurrence risks, HPs also worried on how to communicate epistemic uncertainty. 
While patients did not express a specific preference for risk format, HPs agreed on 
communicating risks in a visual way. The treatment burden was not mentioned as an 
important attribute to decide on RT. The most relevant side effects to both patients and 
HPs were extracted from the interviews (31).

Phase two: Alpha testing the risk communication section of the PtDA
LRR and breast cancer specific survival (BCSS) were illustrated by a pictograph, combined 
with a textual explanation of the LRR/BCSS: “x out of 100 women will have a local 
recurrence in 10 years” (Figure 2) and “x out of 100 women will die from breast cancer in 
10 years”. No uncertainty was communicated. 

Side effects were divided in short term (red and sensitive skin, edema, tiredness, and pain 
of the breast) and long-term side effects (fibrosis and change in breast shape, edema, 
(dark) skin discoloration, pain, rib complications, heart problems, and lung problems). 
Due to a lack of relevant data, no quantification on probability could be given other than 
that side effects could occur.

Figure 2. Pictograph in first draft version of the PtDA: Local recurrence risk for low-risk breast 
cancer after breast-conserving surgery without RT.

Figure 3. Study-logo adapted pictographs with local recurrence risk with and without 
radiotherapy, in the first online version: Local recurrence risk for low-risk breast cancer after 
breast-conserving surgery with and without radiotherapy.
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In round 1, patients understood the risks communicated on the pictographs. The data 
on BCCS were experienced as difficult to hear, although patients thought that it was 
important to communicate. 

The online version of the PtDA was developed together with an e-learning company 
(EyeSpirations, Amersfoort, The Netherlands) (Figure 3). 

During the live group meeting in round 2, with both patients and HPs there was agreement 
on the 10-year time frame for LRR. For pathway 2, consensus was reached on point 
estimates. A debate emerged on the LRR estimates of the other three pathways. It was 
argued that no estimates could be given, since the LRR depends on the individual patient 
and on tumor and treatment characteristics, but validated nomograms are lacking. The 
relative risk reduction is independent of individual characteristics. Therefore, there was 
consensus on mentioning both the absolute and the relative reduction in recurrence risk 
in combination with a pictograph. The absolute recurrence risk was mentioned as a range 
in risk reduction with an explanation that the patient’s clinician would personalize the 
patient’s LRR. Two options were suggested for the pictographs. The first option was to use 
fading colors in the 10x10 pictograph to indicate a given risk with its uncertainty margin. 
The second option was to show two different pictographs: one with the lowest estimated 
recurrence risk and another with the highest estimated recurrence risk. Another debate 
emerged on how to communicate survival risks. It was argued that BCSS is not preferable, 
because the patient is mainly interested in overall survival expectancy. Overall survival, 
however, is impossible to generate for the whole group since it also depends on patient 
characteristics, such as age and co-morbidity. In Pathway 1, 2 and 4 no gain in survival is 
expected from RT; therefore, it was decided to mention this fact in words without putting 
an overall quantitative figure on it. For intermediate-risk breast cancer after mastectomy 
(pathway 3), there is assumed to be a small increase in survival benefit (i.e. <2-3%), which 
was described in this way in the PtDA. 

Consensus on the information on the side effects was reached by adding only qualitative 
labels to indicate an estimate of the prevalence and severity of potential side effects. 
There was agreement that no estimates on frequency or severity of the expected side 
effects could be given, since there is a large variation in experienced side effects between 
patients and no adequate data were available to predict this outcome for any individual 
patient. For long-term side effects, a distinction was made between common side effects 
(fibrosis and change in breast shape, edema, and pain) and rare side effects ((dark) skin 
discoloration, rib complications, heart problems, and lung problems). The severity of the 
side effects was qualified as varying between patients, between almost no discomfort 
to very annoying. Smoking was added as an important risk factor for heart problems 
and secondary lung cancer after breast irradiation. Also, more information was added 
regarding the consequences of the different side effects. 

For the thinking aloud sessions in round 3, new pictorial charts were made. For pathway 
2, pictographs with point estimates were made (Figure 4). For the other three pathways, 
there was a preference for the pictographs with fading colors. Ultimately a choice was 
made for orange and purple icons. The textual explanation was placed on the virtual 

“back” of the pictographs. They were visualized when patients clicked on the pictographs 
(Figure 5a and 5b). It was proposed to add more possible treatment options for the side 
effects to the PtDA, such as physiotherapy.

Figure 4. Pictograph without uncertainty range before round 3: 10-year local recurrence risk 
for low-risk breast cancer after breast-conserving surgery with and without radiotherapy, 
with the BRASA logo pictographs replaced.

Figure 5a. Turning pictograph with fading colors: 10-year local recurrence risk for intermediate-
risk breast cancer after mastectomy with and without radiotherapy.
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Figure 5b. Reverse side of pictograph with textual explanation: 10-year local recurrence risk 
for intermediate-risk breast cancer after mastectomy with and without radiotherapy.

Figure 6. Pictograph with uncertainty margins, final version of PtDA: 10-year local recurrence 
risk for intermediate-risk breast cancer after mastectomy with and without radiotherapy.

In the second live meeting in round 4, the fading coloring indicating the uncertainty 
margin of the female icons was found to be unclear since the contrast was lost because of 
the fading scheme. It was proposed to adjust the fading coloring into changing the color 
of the icons step by step from orange to purple (Figure 6), leading to the final version of 
the pictograph for the PtDA. 

Discussion 

In the development of a PtDA for breast cancer patients deciding on adjuvant RT, we 
created a method of communicating epistemic uncertainties when estimating LRR. 
Consensus was reached between HPs and patients on a pictograph illustrating the whole 
range of uncertainty, in combination with a textual explanation and the information that 
their own physician would estimate a more exact risk for the individual patient. The final 
pictograph consisted of 100 female icons in a 10 x 10 array. The female icons indicating 
the uncertainty margin of the LRR were displayed as step-by-step decoloring icons, 
from orange to purple (Figure 6). The absent or small gain in survival benefit of RT was 
communicated verbally without a quantitative indicator. Due to lack of reliable evidence, 
the prevalence and severity of potential side effects were only expressed using qualitative 
labels. 

We used pictographs, which are known to improve patients understanding in risk 
communication (15, 33-36). Textual risk communication is better understood in combination 
with visual support (13). The guideline on risk communication for PtDAs, developed by the 
IPDAS collaboration, advises to use natural frequencies and clear denominators over time 
and to be consistent, using the same denominator in all examples (34). The first online 
version of the decision aid was therefore consistent with the known literature. 

In three of the four pathways, no consensus was reached on an absolute value of a 
point-estimate for the LRR. Consequently, we had to develop a way of communicating 
the epistemic uncertainty. Although some effort has been put in researching how to 
communicate aleatory uncertainty, less research has been done on how to communicate 
epistemic uncertainty (22, 23, 34, 37, 38). Communicating epistemic uncertainty may lead 
to more cancer worries and may reduce trust, although available literature is inconsistent 
on this point (37, 39). Communicating epistemic uncertainty in a way that will not have a 
negative impact therefore seems important. We are not aware of other examples of PtDAs 
communicating epistemic uncertainty in a visual way. In our study, consensus was reached 
on two-tone icons, showing the whole width of epistemic uncertainty, in combination 
with a textual explanation, and with the explanation that their own physician would 
inform them further. Whether this is an effective method of communicating epistemic 
uncertainty in a PtDA needs further investigation in a clinical setting. At this moment, this 
way of communicating epistemic uncertainty is being used in a pre-and post-intervention 
study, the BRASA-study (clinical.trials.gov: NCT03375801). In this study, we ask patients to 
fill out questionnaires to test their knowledge on their disease, to evaluate the PtDA, and 
the process of shared decision-making.
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As discussed earlier, qualitative risk labels are well understood by patients but have the 
disadvantage of being interpreted in different ways (15). No clear data are available on 
the prevalence and severity of side effects of current RT for breast cancer patients. There 
is variation in the definition endpoint of side effects, and different studies use different 
parameters to measure the same outcome. For example, to measure change in shape 
due to fibrosis as a consequence of radiotherapy, cosmetic outcome has been evaluated 
in several trials. Some studies use patient-reported outcome measures, whereas 
others use scoring systems scored by physicians or even computer systems evaluating 
photographs (16, 40). Low agreement has been found between these different methods 
(41, 42). Consequently, we could not include reliable estimates for side effects in the 
PtDA, not even using uncertainty margins. Although we were aware of the shortcomings 
of communicating risks through qualitative labels, we felt we had no other option 
and consensus was reached on using qualitative labels when communicating both the 
frequency as well as the severity of the possible side effects. Further research is needed 
to overcome this problem. With modern RT techniques, RT doses to the heart and lungs 
have been reduced, reducing long-term side effects such as heart disease and lung cancer. 
For patients who smoke, these risks are substantially higher than for non-smokers (20). 
Since in this smoker- group the disadvantages might therefore outweigh the advantages, 
this was mentioned separately. 

Strengths and limitations
We were only able to include four patient advocates in the development team who were 
mostly highly educated. Patient advocates are trained patients (43) and from literature we 
know that both patients and HPs involved in the development of a PtDA have a learning 
curve. Patient advocates are in a different situation than patients looking at the PtDA for 
the first time when making a decision on their treatment (44). Despite this shortcoming, 
the patient advocates took an active part in the development team. 

Conclusion
We incorporated pictographs with stepwise gradient color icons indicating the uncertainty 
margin, in combination with text, to communicate epistemic uncertainty in a PtDA for 
breast cancer patients deciding on radiotherapy. The prevalence and severity of possible 
side effects were communicated through qualitative labels. Currently, this PtDA is being 
tested in a multi-center pre-and post-implementation study in the Netherlands, the 
BRASA study.
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Abstract

Purpose: Patient decision aids (PtDAs) have been reported to have a positive influence on 
patients making a health care decision in trials. Nevertheless, post-trial implementation 
is poor. The aim of this study is to explore patient, clinician, and organizational success 
factors for implementing a PtDA designed for breast cancer patients who face a decision 
on their radiation treatment. 

Methods: We performed a process evaluation within a multicenter pre- and post-
implementation trial. The PtDA was incorporated as much as possible into the logistics of 
13 participating centers. Tracking data were collected on PtDA use. Process characteristics 
were recorded by both clinicians and patients. A logistic regression method was applied to 
investigate which process characteristics were significantly related to the probability that 
patients logged in to the PtDA.

Results: 189 patients received the PtDA, of whom 140 (77%) used the PtDA. When 
patients received the link via the surgery department, they were more likely to use the 
PtDA (OR 9.77 (1.28-74.51)) compared to patients that received the link via the radiation 
oncology department. When the report of the multidisciplinary team stated that radiation 
treatment “had to be discussed with the patient”, patients were more likely to use the 
PtDA (OR 2.29 (1.12-4.71)). Educational level was not related to the probability of PtDA 
use. 

Conclusions: We accomplished a high level of PtDA use. Patients were more likely to 
use the PtDA when they received the link via the surgery department and when “to be 
discussed with the patient” was written in the multidisciplinary team report.

Introduction 

Patient decision aids (PtDA) are known to support the process of shared decision-
making (SDM) (1-4). In a review of 105 randomized clinical trials, Stacey et al. found 
that PtDAs improve the quality of the decision-making process, reduce decisional 
conflict, and improve patient-clinician communication, without causing any harm (5, 
6). Despite these positive effects in clinical trials, PtDAs facilitating SDM have not been 
widely implemented in medical practice (7, 8). Stacey et al. found a low uptake of PtDAs 
after trials, with only 21% of PtDAs being implemented, and another 7% being part of 
implementation studies (9).

While research on SDM and the effectiveness of PtDAs has grown rapidly over the last 
years (10), research on the implementation of PtDAs in oncology care lags behind (11). A 
lot of effort has been made to explore patient, clinician, and organization-related factors 
that determine the level of uptake of PtDAs but no hard conclusions can be drawn yet (7). 
A frequently mentioned barrier is clinician attitude toward the use of PtDAs and SDM, 
e.g., clinicians are less likely to use the PtDA when they lack confidence in the content 
of the PtDA or when they believe that the PtDA does not fit their patient population (7, 
12). In addition, clinicians often feel that referring to a PtDA and using the PtDA during 
consultation will be too time consuming (7, 13-15). Standardized referral to PtDAs prior 
to the decision-making consultation has therefore been identified as a facilitator for PtDA 
use (7). A review by Elwyn et al. on the implementation of PtDAs identified organizational 
barriers: the PtDA not fitting into the workflow of the clinic and lack of leadership might 
hinder implementation (7, 9). This was also found in a review by Scholl et al. who reviewed 
organizational characteristics as barriers for the implementation of shared decision-
making (8). They pointed out the importance of taking characteristics of healthcare 
facilities into account to achieve practice changes. A comparative trial in prostate cancer 
patients also showed large differences in PtDA uptake with different approaches of PtDA 
dissemination (16). 

We developed an online PtDA for breast cancer patients facing a decision in their radiation 
treatment (RT) (17). RT after surgery lowers local recurrence rate, but in certain groups of 
patients, this does not clearly translate into an improved survival rate (18-20). The trade-
off between RT accompanied with a lower local recurrence rate versus the possible side 
effects, RT is therefore a preference-sensitive decision (21).

We performed a multi-center pre- and post-implementation study with a pragmatic 
approach, adapting the implementation strategy to the logistics of the different centers 
(BRASA-study). The aim of the current paper is to report on the process evaluation of 
this study, by describing the level of uptake of the PtDA, and by analyzing whether we 
can identify patient, clinician, and organizational factors that are related to an increased 
level of uptake of the PtDA. The effects of the intervention on patient outcomes such as 
decision conflict will be described separately.
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Methods 

We performed a process evaluation of the introduction of a PtDA within the BRASA-
study (NCT03375801), a multi-center pre- and post-implementation trial, in which the 
intervention was the use of a PtDA. This trial has a pragmatic design to test the uptake 
and the effect of a PtDA (17, 21) in a setting conformed to normal clinical practice (22-24). 

Participants
All 19 radiation oncology centers in the Netherlands were invited to participate in the 
study. One breast cancer radiation oncologist per center was invited through personal 
contact by e-mail.

Patients were recruited between October 2018 and July 2019. Eligibility criteria for study 
participation were female breast cancer patients of 18 years or older, with the ability to 
comprehend Dutch to understand the content of the PtDA and to give informed consent. 
The PtDA was developed for four subgroups with a preference-sensitive indication of RT: 
DCIS group, low-risk breast cancer group, thoracic wall irradiation group and boost/no-
boost group (table 1). The multidisciplinary team (MDT) of the participating hospitals or 
the treating clinician determined whether the RT indication had to be discussed with the 
patient, and thus whether the patient was eligible for participating in the BRASA-study. 

Table 1. The four subgroups for whom the PtDA was developed.

Patients with low-risk ductal carcinoma in situ (DCIS) after breast-conserving surgery deci-
ding on whole/partial-breast RT or no RT (DCIS group).

Patients with low-risk invasive ductal carcinoma after breast-conserving surgery deciding 
on whole/partial-breast RT or no RT (low-risk breast cancer group).

Patients with intermediate-risk breast cancer after mastectomy deciding on thoracic wall 
RT or no RT (thoracic wall irradiation group).

Patients with intermediate-risk breast cancer after breast-conserving surgery deciding on 
whole breast RT with or without an extra boost dose to the tumor bed (boost/no-boost 
group).

Intervention

Patient decision aid (PtDA)
The PtDA is an online tool, only available in Dutch on www.beslissamen.nl, for decision-
making on breast cancer RT. The PtDA was developed according to the international 
criteria for PtDA development (IPDAS criteria (3)), as described earlier (17). The PtDA 
starts with general information on SDM and an explanation on the PtDA use. The PtDA 
makes clear that there is a preference-sensitive decision to be made. Subsequently, 
general information is given on DCIS or breast cancer with links to the website of the 
national breast cancer association for more information. In addition, general information 

on the working mechanism and practical aspects of RT is given by written text and by 
a short animation film. The information of the rest of the PtDA is personalized for the 
four different sub-groups as mentioned in table 1, such as information on possible 
side effects, recurrence rates, and possible survival benefit. We applied textual and 
graphic risk communication strategies, such as percentages, numeral frequencies, and 
population diagrams, in combination with clarification of uncertainties in text (17). The 
PtDA also includes a section where patients are supported in constructing their treatment 
preferences and involvement in the SDM process. It is possible for patients to print an 
overview of their preferences to bring to the consultation with their clinician. Patients can 
use the PtDA at home at their own pace. The PtDA was reviewed by Vromans et al. and 
scored 83 points out of 100 (25).

Strategies to implement the PtDA
We developed so-called “recipe cards” to enable the clinician to refer patients to the 
website with a login code. On these recipe cards, patients could also see which pathway 
they had to follow, according to their medical situation (Figure 1). The trial logistics and 
PtDA use was adapted to the specific logistics and organizational preferences of each 
participating site. Three different moments in the care path could be distinguished to 
distribute the “recipe cards” in the participating centers (Figure 2). 

Via the surgery department
1.  Eligible patients were identified in the postoperative multidisciplinary team meeting 

(MDT), and eligibility was captured in the MDT report. Patients received the recipe 
card via the surgery department at the postoperative consultation. They referred the 
patient to the radiation oncologist to discuss RT and gave information about the PtDA 
and the trial. Patients could use the PtDA at home, prior to their consultation at the RT 
department. 

Via the radiation oncology department
2.  Eligible patients were identified in the postoperative MDT and eligibility was captured 

in the MDT report. Trial managers from the RT department sent information about the 
PtDA and the trial to the patient through regular post, together with the recipe card. 
Patients could use the PtDA at home, prior to their consultation at the RT department.

3.  Eligible patients were informed about the study once they visited the RT department. 
Patients received the recipe card from the clinician in the RT department during the 
consultation. They could use the PtDA during consultation and/or after the consultation 
at home. If necessary, a second consultation was planned.

Individual caregivers could freely choose to adapt their trial logistics for individual 
patients. For example, if participating centers used option 1 or 2, but patients accidentally 
did not receive the recipe card prior the consultation with the RT, they could follow option 
3, allowing the radiation oncologist to include eligible patients anyway. In most centers, 
more than one of the three above-mentioned logistic options were used. Since option 2 
was not foreseen when the patient questionnaire was developed, regular post was not 
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included in the answer-options on the question “From whom they had received the PtDA 
link”. Consequently, we only analyzed differences between two strategies: link received 
via the surgical or the RT department.

Figure 1. Front and backside of the recipe card.

Figure 2. Possible moments in care path to hand over the recipe card to the patient.

1: Patients received the recipe card via the surgery department at the postoperative 
consultation; 2: patients received the recipe card via the radiation oncology department 
via regular post; 3: patients received the recipe card via the radiation oncology department 
during the postoperative consultation.

Data collection
We collected data from three sources (table 2):

1.  Tracking data: Clinicians in the participating hospitals recorded the login code of the 
recipe cards given to the patient on the case report form (CRF). When patients logged 
in to the website, this was automatically registered.

2.  Patient questionnaires: Patients were asked to fill in a questionnaire after the consultation 
in which the decision was made. In this questionnaire, we asked from whom and when 
the patient had received the recipe card, if they had used the PtDA, and if they had 
used the PtDA, if they perceived it as being useful. In addition, we asked some general 
questions, e.g., on educational level, as defined by the SOI 2016 classification (26).

3.  The including clinician filled out a standardized consultation registration form, part of the 
CRF. The CRF included questions on birth date, disease and treatment characteristics, 
consultation length, and whether there was a note in the multi-disciplinary team report 
stating that RT had to be discussed with the patient.



66 67

Table 2. Overview of the different data to be collected.

1.Log data Log data was automatically tracked when patients logged in to the 
PtDA 

2.Case report form
to be filled in by 
radiation oncologist

Did the multidisciplinary board register “to discuss RT with the 
patient” in the multi-disciplinary team report?
o No
o Yes
o There is no report of the multidisciplinary team meeting

Can you indicate the consultation length? …… min.

3.Patient 
questionnaire

From whom did you receive the link to the decision aid?
o Surgeon
o Nurse/Nurse practitioner at surgery department
o Radiation oncologist
o Nurse/physician assistant at radiation oncology department 
o Other, please specify: …

Did you consider the decision aid to be useful/did it help in the 
decision-making process?
o Yes
o Partly
o No

What is your highest education level?
o Primary school
o Lower secondary education 
o Preparatory vocational education 
o Vocational education 
o Senior general secondary education 
o Pre-university education 
o Higher professional education 
o University 

 

Data analysis
Tracking data was used as a binary outcome. When patients logged in to the PtDA, this 
was automatically registered. Patients were coded to have logged in to the PtDA if any 
login session was registered, independent of the length and the number of times patients 
logged in. Patients were coded as not having logged-in to the PtDA if the login code was 
known but no login session was registered by the system. Patients were coded as missing 
when their login code was unknown.

Descriptive statistics were used to describe patient characteristics and information from 
the patient questionnaires. The question from whom they had received the link to the 
PtDA was recoded to three categories: 1) When patients had received the link from the 
surgeon or the nurse practitioner, this was coded as having received the link from the 

surgery department; 2) Patients who received the link from the radiation oncologist or the 
physician assistant were coded as having received the link from the radiation department; 
3) The third category was the option “other”. Educational level was recoded to low, middle 
and high as defined by the SOI 2016 classification (26).

Descriptive statistics were used to describe the distribution of patients between the four 
indications for RT and whether it was indicated in the MDT report that RT “had do be 
discussed with the patient”.

Univariable logistic regression was used to compare patients who had and had not logged 
in to the PtDA. The independent variables tested included: from whom patients received 
the PtDA link, educational level, whether SDM was indicated in the MDT report, and the 
indication for RT. We were not able to run a multivariable analysis due to the limited 
sample size of the categories. 

Results

Fourteen of the nineteen RT centers in the Netherlands agreed to participate in the trial, 
of whom thirteen centers included patients. Patient inclusion started as soon as the 
trial was approved in each individual center, resulting in a spread in first inclusion per 
center (Figure 3). There was also a spread for breast cancer patients treated per center, 
varying between around 1100 new patients per year in the largest center and around 200 
patients in the smaller centers. Seventy-eight different clinicians included 189 patients. 
185 patients filled in their questionnaire, and of 188 patients a case report form was filled 
out by their radiation oncologist. For eight patients, the login code was unknown, so that 
tracking of their PtDA use was not possible. Full data were available for 181 patients.

Number of inclusions per participating centers. Each bar represents one of the participating centers. 
Participating centers are ordered by starting date of first inclusion. 

Patient characteristics
The mean age was 60.4 years (SD 11.3), 40% of the patients were highly educated. The 
low-risk DCIS group was the largest group (33%), followed by the low-risk invasive breast 
cancer group (31%) and the boost/no-boost group (25%). Fewer patients deciding on 
thoracic wall RT were included (11%) (table 3). Patients in the low-risk breast cancer group 
were the oldest group (mean 67.3, SD 9.1), whereas the boost/no-boost group patients 
were the youngest (mean 54.7, SD 11.1).
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Figure 3. Inclusions per participating center and number of patients logging in or not.

Decision aid use and process characteristics
From the tracking data, we found that 140 (77%) patients logged in to the PtDA, whereas 
41 patients did not login to the PtDA. 158 patients reported to have used the PtDA, of 
which 136 were traced by the tracking data (table 4). Of the patients who used the PtDA, 
88% perceived the PtDA as being (partly) useful. In 114 patients (65%), eligibility had been 
captured in the MDT report (table 5). In the univariable analyses, we found that when the 
surgery department provided the link to the patient, patients were more likely to log in to 
the PtDA, OR 9.77 (95% CI 1.28-74.51). In addition, when a remark in the MDT report on 
the indication for SDM was found, patients were more likely to login to the PtDA, OR 2.29 
(95% CI 1.12-4.71). There was no difference in login frequency between the four different 
sub-groups/indication for RT. Educational level did not differ between patients who did 
and did not login to the PtDA. There was no difference in consultation length between 
patients who logged in to the PtDA and those who did not (mean 41.9 min (SD 13.0) 
versus 40.5 min (SD 11.8). 

Table 3. Patient characteristics of all 189 included patients.
Mean (SD)

Age in years 60.4 (11.3)
Consultation length in minutes 41.7 (13.5)

Total N=189
N (%)

Received patient decision 
aid via:

Surgery department
Radiation oncology department
Other
Missing

33 (19%)
135 (76%)

10 (6%)
11  

Educational level Low
Middle
High 
Missing

50 (27%)
59 (32%)
73 (40%)

7
SDM indicated in 
multidisciplinary team report

Yes
No
Missing

120 (66%)
62 (34%)

7 
Indication for radiation 
treatment

DCIS 
Low-risk breast cancer 
Boost/no-boost 
Thoracic wall irradiation 
Missing 

62 (33%)
58 (31%)
47 (25%)
21 (11%)

1 

N=140

Perceived decision aid as 
being useful

Yes
Partly
No
Missing

55 (40%)
64 (47%)
17 (13%)

4

Table 4. Overview of tracking data and patients answer on the questionnaire on PtDA use.
Tracking data Total

Logged in Did not log in Missing 
Patient 
questionnaire

Used PtDA 136 16 6 158

Did not use PtDA 2 22 2 26
Missing 2 3 0 5

Total 140 41 8 189
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Table 5. Results of the univariable logistic regression analysis in the 181 patients for whom 
tracking data were available.

Did log-in Did not 
log-in

OR (95%CI) Diffe-
rence

N (%) 140 (77%) 41 (23%) 
Mean age in years (SD) 59.5 (11.0) 63.4 (11.9) 0.97 (-0.01-7.90) 3.9
Consultation length in minutes 
(SD)

41.9 (13.0) 40.5 (11.8) 1.00 (-5.98-3.18) -1.4

Received patient 
decision aid via:

Radiation 
oncology
Surgery
Other
Missings

98 (75%)

29 (97%)
9 (90%)

4

33 (25%)

1 (3%)
1 (10%)

6

1

9.77 (1.28-74.51)
3.03(0.37-24.83) 

Educational level Low
Middle
High
Missings 

34 (72%)
45 (79%)
56 (80%)

5

13 (28%)
12 (21%)
14 (20%)

2

1
1.43 (0.58-3.53)

   1.52 (0.64-3.64) 

Indicated in 
multidisciplinary 
team report

No
Yes
Missings

41 (67%)
94 (82%)

5

20 (33%)
20 (18%)

1

1
2.29 (1.12-4.71)

Indication 
for radiation 
treatment

Thoracic wall 
RT
DCIS
Low-risk breast 
cancer
Boost/no-boost
Missings 

18 (90%)

47 (82%)
43 (75%)

32 (70%)

0 

2 (10%)

10 (18%)
14 (25%)

14 (30%)

1 

1

0.52 (0.10-2.62)
0.34 (0.07-1.66)

0.25 (0.05-1.25)

Discussion 

The main finding in this pragmatic trial was that we reached a high level of PtDA use: 77% 
of the patients (140 out of 181) logged in to the PtDA (15, 27). In addition, we found that 
handing out the link via the surgery department, and a remark in the MDT report, RT is to 
be discussed with the patient, increased the number of patients logging in to the PtDA.

We think that the high uptake level was reached because we tackled several known 
barriers during trial initiation. As described in our previous paper (17), the PtDA was 
developed by the research team, including radiation oncologists, in collaboration with 
clinicians from different radiotherapy centers in the Netherlands. This may have facilitated 
confidence in the PtDA by clinicians, which is also supported by the fact that 78 different 
clinicians included patients. This confidence in the intervention, or feeling of ownership 
is also stated as important in the Consolidated Framework For Implementation Research 
(CFIR) where it is described as “commitment, involvement and accountability of leaders 

and managers with the implementation” (28). Furthermore, with the pragmatic trial 
approach, we tackled many other known barriers mentioned in the CFIR, such as logistics 
and leadership by adapting the implementation of the PtDA to the logistics of the different 
centers, it interfered as little as possible with the routine in each center. Leadership 
was accomplished by having dedicated clinicians as principal investigator in each of the 
participating centers. In the Netherlands, there is a well-functioning national platform for 
breast cancer radiotherapy, which has been existing for 20 years. This mono-disciplinary 
platform includes at least one breast cancer radiation oncologist from every RT center, 
resulting in strong cohesion. A disadvantage is that other breast cancer specialists, such 
as surgeons and medical oncologists, are not represented. We hypothesize that this was 
overcome by the dedicated radiation oncologists who informed the surgeons of their 
referring centers about the trial. 

We found in our trial that patients receiving the link to the PtDA via the surgery department 
were more likely to log in. It is known that if the patient is given a concrete treatment 
advice by the surgeon, without explaining the treatment to be preference-sensitive, 
patients might be less open to SDM, because they feel that choosing another treatment 
than advised by the surgeon goes against his advice (29, 30). Therefore, when the link to 
the PtDA is handled via the surgery department, patients were probably more aware that 
they have a choice. Patients could use the PtDA prior the consultation with the radiation 
oncologist to be prepared for the consultation and already contemplate what is important 
to them (13). In our study, though, we also had a group of patients who received the 
link to the PtDA via the RT department by regular post, prior the consultation, such that 
these patients could also use the PtDA for the preparation of the consultation. This might 
explain the high uptake in the RT group as well. Since we did not register whether the 
patients received the link via regular post, we cannot draw firm conclusions on which 
factor is more important: the timing of receiving the link (prior to the consultation with 
the radiation oncologist), or the department handing out the link (surgery department or 
RT department).

Capturing eligible patients in the MDT was also found to be an important facilitator. 
Savelberg et al. pointed out that if the MDT report gives advice favoring one of the 
treatment options, it may be more difficult for clinicians and patients to overrule this 
advice (30, 31). It is not surprising, that if the MDT report did not capture the indication for 
the PtDA, the patient more often got the link via the radiotherapy department, since the 
surgeon is less involved in the indication for radiotherapy than the radiation oncologist.

The mean age of our trial population is in line with the age at diagnosis of breast cancer 
patients in the Netherlands (32). Educational level did, however, differ from the general 
Dutch population in which, around 33% is highly educated, as opposed to 40% in our 
trial population (33). We found only a slightly better PtDA uptake for younger patients 
compared to the older patients. This also seems in line with literature, which shows that 
older patients do want to participate in the shared decision-making process, but they tend 
to value more the verbal communication with their clinician (34). Vulnerable patients are 
known to be under-represented in healthcare research, and therefore probably also in this 
trial (35). Although this might result in less PtDA use in patients with a lower educational 
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level, in our study we did not find any difference in PtDA uptake by educational level. 
This is in line by the results of Pickles et al. who suggest that educational level does not 
interfere with the effect of a PtDA found in trial setting (36).

A reassuring finding was that we did not find a difference in consultation length between 
patients who did and did not log in to the PtDA. Since perception of time and the fear of 
longer consultation are known to be important barriers, we hope our results will help 
implementation of the PtDA in clinical practice (37, 38).

A limitation to our study is that we do not know how many patients were eligible for the 
study but were not offered the PtDA or refused participation. There was a wide variation 
in the number of patients included by the different centers; this could only partly be 
explained by different duration of the inclusion periods and the differences in the size of 
the different centers. Consequently, this may have resulted in overestimation of the actual 
PtDA use and validation in our trial. 

Another limitation is that, although we found that 88% of the patients that used the 
PtDA perceived it as being (partly) useful, we have no further insight in the patients’ 
perspectives on the different logistics of receiving the link to the PtDA. Furthermore, due 
to technical problems, we do not have more specific tracking data on how long and how 
often patients logged in to the PtDA. Despite this shortcoming, the fact that we could 
use log-data to monitor patients using the PtDA is a strength in this study, since the log-
data yield objective results. Objective data on uptake appear more accurate than the self-
reporting of uptake, because we saw in the results of the patient questionnaires that not 
all patients who reported to have used the PtDA had actually logged in. Patients may not 
have understood the question or gave a socially desirable answer when asked about PtDA 
use. Another strength of this trial is that it interfered as little as possible with routine 
medical practice. This way we were able to find factors that are related to the level of 
uptake of the PtDA in regular clinical practice without trial limitations. Our real life study 
design, with 78 different including clinicians, may facilitate post-trial implementation 
since Glenn et a. found that a positive personal experience and patient satisfaction 
motivates clinicians more to use a support tool than scientific evidence (39). In addition, 
no adjustments are needed to continue using the PtDA in the participating centers after 
the trial. Thus, we achieved a good uptake of the PtDA when it was offered to patients. 
The PtDA is currently freely available and is incorporated into the website of the patient 
organization, as proposed by Reumkens et al. (40).

Conclusion
We accomplished a high PtDA uptake. This may be explained by the pragmatic trial design 
and apparent leadership in the existing network of the involved clinicians. We found 
that logistics facilitating the PtDA being offered via the surgery department prior to the 
consultation with the radiation oncologist, as well as with a note in the MDT report that 
the PtDA should be offered, resulted in high PtDA uptake. 
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Abstract

Background and Purpose: In selected breast cancer patients, radiation treatment (RT) 
lowers the recurrence risk, with minor or no improvement of survival. In these patients, 
the choice to undergo RT is considered a preference-sensitive decision. To facilitate shared 
decision-making (SDM) for this choice, a patient decision aid was made by the research 
team. We aimed to evaluate the effect of the PtDA on decisional conflict.

Material and methods: We performed a multi-center pre- and post-intervention study 
(BRASA-trial). The first 214 patients made a choice without support of the PtDA; the 
subsequent 189 patients received a link to the PtDA. Primary endpoint was decisional 
conflict; secondary endpoints were perceived SDM and knowledge on treatment options. 
Patients filled out questionnaires immediately after, and three months after their decision. 
Data were analyzed with multi-level regression analysis.

Results: After correcting for the difference in age and educational level, the mean (±SD) 
decisional conflict for the intervention group (27.3±11.4) was similar to the control 
(26.8±11.4; difference=0.86, 95%CI 1.67,3.36) three months after their decision. This also 
applied to perceived SDM. Patients exposed to the PtDA pursued additional treatment 
less often (45% vs 56%, odds ratio 0.59, 95%CI 0.37,0.95) and scored significantly higher 
on the knowledge test (7.4±2.5 vs 6.1±2.7, corrected difference=1.0, 95%CI 0.50,1.49). 
There was no significant increase in consultation time.

Conclusions: Handing out the PtDA was not associated with improved scores in decisional 
conflict or perceived SDM, but it was associated with a choice for less (additional) 
treatment and better knowledge about the treatment options.

Introduction

In the process of shared decision-making (SDM), patients and clinicians collaborate to 
select the treatment that fits the patient best (1, 2). The patient knows her own personal 
situation, values, and preferences best, whereas the clinician has the most knowledge 
about her medical situation. These aspects need to be elicited to achieve optimal sharing 
of the decision-making process. Patient decision aids (PtDAs) are tools that support the 
SDM process (3, 4). When PtDAs are used, patients are more satisfied with the decision 
made. In addition, they have more knowledge on their treatment options, are less likely 
to opt for more intensive treatment, and feel more engaged in SDM (3). 

The decision on whether radiotherapy (RT) is offered is usually made according to 
international and national guidelines. In certain settings, however, administration of post-
operative RT can be considered a preference-sensitive decision. In these situations, there 
is evidence that RT reduces local recurrence risk, with a risk of causing side effects, but 
with no or uncertain benefit to long-term survival (5-15). In these situations, guidelines 
may recommend discussing the treatment of choice with the patient (16), or this may be 
decided by the multidisciplinary team. The latter might happen when guidelines do give a 
clear recommendation to offer RT, but the latest literature suggests a lower benefit. 

There are a number of known preference-sensitive situations when choosing for breast 
cancer RT, such as patients with a low to intermediate risk on local recurrence after 
mastectomy, older patients undergoing breast-conserving therapy (BCT) for low-risk 
invasive breast cancer, the indication for boost irradiation to the tumor bed in case of BCT, 
or patients with low-risk Ductal Carcinoma In Situ (DCIS) undergoing BCT (9, 17-20). To 
support SDM in these preference-sensitive treatment decisions, we developed an online 
PtDA (13, 14) according to the international (IPDAS) guidelines (21-24). The PtDA starts 
with an introduction on SDM, and points out that there is a choice to be made. It explains 
how RT is performed in text and in an animation film. The PtDA gives information on the 
possible effect and side effects of RT. Additionally it elicits the patients’ preferences. In a 
review by Vromans et al. this PtDA scored 83 out of 100 points (25). The PtDA is available 
online in Dutch - with an additional literal translation in English - at www.beslissamen.nl. 
We evaluated the PtDA in a multi-centre pre- and post-intervention study in 13 out of the 
19 RT centers in the Netherlands (26). The aim of this study is to investigate whether the 
PtDA resulted in improved decisional quality, an increased perceived level of SDM, and 
improved knowledge on the different treatment options. In addition, we investigated the 
impact of the PtDA on the choice for more or less (additional) radiation treatment, as well 
as its impact on consultation length.

Materials and methods

Study design
We performed a multi-center pre- and post-intervention study. In the pre-intervention 
group, i.e., the control arm, patients were included before introducing the PtDA. In the 
post-intervention group, i.e., the intervention arm, patients were offered the PtDA. 
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Study population
We included patients if they were 18 years or older, had a breast cancer diagnosis, and 
were able to understand sufficient written Dutch language to use the PtDA. All patients 
were faced with a preference-sensitive decision on RT, according to the multi-disciplinary 
team (MDT) of their treating hospital or their treating clinician. Patients had to fit in one 
of the four pathways the PtDA was developed for: boost/no-boost group, chest wall 
RT group, low-risk breast cancer group and DCIS group (appendix A). All patients were 
included in the trial by their radiation oncologist.

Intervention
Once recruitment of the control arm was complete, clinicians were instructed on how to 
use the PtDA. We provided an e-learning opportunity, but this training was not obligatory. 
The logistics for referring patients to the PtDA were adjusted to the existing logistics and 
referral systems of the participating centers (26). Ideally, patients were identified in the 
MDT. Patients received the PtDA-link from the surgery department (n = 33) or from the 
RT department (n = 135), this could either be during the consultation or previous to the 
consultation through regular mail. Ten patients received the PtDA link through another 
route. For ten patients, it was unknown via which route they received the link to the PtDA. 

Outcomes
Patients were requested to complete questionnaires within three days after they had 
made their decision (T1). After three months (T2), the research team sent the follow-
up questionnaire by mail or e-mail, according to the patient’s preference (table 1). We 
also recorded the final treatment decision concerning the RT. The participating clinicians 
were asked to fill out a Case Report Form including medical information (tumor type and 
treatment characteristics) and consultation length immediately after the post-operative 
consultation. 

The primary endpoint was decisional conflict at three months after the decision had been 
made, measured using the Decisional Conflict Scale (DCS) (Appendix B). The DCS measures 
how certain patients are about their decision and how they feel about the decision making 
process. A validated Dutch translation was used (27, 28).The DCS consists of 16 questions 
evaluated on a 5-point Likert scale (scoring 0-4). Higher scores imply more experienced 
decisional conflict. 

The secondary outcomes were perceived level of SDM and patient knowledge on their 
treatment options, measured <3 days after deciding on RT. Perceived level of SDM was 
measured with the SDM-Q9 (Appendix C) (29) and the CollaboRATE (Appendix D)(30). 
The SDM-Q9 consist of nine questions, evaluated on a 6-point Likert scale (scoring 0-5). 
CollaboRATE consist of three questions evaluated on a 10-point Likert scale (31, 32). On 
both questionnaires, a higher score expresses a higher level of experienced SDM. These 
are both validated questionnaires of which validated Dutch translations were used, 
available on the websites of the questionnaires developers (30, 33). Patient knowledge 
was measured by a knowledge test developed by our research team, in the absence of a 
validated test. This questionnaire consisted of 11 questions aligned to the content of the 
PtDA ensuring high content validity. Patients scored one point for each correct answer. 

One point was deducted for each incorrect answer; no points were given if the patient did 
not know the answer (appendix E) (34). 

To investigate important attributes for the decision-making process, we developed a 
questionnaire consisting of nine statements on different attributes in the decision-
making process, as well as one question asking to prioritize which three attributes were 
the most important for the decision made (appendix F). These statements are similar to 
the statements asked for in the PtDA, which was developed together with patients (13). 
All self-developed questionnaires were pilot tested on comprehension and difficulty on 
breast cancer patients prior to the study.

Table 1. Overview of the time schedule for data acquisition via patient questionnaires and 
via Case Report Forms (CRFs) filled out by clinicians. T1 is <3 days after the decision, T2 is 3 
months after the decision. 

Type of data T1 T2
Patients Decisional Conflict 

Scale
x x

SDM-Q9 x
CollaboRATE x
Patient knowledge x
Patient preferences x x
Treatment chosen x

Clinicians CRF with disease 
and treatment 
characteristics, and 
consultation length

x

Sample size calculation 
Considering an effect size on the decisional conflict scale of 0.30-0.40 as a meaningful 
difference (28, 35), we aimed to demonstrate an effect size (if present) of 0.40, with a 
power of 80% (Z = 0.84) and a two-sided alpha of 0.05 (Z = 1.96). This required 99 patients 
per group. Because the decision-making process is influenced by input of the clinician, 
each clinician was considered a different cluster. Assuming each clinician would include 
6 patients on average and intra-class correlation equals 0.04 (36), the design effect (= 1 + 
(6-1)*0.04) equals 1.2. Accounting for an additional 10% loss in efficiency due to unequal 
cluster sizes (37), the required sample size per group was calculated to be equal to 
99*1.2/0.9 = 132 patients within 22 clinicians. Accounting for 20% dropout, 28 recruiting 
clinicians (28 clusters) per group were required, resulting in 168 patients per group. 
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Data analyses
Patient and treatment characteristics, as well as patient preferences, were described 
using the mean value (standard deviation, SD) for numerical variables and number of 
patients per category (%) for categorical ones. Differences in these characteristics between 
control and intervention groups were assessed using Chi-square test or fisher exact test 
where appropriate for categorical variables, while independent-samples t-test was used 
for numerical variables. For the DCS, the SDM-Q9, and the CollaboRATE, we calculated 
the sum score for the questionnaire according to the manuals of these questionnaires 
(31, 35, 38). We used linear mixed models to analyze differences in the scores on the 
questionnaires between the control and the intervention group. A random intercept on 
the clinician level accounted for the clustering of patients within a clinician. In addition 
to the treatment group, we also included characteristics that differed significantly and/
or substantially between the groups in the fixed part of the model to adjust for potential 
confounding. For the outcome measure of treatment choice, the same variables were 
included in a generalized linear mixed model with a logit link function to account for 
the binary data. We did not impute missing outcome, as this was accounted for in the 
mixed model analysis due to its likelihood-based approach, assuming that outcome data 
were missing at random (MAR). All analyses were performed using IBM SPSS Statistics 
for Windows (version 25; Armonk, NY, USA, IBM Corp.), except for mixed model analyses, 
which were performed using STATA (StataCorp. 2009. Stata Statistical Software: Release 11. 
College Station, TX: StataCorp LP.). A two-sided p-value ≤ 0.05 was considered statistically 
significant.

Ethical standards
The trial was approved by the institutional review board of Maastro and the Netherlands 
Cancer Institute and was carried out in accordance with the declaration of Helsinki. All 
participants gave informed consent after reading written trial information. Patients were 
allocated a study code without personal identifiers.

Results

As described in a prior publication (26), patients were recruited from 13 out of 19 
radiation oncology centers in the Netherlands. Between October 2017 and October 2018, 
214 patients were included in the control arm, of which 211 filled in the T1 questionnaire 
and 209 the T2 questionnaire. Between October 2018 and July 2019, 189 patients were 
included in the intervention arm, of which 185 filled in the T1 questionnaire, 140 patients 
used the PtDA (26), and 180 filled in the T2 questionnaire (figure 1). In total 104 different 
clinicians included patients in the study. Of these 104 clinicians, 65 included patients in 
the control arm and 76 in the intervention arm. 

The mean age was 60.4 (SD = 11.3) years in the intervention arm and 62.8 (SD = 12.6) 
years in the control arm (p = 0.050). In the intervention arm, 28% of the patients had a 
low educational level, 32% had middle education, and 40% was highly educated; in the 
control arm, this was 42%, 30%, and 28% respectively (p < 0.007). Disease and treatment 
characteristics were comparable between both groups (table 2).

Figure 1. Flow diagram with an overview of included patients per arm. 

Table 2. Patient characteristics per study-arm. 
Intervention

 (n = 189)
Control 
(n =214)

p-value

Mean Age (in years) 60.4 (SD = 11.3) 62.8 (SD = 12.6) 0.050
Indication 
for SDM on 
(additional) RT 
yes or no:

DCIS
Low-risk invasive
Boost
Chest wall
Missing 

62 (33%)
58 (31%)
47 (25%)
21 (11%)

1

64 (30%)
65 (30%)
62 (29%)
23 (11%)

0

0.824

Educational 
level

Low 
Middle
High
Missing 

50 (28%)
59 (32%)
73 (40%)

7

86 (42%)
63 (30%)
58 (28%)

7

0.007

SDM indicated 
in MDT

No
Yes
Missing

62 (34%)
120 (66%)

7

90 (44%)
114 (56%)

10

0.044
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Axillary 
treatment

Sentinel node procedure
Axillary lymph node 
dissection
MARI
Sentinel node procedure 
+ MARI
Sentinel node procedure 
+ RT
Axillary lymph node 
dissection + MARI + RT
Sentinel node procedure 
+ Axillary lymph node 
dissection + MARI + RT
None
Missing

109 (58%)
5 (23%)

2 (1%)
2 (1%)

4 (2%)

0

0

65 (34.8%)
2

137 (65%)
6 (3%)

3 (1%)
1 (0.5%)

2 (1%)

1 (0.5%)

1 (0.5%)

61 (28.5%)
2

0.694*

Systemic 
therapy

Yes
No
Missing

53 (28%)
134 (71%)

2

67 (31%)
147 (69%)

0

0.458

Breast surgery Breast-conserving surgery
Amputation with direct 
reconstruction
Amputation with delayed 
reconstruction 
Amputation without 
reconstruction
Amputation, 
reconstruction unknown
Missing

167 (89%)

12 (6%)

2 (1%)

4 (2%)

3 (2%)

1

191 (89%)

9 (4%)

3 (1%)

7 (3%)

4 (2%)

0

0.833*

cTNM T0
T1
T2
T3
Missing

N0
N1
Missing

66 (35%)
96 (51%)
23 (12%)

3 (2%)
1

179 (95%)
9 (5%)

1

75 (36%)
97 (46%)
35 (17%)

3 (1%)
4

197 (94%)
12 (6%)

5

0.601*

0.671

pTNM T0
T1
T2
T3
Missing

N0
N1
Missing

86 (46%)
92 (49%)

9 (5%)
0
2

172 (92%)
15 (8%)

2

86 (41%)
103 (49%)
22 (10%)

0
3 
 

185 (89%)
24 (11%)

5

0.098

0.248

Histology DCIS
Invasive, no specific type 
(NST)
Invasive lobular 
carcinoma
Other
Missing

62 (33%)
106 (56%)

11 (6%)
9 (5%)

0

68 (32%)
119 (56%)

16 (8%)
9 (4%)

2

0.684

Tumour 
grade Bloom 
Richardson

1
2
3
Missing

61 (34%)
80 (44%)
41 (23%)

7

72 (35%)
86 (42%)
46 (23%)

10

0.923

Receptor 
status

ER -
ER +
Missing

PR -
PR +
Missing

HER2 -
HER2 +
Missing 

83 (44%)
105 (56%)

1

98 (52%)
90 (48%)

1

182 (97%)
6 (3%)

1

87 (41%)
126 (59%)

1

109 (51%)
104 (49%)

1

199 (93%)
14 (7%)

1

0.515

0.632

0.193

*Fisher’s exact test
MDT = multi-disciplinary team, RT = radiotherapy, MARI = MARI method (marking of the axilla with 
radioactive iodine seeds)

We corrected for baseline characteristics that differed between both groups (age and 
educational level) in all regression analyses. There was no significant difference between 
the intervention and control arm in the primary endpoint, i.e. DCS at 3 months after the 
decision, (27.3 (SD 12.9) vs mean 26.8 (SD 11.4) (p= 0.510)) (table 3). In addition, no 
significant difference was found in measures < 3 days after the decision (T1): DCS (mean 
27.3 (SD 12.9) vs 26.2 (SD 12.4) (p=0.412)), and perceived SDM level measured with the 
CollaboRATE (mean 88.6 (SD 14.4) vs 88.9 (SD 15.8) (p=0.919)) and the SDM-Q9 (mean 
74.0 (SD 19.7) vs 72.2 (SD 22.4) (p=0.418)). Patients in the intervention arm scored better 
on the knowledge test (mean 7.4 (SD 2.5) vs 6.1 (SD 2.7) (p<0.001)) and chose less often 



86 87

for (additional) RT compared to the control group (44.5% vs 55.7% (OR 0.59 (95%CI 0.37-
0.95)). No significant difference in consultation length (41.7 min vs 40.8 min (p=0.276)) 
and number of consultations needed to make the decision (2.22 vs 2.01 (p=0.869)) was 
seen between the intervention and control arm.

Table 3. Results of primary and secondary outcome measures. Raw data are summarized 
with absolute scores and numbers. The p-values represent the results of the linear and 
logistic mixed model analyses, corrected for age and educational level. T1 is <3 days after the 
decision, T2 is 3 months after the decision.
Outcome measure Intervention

Mean (SD)
N=189

Control
Mean (SD)

N=214

Corrected 
difference between 

intervention and 
control (95%CI)*

T2 DCS (0-100) 
Missing

27.3 (12.9)
14

26.8 (11.4)
7

0.85 (-1.67, 3.36)

T1 DCS (0-100) 
Missing

27.3 (12.9)
8

26.2 (12.4)
8

1.10 (-1.52, 3.72)

T1 Knowledge (-11-11) 
Missing

7.4 (2.5)
10

6.1 (2.7)
9

1.00 (0.50, 1.49)

T1 CollaboRATE (0-100)
Missing

88.6 (14.4)
4

88.9 (15.8)
6

-0.16 (-3.32, 2.99)

T1 SDMQ9 (0-100)
Missing

74.0 (19.7)
6

72.2 (22.4)
8

1.81 (-2.56, 6.18)

Consultation length (min)
Missing

41.7 (13.5)
19

40.8 (14.3)
27

1.52 (-1.21, 4.25)

Number of consultations
Missing

2.22 (7.2)
4

2.01 (6.78)
3

0.02 (-0.20, 0.24)

Intervention Control OR (95%CI)
More (additional) treatment chosen 
(%)
Missing

44.52

7

55.7

4 

0.59 (0.37, 0.95)

*Corrected for age and educational level

The important attributes for the decision-making process were similar for the intervention 
and control arm (appendix F). The most important attributes, both at T1 and T2, were the 
local recurrence risk, the advice of the clinician, and the fact that choosing to pursue RT 
can give peace of mind. The least frequently chosen attributes were the cosmetic results 
and the daily trip to the RT center. 

Discussion

We have shown that the patient decision aid (PtDA) was not significantly associated with a 
better score on the decisional conflict scale (DCS), neither immediately after the decision 
was made nor three months later. We also found no statistically significant difference in 
the experienced level of shared decision making (SDM) and consultation length. We did 
find that patients to whom the link to the PtDA had been provided (the intervention group) 
chose less often for (additional) radiation treatment (RT) and that they had improved 
scores in the knowledge test.

The findings on DCS and SDM were disappointing, because the aim of a PtDA is to support 
SDM. SDM in turn aims to ensure that patients chose the treatment that corresponds best 
with the patients’ situation and preferences. Several instruments have been developed 
to measure decisional quality, but no instrument covers all aspects (39). Since the DCS 
is frequently used to measure the effect of PtDAs, and Stacey et al. showed that DCS 
decreased after PtDA use, we chose DCS as our primary outcome (4, 39, 40). Recently, 
however, Garvelink et al. (45) showed that it may also matter at what time-point the DCS 
is applied. They found a significant difference in DCS after PtDA use shortly (1-3 months) 
after the decision was made, but this difference was not significant immediately (<1 
month) after the decision was made or in the long term (41). They found a mean score 
in DCS for the overall group of M = 26.1 immediately after the decision was made and 
M = 26.3 in the long term; we found scores varying around 26-27 both immediately and 
three months after the decision. A score on the DCS of >25 is considered to be elevated 
decisional conflict (35), and our scores are only slightly above this cut-off. This raises the 
question of how much effect we could expect from the PtDA. Others argued that DCS 
might even rise immediately after PtDA use, because patients might be more aware that 
there is a difficult decision to be made (42). 

We also aimed to measure the process of SDM. For this outcome, several questionnaires 
are available, but there are no high-quality tools to measure perceived SDM (43, 44), 
and the available tools are all hampered by a strong ceiling effect (45, 46). We also found 
relatively high scores on the SDM-Q9 (M = 72.2 and 74.0) compared to the review of 
Doherr et al. (mean scores 25–75) and CollaboRATE (M = 88.9 and 88.6). This might 
suggest that the SDM process of the participating clinicians was already relatively good, so 
that there was not enough room for improvement (31, 46). However, a high pre-trial level 
of SDM behavior may be unlikely, as many papers show that there is generally much room 
for improvement in this area, and we did not provide extensive training on SDM (47).

We found that patients who received the PtDA made different choices, compared to 
patients who did not receive the PtDA: they chose less often for (additional) RT. This 
suggests that the PtDA had an added effect on the deliberation of patients deciding on 
(additional) RT. Although patients indicated that they considered recurrence risk and 
peace of mind of choosing for RT as important attributes, patients in the intervention arm 
were more likely to decide to refrain from (additional) RT. We hypothesize they might be 
more aware of the limited gain of (additional) RT after using the PtDA since we also found 
improved scores on the knowledge test. (4). 
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We found no difference in consultation length and number of consultations for the 
patients who received the PtDA. This may stimulate implementation, since it is known 
that clinicians fear that SDM and the use of PtDAs may consume too much time and is a 
frequently mentioned barrier for implementation of PtDAs (48, 49).

A limitation in our study is the lack of randomization. We chose to perform a pre- and 
post-intervention study, because there is currently a momentum for developing tools 
to incorporate SDM in clinical practice in the Netherlands (50) and we expected that 
hospitals would not accept randomization. Clinicians who are instructed how to work 
with the PtDA might already change their communication style and we therefore only 
performed an intention to treat analysis. Also many hospitals were represented in the 
process of developing the PtDA; therefore, randomization at hospital level was not 
possible. Since 13 different centers included patients, numbers per center were too 
small to run subgroup analyses on the different centers. The drawback of our approach 
may be that participating clinicians might have changed their information provision on 
the different treatment options over time, independently of the PtDA use, particularly 
because there is a movement towards treatment de-escalation in breast cancer care (51-
53). Also patients in the intervention arm were slightly younger and were more highly 
educated than patients in the control arm, suggesting a selection bias. We did correct 
for these inequalities in our analysis, which improved reliability of our results. A strength 
of our approach is that we were able to show the effect of the PtDA in a realistic setting 
resembling daily clinical practice (54, 55). We had more referring clinicians than required 
for our sample, which increases the statistical power of the study.

Although we did not find a significant effect on the perceived level of SDM, the additional 
value of the PtDA was evaluated by patients as “good”. Of the patients who used the PtDA, 
88% considered the PtDA to be useful for the decision-making process (26). Therefore, 
more research is needed on how to improve integration of the PtDA in clinical practice 
while simultaneously improving the SDM process (56, 57). 

Conclusion 
We found no significant improvement on the DCS or on perceived level of SDM after 
handing out the PtDA. However, we did find that patients to whom the PtDA was provided, 
more often chose to refrain from (additional) RT, and showed better knowledge about the 
different treatment options, without using additional consultation time.
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Appendices

Appendix A. Subgroups for whom the PtDA was developed.

Patients with low-risk ductal carcinoma in situ (DCIS) after breast-conserving surgery 
deciding on whole/partial breast RT or no RT (DCIS group).

Patients with low-risk invasive ductal carcinoma after breast-conserving surgery deciding 
on whole/partial breast RT or no RT (low-risk breast cancer group).

Patients with intermediate-risk breast cancer after mastectomy deciding on thoracic wall 
RT or no RT (chest wall irradiation group).

Patients with intermediate-risk breast cancer after breast-conserving surgery deciding on 
whole breast RT with or without an extra boost dose to the tumor bed (boost/no-boost 
group).

Appendix B. Decisional conflict scale
Strongly 

Agree
Agree Neither 

Agree 
Nor 

Disagree

Disagree Strongly 
Disagree

I know which options are available to 
me.
I know the benefit of each option.
I know the risks and side effects of 
each option.
I am clear about which benefits 
matter most to me.
I am clear about which risks and side 
effects matter most to me.
I am clear about which is more 
important to me (the benefits or the 
risks and side effects).
I have enough support from others to 
make a choice.   
I am choosing without pressure from 
others.
I have enough advice to make a 
choice.
I am clear about the best choice for 
me.
I feel sure about what to choose.
This decision is easy for me to make.
I feel I have made an informed choice.
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My decision shows what is important 
to me. 
I expect to stick with my decision.
I expect to stick with my decision

     

Appendix C. SDM-Q9
Com-

pletely 
disagree

Strongly 
disagree

Some-
what 

disagree

Some-
what 
agree

Strongly 
agree

Com-
pletely 
agree

My doctor made clear that a 
decision needs to be made.
My doctor wanted to know 
exactly how I want to be 
involved in making the 
decision.
My doctor told me that 
there are different options 
for treating my medical 
condition.
My doctor and I thoroughly 
weighted the different 
treatment options. 
My doctor helped me 
understand all the 
information. 
My doctor precisely 
explained the advantages 
and disadvantages of the 
treatment options.
My doctor asked me which 
treatment I prefer.
My doctor and I selected a 
treatment option together.
My doctor and I reached 
an agreement on how to 
proceed.

      
      

Appendix D. collaborate
How much effort was made to help you understand your health issue?

0 
no 

effect

1 2 3 4 5 6 7 8 9 every 
effort 
was 

made

How much effort was made to listen to the things that matter most to you about your health 
issues?

0 
no 

effect

1 2 3 4 5 6 7 8 9 every 
effort 
was 

made

How much effort was made to include what matters most to you in choosing what to do 
next?

0 
no 

effect

1 2 3 4 5 6 7 8 9 every 
effort 
was 

made

Appendix E. Knowledge test.
You received a lot of information about the advantages and disadvantages of choosing for 
radiotherapy or to leave radiotherapy out of your treatment. Here you see some questions 
about this subject. Please answer the questions with the knowledge you have, do not look 
up the right answers. 

True False Don’t know
The radiation treatment, including the time to get dressed 
and undressed, takes 30 minutes per day.
For the radiation treatment I have to go to the hospital on a 
daily basis, only on the weekdays.
I will feel pain during the radiation treatment procedure.

During the radiation treatment I will be radioactive and I will 
not be allowed to come close to children. 
If the surgeon removed the tumor completely, radiation 
treatment is not necessary.
The shape and the sensitivity of my breast can change even 
years after the radiation treatment.
It is likely that I will feel nauseous as a consequence of the 
radiation treatment.
The skin reaction can worsen after the radiation treatment 
before it gets better. 
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Due to the radiation treatment, my breast might stay painful 
in the long term.
Due to the radiation treatment, I might feel tired for some 
weeks. 
For woman who chose (additional) radiation treatment we expect that the tumour will 
recure in 10 years
a. in less than 15 out of 100 woman
b. in more than 15 out of 100 woman
c. don’t know

Appendix F. Patient preferences, as indicated in the self-developed questionnaire. These 
statements are similar to the statements asked for in the PtDA, which was developed together 
with patients. T1 = < 3 days after the decision, T2 is 3 months after the decision.
These are statements about the decision to undergo radiotherapy or to leave radiotherapy 
out of your treatment. We would like to ask you to read these statements and to thing about 
the decision you made. Please indicate whether you agree or disagree with this quote. This 
way, you indicate which attributes were important to you when making the decision. 

T1 T2
Control 

(%)
Interven-
tion (%)

Control 
(%)

Interven-
tion (%)

1. I think the idea of radiation is really awful.
  Fully agree 
  Agree
  Do not agree/disagree
  Disagree
  Fully disagree
  Missing 

13 (6)
72 (34)
54 (26)
56 (27)
15 (7)

0

17 (9)
60 (32)
42 (23)
48(26)
16 (9)

2

15 (7)
64(31)
51 (25)
54 (26)
23 (11)

7

10 (6)
57 (32)
48 (27)
50 (28)
14 (8)

10
2. I’ll do whatever it takes to reduce the 
chances of tumor recurring
  Fully agree 
  Agree
  Do not agree/disagree
  Disagree
  Fully disagree
  Missing 

88 (42)
79 (38)
21 (10)
18 (9)
4 (2)

0

70 (39)
61 (34)
27 (15)
21 (12)
1 (.6)

5

82 (39)
88 (42)
25 (12)
13 (6)
1 (.5)

5

62 (35)
74 (41)
26 (15)
16 (9)
1 (.6)

10
3. I’m put off by the idea of daily radiation 
treatment/extra days of radiotherapy (boost)  
  Fully agree 
  Agree
  Do not agree/disagree
  Disagree
  Fully disagree
  Missing 

7 (3)
69 (33)
51 (24)
64 (31)
18 (9)

1

9 (5)
41 (23)
44 (25)
64 (36)
21 (12)

6

11 (5)
68 (33)
42 (20)
69 (33)
19 (9)

5

5 (3)
49 (27)
49 (27)
55 (31)
21 (12)

10

4. I’m put off by the radiation side effects
  Fully agree 
  Agree
  Do not agree/disagree
  Disagree
  Fully disagree
  Missing 

33 (16)
88 (42)
40 (19)
41 (20)

7 (3)
1

39 (22)
80 (44)
36 (20)
21 (12)

5 (3)
4

32 (15)
81 (39)
42 (20)
43 (21)
11 (5)

5

27 (15)
77 (43)
38 (21)
31 (17)

6 (3)
10

5. The cosmetic result in the long term is 
important to me
  Fully agree 
  Agree
  Do not agree/disagree
  Disagree
  Fully disagree
  Missing 

14 (7)
42 (20)
62 (30)
67 (32)
25 (12)

0

13 (7)
57 (32)
51 (28)
47 (26)
12 (7)

5

13 (6)
45 (22)
62 (30)
63 (30)
25 (12)

6

7 (4)
49 (28)
61 (34)
48 (27)
13 (7)

11
6. Choosing for radiotherapy/extra 
radiotherapy (boost) gives me peace of mind
  Fully agree 
  Agree
  Do not agree/disagree
  Disagree
  Fully disagree
  Missing 

31 (15)
66 (31)
39 (19)
57 (27)
17 (8)

0

27 (15)
46 (25)
36 (20)
54 (30)
19 (10)

3

28 (13)
72 (34)
47 (22)
48 (23)
14 (7)

5

23 (13)
52 (29)
36 (20)
48 (27)
20 (11)

10
7. What my health care provider advises is 
important to make a decision
  Fully agree 
  Agree
  Do not agree/disagree
  Disagree
  Fully disagree
  Missing 

50 (24)
126 (60)
22 (11)

8 (4)
4 (2)

0

31 (17)
114 (63)
25 (14)

8 (4)
2 (1)

5

38 (18)
114 (55)
32 (15)
18 (9)
7 (3)

5

40 (22)
94 (53)
22 (12)
20 (11)

4 (2)
10

8. I feel a responsibility towards those close to 
me to choose radiotherapy/extra radiotherapy 
(boost)
  Fully agree 
  Agree
  Do not agree/disagree
  Disagree
  Fully disagree
  Missing 

18 (9)
52 (25)
45 (21)
69 (33)
26 (12)
0 

12 (7)
26 (14)
37 (20)
75 (41)
32 (18)
3

22 (11)
39 (19)
52 (25)
69 (33)
27 (13)
5

12 (7)
31 (17)
35 (20)
69 (39)
32 (18)
10
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 9. Reasons other than those mentioned above 
were the most important to me in making my 
decision
  Fully agree 
  Agree
  Do not agree/disagree
  Disagree
  Fully disagree
  Missing 

17 (8)
50 (24)
59 (29)
57 (27)
24 (12)
3

9 (5)
44 (24)
60 (33)
46 (26)
21 (12)
5

20 (9)
47 (22)
63 (30)
60 (28)
17 (8)
7

12 (7)
42 (24)
56 (31)
51 (29)
17 (10)
11

Can you identify which 3 aspects from the 9 mentioned above were the most important for 
you when making the choice to undergo radiotherapy or not? (patients could fill in 3 boxes 

on the form).
T1

Question Control 
(%)

Order* Interven-
tion (%)

Order*

1. I think the idea of radiation is really awful. 36 (6) 7 25 (5) 7/8

2. I’ll do whatever it takes to reduce the 
chances of tumor recurring

138 (23) 1 94 (19) 2

3. I’m put off by the idea of daily radiation 
treatment/extra days of radiotherapy (boost) 

28 (5) 8 16 (3) 9

4. I’m put off by the radiation side effects 71 (12) 4 74 (15) 3

5. The cosmetic result in the long term is 
important to me

24 (4) 9 25 (5) 7/8

6. Choosing for radiotherapy/extra 
radiotherapy (boost) gives me peace of mind

81 (14) 3 69 (14) 4

7. What my health care provider advises is 
important to make a decision

124 (21) 2 102 (21) 1

8. I feel a responsibility towards those close to 
me to choose radiotherapy/extra radiotherapy 
(boost)

45 (8) 5 34 (7) 6

9. Reasons other than those mentioned above 
were the most important to me in making my 
decision

44 (7) 6 47 (10) 5

Total 591 486

T2

Control 
(%)

Order* Interven-
tion (%)

Order*

1. I think the idea of radiation is really awful 26 (5) 8 32 (7) 6
2. I’ll do whatever it takes to reduce the 
chances of tumor recurring

132 (24) 1 100 (20) 1

3. I’m put off by the idea of daily radiation 
treatment/extra days of radiotherapy (boost)

30 (5) 7 20 (4) 8

4. I’m put off by the radiation side effects 58 (10) 4 72 (15) 3
5. The cosmetic result in the long term is 
important to me

14 (2) 9 19 (4) 9

6. Choosing for radiotherapy/extra 
radiotherapy (boost) gives me peace of mind

92 (16) 3 71 (14) 4

7. What my health care provider advises is 
important to make a decision

117 (21) 2 97 (20) 2

8. I feel a responsibility towards those close to 
me to choose radiotherapy/extra radiotherapy 
(boost)

45 (8) 6 31 (6) 7

9. Reasons other than those mentioned above 
were the most important to me in making my 
decision

47 (8) 5 50 (10) 5

Total 561 492
*Order of most frequent to least frequent chosen answer. 
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This chapter starts with an overview of the research questions and a summary of the main 
results of this thesis. Subsequently, insight is given on the added value of these results 
and provide a critical appraisal of the strengths and limitations of the full thesis. Lastly, we 
finish with a conclusion and recommendations for practice and for future research.

Research questions

In some situations, the policy to advise the administration of post-operative radiotherapy 
(RT) in breast cancer patients is not clear-cut based on clinical trial results and scientific 
evidence. In these patient groups, post-operative RT lowers the (local) recurrence risk 
but can cause side effects, without a clear survival benefit. Therefore, the indication for 
(additional) RT can be considered a “gray area” or, in other words, a preference-sensitive 
decision. Patients and clinicians in these cases should work together to find the treatment 
for the patient that best fits her personal situation and preferences. This process is called 
shared decision making (SDM). To support clinicians and patient in the process of SDM, 
patient decision aids (PtDAs) can be used.

We developed a PtDA for breast cancer patients deciding on their RT treatment. The 
PtDA was developed for: 1) patients with Ductal Carcinoma In Situ (DCIS) deciding on 
(whole) breast RT or no RT after breast-conserving surgery, 2) patients with a very low-
risk invasive breast cancer deciding on (whole) breast RT or no RT after breast-conserving 
surgery, 3) patients with an intermediate-risk breast cancer deciding on chest wall RT after 
mastectomy, and 4) patients with an intermediate-risk breast cancer deciding on RT with 
or without an extra boost dose to the tumor bed after breast-conserving surgery. In this 
thesis we aimed to evaluate the development of the PtDA, analyze the effect of the PtDA 
in daily clinical practice, and investigate barriers and facilitators for implementation of the 
PtDA. The four research questions we investigated were:

1.  What are patients’ and health care professionals’ experiences, decisional attributes, 
and needs as input for the development of a patient decision aid for breast cancer 
patients, deciding on radiation treatment, to facilitate SDM?

2.  How can we incorporate uncertainties in a patient decision aid for breast cancer patients 
to support their decision on radiation treatment? 

3.  What are important patient, clinician, and organizational success factors for 
implementing a patient decision aid, designed for breast cancer patients, facing a 
decision on their radiation treatment? 

4.  What is the effect of a patient decision aid for breast cancer patients deciding on 
radiation treatment, on decisional conflict, perceived SDM and knowledge on treatment 
options?
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Summary of the main results

What are patients’ and health care professionals’ experiences, decisional attributes and 
needs as input for the development of a patient decision aid for breast cancer patients, 
deciding on radiation treatment, to facilitate SDM? We performed a qualitative study 
interviewing 15 breast cancer patients that had faced a decision on RT in the past, as 
well as 15 breast cancer clinicians. We found that patients and clinicians agreed on the 
importance of communicating local recurrence risks and survival benefit. They did differ 
on their perspectives on communicating the uncertainty around the numbers. Although 
some patients did remember the exact numbers mentioned to them in consultation, 
others only remembered a sense of the risk of a recurrence being low or high. No patient 
mentioned or remembered the clinician mentioning an uncertainty margin. Clinicians, 
on the other hand, were aware of the uncertainty margins around risk estimates and 
they indicated that it is important to mention them in consultations and to incorporate 
them in the PtDA to be developed. Most patients only remembered a few possible side 
effects mentioned by their clinician. Between clinicians, there was wide variation in the 
number of side effects that they believed were important to mention to patients. We 
also found a difference in framing of the side effects. While patients often mentioned 
skin burn and deformation of the breast as possible side effects, these side effects were 
framed as skin reaction and fibrosis by the clinicians. The most important short-term side 
effects mentioned were red and sensitive skin, edema, tiredness, and pain of the breast. 
The most important long-term side effects mentioned were fibrosis and change in breast 
shape, edema, (dark) skin discoloration, pain, rib complications, heart problems, and lung 
problems. The treatment burden—a daily visit to a radiation clinic for 3-4 weeks—was not 
mentioned as an important attribute when choosing for RT or not, neither by patients or 
clinicians. 

How can we incorporate uncertainties in a patient decision aid for breast cancer patients 
to support their decision on radiation treatment? With the results of the interviews, 
the research team made a first draft version of the PtDA. This draft version was used 
for further development of the decision aid in collaboration with four patient advocates 
and 12 clinicians. The final version of the PtDA was developed in four different rounds of 
individual Think Aloud sessions with patient advocates and group meetings with patient 
advocates, the research team, and clinicians. During the development of the PtDA, 
most debate emerged on the risk communication of the local recurrence risks, potential 
survival benefit, and side effects. Consensus was reached on communicating the local 
recurrence risk with an uncertainty range. This was done with a pictogram illustrating 100 
female icons in a 10x10 array. The female figures indicating the uncertainty margins were 
displayed as icons with a step-by-step color gradient. On the back of the pictograms, there 
was a textual explanation on the possible recurrence risk and uncertainty margin. There 
was agreement on mentioning the absence of, or only small effect on, survival benefit 
in words only. The prognosis on expected side effects and severity of the potential side 
effects was framed with qualitative labels, due to lack more of precise evidence-based 
numbers. The patient decision aid was evaluated by Vromans et al. (1), and scored 83 out 
of 100 points.

What are important patient, clinician, and organizational success factors for implementing 
a patient decision aid, designed for breast cancer patients, facing a decision on their 
radiation treatment? A process evaluation was performed on the intervention arm of the 
pre- and post-intervention study (BRASA-study). The intervention consisted of providing 
the PtDA to the four groups of breast cancer patients with a preference-sensitive indication 
for RT as mentioned above. In total, 189 patients from 13 different RT centers in the 
Netherlands were included. The logistics of the trial and implementation of the PtDA were 
adjusted as much as possible to the existing logistics of the participating centers. Ideally, 
patients were identified as being eligible for the study during the multidisciplinary team 
meeting. They received a link to the online PtDA via the surgery department during the 
post-operative consultation, or via the RT department. Patients who received the link via 
the RT department, received the link either via mail prior the consultation, or during the 
post-operative consultation at the RT department. We found a very high PtDA uptake 
(77% of patients logged in to the PtDA). When patients received the PtDA from the surgery 
department, prior the consultation with their radiation oncologist, they were more likely 
to use the PtDA than patient who received the link from their radiation oncologist (OR 
9.77, 95%CI 1.28,74.51). Patients were more likely to use the PtDA if there was a note in 
their report of the multidisciplinary team meeting that “RT should be discussed with the 
patient” (OR 2.29, 95%CI 1.12,4.71).

What is the effect of a patient decision aid for breast cancer patients deciding on radiation 
treatment, on decisional conflict, perceived SDM and knowledge on treatment options? 
To answer this question, we evaluated the data of the pre- and post-intervention study. 
In the pre-intervention arm, the control arm, 214 patients were included. These patients 
received standard care when deciding on their RT. In the post-intervention arm, the 
intervention arm, 189 patients were included. These patients received a link to the PtDA 
to support them and their clinicians in the decision-making process deciding on their RT. 
In total, 104 different clinicians included patients. Our primary outcome was decisional 
conflict 3 months after the decision was made. The secondary outcomes were decisional 
conflict, perceived SDM, and knowledge about the different treatment options, measured 
<3 days after the decision was made. We performed multi-level regression analysis, where 
we corrected for age and educational level. No difference was found between the control 
and the intervention arm in our primary outcome, decisional conflict three months after 
the decision was made (26.8 vs 27.3, corrected mean difference 0.86, 95%CI -1.67,3.36). In 
addition, no difference was found on our secondary outcomes: decisional conflict <3 days 
after the decision was made and perceived level of SDM. Patients who received the link to 
the PtDA did score higher on the knowledge test (6.1 versus 7.4, corrected difference 1.0, 
95%CI 0.50,1.49), and chose less often for a more intensive radiation treatment (55.7% 
versus 44.5%, OR 0.59, 95%CI 0.37,0.95). 

Added value of this thesis

Development of a patient decision aid for breast cancer patients deciding on RT
We developed the PtDA according to the International Patient Decision Aids Standard 
(IPDAS-criteria, 2). According to these criteria, a PtDA should describe the positive 
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and negative features of the different treatment options. However, which positive and 
negative features should be mentioned in case of breast cancer patients deciding on RT 
was not known at the start of the project. We were able to clarify a number of issues, as 
described in this thesis.

Risk communication in a PtDA
We found agreement on the importance of communicating the risk of a local recurrence 
when deciding on RT. While patients did not mention the uncertainty around these 
numbers, clinicians felt it was important to communicate the range of uncertainty around 
the estimated local recurrence risk. In the literature, a distinction is made between aleatory 
or first-order uncertainty (the chance of an event taking place or not), and epistemic or 
second-order uncertainty (the uncertainty around a risk estimate). In our study, clinicians 
believed it was important to mention the range around the risks estimates (epistemic 
uncertainty) in the PtDA, from literature it is known that epistemic uncertainty is not 
frequently mentioned in consultation. It is also known that communicating uncertainty in 
a comprehensive way is challenging and patients find it hard to understand. Engelhardt et 
al. audiotaped 197 consultations of breast cancer patients with their clinician (3). n only 
23 of these 197 consultations, epistemic uncertainty was mentioned by the clinician. The 
research team interviewed the patients after consultation, but most of these patients 
did not recall this epistemic uncertainty (3). Thus, the patients in the qualitative study 
did not mention that epistemic uncertainty was communicated to them. However, in 
our group meetings with health professionals and patients in the development phase of 
the final PtDA, the patients did understand why clinicians found it important to mention 
the uncertainty range. They agreed on the importance of communicating the epistemic 
uncertainty. Harrison et al. found in a review on web-based prognosis tools that only 
in 14% of the tools, epistemic uncertainty was described (4). Bansback et al. reviewed 
460 patient decision support interventions. They found that if epistemic uncertainty was 
mentioned in patient decision support interventions, this was usually done in a qualitative 
way (5). A possible explanation why uncertainty is not frequently mentioned in decision 
support tools is that little is known about the best way to do this. Garcia-Retamero et al. 
showed in a review that visual aids improve risk communication, especially in vulnerable 
patients (6). It is known that when risks are communicated in a qualitative way only, 
these risks are overestimated. Therefore, it is recommended to use verbal risk estimation 
in combination with numerical estimates (7). In our trial, consensus was reached on 
communicating the uncertainty margin in a pictogram in combination with a textual 
explanation. Icon arrays were chosen for the pictograph since they are frequently used in 
PtDAs and are considered comprehensive for patients (8, 9). Our novel way of indicating 
uncertainty margins for the local recurrence risk in an online PtDA might therefore be a 
starting point for more research. 

Communication of side effects in a PtDA
According to our qualitative study, the negative aspect when choosing for RT are the 
possible side effects. We found that patients and clinicians agreed on the most important 
side effects that should be mentioned in a PtDA for breast cancer patients deciding on RT. 
We did find a difference in framing of the possible side effects. Although clinicians described 
the normal tissue effect as fibrosis, scar tissue, or change in shape, patients framed this 

reaction of the normal tissue as misshaping or deformation. Skin toxicity was framed as 
skin reaction or dermatitis by clinicians, whereas this was framed as skin burn by the 
patients. Apart from the framing, from literature it is known that there is a discrepancy in 
experienced severity of the side effects between patient-reported and clinician-reported 
outcomes. For example, fibrosis of the breast after RT is known to result in worse cosmetic 
outcome. Therefore, cosmetic outcome is frequently used as an outcome measure for 
fibrosis. Different trials use either patient-reported cosmetic outcome, physician-reported 
cosmetic outcome or objective measurements with photographs of the breast. In the 
Young Boost Trial (NCT00212121), young (≤ 50 years of age) breast cancer patients were 
randomized to receive an extra boost dose to the tumor bed of 16 Gy or 26 Gy. Cosmetic 
outcome was measured using all three types of different measurements. They found only 
a moderate agreement on cosmetic outcome between patient-reported and physician-
reported outcomes (10). Similarly, in the IMPORT LOW trial which investigated different 
radiation volumes, patient-reported outcomes, clinician-reported outcomes, and 
photographs were used to measure the normal tissue effect. They found poor concordance 
between patient-reported and clinician-reported outcomes. Patients reported more often 
more severe side effects than clinicians (11). Brouwers et al. also found a concordance of 
only 58% between patient-reported outcomes and clinician-reported outcomes for breast 
cancer patients after RT (12). More agreement was seen between patient-reported and 
clinician-reported outcomes in a review by Lam et al. on skin toxicity (13). Which and how 
the risk and severity of side effects should be communicated in a PtDA is therefore up for 
debate. Reliable data on the prevalence and severity of possible side effects are lacking. 
One of the reasons for this lack of data is that side effects after RT develop months to years 
after RT. Clinical and trial follow-up of patients is in general only 5-10 years; therefore, the 
incidence and severity of very late side effects after breast RT is not well documented. In 
the last decade, initiatives such as Utrecht Cohort for Multiple Breast Cancer Intervention 
Studies and Long-term Evaluation, The UMBRELLA (NCT02839863), a prospective cohort 
trial, measuring quality of life in breast cancer patients eligible for RT have been set up 
to acquire more patient reported outcome data (14). Our qualitative study gave insight 
that there is not only an experienced discrepancy in the incidence and severity of the side 
effects, but that the reason for this might be the difference in framing of the side effects 
as well. Considering the results of our qualitative study, we argue that patient-reported 
outcomes and framing the side effects in accordance with patients’ perspectives should 
be taken into account when communicating side effects in a PtDA. 

Implementation of a patient decision aid for breast cancer patients deciding on RT
In the last decades, there has been a strong movement towards SDM. PtDAs have proven 
to be helpful in supporting the SDM process in clinical trials (15). Although many PtDAs 
have been developed (16), implementation in daily clinical practice lags behind (17). The 
clinical trial described in this thesis demonstrated how it is possible to incorporate the use 
of a PtDA into routine clinical practice.

Although much effort has been put into researching the facilitators and barriers of 
implementing PtDAs and SDM in clinical practice, no clear answers have been found yet 
(18). Waldron et al. recently developed a “program theory for SDM” (19). They conclude 
that the process of SDM is very complex and can vary across different situations and 
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contexts. In our study population, there was a high perceived level of SDM reported in 
the groups with and without the opportunity to use the PtDA. During the clinical trial, 
we observed a very high uptake of the PtDA as 77% of patients who received the link to 
the PtDA logged in to the PtDA. We hypothesize that one of the reasons why we reached 
such a high uptake, is that the PtDA was developed by the research team in collaboration 
with patient advocates and clinicians from the field. The project was initiated by radiation 
oncologists from the field, who perceived an unmet need for a PtDA for breast cancer 
patients deciding on post-operative RT in the clinic. Therefore, the development and 
testing of the PtDA was a bottom-up initiative. In total, 12 clinicians from 11 different 
RT clinics were present at the group meetings during the development of the PtDA, two 
other clinicians from two more RT centers gave input on the PtDA by e-mail. During the 
pre-and post-intervention study, 14 RT centers agreed to participate in the trial. Since 
there are 19 RT centers in the Netherlands, we feel that this is a substantial proportion

Facilitators for PtDA implementation
Analyzing the facilitators of better PtDA uptake in our trial, we found that if there was a 
note in the multidisciplinary team report that “RT had to be discussed with the patient”, 
patients were more likely to use the PtDA. This has also been found by Savelberg et al. 
to be an important facilitator for PtDA implementation (20). They found that when a 
decision for one of the treatment options is already made by the multidisciplinary team, 
this creates an “uneven balance between the patient and the clinician”. The important 
role for the multidisciplinary team was also confirmed in a qualitative study by Scholl at 
al., who interviewed cancer care stakeholders on important barriers and facilitators of 
implementing SDM in clinical practice (21). 

We also found that if the link to the PtDA was handed over to the patient by the surgeon 
prior the consultation with the radiation oncologist, more patients logged in to the PtDA 
than when patients received the link to the PtDA from the radiation oncologist. A possible 
explanation is that in most cases, the surgeon is the principal treating clinician for the 
patients. When they receive the link to the PtDA from their surgeon, patients are already 
primed that choosing for RT in their case is a preference-sensitive decision, and that their 
surgeon agrees that the treatment is preference-sensitive. When they are referred to the 
radiation oncologist by their surgeon to receive radiation treatment, not explaining that 
it is a preference-sensitive decision, this may cause a conflict for patients. They might get 
the feeling that choosing against RT conflicts with the treatment advice of their treating 
surgeon. Another possible explanation might be the timing of receiving the link to the 
PtDA. Patients who received the link to the PtDA from the surgery department, received 
the link prior to the consultation with the radiation oncologist. A number of the patients 
who received the link to the PtDA from the radiation oncology department in our trial, 
also received the link to the PtDA prior the consultation with the radiation oncologist via 
regular mail. Unfortunately, this was not foreseen when we developed the questionnaire, 
such that we have no data on the exact timing that patients received the PtDA link. 

We found that there was no difference in consultation time between patients who 
received the PtDA link, compared to patients who did not receive the PtDA link. In the 
intervention arm, we also found no difference in consultation time between patients 

who had used the PtDA and those who had not used it. Since an expected increase 
in consultation time is described as an important barrier by Waldron et al., we hope 
that the finding that there was no increase in consultation time will facilitate PtDA 
implementation in the future (19, 22). 

In a recent review by Joseph-Williams et al. aiming to create a theory program on PtDA 
implementation, some of the strategies we applied for implementation, are described 
(23). First, they describe the importance of co-production of the tool and implementation 
with the end-user. They address the importance of the trust in the tool and the tool fitting 
into the care setting. As mentioned above, our PtDA was developed in collaboration with 
patient advocates and clinicians. Furthermore, we incorporated the implementation 
of the PtDA and the trial logistics as much as possible to the logistics of the different 
participating centers. Secondly, they mention “preparing and prompting” the patient for 
the PtDA. Patients should be prepared for the decision to be made. They describe that 
patients should be explained the purpose of the PtDA prior to the consultation, to prevent 
them from being overwhelmed by the decision to be made during consultation. This is 
also in line with our results: we saw better PtDA uptake in patients who received the link 
via the surgery department prior to the consultation with the radiation oncologist. A third 
point addressed by the review is the importance of leadership in PtDA implementation 
in the clinic. In our study, we had dedicated principal investigators in all participating 
centers. Almost all of the principal investigators of the participating centers also took part 
in the development of the PtDA. In short, we think that the results of our real life trial are 
confirmed by the theoretical model and that these facilitators for implementation can be 
taken into account in further research and implementation of PtDAs.

Barriers for PtDA implementation
We did not, however, tackle all the implementation strategies mentioned by Joseph-
William et al. since we did not provide extensive training to the participating clinicians. 
We did offer a free online training on SDM, but this was only a limited online course which 
was also not obligatory to follow. Appropriate training is also pointed out as an important 
facilitator in the program theory by Waldron et al. (19). 

Strengths and limitations of this thesis

Limitations
In our study, we found no effect of the PtDA on decisional conflict and experienced level of 
SDM. One of the possible explanations why we did not find an effect on the experienced 
level of SDM is that we did not provide extensive training as mentioned above. Another 
explanation might be the lack of a good tool to measure the level of SDM. Recently Bomhof-
Roordink et al. published a new tool to measure SDM, the I-SHARE questionnaire (24). They 
argue that the existing tools, such as the collaboRATE and the SDM-Q9, which we used in 
our trial, do not fully cover the “underlying construct” of the SDM process and focus on 
one consultation only. The I-SHARE questionnaire, however, was not yet available during 
our clinical trial. However, we also did not find any difference in decisional conflict scores 
between the intervention and control arms in our study, neither immediately after the 
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decision was made nor three months later. We hypothesize two possible explanations. First, 
in a review, Garvelink et al. found a significant difference only in a short time frame after the 
decision was made, with lower decisional conflict reported by patients who received the 
PtDA ), suggesting that a long-term effect of a PtDA on DCS might be hard to measure (25). 
Second, we found relatively low decisional conflict in both the intervention arm as well as 
the control arm (26-27 out of 100), possibly not leaving enough room for improvement. We 
did find a positive effect of the PtDA on patient knowledge and patients choosing for less 
intensive treatments, without causing longer consultations. 

We performed a pre- and post-intervention study, as opposed to a randomized clinical 
trial, which is considered the golden standard to produce an evidence base for medical 
policy. However, we expected that a randomized clinical trial would induce bias, because 
there might be a learning curve from clinicians in SDM when they treat patients who do 
receive the link to the PtDA and patients who do not. Therefore, the only option would have 
been to randomize RT centers, meaning that half of the RT centers would offer the PtDA 
to patients and the other half would not. Because clinicians from almost all participating 
centers wanted to participate in the development of the PtDA we felt that performing a 
randomized clinical trial, randomizing RT centers would not be feasible. We first included 
breast cancer patients in our trial who had a preference-sensitive treatment decision in 
their radiation treatment in one of the four gray areas identified in our study. These patients 
received standard care and did not receive support from the PtDA. At this time, the PtDA 
was still in development and therefore not available to the clinics. The intervention arm was 
started in the trial after recruitment to the control arm was completed and as soon as the 
PtDA was ready for use. Patients in the control arm did thus not receive a link to the PtDA. 
A disadvantage of this study design is that we cannot rule out the effect of time in our study 
results. For example, later patients may have chosen less intensive treatments, not because 
of the effect of the PtDA but because there is a movement towards treatment de-escalation 
and clinicians may have changed the way they inform their patients (26-28). We also found 
that patients in the intervention arm were slightly younger and more highly educated than 
patients in the control arm. From literature it is known that there is relationship between 
SDM and health literacy. More highly educated patients are associated with a higher health 
literacy, and patients with a higher health literacy are more involved in SDM (29, 30). Molina 
et al. investigated the “preferred approach” in the decision-making process of women 
deciding on prenatal genetic testing (31). They found that women with a lower health 
numeracy more often had a preference for a more paternalistic approach in the decision-
making process, i.e., they wanted the clinician to make the healthcare decision. More highly 
educated women more often preferred a more autonomous or participatory approach. 
However, we asked participating clinicians to include all patients who were offered the PtDA 
in the intervention arm, also if the patient did not want to use the PtDA. In the intervention 
arm, we saw no difference in age or educational level between patients who did or did 
not use the PtDA. Therefore, we hypothesize that the difference in patient characteristics 
between the intervention and the control arm is mainly due to selection bias. Clinicians may 
have only included patients in the study who said that they wanted to use the PtDA, or they 
may have offered study participation more often to younger and higher educated patients. 
This is also suggested by Ousseine et al. who found that patients with a lower health literacy 
experienced a lower level of effort from the clinicians to involve them in SDM (30).

A shortcoming of our trial is that we did not perform an economic evaluation of the 
implementation of our tool. A recent review by Scalia et al. investigated whether PtDAs 
result in lower health care costs (32). They found 22 heterogeneous studies, of which 12 
reported cost savings and 10 did not. Therefore, they could not draw firm conclusions. 
Policymakers, however, do not only look at the costs but more at cost-effectiveness/ quality-
adjusted life years. The costs of introducing a PtDA mostly lie in the development and 
maintenance of the tool. Since PtDAs are mostly used for preference-sensitive decisions, 
with comparable medical outcomes, such as our PtDA, no gained life years saved are 
expected. We did find that patients who received the PtDA chose less often for more 
intensive treatments, which reduces treatment costs. In other studies it has been shown 
that SDM results in improvements in patient-reported health outcomes (33). This can also 
be accounted as gain in quality -adjusted life years. Not many studies investigating the effect 
of PtDAs have looked at the cost-effectiveness of PtDAs (34). However, some literature has 
investigated the cost-effectiveness of PtDAs and found that PtDAs can be cost-effective, e.g., 
the BRECONDA trial (evaluating the cost-effectiveness of a PtDA for breast cancer patients 
choosing for different types of breast reconstructions in Australia) and a trial by Cantor et 
al. on screening for colon cancer (35, 36). These trial results, however, are hard to compare 
with our trial because of the large differences between clinical decisions under study. On the 
other hand, we could argue whether the lack of an economic evaluation is really a limitation 
of our study, since SDM is considered to be a right for patients, such that it does not matter 
whether the implementation of SDM is cost effective or not. 

Strengths
It has been argued that splitting of effectiveness trials and implementation trials result in 
less knowledge on implementation in the clinic (37). Therefore Curran et al. proposed a 
hybrid study design in which the effect and implementation of a new tool can be tested 
simultaneously, facilitating post-trial implementation (37). Our pre- and post-intervention 
design, testing the effect of the PtDA while simultaneously implementing the tool, can be 
viewed as such a hybrid study design (37-39). Explanatory trials are mostly designed to 
prove the effectiveness of an intervention. Therefore, trial logistics are mostly protocolled, 
to prevent introduction of bias. This can result in trial logistics not fitting into the logistics 
of all clinical centers, hindering post-trial implementation. Our pragmatic study design 
adjusted the trial and logistics to offer the link of the PtDA to the logistics of the different 
participating centers.

As stated before, we believe that an important strength of our study is that it is a bottom-
up initiative. The project was initiated and performed by radiation oncologists who faced 
problems with preference-sensitive decisions from the field. 

Conclusion
We conclude that both patients and clinicians agree that the local recurrence risks and the 
side effects following RT should be communicated in a PtDA. Clinicians find it important 
to also communicate the uncertainty around these risks, acknowledging the difficulties 
in communicating this uncertainty to patients. In addition, there is a discrepancy in the 
framing of the side effects between patient and clinicians: clinicians frame side effects by 
their biological etiology, but patients frame them by their effect on their quality of life. From 
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our pre- and post-intervention study, we conclude that a note in the multi-disciplinary team 
report that the post-operative RT treatment has to be discussed with the patient facilitates 
the use of the PtDA. The same holds true for handing the link to the PtDA is handed to the 
patient by the surgery department, prior the consultation with the radiation oncologist. In 
addition, use of the PtDA was associated with an increased knowledge, and with a choice 
for less intensive RT, but it had no statistically significant effect on decisional conflict and 
experienced level of SDM. Based on this finding, in combination with the literature, we 
conclude that handing out the PtDA is not sufficient, and we probably we should have paid 
more attention on training aspects.

Future perspectives
The development and implementation of PtDAs and SDM is a hybrid process in which 
clinical practice and research overlap and strengthen each other. Therefore, the 
future perspectives in this section are ordered by theme, rather than divided into 
recommendations for practice and research.

Implementation of SDM in clinical practice
As known from literature and found in our study, the implementation of a PtDA alone is 
not sufficient for implementation of SDM. Therefore, the question remains on how PtDAs 
can contribute to the implementation of SDM and what more is needed for widespread 
implementation of PtDAs and SDM in daily clinical practice. As stated before, training of 
clinicians has been described as one of the most important attributes for implementation of 
PtDAs and SDM. In addition, training and awareness among patients have been described as 
important attributes. The “ask three questions campaign” started in Australia and England, 
and it has been shown to improve patents involvement in the consultation (40). This 
campaign aims to create awareness among patients to participate in the decision-making 
process regarding their treatment. The three questions patients should ask themselves and 
their clinicians are: 1. What are my options? 2.What are the possible benefits and risks of 
those options? 3. What help do I need to make my decision? Therefore, this initiative was 
endorsed by the Dutch Federation of Medical Specialists and the Dutch Patient Federation 
in 2016 (41). These federations launched a campaign together to create more awareness 
on SDM among both patients and clinicians. A new campaign is planned for launch in 2021 
(42). This campaign is a collaboration of not only health care professionals and patients, 
but also the Dutch Ministry of Health and health insurance companies. 

In addition, more and more attention is given to training medical students, post-graduates 
and medical specialists in how to conduct the SDM process. Yen et al. performed a cross-
sectional study on attitudes and knowledge on SDM among medical students in four 
countries (the Netherlands, the United States, the United Kingdom and Canada, 43). They 
found high awareness of SDM: 75% of the medical students had received prior training on 
SDM. In the group of post-graduates, training in SDM still seems to be limited, but there is 
a movement towards more SDM training among this group (44, 45). The Dutch Federation 
of Medical Specialists has stated that SDM should be implemented in daily clinical practice 
by 2025 (46). They emphasize the importance of SDM training for post-graduate students. 
SDM has been integrated in the project education 2025 for post-graduate students, as one 
of the new themes that post-graduate students can choose to focus on (47). Despite this 

intent, there are still no widespread training facilities, such that there is still a lot of room 
for improvement in training clinicians in SDM on a national level.

Sustainable implementation and updating of the PtDA
We were aware that training is an important factor in implementation of SDM and PtDAs. 
However, in this thesis we focused on the development of the PtDA in collaboration with 
patients and clinicians from different centers, as a result of the bottom-up initiative from 
clinicians in the field, who were in need of a PtDA for breast cancer patients deciding on RT. 
Although we accomplished a high level of leadership and a high uptake of the PtDA during 
our clinical trial, the question remains whether the PtDA will be incorporated in daily clinical 
practice after the completion of the trial. New implementation problems may arise in the 
future. This PtDA was developed by the research team with funding of the Dutch cancer 
society. A full-time PhD student was responsible for the development of the tool and for 
the dissemination of the tool during the clinical trial. However, who will pay for further 
maintenance of the online PtDA and who is taking the time and responsibility of keeping 
the PtDA up to date. Stacey et al. found low post-trial implementation of PtDAs (17). They 
describe the lack of having a plan to keep the PtDA up-to-date, according to the newest 
literature and insights from experts, as being a barrier for post-trial implementation. Also, a 
lack of funding for implementation and dissemination is described as an important barrier 
for implementation. 

As a possible solution, Stacey et al. point out that PtDAs should be disseminated by 
professional organizations. It has therefore been argued that dissemination could be done 
through patient advocate organizations (48). For example, the BRECONDA patient decision 
aid, a patient decision aid for breast cancer patients deciding on breast reconstruction, is 
being implemented in collaboration with the breast cancer network Australia (36). Although 
our PtDA is also available through the website of the national breast cancer association, 
the breast cancer association does not take an active role in the dissemination of the PtDA. 
In the Netherlands, the breast cancer association also does not have the expertise or 
resources to keep the PtDA up to date. 

Another option to keep the PtDA up to date is to give a greater role to the developers 
of clinical guidelines in dissemination and updating of the PtDA, as proposed by van der 
Weijden et al. (49). It has also been argued that guidelines can play a role in implementing 
PtDAs by emphasizing that certain treatments are preference-sensitive decisions. 
Guidelines should advise SDM and when available, the PtDAs for preference-sensitive 
decisions to choose the best treatment for the individual patient (49). This way, clinicians 
are more aware of the preference-sensitive decisions and the option to use the PtDA. We 
do see a trend that SDM is increasingly advised in guidelines, but this is still an exception. 
For example, the American Society of Clinical Oncology advises SDM for post-mastectomy 
RT in certain patient groups (50). So far, we have no agreement with the clinical guideline 
developers on how the dissemination and updating of our PtDA should be organized and 
who should pay for this. Agoritsas et al. describe a new model to develop guidelines, in 
which tools to facilitate SDM are integrated (51). Unfortunately, this new model is not 
yet integrated into the Dutch healthcare system. Therefore, it is important for researchers 
developing PtDAs in the future to have a plan in forehand and to make agreements on post-
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trial implementation, maintenance, and updating of the tool. In the Netherlands, there 
are also some commercial companies who develop, maintain, and disseminate PtDAs. 
An ethical question arises however, since commercial companies charge clinical centers 
who want to use the PtDA. Not all clinical centers are willing to pay for this service, and 
therefore existing PtDAs are not freely available for all eligible patients. Policy is needed 
governance of existing PtDAs and reimbursement of the dissemination and maintenance 
costs of PtDAs on national level. 

Feasibility of PtDA development
A broader question arises on the feasibility of the development of PtDAs. We developed 
our patient decision aid according to the IPDAS criteria, including qualitative research 
on important attributes for both patients and clinicians to decide on post-operative RT 
for breast cancer patients. We subsequently developed the PtDA in several rounds, in 
collaboration with patient advocates and clinicians from the field. Lastly, we tested the tool 
in a clinical trial. This process took us almost four years and consequently costed a lot of 
resources (time and money) from all involved participants. Van der Weijden et al. recently 
published the results of a consensus study on practical guidelines to develop patient 
decision aids. They state that the minimal requirements are forming a team, defining the 
scope of the PtDA, identifying the needs, producing the content, testing the PtDA, finalizing 
the PtDA, disseminating the tool, and defining ownership (52). Although this is in line with 
our research, the question arises whether it was necessary to run such a big clinical trial. 
In the minimal requirements, no clinical trial is indicated by van der Weijden et al. To move 
towards development of more affordable PtDAs, we therefore argue that PtDA developers 
should meet these minimal requirements and be more critical whether extensive testing of 
each PtDA is absolutely necessary. 

Further development of the PtDA for breast cancer patients deciding on RT
As stated before, the potential side effects of RT are only mentioned by qualitative labels in 
the PtDA developed for this thesis. This is due to lack of data on the incidence and severity 
of the side effects. In addition, we found a difference in framing of the side effects between 
clinicians and patients. We acknowledged a lack of knowledge on the most important side 
effects to be mentioned for the patients and knowledge on the best way to communicate 
the incidence and severity of these side effects in the PtDA. Therefore, with a grant from 
the Netherlands Organization for Health Research and Development (ZonMw 427003002), 
a two-day workshop was organized with clinicians, researchers, and patients, to discuss 
further development and implementation of the PtDA for breast cancer patients deciding 
on RT. During these two days, we found that there is an urgent need for more context 
on the consequences of the possible side effects for quality of life, rather than detailed 
information on the incidence. We also found a need for more complete and integrated 
information of all the possible treatment options breast cancer patients, including surgical 
and systemic treatment options. The results of this workshop are now being used for a 
grant application with more focus on quality of life, and integration of (existing) PtDAs, and 
on implementation of SDM to enhance SDM for breast cancer patients. 
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Summary

Breast cancer is the most frequently diagnosed cancer in women worldwide. Breast cancer 
is considered a heterogeneous disease. The specific tumor and patient characteristics differ 
per case. Therefore, different patients are treated with different treatment modalities. 
The best treatment for each patient depends on both patient and tumor characteristics 
but can also depend on the specific wishes and preferences of the patient. One of the 
possible treatment modalities is radiation treatment (RT). RT is a local treatment that 
reduces the chances of developing a local recurrence after treatment with a factor of 3-4. 
The absolute effect size is dependent on the absolute risk for a local recurrence prior the 
RT. Patients with a high local recurrence risk without RT have a large absolute benefit of 
RT. These patients normally also have a survival benefit from RT. Patients with a small 
local recurrence risk have also a small absolute benefit of RT. There is, however, a group in 
between. These patients have a moderate effect on their local recurrence risk, but these 
patients have no or only little benefit in survival from RT. However, RT can cause side 
effects in these patients. Choosing for RT or to leave RT out of their treatment is therefore 
a preference-sensitive decision for these patients. We identified four patient categories 
who face a preference-sensitive treatment decision when choosing for (more) RT or not. 

1.  Patients with low risk Ductal Carcinoma In Situ (DCIS) treated with breast conserving 
surgery choosing for whole breast or partial breast RT.

2.  Patients with very low risk invasive ductal carcinoma treated with breast conserving 
surgery choosing for whole breast or partial breast RT.

3.  Patients with intermediate risk breast cancer treated with a mastectomy choosing for 
chest wall RT.

4.  Patients with an intermediate risk breast cancer treated with breast conserving surgery 
choosing for whole breast RT with or without an extra boost dose to the tumor bed.

Shared decision-making (SDM) is the process in which patients and clinicians work 
together to decide on the best treatment option for the patient. SDM is required for these 
preference-sensitive decisions, because there is no best (medical) treatment option. 
However, the process of SDM is difficult and not well implemented in daily clinical practice. 
Patient decision aids (PtDAs) are tools that are proven to support the process of SDM to 
help both patients and clinicians in deciding together on the best treatment. 

Little is known about the important attributes for breast cancer patients and their clinicians 
when making a decision on RT. The advantage of choosing for RT is a reduction in local 
recurrence risk. How this should be communicated in a PtDA and how to communicate 
the uncertainty around these risks is also unknown. In addition, PtDAs so far have not yet 
been implemented in daily clinical practice. 
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Therefore, we concentrated this thesis around four research questions:

1.  What are patients’ and health care professionals’ experiences, decisional attributes and 
needs as input for the development of a patient decision aid for breast cancer patients, 
deciding on radiation treatment, to facilitate shared decision making? (chapter 2)

2.  How can we incorporate uncertainties in a patient decision aid for breast cancer patients 
to support their decision on radiation treatment? (chapter 3)

3.  What are important patient, clinician, and organizational success factors for 
implementing a patient decision aid, designed for breast cancer patients, facing a 
decision on their radiation treatment? (chapter 4)

4.  What is the effect of a patient decision aid for breast cancer patients deciding on 
radiation treatment, on decisional conflict, perceived shared decision making and 
knowledge on treatment options? (chapter 5)

In Chapter 2, we focused on research question 1, and described the results of a 
qualitative study. We interviewed 15 breast cancer patients who had faced a preference-
sensitive decision on their RT prior to the interview. We also interviewed 15 clinicians 
who treat breast cancer patients. We interviewed them both on the most important 
attributes when deciding on RT. We found that both patients and clinicians agreed on 
the importance of communicating the possible local recurrence risk for both treatment 
options. However, there was no consensus on whether the uncertainty around these 
recurrence risks should be communicated. Patients did not recall any uncertainty being 
communicated to them, but clinicians believed that it is important to communicate the 
uncertainty around the risk numbers. We also found a spread in the number of side 
effects mentioned by the different clinicians (range 1-14) and the number of side effects 
patients remembered to be told to them. There was consensus on the most important 
side effects to be mentioned prior to making a decision on RT. Clinicians made a distinction 
between short- and long-term side effects, but this distinction was not mentioned by the 
patients. The most frequently mentioned short-term side effects were red and sensitive 
skin, edema, tiredness, and pain of the breast. The most frequently mentioned long-term 
side effects were fibrosis and change in breast shape, edema, (dark) skin discoloration, 
pain, rib complications, heart problems, and lung problems. There was a discrepancy in 
the framing of the side effects between patients and clinicians. Patients framed the side 
effects by the effect on their daily life (e.g., deformation of the breast), but clinicians 
were more likely to frame the side effects by their biological etiology (e.g., scarring of the 
healthy tissue). We also found that the treatment burden (i.e., patients having to travel 
to the RT clinic on a daily basis for 3-4 weeks) was not an important attribute for most 
patients and clinicians when deciding on RT.

A draft version of the PtDA was made with the knowledge gained from the qualitative 
study.

In chapter 3 we described the steps conducted in the development of the PtDA, and 
especially addressed research question 2. The first round consisted of a teleconference 
with patient advocates and the researcher on the comprehension and content of the draft 
version of PtDA. Thereafter a group meeting with patient advocates, clinicians, and the 
research team was organized, Think Aloud sessions with patient advocates and another 
group meeting with all involved participants. During the group meeting, a debate emerged 
on the communication of the recurrence risks, survival risks, and risks of developing side 
effects. Due to lack of data, we decided to describe the risk of developing side effects 
in a qualitative way, since no reliable estimates could be given. More debate emerged 
the communication of survival and local recurrence risk. It was argued that a 10-year 
overall survival number would not be realistic for all patients, because overall survival is 
partially dependent on patient characteristics (e.g., co-morbidity and age). On the other 
hand, breast cancer specific survival does not cover potential mortality as consequence 
of the breast cancer treatment. Since patients who face a preference-sensitive treatment 
decision on RT have little to no survival benefit from RT, this was also framed in this 
way in words only in the PtDA. Clinicians believed it is important to communicate the 
uncertainty around the local recurrence risk. Therefore, a novel way had to be developed 
to communicate this in the PtDA. We reached consensus on female icons in a 10x10 array. 
The uncertainty range was presented by a stepwise color gradient in the figures. 

The PtDA was tested in a multicenter pre- and post-intervention trial. Between October 
2017 and October 2018, 214 patients were included in the pre-intervention arm, i.e., the 
control group. These patients all faced a preference-sensitive decision in one of the four 
patient categories identified for the study. They received standard care when making the 
decision on RT. Between October 2018 and July 2019, 189 patients were included in the 
post-intervention arm, i.e., the intervention group. These patients all faced a preference-
sensitive decision in one of the four patient categories identified for the study. They 
received a link to the online PtDA to support the decision-making process with their 
clinician. The logistics of the trial and the distribution of the link to the PtDA were adjusted 
to the logistics of the participating centers. Patients were included in 13 out of the 19 RT 
centers in the Netherlands. All patients were asked to fill out questionnaires within three 
days after the decision was made (T1) and three months later (T2). Clinicians filled out a 
case report form on the patient, disease characteristics, and treatment characteristics. 

We found a high uptake of the PtDA: of the 189 patients who received the link to the 
PtDA, 141 (77%), logged in to the PtDA. In chapter 4 we described the patient, clinician, 
and organizational factors related to a higher uptake of the PtDA, as addressed in research 
question 3. In this chapter, we only analyzed the data of the patient who received a link to 
the PtDA, the intervention group. Ideally, patients were identified as facing a preference-
sensitive treatment decision for RT by the multi-disciplinary team, and a note was made in 
the multi-disciplinary team report that RT had to be discussed with the patient. Since the 
logistics of the dissemination of the PtDA were adjusted to the logistics of the different 
centers, patients could either 1) receive the link to the PtDA from the surgery department 
at the post-operative consult or 2) from the RT department, 2A) either through regular 
mail prior the consultation or 2B) through the radiation oncologist during the post-
operative consultation. We found that patients who received the PtDA link via the surgery 
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department were more likely to login to the PtDA than patients who received the link via 
the RT department. We also found that patients for whom the multi-disciplinary team 
report included a note that “RT had to be discussed with the patient” were more likely 
to login to the PtDA than patients who did not have this note in their multi-disciplinary 
team report. 

In chapter 5 we focused on research question 4 and described the effect of the PtDA as 
measured in the pre-and post-intervention trial. We found that patients who were offered 
the PtDA were slightly younger and more highly educated than patients in the control 
group. Data were analyzed with multi-level regression analysis. We found no statistically 
significant difference in decisional conflict both three months after making the decision 
(primary outcome) or immediately after making the decision between the intervention 
and the control arm. We also found no statistically significant difference in experienced 
level of SDM between the two groups. We did find a correlation between knowledge and 
the availability of the PtDA: patients who had been offered the PtDA scored higher on 
the knowledge test. These results still hold after correcting for age and educational level. 
We also found that patients who were offered the PtDA chose less often for the more 
intensive RT option. We found that there was no additional time needed in consultation 
for patients to whom the PtDA was offered compared to those to whom the PtDA was not 
offered.

Although we found a high uptake of the PtDA in our study, there was no effect of the 
PtDA on decisional conflict and on experienced level of SDM. In chapter 6, we outlined 
the limitations and strengths of our study and provided suggestions for further research 
and implementation of PtDAs and SDM. A limitation of our study is that we performed 
a pre-and post-implementation trial. Therefore, we cannot rule out the effect of time 
of on our results. Clinicians may have changed the way they inform patients over time, 
independently of the introduction of the PTDA. On the other hand, our hybrid design, 
testing the tool while simultaneously implementing it in daily clinical practice, which should 
be considered a strength. Another important strength of our study is that it was a bottom-
up project initiated and executed by clinicians from the field, in collaboration with patient 
advocates. We probably reached such a high uptake, thanks to leadership and trust in the 
tool, since clinicians from most RT centers had collaborated in the development of the 
tool. However, there are still some challenges for the future. From clinical trials it is known 
that post-trial implementation of PtDAs is very poor. Important barriers include the lack 
of finance for maintenance of the tool and a solid plan to keep the tool updated according 
to the fast development and changes in clinical treatments. Furthermore, implementing a 
PtDA is not sufficient for implementation of shared decision-making. More awareness and 
training are needed for clinicians. Finally, the PtDA developed in this trial needs further 
improvements. Side effects were only mentioned in a quantitative way, due to lack of 
data on incidence and severity. Currently, a new research proposal is being written at this 
moment to improve the representation of side effects through input from bigdata and 
with more background in the consequences of the possible side effect for patients’ quality 
of life. 
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Nederlandse samenvatting

Borstkanker is de meest voorkomende kankersoort bij vrouwen in de wereld. Borstkanker 
wordt gezien als een heterogene ziekte. Dat wil zeggen dat borstkanker bij iedere patiënt 
anders is. De beste behandeling voor de individuele patiënt hangt dan ook af van de 
specifieke kenmerken van zowel de tumor als de patiënt. Daarnaast spelen ook de wensen 
en de persoonlijke situatie van de patiënt mee in de keuze voor de beste behandeling voor 
de individuele patiënt. 

Naast operatief verwijderen van de kanker en systemische therapie is bestraling een van de 
mogelijke behandelingen voor borstkankerpatiënten. Bestraling is een lokale behandeling 
die de kans dat de tumor terugkeert na de behandeling drie tot vier keer verkleint. Hoe 
groter de absolute kans dat de tumor terugkomt vóór de bestraling, des te groter is dan 
ook het effect van de bestraling. Oftewel, patiënten met een hoge kans dat de tumor 
terugkomt na de operatie hebben veel absolute winst van bestraling. Bij deze patiënten 
zorgt bestraling er ook voor dat de kans om aan de borstkanker te overlijden kleiner wordt. 
Patiënten die na de operatie al een kleine kans hebben dat de tumor terugkomt zullen ook 
weinig winst hebben van bestraling. Er zijn echter ook patiënten die ertussenin zitten. 
Deze patiënten hebben wel winst van de bestraling wat betreft hun kans op terugkeer van 
de borstkanker, maar ze hebben geen of weinig verschil in kans om aan de borstkanker 
te overlijden als ze wel of geen bestraling krijgen. Aan de andere kant kan bestraling wel 
zorgen voor vervelende bijwerkingen. Kiezen voor wel of geen bestraling wordt dan ook 
gezien als een voorkeursgevoelige beslissing voor deze patiënten. Voor dit proefschrift 
hebben we 4 groepen borstkanker patiënten geïdentificeerd met een voorkeursgevoelige 
beslissing voor (extra) bestraling. 

1. Patiënten met laagrisico Ductaal Carcinoom In Situ (DCIS) die behandeld zijn middels een 
borstsparende operatie en een keuze hebben voor wel of geen (partiële) borstbestraling.

2. Patiënten met zeer laagrisico borstkanker die behandeld zijn middels een borstsparende 
operatie en een keuze hebben voor wel of geen (partiële) borstbestraling. 

3. Patiënten met intermediate-risico borstkanker die behandeld zijn middels een 
borstamputatie en een keuze hebben voor wel of geen bestraling van de borstkas.

4. Patiënten intermediate-risico borstkanker die behandeld zijn middels een borstsparende 
operatie en een keuze hebben voor wel of geen extra bestralingsdosis (boost) op de plek 
waar de tumor heeft gezeten. 

Samen beslissen is het proces waarin arts en patiënt samenwerken om de beste 
behandeling te kiezen voor de individuele patiënt. De arts is de medisch expert; de 
patiënt is de expert ten aanzien van haar eigen voorkeuren en wensen. Samen beslissen 
is met name belangrijk bij deze voorkeurgevoelige beslissingen, waarbij er dus medisch 
gezien geen “beste” behandeling is. Samen beslissen is echter een complex proces. Een 
keuzehulp is een hulpmiddel om zowel artsen als patiënten te ondersteunen in het proces 
van samen beslissen. 
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Er is nog weinig bekend over wat de belangrijke “attributen” zijn voor zowel 
artsen als borstkankerpatiënten bij het maken van een keuze ten opzichte van hun 
bestralingsbehandeling. Het voordeel van kiezen voor (meer) bestraling is een afname van 
de kans op terugkeer van de tumor. Hoe deze kansen gecommuniceerd moeten worden en 
hoe de onzekerheid rondom deze kansen gecommuniceerd moet worden in een keuzehulp 
is echter niet bekend. Daarnaast zijn keuzehulpen nog niet goed geïmplementeerd in de 
klinische praktijk en in de spreekkamer. Daarom hebben we voor dit proefschrift deze vier 
onderzoeksvragen opgesteld:

1.  Wat zijn de ervaringen, belangrijke attributen en behoeften van patiënten en artsen die 
relevant zijn voor de ontwikkeling van een keuzehulp voor borstkanker patiënten die 
een beslissing moeten maken over hun bestralingsbehandeling? (hoofdstuk 2)

2.  Hoe kunnen we de onzekerheid in kansen op terugkeer van de tumor weergeven in 
een keuzehulp voor borstkankerpatiënten die een keuze moeten maken over hun 
bestralingsbehandeling? (hoofdstuk 3)

3.  Wat zijn belangrijke patiëntgebonden, artsgebonden en organisatorische factoren die 
bijdragen aan het succesvol implementeren van een keuzehulp voor borstkankerpatiënten 
die een keuze moeten maken over hun bestralingsbehandeling? (hoofdstuk 4)

4.  Wat is het effect van een keuzehulp voor borstkankerpatiënten die een keuze moeten 
maken over hun bestralingsbehandeling op keuzestress, ervaren proces van samen 
beslissen en kennis over de verschillende behandelopties? (hoofdstuk 5)

In hoofdstuk 2 gaan we in op de 1e onderzoeksvraag en beschrijven we de resultaten van een 
kwalitatieve studie. We hebben interviews gehouden met 15 borstkankerpatiënten die een 
voorkeursgevoelige beslissing moesten maken ten aanzien van hun bestralingsbehandeling. 
Daarnaast hebben we 15 borstkankerclinici geïnterviewd. De interviews gingen over de 
belangrijke attributen bij het maken van een keuze over de bestralingsbehandeling. We 
ontdekten dat patiënten en artsen het met elkaar eens waren dat het belangrijk is om 
de kans op terugkeer van de tumor weer te geven in de keuzehulp. Er was echter een 
discrepantie in het belang van het communiceren van de onzekerheid rondom de kansen. 
Patiënten waren zich niet bewust van de onzekerheid in getallen en wisten zich niet te 
herinneren dat dit naar hen gecommuniceerd zou zijn. Clinici gaven echter aan dat zij 
het heel belangrijk vonden dat de onzekerheid van de risico’s gecommuniceerd zouden 
worden in de keuzehulp. Daarnaast vonden we veel variatie in het aantal bijwerkingen 
dat genoemd werd door clinici (spreiding 1-14). Patiënten konden zich vaak maar enkele 
bijwerkingen herinneren die hen verteld waren. Er was wel consensus wat betreft de 
belangrijkste bijwerkingen die genoemd zouden moeten worden in een keuzehulp. Clinici 
maakten daarbij ook onderscheid tussen bijwerkingen op de korte en lange termijn. De 
meest genoemde bijwerkingen op korte termijn waren: rode en gevoelige huid, oedeem, 
vermoeidheid en pijnlijke borst. De meest genoemde bijwerkingen op lange termijn 
waren: fibrose en vormverandering van de borst, oedeem, (donkere) verkleuring van 
de huid, pijn, complicaties van de ribben en bijwerkingen aan hart en longen. Wel was 
er een discrepantie in hoe de bijwerkingen beschreven worden. Clinici benoemen de 

mogelijke bijwerkingen aan de hand van hun biologische ontstaanswijze (bijvoorbeeld 
het ontstaan van littekenweefsel) terwijl patiënten vooral benoemen wat het effect is 
van de bijwerkingen op hun kwaliteit van leven (bijvoorbeeld de vormverandering van 
de borst). Daarnaast hebben we gevonden dat de behandellast (patiënten moeten voor 
de bestraling gedurende 3-4 weken dagelijks naar het ziekenhuis komen) geen belangrijk 
attribuut was bij het maken van de keuze voor de bestralingsbehandeling. 

Met de resultaten van de interviews werd een eerste versie van de keuzehulp gemaakt. 
In hoofdstuk 3 wordt de 2e onderzoeksvraag beantwoord en beschrijven we alle stappen 
die genomen zijn om tot de uiteindelijke versie van de keuzehulp te komen. De eerste 
ronde was een telefonisch overleg tussen de onderzoeker en patiëntvertegenwoordigers. 
In dit overleg werd met name feedback gegeven door de patiëntvertegenwoordigers 
over de inhoud van de keuzehulp en of de opzet van de keuzehulp begrijpelijk was. Over 
de daaruit doorontwikkelde keuzehulp vroeg het onderzoeksteam feedback van zowel 
patiëntvertegenwoordigers en clinici tijdens een groepsbijeenkomst. De volgende rondes 
bestonden uit “Think Aloud”-sessies tussen de onderzoeker en patiëntvertegenwoordigers. 
Tijdens deze “Think Aloud”-sessies bekeken de patiëntvertegenwoordigers de keuzehulp 
in aanwezigheid van de onderzoeker en gaven meteen aan wat ze wel of niet duidelijk of 
wel of niet goed vonden aan de keuzehulp. Afsluitend werd er nog een groepsbijeenkomst 
georganiseerd met alle betrokken om de laatste details en verbeteringen te bespreken 
voor de uiteindelijke versie van de keuzehulp. Er was tijdens de eerste groepsbijeenkomst 
veel discussie over het communiceren van de kansen en de onzekerheid van de kansen 
op terugkeer van de tumor, het ontstaan van bijwerkingen en overleving. Omdat er 
weinig bekend is over de kans op het ontstaan van bijwerkingen, konden er ook geen 
kansen gecommuniceerd worden in de keuzehulp. Er werd dan ook besloten om de 
kans op bijwerkingen alleen te duiden op een kwalitatieve manier (vaak voorkomend/
zelden voorkomend). Er was meer discussie rondom de overlevingskansen en de kans 
op terugkeer van de tumor. Cijfers over 10-jaarsoverleving zijn namelijk afhankelijk van 
patiëntkarakteristieken (leeftijd en co-morbiditeit) en geven dus niet voor iedereen een 
realistisch beeld. Aan de andere kant geven kansen op borstkanker-specifieke overleving 
geen realistisch beeld van de sterfte als gevold van de bijwerkingen van de behandeling. 
Aangezien er bij de voorkeursgevoelige beslissingen waar de keuzehulp over gaat geen of 
slechts weinig winst is wat betreft overleving werd besloten dit feit in woorden weer te 
geven in de keuzehulp. Aangezien het voor de clinici belangrijk was dat de onzekerheid 
in getallen weergegeven zou worden in de keuzehulp moest hiervoor een manier 
ontwikkeld worden om dit zo duidelijk mogelijk weer te geven. We hebben daarvoor een 
poppetjesdiagram met 100 poppetjes ontwikkeld, waarbij de onzekerheidsmarge wordt 
weergegeven door poppetjes in een aflopende kleur. 

We hebben de keuzehulp getest in een multicenter pre- en post-interventiestudie. Tussen 
oktober 2017 en oktober 2018 hebben we 214 patiënten geïncludeerd in de pre-interventie 
arm, oftewel de controle arm. Al deze patiënten hadden een voorkeursgevoelige 
bestralingsbehandeling in een van de vier groepen die hierboven genoemd zijn. Zij 
maakten een beslissing ten aanzien van hun bestralingsbehandeling zonder ondersteuning 
van de keuzehulp. Tussen oktober 2018 en juli 2019 hebben 189 patiënten geïncludeerd 
in de post-interventie arm, oftewel de interventie arm. Ook al deze patiënten hadden 
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een voorkeursgevoelige bestralingsbehandeling in een van de vier groepen die hierboven 
genoemd zijn. Zij kregen de link naar de keuzehulp van hun clinicus ter ondersteuning bij 
het maken van de beslissing. De logistiek van de studie en van het uitreiken van de link 
naar de keuzehulp werd aangepast aan de logistiek van de verschillende deelnemende 
centra. Patiënten werden geïncludeerd in 13 van de 19 bestralingscentra in Nederland. 
Alle patiënten werd gevraagd een vragenlijst in te vullen binnen drie dagen na het maken 
van de keuze (T1) en drie maanden later (T2). Clinici werd gevraagd een vragenlijst in te 
vullen over de specifieke patiënt-, tumor- en behandelkarakteristieken. 

Een groot deel van de patiënten die een link naar de keuzehulp kreeg uitgedeeld, heeft 
ingelogd in de keuzehulp (141 van de 189 patiënten, 77%). In hoofdstuk 4 gaan we in 
op de 3e onderzoeksvraag en beschrijven we de patiëntgebonden, artsgebonden en 
organisatorische factoren die bijdragen aan de kans dat patiënten inloggen om de 
keuzehulp te bekijken. In dit hoofdstuk hebben we alleen gekeken naar de patiënten die 
de keuzehulplink wel hebben gekregen, de interventie arm. Idealiter werden patiënten 
die in aanmerking kwamen voor de keuzehulp geïdentificeerd bij het multidisciplinair 
overleg. Er werd dan een aantekening gemaakt in het verslag van multidisciplinair 
overIeg dat de patiënt een voorkeursgevoelige beslissing moest nemen ten aanzien van 
de bestralingsbehandeling. Aangezien de logistiek van het uitreiken van de keuzehulplink 
was aangepast aan de logistiek van de verschillende centra was het mogelijk dat 
patiënten de link kregen via: 1. De chirurgieafdeling tijdens het postoperatieve consult, 
2. de bestralingsafdeling, 2a. per post voorafgaand aan het consult of 2b. tijdens het 
consult met de bestralingsarts. We zagen dat patiënten die de keuzehulp link via de 
chirurgieafdeling kregen vaker inlogden om de keuzehulp te bekijken dan patiënten die 
de link via de bestralingsafdeling kregen uitgereikt. Daarnaast zagen we dat patiënten ook 
vaker gebruik maakten van de keuzehulp als het verslag van het multidisciplinair overleg 
vermelde dat de patiënt een voorkeursgevoelige beslissing moest nemen ten aanzien van 
haar bestralingsbehandeling. 

In hoofdstuk 5 beantwoorden we de 4e onderzoeksvraag en beschrijven we de resultaten 
van de pre- en post-interventie studie. We zagen dat de patiënten in de interventie arm 
jonger waren en hoger opgeleid dan de patiënten in de controle arm. De data werden 
geanalyseerd middels multilevel-regressieanalyse, waarbij we gecorrigeerd hebben voor 
leeftijd en opleidingsniveau. We vonden geen statistisch significant verschil in keuzestress 
tussen de interventie arm en de controle arm, zowel na drie maanden (primaire 
uitkomstmaat) als binnen drie dagen na het maken van de beslissing. Ook hebben we geen 
statistisch significant verschil gevonden tussen beide groepen in ervaren proces van samen 
beslissen. Wel vonden we een verband tussen het beschikbaar hebben van de keuzehulp 
en kennis over de verschillende behandelopties. Patiënten die de keuzehulplink kregen 
uitgereikt, scoorden hoger op een kennistoets over de verschillende behandelopties. Ook 
zagen we dat patiënten die de keuzehulplink kregen uitgereikt minder vaak kozen voor de 
meer intensieve behandeloptie. Er was geen verschil in consultduur tussen patiënten die 
de keuzehulp link wel of niet kregen uitgereikt. 

Hoewel veel patiënten die de keuzehulplink uitgereikt kregen hier gebruik van hebben 
gemaakt, zagen we geen effect van de keuzehulp op keuzestress en op ervaren proces 
van samen beslissen. In hoofdstuk 6 gaan we in op de zwakke en sterke punten van onze 
studie en geven we suggesties voor verder onderzoek en implementatie van keuzehulpen 
en samen beslissen. Een zwakte van onze studie is dat we hebben gekozen voor een pre- 
en post-implementatiestudie, in plaats van een gerandomiseerde trial. Hierdoor kunnen 
we niet uitsluiten dat de factor tijd mogelijk een rol heeft gespeeld bij de uitkomsten van 
onze studie. Gedurende de looptijd van de studie veranderden clinici mogelijk de manier 
waarop zij patiënten informeren over de verschillende behandelopties, onafhankelijk 
van de introductie van de keuzehulp. Daarentegen kan deze hybride studieopzet juist 
ook als een sterk punt gezien kunnen worden, omdat we de keuzehulp simultaan 
geïmplementeerd en getest hebben in de dagelijkse praktijk. Een ander sterk punt van 
onze studie is dat dit project echt een “bottom-up” initiatief is. Het onderzoek is geïnitieerd 
en uitgevoerd door clinici uit het veld in samenwerking met patiëntvertegenwoordigers. 
We denken dat veel patiënten hebben ingelogd in de keuzehulp dankzij sterk leiderschap 
en vertrouwen in de keuzehulp, aangezien clinici van de meeste deelnemende centra ook 
hadden meegeholpen bij de ontwikkeling van de keuzehulp. Wel liggen er nog enkele 
uitdagingen voor de toekomst. Uit eerder onderzoek blijkt dat de implementatie van 
keuzehulpen na het afronden van de wetenschappelijke studie erg slecht is. Belangrijke 
barrières hiervoor zijn het gebrek aan geld voor het onderhoud van de keuzehulp en een 
gedegen plan om de keuzehulp actueel te houden ten aanzien van de snel veranderende 
medische behandelingen. Daarnaast is enkel het implementeren van een keuzehulp 
onvoldoende om samen beslissen te implementeren. Er is hiervoor meer kennis en 
training nodig onder artsen. Tot slot moet ook de keuzehulp die we ontwikkeld hebben 
voor deze studie nog doorontwikkeld worden. De bijwerkingen worden in de keuzehulp 
alleen op een kwalitatieve manier genoemd, omdat er onvoldoende data beschikbaar 
is. Op dit moment wordt er een subsidieaanvraag geschreven om de weergaven van de 
bijwerkingen te verbeteren en meer achtergrondinformatie te geven over het effect van 
de mogelijke bijwerkingen op de kwaliteit van leven. 
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Impact section

In this thesis we describe the process of the development, implementation, and testing of 
a patient decision aid for breast cancer patients who face a preference-sensitive treatment 
decision for their post-operative radiation treatment (RT). In some patient groups, post-
operative RT lowers the local recurrence risk, with no or only little benefit in survival. 
However, RT can cause side effects. For these patients, deciding on post-operative RT is 
therefore a preference-sensitive treatment decision. Because there is no best (medical) 
treatment option for these patients, different patients receive different advice on the best 
treatment from different clinicians. The aim of the patient decision aid is to support both 
clinicians and patients to decide together on the best treatment for the individual patient. 
In this chapter, we describe the impact of this thesis for science and the impact of the 
work described on a patient decision aid for patients and clinicians.

Scientific impact

Communication of uncertainty in risks in a patient decision aid
The patient decision aid is a computerized, web-based product that describes the 
advantages and disadvantages of the different treatment options. The advantage of 
choosing for (more) RT is a decrease in local recurrence risk of the tumor. The patient 
decision aid gives information on the risk of suffering from a local recurrence, when choosing 
for the additional radiation treatment and the risk of suffering from a local recurrence 
when choosing to retrain the additional radiation treatment. That means that the local 
recurrence risk for patients who choose not to have post-operative RT is displayed next 
to the possible local recurrence risk for patients who choose to undergo post-operative 
RT. The same accounts for patients choosing to receive an extra radiation (boost) dose 
to the place where the tumor was removed by the surgeon. In the development phase 
of the patient decision aid, we found that clinicians in particular believed that not only 
the recurrence risk should be communicated in the patient decision aid, but also the 
uncertainty around these risk estimates. However, not much research has been done on 
the best way to communicate such uncertainties to patients. We developed a novel method 
using population diagrams with a stepwise color gradient indicating the uncertainty 
margin, in combination with numbers and a textual explanation of the numbers and the 
uncertainty around these numbers (figure 1a and 1b). We presented these population 
diagrams in an international scientific conference and in a scientific journal. Whether this 
is an appropriate and comprehensive way of communicating uncertainty to patients in a 
patient decision aid is still under investigation. 
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Figure 1a. Population diagram with uncertainty margins for the 10-year local recurrence risk 
for intermediate-risk breast cancer after mastectomy with and without radiotherapy. The 
stepwise color gradient indicates the uncertainty margin.

Figure 1b. The population diagram flips when tapped, showing the numbers and the textual 
explanation of the numbers and the uncertainty around these numbers.

Communication of side effects in a patient decision aid
During the development of the patient decision aid, we also found that patients and 
clinicians have a different perspective towards the potential side effects. In scientific 
research and in clinician-patient communication, the side effects are mostly framed by 
their biological cause. Patients, on the other hand, frame the potential side effects around 
the possible consequences for their daily life. For example, breast irradiation can cause 
side effects on the healthy breast tissue. Clinicians frame this effect as scarring of the 
tissue, but the same side effect is framed as hardening of the breast or deformation of the 
breast by the patients. In a follow-up to our study, a two-day workshop was organized by 
members of the research team, in collaboration with other researchers and the National 
Breast Cancer Association to gather more insight into the patients’ perspectives on side 
effects. This two-day workshop was financed by the Netherlands Organization for Health 
Research and Development (ZonMw 427003002). The participating ex-patients indicated 
that they had missed information on the effects of side effects on their daily life, such as 
not being able to play tennis or not being able to clean the windows. Since until recent, 
however, most research data are collected from the perspective of the clinician; as a 
result, not much is known on the incidence and impact of the potential side effect from 
the patients’ perspectives. At this moment, a research proposal is being written for a grant 
application to tackle this problem. 

Implementation of a patient decision aid 
In the last decades, many patient decision aids have been developed for various patient 
categories. There is increasing evidence that patient decision aids have a positive effect 
on patients and clinicians making a decision together on the best treatment option for 
the individual patient. Patient decision aids and shared decision-making, however, are not 
widely implemented in daily clinical practice. The probable reason for this implementation 
problem is that shared decision-making is a complex process with different barriers and 
facilitators on different levels of the health care system. Much research is being done on 
this topic. In our study, we found several facilitators for implementation of the decision 
aid. First, we found that patients were more likely to use the decision aid if the medical 
team, with different medical specialists, agreed that the radiation treatment was a 
preference-sensitive decision. Second, we found that patients who were informed about 
the decision aid by their treating surgeon, prior their visit to the radiation clinic, were 
also more likely to use the decision aid. These results are in line with earlier research 
and therefore confirm the importance of these findings. We presented our results in an 
international scientific conference and published them in a scientific journal. 

Effect of the patient decision aid
In the clinical study, we investigated whether offering the decision aid to patients would 
result in a decrease in decisional conflict. Decisional conflict is a measurement on “how 
satisfied” patients are with the decision they have made. The scale measures whether 
patients feel that they understood what they were deciding on and what the different 
options were, as well as how sure they felt about their choice. We found that offering 
the patient decision aid did not result in significant improvements on decisional conflict. 
We also measured whether the decision aid improved the perceived level of shared 
decision-making to patients. We did this with two different questionnaires. On both 
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questionnaires, we found no difference in perceived level of shared decision-making 
between patients who received the decision aid and those who did not receive the 
decision aid. Patients who were offered the patient decision aid had more knowledge on 
the different treatment options and chose less often for a more intensive treatment then 
patients who were not offered the patient decision aid. These results were published in 
or submitted to international peer-reviewed journals. They were also presented at an 
international scientific conference. At this moment, a lot of research is being performed 
on how patient decision aids in combination with other approaches such as specific 
training can contribute to improved shared decision-making as well. 

Societal impact

Patients
In our study we saw that 77% of the patients who were offered the patient decision aid 
logged in to the patient decision aid. This is an extremely high percentage compared to 
papers reported in literature. However, we need to be humble about this number since 
we have to admit that this number could be an overestimation, because patients who 
were not interested in using the patient decision aid may also have refused to be included 
in the trial. Of the patients who logged in to the patient decision aid, 88% declared that 
they found the patient decision aid to be useful or partly useful for the decision-making 
process. In addition, we saw that patients who received a link to the patient decision 
aid had more knowledge on the different treatment options than patients who did not 
receive a link to the patient decision aid. The patient decision aid remains available online 
at no cost, and no login is required. The patient decision aid is available through www.
beslissamen.nl. Patients can also find a link to the patient decision aid on the website 
of the national breast cancer association at https://online-ondersteuning.borstkanker.nl/. 
Thus, the patient decision aid is also available for future breast cancer patients with a 
preference-sensitive decision on their radiation treatment. 

Clinicians
This project was initiated by radiation oncologists who felt that there was a need for 
a patient decision aid for breast cancer patients deciding on radiation treatment. As 
mentioned before, in patients with a preference-sensitive decision on their radiation 
treatment, different advice is given by different clinicians. Shared decision-making is 
a complex process and is therefore not always performed in case of these preference-
sensitive cases. Therefore, these clinicians believed a decision aid could be a useful 
tool for them. In the development phase of the patient decision aid, there was great 
willingness from clinicians from different radiation oncology centers to contribute to the 
development of the tool. We also saw that inclusion of patients in our trial went very fast, 
especially when clinicians could offer the link to the patient decision aid. This indicates 
that the patient decision aid was offered to many patients in a short time period. At the 
moment, the patient decision aid is still being used in several radiation clinics. We have 
received positive feedback from clinicians on the use of the patient decision aid, as well as 
on their awareness of the importance, and on their skills of performing shared decision-
making. 



140 141

Curriculum Vitae

Daniela Raphael is geboren op 28 oktober 1986 in Santiago, Chili. Ze behaalde haar VWO-
diploma in 2006 op het Jan van Egmond college in Purmerend. In 2007 is zij gestart met 
de opleiding geneeskunde aan de Vrije Universiteit in Amsterdam. Tijdens de masterfase 
van haar studie liep zij stage in de primaire gezondheidszorg in CESFAM Zavala, Viña del 
Mar, Chili, onder leiding van Dr. Guerra. Haar masterscriptie, getiteld Electrophysiological 
Evidence of Cognate Word Processing in Trilinguals, heeft zij geschreven in het Basque 
Centre on Cognition, Brain and Language, San Sebastian, Spanje, onder leiding van Jon 
Andoni Duñabeitia. In 2012 ronde ze haar geneeskundestudie af. In het jaar erna werkte 
ze als ANIOS op de spoedeisende hulp in het Antonius ziekenhuis in Sneek. In 2013 vertrok 
zij naar Suriname om daar een jaar als ANIOS chirurgie te werken in het academisch 
ziekenhuis van Paramaribo. Hierna werkte ze een jaar in het Medisch Centrum Haaglanden 
als ANIOS chirurgie. In juni 2016 startte zij met haar promotieonderzoek bij Maastricht 
University, Maastro en het NKI/AVL onder leiding van Prof. dr. L.J Boersma, Prof. dr. T. 
van der Weijden en Dr. N.S. Russell. Tijdens haar promotieonderzoek ontwikkelde 
zij een keuzehulp voor borstkankerpatiënten die een keuze moeten maken over hun 
bestralingsbehandeling. Daarnaast zette zij een studie op om de keuzehulp te testen in 
de klinische praktijk. Zij heeft de resultaten van haar studie beschreven in dit proefschrift 
en gepresenteerd op meerdere internationale congressen. Ze was als project-adviseur 
betrokken bij de verkregen ZONMW-427003002 beurs, Big Data-gedreven keuzehulp 
voor borstkankerpatiënten. Zij zal in 2021 starten met de opleiding tot radiotherapeut-
oncoloog in Maastro.



142 143

Dankwoord

Een proefschrift schrijven doe je zeker niet alleen, ik wil hierbij dan ook iedereen bedanken 
die een bijdrage heeft geleverd aan dit mooie proefschrift. Een aantal mensen wil ik 
daarbij in het bijzonder noemen. 

Ten eerste mijn promotieteam:

Prof. Dr. L.J.Boersma, beste Liesbeth, ik kon me echt geen fijnere promotor wensen. Je 
maakte altijd tijd om naar mijn stukken te kijken en kon me inhoudelijk op weg helpen. 
Maar boven alles stond je altijd open voor mijn mening en kon ik altijd op jouw steun 
rekenen zowel professioneel als persoonlijk. Je motiveerde me als ik even vastliep en je 
was wat strenger wanneer ik me aanstelde.

Prof. Dr. T. Van der Weijden, beste Trudy, jij hebt de meeste kennis van samen beslissen 
en (implementatie) van keuzehulpen. Jouw input op het project en voor dit proefschrift 
waren dan ook onmisbaar. Je was kritisch waar nodig en wist me daarbij uit te dagen om 
anders en dieper over onderwerpen na te denken.

Dr. N.S. Russell, beste Nicola, jij was het dichtste bij en ik kon dan ook altijd bij je binnen 
lopen met grote of kleine problemen. Al heb je het enorm druk, ik voelde me nooit te veel. 
Je stond altijd open voor overleg, uitleg en steun.

Daarnaast wil ik danken:

Prof. Dr. E. Bleiker, beste Eveline jij hebt me opgevangen op de PSOE. Ookal had ik geen 
eigen onderzoeksgroep, doordat je me in de Bleiker groep hebt geadopteerd was dat geen 
enkel probleem. Dankzij jou voelde ik me thuis op de PSOE en had ik een groep om mee 
te sparren.

Nicole en Silvie, bedankt voor jullie hulp bij de uitvoering van de BRASA-studie, jullie 
brachten orde in mijn chaos en zorgden ervoor dat de studie soepel verliep.

Alle PIs en trial-managers van MAASTRO, AVL-NKI, Radboud UMC, UMCU, Amsterdam 
UMC, RdGg/LUMC, HMC, ZRTI, UMCG, HAGA, CZE, Erasmus MC en RIF, bedankt voor het 
meewerken en vooral meedenken om de BRASA-studie een succes te maken. Ook mijn 
dank aan alle patiënten die bereid waren deel te nemen aan de BRASA-studie en aan de 
artsen die patiënte geïncludeerd hebben.

DaniellE, wat een geluk om met jou ons kantoor te mogen delen. Bedankt dat je altijd tijd 
had voor overleg, koffie, roddels, klagen, lachen, (statistiek) uitleg, hulp en gezelschap! En 
uiteraard bedankt dat je ervoor zorgde dat ik dagelijks wat, maar niet te veel chocolade 
kon eten. 



144

Jacqueline, Lara, Suzanne, Kete, Barbara, Melanie en Emmie, bedankt voor alle 
intermezzo’s tussen het werken door. Jullie verhalen, koffie en lunch momenten waren 
altijd een welkome afleiding van de dagen achter de computer. Maar ook bedankt dat ik 
met jullie alles kon bespreken en ik niet het wiel altijd opnieuw hoefde uit te vinden. 

Eveline, Cecile en Anouk, dankzij jullie waren de dagen dat ik uren in de trein zat voor 
werk extra leuk en gezellig!

Paul Alders, beste Paul, bedankt voor je eindeloze geduld met alle aanpassingen en 
veranderingen aan de keuzehulp, mede dankzij jouw inzet hebben we een prachtige tool 
ontwikkeld. 

Daarnaast wil ik ook een aantal mensen bedanken die buiten het onderzoek, me zeer 
dierbaar zijn geweest in de afgelopen jaren.

Suzy, Arie, Annamiek en Hester, mijn vriendinnetjes, met jullie ben ik nooit alleen. Suzy, 
bedankt voor het ontwerpen van deze prachtige kaft! Samen op naar nieuwe avonturen in 
het zuiden. Arie, bedankt voor de ellelange (telefoon)gesprekken, jij weet inmiddels ook 
bijna alles wat in dit proefschrift staat. Annamiek, bedankt voor de gezellige etentjes en 
goede gesprekken. Hester, ver weg maar toch dichtbij.

Jeroen, Bas, George en Niels, bedankt voor al het plezier tussen de onderzoeksdagen 
door: dansen, lachen, wijntjes, bier, hangen in het park, samen eten en bootje varen.

Karla, Matthijs en Boaz, bij jullie kunnen we altijd aan komen waaien en voelen wij ons 
thuis. De liefste zus en de mooiste oom en tante voor de kleine meisjes. Daarnaast hebben 
jullie mij het leukste neefje gegeven. Bedankt voor jullie steun en voor het oppassen zodat 
ik dit proefschrift kon afronden. 

Mirte, Tom, Sallie en Moos, een goede buur is beter dan een verre vriend. Zonder jullie 
was dit proefschrift echt nog lang niet af geweest. Bedankt voor al jullie hulp en steun, 
zeker in dit laatste gekke jaar.

Lieve Marion, jij bent de beste oma die mijn meisjes zich konden wensen. Bedankt dat je 
er altijd voor ons bent.

Mijn ouders: Papi, gracias por apoyarme siempre. Mami, aunque estas lejos yo se que 
siempre puedo contar contigo. Los amo.

Andy bedankt voor de mooie momenten, de liefste meisjes en het heerlijke eten.

Lieve Zoë en Aïda, hoe klein jullie ook zijn, jullie liefde geeft me energie. Jullie zijn de 
allermooisten en de allerliefsten.


	Table of contents
	Chapter 1 - General introduction
	Chapter 2
	Chapter 3
	Chapter 4
	Chapter 5
	Chapter 6 - General discussion
	Summary
	Nederlandse samenvatting
	Impact section
	Curriculum Vitae
	Dankwoord

