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Executive Summary

The Dutch health care system is currently unsustainable. The accessibility, quality and affordability
of Dutch the healthcare system is under pressure. This is particularly evident in cancer care as more
and more people are getting cancer and treatment costs are rising. The current focus is therefore on
adequate care to prevent stalling of cancer care. To improve this proven innovations should be quickly
and effectively adopted. It is proposed to achieve this by providing care that is proven effective, pre-
venting over-treatment, focusing on quality of life and by engaging the patient in deciding upon the
treatment. On these issues, AI-driven Clinical Decision Support Systems (AI-CDSS) could potentially
provide solutions. However, despite the extensive literature about development efforts of AI-CDSS,
their adoption lags behind. The literature did however not explain why AI-CDSS adoption in cancer
care lags behind. This leads to a main research question that will fill the gap of missing knowledge on
adoption and implementation of cancer specific AI-CDSS:

Why does the adoption and implementation of AI-CDSS in cancer care fail?

The adoption and implementation of AI-CDSS in cancer care fail due to an institutional void of reimburse-
ment by basic health insurance. Institutional voids refer to the absence or inadequacy of supportive
structures, regulations, and frameworks. In the case of Mammaprint, a molecular diagnostic AI-CDSS
in breast cancer, this institutional void manifested within the interpretation of an official criterion for
reimbursement, the state of science and practice (SWP). The SWP criterion assesses if clinical utility,
which addresses whether the patient actually experiences health benefits as a result of using the test, is
proven. Mammaprint uses molecular profiling and is seen as a diagnostic test. There are no definitive
requirements for inclusion of diagnostic AI-CDSS and therefore the SWP criterion is open to interpreta-
tion. Here the policy analysts and medical specialists within the reimbursement arena disagreed about
the interpretation and fulfilment of the SWP criterion. Disagreements were found on the level of burden
of proof and study design needed and on the trade-off between the quality of life and survival. The
significant discrepancies between the medical specialists and policy analysts in case of Mammaprint
are striking.

The use of AI does not play a role in the assessment for reimbursement in the specific case of
Mammaprint and that Mammaprint uses AI is relatively unknown. It appears that in the medical domain,
the prevailing concept of an AI-CDSS typically involves a system employing image analysis methods.
AI-CDSS is also not one term when it comes to reimbursement. It was found that reimbursement by
basic health insurance pathways for other AI-CDSS in the Netherlands vary significantly based on the
underlying technique, namely molecular diagnostics or image analysis and based on the use in hospital
or in screening. However, it has been observed that just as Mammaprint, these other AI-CDSS also
encounter institutional voids in the realm of reimbursement. There is an expansive context of policy
making where AI-CDSS as innovation challenges and disrupts established institutional frameworks.

In addition, several contextual factors appeared that influence the adoption and implementation of
AI-CDSS in cancer care, making it likely that adoption and implementation may be stalled in a lot of
other phases besides the reimbursement phase. For example, it is difficult to develop AI-CDSS within
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a hospital because funding and product development expertise are lacking, there are regulatory imped-
iments for obtaining certification, and in the event that certification is achieved, it proves insufficient for
marketing the product because additional evidence seems to be considered essential for the marketing
phase. It also became clear that the reimbursement arenas for Mammaprint look very different in other
countries, with particular distinction between Europe with a predominantly public and the U.S. with a
predominantly private healthcare market.

The research is conducted through a case study focusing on Mammaprint using interviews and grey lit-
erature as data input. The selection of Mammaprint as focal point of the case study is well-founded; its
Dutch origins facilitate easier access to pertinent interviewees, and its challenges with adoption make
it a compelling case. Additionally there is a very similar AI-CDSS, Oncotype, which enables some
meaningful comparative analysis. An institutional actor analysis framework, employing an actor and
institutions lens, has been customized to analyze the case study data. This allowed to identify critical
arenas, map formal institutions, identify actors within the arena, reveal informal institutions, roles and
interactions, assess power and interest of actors and synthesise the findings. A total of 18 interviews
with 19 interviewees has been conducted and recorded. All interviewees were highly relevant and sam-
pled using an institutional actor analysis and snowball sampling. The interview data were analyzed by
noting relevant findings for each interview and by doing further thematic analyses of these findings. Ad-
ditionally, throughout the research a sequential framework of phases of device adoption is developed
and employed to categorize and structure findings from both literature and interviews.

The study is relevant as it showed that reimbursement can act as a limiting factor for the adoption and
implementation of AI-CDSS in cancer care as the pathway for reimbursement by basic health insurance
in the Netherlands has institutional voids for both molecular diagnostic as well as image analysis-based
AI-CDSS used in-hospital.

For Mammaprint, very specific factors were identified for which consensus between the ZiN and
medical specialists involved in the reimbursement can be sought in order to clarify the reimbursement
pathway. Firstly, there is a need for consensus on the level of burden of proof required. This includes
determining when retrospective or prospective studies are appropriate, as well as the follow-up duration.
If a high level of burden of proof is required to maintain high quality standards, current policies for tem-
porary admission could potentially offer a solution as this approach allows for data collection on clinical
utility and ensures accessibility. Secondly, consensus is needed on the study design necessary and
feasible to establish clinical utility. This includes discussing ethical considerations for randomization,
determining requirements for measurements related to quality of life and defining outcome measures
needed to proof clinical utility. Thirdly, consensus must be sought regarding the trade-off between
quality of life and survival. Seeking consensus on these factors could fill existing institutional voids and
thereby probably also partly clarifies the pathway for reimbursement of other AI-CDSS.

Additionally, it is found that there are current initiatives to clarify the reimbursement pathway of
molecular diagnostics and image analysis-based AI-CDSS and it is advised to pursue these.

Lastly, as it becomes clear the field of AI-CDSS seems to be very much in development and that
there is significant interest in employing image analysis methods for AI-CDSS in radiology and pathol-
ogy, it is advised to determine a vision for the role of AI-CDSS within the current existing policy frame-
work to make cancer care future-proof, called ’adequate cancer care’. This as neglecting to set forth a
clear vision and strategy of this seemingly upcoming innovation, AI-CDSS could inadvertently impede,
rather than improve, the sustainability of cancer care.
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1
Introduction

1.1. Problem Context

The Dutch health care system is currently unsustainable. The accessibility, quality and affordability of
the Dutch healthcare system are under pressure [1]. Healthcare costs are currently more than 11% of
GDP [2] and continue to grow rapidly over the years [1]. It is predicted that by 2040, 1 out of 4 people will
have to work in healthcare to meet the increasing demand for care [1], while this is currently 1 out of 7 [3].
To raise political awareness and seek remedies, the national healthcare agreement was formulated [4].
Within this framework, both the healthcare sector and the government are collaboratively examining
challenges and proposing solutions. There is special attention to four areas of care, including cancer
care for which there is a special trajectory, namely ’adequate cancer care’ [5, 6], to identify opportunities
and impediments to future-proof care for people with cancer [3, 5, 6] as care for people with cancer is
currently under pressure and in danger to get stalled [5]. Cancer care costs are a significant portion
of healthcare costs, namely around 7% [7], and the treatment costs are rising [5]. The incidence of
cancer is very high in the Netherlands as there is around a 40% chance to get the diagnosis of cancer
during a lifetime and the prognosis is that this will increase the coming years [8]. The plan is to focus
cancer care on health, functioning and quality of life and on establishing care together with patient and
professional [6, 9]. Additionally, the national healthcare agreement [4] defines to disseminate proven
innovations quickly and effectively and to scale down care that is not (or no longer) appropriate [4]. In
terms of innovation in cancer care, there is significant potential for AI-driven Clinical Decision Support
Systems (AI-CDSS) in cancer care as AI-CDSS can provide support to medical specialists in their
treatment decision-making process, potentially leading to improved treatment choices. For instance, by
personalizing treatment decisions, AI-CDSS could help prevent overtreatment, ultimately contributing
to a higher quality of life. These potential advantages of AI-CDSS are in line with the current trajectory
’adequate cancer care’ [6]. Preventing overtreatment could potentially simultaneously improve quality
as well as make care more efficient thereby responding to impending financial and personnel shortages
[1]. Despite extensive development efforts and substantial potential, AI-CDSS are scarcely used in
practice. This raises the question of why this is the case.

1
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1.2. Problem Statement

AI-CDSS can support medical specialists in complex decision-making processes [10]. The use of AI
techniques to assist medical specialists in making rapid and precise diagnostic decisions is becoming
increasingly popular [11]. An AI-CDSS takes patient data as input and produces personalized advice
for each patient [12]. AI-CDSS may improve patient outcomes by providing medical specialists with
real-time information and recommendations about patient care. Certainly in today’s cancer care con-
text, the AI-CDSS could be incredibly useful. Despite their potential and the amount of research being
done on it (see section 1.3), AI-CDSS are still little used in cancer treatment decision-making in the
Netherlands. It is unclear what the reasons are for this. There is a research gap in the factors that
affect adoption and implementation of AI-CDSS in cancer care. Mohammadpour et al. [13] and Rahimi
et al. [14] also indicate this gap. This leads to a main research question that will fill the gap of missing
knowledge on cancer specific AI-CDSS:

Why does the adoption and implementation of AI-CDSS in cancer care fail?

As found in literate and described in chapter 3, a multi-actor perspective is often missing in litera-
ture, while the literature does show that there are many actors involved in the adoption of AI-CDSS. It
is therefore expected that this multi-actor perspective is important and should be further investigated.
This will be investigated by a case study while using an actor and institutions lens.

1.3. AI-CDSS Research Gap

A literature search is conducted to identify the existing research in the field of AI-CDSS in cancer care
and gain an understanding of the types of studies that have been conducted to date. The search is
conducted on PubMed and Scopus and is desribed in appendix A.

It is found that AI-CDSS are being developed for a variety of different cancer types. The largest pro-
portion of applications are developed for breast cancer, which currently experiences the most benefit
from AI-CDSS [15]. In terms of use case in cancer care, there are lots of different ones. AI-CDSS
can predict the outcome of chemotherapy in both neoadjuvant [16–24] and adjuvant [25–27] settings,
allowing medical specialists to determine the best course of treatment for individual patients [28]. It can
also predict the response to immunotherapy and identify patients who are most likely to benefit from
such treatment [29–31]. AI-CDSS can predict patient survival [15, 27, 32–38] and identify patients
who are at high risk of mortality [39]. It can also predict the likelihood of toxicity [40] and side-effects
associated with chemotherapy [41–43], helping medical specialists to adjust the dose or come up with
a different treatment plan to avoid adverse events. AI-CDSS can aid in dose planning for radiation
[44, 45], chemotherapy [46, 47], and other therapies [48], providing personalized treatment plans for
individual patients. It can also be used to diagnose and screen for cancer [13, 24, 41, 49–55]. AI-
CDSS can also play a crucial role in drug development [56], predicting the efficacy and safety of new
drugs and potential drug-drug interactions [57, 58] and identifying potential drug targets by identifying
target genes [59, 60] or by matching earlier found therapy options to other cancer types [56]. AI-CDSS
can evaluate drug response, determining whether a full response has been achieved, and if additional
surgery is needed or not [49, 51, 53, 61–66]. As for AI technology, all kinds of different types of AI are
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used, from simple machine learning techniques, such as support vector machines [67] , to complex
ones, such as deep learning [16, 25, 34, 45, 64, 68, 69] and reinforcement learning [70–73].

It was observed that almost all papers identified in this literature search focus on the development
and performance evaluation of AI-CDSS. There are no papers focusing specifically on the adoption
and implementation of AI-CDSS in cancer care. When applying the following criteria to the found pa-
pers: (1) the article examined the adoption and implementation; (2) It is mentioned that the CDSS uses
AI methods; (3) The article was about supporting cancer treatment decisions. It became clear that no
paper met all criteria.

1.4. AI-CDSS in Breast Cancer

The case study will focus on the Mammaprint test. However, because Oncotype is a similar test and is
assessed in the same way by the Healthcare Institute Netherlands (ZiN) the Oncotype test will also be
discussed.

Mammaprint

The Mammaprint is a test that can be used to predict the risk of metastases from breast cancer after
the tumor has been surgically removed. The Mammaprint uses the expression profiles of 70 genes to
determine whether the risk of metastasis is high or low. At high risk additional chemotherapy is needed
and at low risk, it is probably unnecessary. To make the classification of high and low-risk groups,
unsupervised and supervised classification algorithms were used on training data. These algorithms
use a form of machine learning and are thus AI. The moment one can predict that chemotherapy is not
necessary because the risk of metastases is low, toxic side effects could be avoided. The Mammaprint
test is developed at the Netherlands Cancer Institute (NKI) which is affiliated with the Anthonie van
Leeuwenhoek (AVL) hospital. Agendia was found in 2003 [74] as a spin-off of the NKI-AVL to further
develop the Mammaprint test as a product. The test is based on groundbreaking research (11578
citations) from the NKI-AVL that was published in 2002 [75] and further validation thereof [76]. In 2004
the 70-gene test emerged as a product. Mammaprint is gaining much attention worldwide in its early
stages. It receives several awards between 2005 and 2008 and is named one of the greatest healthcare
innovations by Time magazine and Oprah Winfrey, among others [74]. Mammaprint also receives the
health innovation award from the Dutch Minister of Health in 2008 [74]. In 2007 Mammaprint was the
first diagnostic test cleared by FDA [74]. In 2009 Mammaprint is included in the St. Gallen guidelines,
which are the international consensus guidelines and describe the ‘state of the art’ for early-stage breast
cancer [77]. Agendia is ISO certified since 2012 and Mammaprint also received EU In Vitro Device CE
mark in Europe [78–80].

Oncotype

Oncotype is a similar test to Mammaprint. Oncotype is based on a 21-gene expression profile. The
test was developed by Genomic Health and the patents have been held by Exact Sciences since its
acquisition and merger in 2019.
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1.5. Societal Relevance

As outlined in section 1.1, the Dutch healthcare system’s unsustainability, particularly in the realm of
cancer care, is currently a significant challenge which is high on the political agenda [4, 6, 9]. AI-CDSS
are promising in the context of ’adequate cancer care’ [6] as they could potentially be part of the solution,
by preventing overtreatment, but are currently rarely used in practice. Given that approximately 40%
of the Dutch population receives a cancer diagnosis at some point in their lives [8], it is needles to say
that ensuring accessible, affordable, and high-quality cancer care can greatly benefit many individuals.
Mapping how decision-making processes influence the adoption and implementation of AI-CDSS in
cancer care has relevance primarily in two areas. First, it can serve as valuable information for policy
makers, enabling them to utilize the identified factors in shaping policies conducive to a more favorable
environment for the adoption and implementation of AI-CDSS. Second, it might catalyze development
by providing developers with a comprehensive overview, allowing them to anticipate and address chal-
lenges in decision-making processes proactively.

1.6. Scientific Relevance

The scientific relevance is realized by adding insights of a comprehensive case study of adoption of an
AI-CDSS in cancer care using a multi-actor perspective. This case study has unique value as a broad
range of actors is interviewed who are in the core of the network of the adoption and implementation
process of the AI-CDSS. Most of the interviewees have key roles in this process for both Mammaprint as
well as other AI-CDSS. At the same time, it gives an insight into applying an institutional actor framework
for the implementation of AI-CDSS in cancer care, which to the best of my knowledge is unique. This
framework proves useful and identifies the existence of institutional voids around the reimbursement
of AI-CDSS. In addition, the research extends beyond the immediate focus on this particular AI-CDSS
and sheds light on whether similar challenges arise in other AI-CDSS implementations. This contextu-
alization provides valuable insights into categorizing various AI-CDSS and the diverse pathways they
involve. Consequently, this study identifies where to look further to advance AI-CDSS implementation,
which also provides actionable directives for future research.

1.7. Link to the EPA program

This research fits well within the requirements of the EPA master program. The research takes a
systems perspectives and focuses on the healthcare system in which AI-CDSS could be implemented.
Within the healthcare system the decision-making arena for reimbursement in basic health insurance is
considered. The research uses an institutional actor analysis (IAA) framework to analyse the problem
situation. The problem is part of a bigger context within healthcare which aims at the grand challenge
of having a sustainable healthcare system available for the public. It also touches the interface of
the public and private domain, as AI-CDSS development and implementation is dependent on the
collaboration between public and private parties.



2
Methodology

This chapter outlines the employed methodology for conducting the research.

2.1. Research Approach

The research flow is illustrated in figure 2.1 and further explained below.

Figure 2.1: Methodology

5
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An analysis of academic literature concerning AI-CDSS in cancer care (described in section 1.3)
revealed a notable gap in understanding the factors impacting their adoption and implementation. Ex-
isting literature primarily addresses the development and accuracy testing of AI-CDSS in cancer care,
with limited focus on adoption and implementation challenges. Therfore the following main research
question will be answered:

Why does the adoption and implementation of AI-CDSS in cancer care fail?

The first subquestion delves into a broader examination of current literature, encompassing health-
care as a whole rather than focusing solely on cancer-specific aspects. This approach offers an initial
glimpse into potential adoption and implementation challenges. The first subquestion is answered in
chapter 3 and reads:

1. What factors are identified in previous studies that influence the adoption and implemen-
tation of AI-CDSS generally?

Through answering this first sub-question, it was found that there is a lack of a comprehensive multi-
actor perspective in the literature regarding factors affecting adoption and implementation. This while
various stakeholders, from practitioners to policy makers, are jointly shaping the technology integra-
tion journey. It is expected that no single actor can unilaterally ensure adoption and implementation.
Recognizing these actors, understanding their respective roles, and acknowledging their motivations
in decision-making are central aspects in understanding the pathways that facilitate AI-CDSS adop-
tion and therefore a multi-actor perspective is deemed essential [81]. Therefore the adoption and
implementation is perceived as a system where institutions and actors interact, collectively shaping the
decision-making process. This is done via a case study approach while making use of data from grey
literature and interviews. The case study employs an Institutional Actor Analysis (IAA) (see section
2.2.2) to acquire and structure the data. In this way the viewpoint from a multi-actor perspective can
be identified, which is missing in existing literature.

To execute this analysis, identification of the critical decision-making arena(s) pivotal to the adoption
and implementation of AI-CDSS in cancer care is required. Hence, the second subquestion reads:

2. Which decision arena(s) are critical for the adoption and implementation of a specific AI-
CDSS in cancer care?

This subquestion is answered by grey literature and exploratory interviews and validated during the
case study interviews. The answer on this subquestion is discussed in chapter 4.

Subsequently subquestion 3 aims to closely examine the critical arena(s) and identify the factors within
them that contribute to or hinder the adoption of AI-CDSS. This subquestion focuses on internal dynam-
ics and positions within the decision-making process, seeking explanations for the outcomes observed
within the arena(s). The subquestion reads:

3. What factors influence the adoption and implementation of this specific AI-CDSS in those
critical decision arena(s)?
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This subquestion is answered in chapter 5 through grey literature and case study interviews.

However, each decision arena operates within its own contextual framework. While internal factors
within the arena are significant, external factors beyond the arena’s boundaries can also be influential
on processes inside. By exploring the broader contextual factors, a more comprehensive understand-
ing is gained. Subquestion 4 reads:

4. What is the broader context that has an influence on those decision arena(s)?

This is answered in chapter 6 mainly through case study interviews and supplemented in part by infor-
mation obtained from grey literature.

Insights from all subquestions are then interwoven in the discussion (see chapter 7), culminating in
a comprehensive answer to the primary research question as discussed in chapter 8.
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2.2. Frameworks

During the research, two frameworks were employed to conduct a thorough analysis. These frame-
works served as guidelines to structure and interpret the collected data. These frameworks are the
’Phases’ framework and the ’Institutional Actor Analysis (IAA)’ framework. The frameworks are further
explained below.

2.2.1. Phases Framework

A sequential framework of phases of adoption and implementation is employed to categorize and struc-
ture the identified factors that influence the adoption and implementation of AI-CDSS. The phases
are: development, regulation, sell/marketing, purchase/reimbursement and use phase and their ac-
companying descriptions are shown in figure 2.2. This framework is based on the life cycle of medical
technology as described by the Dutch ministry of health [82], which is further explained in appendix B.
Throughout the thesis, these phases served as a framework to organize and categorize the findings
from both the literature review and interviews. Doing so provides a clear structure for analyzing and
synthesizing existing research, as well as identifying knowledge gaps and areas where more research
is needed.

Figure 2.2: Phases in adoption and implementation of AI-CDSS
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2.2.2. Institutional Actor Analysis (IAA) Framework

Figure 2.3: Institutional Actor Analysis

As discussed in section 3.6 a multi-actor perspective of adoption and implementation of AI-CDSS is
missing in the literature, while there are many different actors involved in the adoption and implemen-
tation of AI-CDSS. Therefore in this research this perspective will be taken as it is deemed essential
to have this outlook to find out why the adoption and implementation of AI-CDSS is lacking behind.
Throughout this research a particular view and scientific jargon will be used. Key jargon, along with
definitions and illustrative examples, will be provided in this section to ensure a clear understanding
of the terminology used. Next, the steps within an institutional actor analysis (IAA) will be introduced,
which is based on the introduced jargon. The IAA framework is a modified iteration of the actor analysis
framework outlined in Enserink et al. [81], and it draws upon an extensive body of research on actors
and institutions, from, among others Bryson [83], Eden & Ackermann [84], Hermans & Cunningham
[85], North [86], Ostrom [87] and Teisman [88].

Decision arenas and decision-making rounds
Decision arenas are designated social spaces dedicated to strategic decision-making [85]. These can
take on formal boundaries or exist virtually, where actors interact [87]. Networks and institutions within
these arenas shape actor behavior significantly [85]. In the context of this research, the decision-making
arena encompasses the social space where actors engage in discussions regarding the inclusion of
Mammaprint in basic health insurance. Within these decision arenas, there are decision-making rounds.
According to Teisman [88], a decision-round is marked by the initiation and conclusion of a specific pe-
riod, during which significant decisions are made. A decision round, in the case of the case study,
encompasses the initiation of the assessment process for Mammaprint’s inclusion, extending up to
the ultimate publication of an official position report, where a definitive decision is described regarding
inclusion or exclusion. A decision-making round thus encompasses the entire process from the initial
determination to address a specific question to the ultimate position about inclusion or exclusion of
Mammaprint. The decision-making process regarding Mammaprint has unfolded in three distinct deci-
sion rounds. These include the initial assessment in 2010, a subsequent reassessment in 2018, and
an ongoing assessment since 2023 1.

Action situations
Within a decision-making round, there are distinct action situations [87]. An action situation refers to
a particular set of circumstances or context where individuals or groups engage in decision-making or
take actions. It signifies a focused moment or scenario within the broader decision-making process.
In the context of a decision-making round concerning the assessment of Mammaprint, various action
situations arise. For instance, the initiation of an assessment or reassessment constitutes an action sit-
uation. Similarly, when the draft position report is published, providing stakeholders with the opportunity
to provide input, marks another significant action situation.

1Just before the publication of this report, the decision of the 2023 decision round was made. Thus, the assessment is now
no longer ongoing, but has been concluded.
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Formal and informal institutions
In decision-making arenas, institutions play a crucial role in shaping the decision-making processes [81,
86, 87]. An institution, in this context, encompasses established rules, norms, and practices that regu-
late behavior within a society, organization, or community [81, 86, 87]. Essentially, institutions serve as
humanly devised constraints that govern political, economic, and social interactions. They comprise
both informal constraints, such as sanctions, taboos, customs, traditions, and codes of conduct, as
well as formal ones - the codified rules found in law, regulation, or custom, and those embedded in
organizations or government structures [87]. Informal rules are not formally documented and can be
challenging to comprehend and may not be uniformly interpreted by those involved [81].

In the context of the case study, namely inclusion in basic health insurance, there exist legally de-
fined criteria, specifically the SWP criterion [89], which functions as a formal institution. According to
this criterion, health insurers are prohibited from reimbursing care that does not meet SWP standards;
otherwise, they are required to cover the cost from their own budget. Additionally, in cases where
health insurers are unable to reach a consensus on whether certain intramural care aligns with SWP,
the healthcare institute Netherlands (Zorginstituut Nederland, abbreviated as ZiN), must conduct an
assessment.

Furthermore, informal institutions govern the arena, such as determining responsibility for reassess-
ments. Despite lacking legal backing, there exists an unwritten rule that health insurers should re-
frain from conducting reassessments for care forms already evaluated by the ZiN. This unwritten norm
guides the assignment of responsibility. In the case of Mammaprint, it initially came to the attention of
the ZiN due to a dispute, establishing the ZiN’s ongoing involvement in reassessments. Consequently,
there is currently no opportunity for health insurers to conduct the assessment of Mammaprint, unless
this social norm undergoes a change.

Actors and Multi-actor situation
An actor refers to an individual, group, organization, or entity that has the capacity to make decisions
and take actions within a social system. Within an arena there are thus actors interacting [81, 87].
There are multiple actors involved in the decision-making processes, which is called a multi-actor sit-
uation. A multi-actor situation encompasses various actors, organized within a network rather than
a traditional hierarchy. According to Enserink et al. [81]. It implies that no single actor can impose
their preferred solution on others independently; instead, some level of cooperation among parties is
essential. An institutional actor refers to an entity or organization, often with a formalized structure
and recognized authority, that participates in decision-making processes within a particular institutional
framework. These actors can include governmental bodies, regulatory agencies, non-governmental
organizations, and other entities with a defined role in shaping policies and practices. Thus, an institu-
tional actor is involved through the institutions in place in the arena.

In the arena concerning the inclusion of Mammaprint in basic health insurance, several institutional
actors play crucial roles. One such actor is the ZiN, responsible for evaluating whether Mammaprint
aligns with the SWP criterion. Additionally, medical professional groups qualify as institutional actors as
they receive the assessment report and hold the opportunity to provide feedback. Therefore, individuals
who do not engage in the arena through formal or informal institutional channels are not classified as
institutional actors. For instance, individual medical professionals, lacking representation through insti-



2.2. Frameworks 11

tutions, do not fall under the category of institutional actors. However, if a medical professional speaks
on behalf of an organization participating in decision-making through established channels, they would
be deemed an institutional actor.

Power and Interest
Institutional actors have a certain power and interest within the decision-making arena. By considering
both power and interest, stakeholders can be categorized into different groups, namely key players,
context-setters, subjects and crowd [83, 84]. A Key player is characterized by having high levels of both
power and interest in the decision-making process. They hold significant sway over the outcomes and
are deeply invested in the matter at hand. A Context setter wields considerable power but exhibits low
levels of personal interest in the decision. Theymay not be personally invested, but their influence plays
a crucial role in shaping the overall context of the decision-making arena. A Subject has substantial
personal interest in the decision but lacks the corresponding level of power. While they are deeply
invested, their ability to directly influence outcomes may be limited. In contrast, a Crowd has neither
significant power nor a substantial personal interest in the decision. They hold minimal influence over
the process and may not be particularly invested in the outcomes. By mapping out these roles of actors
it can help in understanding the stakeholder landscape and can help when investigating strategies to
improve the decision-making processes. For example to make the decision-making processes more
effective and inclusive.

Institutional Actor Analysis
The IAA framework is an adjusted version of the actor analysis framework as discussed in Enserink
et al. [81]. The institutional approach involves examining the current policy-making structures and
pinpointing actors who hold formal positions in the policy-making process. The framework consists of
6 steps, namely (1) arena identification, (2) exploring procedures, (3) identifying actors, (4) revealing
informal institutions, (5) mapping the power-interest of actors and (6) subsequently synthesising these
findings to identify factors. The steps of the IAA framework are visualized in figure 2.3 and the steps
are mentioned below.

1. Identification of Critical Decision-Making Arenas
2. Mapping Procedures/ Formal Institutions
3. Identify Actors
4. Reveal Informal Institutions, Roles and Interactions
5. Assess Power and Interest
6. Synthesise Factors

Here the findings of former steps are synthesised to come to a conclusion of how decision-making
processes within the arena influence outcomes.
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2.3. Literature Reviews

Search Protocol

This study integrated two literature reviews. The first review is about AI-CDSS in cancer care. This
review is situated in the introduction (see section 1.3) and revealed a gap in the existing literature
pertaining to the factors influencing the adoption and implementation of AI-CDSS in cancer care. The
search criteria are described in appendix A. Titles and abstracts of the studies identified through this
search were reviewed and studies were assessed for adherence to predefined inclusion criteria:

• (1) the article examined the adoption and implementation;
• (2) It is mentioned that the CDSS uses AI methods;
• (3) The article was about supporting cancer treatment decisions

The second literature review is about AI-CDSS adoption challenges. This literature search aims to
acquire an initial understanding of the factors impacting the adoption and implementation of AI-CDSS
in healthcare, which thus encompasses a broader context beyond cancer care. The search criteria are
described in chapter 3. Titles and abstracts of the studies identified through the search were reviewed.
Studies were assessed for adherence to predefined inclusion criteria:

• (1) the article examined the adoption and implementation;
• (2) It is mentioned that the CDSS uses AI methods;
• (3) The article was about supporting treatment decisions

Analysis

For the first literature review the cancer types the papers focused on and the primary use case of the
AI-CDSS were identified. For the second literature review, the papers were read to identify factors that
affected the adoption and implementation of those systems. This was done as per the following steps:

• Identify factors mentioned per paper
• Group factors based on the implementation phase (see figure 2.2 for the phases overview)
• Create themes per phase

If the paper included surveys and/or interviews:

• Identify actors mentioned per paper
• Group actors based on the implementation phase (see figure 2.2 for the phases overview)



2.4. Exploratory Interviews 13

2.4. Exploratory Interviews

Three exploratory interviews were done, during which valuable insights from a range of stakeholders
concerning the adoption and implementation of AI-CDSS was gathered. These interviews were con-
ducted with people who knew more about the subject and were within reach. There was input from
nurses specialized in pancreatic cancer, a former medical specialist, and a developer of CDSS. These
interviews were not recorded because they were of an exploratory nature. Notes were taken during
the interviews for personal use. The main findings of the exploratory interviews are used to get an
initial understanding of the decision arenas (step 1 of IAA) that could be critical for the adoption and
implementation of Mammaprint. The outcomes are described in section 4.1.

2.5. Case Study

The case study focuses on Mammaprint and involves the data analysis of interviews and grey literature.
This approach differs from the conventional method of conducting a case study as defined by Yin
[90], which also includes observations for triangulation. In this study, interviews and grey literature are
deemed sufficient to address the research questions, and observations were not within the scope of
the study. Furthermore, conducting observations would not be possible given the historical nature of
the case study and given that the current decision round is taking place in confidentiality.

2.5.1. Grey Literature

The grey literature examined in this study includes: publicly available position statements from the ZiN,
documents from the Dutch house of representatives and other results from Google searches. Grey
literature is used in the first five steps of the IAA framework. It is used to get an initial understanding of
the decision arenas (step 1) that could be critical for the adoption and implementation of Mammaprint.
Furthermore, the draft position reports of the ZiN [91–93] give insights in the subsequent steps. The
procedures/formal institutions (step 2 of IAA) and the therefrom actors (step 3 of IAA) could be mapped.
Also, an initial understanding of the informal institutions (step 4 of IAA) and the power-interest could be
identified from these position reports. This was possible as in the appendix of the position reports, the
written responses from the actors on the draft position report are included [92, 93].

2.5.2. Case Study Interviews

The case study interviews provided a validation and final conclusion for subquestion 2 (step 1 of the IAA
framework). Subsequently it validated procedures (step 2 of IAA), actors (step 3 of IAA) and additional
insights concerning those steps. It gave an elaborate perspective of informal institutions (step 4 of IAA)
and power-interest (step 5 of IAA).

Sampling of interviewees
The selection of interviewees followed two distinct sampling methods. The initial method involved an
institutional actor analysis to identify key stakeholders. Subsequently relevant stakeholders were con-
tacted. The second method employed snowball sampling, where interviewees’ recommendations led
to the inclusion of additional interviewees. The process of engaging with interviewees was occasionally
challenging in the beginning. Some individuals or organizations responded delayed or minimally, and
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some did not respond at all. As the interview phase progressed, a network of connections was estab-
lished, easing the outreach process. The snowballing approach yielded notable advantages. Firstly,
it facilitated referrals to suitable interviewees, with certain names recurring as suggestions. Secondly,
referred participants showed a greater willingness to contribute due to the familiarity of the referral
source.

Interviewees
Nineteen participants were involved in the research, see table 2.1. Eighteen interview sessions were
conducted over a 1.5-month period, including one interview where two interviewees were present in
one session. All interviews were between 0,5-1,5 hour. The interviewees represented diverse back-
grounds and affiliations, spanning various roles and organizational associations. Because of privacy
reasons, most organizations are not coupled to the interviewees. The multifaceted composition of in-
terviewees ensured discussions encompassing a broad spectrum of perspectives. In table 2.1 it is
also shown for which arena and/or adoption phase the interviewees are relevant. It can be seen that
interviewees involved in the development phase are primarily involved researchers and interviewees
with ties to the commercial aspect. In the regulation phase, the interviewees are characterized as
briding the intersection of research and the commercial facet of AI-CDSS. The Sell/Marketing phase
engaged interviewees associated with both the commercial and health insurance domains. Finally, the
use phase encompassed insights from medical specialists, who provided their perspectives on the use
of AI-CDSS. It is pertinent to note that all interviewees categorized within the guideline or reimburse-
ment subgroup were or are directly involved in this process. If an interviewee mentioned Mammaprint’s
reimbursement in basic health insurance but was not directly involved, they were not included in this
subgroup. In section C.2 in the appendix and table C.1 additional characterization about the intervie-
wees involved in the reimbursement and/or medical guidelines arena of Mammaprint are shown. While
interactions covered discussions with most key players and context-setters, some key players have not
been interviewed, for example the patients association. However, the absence of direct engagement
was compensated by documented insights within the position reports of the ZiN [92, 93] as the written
and verbal reactions of all stakeholders, including the patient association, on the draft position reports
are included in the appendix of those reports and as insights were given by other interviewees.

Informed Consent
Before the start of each interview, participants were asked to read and sign a consent form. This was
sent by email before the interview took place. This form explained the objectives of the study and
also explicitly addressed potential privacy concerns. The consent form further clarified the purpose
of data collection, outlined how the information collected would be used, and provided transparency
about the intended methods of publication. Upon understanding and agreement, all participants signed
the consent form, underscoring their voluntary and informed participation in the study. However, six
interviewees made additional requests regarding their consent. Two interviewees requested the oppor-
tunity to review the report before its publication. Additionally, two interviewees expressed the desire to
verify their quotes prior to publishing, while two others preferred not to have their quotes included at all.
These additional requirements have been met.

Interview Questions
The topics discussed during the interviews were around three main topics, namely the medical guide-
lines, the reimbursement by basic health insurance and AI-CDSS. In appendix C.1 a more detailed list
of topics including some of the questions asked are shown.
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Given the significant diversity among interviewees and the dual roles they often held, a separate prepa-
ration was required for each interview. This had the advantage that each interview was personalized
and provided a different perspective on the issue. Additionally, it allowed for further exploration of in-
teresting findings that arose during the interview.

Before each interview, a thorough background check of the intervieweewas conducted through LinkedIn
and the employer’s website. This helped gather relevant information about the interviewees’ involve-
ment in various aspects, ranging from medical guidelines, reimbursement by basic health insurance,
Mammaprint-related matters, and broader about adoption and implementation of AI-CDSS within their
field of expertise.

At the start of each interview the purpose of the research and the reason why the interviewee was
contacted including their functions and potential roles, in the case of Mammaprint, was repeated. Sub-
sequently it was asked if the interviewee could introduce him/herself and their personal involvement in
the arena and/or experience with Mammaprint or other AI-CDSS. If new interesting roles of the inter-
viewees came up, the topics to be discussed could then still be customised based on this. This was
necessary in about a third of the interviews because asking this revealed that the extent and nature
of their involvement in Mammaprint and/or other AI-CDSS was greater than could initially be found
(online) or was heard from the referral.

The interview method employed was mainly semi-structured and for some topics unstructured. The
questions pertaining to the reimbursement and guideline arena were primarily semi-structured. This
meant that there were predetermined questions about procedures and involved parties, although the
sequence could be adjusted and asking follow-up questions on interesting topics was possible. On the
other hand, the unstructured component frequently came into play when discussing the broader con-
text of AI-CDSS adoption and implementation. This was for example particularly evident in the case
of interviewee 11, the cancer screening expert. This interview was unstructured and the general area
of interest and concern was the adoption and implementation of AI-CDSS in screening, allowing the
conversation to naturally evolve within this area.

Recorded
The interviews were held through video or phone calls and were recorded for further analysis. The
automatic transcription feature of Microsoft Teams software was utilized to transcribe the recordings,
although some errors were observed in the transcriptions. The recordings of the interviews were lis-
tened back and only relevant quotes were accurately transcribed manually. This as it was not needed
and too time-consuming to manually correct all transcripts.
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1 Breast Cancer Surgeon-Oncologist X X X
2 Breast Cancer Surgeon-Oncologist X X
3 Surgeon in Training X X
4 Breast Cancer Medical Oncologist X X
5 Clinical Pathologist and Diagnostician X X X
6 Breast Cancer Pathologist and Researcher X X X
7 Researcher of AI in Cancer Care X X
8 Representative of Ministry of Health X X
9 Cancer Care Spin-off Expert X X X X
10 Cancer HTA Expert X X
11 Cancer Screening Expert X X X X
12 Representative of the registration holder of Mammaprint X X X X X
13 Study Managing Director Breast Cancer Research X
14 Process Facilitator Breast Cancer Guidelines X
15 Medical Guideline Revision Specialist
16 Medical Oncology Guideline Specialist X
17 Advisor for Inclusion in Basic Health Insurance X X
18 Advisor at a Health Insurance Company X X X
19 Advisor at a Health Insurance Company X X

Table 2.1: Overview of Interviewees and the arenas (Reimbursement and Guideline) and phases (Development, Regulation,
Sell/Marketing, Purchase/Reimbursement and Use) they are involved in.

2.5.3. Case Study Analysis

The data analysis of the grey literature and the interviews followed an iterative process. As there was
a significant reliance on who could be interviewed and the depth, extent and focus of their knowledge,
it was challenging to establish a definitive analytical approach beforehand. The extensive diversity of
interviewees and their respective specializations further complicated matters. However, a suitable ap-
proach was devised, which will be elaborated upon in this section.

Following each interview, new patterns and insights emerged from the data. Noteworthy findings were
captured, and after each interview, a reassessment was conducted to identify information that was rele-
vant to one or more of the subquestions. This involved active listening, documenting intriguing findings,
comparing them with findings from other interviews, and potentially grouping quotes and formulating
themes and codes within the themes. Each interview was listened to multiple times for analyses. In
table 2.2 the main themes and the corresponding subquestions for which these themes are relevant are
shown. In the appendix in section C.3 and in table C.2 further explanation is given about the themes and
the codes identified and the relevant statements made by interviewees are included. The case study
analyses can broadly be categorized into sub-questions 2, 3, and 4, which will be further explained
below.
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Theme Relevant for subquestion
Guidelines 2
Reimbursement 2, 3, 4
No clear requirements for inclusion of diagnostic tests 3
(High) Level of burden of proof needed 3
Disagreement on study design between medical specialists and ZiN 3
Priorities in trade-off between quality of life and survival differ 3
Development 4
Regulation 4
Sell/Marketing 4
Purchase/Reimbursement 4
Use 4

Table 2.2: Overview of main themes created during interview analysis

Analysis for subquestion 2: Critical Arena for Mammaprint
Subquestion 2 answers the question which arenas are critical for the adoption and implementation of
Mammaprint. This question matches step 1 of the IAA framework (see section 2.2.2). To answer this
question, first grey literature is checked which provided a shortlist of critical arenas. Then grey literature
and the interviews allowed criticality to be validated. The interviewee groups relevant for validating this
were ’Reimbursement’ and ’Guidelines,’ (see table 2.1). The included grey literature and the relevant
insights from the interviews are discussed in chapter 4 in section 4.2.

Analysis for subquestion 3: Factors influencing the Reimbursement arena of Mammaprint
Subquestion 3 answers the question which factors influence the adoption and implementation ofMammaprint
within the critical arena as identified in subquestion 2. In order to answer this question steps 2-6 of the
IAA framework (see section 2.2.2) are completed using grey literature and interviews. Regarding the
grey literature, the responses from stakeholders on the the draft position reports of the ZiN [92, 93]
which are included in the final position reports of the ZiN [92, 93] provided a wealth of information for
answering this subquestion.

The interviewee group mainly relevant for answering this subquestion was the ’Reimbursement’ group
(see table 2.1). However more interviewees, who were not directly involved within the arena, but in-
volved in another way, also provided relevant insights. The relevant findings of the interviews are stated
in table C.3 in appendix C under the themes corresponding to subquestion 3 (see table 2.2).

The interviews were relistened, focusing on whether the formal procedures, as outlined in the grey
literature, were indeed put into practice for Mammaprint. Additionally, institutional actors identified in
the grey literature were corroborated. During the interviews, non-institutional actors who nonetheless
influenced the arena or exerted influence also emerged (see section 5.3). The interviews and stake-
holders reactions on the draft position reports [92, 93] were analyzed to understand the reasons behind
Mammaprint’s lack of reimbursement and the opinions surrounding this issue. This combination of grey
literature and interview analysis resulted in four identified factors (see section 5.4). In table C.3 in ap-
pendix C the findings of the interviews concerning those four factors are stated. It should be mentioned,
however, that the factors found in the parties’ responses to the draft position reports had a large share
in defining those four factors, but that those responses are not in table C.3 as they did not come from
the interviews. However, quotes from parties’ responses to the draft position reports can be found in
section 5.4 and in the position reports themselves, which are available online [91–94].
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Analysis for subquestion 4: Contextual Factors
Subquestion 4 answers the question which arenas are critical for the adoption and implementation of
Mammaprint. This question matches what the broader context is that has an influence on the Reim-
bursement arena of Mammaprint. To answer this question, interview input was used. This exploration
encompassed not only Mammaprint but also other AI-CDSS categorized as diagnostic tests and various
other types of AI-CDSS. When examining the broader context, all phases (see the phases framework in
section 2.2.1) were considered, rather than solely focusing on the reimbursement/purchase phase. The
interviewee groups relevant for validating this were thus ’Development’, ’Regulation’, ’Sell/Marketing’,
’Purchase/Reimbursement’ and ’Use’ (see table 2.1). Additionally some grey literature was checked
to validate and/or elaborate on the factors that came up, especially for the ’Purchase/Reimbursement’
phase.



3
Factors Influencing Adoption and

Implementation of AI-CDSS

The literature review conducted in section 1.3 to identify existing research on AI-CDSS in cancer
care revealed a significant lack of information regarding adoption and implementation factors.
As a result, this literature review has a broader scope, extending beyond cancer, but with a
sharper focus on the adoption and implementation factors. Subquestion 1 will be answered
in this chapter: ’What factors are identified in previous studies that influence the adoption and
implementation of AI-CDSS generally?’

For the literature review different search terms were tried. There are some variants for clinical
decision support systems (CDSS), such as clinical decision aid or clinical decision support program.
However, when using those terms it is noteworthy that not all the tools mentioned in the retrieved pa-
pers are computerized, and a substantial number of them are not employed for analytical purposes, but
rather for databases or platforms. In case ‘clinical’ is not used in front of the other words, the searches
are not healthcare specific, but come up with applications in many other industries. For AI a broad
search is used that includes many different key terms for AI to be as complete as possible. So the
search includes ”simple” machine learning as well as deep learning, reinforcement learning, and text
mining. To retrieve papers on adoption or implementation, the search term ’adoption OR implementa-
tion’ was tested. However, it became evident that the term ’implementation’ was not appropriate, as
it frequently refers to the implementation of algorithms rather than implementation in the clinical care
setting. Therefore, only the term ’adoption’ was used as a search term. In order to specifically focus
on the factors that affect the adoption and implementation, the following search terms were added:
challenge, barrier, impediment, enabler, or perception. The final search term combinations for Scopus
and Pubmed are shown below.

The search was conducted using the following search terms on Scopus:
( TITLE-ABS-KEY ( ( clinical AND decision AND support AND system ) OR cdss )
AND TITLE-ABS-KEY ( ( artificial AND intelligence ) OR ’ai’ OR ( machine AND learning ) OR ( deep
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AND learning ) OR ( neural AND networks ) OR ( reinforcement AND learning ) OR ( neural AND lan-
guage AND processing ) OR ’nlp’ OR ( text AND mining ) )
AND TITLE-ABS-KEY ( adoption )
AND TITLE-ABS-KEY ( challenge* OR barrier* OR impediment* OR enabler* OR perception* ) )

The search was conducted using the following search terms on Pubmed:
((clinical decision support system) OR cdss)
AND ((artificial intelligence) OR ’AI’ OR (machine learning) OR (deep learning) OR (neural networks)
OR (reinforcement learning) OR (neural language processing) OR ’nlp’ OR (text mining))
AND (adoption)
AND (Challenge OR barrier OR impediment OR enabler OR perception)

The search was conducted on April 2023 with no restriction on the publication date. The search was
limited to English-language articles that were available in full text. A total of 129 and 123 articles were
retrieved from the search on Scopus and Pubmed respectively. To avoid duplication of results, any
duplicate articles were removed, which resulted in 204 unique papers. To identify relevant articles, the
titles and abstracts of each article were read. Full-text articles were then reviewed for inclusion based
on the following criteria: (1) the article examined the adoption and implementation; (2) It is mentioned
that the CDSS uses AI methods; (3) The article was about supporting treatment decisions. A total
of 37 articles met the inclusion criteria and are used in the review. Of those 37 articles, there were
9 studies (mainly) based on interviews [95–103], 6 (mainly) based on surveys [104–109] and the 22
other papers are review papers. Some additional papers are included in this literature review through
snowball sampling.

3.1. Development phase

Clinician Involvement

It has been found that involving clinicians in the development of AI-CDSS can lead to more successful
implementations [97, 101, 110]. This is because clinicians play a key role in identifying clinical needs
and minimizing disruption to the workflow [97], which in turn increases confidence in the systems [101].
Additionally, clinicians are often curious about who developed the systems and the involvement of clin-
icians in the development can promote trust in the systems [95, 96, 111]. They are also curious if the
data used to train and validate the system is of high quality [101, 112]. Ideally, clinicians should be in-
volved throughout the entire development process [97, 113]. However, it is common for clinical experts
to be involved only at the beginning and end of the process [113]. In a review of 80 studies on AI-CDSS
development, less than a third of the studies described clinical experts being involved in the process
[113]. If an expert is involved, it is often to verify the clinical correctness or relevance of the model. A
study by Kashyap et al. [110] examined the organizational configuration of implementing AI-CDSS at 20
health sites in the U.S. and found that in 90% of the cases, clinicians and researchers from the health
site were involved in developing and implementing the systems. Only in 10% of the cases was the
implemented system developed by an external company. This highlights the importance of involving
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clinicians in the development process and/or giving them an important role in the implementation of the
system. However, it is also a risk that the CDSS will only be used by clinicians who were involved in
their development [114].

Availability of Funding

The study of Watson et al. [97] among leaders of academic medical centers (AMCs) in the U.S. found
that smaller institutions in particular had problems with funding. In some cases, this caused an ongoing
development process of a model to stop temporarily or completely. In the review of [115] it is mentioned
that clinical trials are cost-intensive and only a small number of AI applications can be financially sup-
ported. The costs are caused by personnel costs, technical supplies and clinical expansion of models
[97]. Only large institutions with many models in development had no funding problems [97].

Availability of Data

During the development phase, the availability of data is crucial, but can often be limiting [97, 102, 116].
due to the imperfections in data sets, machine learning models in medicine cannot achieve perfection
[116]. There are several data issues that can contribute to this, including insufficient, incomplete, low-
quality, unreliable, and non-diverse data [97, 100, 101, 107, 115, 117]. These imperfections arise from
various factors, such as noise, errors in documentation, incompleteness, and differences in documen-
tation granularities [116]. Also the lack of adherence to standard data format guidelines in practice [100,
101, 107] plays a role. For example, obtaining high-quality cancer data sets that have undergone omics
profiling is challenging in the clinical setting due to cost limitations, limited sample availability, and con-
cerns about data quality [117]. Also, gaps in data standards in ophthalmology hinder the harmonisation
of big data repositories [118].

Figure 3.1: Factors and actors found in the literature that influence the adoption and implementation of AI-CDSS in the
development phase
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3.2. Regulation phase

CE Approval

In particular, there are challenges with obtaining CE approval for these systems. The fact that only
5% [102] of sampled systems in one study had CE approval indicates that this is not an easy task. As
AI-CDSS is software designed to be used in diagnosing, treating, preventing, or monitoring diseases, it
must be certified as an active medical device in the EU [101, 102]. Firstly, there are no well-established
norms and laws on how to conduct a proper risk assessment for predictive algorithms like AI-CDSS
[100, 101], which can make it difficult to obtain CE approval. This is also indicated in the paper of Har-
wich & Laycock [119], where interviewees emphasized the necessity for clarity regarding the contents
of the certification, specifically outlining what it would encompass, such as testing protocols, discrimina-
tion tests, data pre-processing protocols, and training data. Secondly, gathering data becomes more
complex due to the CE quality standards [101]. As an illustration, devices that generate data need to
comply with CE quality standards for medical equipment. Even though they are often approved for re-
search, they are not authorized for medical use [101]. Thirdly, for clinical evaluation, it is common to do
a randomized controlled trial (RCT) [102, 115]. However, RCTs are often hardly possible for AI-CDSS
because of practical and ethical concerns [101].

Data Sharing Standards

There is a lack of standards for data, model validation methods, and legal and safety regulations, as
reported in [115, 120]. When there are no standards in place, achieving organizational interoperability
becomes challenging [115] and data sharing between institutions becomes difficult, hindering devel-
opment [102, 115]. The absence of semantic coding is identified as a root cause in long-term data
integration or migration strategies [121]. Without clear regulations on model validation, it is impossible
to comply in advance, which can make the validation process unnecessarily long [115, 120].

Legal factors

Legal factors are crucial in the regulation phase. Firstly because of transparency and explainability rea-
sons. In case of any complaints, hospitals must be able to justify every step of the treatment process
[101]. The European Commission and the Food and Drug Administration (FDA) have emphasized the
importance of transparency when using AI in healthcare [97]. However, using black box algorithms can
make this very complicated [122]. Moreover, legislation in this area still allows for multiple interpreta-
tions [123], making it even more challenging to comply with regulations. Additionally, there is a debate
on what exactly explainability entails. While accuracy of a system may be sufficient for daily practice,
explainability is important in order to improve the accuracy of systems and thus enhance care for future
patients, as noted in a paper [124]. Secondly, the responsibility for treatment decisions made using
an AI-CDSS is a topic of debate [125]. Is it solely in the hands of the clinician, or should the algorithm
developer also be partially responsible [100, 101, 107]? The AI-CDSS are decision-support tools and
do augment the doctor’s cognitive skills, but do not substitute them [119]. However, the AI-CDSS can
subsconsiously influence the decision of a doctor [126]. In case the AI-CDSS is wrong, this could be
problematic. The lack of legal cases involving medical AI makes it challenging to navigate issues re-
lated to medical liability [120]. Therefore, there is a need to re-evaluate the roles and responsibilities of
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both developers and medical professionals [105, 114, 119, 127, 128]. Furthermore, obtaining informed
consent for AI algorithms can be difficult [107, 123, 129]. Patients can withdraw their data through the
General Data Protection Regulation (GDPR), which poses a risk that the entire model would have to
be re-trained and validated [123].

Figure 3.2: Factors and actors found in the literature that influence the adoption and implementation of AI-CDSS in the
regulation phase
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3.3. Sell/Marketing phase

Acceptance of AI in Healthcare

The healthcare industry generates a large amount of data at a much faster pace and with greater variety
than other fields such as education and finance [130, 131]. This data has the potential to reveal new
information that could enhance work practices and yield superior outcomes [130, 131]. However, the
benefits of modern analytical and data science techniques in healthcare are not fully realized [132–
134]. One key reason for this is the slow adoption of artificial intelligence methods in the healthcare
sector [135, 136]. A market study conducted by the McKinsey Global Institute in 2019 found that the
healthcare industry has the lowest adoption rate of AI technologies [137] among all industries.

Respondence on Market Demand

There are indications that the supply and demand of AI-CDSSmay not be aligned. For example, despite
extensive research on applying text mining to medication errors and cancer detection and diagnosis,
there is a lack of emphasis on utilizing this technology in AI-CDSS [111], while the demand for these
application areas is probably high as medication errors and cancer are leading causes of death in many
countries [138]. The paper of Cabral et al. [107] also found that early cancer detection is one of the
most preferred applications of AI in cancer care according to cancer and AI researchers. This certainly
opens up the opportunity to address the research of AI-CDSS on cancer screening. In addition to
the gap in target applications, there is also a gap in the target group. The paper of O’Sullivan et al.
[114] highlights that while the majority of CDSS developments are focused on clinicians, the growing
engagement of patients with online medical content is creating a new market for consumer-oriented
CDSSs. This could be partly attributed to the fact that most CDSS are developed in an academic
environment [102]. However, marketing knowledge is often missing in such a context [102] which
could hamper the marketing of those systems.
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Figure 3.3: Factors and actors found in the literature that influence the adoption and implementation of AI-CDSS in the
sell/marketing phase

3.4. Purchase/Reimbursement phase

Cost-effectiveness

Before making any commitment for the purchase of an AI-CDSS it is in the interest of the institute
to assess the cost-effectiveness [101, 104, 129]. Realizing AI-CDSS in a healthcare institute namely
requires commitment and budget [100, 101, 104]. Especially in the area of IT, more resources are
needed, as data exchange protocols within the organizationmust be established and sufficient technical
knowledge and computer systems are required [100, 101]. A systematic literature review of von Wedel
& Hagist [139], which examined the economic impact of data and analytics for healthcare providers,
found that CDSS and AI generally had a positive economic impact. This positive effect was achieved
through direct cost effects or through efficiency gains. However, it should be noted that only 13 studies
of CDSS and AI were examined in this literature review, so this could certainly turn out differently and
also depends on the care context.

Installation and maintenance support

The setting in which AI-CDSS are developed poses challenges in providing complete service. The
development of AI-CDSS often takes place in academic projects, which are funded for a relatively
short amount of time [102, 114]. As a result, it can be challenging to offer a comprehensive service
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that includes installation and maintenance support [114], which is crucial for selling it as a product.
Maintenance personnel are scarce, which makes it evenmore significant and difficult [97]. Furthermore,
deploying any CDSS on a larger scale requires tailoring the system to the local clinical setting, including
the established clinical workflow, site-specific clinical vocabulary, and locally installed hardware and
software IT systems. It is also essential to maintain the system in the face of quickly evolving clinical
knowledge and the lack of standardized institutional guidelines on periodic reviews of CDSS [114]. In
the paper of Roberts et al. [140] where they discuss the adoption of Oncotype, a breast cancer AI-CDSS,
in the U.S. it is also mentioned that training for ordering and usage of the test, offering guidance and
assistance in navigating coverage and reimbursement, and supplying educational materials and up-to-
date research findings regarding its efficacy facilitate the use of the Oncotype test [140]. Furthermore,
it was noted that patients belonging to groups not covered for reimbursement of the test by health
insurance faced obstacles in accessing Oncotype [140].

Figure 3.4: Factors and actors found in the literature that influence the adoption and implementation of AI-CDSS in the
purchase phase
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3.5. Use phase

Clinical validity

What comes up a lot is that clinicians need to have confidence in the systems before using them [96, 98,
112]. Clinicians find the clinical validity of the AI-CDSS very important [96, 98, 106, 111, 112]. Macro
evidence such as validation studies is very important to gain this confidence [96, 98, 111]. In terms of
performance, it is important that the accuracy is high and that the system is consistent [106, 107, 112].
In addition, micro evidence such as stories of experience from other clinicians can play a major role;
when they are enthusiastic and share a success story, this increases confidence in the system [96, 98].

Clinician's profile

Some of the factors influencing adoption are not dependent on the AI-CDSS system itself but on the
clinician’s profile. In general, there is a lack of knowledge of AI among clinicians [104, 106]. Both in the
use itself and also in the potential of AI [105, 106]. However, clinicians’ profiles and their acceptance of
ML models differ a lot. Medical expertise, technological expertise, academic background, personality,
and cognitive bias [108] play a role in this [112]. In the paper of Gunasekeran et al. [105] they could
predict with moderate to high accuracy the acceptance of ML models by clinicians with ML models
itself using clinician’s demographics. What feels paradoxical is that the research of Gunasekeran et
al. [105], which is a global survey within the field of ophthalmology, found that clinicians with more
medical expertise (more than 20 years) are more in favor of using AI-driven systems. However, the
paper of Alsobhi et al. [104] indicated that seniors and juniors in rehabilitation do not significantly differ
in their attitude towards AI. Although seniors often have more experience with using AI [104]. It was
notable that non-academic workers in rehabilitation had greater knowledge of AI than academic ones
[104]. Additionally, risk perception plays a big role in clinicians’ adoption of the AI-CDSS. The studies
[108, 109] investigated the perceptions of clinicians while using (or not using) an AI-CDSS to predict
the appropriate number of packed red blood cells to transfuse for a specific patient. It is found that
a clinician’s perception of risk [108] and the trust [109] in the AI-CDSS play a mediating role in their
use of an AI-CDSS. The study found that the more a clinician perceived the risk of using the AI-CDSS
to be high, the less they tended to use it. Conversely, clinicians who had higher expectations for the
AI-CDSS or a more positive perception of AI to positively impact care outcomes tended to perceive
lower risk in using the system [108]. The disadvantage of this study is that it was only examined for 1
application of an AI-CDSS, so it is not generalizable [108].

Clinician’s sense of added value

Perceived accuracy by clinicians was mainly influenced by the concordance between a clinician’s im-
pression and the AI-CDSS prediction [96]. This is also consistent with the cultural norm that physicians
feel an authority in their field of experience and also base choices on their gut and intuition, which
in turn is based on experience [96, 105, 107]. Clinicians feel they add value and an AI-CDSS could
deprive clinicians of their sense of added value [101]. AI-CDSS can only make a decision based on
the data input they receive, while important input information may then be missing, which a clinician
can consider [96, 105, 106]. For example, a clinician can include a patient’s facial expression, while an
AI-CDSS cannot [99]. Similarly, the paper by Matthiesen et al. [98] with pre-implementation research
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with blinded retrospective patient cases in a large hospital in Denmark mentions that clinicians did not
change their decisions after seeing the output of an AI-CDSS, but most did experience it as helpful.
This is also consistent with the fact that clinicians like the idea of using AI-CDSS as assistive tools in
decision-making, but not as the decisive decision-maker [96, 105]. In the paper of Alsobhi et al. [104]
where they examine the use of AI-CDSS in rehabilitation, only 4 out of 236 (1.6%) respondents had
a negative opinion about using AI as an assistive technology tool in clinical practices. This picture is
also confirmed in a global survey of Gunasekeran et al. [105] on the use of AI among ophthalmologists,
where it emerges that the overall attitude of clinicians toward AI is very positive. However, from the
clinicians’ perspective, these systems will not replace the clinician but will support the clinician [96, 99,
105]. In case clinicians perceive information technology (IT) as a threat to their professional autonomy
it has a significant, negative direct influence on their intention to use that IT [141]. This is also men-
tioned in focus groups with physicians in the study of [142], where it is found that medical practitioners
are accustomed to a culture of autonomy, which could lead to resistance in adopting AI-CDSS within
the clinical workflow as integrating such a system may disrupt their established autonomy.

Explainability

In particular, the use of artificial intelligence raises questions [97, 122, 143–145]. First, because the
algorithms are often ”black box” algorithms [97, 99, 105, 122, 144, 145]. It is therefore difficult for a
clinician to understand both the process leading to the outcome and the outcome itself [123], while
clinicians value explainability and transparency [99, 101, 107, 112]. Understanding the algorithm cre-
ates trust among clinicians [107], which in turn supports the adoption [143]. Understandability could
be influenced by training and education [95, 99, 120, 143]. After education on the operation of the
AI-CDSS, few clinicians (less than 10%) were significantly hesitant to use it [95]. Second, because the
absence of information on the reasons behind an AI-based decision hinders physicians from assess-
ing the advice’s reliability, posing a risk to patient safety [128]. Here the model interpretability plays a
role, which is the capability of understanding how the prediction was influenced by specific aspects of
the data or input features [125, 146–148].Third, because clinicians are unfamiliar with the metrics to
evaluate performance of AI-CDSS [97].

Equitability

However, what is a concern of clinicians is that these AI-CDSS are not suitable for all patients, because
of two main reasons. First, for very complex disease states, for example, where multiple conditions
are involved at the same time or in case it is a very rare condition [96, 100, 101, 103]. Second, the
systems may have a bias for certain patient groups, which may prevent other patient groups from
receiving the best care [107, 120, 129]. For example Zhou et al. [149] suggest that the utilization of
U.S.-based IBM Watson in Oncology using U.S. medical literature has resulted in misguided treatment
recommendations when applied in the Chinese context. Ethically, it is important to ensure that these
algorithms make care more equitable [120, 128]. A global survey among cancer and AI researchers
believed that bias in the algorithms is one of the biggest factors to hamper the use of AI in cancer care
[107].
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Interoperability

What is a problem, however, is that many systems have different performance scores the moment
they are used in another institution [98, 111, 150]. This also calls for adjustable systems that can be
adapted to the current context so that they can be tuned for that context and or fit the local workflow [98,
112, 114]. That interoperability of AI-CDSS between different institutes and within an institute between
different systems is important is also described in a post-implementation study of rural clinics in China
[99]. According to clinicians working there, this interoperability, especially from within hospital systems,
can greatly enhance use. This is also mentioned in the study of Wijnhoven [101] and Wijnhoven [100],
where the use of an AI-CDSS is tested in an AMC in the Netherlands. Here the stakeholders say that
data protocols are not used, so data from different systems have to be integrated manually. Additionally,
the case study of AI-CDSS implementation in the emergency department of an academic healthcare
centre in Canada also indicated the operability of systems within a hospital as limiting factor of the
adoption in practice of AI-CDSS [103]. Additionally in case the AI-CDSS advices on treatment options
which are not available in the local context or too expensive, especially in middle to low income countries
[151], there will be low concordance between the advice of the system and the decision of the physician
[99, 149]. The paper of van de Burgt et al. [111] notes that when using text mining, language is also
an impediment. The moment it is developed for the English language, it is not directly applicable in
another country where the data is in a different language.

Ease of use

The ease of use of AI-CDSS is crucial for their successful implementation and adoption in healthcare
settings. This is especially important considering the integration with electronic health records (EHR)
and the need for user-friendliness [106, 151]. Research conducted by van de Burgt et al. [111] em-
phasized the significance of familiarity with the interface. Studies revealed that using an unfamiliar
interface [130] and difficult outputs [130, 152] led to participants not using the systems or making
mistakes, which can ultimately hinder the adoption of CDSS. This is also mentioned in the study of
Petitgand et al. [103], where physicians refrained from utilizing medical histories due to the challenge
of comprehending patient information provided by the CDSS. However in the study of Roberts et al.
[140] where they investigate the use of Oncotype, it becomes clear that clinicians find the interpreta-
tion of an ’intermediate risk’ score difficult, but that this does not lead to less usage. It does however
lead to clinicians inventing their own rules, resulting in differences of interpretation by different oncol-
ogists [140]. It is essential for AI-CDSS to have intuitive interfaces and outputs [103] that are familiar
to healthcare professionals, enabling them to easily navigate and utilize the system. The outputs hold
significance, and it is highly appreciated if the AI-CDSS can also provide indications of the uncertainty
in its output [117]. Another aspect of ease of use is the ability of AI-CDSS to save time. Clinicians are
especially positive about using AI if it causes them to do fewer monotonous tasks themselves [106].
They can then help more patients and/or further improve the quality of care [106]. The moment they
can help more patients, it also increases accessibility for patients, which clinicians see as very positive
[106]. These systems should not disrupt the existing clinical processes but rather augment them [120],
ensuring that valuable time is saved and not wasted on complex or convoluted interfaces.
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Data security and privacy

The integration of AI technology in healthcare has raised concerns regarding the security and privacy of
patient data. There is a fear that healthcare may become controlled by large technology and data com-
panies [105]. The implementation of AI in healthcare is further challenged by data breaches [128] and
ransomware attacks, highlighting the need for appropriate measures to safeguard patient privacy [153].
While de-identifying data is a vital step in protecting patient privacy, the possibility of re-identification
remains a significant concern [128, 154]. Researchers are studying privacy-preserving techniques and
encryption processes to enhance security and data protection [129].

Figure 3.5: Factors and actors found in the literature that influence the adoption and implementation of AI-CDSS
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3.6. Synthesis of Findings

The process of adopting AI-CDSS is influenced by amultitude of factors and actors. Figure 3.5 provides
an illustrative overview of the factors identified in the literature review across different phases and the
number of references that pertain to each phase. Also the types of actors who have been surveyed or
interviewed regarding these factors are shown.

The literature focuses mainly on the use phase
From this overview it becomes clear that there is a notable emphasis on the use phase of AI-CDSS
adoption, while the foregoing phases receive comparatively less attention. This trend is apparent from
the number of identified factors and the number of literature references. The use phase garners more
research interest, likely due to its direct impact on clinicians and patient care. In contrast, the sell/mar-
keting and purchase/reimbursement phases are relatively underrepresented, both in terms of available
sources and the number of identified factors. This suggests that the factors influencing these phases
might not be as extensively studied. Further investigation into these phases could provide insights into
effective strategies for adoption and implementation of AI-CDSS.

The literature lacks a multi-actor perspective
Table 3.1 shows the types of actors that are interviewed and or surveyed to understand their perspec-
tives, needs, and challenges in adopting AI-CDSS in the found literature. From this three things can

Function Description References
clinician and/or nurse [95, 96, 98, 99, 103–105, 108, 109, 140]
system developers [102]
AMC leaders [97]
clinicians, patients, care partners [106]
AI & cancer researchers [107]
system developers, regulators, political
and financial stakeholders, ethicists,
operational support, medical users,
maintenance operators

[100, 101]

Table 3.1: An overview of the types of actors identified in the literature and the corresponding references

be deducted. First, studies have mainly focused on clinicians as the primary actors in the adoption of
AI-CDSS. Second, a diverse array of actors have been interviewed and/or surveyed in the existing litera-
ture, highlighting the extensive involvement of various stakeholders in the adoption and implementation
of AI-CDSS. Third, a limited number of papers have explored the perspectives of multiple stakeholders,
indicating a lack of a comprehensive multi-actor perspective. Only the studies of Wijnhoven [100, 101]
show a broad spectrum of interviewed actors, including developers, regulators, political and financial
stakeholders, ethicists, operational support, medical users, and maintenance operators. These studies
delve into the organizational learning process of AI-CDSS adoption, analyzing the reasons behind the
limited adoption of AI-CDSS [100, 101]. This research emphasizes the importance of understanding
AI-CDSS adoption as a complex organizational learning process, rather than a linear implementation.
A case study approach is employed to analyze the adoption journey. It’s remarkable that these papers
are the only ones that offer a multi-actor perspective. However, this multi-actor perspective is critical for
comprehensively grasping AI-CDSS adoption, capturing the intricate interplay among different actors
involved in the implementation process. Therefore, this research will conceptualize the adoption and im-
plementation of AI-CDSS as taking place within a system characterized by decision-making arenas and
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the interaction between actors. The achievement of adoption and implementation cannot be attributed
to a single actor alone as successful integration requires collaboration, coordination, and alignment
among diverse actors [81] throughout different phases. An institutional actor analysis will therefore be
used as framework to get a structured understanding of the challenges faced in implementing AI-CDSS.



4
Identification of Critical Decision

Arena

In addressing the first subquestion: ’What factors are identified in previous studies that influence
the adoption and implementation of AI-CDSS generally?’, three things stood out. Firstly, there
is relatively much research on the use phase and relatively limited attention directed towards
the preceding stages. Secondly, a diverse range of actors is involved in the adoption and imple-
mentation of AI-CDSS. Thirdly, a multi-actor perspective on the adoption and implementation is
lacking. This discrepancy is noteworthy considering the numerous factors that could potentially
impede successful adoption, encompassing diverse dimensions and involving multiple stake-
holders. Therefore this research will approach the problem from a multi-actor perspective. In
order to be able to investigate the adoption and implementation of an AI-CDSS in cancer care,
a case study will be done using interviews and grey literature for data collection. Mammaprint,
a breast cancer AI-CDSS, will serve as the focal point for this case study. The selection of
Mammaprint is well-founded; its Dutch origins facilitate access to pertinent interviewees, and
its historical challenges with adoption and implementation make it a compelling case. Despite
being operational for nearly two decades, Mammaprint still lacks reimbursement under basic
health insurance in the Netherlands a. Additionally, the recent inclusion of a similar AI-CDSS in
breast cancer, Oncotype, in basic health insurance enables meaningful comparative analysis.
These factors collectively position Mammaprint as an ideal subject for in-depth case study ex-
ploration. This chapter tackles the second subquestion: ’Which decision arena(s) are critical for
the adoption and implementation of a specific AI-CDSS in cancer care?’ This is the first step of
the IAA framework as shown in figure 4.1

aShortly before the publication of this report, the decision of the 2023 decision round on reimbursement of
Mammaprint in basic health insurance was made and had a positive outcome. Mammaprint is thus now included in
basic health insurance for a specific group of breast cancer patients.
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Figure 4.1: Institutional Actor Analysis

4.1. Shortlisting Critical Arenas

A shortlist of critical arenas are drawn up based on three exploratory interviews and grey literature.

Insights from Exploratory Interviews
During the exploratory interviews, insights were gathered from various stakeholders regarding the adop-
tion and implementation of AI-CDSS. The perspectives of specialized nurses in pancreatic cancer, a for-
mer medical specialist, and a CDSS developer in cancer care were obtained. The interviewed pancre-
atic cancer nurses working at a Dutch academic hospital gave their opinion about the use of AI-CDSS
in treatment decision-making. They were enthusiastic, however, they repeated to get into contact with
the Dutch Pancreatic Cancer Group, the national opinion forming body for pancreatic cancer, as when
they are on board and in favor of the use, the others will follow. Second, the medical specialist indicated
that actors deciding upon adoption and implementation of AI-CDSS are mainly found on a national level
and not on the level of hospitals. It was mentioned that inclusion in guidelines plays a very important
role in this. Third, the interview with the CDSS researcher highlighted that the algorithms for guiding
cancer chemotherapy decisions are currently in the development phase. In contrast, Mammaprint has
already progressed beyond this stage and therefore the interview did not cover the pertinent decision-
making contexts for Mammaprint.

These exploratory interviews thus highlighted several key insights. Firstly, it appears crucial to ad-
dress adoption and implementation challenges at the national level due to the fact that decision-making
processes and opinion-forming bodies operate at this level. Additionally, the adoption by medical spe-
cialists is likely contingent upon inclusion in the national medical guidelines for breast cancer.

Insights from Grey Literature
From the grey literature the following interesting findings appeared. Agendia, the company ofMammaprint,
stated for achieving a grant of the European Union in 2015 that both uptake in the medical guidelines
and reimbursement arrangements are important for full-scale adoption.

In order to reach this full-scale adoption, this project is focused to achieve the last clinical evidence
for the clinical utility of this test needed for the uptake in EU and US clinical guidelines and reimburse-
ment arrangements. This uptake is necessary for adoption of MammaPrint by physicians worldwide.
[155]

This aligns harmoniously with earlier findings. During the selection of Mammaprint as case study, it
was already evident that the endeavor to secure reimbursement under basic health insurance remained
unresolved 1 [93, 94]. Moreover, the exploratory interviews underscored the pivotal role of inclusion in

1Shortly before the publication of this report, the decision of the 2023 decision round on reimbursement of Mammaprint in
basic health insurance was made and had a positive outcome. Mammaprint is thus now included in basic health insurance for a
specific group of breast cancer patients.
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medical guidelines.

Critical Arenas
From the exploratory interviews and the grey literature the following two arenas are thus identified: the
Guideline arena and the Reimbursement arena. In the guideline arena there is decided upon whether
and in what manner Mammaprint will be integrated into the Dutch medical guidelines for breast cancer.
In the reimbursement arena there is decided whether Mammaprint will be included in basic health in-
surance in the Netherlands and, if so, which patient groups will be covered.

From these findings, a generalization can be drawn regarding the key factors influencing the adop-
tion and implementation of AI-CDSS. The list of factors can thus be extended to include inclusion in
medical guidelines, which applies to the use phase. Additionally, reimbursement by basic health insur-
ance (in the Netherlands) can also be considered a significant factor. The latter factor directly impacts
the purchase/reimbursement phase. The expansion of factors is illustrated in figure 4.2.

Figure 4.2: Factors and actors that influence the adoption and implementation of AI-CDSS
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4.2. Selection of Critical Arena Narrows down to Reimbursement

The arenas of reimbursement by basic health insurance and inclusion in clinical guidelines serve as pil-
lars for the case study. Grey literature is checked and interviews are done with interviewees occupying
various roles in both arenas (see table 2.1 and table C.1 for further characterization). These include pro-
cess facilitators and individuals who were engaged in prior or current decision-making rounds. Lots of
interviewees (3, 6, 7, 9, 12 and 14) underscore the importance of guideline inclusion for the acceptance
of AI-CDSS, including Mammaprint, in clinical practice.

Exploration of the Guideline Arena
The guidelines themselves are publicly accessible [156–158], but meeting notes or other related doc-
uments are not available. It became evident that medical specialists hold the primary authority over
the guidelines. They collaborate within the guideline committee of the Dutch Breast Cancer Society
(NABON) [159], which encompasses a diverse spectrum of medical specialist associations involved
in breast cancer care. The introduction of gene expression profiles in the guidelines occurred in 2008
[156], followed by updates in 2012 [157] and 2020 [158]. In 2008, gene expression profiles were rec-
ommended only for study settings. In 2012, the guidelines advised considering gene expression pro-
files for hormone-sensitive invasive ductal carcinoma cases where doubts arose regarding adjuvant
chemotherapy after employing traditional prognostic factors. The 2020 update highlighted potential
added value of the test and further specified the group for which it could be applied. For further details
on appearance in the guidelines, see table D.1 in appendix D. Furthermore, it becomes clear from inter-
viewees 14 and 15 that there is usually consideration in terms of reimbursement or non-reimbursement
and inclusion in guidelines as medical specialists deemed its utilization necessary in specific cases.

Interviewees 1 and 14 were involved during all earlier decision rounds of the guideline arena and men-
tioned that they did not recall encountering significant challenges about the uptake of Mammaprint.
Interviewee 14 also indicates that it is long ago, but as far as the interviewee can remember the medi-
cal specialist all agreed that Mammaprint should be included in the guidelines based on the outcomes
of the MINDACT study [160]:

What I can still remember, because this has been going on for quite a long time of course, it seemed
to be a very promising tool at first, but it was decided to wait for the results of a very large random-
ized study, the MINDACT, before we decided to do anything definite. And they (the results) were just
reviewed by the guideline working group and they were also reviewed positively. And so I don’t think
there was any discussion within the guideline working group itself whether or not that was the right
intervention. No, I think everyone was in agreement on that. And also when that hassle with the ZiN
then came, the NABON published an additional point of view as being we as multidisciplinary working
groups Netherlands also think this is very important (to include Mammaprint in basic health insurance).

It thus appears that previous decision-making rounds have been devoid of significant debate. How-
ever, it can not be ascertained that there was no significant debate because there is no documentation
of meeting minutes available.

Currently, the breast cancer guidelines are under review. Interviewees 2 and 15 are involved in the
current guideline arena and indicated that there is likely no alteration to the section concerning gene
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expression profiles, under which Mammaprint falls as there is no disagreement at this point on how
Mammaprint is included in the guidelines.

The Guideline Arena is Not Critical
Initially, this arena seemed intriguing to investigate as a critical arena. Hence, procedures of medical
guideline drafting were investigated and interviews were initiated. However, it became evident that
the breast cancer guideline arena is currently not a critical arena for the adoption and implementa-
tion of Mammaprint. Even while Mammaprint is not reimbursed by basic health insurance, it is in the
guidelines. The guideline arena is thus not causing any hindrance in the adoption and implementation
of Mammaprint. Furthermore, the investigation into previous decision-making rounds did not yield any
significant insights. There is no meeting documentation available and interviewees’ statements indicate
the absence of significant challenges within their recollection. Therefore, it is not deemed worthwhile to
further investigate this arena as the acquired knowledge did not yield any compelling answers to sub-
question 3, namely what factors within this arena influence the adoption and implementation. Some
additional insights on this arena are, however, provided in appendix D.

Exploration of the Reimbursement Arena
Regarding the reimbursement in basic health insurance arena, there exists a reasonably comprehen-
sive documentation of the decision-making processes [91–94]. These final position reports also include,
in the appendix, responses from key players to the draft position report. These responses already give
a lot of insight into the disagreements. Furthermore, insights from the case study interviewees shed
light on disagreements both in past and the current decision-making rounds (see section 5.4 and table
C.2 in the appendix). Notably, Mammaprint has yet to be included in basic health insurance in the
Netherlands [94] 2.

Multiple decision-making rounds have taken place, with the first occurring in 2010 [91] and the sec-
ond in 2018 [92]. In both instances, Mammaprint was denied inclusion in the basic insurance package.
Presently, another round of decision-making is underway [94], and it became clear from interviewees
12 and 19 that there is once again disagreement about inclusion in the basic package 2.

Moreover, various interviewees (2, 3, 6, 9), mainly medical specialists, emphasized the significance
of inclusion in the basic insurance package for adoption and implementation. However, it becomes
evident from interviewees 2, 3, 8, 10, 12 and 17 that Mammaprint has been extensively utilized in prac-
tice for a prolonged period, even without basic insurance coverage. Over the years, various alternative
funding options have emerged and continue to exist, as elaborated further in chapter 6. Nonetheless,
these funding alternatives are temporary and non-sustainable, in contrast to inclusion in basic health
insurance, which offers a lasting solution.

2Shortly before the publication of this study, namely on October 30 2023, there was the announcement that Mammaprint
is now included in basic health insurance. This position report could not be included in the analyses. However a quick check
showed that the interviewees were indeed right. In the draft position report of 2023 the Mammaprint test got again a negative
assessment, however after reactions of various actors on the draft position report, the ZiN reconsidered and did assessed
Mammaprint positively in the final position report [161]. Mammaprint is now thus reimbursed from basic health insurance for a
specific group of breast cancer patients.
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The Reimbursement Arena is Critical
These findings confirm that the inclusion in basic health insurance remains a critical decision arena for
the adoption and implementation of Mammaprint in the Netherlands, both in the past and at present
3. Moreover, the case study interviews and documentation have unveiled significant factors that influ-
ence adoption and implementation. As a result, this arena is subjected to further analysis, detailed in
Chapter 5.

3Shortly before the publication of this study, namely on October 30 2023, there was the announcement that Mammaprint is
now included in basic health insurance. This position report could not be included in the analyses. So at the time of the analyses,
the arena was critical because Mammaprint was not included in basic health insurance. Currently, after 13 years since the first
assessment by the ZiN, this is no longer the case and so the arena is no longer critical.



5
Case study Reimbursement in Basic

Health Insurance Arena

When addressing the second subquestion, ’Which decision arena(s) are critical for the adop-
tion and implementation of a specific AI-CDSS in cancer care?’ the subsequent discoveries
were made. Reimbursement within basic health insurance currently stands as a critical arena.
Presently, Mammaprint, the AI-CDSS in question, is not covered by basic health insurance a,
and there is considerable disagreement surrounding this matter. Moreover, it has been high-
lighted that inclusion in medical guidelines also holds significance for adoption and implemen-
tation. However, at present, it is not considered a critical arena, and minimal dissent has been
observed in previous decision-making rounds possibly in part due to the fact that there is in-
sufficient available documentation on this topic. Given these circumstances, the investigation
will focus on the reimbursement by basic health insurance arena, serving as the subject of sub-
question 3: ’What factors influence the adoption and implementation of this specific AI-CDSS
in those critical decision arena(s)?’ It is hypothesized that factors such as existing procedures,
informal institutions, power distribution among actors, and the underlying interests and values
of actors play an important role in the inclusion of Mammaprint in basic health insurance. Un-
raveling these aspects will provide insights into the factors contributing to the impediments in
achieving Mammaprint’s inclusion in basic health insurance. To comprehend these factors, the
institutional actor analysis framework is further employed, as depicted in figure 5.1 The data for
this analysis comes from grey literature and case study interviews.

aShortly before the publication of this report, the decision of the 2023 decision round on reimbursement of
Mammaprint in basic health insurance was made and had a positive outcome. Mammaprint is thus now included in
basic health insurance for a specific group of breast cancer patients.
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Figure 5.1: Institutional Actor Analysis

5.1. General Procedures of Reimbursement Arena

The institutional approach involves reviewing the existing policy-making structures [81]. First the gen-
eral procedures for reimbursement by basic health insurance will be investigated and expained in this
section.

Dutch Healthcare System Intramural vs. Extramural Care
The Dutch healthcare system is organized in such a way that everyone must have healthcare insur-
ance. Everyone, therefore, has access to the care included in the basic package. The basic package
is the same for everyone, regardless of which health insurer you are insured with. However, insurers
can offer additional insurance and decide what else they offer on top of the care in the basic package.
To get into the basic health insurance package in the Netherlands, there are procedures. These dis-
tinguish between extramural and intramural care. Extramural care includes drugs that are available
from pharmacies on a doctor’s prescription [162]. The assessments on extramural care go through the
Dutch Healthcare Institute (ZiN), which in turn advises the minister of health [163]. Final decisions on
extramural care are always made by the minister of health. Intramural care includes treatments and
medications used in the hospital [162]. Within intramural care, there is also a ’lock of expensive drugs’
[164]. Only intramural drugs or treatments that exceed legally set price limits are placed in the lock.
The ZiN advises the minister of health on care that is in the ’lock of expensive drugs’ and the minister
of health ultimately decides on this. All intramural care that does not enter the lock is initially assessed
by the health insurers according to legally established criteria determined by the ZiN and can then be
reimbursed from the basic package after a decision by the health insurers. The moment it is unclear
to the health insurers whether the care belongs to the basic package, the ZiN is called in [163]. The
ZiN can then decide whether it should be included in the basic package or not and has the legal power
here. Once the ZiN issues a position on this, it is care that is reimbursed from the basic package, so
the minister of health does not decide on this and no signature is needed from the Minister.

Assessment Procedure Intramural Care
For ’normal’ intramural care, so which is not in the ’lock of expensive drugs’. The assessment is thus
done in the first place by the health insurance companies according to the legally established criteria
of the ZiN. In case of doubt, the ZiN will assess it instead of the health insurers. The ZiN then has the
final decision power without the intervention of the minister of health. In the first instance, intramural
care must meet the legally established criterion of ’commit to provide’ (CtP) [165] and in the second
instance it must meet the ’state of science and practice’ (SWP) [89] , which covers the first package
principle ’effectiveness’. In addition, the advisory committee package (ACP) [166] of the ZiN can look at
the 3 other package principles, cost-effectiveness, necessity and feasibility. However, this is done only
if it appears that the care meets the previously mentioned criteria, CtP and SWP, and only at the time
when there is reason to do so [166]. The criterion CtP means that the care is professional and is also
considered as such by the relevant professional group [165]. Here the medical guidelines and stan-
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dards of the professional group are primarily considered. This shows that the decision-making arena
in which it is decided whether care will be included in the medical guidelines influences the decision-
making arena as to whether care will be included in the basic package or not. Usually, the assessment
against the criterion of CtP plays a secondary role in the assessment, because it is usually clear or
beyond doubt that the intervention to be assessed falls under the domain of one of the professional
groups mentioned in the health insurance decree [167]. It is then considered whether the care meets
SWP meaning whether the care is effective. The principles of evidence-based medicine are used [89].
Should care meet both criteria, only then the other 3 package principles can be considered. However,
this is only done if it seems necessary.

Consultation of parties during the assessment procedure
Once an assessment is started by the ZiN, there is an opportunity for relevant and invited parties to have
input on the PICO question [89]. The PICO describes the research question in terms of patient group,
intervention type, comparison to standard of care, and the relevant outcome measures to focus on [89].
Stakeholders include the medical scientific associations, patient associations, hospital associations,
registrants of the form of care under consideration and the health insurers [92, 93]. After that, the ZiN
will do the assessment based on the SWP [162]. Should it become apparent in between that input
from external parties is needed, it can be requested [162]. Once the draft report is ready, it is sent to
the scientific advisory board (WAR) [162]. The WAR advises the ZiN and the draft position report is
adjusted accordingly, the advice is almost always followed according to interviewee 17. After this, the
draft report is sent to the interested parties and they can respond to it in writing. On the basis of these
reactions, the ZiN may carry out further research or make adjustments and/or ask the WAR is again for
its advice. After this the board of directors of the ZiN makes the final decision. Once the ZiN board has
decided, a position report is published. This position report includes the reason for the assessment,
the assessment itself, the reactions of interested parties and the reactions of the ZiN [92, 93], the final
position report, and practical information about when the decision will take effect. The ZiN responds
substantively to the parties’ reactions if the final position differs greatly from the parties’ opinions.

Influence of the Dutch Medical Guidelines on the Assessment Procedure for Reimbursement
and vice versa
When assessing whether care meets the CtP criterion, medical guidelines can be looked at [165]. Ac-
cording to the procedures [165] and validated by interviewee 17, if the form of care appears in the
guidelines, it appears that the professional group uses the care and it often meets the CtP criterion
without discussion. In addition, according to interviewee 17, the ZiN looks at the medical guidelines to
check what literature is referred to as substantiation for the use of a particular medication or test and
includes this literature in its own literature analysis. It also looks at other possible treatments in the
guidelines to see if the new form of care is an improvement on current (or actually former) practice.

According to interviewees 14 and 15, the ZiN itself can also provide input during the drafting of the
guidelines. This is possible in the beginning at the time bottlenecks are inventoried. In addition, the
ZiN is sent a draft version of the guidelines for comment. However, the guidelines really belong to the
medical specialists, so what is done with those comments is up to the guideline committee. As much
as possible, medical guidelines take into account which care is reimbursed and which is not. However,
exceptions to this are possible in case medical specialists do consider it as best practice. The following
is stated in the breast cancer guidelines about this:
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A quality standard describes what constitutes good care, regardless of the source of financing (Health
Insurance Act (Zvw), Long-Term Care Act (Wlz), Social Support Act (Wmo), supplementary insurance
or co-payment by the client/patient). Inclusion of a quality standard in the Register, therefore, does not
necessarily mean that the care described in the quality standard is insured care, nor that it meets the
SWP and is therefore eligible for reimbursement by Health Insurers or Care Offices. [158]

5.2. Mammaprint Specific Procedures of Reimbursement Arena

Mammaprint falls under intramural care and specifically the ’normal’ intramural one. The general proce-
dures for the assessment of intramural care are described in the previous section (5.1). In this section,
the focus will be on the specific case of Mammaprint to understand if and how the general procedures
play out. Previous decision rounds and the current decision-round are studied by analyzing publicly
available position reports of the ZiN [91, 92, 94], which also include responses of stakeholders on the
draft position reports in the appendix, and by gathering information from case study interviews. The
assessment of Oncotype in 2021 [93] is also examined because Mammaprint and Oncotype are highly
similar tests and are presently being assessed in conjunction [94].

History of Assessments

RASTER Study

TheRASTER study [168] prospectively assesses the feasibility of implementingMammaprint in community-
based settings. It also investigates the effects of Mammaprint on treatment decisions about adjuvant
chemotherapy in combination with treatment advice in the breast cancer guidelines. The RASTER
study was financially supported by the CvZ (former ZiN) [168]. Interviewee 10 and 12 indicated that
little was done with the results by the CvZ, although the CvZ did pay for the study. Of the 22 authors
of the study, 15 were working at the NKI-AVL and 4 were additionally or solely working at Agendia.

5.2.1. Assessment Mammaprint 2010

Reason for assessment
The inclusion of the Mammaprint and Oncotype tests in the basic health insurance package in the
Netherlands is considered as decision arena. This decision was first the responsibility of health insur-
ers, however, a dispute arose about Mammaprint, the responsibility for assessment shifted from the
health insurers to the ZiN. This dispute was about reimbursement of the cost of a Mammaprint and was
addressed to CvZ, the old name of the ZiN, by Health Insurance Complaints and Disputes Foundation
(SKGZ) in November 2009 [91].

Procedures & Outcome of assessment
At the first assessment in 2010, assessing medical tests in the context of diagnostics and/or prognos-
tics was something new [91]. The CvZ was used to assess therapeutic interventions through evidence-
based medicine methodology, as described in the SWP [89]. During the 2010 assessment, the frame-
works for assessing medical tests were set, based on the already used methods for therapeutic inter-
ventions. Just as therapeutic interventions, medical tests should be assessed by clinical utility. Clinical
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utility refers to whether the patient actually experiences health benefits as a result of using the test [91–
93]. As described in the SWP, the level of evidence should ideally be RCTs. However, it is possible to
still allow care based on research of a lower level of evidence , but it must be well-argued. This already
applied to therapeutic interventions and therefore also applies to medical tests [91].

The claim of the Mammaprint test is that it can more accurately classify patients at high risk of metasta-
sis [91]. This could avoid the treatment, side effects, and cost of adjuvant chemotherapy for a group of
patients who would otherwise be classified as high-risk using conventional methods. Only retrospec-
tive studies were available at this time, and based on these, Mammaprint appears to be a promising
predictor of the development of distant metastases within 5 years, according to the CvZ [91]. The
RASTER study was part of the literature review of the assessment. Mammaprint also appears from
these studies to be a more accurate prognostic tool than the CDSS used at the time for risk estimates,
according to the CvZ. However, according to the CvZ, no results are available that prove health ben-
efits and thus clinical utility. For this, according to the CvZ, prospective research is needed and there
is none yet. The MINDACT trial [160, 169] is underway and the CvZ will reassess when the results
of that study are known. The MINDACT trial must show whether or not the choice of treatment based
on the Mammaprint can be made safely and leads to health gains. Cost-effectiveness has not been
considered in 2010 [91].

Interaction with stakeholders during the assessment
The CvZ was in contact with external parties. So contacted the CvZ the Dutch Association for Medical
Oncology (NVMO), Dutch Internists Association (NIV), Dutch Association for Surgery (NVvH) and Dutch
Association for Pathology (NVVP) to review the draft position report [91]. They suggested two experts
to review the position report and the CvZ incorporated their comments. In addition, the NVMO asked
to postpone the publication of the position. This as the medical breast cancer guidelines were currently
in review and big changes would be made to the module about Mammaprint [91]. However, the CvZ
does not comply because there is an ongoing SKGZ dispute and they are therefore obliged to publish
the position report [91].

SWP For Medical Tests

Until 2011, the focus of the CvZ primarily on the assessment of therapeutic interventions and drugs.
Because of a steady increase in medical tests and the questions this raised about whether or not they
belong in the basic package, the CvZ developed a more explicit framework for assessment [92, 170].
CvZ published the report ’Medical tests (assessment SWP)’ [170], which was an elaboration on SWP
[89], the review framework for care.

MINDACT Study

The MINDACT is a multicentric, prospective RCT [160]. MINDACT stands for Microarray In Node neg-
ative Disease may Avoid Chemotherapy. It was the first prospective clinical validation of a genomic
tool [169]. The trial was designed and led by the European Organisation for Research and Treatment
of Cancer (EORTC). This study includes almost 7000 patients from 9 European countries in 112 insti-
tutes. The enrollment for the trial was between 2007 and 2011. In 2016 the 5-year follow-up data was
published [160]. In 2021 the 9-year follow-up data was published [171]. The MINDACT study is mainly
funded by subsidies from the European Union (over €4 million) [155, 160, 171] and many national and
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international (breast) cancer foundations [160, 171]. Agendia provided the genome analysis without
costs [160]. Some of the researchers that conducted the MINDACT study are (part-time) employee of
Agendia or stockholder and/or patentholder of Mammaprint and/or employee at the NKI-AVL.

5.2.2. Reassessment Mammaprint 2018

Reason for reassessment
Mammaprint was not reassessed by health insurers, but remains with the ZiN, former CvZ, for reassess-
ment. This is a trap in the procedure, interviewee 19 and 17 indicate that as soon as a drug or medical
test is under review by the ZiN, it remains there. This is not officially established but is an informal rule.
A reassessment was done in 2018 due to the availability of new study results from the MINDACT study
[160]. The EUnetHTA [172] served as the basis for the ZiN’s assessment. The SWP for medical tests
published in 2011 [170] was used for assessment [92]. The ZiN conducts assessments to evaluate
the clinical effectiveness of interventions or, in the context of medical tests, the clinical utility of the test
plus treatment. This involves determining whether the combined use of a test and treatment offers
greater health benefits to patients when compared to standard care. The preference is still given to
RCTs, however other prospective studies can under certain conditions be used as supporting evidence
[89, 92, 170].

Procedures & Outcome of assessment
ZiN assessed whether adding the Mammaprint to the standard test Adjuvant! Online (AO!) [173] in
women with early-stage breast cancer leads to health gains when they forgo additional chemotherapy
based on the Mammaprint result, while the standard test recommends chemotherapy. However, it
has been concluded that the Mammaprint test may lead to significant additional mortality in women
who decide not to take chemotherapy in response to a low-risk outcome of the Mammaprint test and
still develop metastases. This possible additional mortality does not compensate for the benefits of
avoiding chemotherapy according to the ZiN. This has thus led to the conclusion that the clinical utility,
namely health benefit, has not been demonstrated.

Interaction with stakeholders during the assessment
The ZiN has at a number of times given the opportunity for parties to provide input. First, during the
EUnetHTA assessment [172], which was actually a preliminary process of the assessment [92], the
following parties attended a scoping meeting in March 2017: Professional groups: NVMO, NABON;
patient associations: Breast Cancer Association of the Netherlands (BVN)/ Dutch Federation of Can-
cer Patient Organizations (NFK); Health Insurers Netherlands (ZN); Hospitals: Dutch Association of
Hospitals (NVZ) [92, 172]. At this scoping meeting, the assessment process was explained and the
PICOwas discussed. According to the ZiN, the parties present agreed with the PICO [92]. Furthermore,
the ZiN indicates to have asked for expertise from the other parties during the assessment procedure,
when they deemed it necessary. How often and when this happened is not clear. In addition, when
the draft position report was ready, the ZiN sent the draft position report to all stakeholders considered
relevant by the ZiN. These stakeholders are the medical specialist associations that are in the working
field where Mammaprint is applied, BVN/NFK, ZN, the Dutch Federation of University Medical Centers
(NFU), NVZ and Agendia, the registration holder of Mammaprint. The following parties responded in
writing in February 2018: NVMO/NABON, NVVP, Dutch Association for Surgical Oncology (NVCO),
Dutch Association for Radiotherapy and Oncology (NVRO), BVN/NFK and Agendia. All parties who
responded disagreed with the ZiN’s position [92]. Normally, the ZiN responds to these views only in
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writing. However, in this case, by exception, the ZiN held a consultation meeting in April 2018 at the
request of the responding parties [92]. This meeting provided an opportunity to clarify the viewpoints of
both the stakeholders and the ZiN. In May 2018 ZiN also responded in writing to all written responses.
Despite all the comments from many stakeholders, the ZiN stuck to its initial position.

TAILORx

There is one study that played an important role in the assessment by the ZiN of Oncotype. This is
the Trial Assigning Individualized Options for Treatment (Rx), or TAILORx trial [174]. The TAILORx is
a multicentric, prospective, RCT, like the MINDACT [160, 169]. Patients were recruited from 2006 till
2010. The trial includes almost 10000 patients with around 8 years of follow-up data. The outcomes
were published in 2018. The study was mainly funded by the National Cancer Institute of the U.S. Two
of the authors were working for Genomic Health, the registration holder of that time. One of the authors
is patentholder of the test, but all rights are transferred to Genomic Health [174].

5.2.3. Assessment Oncotype 2021

Reason for assessment
Because Mammaprint and Oncotype are very similar tests, Oncotype also followed the trap in the pro-
cedure and is directly assessed by ZiN and not by health insurers [93]. The reason for the assessment
was the publication of the RCT, namely the TAILORx study [174]. This assessment again uses the SWP
for medical tests framework [170] that was published in 2011. The ZiN applied the same conditions for
study inclusion as applied during the 2018 review of Mammaprint [93].

Procedures & Outcome of assessment
ZiN assessed whether adding the Oncotype to the standard test AO! in women with early-stage breast
cancer (ER+/HER2N-) leads to health gains when they forgo additional chemotherapy based on the
Oncotype result, while the standard test recommends chemotherapy [93]. It has been concluded that
there is evidence of sufficient quality that the Oncotype test leads to health benefits while weighing the
positive (no side-effects of chemotherapy) and negative effects (possible lower survival). Therefore
clinical utility has been proven, so the test meets the SWP and the test will be included in basic insur-
ance. Reimbursement is only for a certain subgroup of women, namely women with early-stage breast
cancer (ER+/HER2-) and a clinically high risk who meet the following conditions: - older than 50 years
AND; - N0 (gland negative) AND; - grade 1 tumor with a size between 3.1 and 5 cm OR; - grade 2 with
a size between 2.1 and 5 cm OR; - grade 3 with a size between 1.1 and 2 cm [93]. The ZiN decided to
not reimburse the test for women younger than 50 years and women with grade 3 tumor larger than 2
cm. This is because in these cases there may well be a high probability of benefit from chemotherapy
according to the ZiN.

Interaction with stakeholders during the assessment
The ZiN has at a number of times given the opportunity for parties to provide input. ZiN did not hold
a meeting for the PICO, but did send the concept PICO to the same parties as during the assessment
of Mammaprint in 2018 and to Exact Sciences, the registration holder [93]. It did it in this way as both
PICOs show great similarities with the PICO for Mammaprint [93]. They incorporated the parties’ re-
sponses or argued why they were not incorporated. Furthermore, the ZiN indicates to have asked for
expertise from the other parties during the assessment procedure, when they deemed it necessary.
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How often and when this happened is not clear. The draft position report was sent to all relevant stake-
holders, which were the same parties as for Mammaprint, except for the registration holders. The draft
position report stated that Oncotype did not meet the SWP [93]. The following parties responded in
writing: BVN/NFK, professional groups: NVvH, NVMO, NVVP, Association of Clinical Genetics Nether-
lands (VKGN); ZN, and registration holder Exact Sciences [93]. All parties disagreed with the draft
position report, except ZN indicated agreement. The ZiN modified the draft position in favor of On-
cotype and submitted it to the WAR. The WAR agreed with the adjustment. The ZiN did not return
letters to the parties that responded to the draft position report, but included in the final position report
a section where it responded to the comments of the parties.

5.2.4. Reassessments Oncotype and Mammaprint 2023

Currently, a new assessment has been running since October 2022, the results of which are expected
to be announced in the 4th quarter of this year (2023) 1. The same kind of procedures apply as before.
The draft report has already been sent out to the various parties. Based on sayings from involved
parties, it seems that Mammaprint would be rejected again in the draft position report. However, during
the interviews, it emerged that comments have been received from at least two key players in favor
of Mammaprint. They do think the ZiN is reconsidering its draft position based on this feedback 1, but
don’t know what the effect will be. Also, given the fact that the release of the position paper was initially
scheduled to take place in May according to the ZiN site, but this was later changed on the website
to the 4th quarter of 2023, it seems that the ZiN is considering the comments. What the draft position
report says about Oncotype did not emerge during the interviews.

1Shortly before the publication of this study, namely on October 30 2023, there was the announcement that Mammaprint
is now included in basic health insurance. This position report could not be included in the analyses. However a quick check
showed that the interviewees were indeed right. In the draft position report of 2023 the Mammaprint test got again a negative
assessment, however after reactions of various actors on the draft position report, the ZiN reconsidered and did assessed
Mammaprint positively in the final position report [161]. Mammaprint is now thus reimbursed from basic health insurance for a
specific group of breast cancer patients.
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Figure 5.2: Institutional Actor Analysis

5.3. Actors

With this institutional approach an initial list of actors could be identified. The ZiN is identified as a key
player as it makes the final decision about reimbursement. In the first instance, the actors that have a
say in the decision making-process are seen as other key players. Actors have a say in case they are
able to give input to the ZiN. This means they either have a say during the drafting of the PICO and/or
they received the draft position report and gave feedback on it in at least one of the decision rounds.
This leads to a list with actors as shown in table 5.1.

Actor Representing
ZiN All health insured persons
Medical Specialist Associations:
NVMO, NVVP, NVCO, NVRO, NVvH,
VKGN

Medical specialists in breast cancer care

NABON Medical specialist associations in breast cancer care
BVN/NFK Breast Cancer Patients
ZN Health Insurers
Agendia Registration holder
Hospital societies: NFU, NVZ Hospitals

Table 5.1: Actors identified with an institutional analysis and the corresponding groups they represent

Subsequently, an examination is conducted into the functioning of the ZiN, which operates on behalf
of the Ministry of Health while retaining its own statutory authority. Once the ZiN makes a decision, it
stands without requiring intervention from the Minister. Nevertheless, it is the minister of health who
formally represents the ZiN’s stance in the event of parliamentary inquiries. Additionaly, a former min-
ister of health did handed out the Health Innovation Award to Mammaprint in 2008 [74]. Additionally,
A search through parliamentary records reveals that various Ministers of Health have received ques-
tions from the House of Representatives regarding Mammaprint [175–178]. These inquiries primarily
revolved around the reasons for Mammaprint’s exclusion from basic health insurance, with questioners
expressing dissent and concern over the prolonged process. Thus, it is evident that both the minister
of health and the House of Representatives play a role in the arena.

Furthermore, the NKI-AVL’s involvement comes to light. As previously mentioned, the Mammaprint
test was invented at the NKI-AVL. Interviews also reveal that the NKI-AVL is a highly influential hospital
and research institute in the field of cancer care in the Netherlands. Additionally, it is found that many
individual researchers also have a direct or indirect role in the arena. More than half of the spokesper-
sons representing medical specialist associations during the 2018 consultation round [92] are affiliated
with the NKI-AVL and 3 of the 10 are employees at the NKI-AVL. Moreover, the study coordinator of the
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MINDACT study is also associated with the NKI-AVL [160], and many researchers from the RASTER
study [168] and the MINDACT study are also affiliated with the NKI-AVL. While these researchers may
not have direct influence within the arena, their studies are used to inform decisions within the arena.

Based on these findings, the minister of health, the House of Representatives, and the NKI-AVL are
also considered actors within the arena. Therefore the elaborated list of actors is shown in table 5.2.

Actor Representing
ZiN All health insured persons
Medical Specialist Associations:
NVMO, NVVP, NVCO, NVRO, NVvH,
VKGN

Medical specialists in breast cancer care

NABON Medical specialist associations in breast cancer care
BVN/NFK Breast Cancer Patients
ZN Health Insurers
Agendia Registration holder
Hospital societies: NFU, NVZ Hospitals
Minister of Health Ministry of Health
House of Representatives Voting-Age Dutch population
NKI-AVL Management, Researchers and Medical Specialists

working at NKI-AVL

Table 5.2: Identified Actors and the corresponding groups they represent
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Figure 5.3: Institutional Actor Analysis

5.4. Informal Institutions

It is clear from section 5.2 that complying with SWP is the impeding factor for Mammaprint in the
reimbursement arena. Furthermore, it became clear that medical specialist associations, the NABON
and Agendia disagree with the ZiN’s decisions [92]. To find out what exactly are the underlying factors
that cause Mammaprint not to comply with SWP, this was discussed with all interviewees that were
in a way involved in the reimbursement decision-making process of Mammaprint. In addition, the ZiN
reports and key players’ responses to the draft proposition reports, which are in the appendix of those
reports [92, 93], were carefully reviewed. From these interviews and reactions on the draft position
reports, the following factors came up frequently:

5.4.1. No clear requirements for inclusion of diagnostic tests

There are no clear requirements for the inclusion of diagnostic tests in basic health insurance. Accord-
ing to many interviewees (3, 5, 6, 10 and 12) it is not clear what the ZiN wants to see as evidence of
clinical utility for diagnostic tests in general. Interviewees 4 and 12 mention that the requirements for
Mammaprints are changing between the decision rounds. Furthermore it is mentioned by interviewees
6 and 19 that many steps in the assessments are debatable and not objective. It is indicated that the
ZiN does not properly explain the subjective choices they make, including the statistical cut-off values.
All in all, the procedure is seen as unclear.

According to interviewee 6, who himself was not directly involved in the approval of the Mammaprint,
but did follow it

Well, so there is some subjectivity of interpretation of the assessments I feel, so yes, it depends on
who you ask, who thinks that there’s enough added value to include a Mammaprint in the healthcare
system, in basic insurance.

And that of course is actually crazy that there are no hard end lines or points or that those are then
interpretable again.

But if it’s clear how that path develops and what you have to do to do that and if admission to care
is even more transparent, which we talked about earlier, then that can help.

According to interviewee 12 it is a moving-goal-post.

A moving-goal-post, so every time we had to comply with something different because it was new,
the government didn’t really know what kind of requirements they wanted to put on it either.
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The same is actually said by interviewee 4:

The ZiN initially raised reasons for not including it, and each time, those arguments were addressed.
The first time, there was a small study where everyone receivedMammaprint and they said, ”Well, that’s
great, we’ll evaluate it.” Then it was stated that a randomized study was needed. So, a randomized
study was conducted, and then they said, ”Your follow-up is too short, and quality of life hasn’t been
measured.” Now, with longer follow-up and quality of life data, they’re saying, ”But we’re still going to
separate lymph node positive and negative cases.” It seems like there’s a new argument each time.
The issue of lymph node positivity and negativity played a role in the latest evaluation, and there has
been a lot of criticism about it. They are re-evaluating it now and considering them together.

There was some inconsistency in the way Mammaprint was assessed in 2018 and Oncotype in 2021.
For example, MINDACT study was not downgraded due to changing medication regimes in chemother-
apy [92], while TAILORx was [93]. Medication for breast cancer is changing rapidly and there is a differ-
ence in the types of chemotherapy administered to the patients during the 10-year follow-up. Therefore,
according to ZiN, there is a bias in the study for certain chemotherapy, which is used less nowadays.
Because of this reason, in the draft assessment, they rated the quality of evidence on survival low for
the TAILORx study. However, they had not done this in the case of the MINDACT study, even though
the same thing was at play here. There were a lot of comments from other key players on the way of
assessment [93], but on this particular aspect, the ZiN finally indicated to reverse this and therefore
deemed that the clinical utility was proven for Oncotype [93].

The response to the draft position report from Exact Sciences, the registration holder of Oncotype,
was the following:

First, we note in this context that it is simply impossible to provide data with 9 years of follow-up (patients
in TAILORx were enrolled between April 2006 and October 2010) while ensuring that the chemother-
apy treatment in the study is in line with the most up-to-date recommendations in guidelines. The ZiN
indicated at the time that this was ultimately the deciding factor in allowing Oncotype to be included in
the basic health insurance package.[93]

the ZiN does give in on this argument and therefore changes its position after the draft position re-
port and writes the following in its report [93]:

Confidence in data on survival was low in the draft assessment. When confidence in the data on
survival is low, the ZiN is of the opinion that data on quality of life cannot be decisive. Based on the
parties’ responses and reweighing the arguments, the ZiN concludes that the earlier GRADE assess-
ment was too stringent. As confidence in non-inferiority data has increased, quality of life data play a
more important role.[93]

It did become clear from the interviews that there are also explanations as to why there are no clear
requirements for diagnostic tests. Assessing diagnostic tests is something very new and interviewees
(1, 5, 12) indicate there is missing expertise in this area. The ZiN is specialized in assessing medication
and this is something where several interviewees (1, 3, 5, 12) indicate they do a good job. However,
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assessing diagnostic tests is something very new for the ZiN. Mammaprint was the first diagnostic test
they reviewed (confirmed by interviewee 17). The ZiN did issue an SWP for medical tests in 2011 [170],
which is the same method as for medication [89], but made more explicit for medical tests, and that
document is still used today. Little has changed over the years in the assessment of medical tests by
the ZiN. However, the ZiN regularly updates the general SWP [89] (which also applies to the assess-
ment of medical tests) to make the procedure more transparent.

The ZiN (interviewee 17) states the following about changes in their procedures:

We did recently release a new version of the SWP and we do always keep track of if there are new
insights, like over time GRADE has come as a way to assess quality of studies. We didn’t have that
before either. At this moment there are no adjustments in assessing tests. If new insights appear, we
will assess if our methodology needs adjustments.

The update of the update of SWP report is mostly about how we get from evidence to conclusion. It is
not a different way of assessing but more transparency about how the weighing of positive and negative
effects, the quality of the evidence, arguments of appropriate evidence and medical arguments.

In the consultation meeting with the ZiN in 2018, the following was said by Gabe Sonke on behalf
of the NVMO/NABON about the experience of the ZiN with drugs and with diagnostics [92] :

The MammaPrint is now well-established in practice. It is being used properly, not for everyone. The
practice contrasts with the report. The practice is clear. There is experience with drug reviews but
hardly any with diagnostics. This requires a different way of assessment. There is not only one way
that leads to Rome.

In the reaction of NVvH on the draft proposition report in 2021 of Oncotype (which had a negative
outcome in the first place), the following was stated about the way of assessing diagnostic tests [93]:

This letter also points out that diagnostic tests have difficulty passing ZiN assessments. We endorse
this. It seems that evidence is only looked at from an epidemiological point of view and that medical
knowledge regarding content is lacking. The latter is then leaned on the input of the scientific associa-
tions, but this is almost always only at the end of a pathway (ductoscopy excepted). Moreover, it often
seems that this input ultimately no longer has much influence on the final advice. Naturally, we find
this regrettable and are happy to discuss a better and optimal study design for such tests.

Interviewee 12 indicates that the ZiN has no expertise in diagnostic testing, but that they are also
not changing in this area.:

And so, it’s, it’s just very difficult, especially if you’re very far ahead like we are or you’re the first
then the government also doesn’t have the expertise to just properly understand how that should be
evaluated.

They just don’t understand the diagnostics. And, That’s a bit of a stepchild
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You’ll also see almost no diagnostic tests are evaluated by the ZiN. just with that medication cap on
you just can’t evaluate a diagnostic test that’s just yes it lacks that expertise in that regard so to speak.
But the fact that so in the medicine area they just make sure that the care remains affordable in the
Netherlands.

Yes, we are just a small drop in that bucket, so why should they change anything based on that?

But again, it’s diagnostics, it’s a stepchild. It gets limited attention in the scale of things that they’re
doing. Yeah, you know, all those pharma companies that are screaming blue murder at the ZiN, yeah,
they’re generally taken less seriously and rightly so, because I just know that generally, the effect of
most drugs is just pretty small at a price tag that’s pretty high and that’s where the ZiN just does a good
job. It’s the diagnostic side for which there are not quite the right procedures and that’s getting a little
bit better by now, just richly too late for Mammaprint.

Interviewee 1, who involved in the assessment procedure of another diagnostic test, says the following:

My own experience was with one particular procedure, also a diagnostic procedure, that they didn’t
understand what it was about at all, and only when we brought in someone who started kind of lobby-
ing, then they turned the cart and said maybe we should look at it from a different angle.

We have learned that they (the ZiN) think fairly rigidly and are particularly focused on the value of
treatment, of drugs, there are very tight agreements about that, which studies have what cut-off points
and how do you deal with that, but when it comes to diagnostics it becomes a lot harder.

The ZiN (interviewee 17) indicates that the procedure of assessing medicines is somewhat ahead
in terms of the documents to be provided by manufacturers. Other than that, however, the ZiN says
rather little about how advanced the way of assessing of medical tests is.

With pharmaceuticals, there is always a manufacturer who needs to provide a complete file includ-
ing a model for assessing cost-effectiveness model. In case of medical devices and tests is that not
standard yet, but steps are made to assess cost-effectiveness in medical devices and medical tests as
well. In that respect, of course, pharmaceuticals are a little further ahead than the other branches
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5.4.2. (High) Level of burden of proof needed

A high burden of proof is preferred by the ZiN. A 10-year follow-up and an RCT, which is the highest
level of clinical evidence, is preferred [92, 93]. However, according to the medical scientific associa-
tions in the arena, BVN/NFK and Agendia, 5 years is enough [92]. Since only the 5-year data were
available [160], the ZiN’s assessment in 2018 was based on surrogate outcomes for a 10-year follow-
up [92], which were also surrogate outcomes where the medical scientific associations, BVN/NFK and
Agendia disagreed with [92]. The surrogate outcomes subsequently gave less confidence and were
not in the preferred range according to the ZiN [92]. For Oncotype 9-year follow-up data was available
[174], however, that this was 9 years instead of 10 years eventually did not affect the assessment in
2021 [93]. The ZiN only included RCTs in both the 2018 (MINDACT [160]) and 2021 (TAILORX [174])
assessments. However, after comments on the draft position report, it did also include a prospective
study about the quality of life in 2018 [92, 179], but this did not change the final conclusion of the ZiN.

From the interviews, there appeared to be a number of underlying explanations for the different opin-
ions on the required follow-up duration.

Interviewee 12 mentions that a business case does become very complicated with such a long study
duration. If investors would know this beforehand, they would not invest:

If you have to go wait 10 years for a prospective study and it takes you 4 years to enroll those pa-
tients, so that means if you develop a new test that the earliest you can possibly get reimbursed in the
Netherlands is 14 years after the development of that test. Yes, of course, you can’t build a business
there. So if that really is the requirement, then that is, then I would advise everyone against ever doing
anything, apart from the fact that such a prospective randomized study is extremely expensive, so yes
someone has to pay. In our case, we just make use of investors, but when they see this, they also
say this proposition is not fundable. I’m not going to give you money now because you might get reim-
bursement in 14 years. Yes, that’s not how that works.

So that gives you a time frame in which it’s just unrealistic to say develop an essay from a for profit
setting look you can always say, we do it academically, miserable academically is that there isn’t the
money there either to do this so thoroughly. There’s a reason why the NKI said, we’ll make a spin-off
of this. We’re not going to do this ourselves. But so, as the ZiN requirement remains that you have
to have prospective validation, then I see it bleak for the Dutch patient when it comes to access of
advanced diagnostics.

Additionally, interviewee 12 also indicates it is an unreasonably high requirement to have to provide
a prospective study as evidence and indicates that in U.S. this is not required.

Look, in the U.S., we were already reimbursed in 2009 And Oncotype also based on retrospective
studies. In the Netherlands, it could only be with prospective studies and I think that is an unreason-
ably high requirement.

The medical specialists in the arena indicate that it does not match the clinical practice, they want
to use new innovation quickly in practice. The following was stated in the report of the 2018 consulta-
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tion meeting [92]:

Mr. van Diest (NVVP) concludes that there is a discrepancy between the field and the ZiN when one
can speak of sufficient evidence. The field thinks it is sufficient and the ZiN wants the best evidence,
but that is not realistic. He is somber about the future of biomarkers if the ZiN does not adjust its re-
quirements. Mr. Rutgers also gets the feeling that there is a big difference in the principles of package
management and practice. [92]

Gabe Sonke on behalf of the NVMO/NABON: Based on the results of the MINDACT, the NVMO/N-
ABON believes there is sufficient scientific evidence.[92]

In response to the draft position report in 2021 the NVvP replies the following:

The choice to speak of mature data at a follow-up of 10 years does not match the clinical practice
in which new treatments become available more quickly anyway. A 5-year follow-up would be more
appropriate.[93]

In 2021, NVMO indicates that even larger and longer studies of gene expression profiles are not going
to take place.

We further argue that there will be no randomized study of the value of gene expression profiling with
larger numbers of patients and longer follow-up, and thus no data with a smaller confidence interval
than that of the TAILORx study (the same is true of the Mammaprint in the MINDACT study).[93]

According to interviewee 3 and 12 these studies cannot be done again because of several reasons,
besides simply being very expensive, taking a very long time, and being very difficult in practical and
logistical terms, it is now also unethical to randomize because there is already enough evidence for the
tests according to the interviewees.
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5.4.3. Disagreement on study design between medical specialists and ZiN

There is disagreement in the arena on the study design between medical specialists and the ZiN. For
both the MINDACT [160] and the TAILORx [174] study, only a subgroup of the patients was an appropri-
ate RCT according to the ZiN [92][93]. Creating those subgroups results in a smaller patient population
and therefore a bigger confidence interval, which results in both cases in non-inferiority. However, this
has a lesser impact on the TAILORx study than on the MINDACT study, in part due to the reason that
the TAILORx study included more patients (more than 10,000) than the MINDACT (almost 7000). For
the MINDACT study, the primary part of the patient population was not included because according to
the ZiN the MINDACT study compares survival rates in a specific group based on MammaPrint results
and a non-inferiority threshold of 92% [92]. However, this analysis is one-sided and leaves according
to the ZiN the question unanswered whether patients with high clinical risk and low genetic risk treated
with MammaPrint have comparable survival to those treated based on AO! [92].

Interviewee 12 indicated the following during an interview: Then they (the ZiN) said, yes, we actu-
ally don’t think the design of that trial was good enough, even though the design was put together by
the leading oncologists in Europe.

The ZiN indicates that with the study design of the MINDACT, the research question of the ZiN cannot
be answered [92]. It seems that here the medical profession has a different view than the ZiN. The med-
ical profession considers the usefulness of Mammaprint proven in the MINDACT study and therefore
includes it in the guidelines. The ZiN has higher requirements than the medical professions. According
to interviewee 10, who was also involved in the assessment of Mammaprint, the ZiN and the medical
specialists have another view on what the study design of clinical studies should be, which is also the
case for other assessments by ZiN according to interviewee 10:

And, I have that all the time. You still see that in. Well, in all no matter what you’re talking about
then the clinical trials how they’re designed, design of those trials those are almost never aligned with
how actually ultimately the ZiN would like to see this and that’s still true. That’s very, very peculiar, that
so the medical profession just has a different way of looking at it.

Interviewee 5 also indicates that the ZiN looks different to the design of clinical trials of diagnostic
tests, which the interviewee related to the fact that they are used to assessing drugs and assesses
diagnostiscs in the same way, while that might not fit the study designs for diagnostics:

ZiN is a somewhat complicated party in the sense that they are used to assessing drugs and you
often do that with Overall Survival (OS) or Progression Free Survival (PFS) or response data, partic-
ularly PFS and OS and so when this diagnostic question came up, that’s how they approached it and
that’s somewhat tricky because almost no studies have OS as an endpoint with a diagnostic biomarker,
so that does make it very complex.

For the TAILORx study only the treatment of the moderate-risk patient group based on the Oncotype
test is randomized [174]. The ZiN therefore only includes this subgroup. The genetic low-risk group is
not given chemotherapy and the genetic high-risk group is given chemotherapy, they are thus not ran-
domized. This as based on retrospective studies it would be unethical to randomize them according to



5.4. Informal Institutions 56

several parties that responded on the draft position reports and as mentioned by interviewees 3 and 12.

According to reactions on the draft position report in 2021 BVN/NFK and Exact Sciences call it un-
ethical to randomize the low and the high-risk groups.

BVN/NFK: We believe that with current knowledge about the prognostic value of these scores it is
unethical to expect randomized trials for this

Exact sciences:
Based on the prospective retrospective NSABPB20 [180] study have concluded that prior to the initia-
tion of TAILORx, it had already been sufficiently demonstrated that patients with low-risk score do not
benefit from chemotherapy while patients with high-risk score actually have a clinically relevant benefit
from chemotherapy. Randomization of these groups in TAILORx could therefore no longer be justified
and would not have been ethical.[93]

Nothing is yet known about the current decision round 2, and the ZiN also said it could not discuss
this. However, three interviewees hinted at the current situation for Mammaprint as they did already
received the draft position report. Once again, the ZiN seems to be bogging it down for Mammaprint
on study-design grounds. The following was said by interviewee 12:

ZiN in their evaluation evaluated the lymph node-negative and the lymph node positive separately
and said the confidence intervals are too big, but yes, if you cut the group in half and make it smaller,
then the confidence interval automatically gets bigger. So then we got into another argument with the
ZiN of yes, that clinical trial, it just has those patients that way, so you have to evaluate it based on
that clinical trial, not your own way and that’s just typical of the ZiN, that occasionally they do things
their own way and they think that’s the best way, but there’s something to be said against that. So we
are doing that now and I think we have convinced them now to say, no, you just have to look at that if
it’s one trial, then you have to look at that whole trial then you have to put that group so back together
again and then the confidence intervals do satisfy so that that’s going on now, so we’ll see.

Few explanations emerged from the interviews as to why the ZiN has such a different view than the
medical specialists. There seems to be much misunderstanding of the ZiN’s approach. Parties indicate
that they do not actually understand why the ZiN has such a different approach. A few interviewees
suggest there is a knowledge gap between practice and policy making, which works both ways. It is
also mentioned several times that the ZiN looks at things differently because the underlying motivation
is different. The ZiN wants to keep care of accessible and affordable and does not want expensive,
non-beneficial care in the package. Medical specialists want to provide the best care for the patient.

According to interviewee 6:

There is a huge knowledge gap between people in the field and policymakers. And also often with
2Shortly before the publication of this study, namely on October 30 2023, there was the announcement by the ZiN that

Mammaprint is now included in basic health insurance. This position report could not be included in the analyses. However
a quick check showed that the interviewees were indeed right. In the draft position report of 2023 the Mammaprint test got
again a negative assessment, however after reactions of various actors on the draft position report, the ZiN reconsidered and
did assessed Mammaprint positively in the final position report [161]. Mammaprint is now thus reimbursed from basic health
insurance for a specific group of breast cancer patients.
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people from insurance companies, we also see. These are people who understand insurance and
know little about medicine, so there is a huge gap between them. Also from both sides. That’s a bar-
rier, I think. That should be much more shared.

According to interviewee 10:

The professional group of course wants the medicine to reach the patient and so does ZiN, but they
also have a kind of perspective of, ultimately the citizen has to pay the premium and if that premium
goes up because all the medicines come in that are too expensive and don’t work well, then they also
have a responsibility.

The ZiN (interviewee 17) says the following about this:

We are considering: is it added value if we are going to reimburse this from the basic insurance?
Do we want to spend our premium money on this intervention from a solidarity perspective or could it
be better spent elsewhere? We should only reimburse an extra test from basic insurance if taking this
extra test leads to health benefits.

According to interviewee 13 it is important to have consensus about the study design before conducting
studies like the MINDACT:

It is very important when you do this kind of research that you also try to coordinate in advance with
the authorities who will have to assess it in what way they look at this kind of research
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5.4.4. Priorities in Trade-off between Quality of Life and Survival Differ

While assessing the clinical utility of the tests, a trade-off must be made between the gain in quality
of life on the one hand and the possibility of increased mortality on the other. This is because not
administering chemotherapy provides a gain in quality of life, but also gives rise to the possibility that
the cancer will still come back and someone will die from it, when this may not have happened if the
patient had received chemotherapy. In this trade-off, medical specialists in the arena and the patient
association prefer the quality of life, while the ZiN does not want to risk the possibility of more people
dying [92, 93]. Until there is clear enough evidence for the ZiN that the probability of lower survival
is very small and that there is explicit evidence of an increase in quality of life, they feel that clinical
utility has not been demonstrated [92, 93]. Medical specialists and the patient association disagree on
several points [92, 93]. First, they say there is sufficient evidence that it is safe to omit chemotherapy
based on the Mammaprint and Oncotype [92, 93]. Second, quality of life and, in this case, the trade-off
between quality of life and survival is in favor of the quality of life [92, 93]. Third, they find it odd that
evidence is asked for that quality of life improves if a patient does not have to undergo chemotherapy,
this is obvious according to the medical specialists in the arena [92, 93] and interviewees 3 and 12.
The ZiN indicates that there must be very good evidence of an improvement in quality of life to accept
the possibility of more deaths. They also recant on literature, where they say that in practice patients
and medical specialists have the same acceptance limits as the ZiN:

Only if we can be sufficiently certain that this potentially significant loss in survival is compensated
by a sufficient added value in terms of quality of life can we speak of clinical benefit. Patients indicated
that the benefits of no chemotherapy are abundantly clear and they find it incomprehensible that we do
not give a positive assessment of the positive effect on quality of life. [92]

... Not treating with adjuvant chemotherapy can lead to distant metastases that are no longer treat-
able and could possibly have been prevented with adjuvant chemotherapy. In this setting, as research
also shows, we give more weight to survival than to quality of life. In the adjuvant setting, however,
both medical specialists and patients will not readily accept a higher risk of death in exchange for bet-
ter quality of life and less toxicity; it is known from the literature that most breast cancer patients find
adjuvant chemotherapy acceptable in exchange for a limited increase in survival of ≤3% [92]

NFK/BVN further adds during the consultation meeting in 2018 that the advantages of not giving
chemotherapy because of using the Mammaprint test is overlooked by the ZiN:

MammaPrint is designed to determine whether chemotherapy can be safely omitted. An important
result, that 23% of patients can do without chemotherapy, is glossed over in the report. This means
that out of every 100 patients, 23 are less exposed to the side effects of chemotherapy. These are well
known and have both acute side effects but also long-term effects where cardiovascular problems and
the so-called chemobrain come to mind. [92]

Measuring quality of life is something not included in the study design of the MINDACT [160, 169]
or TAILORx [174]. In both cases quality of life was measured in a separately published study, but
for a much smaller number of patients and for a much shorter period of time. However, HTA experts
do seem to have wanted to put more focus on measuring the quality of life beforehand, but this was
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almost not picked up by the study designer, the EORTC. This therefore seems to be a factor that not
only played a role between ZiN and the medical specialists but also in the medical research world itself.

The following was said by interviewee 10:

and another sticking point at that time when the MINDACT study was set up, it was not yet common
practice to assess the quality of life of patients during clinical trials. For the Health Technology Assess-
ment (HTA), quality of life measures are necessary, for which permission was asked. This proposal
was partly agreed upon for a subset of patients. It was only allowed to measure the quality of life once
directly after the test results were available, and only for the Dutch participants in the trial.

During the assessment the ZiN really wanted to know quality of life of these patients and then including
longer-term effects.

But yes, that was one of the shortcomings, because that wasn’t standard practice then either to in-
clude quality of life in those kinds of clinical trials.
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Figure 5.4: Institutional Actor Analysis

5.5. Power-Interest

To map the roles of actors, their level of interest in adoption and implementation, and their capacity to
exert influence in the decision-making arena, a power-interest matrix can be highly informative. This
matrix offers a clear visualization of these aspects. Therefore in this section the role of the actors in the
arena will be specified and every identified actor will be mapped in a power-interest matrix (see figure
5.5). The interest of every actor is shown in table 5.3

Figure 5.5: Power-Interest Matrix
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Actor Representing Interest
ZiN All health insured persons Keep care affordable, accessible and

of high quality
Medical Special-
ist Associations:
NVMO, NVVP,
NVCO, NVRO,
NVvH, VKGN

Medical specialists in
breast cancer care

Deliver high quality care to the patient

NABON Medical specialist associ-
ations in breast cancer
care

Deliver high quality care to the breast
cancer patient

BVN/NFK Breast Cancer Patients Have high quality care (freely) available
ZN Health Insurers Keep care costs within budget
Agendia Registration holder Make a profit and improve breast can-

cer care
Hospital societies:
NFU, NVZ

Hospitals Deliver good care to patients, Keep
costs of the hospital within budget,
Make sure hospital is functioning in lo-
gistical and organizational terms

Minister of Health Ministry of Health Keep care affordable, accessible and
of high quality

House of Repre-
sentatives

Voting-Age Dutch popula-
tion

Ensure fast adoption of promising inno-
vation

NKI-AVL Management, Re-
searchers and Medical
Specialists working at
NKI-AVL

Innovate in cancer care and get innova-
tion in cancer care quickly to patients,
Keep their status as precious cancer
center

Table 5.3: Identified Actors, the corresponding groups they represent and their interests

Based on reports of the ZiN [91], [92, 93], the website of the ZiN about the current decision round
[94], a search on the website of the House of Representatives site, and the interviews with stakeholders
an overview could be made from all actors in the decision arena. Interests of actors and informal rules
within the arena could be mainly identified via interviews.

The ZiN is identified as a key player as it makes the final decision about reimbursement. In the first
instance, the actors that have a say in the decision making-process are seen as other key players. Ac-
tors have a say in case they are able to give input to the ZiN. This means they either have a say during
the drafting of the PICO and/or they received the draft position report and gave feedback on it in at
least one of the decision rounds. All of these actors between the PICO and the draft position report do
overlap except for the NFU and NVZ. The NFU however was only an observer during the consultation
meeting in 2018 [92]. The NVZ declared the following during that same meeting:

Mr. Kemna explained that NVZ does not form an opinion on this, because it believes that a substantive
response belongs primarily to the profession. First and foremost is the provision of good care to pa-
tients. In addition, there are organizational and financial aspects involved, and these turn out favorably
in the case of Mammaprint.[92]

Based on this, NFU and NVZ are considered context-setters [81] as they have the power to influence
the decision-making as they are invited around the table, but they do not use it as their interest is not
high enough.
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The following actors are thus considered key players:

• ZiN
• Medical Specialist Associations: NVMO, NVVP, NVCO, NVRO, NVvH, VKGN
• NABON
• BVN/NFK
• ZN
• Registration holders: Agendia, Exact Sciences

The following actors are thus considered context-setter:

• Hospital societies: NFU, NVZ

ZiN

Healthcare Institute Netherland (ZiN) decides upon reimbursement from basic health insurance for
the Mammaprint and Oncotype tests. The ZiN is the gatekeeper in the arena, they decide who can
enter round the table and who can not. The ZiN actually represents all health-insured persons in the
Netherlands. The ZiN wants to ensure that the best possible care is provided, but the care remains
affordable. The goal is quality, accessibility and affordability of the insured package [181].

Agendia

Agendia is the registration holder of the Mammaprint test. They have a financial interest. Agendia was
founded in 2003 as a spin-off of the NKI-AVL. They got a lot of investments from private parties. In total
123 million dollars in 4 rounds ranging from December 2005 till July 2018 [182].

Exact Sciences

Exact Sciences is the registration holder of the Oncotype test. They have a financial interest. Exact
Sciences is a molecular diagnostics company specializing in early-stage cancer detection. They are
a multi-billion dollar company [183]. Upon the acquisition and merger of the company with Genomic
Health in 2019, Exact Sciences became the registration holder of Oncotype.

Further, the following actors also play a role (see section 5.3), but more desk research and interviews
had to be done to be able to determine their exact role in the arena.

• Minister of Health
• Medical Specialists
• Breast Cancer Patients
• Health Insurers
• NKI-AVL
• Hospitals
• House of Representatives
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Minister of Health

The ZiN falls under the responsibility of the ministry of health as an independent administrative body.
The ZiN has its own statuary mandate and can include Mammaprint and Oncotype without the signa-
ture of the minister of health. However, the minister has the power to overrule the ZiN. It can either
exclude the test after approval by the ZiN and the minister can admit care to the basic package through
ministerial regulation [184]. Interviewee 8 indicated that it is not acceptable for a minister to allow care
that the ZiN has ruled does not meet the SWP. However, interviewees 8 and 17 mention it will occur
and be accepted that a minister will exclude care that has been admitted because of costs that are too
high. It is thus an informal rule that the minister of health might exclude care approved by ZiN, but will
never include care rejected by ZiN. Interviewee 12 told that Agendia did try to arrange inclusion in basic
health insurance via the minister after they received the healthcare innovation award in 2008 from his
hands. However, the minister did not respond to that request according to interviewees 8 and 12. The
minister of health is therefore seen as a context-setter as he has high power, but his interest in this
specific case is low.

Medical Specialist Associations and Medical Specialists

The medical specialist associations represent the professionals that are a member of the association.
The following associations are key players in the decision-making process: NVMO, NVVP, NVCO,
NVRO, NVvH, VKGN. Every medical specialist is able to give input via his or her association. The
medical specialists are the ones that use those tests in practice and therefore have an interest in the
decision. They want to deliver the best care for their patients and according to the medical guidelines
the gene expression tests may in certain cases be their CDSS [158]. As the medical specialist is not
directly involved, but indirectly through the representatives of their associations, they are considered
subject in the arena.

NABON

The NABON is a working group and not an association. This means that medical specialists who are
also members of a medical specialist association can be members of this multidisciplinary working
group. The NABON is a key player in the arena but does overlap with the medical specialist associa-
tions.

BVN/NFK and Breast cancer patients

The BVN is a member association of the overarching organization for cancer patients, the NFK. The
BVN/NFK is a key player. The breast cancer patients are represented by BVN/NFK and can give input
via them. For the patients reimbursement of the test is important first to be able to receive the best
possible care as the tests can support in making treatment decisions. Another interest is financially as
they otherwise have to pay for the test themselves or they might not be able to afford it. As the patients
are not directly involved, but indirectly through the representatives of their association, they are subject
in the arena.
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ZN and Health Insurers

ZN is the trade association for all health insurers. ZN is a key player in the arena. Within ZN the respon-
sibility is currently delegated to the Add-on Medicines Evaluation Committee (CieBAG) of ZN. CieBAG
consists of 4 members from different health insurance companies. In practice, they are currently the
ones receiving the draft position reports to give feedback on behalf of ZN. An interview revealed that in
the current decision round, the CieBAG responded to the draft report in favor of Mammaprint. In 2009,
when the dispute arose, all health insurers did assessments by themselves separately. However, in
2016 this changed and it was decided to do this jointly with all health insurers through ZN. This was
changed to ensure that there was no difference in basic package per health insurer and because it was
more efficient according to interviewee 18. However, as the ZiN has taken over the assessment on
Mammaprint and Oncotype, it seems that the individual health insurers do not interfere in the arena as
they leave this to the CieBAG responsible from the umbrella organisation ZN. Individual health insurers
are therefore seen as crowd in this arena.

NKI-AVL

The Mammaprint test was invented at the NKI-AVL, but further developed into a spin-off called Agendia
[185]. However, the NKI-AVL has done and continues to do much research on the Mammaprint. It is the
hospital and research institute specialized in cancer. Both medical specialists as well as researchers
work there in the field of breast cancer and other cancer areas. At the moment the NKI-AVL has a
very small financial interest, namely 0.04% of the shares of Agendia in compensation for granting the
rights to make the Mammaprint [185]. It is not likely that there is a major financial interest here at the
NKI-AVL, as at least up till 2018 Agendia has not made any financial profit [185]. The exact interest of
NKI-AVL is not explicitly mentioned, however, it seems that the NKI-AVL is very proud of the invention
of the Mammaprint. At the time, it was groundbreaking research [75, 76] that led to the product. The
NKI-AVL focusses on innovation in cancer care and are passionate about getting this innovation to
patients quickly to deliver the best possible care. Many NKI-AVL researchers have been involved in
the development and/or further research of the Mammaprint test. The ties with Agendia are very good.
It became clear from the interviews that there is still great involvement with Agendia. For example,
researchers and other NKI-AVL employees hold additional positions at Agendia. Some interviewees of
the NKI-AVL talked in the ’we-form’ when discussing how the decisions on reimbursement went, even
though those persons did not hold a position at Agendia. It became clear that there is still much passion
for the Mammaprint test within the NKI-AVL. It is difficult to say exactly what the interest of the NKI-AVL
is. It seems that firstly the NKI-AVL believes in the added value of the Mammaprint and secondly they
are very proud and want to strengthen and preserve their status as highly regarded cancer research
centre and thirdly there is a chance that on an individual level there might be a (financial) conflict of
interest, because some of the employees at the NKI-AVL have side positions at Agendia. Currently,
the Mammaprint has already been denied inclusion in basic health insurance twice [91][92]. If this fails
again in the current decision round, it means that a U.S. test is included in Dutch basic health insurance,
while a Dutch test is not. This is while the Mammaprint is reimbursed in many other European countries
[186] and the U.S.

The NKI-AVL is a difficult actor to place. This is because lots of medical specialists and researchers that
work at the NKI-AVL are also part of the medical specialist associations and or the breast cancer medi-
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cal guideline committee or are even shareholders or also working for Agendia. Despite the fact that the
NKI-AVL is not listed by the ZiN, the gatekeeper in the arena, as an actor in the decision-making pro-
cess, persons working at the NKI-AVL do participate and are sitting round the table with the ZiN albeit
said through a different organization. In addition, of the individuals who attended the consultation meet-
ing in 2018 [92], 3 of the 10 external individuals were employed at NKI-AVL. All 3 were also the main or
co-author and/or study coordinator of the MINDACT study [160] and one of them was the founder and
patent holder of Mammaprint. However, they officially participated in the consultation meeting from the
position of NVMO/NABON, NVCO, and Agendia. Therefore the NKI-AVL is considered a key player as
the NKI-AVL has more power than a subject while they can sit around the table in the arena.

NFU, NVZ, and Hospitals

The NFU and NVZ are the societies for academic hospitals and hospitals respectively. The NFU and
NVZ are context-setter in the arenas. Those organizations thus represent the academic and the non-
academic hospitals. Given that the umbrella organizations aremerely observers during the consultation
meeting with the ZiN in 2018 or indicating that they are leaving this to the medical specialists [92], it
is gained that the hospitals themselves also do not have a major stake in the decision for reimburse-
ment. However, interviews did reveal that some hospitals in the Netherlands have an arrangement with
Agendia, which still allows them to offer the Mammaprint to their patients without high costs. According
to interviewee 12, this arrangement was only offered if a hospital requested it itself. Interviewee 1, a
breast cancer surgeon, indicated that he/she finds the Mammaprint nicer to use than the Oncotype and
that through this arrangement it is still possible to offer the Mammaprint to patients. Considering the
attitude of the umbrella organizations and the fact that there is currently an arrangement, the interest of
the hospitals does not seem very high and hospitals are therefore placed between crowd and context-
setter in this arena. It should be mentioned that they could easily transfer to subject or even key player
in case their interest becomes higher.

House of Representatives

In the House of Representatives, there have been several questions about Mammaprint over the years
[175–178]. These questions were addressed to the minister of health. The House of Representatives
itself has no power in the matter of reimbursement. They can ask questions to the minister but have
no influence themselves as they can not overrule the ZiN and minister.

The following was said about the influence of the House of Representatives by interviewee 19:

...legislative amendments are voted on in the House of Representatives, but this is not about legislative
amendments and this is about an assessment of how you have assessed the criterion of SWP. That is
what the ZiN does, so the ZiN is an institute that hangs under the ministry of health and is its own kind
of implementing body and the ministry of health does get questions about that and the ZiN in turn has
to answer to the ministry of health and that accountability is then discussed in the House of Represen-
tatives. So also that’s how you get a whole, well, It’s pretty much a charade, because in the House of
Representatives, they’re not going to overrule the position of the ZiN.

Based on the fact that through all the years only 4 persons asked official questions in the House of
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Representatives, their interest is rated as low. Therefore, they are placed in the crowd.

The power-interest matrix with all actors mapped can be seen in figure 5.5. In table 5.3 the actors,
groups they represent and their interests are shown.

Concluding Remarks about the power-interest within the reimbursement arena

From this power interest analysis some interesting findings emerge. It becomes clear that the ZiN is the
actor with the most power in this arena. Although the minister has the ultimate authority to intervene,
there is a nuanced informality that makes direct interference very rare. Within the parliamentary context,
the House of Representatives has limited influence in this decision-making process. Although they have
the power to ask questions to the minister of health, their role remains primarily consultative. In the case
of Oncotype, the ZiN adjusted its draft position, implying that the organizations that have formal power
to influence do also informally have some power. The presence of Agendia or Exact Sciences, although
around the decision-making table, casts a veil of ambiguity over their exact influence. It seems that
their influence depends on the favor of the medical specialists. If the specialists are not supportive for
Mammaprint, the registration holders’ input could possibly not be of importance. Medical specialists and
patients are subjects at the individual level, but can provide input through associations. The NKI-AVL
has a rather unclear role and is a difficult actor to place and a difficult actor to delineate and determine
who does act in their interest. This is because lots of medical specialists have dual roles, which implies
the NKI-AVL could potentially have a big impact on the decision-making processes. In the case of
Mammaprint, healthcare insurers are not leading the assessment procedures. The control was moved
to the ZiN early on, and this control continues to rest with the ZiN in future decision-making rounds
according to an informal rule. Health insurers join forces and orchestrate their involvement through
the CieBAG Committee. This consolidated approach effectively delegates authority to the CieBAG and
therefore individual health insurers are not directly involved in the decision-making process. Hospitals
entrust the shaping of opinions to their medical specialists. It is unclear whether this would have been
different had the logistical and financial complexity been greater.
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Figure 5.6: Institutional Actor Analysis

5.6. Factors Influencing Inclusion of Mammaprint in Basic Health
Insurance

From all the steps in the IAA, factors influencing the adoption and implementation of Mammaprint could
be identified. Firstly, by identifying critical decision arenas in chapter 4, it was discovered that the cur-
rent bottleneck for Mammaprint lies in reimbursement by basic health insurance. When examining the
procedures in step 2 of the analysis process, it was revealed that the process stalls during the SWP
criterion. Through the identification of actors, as described in step 3, it becomes evident which actors
are involved in the decision-making process and warrant further investigation of their underlying values
and interests. This investigation takes place in step 4, where significant differences in opinions and mo-
tivations among actors in the reimbursement arena come to the forefront. Through this examination, it
becomes clear that the challenge lies not solely in the SWP criterion itself, but rather in its interpretation
as there exist multiple possible interpretations, and it is the perspective of the ZiN that contribute to the
decision that Mammaprint does not comply with the SWP, while other actors in the arena see it differ-
ently. From the examination of informal institutions several insights arise. Firstly, Agendia and medical
specialists in the reimbursement arena experience ambiguity regarding the requirements for inclusion
in basic health insurance and suggest that diagnostic tests should be assessed differently than the way
it is currently done by the ZiN. Secondly, medical specialists in the arena and Agendia assert that the
burden of proof demanded by the ZiN is too high. Thirdly, the ZiN and medical specialists hold differing
perspectives on the required study design to demonstrate the clinical utility of the tests. Lastly, there
exists a trade-off between quality of life and survival in evaluating the Mammaprint test, while medical
specialists in the arena emphasize quality of life, the ZiN seems to prioritize survival. Those factors
are visualized in figure 5.7. The power-interest analysis reveals the ZiN as a critical actor in the arena,
with ultimate authority. While formally the minister of health could intervene, the minister would not do
so because of informal social norms. However, medical specialist associations and patient advocacy
groups can influence the decision-making process. In figure 5.7 all key players are shown, although
players are generalised as this will be different associations or organizations depending on the care
context.
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Figure 5.7: Factors and actors that influence the adoption and implementation of AI-CDSS



6
Factors Influencing Adoption and

Implementation of AI-CDSS in Cancer
Care

In the previous chapter, it is found what challenges Mammaprint is facing in the reimbursement
arena. However, it’s important to understand that this arena operates within a broader context.
This chapter will address factors beyond the critical arena which potentially influence the pro-
cesses within it. These contextual elements may provide additional insights into the challenges
faced by Mammaprint in the reimbursement arena. This chapter thereby answers subquestion
4: ’What is the broader context that has an influence on those decision arenas?’ These contex-
tual factors could be identified through interviews and are partially supported by grey literature.
The findings are structured using the phases framework.

6.1. Development

Developing an AI-CDSS within a hospital setting presents notable difficulties according to interviewees
(4, 6, 7, 9, 12, 13, 18). Consequently, it is often considered launching a spin-off and involving investors
in further product development. This results in commercialization. It does appear AI-CDSS devel-
opment can also be done in collaboration with a philanthropic organization, allowing open-sourcing
according to interviewee 5 [187].

Expertise of Product Development

There is a lack of expertise for comprehensive product development within a hospital as mentioned by
interviewee 9:

first of all, as an organization we do not have the expertise to develop products, we do research but

69
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product development is a profession in itself and we simply lack the knowledge for that

This encompasses regulatory compliance (as mentioned by interviewees 7, 9 and 18), scalability (as
mentioned by interviewees 7 and 9), and marketing (mentioned by interviewee 9). The stringent regula-
tions governing medical product development necessitate early-stage inclusion of regulatory expertise
throughout the developmental process. Attempting to introduce it later could compromise previous
steps. Scalability requires adeptness in translating lab-based tests seamlessly into existing diagnostic
workflows.

Availability of Funding

It appears from interviews that hospitals themselves lack the financial resources required for compre-
hensive product development. The certification process and RCTs are considered very expensive by
several interviewees (7, 9, 12, 13) and makes the financial burden very high. Although subsidies sup-
port scientific and applied research, funding typically ceases after a certain stage as mentioned by
interviewee 9:

that funding only goes up to a certain stage of development and when it’s really in the product develop-
ment stage then there are really no subsidies to get and so then you have to go to the market for money

During the product development phase, subsidies seem to be scarce, prompting the need to engage
investors from the market. Several interviewees (4, 6, 7) mention the availability of subsidies requires
often the involvement of private partners to form public-private partnerships. Those subsidies are is-
sued by Health Holland and will thus only be given in case a private partner also invests. For example
interviewee 7 makes use of those subsidies:

I have some projects now and these are public-private partnerships and then you get some kind of
grant from the government as a research institution ... and then also a company develops something

This initiative was according to interviewee 4 a policy plan:

It was actually the Minister of Economic affairs who wants to encourage public-private partnerships,
it has been a policy plan and from there this call was set up

However, the availability of funding of investors differs depending on the interest rate according to
interviewee 9. Low interest rates attract private equity investments, but the anticipation of rising rates
may temper this trend. In times of very low interest rates, investors showed interest even at an early
stage and actively contributed to the creation of companies as stated by interviewee 9:

so then they are also going to help build those businesses themselves, so I saw that a lot lately. I
expect that’s now declining because those interest rates are going up .... the money will slowly start to
go out of the market a little bit that way. I already notice that it’s more difficult to attract investors

According to interviewee 9, willingness to invest varies between diagnostic and pharmaceutical sec-
tors. There is only a limited group that wants to invest in diagnostics. It is mainly therapeutics that
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companies want to invest in.

A lot of investors are kind of pulling out of everything but therapeutics and this kind of CDSS which
is ultimately diagnostics one way or the other and that’s harder to get funded. At least, the traditional
investors that I work with who have either never done that or are moving away from that because they
can’t get the return on investement there, the factor that they need to make their investment pay off
that they can’t get there ... that’s what I do see a lot of in recent years ... it’s getting harder and harder
to get initiatives funded there ... it’s only a very select few that will

However, there are not always investors needed as appeared during an interview with interviewee
5. An AI-CDSS named CUPPA, which stands for Cancer of Unknown Primary Prediction Algorithm, is
developed in collaboration with a philanthropic-funded organization [187].

Involvement of Umbrella International Research Bodies

There are high requirements for the studies to demonstrate clinical utility. It emerged that umbrella
international research bodies are involved in this, which in turn cooperate with national research bodies.
At the European level for this is the EORTC, which is also the leader of the MINDACT trial [160]. At the
national level, this is the Breast Cancer Research Group (BOOG), with which the EORTC collaborated
for the Dutch patient population. In the U.S. the organisation that conducted the TAILORx was the
Eastern Cooperative Oncology Group (ECOG)[174].

6.2. Regulation

European Regulation

The presence of regulatory limitations poses challenges in developing an AI-CDSS within a hospital
and within a single institution according to several interviewees (4, 6, 7, 9, 12, 18). To get a CE mark
within Europe, devices have to comply to the Medical Device Regulation (MDR) [188] or the In Vitro
Device Regulation (IVDR) [189]. These rules have become stricter in recent years [190] as also stated
by interviewee 7:

Those rules have only recently changed, that’s a few years only the MDR, first you were allowed to
do some kind of self-certification, then you were allowed to use it in your own hospital, but now it’s very
strict with the MDR.

An AI-CDSS must be trained on data from multiple institutions, not just a single hospital. Addition-
ally, a company or institute developing AI-CDSS should appoint a regulatory officer in accordance with
the European Medical Device Regulation (MDR). Therefore hospitals’ organizational structures are not
inherently suited for product development, as they often lack the prerequisites for certification. Intervie-
wee 7 states the following about this:

if you want to apply for an MDR, then you also have to change the organization chart of your com-
pany for the fact to comply with the MDR, suppose you want to do that from a hospital, then you have
to change the board of directors structure, because the MDR puts a requirement .... to the organiza-
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tional chart of the company that develops things, you have to have quality assurance at a certain level,
and a hospital has a board of directors for a hospital, but not for something that develops a medical
device

Interviewee 18 also indicates that the IVDR makes it difficult for a hospital to develop its own molecular
panels.

U.S. Regulation

In the realm of certification, the stories of Mammaprint and Oncotype shed light on a significant contrast
in how they obtain approval. Mammaprint’s path in the U.S. is notably rigorous, while Oncotype takes
a different route. In the U.S., Agendia, the company behind Mammaprint, participated in an FDA pilot
project. They secured approval for a complex assay that uses multiple markers with varying impor-
tance. This innovative approach exposed a lack of clear rules. On the other hand, the company behind
Oncotype chose not to join the pilot project and found an alternative way, as also stated by interviewee
9:

They (Agendia) wanted to be the neatest kid in the class there, but that did lead to them actually
being delayed in coming to market with their product, and Oncotype didn’t want to do any of that, and
they kind of beat Agendia in terms of who came to market first

Interestingly, FDA approval isn’t mandatory for laboratory-developed tests and Oncotype is not FDA
approved [140]. Mammaprint invested significant time in seeking FDA approval and as a result faced a
decline in momentum and market presence. In 2013, Agendia’s CEO stated that they initially expected
FDA approval to boost their standing in the oncology market and increase sales [191], however, the
reality was different while the process of FDA approval consumed a lot of time and resources [191].
This highlights that while certification is crucial, even basic certification can be sufficient for practical
adoption.

6.3. Sell/Marketing

Type of Evidence

The approval process for AI algorithms under the MDR [188] or IVDR [189] framework may encompass
retrospective assessments [188, 189]. However, the role of conducting RCTs remains somewhat am-
biguous. Notably, in the cases of Mammaprint and Oncotype, conducting an RCT has been observed
to significantly impact market acceptance, as highlighted by interviewees 9 and 12. Agendia, for in-
stance, initially relied on retrospective evidence to support its product. However, to establish credibility
with governmental bodies and insurance providers, the company recognized the imperative of under-
taking a comprehensive prospective study [155]. Interviewee 9 and 12 also mention the need for an
RCT for market acceptance. Interviwee 9 states the following:

For a lot of people, governments, insurance companies, that prospective study had to be there neces-
sarily before they actually want to believe that it did what it was supposed to do.
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Despite the RCT for Mammaprint, the MINDACT study [160], Agendia encountered reimbursement
challenges for its product within the Netherlands, though the study did prove influential in facilitating
market entry in other countries. Interviewee 12 mentions that it is reimbursed on the basis of this study
in many countries:

It is thus ... reimbursed on the basis of clinical characteristics except in the Netherlands, ... (while
it is reimbured) in France, in Italy, in Germany, in Belgium, in Czechoslovakia, in America, in Canada

Interviewee 9 also indicates that it did help in other countries:

it did help elsewhere though to sell this better.

Concerning the use of AI-CDSS in (cancer) screening, prospective validation studies are meant to be
very important, as it was said multiple times by interviewee 11. Those studies are needed as evidence
before being able to decide upon using AI-CDSS within national breast cancer screening programs.
This is necessary because it is not clear from retrospective studies how the outcome of an AI-CDSS
affects radiologist behavior as stated by interviewee 11:

Precisely with deep learning, you can end up in the situation that an AI indicates something that the
radiologist does not see, and that naturally raises questions, so is the radiologist going to act on that,
not knowing what the AI is looking at? Because the moment the AI starts seeing a lot of things, many
of which do not turn out to be breast cancer on closer examination, yes, then you do something with
the balance between the pros and cons of the program, and of course we would rather not have a lot
of women being sent to the hospital with a suspicion of breast cancer who turn out not to have breast
cancer which is why we also need prospective studies.

We’re really not yet at implementation to say that now is the moment in time to implement. We know
retrospectively that this AI is actually doing quite well. We should be doing prospective studies now to
see what happens, and how it does affect those radiologists.

Marketing Region

In the realm of product marketing, a strategic orientation towards specific markets holds pivotal im-
plications for the sustained success of an AI-CDSS as appeared during the case study interviews of
Mammaprint. The intricate interplay between the characteristics of different markets, particularly ev-
ident in the European and U.S. contexts, introduces a dynamic that can either advance or impede
progress. Remarkably, the U.S. market, as highlighted by interviewees, stands as a significantly ex-
pansive market. So indicates interviewee 12:

I would advise anyone starting this again to focus first on the U.S. market.

One of the reasons given by interviewee 12 is that the market is much bigger:

America first of all it is a large homogeneous healthcare market, 320 million people in one system,
Europe is 27 countries that all have their own healthcare system.
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As also mentioned by interviewee 1:

While the competitor (Oncotype) has very quickly ramped up in the U.S., which of course is a huge
market. Which is quantitatively much faster and more.

Although alternative markets are occasionally discussed, there is a prevailing sentiment: none of the
interviewees have substantial first-hand experience in this area. In addition, interviewee 7 mentions
the enormous challenge of the elusive Chinese market, while acknowledging untapped opportunities
in the Australian and New Zealand markets. Mammaprint has achieved notable success in the U.S.
market, with an impressive 80% of their sales attributed to this region, as indicated by interviewee 12.

Lobby

The role of lobbying emerges as a potentially influential factor, yet its pathways and magnitude remain
veiled in uncertainty. Among the interviewees (3, 10), a recurrent observation is the substantial financial
resources at the disposal of Oncotype. This financial disparity raises questions about its implications
and effects on market dynamics. So does interviewee 3 mention:

they are just so big that they just have a tremendous amount of money to be able to sponsor. ... for
example, their marketing is much broader than Agendia’s. Agendia is actually relatively small...Those
(Exact Sciences), are just huge and everybody knows it and they just have the resources to, in America
it’s also just so you can pay doctors to use your test, or a hospital and go talk to a hospital and you
make an agreement that they only buy your test and not the competitor’s test.

Exact Sciences also tried lobbying in the Netherlands, which is illustrated in an investigative piece by
’Follow the Money’ [192]. There are lobbyists, paid by Exact Sciences, for Oncotype in the Netherlands.
These lobbyists engaged in casual meetings with medical specialists, advocating the superiority of the
Oncotype test over Mammaprint. However, the impact and magnitude of these interactions remain
enigmatic.

6.4. Purchase/Reimbursement

Healthcare System

The structure of healthcare systems seems to significantly influences the reimbursement landscape for
Mammaprint. A stark contrast exists between the U.S. and Europe in this regard. In the U.S., a sin-
gle healthcare system governs a vast market, allowing for direct negotiations with insurance providers,
fostering a more direct interaction with key stakeholders. Conversely, Europe presents a fragmented
market, with each country operating its own distinct system, with variances in product acceptance and
reimbursement protocols, and diverse insurance companies as mentioned by interviewee 9:

A major obstacle for Mammaprint in the Netherlands was, and still is, the reimbursement, that reim-
bursement is I think also one of the reasons that Agendia moved to the U.S. ...., that is one very large
market with only one care system and Europe is in this area a very fragmented market, each country
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has its own systems, its own way of reimbursement, different insurance companies, so it’s a very diffi-
cult market to penetrate. .... there the U.S. is a lot easier, so reimbursement has been a big issue.

The negotiation process in Europe often involves government entities, which can lead to slower decision-
making according to interviewee 12:

in America you can deal with private health insurance companies, and they can just decide some-
thing independently. In Europe, you have to deal mainly with governments, and, that just goes much
slower.

Reimbursement rules vary greatly between countries, exemplifying the intricate relationship between
healthcare systems and financial considerations. Notably, the Netherlands upholds a system rooted in
solidarity and equal access to healthcare services and seems to foster a more cautious approach to
costly treatments and diagnostics. This contrasts with the U.S., where a more commercialized health-
care system seems to contribute to a higher level of acceptance for expensive medical services. The
distinction between public and private healthcare systems further underscores the disparities in reim-
bursement strategies.

Lack of Clear Reimbursement Route for Basic Health Insurance

The process of reimbursement of AI-CDSS within the Dutch healthcare system lacks a straightforward
route as interviews and grey literature revealed. This includes AI-CDSS making use of diagnostic
procedures within cancer care, as well as the reimbursement of AI-CDSS employing image analysis
methods.

Molecular Diagnostics
While certain AI-CDSS for diagnostics, such as Oncotype [93] are covered under the basic insurance
package under certain conditions, the landscape for molecular diagnostics remains intricate. However,
recently the field of molecular diagnostics has witnessed significant developments in delineating the
possibilities for reimbursement. In 2021, the ’implementation process molecular diagnostics’ [193] has
been launched at the request of the Ministry of Health, Welfare and Sport [193]. Within this implemen-
tation process, the ZiN collaborates with the field to enhance the quality, accessibility, and affordability
of molecular diagnostics. The outcomes are intended to contribute to tailored care for patients with
metastatic cancer [193]. Under the auspices of ZN, the CieBAG committee [194, 195], along with its
Molecular Diagnostics (MDx) working group [196], collaborates with healthcare professionals and pa-
tient associations to address the reimbursement of molecular diagnostics within this implementation
process. Within molecular diagnostics there is a grouping of several different biomarkers. There is a
clear reimbursement route for the group of biomarkers directly linked to a drug. This is for example
for the EGFR mutation in long cancer patients which is coupled to a drug named Osimertinib [197].
Now, they are also looking within the ’implementation process molecular diagnostics’ at making reim-
bursement possible for biomarkers that are not directly linked to a drug, but are linked to treatment
decision-making. Interviewee 5 says the following about this:

The first group is biomarkers linked to a drug and the second group is biomarkers not necessarily
linked to a drug, but which do support a treatment decision...the first group goes the classic way of
the blue boxes as we call them, but then you have that second ... those are biomarkers that are a
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little trickier, because the ZiN and the health insurers said that’s not reimbursed, because that’s not
proven. So those practitioners said ’we can’t work like this if we don’t have these biomarkers’, ... the
consensus now is that the second group is also on that list and thus is also reimbursed care, so now
we have two categories of reimbursed care, those blue boxes (group 1) linked to a drug, and these
(group 2), we also call it prognostic factors, for example if you have a very poor prognosis you will start
heavy therapy sooner, if you have a very good prognosis you might be able to delay for a very long time.

Mammaprint is also a form of molecular diagnostics that has an effect on treatment decision-making. If
Mammaprint had come to market now and not gone immediately to ZiN for assessment, it would most
likely follow the route to reimbursement that the CieBAG is currently devising according to interviewee 5.

The CUPPA algorithm [187, 198, 199], an AI-CDSS employing molecular diagnostics, stands out as
a success story. Widely adopted by national molecular tumor boards, CUPPA facilitates the identifi-
cation of potential treatment options for cancers with unknown primary sites. It used Whole Genome
Sequencing (WGS) data as input, despite the substantial expense associated with WGS, it secured
national reimbursement for patients with an unknown primary site within just 1.5 years according to
interviewee 5:

That CUPPA has been reimbursed nationwide for 1.5 years and we started that 3 years ago.

A special type of billing code, Other Care Product code (OZP code) was introduced to ensure the
possibility for reimbursement of CUPPA [200]. It’s important to note that CUPPA possesses distinctive
attributes: it was developed in collaboration with a philanthropically-funded organization and is there-
fore non-commercial and open-sourced on Github [199], it is used exclusively by medical specialists
within national molecular tumor boards and viable alternatives for treatment decision-making were pre-
viously lacking according to interviewee 5. Furthermore, it remains unclear whether any charges are
incurred for the use of the CUPPA algorithm, or that reimbursement payments exclusively cover the
costs of WGS and the efforts of the medical specialists within a molecular tumor board.

Image Analysis Based AI-CDSS in hospital
The path towards reimbursing image analysis methods is considerably less defined than that of molecu-
lar diagnostics. Interviewee 6, who also develops image-based AI-CDSS, mentions the current ambigu-
ity surrounding the feasibility of reimbursing such systems. Efforts are underway to establish ’guideline
AI’ [201], aiming to clarify aspects like reimbursement by insurers for the use of AI in healthcare [201].
This is still at an early stage and further developments in this area are needed.

The lack of a clear reimbursement route is also illustrated for another AI-CDSS based on image anal-
ysis methods in cancer care, namely Transpara [202]. Transpara is a spin-off from the Radboud UMC
and has achieved CE and FDA approval [203].This AI-CDSS helps radiologists in the hospital with
breast cancer screening and is used within several hospitals within the Netherlands [203]. Hospitals
that implement Transpara bear the costs for its use [203]. There is an ongoing tension regarding the
evidentiary requirements for reimbursement. In a research report on AI applications in healthcare com-
missioned by the ZiN and conducted by research firm Berenschot, the following is stated:

Financing of Transpara by health insurers has not yet been addressed at the current stage. Hospitals
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currently pay for the application themselves. There is partial room in the budgets for such innovations,
but the tension remains: when has a clear point been reached where sufficient evidence has has been
gathered to qualify for health insurer funding, according to several actors. [203]

This issue of when there is enough evidence for reimbursement was also already highlighted in the
previously mentioned ’AI Guideline’ [201].

Image Analysis Based AI-CDSS in screening
Currently there are no AI-CDSS used in screening in the Netherlands, but developments are being
done. In breast cancer screening, especially image analysis methods appear promising according
to interviewee 11. The reimbursement for screening follows a completely different path. Costs are
reimbursed from a budget for screening programs from the Ministry of Health and thus have nothing to
do with health insurance. The Committee for Population Screening within the Health Council advises
the Minister of Health about this. The pathway thus appears straightforward, but it has not occurred
thus far.

Existence of Alternative Reimbursement Routes

The existence of alternative reimbursement routes besides reimbursement through basic health insur-
ance could positively influence the adoption of AI-CDSS as learned from the case study onMammaprint.
These alternative reimbursement routes explain how it is possible that Mammaprint became well estab-
lished in practice, while it is not in the basic health insurance package. First, during the RASTER study
and the MINDACT, the Mammaprint was reimbursed in study context [160, 168]. Second, according
to many interviewees (8, 10, 12, 17, 18) the Mammaprint test was reimbursed by many health insur-
ers out of leniency. Although when again a negative assessment of the ZiN came out in 2018, many
health insurers stopped this goodwill arrangement. Reimbursement out of leniency is also found by a
more recent AI-CDSS, namely SkinVision, which is reimbursed out of leniency by one health insurer
in the Netherlands [204]1. Third, Mammaprint is currently in the supplementary insurance of a couple
of health insurers according to interviewees 12 and 17. Fourth, even without supplemental insurance,
you can still use a Mammaprint test at certain hospitals at no additional cost as it became clear from
interviews that Agendia has arrangements with hospitals so that they can continue to use and offer the
tests to patients without incurring high costs. How many hospitals this is about is unknown. Agendia
itself confirmed the existence of this arrangement. The reason the arrangement with Agendia exists
seems to be because of the fact that medical specialists were used to using the test and were eager to
continue offering it. It is suggested about Agendia’s rationale that they could also retain market share
this way, however, this has not been mentioned by or asked of Agendia if this is indeed true. This does
seem plausible, as it was also mentioned that many hospitals switched completely to Oncotype after
the 2021 decision, as that test was reimbursed through basic insurance from then on. According to
one of the interviews working at one of the hospitals that has an arrangement with Agendia, they would
probably also have to switch if Mammaprint will not be reimbursed soon:

Because with us that is still financially reimbursed in a certain way. But the Mammaprint is not in-
cluded in the package of reimbursed care from the health insurance companies and the Oncotype is.

1Skinvision is a home-based image analysis AI-CDSS designed to assess whether skin abnormalities warrant further exami-
nation by a medical specialist for potential cancer.
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So ... if that doesn’t change, the Mammaprint is going to disappear, at least for the Netherlands, then
it’s going to be Oncotype for us as well.

6.5. Use

Utilization of AI

At first glance, the utilization of AI may appear to be negligible, partly due to a lack of awareness
among medical professionals regarding its presence. For instance, interviewees 4 and 6 indicate that
Mammaprint is not associated with AI in the medical world. Medical specialists seem to be unaware
that AI is employed in the classification of high and low-risk groups in tests such as Mammaprint and
Oncotype. Interestingly, when asked what qualifies as AI, all interviewees (3, 4, 6) pointed to image
analysis applications, often using advanced deep learning techniques. These applications are currently
gaining attention in fields like radiology and pathology, marking image analysis as an emerging and in-
novative area according to interviewees 6, 7, 11, 12 and 13. For example, interviewee 3 mentions:

what we see as AI, for example, is that which is used a lot in radiology and pathology, so the im-
age and computer-based learning

Interviewee 6 mentions:

I think we are now referring mostly to AI in the application for medical care to image analysis, so that’s
then in radiology and in pathology

the new revolution coming up after genetic classification or sequencing is digital image analysis us-
ing deep learning methods

It seems from interviewees 6, 7, 11, 12 and 13 that new areas where AI-CDSS are upcoming are
thus now in image analysis methods in radiology and pathology.

Paradoxically, while Mammaprint is not associated with AI, medical practitioners viewed Mammaprint
as black box at the beginning because of the use of gene expression profiles according to interviewees
7, 10, 12 and 19. This perspective can be attributed, in part, to the early stages of Mammaprint’s de-
velopment coinciding with the start of understanding the human genome. Back in the early 2000s, the
first rough map of the human genome was unveiled. During this period, the application of genomics
tests was groundbreaking, and the focus was primarily on the use of gene expression profiles rather
than delving into the algorithms. For example, interviewee 10 says the following about this:

The Mammaprint was actually the first kind of DNA profile in the Netherlands at that time, which was
really considered by a doctor as a kind of black box.

When asked about their perspective on AI’s role in breast cancer care, interviewees (1, 2, 3, 5) gener-
ally exhibit enthusiasm. Interviewee 1 for example mentions:
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I’m open to it, and I’m at the end of my career, but I think it’s definitely worth exploding. I see the
doctor’s role more and more, and I’m not the only one, as a coach, as a translator of all those kinds of
things that are becoming publicly available.

Interviewee 11 mentions the following about radiologists’ attitudes toward the use of AI:

In the beginning, certainly at congresses there was very much such a debate of are we being replaced
by the AI. I don’t really see that anymore. Now it’s much more about the question: ’Hey AI is very
promising, how are we going to integrate it as good as possible into the process and how do we ensure
that the radiologist and the AI work together as good as possible so that we can improve the process?’
And that’s kind of the quest where we are right now.

It’s about, how can we best achieve that interaction? And if that means freeing up some radiologist time
with that. Yes, that’s absolutely fine, of course. There is a need everywhere, right? There is capacity
problem everywhere. So it’s only nice if the AI can make sure that the radiologist can focus on some
other things as well.

Their enthusiasm, however, comes with a condition: they are not averse to ”black box” algorithms,
as long as their effectiveness is validated and proven. The AI-CDSS have to do what they claim they
can do. However, this seems to be something more general and not specific to the use of AI.

Output type

It emerges that there is no clear preference among medical professionals for the type of output given
by Mammaprint and Oncotype. In fact, these tests differ on that. The Mammaprint gives a scale with
a cut-off point for high and low risk, so the score is somewhere on a scale. The Oncotype gives a
scale with a low, medium and high risk group, so there is a score attached to this as well. Interviewee
3 indicates a high and low risk group is much clearer, however, this interviewee also indicates to be
biased toward Mammaprint. Interviewees 1 and 2 indicate that they are used to the use and output
of the Mammaprint test, but do not have a strong preference in the type of output. With both tests,
you have some leeway and you are not bound by the result, but can still discuss that with the patient.
Interviewee 1 says the following about this:

The cut-off point for both tests is not such a thing, as far as I’m concerned you’ll be fine with both
tests. It’s binary on the one hand, red or green, on the other hand you still get the percentage where
you’re free to still have in joint decision making about ’okay it’s green, but it’s very close to that midline,
maybe if you want that chemotherapy can still come into the picture’, so with neither test you’re neces-
sarily stuck on a black or white decision making

Interviewee 4 and 6 also mention that a mere ’yes’ or ’no’ as output for an AI-CDSS is considered
unpleasant. Interviewee 2 indicates to not prefer an output without underlying information:

then you’re actually missing the underlying information, because then there’s actually another entity
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that is therefore deciding for you how information is interpreted or where you get the information from,
so I would be a little more cautious about that.

From this it does thus seem to be important to include a score on a scale in addition to the risk group,
as this allows the medical specialist to interpret it.

6.6. Concluding Remark

During the interviews with various stakeholders the broader context of the reimbursement arena of AI-
CDSS in cancer care, and specifically Mammaprint, came to the light, which are shown in figure 6.1.
It became evident that it is difficult to develop AI-CDSS within a hospital as funding and expertise of
product development are missing. There are also regulatory requirements which pose impediments. In
terms of funding, there is often dependence on investors and the government encourages public-private
partnerships. Yet it appears that philanthropic-funded organizations can be an alternative during the
product development phase, in which case the product does not need to be commercialized. Certifica-
tion alone appears insufficient for marketing and reimbursement of the product, additional evidence is
essential. This can be in the form of RCTs, for which the involvement of umbrella international research
bodies is important. It became evident that the ease of adoption is highly contingent on the region or
country, particularly evident in the sell/marketing and purchase phases, where differences between Eu-
rope with a primarily public and the U.S. with a primarily private healthcare market emerged in particular.
It seems that when direct negotiations with healthcare insurers are feasible, the adoption of AI-CDSS is
smoother compared to healthcare systems where government involvement is prevalent. There might
be a role of lobbying, but this role remained vague. Furthermore, reimbursement pathways for AI-CDSS
in the Netherlands vary significantly based on the underlying technique, namely molecular diagnostics
or image analysis and based on the use in hospital or in screening. The reimbursement status of image
analysis AI-CDSS remains unclear, with ongoing efforts to assess the feasibility of reimbursement. On
the other hand, AI-CDSS utilizing molecular diagnostics, have been subject to reimbursement regu-
lation development to clarify and improve reimbursement pathways via the ’implementation process
molecular diagnostics’ [195]. Besides being included in basic health insurance, alternative reimburse-
ment routes do exist in the Netherlands, although often temporary in nature. The interviewees indicate
Mammaprint is not seen as a form of AI within the medical field, but what the medical field does see
as AI are image analysis techniques. These AI-CDSS using image analysis seem to be on the rise in
radiology and pathology. According to interviewed medical specialists AI-CDSS should not provide a
definitive, binary response; instead, it should be designed to allow a medical specialist to interpret the
results.
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Figure 6.1: Factors and actors that influence the adoption and implementation of AI-CDSS



7
Discussion

In this chapter first the findings from the literature and case study will be compared. Second,
the factors identified during the case study on Mammaprint will be discussed. Third, the inter-
pretations according to institutional theory and generalizability will be discussed. Fourth, there
is a reflection on the methods used.

7.1. Relation Literature and Case Study

The literature (see chapter 3) primarily focused on AI-CDSS in a general context, whereas the case
study specifically focused on AI-CDSS within breast cancer care (see chapter 4, 5 and 6), albeit with
some insights extending to other forms of cancer. This juxtaposition offers an intriguing opportunity
to discern whether factors identified in the broader realm of healthcare also apply to (breast) cancer
care. Moreover, it prompts an exploration into any novel factors that may have emerged during the
case study, absent from the initial literature review.

Development

During the literature review it was found that medical specialist involvement during the development pro-
cess is an important factor [95–97, 101, 110, 111, 113]. It is very likely that this helped for Mammaprint
as development took place within the NKI-AVL which also employs lots of medical professionals who
are part of national medical specialist associations which helped diffusion within a network of medical
specialists. The availability of funding Watson et al. [97] was found to be an important factor during
the literature review and then especially the costs for clinical trials [115]. This is something which was
also mentioned often during the case study interviews as an important reason why externalisation of
product development is needed (see section 6.1). For the clinical trials, lots of data is needed [97,
102, 116] and should be acquired in the right way [97, 100, 101, 107, 115, 117]. This was implicitly
validated by the fact that there was intensive involvement of international research bodies, who also
managed the data acquisition process. In the context of the development phase, many factors outlined
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in the literature thus resurface in the case study. A notable revelation is the imperative for externalizing
product development (see section 6.1). Interviews indicate that this need stems not only from financial
considerations, but also from the lack of specialized product development expertise within a hospital
setting.

Regulation

In the regulation phase, uncertainties abound. While the literature suggests ambiguity in the standards
required for CE approval [100, 101, 119], this did not arise in the case study interviews, potentially due
to the absence of regulatory experts among the interviewees. Moreover, recent changes in Medical
Device Regulation (MDR) and In Vitro Device Regulation (IVDR) in 2021 may have alleviated some of
the uncertainties [188]. Nevertheless, European regulations pose challenges for in-hospital AI-CDSS
development, necessitating collaboration across multiple institutions (see section 6.1). The case study
also highlighted variations in FDA approval processes between Mammaprint and Oncotype, with uncer-
tainty surrounding whether FDA approval was necessary (see section 6.1). Mammaprint underwent a
rigorous pilot project for FDA approval, while Oncotype had a comparatively smoother path. Although
the case study primarily focused on the purchase/reimbursement phase, discussions regarding data
sharing standards and legal considerations were limited, suggesting they currently haveminimal impact
on Mammaprint, though this may have been different in the past.

Sell/Marketing

Regarding the slow acceptance of AI in healthcare, as highlighted in the literature [135–137], confirming
or refuting this factor based solely on the case study findings is not possible. What does emerge is the
ongoing proliferation of AI-driven solutions in healthcare, with medical specialists generally displaying
receptiveness. However, it should be noted that factors influencing sector-wide acceptance may be var-
ied, and this research specifically focuses on the adoption of Mammaprint, where AI did not play a role
in reimbursement and in acceptance as most medical specialist were not aware of its use (see section
6.5). Similarly, concerning the respondence on market demand it is also very hard to either confirm nor
deny the effect of this factor in the case study. This is complex as payers and users are distinct entities,
making it hard to definitively attribute demand determination. What can be said is that Mammaprint is
considered to provide added value in the Neterlands only for a small subset of breast cancer patients
[158]. During the case study, novel factors emerged regarding the marketing of AI-CDSS (see section
6.3). For instance, in the case of Mammaprint, mere CE or FDA approval proved insufficient; additional
evidence, in the form of an RCT, was required to instill trust, which was also mentioned for AI-CDSS
applied in screening. Moreover, the geographical scope of marketing played a pivotal role. While the
U.S. boasts a big unified market, the European landscape is markedly more fragmented, organized
on a country-by-country basis. The role of lobbying in marketing, while mentioned in the case study,
remained somewhat vague yet could potentially exert influence on marketing.

Purchase/Reimbursement

While the literature emphasizes cost-effectiveness as a crucial factor [101, 104, 129], it wasn’t a pri-
mary consideration for Mammaprint’s rejection in the Netherlands’ reimbursement process. This has
two sides, on the one hand Mammaprint is probably cost-effective [92]. On the other hand, the proce-



7.1. Relation Literature and Case Study 84

dure for reimbursement in basic health insurance only dives in the cost-effectiveness in the last phase,
while Mammaprint is already rejected in an earlier phase because of clinical utility reasons [91, 92].
Installation and maintenance support was indicated by literature to be insufficient [97, 114]. During
the case study not much is said about this, but it seemed that for Mammaprint the maintenance sup-
port is sufficient as hospitals associations indicated to be fully content with organizational and logistical
concerns (see section 5.5). Noteworthy new factors emerged in the case study. There’s notable uncer-
tainty about the reimbursement pathway for basic health insurance for molecular diagnostic AI-CDSS
like Mammaprint and also for in-hospital image analysis-based AI-CDSS (see section 6.4). Additionally,
substantial disagreement was observed between medical specialists and the ZiN in the Netherlands
regarding reimbursement. Medical specialists hold different perspectives on when clinical utility is ad-
equately demonstrated and the risks they’re willing to accept in the trade-off between quality of life
and survival (see section 5.4). Furthermore, the healthcare system itself also seems to play a role. In
the Netherlands, government agencies have the final say in decisions for reimbursement within basic
health insurance as the system is rooted in solidarity. In contrast, the American system is more com-
mercialized, allowing for direct negotiations with insurance providers (see section 6.4). In addition, it
became clear that there are alternative pathways for (temporary) reimbursement in the Netherlands
(see section 6.4).

Use

In the literature study most factors influencing the adoption and implementation of AI-CDSS appeared
in the use phase (see section 3.5). This could be because of a bias in the search terms. It could
however also be that this is actually the most studied phase. During the case study, the use phase was
not the primary focus; hence, fewer factors were mapped in this phase. What stood out that medical
specialists are open for the use of AI [108, 112] Gunasekeran et al. [105] Alsobhi et al. [104], something
that could already be found in literature and could be validated during the case study (see section 6.5).
Although in the case of diagnostic tests, medical specialists are not aware of the use of AI. Another
thing that stood out is that medical specialist’s have a sense of added value when it comes to the
decision-making process for treatments [96, 101, 105, 107]. This was also found during the case study
where medical specialists indicated that in the output of an AI-CDSS there should be leeway for the
own interpretation of the medical specialist (see section 6.5). This also calls for systems that provide
an explanation on which their recommendations are based.
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7.2. Discussion of Factors identified in Reimbursement Arena

The inclusion ofMammaprint in basic health insurance encounters a bottleneck during the SWP criterion
assessment, which evaluates its clinical utility. The SWP criterion is a formal institution mandated by
law in the ’Besluit Zorgverzekering’ in article 2.1, second paragraph [167]. However, institutions operate
in a layered manner, and in this case, it is the ZiN that establishes the assessment framework for the
SWP criterion [89], which holds independent legal significance. Additionally, the ZiN clarifies the nature,
content, and scope of the insured services. The precise implementation of the SWP criterion is thus
not mandated by law, but delegated to the sector. The SWP assessment framework [89, 170] provides
guidance, but it also allows for considerable discretion, leading to multiple interpretations. Therefore,
apart from creating the SWP assessment framework, the ZiN also possesses the authority to interpret
it on a case-by-case basis. This grants the ZiN significant room to establish its own rules and bestows
substantial decision-making power upon the ZiN in the arena.

7.2.1. No clear requirements for inclusion of diagnostic tests

The ZiN has lots of experience in assessing medications, but little experience in assessing diag-
nostic tests
Where the ZiN has extensive experience in evaluating medications, the same cannot be said for medi-
cal tests. Extramural medicines, those available at pharmacies with a doctor’s prescription, are always
assessed by the ZiN, which then advises the minister [162, 163]. Additionally, the ZiN evaluates med-
ications leading to very high costs, falling under special consideration, in the ’lock of expensive drugs’
where they also advise the minister [164]. However, in the realm of medical tests, the ZiN lacks the
same level of experience. This probably because of two reasons. Firstly, assessments of intramural
care, like diagnostic tests, that are not in the lock of expensive drugs are normally the responsibility
of health insurers [163] and only come to the ZiN in exceptional cases. Secondly, the frequency of
requests for medical tests is likely relatively low. The Mammaprint test was the first medical test as-
sessed by the ZiN (see section 5.4.1). In the first decision round in 2010, the ZiN’s draft position report
[91] states that it assesses based on evidence-based medicine principles, but acknowledges limited
experience with medical tests, as most experience has been gained with therapeutic interventions [91].
During this assessment, the ZiN also established a framework for evaluating medical tests, which is
used within the SWP [91]. In 2011, further clarification on the SWP assessment framework is provided
in the event of a medical test evaluation [170]. This is not a new way of assessment, but an explana-
tion of how the SWP assessment framework can be applied to medical tests. In the SWP for medical
tests [170], it becomes clear that, among other things, medical diagnostic tests in screening were ex-
amined as for screening the debate about when a test is beneficial was settled decades ago [170]. In
this context, the criteria of Wilson et al. [205] from 1968 and the additional screening criteria set by
the WHO in 2008 [206], which are also used by the RIVM for responsible population screening [207],
are considered [170]. The starting point here is that tests are not applied when they do not have a
positive effect on health or do more harm than good compared to the alternative of not testing or using
another test, even if the test results themselves are valid [170]. However, there are two points that are
not black and white. For instance, it is debatable when there can be talk of sufficient evidence, and in
the case of Mammaprint, there is also a trade-off between potential positive and negative effects on
health. Furthermore, it is notable that the medical specialists did include Mammaprint in the medical
guidelines [156–158] while also using evidence-based medicine principles. This also shows that there
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are different interpretations and that there is a tension in this regard.

Other actors in the reimbursement arena assert that the evaluation method is unsuitable for medical
diagnostic tests, such as Mammaprint (see section 5.4). According to them, the ZiN assesses medical
diagnostic tests as if they were medications, while they should be approached in a different manner.
It appears logical that the ZiN would apply the familiar method that worked well for medications. Ad-
ditionally, according to interviewees (see section 5.4) there is uncertainty surrounding the evaluation
process, which undergoes changes throughout the decision rounds. This can be explained by the
newness of the field, with the evaluation process still evolving. Furthermore, the ZiN may exercise
additional caution in permitting these types of new diagnostic tests, as once they are approved, many
more may follow, potentially leading to an unmanageable situation. In this sense, being an innovation
and the first of its kind may work against Mammaprint.

Little changes in assessment procedures of diagnostic tests throughout the years, but recent
improvements
Moreover, there appears to be a low sense of urgency at the ZiN. While a module on medical tests
was published in 2011 [170], no further updates have been made over the years. Yet recently, since
the past two years, this does seem to have turned around. On behalf of the Ministry of Health, the
ZiN launched an implementation project for molecular diagnostics [193] with the aim of improving the
quality, accessibility and affordability of molecular diagnostics with the field (see also section 6.4). The
results should contribute to appropriate care for patients with metastatic cancer [193]. According to one
interviewee (interviewee 19), a new module for the SWP dealing with molecular diagnostics will also
follow from this. So there does seem to be a search now for an appropriate way of assessing molecular
diagnostics in cancer care. Several actors are involved in this molecular diagnostics implementation
process [193], many of whom are also involved in the reimbursement arena of Mammaprint. The
committee CieBAG [194] from ZN is since recently responsible for molecular diagnostics [195]. From
interview input it seems that CieBAG takes the lead in cooperation with ZiN on this, in close cooperation
with medical professional organizations [196], among others. According to interviewees (5, 18 and
19) it seems to be promising and to actually improve reimbursement of medical molecular diagnostic
tests considerably. This is 20 years after the invention of Mammaprint. So in terms of innovation, the
legislation is years behind. It also remains to be seen whether this will change anything for Mammaprint
as Mammaprint is currently in an assessment procedure [94].

7.2.2. (High) Level of burden of proof needed

There is a political, a commercial and a medical point of view about the required level
Regarding the level of burden of proof considered necessary for Mammaprint, there are large differ-
ences between the ZiN, the medical specialists in the reimbursement arena and the commercial actor.
Where this is notable, there are possible explanations. For example, the ZiN wants the best evidence
before allowing something into the basic package. The ZiN works on the principle that everyone helps
pay for healthcare and therefore it must be proven useful before it is reimbursed. As for the medical
field, they would like to be able to use it quickly in practice and as long as reimbursement is not prop-
erly regulated, this is inhibited. It is also indicated that 10-year RCTs are very difficult studies and that
external factors are impossible to keep equal during such a long study duration (see section 5.4). The
ZiN sees this different, because they see the 10-year RCT studies as less reliable because over the
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years the use of chemotherapies changes. From the commercial point of view, the time frame at which
evidence is needed exceeds the business case time frame. Furthermore, there are very high costs
associated with RCTs that run for 10 years. All these different interests, objectives and experience
leads to different point of views about the level of proof needed.

Insights on future requirements regarding the level of burden of proof
It further emerges from interviewee 5 that within the current trajectory ’implementation process molec-
ular diagnostics’ [193] (see also section 6.4), there is a high likelihood that phase 3 studies 1 will not be
necessary for the inclusion of biomarkers in reimbursed diagnostics. In theory reimbursement was al-
ready possible as in the SWP it is also stated that phase 3 studies are not always required for inclusion in
the insured package [89, 170]. However for in practice, a consensus now seems to be emerging within
this trajectory ’implementation process molecular diagnostics’ about when this is and is not necessary
between the ZiN, medical specialists and health insurers. On the other hand, it becomes clear from
interviewee 11 that the use of AI-CDSS in screening does require prospective studies before AI-CDSS
will be implemented in national screening programs.

7.2.3. Disagreement on study design between medical professionals and ZiN

There is a big disagreement about the study design needed to prove clinical utility between the ZiN
and the medical specialists within the reimbursement arena of Mammaprint. This is quite striking that
there is such a big difference. The medical specialists consider the results of the MINDACT study [160]
to be good enough to prove clinical utility and use the test in practice, while the ZiN argues that the
study design in itself would not be able to answer this question. The study design gets stuck on several
points, for example, the ZiN divides the study population into subgroups and, according to the ZiN, all
patients should have received randomized treatments. As for the subgroups, some ambiguity remains.
Indeed, medical specialists do indicate in medical guidelines that the Mammaprint test is only suitable
for a specific group of patients [158]. Thus, they also ultimately select a subgroup from the entire
study population for whom it would be useful. However, according to them, the entire study population
should be considered as one group when it comes to measuring outcome measures. Furthermore, the
medical specialists in the arena indicate that not all patients can be randomized because, according
to medics, it is not ethically acceptable. There seems to be a knowledge gap here that works both
ways. For example, the policy making field does not seem to have a good idea of how studies work
in practice, so they may overlook what is and is not ethically acceptable. In addition, the medical field
seems to overlook how the policy making field views clinical utility. Furthermore, the ZiN deems it
necessary to have more quality of life data in order to weigh between the trade-off of quality of life
and survival. However, medical specialists consider it evident that Mammaprint improves the quality of
life for patients and find it strange that evidence is being requested for this. However, interviewee 13
pointed out that attempts were made within the field to gather more quality of life data for MINDACT
(see section 5.4.3). However, at that time, it was not yet common practice to measure this for such
studies, resulting in minimal data on quality of life being collected.

1Phase 3 refers to a large prospective and often randomized study that compares the safety and effectiveness of the new
treatment against the current standard treatment, often using randomization.
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7.2.4. Priorities in trade-off between quality of life and survival differ

There exists a trade-off between quality of life and survival in evaluating the Mammaprint test. There
is a potentially large group that by using the Mammaprint does not have to contend with unpleasant
side effects of chemotherapy. However, there is also a potentially very small group that will forgo
chemotherapy by using the Mammaprint test, while the patient will still develop metastases and may
even die from them. The question then is do you prioritize the improvement in quality of life of a large
patient group over the potential death of a patient because of the Mammaprint? And then how heavily
does quality of life versus survival weigh? This is where ethical choices must be made.

Survival is often considered as a primary objective in the medical world, as it serves as a tangible
metric to demonstrate predictive capacity. If a test doesn’t show a survival benefit, it may be deemed
medically less useful. Additionally quality of life is more difficult to quantify and is often seen as a sec-
ondary objective. What makes it additionally challenging is the very limited availability of quality of life
data for Mammaprint.

It became clear that medical specialists and the ZiN express different preferences in this regard (see
section 5.4.4). These different preferences could be preceded by different ethical values, which are
neither right nor wrong, but reflect ethical preferences. For example, the underlying ethical principle of
choosing the greatest good for all, which is thus done at the moment when the improvement of quality
of life for a large group is seen as more important than the potential death of a very small group, is
a utilitarian principle. Whereas choosing that the risk of death should be very low is patient-centered
and based on a deontological principle where death is seen as something to be avoided at all costs if
necessary at the expense of a large patient group.

7.2.5. Potential Strategic Behavior

In the disagreements between the medical and political fields, there may also be an element of strategic
behavior at play. Between the key players there are different objectives at play concerning the level of
burden of proof and study design needed and the trade-off between quality of life and survival. This
while there is a lack of clear criteria, which makes the discussion quite blurry, leaning towards a political
conflict rather than a straightforward evidence-based one. It’s possible that the arguments presented
by key players may not be as robust as they are portrayed. There may be underlying motives and
strategic behaviors at play, where stakeholders mobilize seemingly safe arguments to support their
actual, potentially politically motivated, positions. This tactic of invoking higher values to justify actions
is a common strategic behavior [208], often obscuring the true, more pragmatic motives. For example,
in this case, such a higher value could be the survival or quality of life and using this to hide potential
more pragmatic, possibly financial, motives. It is however not possible to proof strategic behavior [208].
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7.3. Interpretations according to Institutional Theory

In the case of Mammaprint adoption and implementation in the Netherlands gets stuck during reim-
bursement by basic health insurance (see chapter 4). The SWP criterion appears as the point in the
assessment for reimbursement where difficulties arise (see chapter 5). The SWP assessment frame-
work [89, 170] is about proving clinical utility, however, this appears to be open to interpretation as there
are no generally accepted rules and norms to decide upon clinical utility. Here the medical specialists
participating in the reimbursement arena of Mammaprint disagree with the interpretation of the policy
analysts in the arena. The medical specialists in the arena indicate that requirements for inclusion of
diagnostic tests, like Mammaprint, are not clear. Also, there is no consensus about the level of burden
of proof and the study design needed to proof clinical utility and there is no consensus about the trade-
off between survival and quality of life between the medical specialists and policy analysts within the
arena. When looking to the reimbursement pathways of other AI-CDSS (see section 6.4), a lack of a
clear reimbursement route for basic health insurance also appears for other AI-CDSS. For AI-CDSS
making use of molecular diagnostics improvements to facilitate the implementation, are currently made
within the trajectory that is called ’implementation process molecular diagnostics’ [193] (see section
6.4). For AI-CDSS making use of image analysis methods, there is still huge uncertainty about the
route for reimbursement in basic health insurance. However, a start has been made to draw up ’guide-
line AI’ [201] (see section 6.4) to clarify the placement of AI in healthcare including clarifying when AI is
eligible for reimbursement. From all this it can be concluded that for AI-CDSS deployed in the hospital,
there are no clear rules and norms that are generally accepted according to which policy decisions
about the inclusion of AI-CDSS in basic health insurance should be conducted. This can be called an
’institutional void’ as defined by Hajer [209], who describes it as the following:

there are no clear rules and norms according to which politics is to be conducted and policy mea-
sures are to be agreed upon. To be more precise, there are no generally accepted rules and norms
according to which policy making and politics is to be conducted. Hajer [209]

7.4. Generalizability of Institutional Findings

When delving into the literature, institutional voids emerge as a well-recognized phenomenon in the
field of economics and policy analysis. Institutional voids can manifest in various forms, including the
absence or unreliability of market information, an uncertain regulatory environment, inefficient legal
systems, and cumbersome bureaucratic processes [210–212]. They can also extend into the domain
of infrastructural support and impact the prevailing cultural context [213–215].

Institutional voids have the potential to influence various aspects of the business environment, with
both advantageous and disadvantageous consequences. The absence of market-supporting institu-
tions, for instance, can significantly increase transaction costs for entering businesses [216]. In the
presence of these voids, the business environment may become chaotic, expensive, and unpredictable,
creating challenges for organizations in strategizing for profitability due to the increased complexity in
planning, managing transaction costs, and establishing stable, long-term strategies [211]. However, in-
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stitutional voids may also offer opportunities. In contexts where institutions are still evolving, innovative
businesses can contribute to the development of new and effective institutions [209].

It is noteworthy that institutional voids are often prominent in emerging markets [210, 211]. These
markets typically lack well-established institutions, which creates an environment full of institutional
voids. Conversely, mature markets boast well-developed and highly regulated institutions. In some
sectors, such as aviation and space exploration, institutions seem to be intentionally overregulated to
ensure safety. The extensive regulations are meant to mitigate safety risks and set clear standards.
Similarly, the healthcare sector, particularly in the approval of therapeutics, features comprehensive
procedures and requirements to guarantee safety. However, institutional voids can still emerge within
mature economies due to a ’changing world’ [209]. In such cases, it is according to Hajer [209] not
the absence of institutions, but rather the changing context of policy making and politics, that leads to
challenges to established norms and practices and thus to institutional voids.

In the case of Mammaprint, as it sought to enter the market as a diagnostic test using gene expres-
sion, it encountered institutional voids. It did not fit the established regulatory procedures, leading to
the creation of a special regulatory pathway in the U.S., where it became the first diagnostic test to
receive FDA approval [74]. Similar regulatory approval was also obtained in Europe. Subsequently,
Mammaprint faced another institutional void, this time related to reimbursement. This is a matter gov-
erned by political institutions. Nevertheless, it is not entirely surprising that Mammaprint encountered
institutional voids. The Mammaprint test was developed around 2003 [74], during a time when genet-
ics was a relatively new field, and the complete human genome had only recently been mapped. This
is an example of a context of policy making that is expansive [209]. Hajer [209] in a paper of 2003,
the same time as the invention of Mammaprint, also explicitly mentions genetics and biotechnology as
spheres that are confronted with institutional voids at that time and gives as example the institutional
void around property rights of genetic information [209].

It can thus be concluded that paradoxically, even within a highly regulated sector like healthcare, insti-
tutional voids can emerge, not because there is a lack of institutions – healthcare seems replete with
them – but because innovative solutions often challenge and disrupt established institutional frame-
works [209], creating a mismatch between innovation and existing institutions.
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7.5. Reflection on Methods

Literature Review

Regarding the literature study in chapter 3, there are some limitations. It is focused on the use of
AI-CDSS in the entire healthcare sector, whereas the main research question specifically pertains to
cancer care. This broad focus does not provide certainty about the extent to which the factors identified
in the literature study also apply to cancer care. This approach was necessary because literature
focusing exclusively on AI-CDSS in cancer care does not cover the factors that impact adoption and
implementation (see section 1.3).

Case Study

Single Case Study
The institutional actor analysis was applied in its entirety only to Mammaprint, focusing on a single
case study. Yin [90] emphasizes a preference for a multiple case study, highlighting the limitations of
a single case study in terms of generalizability and addressing alternative explanations. Despite these
challenges, this research extends beyondMammaprint by exploring implementation trajectories of other
AI-CDSS in cancer care in section 6.4, drawing on interview insights and grey literature. However, it is
important to note that the ability to address alternative explanations for the primary research question,
”Why does the adoption and implementation of AI-CDSS in cancer care fail?” is constrained by the single
case study approach. It is apparent that, for Mammaprint in the Netherlands, the current impediment
lies in the reimbursement process for basic health insurance. Nevertheless, it is plausible that various
other factors contribute to challenges in adoption and implementation for different AI-CDSS as various
other potential limiting factors are identified in chapters 3 and 6.

Mammaprint is an Ambiguous Case
The Mammaprint case is difficult case in terms of potential conflict of interests (see section 5.5). The
roles of representatives frommedical professional organizations are somewhat ambiguous. This is due
to the fact that several representatives of medical specialist associations have individual affiliations with
NKI-AVL and/or Agendia. In the professional realm, they advocate on behalf of a single actor group
within the reimbursement arena. As a result, it is not possible to say with certainty which interests
they are representing. Are they advocating for the actor they formally represent at that moment, or are
informal interests also at play?

Interviews

Snowball Sampling
The group of interviewees, while they were highly relevant, may also introduce potential biases within
the group. Snowball sampling, in particular, may lead to a bias in participant selection due to the inter-
connectedness of individuals within the same professional network, possibly resulting in a homogeneity
of perspectives. This potential bias could significantly impact the overall perspective and opinions gath-
ered. For instance, it’s noteworthy that the interviewed medical professionals exclusively utilized the
Mammaprint test in their practice, rather than the Oncotype test. Also, all expressed a positive view of
the Mammaprint test, with the exception of concerns about its cost. It remains uncertain whether this
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shared enthusiasm is reflective of the broader sentiment among medical professionals in the breast
cancer sector or if it’s specific to the participants in this study. However, given the inclusion of these
tests in clinical guidelines, a generally positive consensus regarding their usefulness is anticipated.

Interview Analysis
A total of 18 interviews with 19 interviewees, each lasting between 0.5 to 1.5 hours, were conducted. A
semi-structured interview method was employed to accommodate the diverse backgrounds and roles
of the interviewees. This approach required customized preparation for each interview, while providing
unique perspectives on the case study. While this personalized approach proved invaluable due to
the rich input gathered, it also necessitated an intensive and time-consuming analysis process. The
interviews were analyzed by grouping participants based on their relevance to the arenas and phases,
re-listening to recordings, extracting key insights and quotes, and categorizing them. While this method
was effective, a more structured approach, such as thematic analysis through transcript analysis tools
as atlas.ti, may offer better traceability of themes and may reduce bias introduced by the researcher.

(Counteract) Interviewer Bias
When conducting and analysing interviews, there is a risk of introducing bias. In case of conducting in-
terviews the way of asking questions and the way of interacting with the interviewee can impose a bias
in the outcomes. To mitigate potential interviewer bias, a concerted effort was made to maintain objec-
tivity throughout the interview and analysis process. This involved employing strategies to encourage
interviewees to speak and freely express their viewpoints by asking open-ended questions and avoid-
ing leading cues that could steer their responses in a particular direction. The inclusion or exclusion
of Mammaprint in basic health insurance emerged as a particularly sensitive and politically charged
issue during the interviews. Careful attention was devoted to comprehending the underlying reasons
for such stances without allowing personal opinions to overshadow the analysis. It was noted that ex-
tensive documentation of the assessment process of Mammaprint, including all final position reports
[91–93], helped in a nuanced understanding. In the context of the guideline arena and the contextual
factors discussed in chapter 6, a more neutral stance from interviewees was observed. Nevertheless,
similar measures were applied to safeguard against potential biases. This ensured that the data col-
lected and analyzed remained as objective and unbiased as possible, contributing to the integrity of
the research findings.

Phases Framework

Usefulness
The phases framework played a crucial role in organizing and categorizing the research findings. It
provided a structured approach to synthesize the literature and pinpoint the specific stage at which
Mammaprint faced challenges. The framework proved especially effective in contextualizing insights
from interviewees and in making comparisons across different participants. It’s worth noting that these
phases are interconnected and can mutually influence one another. Additionally, it became apparent
that while the chronological order of the phases is generally accurate, some phases may overlap or
extend beyond others, allowing for concurrent progress. For example, in the case of Mammaprint,
it was already in the use phase, even though it had not yet achieved reimbursement in basic health
insurance in the Netherlands. This was made possible through temporary reimbursement.
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Limitations
The framework has its limitations. It doesn’t differentiate between organizational, interpersonal, and
intrapersonal factors, which if for example done in the study by [140]. Furthermore, it doesn’t provide
an in-depth exploration of different organizational levels. Research by Greenhalgh et al. [217] and
Robert et al. [218] suggests that it is useful to examine the (non-)adoption of healthcare technologies at
various levels, including the micro-level (individual adoption), meso-level (organizational assimilation),
and macro-level (policy and regulatory environment) [217, 218]. This multi-level approach could offer a
more comprehensive understanding of the complexities surrounding technology adoption in healthcare
organizations.

Institutional Actor Analysis

Usefulness
The application of an institutional actor analysis provides a framework to initially delineate the proce-
dures and identify the stakeholders involved in the reimbursement of Mammaprint. While the repre-
sentation of the reimbursement arena may not accurately reflect reality, it serves as a pragmatic tool
to dissect the dynamics within the arena. In this way a more nuanced understanding of actor interac-
tions, power dynamics, and the multifaceted pathways that shape the adoption and implementation of
AI-CDSS such as Mammaprint is gained. The framework has been instrumental in identifying critical
points where adoption and implementation encounter impediments.

Using an institutional actor lens for investigating the adoption and implementation of AI-CDSS in cancer
care is unique to the best of my knowledge.

Limitations
There is the possibility that the framework leads to an oversimplification of the decision-making process
by primarily following formal procedures and identifying actors through this method. This may result in
overlooking the influence of informal networks, relationships or coalitions [81]. Non-formal actors, es-
pecially, may be inadvertently marginalized. It is also possible that an actor perceived as a single entity
actually also represents other actors informally. This could especially be the case for medical special-
ists as those are affiliated with various organizations, such as hospitals, research institutes, guideline
committees, and medical specialist associations. This inherent interconnectedness between the actors
in the arena adds a layer of intricacy, challenging the concept of distinct groupings and underscoring
the need to avoid overly simplistic categorizations.

Furthermore, it is crucial to recognize that the insights are temporary in nature, as decision-making
processes are inherently dynamic [81]. The analysis is a snapshot and as the landscape of AI-CDSS
is rapidly changing, it may not fully reflect the current dynamics and influence of actors.



8
Conclusion

This chapter will first address the research questions and their corresponding answers. Subse-
quently, the academic contribution will be discussed, potential directions for future research will
be suggested and policy advice will be proposed.

8.1. Research Question

The main research question for this thesis was as follows:

Why does the adoption and implementation of AI-CDSS in cancer care fail?

This main research question has been addressed via a case study employing an institutional actor anal-
ysis (see section 2.2.2). This overarching research question was broken down into four subquestions.
A condensed overview of the responses to these subquestions is provided below. For a comprehen-
sive analysis, please consult the relevant chapters, which are mentioned below for each subquestion.

1. What factors are identified in previous studies that influence the adoption and implementation of
AI-CDSS generally?

For an overview of all the identified factors, see chapter 3. For a comparison between the factors
identified through the literature and the factors identified through the case study, see the discussion
section 7.1. From this subquestion it was found that in the literature there is a significant focus on factors
that play a role in the use phase, while earlier stages like sell/marketing and purchase/reimbursement
receive comparatively less attention, indicating a potential research gap. Also, the studies primarily
center on the view of medical specialists, while a diverse array of stakeholders play pivotal roles in the
adoption and implementation of AI-CDSS. However, only a limited number of papers have explored the
viewpoints of multiple stakeholders. Therefore there is a need for a more comprehensive multi-actor
perspective. In light of this, employing an institutional actor analysis framework (see section 2.2.2) will
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provide a structured approach to understanding the challenges in adopting and implementing AI-CDSS.

2. Which decision arena(s) are critical for the adoption and implementation of a specific AI-CDSS
in cancer care?

As the case study is about Mammaprint, this question will be answered about Mammaprint. The full
answer is discussed in chapter 4. At first glance, it appears that both the arena in which inclusion of
Mammaprint in guidelines and the arena in which inclusion of Mammaprint in basic health insurance is
decided are critical to adoption. However, it appears that breast cancer guideline arena is currently not
considered a pivotal factor in the adoption and implementation of Mammaprint. Although it played a crit-
ical role in earlier rounds, the absence of substantial challenges, supported by interviewees’ accounts
and limited documentation, suggests that further analysis of this arena is not meaningful. In contrast,
inclusion in basic health insurance is a consistently critical decision arena for Mammaprint’s adoption
and implementation in the Netherlands 1 , with significant influencing factors identified through case
study interviews and documentation of decision-making rounds [91–93].

3. What factors influence the adoption and implementation of this specific AI-CDSS in those critical
decision arena(s)?

The full answer on this question is discussed in chapter 5. It is found that the medical specialists and
their societies in the reimbursement arena were in favor of the use of Mammaprint and committed to get
Mammaprint in basic health insurance, however the assessment of the ZiN, the actor with the highest
power within the arena, was negative about the inclusion in basic health insurance both in 2010 [91]
and in 2018 [92] 2. The rejections by the ZiN were on the basis of the clinical utility of Mammaprint which
is in the formal institution, namely the SWP criterion. However, it has been found that the challenge
lies not only in the SWP criterion itself, but rather in its interpretation. These findings are described in
section 5.4 and discussed in section 7.2. In short, it appears that the medical specialists in the reim-
bursement arena find the requirements for inclusion of diagnostic tests, like Mammaprint, unclear and
that there is a disagreement in the level of evidence needed and in the study design needed to prove
clinical utility. Also there seems to be a clash in values when it comes to the trade-off between quality
of life and survival.

1 Shortly before the publication of this study, namely on October 30, 2023, there was the announcement that Mammaprint is
now included in basich health insurance [161]. So at the time of the analyses, the arena was critical because Mammaprint was
not included in basic health insurance. Currently, after 13 years since the first assessment by the ZiN, this is no longer the case
and so the arena is no longer critical. However, this arena has been critical for a very long time.

2Shortly before the publication of this study, namely on Oct. 30, 2023, there was the ruling that Mammaprint is now included
in basic health insurance [161]. It was not possible to include the position report in the analyses of this study. However, some
of the points of discussion are briefly mentioned in sections 5.2.4 and 5.4 because interviewees gave some away about that
assessment while the final decision was not yet made.
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4. What is the broader context that has an influence on those decision arena(s)?

The full answer on this question is discussed in chapter 6. In short, it became evident that it is difficult
to develop AI-CDSS within a hospital as funding and expertise of product development are missing. It
became clear that adoption and implementation is influenced by the type of healthcare system, where
differences between Europe with a primarily public and the U.S. with a primarily private healthcare mar-
ket emerged in particular. It also comes to the front that AI-CDSS cannot be seen as one term when
it comes to reimbursement. In the Netherlands, the reimbursement paths are different for molecular
diagnostic AI-CDSS, image analysis AI-CDSS used in the hospital and image analysis AI-CDSS used
in screening. Furthermore, AI-CDSS using image analysis seem to be on the rise in radiology and
pathology.

The culmination of all the answers to the sub-questions is brought together and discussed in sections
7.3 and 7.4. It is concluded that the adoption and implementation of AI-CDSS can get stuck because of
the absence of supportive structures, regulations, and frameworks for reimbursement by basic health
insurance, which is called an institutional void. There exists thus an institutional void for reimbursement
from basic health insurance for AI-CDSS in the Netherlands.

8.2. Academic Contribution

The academic contribution works four ways. First, the study discovered evidence that supports previous
research findings, indicating that the factors influencing adoption and implementation in healthcare also
hold true for the context of cancer care. Second, new factors were identified that influence the adoption
and implementation of AI-CDSS in cancer care. This was achieved by interviewing a unique and broad
group of actors within the field. Third, it is displayed how an institutional actor framework could be
successfully applied to an adoption and implementation problem in healthcare. The customization of
the framework to this problem could be used in further research. Fourth, institutional voids are identified
in reimbursement pathways which hamper the adoption and implementation of AI-CDSS in cancer care.

8.3. Future Research

There are multiple directions for future research which followed from this research. Initially, it is useful
to examine multiple cases and be able to compare them. In this study, only the Mammaprint (and
Oncotype) case was taken as the topic of interest. This limited the generalizability of the findings [90].
It would be interesting to explore more molecular diagnostic AI-CDSS for more types of cancer. For
example, it would be interesting to investigate more molecular diagnostic AI-CDSS that also got stuck
in the reimbursement phase to see if they ran into the same problems as Mammaprint. It would also
be very interesting to investigate success factors of the adoption and implementation and therefore
take an AI-CDSS as case study whose adoption and implementation has been successful. However,
it is very likely that there are very few molecular diagnostic AI-CDSS for which this is applicable, but
one AI-CDSS did emerge during the interviews that has been successfully adopted and implemented
in a short amount of time, namely the CUPPA [187, 198, 199]. For AI-CDSS based on image analysis
techniques, it is questionable whether any AI-CDSS have gone through all phases of adoption and
implementation at all in the Netherlands. It would be very interesting to explore this further.
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Given the perception, as revealed in this research, that the ZiN excels in evaluating drugs rather
than medical diagnostic tests, it would be valuable to investigate how the ZiN handles assessments of
other forms of care, such as imaging techniques like MRI and CT scans. This could provide insights
into whether other innovations in healthcare face similar challenges during the reimbursement phase.

Further, it would be interesting to investigate AI-CDSS adoption and implementation beyond the
borders of the Netherlands as it was mentioned in interviews that market entry and reimbursement is
a lot easier in the U.S., because in Europe it requires cooperation with governments, while in the U.S.
there is cooperation with private parties. Mammaprint is also mostly successful in the U.S.. In addition,
it was mentioned in interviews that Mammaprint is reimbursed in many European countries, but not in
the Netherlands even while it is invented here. It will be interesting to explore how the adoption and
implementation of Mammaprint went in different countries.

Furthermore, it may be worthwhile to look at the funding models of developing AI-CDSS, because
the research shows that in the Netherlands public-private partnerships are mainly encouraged in case
research organizations want to develop AI-CDSS, leading to commercialization, while open-sourcing
would also be possible, therefore it is interesting to see what the advantages and disadvantages are
for future-proofing cancer care between commercializing and open-sourcing the systems, as was done
with CUPPA.

Concerning the frameworks used, the IAA and phases framework, those proved valuable in this
research. However testing those frameworks in other contexts would be interesting. Possibly the IAA
framework could also be considered in cases where it is clear in advance that institutional voids exist to
explore the exact formal and informal institutions in which they appear, but further research is needed to
prove this. Additionally further developments of the phases framework when used in combination with
the IAA framework could be valuable in terms of micro, meso and macro levels as the research showed
that institutions are layered and also as other research about adoption of technology in healthcare do
discern between those levels [217, 218].

8.4. Policy Advice

Given the research question, ”Why does the adoption and implementation of AI-CDSS in cancer care
fail?”, the key policy consideration becomes, ”How can we prevent the adoption and implementation
of AI-CDSS in cancer care from failing?” Since the study is focused on the Dutch context, these policy
recommendations will specifically target the Dutch healthcare system.

Fill the institutional void through consensus seeking
The case study on Mammaprint has highlighted the existence of an institutional void in the institutions
for reimbursement from basic health insurance which specifically pertains in the SWP criterion. This
institutional void seems to apply for other types of AI-CDSS as well (see section 6.4 and section 7.3
for the discussion thereof). There is thus ambiguity regarding the reimbursement pathway for inclusion
in basic health insurance. It is imperative to bring clarity to this aspect in order to fill the existing voids.
In the case of Mammaprint, there are clear indications of disagreements between the policy analysts
and the medical specialists (see section 5.4 for the identification and section 7.2 for the discussion).
The substantial disparities in their perspectives on fundamental matters are striking. Establishing a
consensus about these issues is crucial, which can be achieved through a transparent discussion in-
volving stakeholders from various sectors. During these discussions, the opportunity can be provided
to question values and formal and informal institutions, and to provide transparency about objectives.
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This primarily revolves around the identified points of disagreement as discussed in chapter 5. Firstly,
there is a need for consensus on the level of burden of proof required. This includes determining when
retrospective or prospective studies are appropriate, as well as the follow-up duration. Addressing the
level of burden of proof presents a dual challenge. On one hand, there has been a significant delay
in inclusion in basic health insurance in the case of Mammaprint as a very high level was required.
On the other hand, stringent requirements are understandable to ensure quality and safety. A middle
ground in this could be to allow care temporarily which also allows time and cost coverage for evidence
gathering for clinical utility [219]. In this way the care is accessible, while still being able to reject the
care under consideration after more evidence has been collected. Presently, there are provisions in
the Netherlands allowing for conditional approval [220, 221] or subsidies for promising care [222] to
facilitate extensive data collection. It is recommended to continue and customize these arrangements
further for AI-CDSS. Secondly, consensus is needed on the study design necessary and feasible to
establish clinical utility. This includes discussing ethical considerations for randomization and mea-
surements related to quality of life. Defining relevant outcome measures (PICO) is also crucial.Thirdly,
consensus must be sought regarding the trade-off between quality of life and survival. Where does this
trade-off lie, what are the underlying motivations, and what is deemed acceptable?

Pursue current initiatives to clarify the reimbursement pathway of molecular diagnostics and
the use of AI
Furthermore, ongoing initiatives to clarify reimbursement in basic insurance for both molecular diagnos-
tics, which is called ’implementation process molecular diagnostics’ [193], and the use of AI, which is
called ’guideline AI’ [201], (both are mentioned in section 6.4) should be sustained and prioritized. This
latter one is especially important because there are currently significant advancements in the field of
radiology and pathology with respect to AI-CDSS, while there is considerable uncertainty regarding the
path to reimbursement from basic health insurance and whether it is possible at all (see section 6.4).
Filling these institutional voids is crucial to avoid the risk of substantial delays and the risk of always
being too late [223].

Determine a vision for the role of AI-CDSS within the current framework for adequate cancer
care
In addition, it is vital to approach AI-CDSS adoption and implementation in cancer care with foresight.
Without a clear vision, progress in cancer care may be impeded. The ZiN’s ongoing efforts in the frame-
work for adequate cancer care [5, 6] could be complemented by a strategic plan for integrating AI-CDSS
within this framework. Given the notable disparities in viewpoints between medical specialists and the
ZiN identified in this research, collaborating closely with a diverse group of stakeholders is advisable.
This vision can then be considered in formulating policies governing reimbursement within basic in-
surance for AI-CDSS in cancer care. Neglecting to establish a vision and strategy may inadvertently
hinder, rather than enhance, the sustainability of cancer care.
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A
AI-CDSS Literature Search

The goal of the literature search is to identify the existing research in the field of AI-driven CDSS in
cancer care and gain an understanding of the types of studies that have been conducted to date.

Different search terms were tried. For clinical decision support system (CDSS) there are some variants,
such as clinical decision aid or clinical decision support program. However, it is noteworthy that not all
the tools mentioned in the retrieved papers are computerized, and a substantial number of them are not
employed for analytical purposes, but rather for databases or platforms. In case ‘clinical’ is not used in
front of the other words, the searches are not healthcare specific, but come up with applications in lots
of other industries. For AI a broad search is used that includes many different key terms for AI to be
as complete as possible. So the search includes ”simple” machine learning as well as deep learning,
reinforcement learning and text mining. The search is then combined with terms about cancer. This
because the focus area is specifically on cancer care. Using those three search terms resulted in too
many papers (1539 on Scopus) of which many were about the prospective of AI and were also not can-
cer specific, but mentioning cancer besides other healthcare areas or medical conditions. Therefore
the search terms treatment or chemotherapy were added to focus on cancer treatment decisions and
to not get papers about the general prospective of AI in healthcare. This resulted in around 609 papers
on Scopus, which is too much to manually analyze. The application area of the AI-driven CDSS was
besides in chemotherapy treatment decisions also in other areas such as radiation dose decisions. To
get a more workable number of papers the scope of the search was made smaller. Now the focus was
only on chemotherapy and not on treatment in general. This resulted in a workable number of papers
(131). The final search term combinations for Scopus and Pubmed are shown below.

The search was conducted using the following search terms on Scopus:
( TITLE-ABS-KEY ( ( clinical AND decision AND support AND system ) OR cdss )
AND TITLE-ABS-KEY ( ( artificial AND intelligence ) OR ’ai’ OR ( machine AND learning ) OR ( deep
AND learning ) OR ( neural AND networks ) OR ( reinforcement AND learning ) OR ( neural AND lan-
guage AND processing ) OR ’nlp’ OR ( text AND mining ) )
AND TITLE-ABS-KEY (cancer OR oncolog*)
AND TITLE-ABS-KEY (chemo*)
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And the following search terms on PubMed: (All fields)
(( clinical decision support system ) OR cdss)
AND ((artificial intelligence) OR ’ai’ OR (machine learning) OR (deep learning) OR (neural networks)
OR (reinforcement learning) OR (neural language processing) OR ’nlp’ OR (text mining))
AND (cancer OR oncolog*)
AND (chemo*)



B
Explanation Phases Framework

The phases framework as described in the methodology (chapter 2) and shown in figure B.2, is based
on the life cycle of medical technology as described by the Dutch ministry of health [82] as shown in
figure B.1.

Figure B.1: The life cycle of medical technology [82]

Only the initial four phases of the framework are included in this research, as the latter three phases
(post-market surveillance, management, and withdrawal) are deemed outside the scope. This is be-
cause the study’s focus is on adoption and implementation, rather than the entirety of the product’s
life cycle. Also a new phase is introduced as the ’sell/marketing’ phase is not within the diagram of
the lifecycle of medical technology, but is deemed important for the adoption of innovation [224]. This
sell/marketing phase is after market introduction and before selection and purchase. The phases frame-
work employed in this research (see figure B.2) utilizes distinct terminology to precisely delineate the
scope of each phase. Despite differing names, the content remains consistent, signifying the same
underlying concept as the phases used in the life cycle diagram. The design phase corresponds to the
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development phase, the market introduction phase aligns with the regulation phase, and a new phase,
termed the ’sell/marketing’ phase, has been introduced, then the selection & purchase phase equates
to the purchase/reimbursement phase, and the clinical use phase denotes the use phase.

Figure B.2: Phases in adoption and implementation of AI-CDSS



C
Overview of question topics,

characterization of interviewees and
interview analysis

C.1. Topics discussed during case study interviews

During the interviews there were three main groupings of topics discussed, which are: the medical
guidelines, the reimbursement by basic health insurance and AI-CDSS. Within these three main top-
ics, subtopics were present as discussed below. For all of these initially planned for subtopics, some
questions that are asked are given as example to get an idea about the type of questions asked. Addi-
tionally, other topics emerged during the interviews from findings and subsequent follow-on questions,
not initially planned for, but discussed in case it was relevant for the main and/or subquestions.

C.1.1. Medical Guidelines

General procedures of medical guideline drafting
• What are the procedures for drafting the medical guidelines?
• Who is involved in drafting the medical guidelines?

Procedures for drafting the breast cancer guidelines
• What parties are involved in drafting the breast cancer guidelines?
• What are the role of the parties involved in drafting the breast cancer guidelines?

Process of inclusion of Mammaprint in the breast cancer guidelines
• What were the reasons to include Mammaprint in the breast cancer guidelines in 2008?
• Why were there updates of the way Mammaprint is included in the breast cancer guidelines in
2012 and 2020?

• Were there points of discussion for taking up Mammaprint in the medical guidelines?
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Role of guidelines in adoption and implementation of care
• Why are there medical guidelines?
• What is the role of medical guidelines in the adoption and implementation of new forms of care?

C.1.2. Reimbursement by basic health insurance

General procedures for assessments of care for inclusion in basic health insurance
• What are the procedures for assessing if care is eligible to get reimbursed by basic health insur-
ance?

• Who is involved in assessing if care is eligible to get reimbursed by basic health insurance?

Assessments of Mammaprint for inclusion in basic health insurance
• How did the assessment for Mammaprint in 2010 (and 2018 and now, 2023) went?
• Which parties were involved in the assessment of Mammaprint?
• Were there points of discussion about the assessment of Mammaprint?

Assessments of Oncotype for inclusion in basic health insurance
• How did the assessment for Oncotype in 2021 (an now, 2023) went?
• What differences between Oncotype and Mammaprint caused that Oncotype is reimbursed and
Mammaprint is not?

C.1.3. AI-CDSS

• Do you have any experience using AI-CDSS?
• Do you have any experience with the reimbursement of AI-CDSS?
• What are the qualities you would consider necessary for an AI-CDSS?

Mammaprint
• Do you have experience in using Mammaprint and/or Oncotype?
• When do you use Mammaprint and/or Oncotype?
• Do you have a preference between Mammaprint and Oncotype?

The development of an AI-CDSS
• How does the development of an AI-CDSS proceed?

Starting a(n AI-CDSS) spin-off
• Why was a spin-off created from Mammaprint?
• How does starting a spin-off work?

AI-CDSS and screening
• What is the current status of AI-CDSS in respect to screening?
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C.2. Characterization of Interviewees

In table 2.1 in chapter 2 an overview of the interviewees is shown. To give a bit more background
about the interviewees that discussed the reimbursement and/or guideline arena, additional informa-
tion is given in table C.1. In this additional table it is shown if they were previously and/or currently
involved. Also it is shown if they said general stuff about the procedures for reimbursement in basic
health insurance and/or the uptake in medical guidelines as they have experience with this, not for
Mammaprint, but for other sorts of care.

Table C.1: Characterization of the interviewees in the guideline and the reimbursement arena

Involvement status Involvement Interview ID
Characterization of Interviewees involved in the Guideline arena

involved in the arena Interviewees that are directly involved
in the drafting of the breast cancer
guidelines

1, 2, 14, 15

previously involved Interviewees that were involved in the
drafting of the breast cancer guide-
lines during all guidelines in which
Mammaprint is included

1, 14

currently involved Interviewees that are currently involved
in the drafting of the breast cancer
guidelines

1, 2, 15

general procedural valida-
tion

Interviewees that elaborated and/or val-
idated the general guideline drafting
procedures which are described in grey
literature

1, 2, 4, 14, 15, 16

Characterization of Interviewees involved in the Reimbursement arena
involved in the arena Interviewees that are directly involved

in the discussion about the reimburse-
ment of Mammaprint in basic health in-
surance

3, 4, 8, 10, 12, 17, 18, 19

previously involved Interviewees that were involved in one
or more of the previous decision rounds
about reimbursement of Mammaprint

4, 8, 10, 12, 17

currently involved Interviewees that are involved in the
current decision round about reim-
bursement of Mammaprint

3, 12, 17, 18, 19

general procedural valida-
tion

Interviewees that elaborated and/or val-
idated (part of) the procedure for re-
imbursement of Mammaprint in basic
health insurance which are described
in grey literature

3, 4, 10, 12, 17, 19
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C.3. Codes and Statements identified from the Interview Analysis

Codes were created during the interview analysis for statements that were of relevance for answering
one or more of the subquestions. In table C.2 the codes and statements that came up during the
interviews are shown. The codes could thus only be identified after the interviews were held from
answers of the interviewees on open questions. For all the statements it is indicated which interviewees
stated it. The statements are grouped according to the following themes:

• Guidelines
• Reimbursement
• No clear requirements for inclusion of diagnostic tests
• (High) Level of burden of proof needed
• Disagreement on study design between medical specialists and ZiN
• Priorities in trade-off between quality of life and survival differ
• Development
• Regulation
• Sell/Marketing
• Purchase/Reimbursement
• Use

Table C.2: The codes and statements that came up during the interviews coupled to the interviewees that stated it and
grouped per theme

Code Statement Interview ID
Guidelines

importance of guidelines Interviewees underscore the impor-
tance of guideline inclusion for the
acceptance of AI-CDSS, including
Mammaprint, in clinical practice.

3, 6, 7, 9, 12, 14

previously no disagree-
ment

Interviewees mentioned that they did
not recall encountering significant chal-
lenges in previous decision rounds

1, 14

currently no disagreement Interviewees indicated that there is
likely no alteration to the section con-
cerning gene expression profiles as
there is no disagreement at this point
on how Mammaprint is included in the
guidelines.

2, 15
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interplay guidelines and
reimbursement

Interviewees mention there is usually
consideration in terms of reimburse-
ment or non-reimbursement and inclu-
sion in guidelines. However, even
while Mammaprint is not reimbursed by
basic health insurance, it is in the guide-
lines as medical specialists deemed its
utilization necessary in specific cases.

14, 15

Reimbursement
importance of inclusion in
basic insurance

Interviewees underscore the impor-
tance of inclusion in basic health insur-
ance for the use of AI-CDSS, including
Mammaprint, in clinical practice.

2, 3, 6, 9, 12, 18

effects of reimbursement
of Oncotype

interviewees mention that many hospi-
tals switched to Oncotype when Onco-
type was reimbursed by basic health in-
surance and Mammaprint was not

2, 3

reimbursement and use in
practice

interviewees mention that reimburse-
ment problems cause Mammaprint to
be used less in practice

3, 18

problems reimbursement
and moving to U.S.

interviewee mentions the problems
with reimbursement in the Netherlands
was one of the reasons the registration
holder moved to the U.S.

9

reimbursement and busi-
ness case

interviewees mention the non-
reimbursement of AI-CDSS make
a business case difficult

6, 12

previous disagreement Interviewees indicate there have been
disagreements about inclusion in basic
health insurance of Mammaprint

1, 2, 3, 4, 5, 6, 8, 9, 10, 11,
12, 13, 14, 16, 17, 18, 19

current disagreement Interviewees indicated there is once
again in the current (2023) decision
round disagreement over inclusion in
basic health insurance

12, 19

alternative reim-
bursement routes for
Mammaprint

Interviewees indicate that Mammaprint
has been extensively utilized in prac-
tice for a prolonged period, even with-
out basic insurance coverage as over
the years, various alternative funding
options have emerged and continue to
exist

2, 3, 8, 10, 12, 17
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arrangement with registra-
tion holder of Mammaprint

Interviewees mentioned some hospi-
tals have arrangements about reim-
bursement with Agendia, the registra-
tion holder of Mammaprint, such that
they can still use the Mammaprint test
even though it is not reimbursed by ba-
sic health insurance

2, 3, 12

reimbursement out of le-
niency or in supplemen-
tary insurance

Interviewees mentioned that
most health insurers reimbursed
Mammaprint out of leniency and/or in
supplementary insurance

8, 10, 12, 18, 17

usage of the RASTER
study

Interviewees indicated that the CvZ did
little with the results of the RASTER
study, although the CvZ did pay for the
study

10, 12

reassessments of care by
the ZiN

Interviewees indicate that as soon as a
drug or medical test is under review by
the ZiN, it remains there. This is not of-
ficially established according to the in-
terviewees, but is an informal rule

17, 19

No clear requirements for inclusion of diagnostic tests
evidence diagnostic tests Interviewees mention it is not clear

what the ZiN wants to see as evidence
of clinical utility for diagnostic tests in
general

3, 5, 6, 10, 12

Subjectivity in procedure Interviewees mention there is subjectiv-
ity in the assessment procedure

6, 19

Changing requirements Interviewees mention requirements for
Mammaprint change throughout the de-
cision rounds

4, 12

expertise of the in ZiN
drug assessments

Interviewees mention the ZiN is experi-
enced in doing drug assessments

1, 3, 5, 12

expertise of the ZiN in
diagnostics test assess-
ments

Interviewees mention the ZiN is not ex-
perienced in doing assessments of di-
agnostic tests

1, 5, 12

assessment of drugs vs.
diagnostics

Interviewees indicate that drugs and
diagnostics should be assessed differ-
ently

1, 3, 5, 12

(High) Level of burden of proof needed
follow-up duration Interviewees mention the follow-up du-

ration of 5 years was not long enough
according to the ZiN

4, 12, 13
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disagreement about
follow-up

Interviewees explicitly said they dis-
agree with the ZiN about the follow-up
duration needed to prove clinical utility

4, 12

retrospective vs. Prospec-
tive

The interviewee mentions the require-
ment of a retrospective study for reim-
bursement in basic health insurance for
a diagnostic test as the Mammaprint is
unreasonably high

12

difficulties of RCTs Interviewees mention the RCT studies
(the MINDACT and the TAILORx) can-
not be done again because of being
very expensive, taking a very long time,
being very difficult in practical and lo-
gistical terms and being unethical to
randomize because there is already
enough evidence for the tests

3, 12

Disagreement on study design between medical specialists and ZiN
creation of subgroups Interviewees mention that the patient

group of the MINDACT study is split
in subgroups by the ZiN which re-
duces the confidence intervals, while
this should be seen as one patient
group

3, 4, 12, 19

primary and secondary
endpoints

Interviewees mention that the ZiN uses
not the primary endpoints of the MIN-
DACT trial, but the secondary when as-
sessing the clinical utility

5, 12

randomization and ethics Interviewees mention that not all pa-
tients groups can be randomized be-
cause of ethical considerations

3, 12

study design require-
ments

Interviewees mention it is more often
that the study design of clinical trials
does not align with what the ZiN re-
quires when assessing

5, 10, 12, 13

Priorities in trade-off between quality of life and survival differ
quality of life data Interviewees mention the ZiN would

like to have seen more quality of life
data, while the MINDACT did not in-
cluded this

3, 4, 10, 12

evidence of effects of
chemotherapy

Interviewees mention it is odd that ev-
idence is asked to prove that not un-
dergoing chemotherapy will lead to im-
proved quality of life as this is obvious

3, 12

Development
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AI-CDSS development in
hospital setting

Interviewee mention there are difficul-
ties developing an AI-CDSS within a
hospital setting
in the regulatory domain 7, 9, 18
in the financial domain 4, 6, 7, 9, 12, 13
in the scalability domain 7

Regulation
costs of certification pro-
cess

Interviewees mention the certification
process of AI-CDSS are very expen-
sive

7, 9

costs of RCTs Interviewees mention the execution of
RCTs are very expensive

7, 9, 12, 13

public-private parnter-
ships

Interviewees mention the availability of
subsidies requires often the involve-
ment of private partners to form public-
private partnerships.

4, 6, 7

Sell/Marketing
RCT and Market accep-
tance

Interviewees mention that conducting
an RCT has been observed to signifi-
cantly impact market acceptance

9, 12

Oncotype financial re-
sources

Interviewees indicate there are sub-
stantial financial resources at the dis-
posal of Oncotype.

3, 10

Purchase/Reimbursement
Mammaprint reimbursed
out of leniency

According to many interviewees the
Mammaprint test was reimbursed by
many health insurers out of leniency.

8, 10, 12, 17, 18

Use
Mammaprint not associ-
ated with AI

Interviewees mention Mammaprint is
generally in the medical world not as-
sociated with AI

4, 6

image analysis associ-
ated with AI

Interviewees indicate image analysis
based techniques are primarily seen as
AI

3, 4, 6

self-learning associated
with AI

The interviewee indicates to associate
self-learning processes with AI

13

AI-CDSS in radiology and
pathology

Interviewees mention developments
with AI are in radiology and pathology
and/or mention examples of AI-CDSS
developments in radiology or pathology

6, 7, 11, 12, 13

use of AI Interviewees indicate the use of AI is
not a problem as long as it is proven
reliable

1, 2, 3, 5
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gene expression was
seen as black box

Interviewees indicate Mammaprint was
seen at black box at the start, because
of the use of gene expression profiles
which were something very new

7, 10, 12, 19

output of Mammaprint The interviewee indicates to be in favor
of the output of the Mammaprint test
compared to the Oncotype as a high
or low risk group is easier interpretable
than an intermediate risk group

3

output and room for inter-
pretation

Interviewees indicate to not have a pref-
erence in output type of Mammaprint or
Oncotype as they prefer room for inter-
pretation which is possible for both out-
put types as a score bar is also included

1, 2

binary output Interviewee mentions a mere ’yes’ or
’no’ as output would be unpleasant

4, 6



D
Case study Medical Guideline Arena

During the identification of critical decision arenas, it was found that the inclusion of and the way how
Mammaprint is included in the medical guidelines is currently not a critical decision arena. However
it has been a critical decision arena during earlier decision-making rounds. In first instance it would
have been interesting to identify factors that influence the uptake in the medical guidelines. However,
after checking the grey literature and interviewing actors involved in the guideline drafting procedure,
no difficulties about the gene expression module appeared. Probably also partly as interviewees did
not remember the details and meeting minutes were not available. To give some insights in the draft-
ing of medical guidelines, the arena of the breast cancer guideline drafting and the appearance of
Mammaprint in the guidelines, this is taken up in this part of the appendix.

D.1. Dutch Medical Guidelines drafting procedure

No one is required by law to establish medical guidelines. However, in principle The law states that you
must provide care that meets the to the quality standard, as established by the scientific association,
which is why the existence of a guideline does matter. Medical guidelines are created by mandated
members of medical scientific professional associations. There are also members of the patients’ as-
sociation on the committee. The knowledge institution of the Federation of Medical Specialists (FMS)
does the process guidance for guideline drafting. Each guideline revision cycle starts with a bottleneck
analysis. This is followed by a prioritization of the most important bottlenecks as according to the in-
terviews not all can be addressed due to budget, people, and time constraints. Next, these pieces of
the guideline are revised or developed. This drafting is done using the principles of evidence-based
medicine. Once the guidelines are finished, the draft version is sent to the medical scientific associa-
tion and the patients’ association. There is then the opportunity to respond. After this, any feedback
can be processed. Once the medical scientific associations are in agreement, the guidelines can be
authorized and published on the guideline database of the FMS.

130



D.2. Genesis of the National Breast Cancer Guidelines 131

D.2. Genesis of the National Breast Cancer Guidelines

The first national breast cancer guidelines were developed in collaboration with the National Breast
Cancer Consultation Netherlands (NABON) and Dutch Institute for Healthcare Improvement (CBO)
in 2002 [225]. These were developed following evidence-based medicine [225]. In 2005 IKNL gets
involved and in 2012 IKNL takes over from CBO. Then in 2017, FMS gets involved, where at first they
only support financially, in the current round, the whole process management is in the hands of FMS.
For process guidance during the process, the responsibilities changed from CBO to IKNL to FMS. The
NABON has been involved from the beginning and still is. The NABON has no formal or legal status,
but it is a collaborative effort among medical specialists in the breast cancer field with a number of
areas of focus and the guidelines is one of them. As of 2015, there is officially a guidelines committee.
When composing the committee, the geographical distribution of committee members, proportional
representation from the various associations and bodies involved, as well as a spread in academic
background were taken into account as much as possible [159].

D.3. Appearance of Mammaprint and Oncotype throughout the years

The appearance of Mammaprint and Oncotype in the Dutch national breast cancer guidelines through-
out the years can be seen in table D.1. The first appearance of gene expression profiles in the guidelines
was in 2008. It was then recommended that they be used only in study settings. In 2012 there was an
update. Then it was advised for hormone-sensitive invasive ductal carcinoma to use gene expression
profiles in case of doubt about giving adjuvant chemotherapy after having used the traditional prog-
nostic factors. In 2020 there was again an update of the guidelines, here it is mentioned that the test
may have added value and the group for whom it can be used is made more specific, and again there
should be doubt about the indication of adjuvant chemotherapy. For further details on appearance in
the guidelines, see table D.1. It became clear from interviewees in the breast cancer guideline arena
that the guidelines are currently under review and a new version will be released soon (in the second
half of 2023).

D.4. Drafting Breast Cancer Guidelines

The general process of drafting and revising medical guidelines is described earlier in section D.1. For
breast cancer specific the currently involved actors are the FMS as process facilitator and the medical
specialist associations as owner and drafters of the guidelines. Besides this the draft version of the
guidelines are sent to ZN and ZiN for feedback. These actors could be identified via the most recent
guidelines [158], the current guideline committee on the NABON website [159] and the case study in-
terviews. During the interviews, the actors could be further validated and their specific roles could be
identified. The guidelines themselves also discuss procedures and responsible persons [156] [157]
[158]. According to the guidelines, gene expression profiles were one of the bottlenecks in all three
decision rounds [156] [157] [158]. The interviewees in the breast cancer guideline arena (see figure
2.1) indicate that gene expression profiles were not identified as bottlenecks to tackle in the current
round of decisions. Thus, it seems that in the upcoming new version, there will be no changes in the
gene expression module compared to the 2020 guideline. It is unclear if the module about gene ex-
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Publication Years Appearance in the Guidelines Advice
2008 [156] Several gene expression profiles have

been shown, for patients with nega-
tive axillary lymph nodes, to better
distinguish subgroups with favorable
or unfavorable prognosis and predict
response to drug treatment. These
profiles include the MammaPrint® 70-
gene profile or ”Amsterdam signature,
the 76-gene profile or ”Rotterdam sig-
nature” and the 21-gene profile or On-
cotype DXTM panel. Large studies,
on the order of several thousand pa-
tients, have been initiated in recent
years to evaluate the prognostic and
predictive value of the available gene
profiles to adequately validate and to
further test their usefulness in clinical
decision-making. At this time it is there-
fore advised that gene expression pro-
files should preferably be determined
as part of these studies.

The available commercial gene expres-
sion profiles are preferably applied in
study settings

2012 [157] Several gene expression profiles have
been shown in retrospective studies to
better distinguish subgroups with favor-
able or unfavorable prognosis in pa-
tients than traditional risk estimates.

In individual cases in hormone-
sensitive invasive ductal carcinoma,
validated gene expression profiles can
be used if there is doubt about the
indication for adjuvant chemotherapy
based on traditional prognostic factors.

2020 [158] Gene expression profiles such as
MammaPrint and OncotypeDX have
prognostic significance in addition to
the known classical clinical and patho-
logical factors. However, they can-
not replace the known classical clini-
cal and pathological factors. These
gene expression profiles do not con-
stitute a predictive test for the effect
of chemotherapy. Based on currently
available data, no preference can be
given to MammaPrint or OncotypeDX
when deciding on adjuvant chemother-
apy.

Based on the MINDACT study,
MammaPrint may have an added
value in patients with pT1-2N0 and
pT1N1 (maximum 1 positive axillary
gland) ER+HER2- invasive carcinoma
NST (formerly invasive ductal breast
cancer), in whom adjuvant chemother-
apy is considered based on clinical and
pathological factors (see also adjuvant
chemotherapy module). This includes
patients with pT1-2N0 or pT1N1 dis-
ease with the following features: grade
1 3-5 cm pN0; grade 1 2-5 cm pN1;
grade 2 2-5 cm pN0; grade 2 0-5 cm
pN1; grade 3 1-2 cm pN0.

Table D.1: An overview of the appearance of Mammaprint in the guidelines throughout the years

pression profiles were on the initial list with bottlenecks. It was mentioned by interviewee 16 that in the
current revision round about 160 bottlenecks were identified and that they picked up 14 of them. In
the guidelines it is mentioned per bottleneck which group of persons is responsible for revision. These
specialists write the guidelines on behalf of their medical specialty society and therefore on behalf of
their constituency. According to interviewee 14, at the time of meetings, the medical specialists also
have a letter with them stating that they have been delegated by their medical specialist association.
On the NABON website it is stated which individuals are involved on behalf of which medical scientific
societies for the current decision round [159]. However, as these guidelines have not been published
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yet, there is no information available online about the current bottlenecks and the responsible persons
per bottleneck.

As far as interviews revealed with medical specialists and the process facilitator in the breast can-
cer guideline arena (interviewees 1, 2, 14 and 15), everyone agreed with the way gene expression
testing came into the guidelines. However, no minutes or reports are available of how the decisions in
the various decision rounds exactly went. Since some decision rounds did take place many years ago
(the first one around 15 years ago), it should be mentioned that the interviewees also indicated that
they did not remember it all in detail or were not involved in all decision rounds.
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