@‘I.A%.ICIA.% ‘.
« OHNE/) N N\ \ @

EN. NO® NHEN @ @ 7/ H \ b
219\ HO\7H \ 7@ A 7

o ® H \ H oV e \ [ J

= l\ H N@oV o 7/ N

¢ PN 7% @V \ 7@ |\ V¥ W
<@ V H @\ 7 W \ ® []
=N X VE EH\ HO \ L]

T rm o 7\ @ e | 1 W\ W

el J | ® \ Ve \ 788

¢@® H N\ ON 7@ \ |

A HE \ Al N Bm w._
)W HOO® ON® | N W

€7 @ W y N 7% N A
EH) NNU \ H® re ®

> OH 77 Ol Hm @ \ W W
=\ H \H N B N B N\ N\ \\

#@ MW 007 )@ N\ N N
gl \' | N\ \' B N\ W

making

MAKING CANCER DATA MEANINGFUL

Using real-world data to evaluate cancer care and outcomes,

and support evidence-based decision-

MARIANNE LUYENDIJK






MAKING CANCER DATA MEANINGFUL

Using real-world data to evaluate cancer care and outcomes,
and support evidence-based decision-making

MARIANNE LUYENDIJK



Author

Marianne Luyendijk

Design

Iris Jonsthovel, www.irisjonsthovel.com
Published and Printed by

Optima Grafische Communicatie, www.ogc.nl
ISBN: 978-94-6510-962-6

The research for this thesis was made possible by the Netherlands Comprehensive Cancer Organ-
isation (Integraal Kankercentrum Nederland, IKNL), in close collaboration with the Erasmus School
of Health Policy and Management (ESHPM) at Erasmus University Rotterdam, and with additional

academic input from Erasmus Medical Centre (Rotterdam).

All rights reserved. No part of this thesis may be reproduced or transmitted in any form by any

means without written permission from the author.



Making Cancer Data Meaningful
Using real-world data to evaluate cancer care and outcomes, and support

evidence-based decision-making

Het genereren van zinvolle data
Het gebruik van real-world data om kankerzorg en -uitkomsten te evalueren en
besluitvorming te ondersteunen
Proefschrift
ter verkrijging van de graad van doctor aan de
Erasmus Universiteit Rotterdam
op gezag van de
rector magnificus
Prof.dr.ir. AJ. Schuit

en volgens besluit van het College voor Promoties.

De openbare verdediging zal plaatsvinden op

vrijdag 21 november 2025 om 10.30 uur
door

Marianne Luyendijk

geboren te Al-Khobar, Saoedi-Arabié.



PROMOTIECOMMISSIE

Promotoren: prof.dr. C.A. Uyl-de Groot
prof.dr. S. Siesling
prof.dr. A. Jager

Overige leden: prof.dr. V.P. Retél
prof.dr. S.C. Linn
prof.dr. M.J. lJzerman

Copromotoren: dr. H.M. Blommestein



CONTENTS

1.  General Introduction

Part 1. Real-World Data: Setting the Scene
2. Real-World Data Sources

3. Review of the Quantity & Quality of Real-World Data Studies

Part 2. From Real-World Data to Evidence

4.  Cost-Effectiveness Analysis of MammaPrint®

5. Regulatory Approval, Reimbursement, and Clinical Use of CKD 4/6 Inhibitors
6.  Changes in Survival in de Novo Metastatic Cancer in an era of New Medicines

7. Comparison between de Novo and Metachronous Metastatic Breast cancer

Part 3. Real-World Data: State-of-the-art guidance

8.  Assessing ‘Fit-for-Purpose’ of a Real-World Dataset: Lessons Learned

9.  General Discussion

10. Other

22

28

52

78

96

112

132

144

158



CHAPTER 1

A
W

]
A\



GENERAL INTRODUCTION






General Introduction

TOWARDS A ‘CURE’ FOR CANCER

In 1969 The Washington Post published a whole-page advertisement, titled, “Mr. Nixon:
You can Cure Cancer” (1). At that time, the belief ran, that curing cancer was just a matter
of willpower, proper planning and sufficient funding (2). Unfortunately, half a century
later, with 18 million new diagnoses and 10 million deaths worldwide each year, a cure
for all cancer types still seems far beyond our grasp (3).

The belief that a cure for cancer was a realistic ambition descended from the break-
through discoveries in the 1960s and 1970s. Aggressive chemotherapy combinations
were then shown to successfully achieve durable response and even cure in lympho-
blastic leukemia, advanced Hodgkin's lymphoma and metastatic testicular carcinoma
— cancers that had previously responded poorly to treatment (2, 4, 5, 6, 7, 8). At that
time, scientists assumed that there was one mechanism and one cure for cancer. If one
cancer could be cured with combination chemotherapy, then other cancers should
follow (9). Consequently, the number of studies investigating chemotherapy prolifer-
ated during the years to come. Various combinations with the available therapies were
tested, doses were escalated, and treatment durations were extended—all with the
objective to lengthen patient’s lives. Regrettably, by 1985, only minor improvements in
survival—typically of a couple of weeks to months—were observed at the population
level (2, 10).

Surgeons also took radical approaches until the 1980s. They assumed that the more tis-
sue they cut away, the higher the probability of cure. In women with breast cancer, for
instance, not only was the breast removed, but also the pectoral muscles, axillary nodes,
the wall of the chest and sometimes even parts of bones (e.g., ribs, sternum, clavicle) (2,
11). Surgeons started to question these radical approaches when a better understand-
ing of the origin of tumors and their patterns of spread emerged (12, 13). Indeed, in the
early 1980s, the results of a trial investigating radical mastectomy versus an approach
in which only malignant lumps were removed — followed by radiation to the breast,
showed no difference in cancer recurrence and survival (14, 15). This approach changed
the standard of care and the basic principles of this type of surgery (lumpectomy) are
still applied today. But it also contributed to a theory that had been proposed centuries
ago: solid cancers could be either localized and curable by surgery (with or without
systemic therapy) or metastatic and incurable by surgery (2, 16, 17).

Following the chemotherapy studies during the 1980s, it became clear that a better
understanding of the biologics of cancer was needed in order to improve treatment (10).
One important step forward in this respect was the discovery of the role of hormones




Making Cancer Data Meaningful

in the genesis and growth of breast and prostate cancer cells (2, 18, 19). This finding not
only led to the introduction of effective anti-hormonal therapies, but it also contributed
to the realization that cancer is a highly heterogeneous disease. Later, the hypothesis
emerged that certain targets (e.g., proteins) in cells might play a role in cancer cell
growth and that a possible treatment approach could be to inactivate these targets.
Indeed, this resulted in the development of effective ‘targeted’ medicines (2, 10). One
of the first such agents, the monoclonal antibody trastuzumab, reduced the size and
number of metastases (visible on a CT scan) in metastatic HER2-receptor overexpressing
breast cancer. In 1999, trastuzumab was approved for use in clinical practice after clinical
studies showed improvements in survival of about 5 months (from 20.3 months to 25.1
months) in patients with metastatic breast cancer (20).

Many other targeted therapies for various cancer types followed and a new era of
personalized oncology began where providing the right treatment to the right patient,
reducing toxicity and improving quality of life became important considerations (21).
While there have been profound successes with targeted medicines in the treatment
of metastatic cancers (e.g., imatinib for gastrointestinal stromal tumors and chronic
myeloid leukemia, trastuzumab for breast cancer, vemurafenib for melanoma), the
response to these agents is often not durable (22). As with chemotherapy, cancer cells
will become resistant to these agents sooner or later (2, 23). Newer strategies aimed at
increasing response duration included the use of multiple targeted therapies and the
application of multiple lines of treatment. Interestingly, the discovery of cancer targets
has also enabled treatment to de-escalate. That is, if a diagnostic test shows that there
is no overexpression of HER-2 receptors in a patient’s cancer, it is of no use to give this
patient a HER-2-targeting agent. A trend towards “doing less” continues in both local
and systemic treatment. For instance, with the introduction of gene-expression profiling
tests (e.g., mammaprint/oncotype DX), it is possible to predict which patients with early-
stage breast cancer have a very good prognosis and can safely forgo chemotherapy (24,
25).

Paradigm shifts in cancer medicine development were rewritten in the 2010s with ap-
proval of immunotherapies and cell- and gene- based therapies for use in clinical prac-
tice. Both therapies provide novelty, by using new modes of action: immunotherapies
re-activate the immune response, allowing the body to attack cancer cells, while gene
therapies inactivate genes that are causing problems (26, 27). Additionally, both show
remarkable benefits in specific subgroups of patients. For instance, immune checkpoint
inhibitors have revolutionized the treatment of patients with metastatic melanoma,
improving the 5-year survival rate from historical levels of less than 10% to over 50%
in clinical studies (28, 29). Gene therapies offer potential cures for childhood leukemia,
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with patients previously considered incurable now living for over 10 years (30). While
these therapies are obviously valuable additions to the treatment arsenal, they are
unfortunately not effective in all patients.

In the history of curing cancer, prevention and early detection also gained considerable
attention. Important discoveries in this regard include the identification of cancer caus-
ing substances (predominantly from smoking) and the development of screening tests
that are capable of detecting (pre-)malignant growth that can be cured with surgery
(e.g., the Pap smear test to detect abnormal cervical cells before they have a chance to
become cancerous) (31, 32). Unfortunately, prevention and early detection also have
not delivered a universal ‘cure’ for cancer (33, 34). As history shows, ‘curing’ cancer is a
cumulative process that results from decades of research (2). A process that will likely
continue in the coming decades.

WE MUST HAVE DATA

In the early days of cancer medicine discovery, scientists already recognized that ob-
jective data were needed to demonstrate the effects of their treatments in humans.
Physicians, so they recognized, could not simply perform experiments without biases
arising regarding the types of patients they treated and their characteristics (2, 35). A
famous statistician, named Bradford Hill, proposed a study design to overcome these
problems: the randomized controlled trial (RCT). By randomly assigning a large group
of patients to an intervention and a control group, both observable and not-observable
patient characteristics could be balanced across groups. Besides randomization, Hill’s
methodology involved a clear definition of patient eligibility, treatment exposure, and
outcomes measured (i.e.,, method and time points). All these features made the RCT the
most rigorous method for determining a cause-and-effect relationship (36).

Almost a century later, the RCT is still the most important source of evidence in medicine
(37). Results from RCTs are used by various stakeholders, including scientists, pharma-
ceutical companies, regulators, policy makers and physicians (38, 39, 40, 41). Companies
and other organizations conduct RCTs to demonstrate that new technologies (including
medicines) are safe and effective. Federal agencies involved in regulating the market
authorization (MA) of medicines utilize these results to draw conclusions about the
safety, efficacy, and quality of new medicines. Policymakers use them as input for their
assessments of (cost)effectiveness and to make decisions regarding reimbursement.
Physicians use results to make evidence-based treatment decisions.

11
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Despite their prominent role, RCTs do not provide all the answers relevant to the three
different stakeholders in oncology (42). When RCTs are performed, which is usually the
case for medicines, evidence gaps remain. Firstly, because the generalizability of results
from RCTs to daily practice is often hampered by the (strict) eligibility criteria and highly
controlled environment. In daily practice, patients are usually less fit, and their treat-
ment adjustments are more flexible (43). Secondly, in the era of personalized oncology,
where medicines target relatively small groups of patients, RCT design is becoming
increasingly complex (22). Finally, driven by societal pressure and the competitive phar-
maceutical industry, there are incentives to bring products to the market quickly. This
appears to play a role in the way studies are designed (e.g., patient inclusion, choice of
comparator arm, and outcomes), performed and results are communicated (35, 44, 45,
46). Besides the uncertainties surrounding the effects of medicines in oncology, there is
often even more uncertainty about the actual effects of other health technologies (e.g.,
medical devices). Evidence of the performance of medical devices is usually not based
on RCTs because the licensing procedures are less regulated than that of medicines (47).
Moreover, the characteristics of technologies (e.g., the performance of a device may vary
depending on the user) make it more challenging to conduct RCTs and interpret their
results (48)

The different stakeholders in oncology need data to fill evidence gaps. As such, there is
an increased interest in using data from everyday clinical practice, well known as ‘real
-world data’ (RWD), to fill research gaps (49, 50, 51)]. Like data from RCTs, too, the use
of RWD to evaluate outcomes in oncology is not a new phenomenon. By 1986, Bailar
& Smith published one of the first scientific papers based on population-based cancer
registry data. This study showed that mortality increased by almost 9% from 1962 to
1985, even though researchers had hypothesized a decrease in in the number of
cancer-related deaths as a consequence of the introduction of curative treatments (e.g.,
cisplatin for testis carcinoma) (2, 52). The rising mortality rates were a consequence of an
enormous increase in the number of smokers and a resulting increase in the incidence of
smoking-related cancers (mainly lung cancer) (53).

The paper by Bailar & Smith (1986) is one of the first examples of how RWD can generate
valuable insights to improve cancer care and outcomes. Ever since this publication, the
amount of RWD has proliferated. Patient data, potentially relevant to answer research
questions, is everywhere. For example, healthcare providers report information regard-
ing diagnoses and treatments in electronic health records and they submit insurance
claims to receive payment for services delivered. Patients generate data by filling out
quality of life questionnaires, recording side effects in apps and by using wearables.
Organizations aiming to provide insights into the burden of cancer (e.g., incidence, sur-
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vival and prevalence) and the quality of cancer care, collect data from several sources,
preferably including cancer registries (54, 55). These data can generate insights that
cannot be obtained from RCTs, for instance, to identify disparities in the use of new
medicines in practice (e.g., difference in uptake between age groups), to understand the
long-term safety and other outcomes related to medicines and to evaluate the costs of
care (54, 56).

While potentially relevant, RWD studies also come with challenges. Potential flaws in
using RWD for comparative effectiveness research include the risk of selection bias and
confounding, which both lead to incomparability of treatment groups under study (57).
Selection bias occurs when treatment and control groups are selected in such a way that
they are systematically different from each other. This happens, for instance, when fitter
patients receive other types of treatment than patients who are less fit or when patients
drop out of a study due to side effects related to a specific treatment. Confounding oc-
curs when an apparent relationship between a treatment (or another exposure) and an
outcome is distorted by a third (often unmeasurable) factor. This for instance happens
when the choice of treatment for patients is related to their prognosis (e.g., due to older
age, comorbidity or lifestyle such as smoking). Other often voiced concerns for any type
of RWD study include data completeness, quality and validity (55, 58).

HOW MUCH CAN WE SPEND?

Partly due to advances in treatment, the prognosis of cancer has improved over the
decades. While this is good news, there is also a backside. That is, the costs of cancer
care in Europe doubled from about 50 billion in 1995 to over 100 billion in 2018, with
32 billion spent on cancer medicines and 71 billion on other aspects of healthcare (59,
60). In most European countries, healthcare is collectively financed, either through tax
or insurance-based systems. The increasing costs of care overall, and cancer treatment
specifically, put pressure on healthcare budgets, raising concerns about the financial
sustainability of health care systems and the accessibility to care and new treatments.
Policymakers, who need to balance spending on cancer control alongside other policy
priorities, increasingly have to make choices on what care to reimburse and what not
(61).

The rising costs of care are driven by the ageing population and the growth in the
number of patients in need of care. Yet, they are also driven by the introduction of new
health technologies, including medicines and medical devices, as well as the need for a
multidisciplinary team to provide care. The number of treatment options is increasing,
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and these options are often used as adjuncts rather than as replacements for existing
treatments (61). For instance, prior to 1990, about 40 systemic therapies were available
to treat metastatic solid cancers, while over 175 options were available in 2020 (61, 62,
63). Additionally, the costs of treatments are increasing as well. Nowadays, €100.000 per
patient for a treatment course is no exception in oncology (64). Medicines are higher-
priced, partly because they are more expensive to develop and produce and they target
smaller populations, making it more difficult to earn back investments. But also, because
expensive diagnostic tests are needed to identify patients who most likely benefit from
targeted medicines. The rising treatment and diagnostic costs have led to the question
about whether health technologies (including medicines) truly add value to patients
and society (65).

One approach to controlling costs without comprising outcomes, is to identify and
abandon high-cost aspects of care that add no or very little benefit. In many European
countries, national authorities already systematically evaluate the added value of new
health technologies (including medicines) to make decisions regarding their reimburse-
ment (61). Evaluations of effectiveness of the new technology compared to the standard
of care, and sometimes also cost-effectiveness are tools used by these authorities (66).
While different components of cancer care contribute to the total costs, evaluations
of the (cost)effectiveness are in theory relevant for any type of health technology. In
practice, however, reimbursement decisions are typically limited to medicines, owing to
the nature and regulations of the pharmaceutical market (67).

DECISION-MAKING IN ONCOLOGY:
WHO, WHY, WHAT?

In an era of rapid development of medicines and other technologies for cancer, value
considerations have become more and more important for different stakeholders (65).
Value in terms of efficacy and safety is relevant for regulatory agencies (and Notified
Bodies) that decide whether medicines and technologies can be allowed on the market.
The value in terms of added effect and costs is relevant to policymakers who need to
decide on reimbursement. Finally, the value of a medicine or technology in improving
a patient’s life is relevant to clinicians who must determine which treatment is best for
which patient. Unfortunately, these important decisions often have to be made based
on uncertain evidence (68). Below a detailed description is given of each of the stake-
holders (regulators, policymakers, clinicians), their roles in the decision-making process,
why choices need to be made, and what evidence is available to inform the decisions.

14
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Marketing autharization: Is it safe, efficacious and of sufficient quality?

The question of whether health technology is allowed to be sold on the market is nowa-
days a concern of regulatory agencies (for medicines) and Notified Bodies (for medical
devices). History has shown that market forces alone do not sufficiently ensure that
technologies are safe and effective. In 1956, a medicine named thalidomide was mar-
keted as a sedative and used, among other things, to reduce nausea in pregnant women.
At that time, no specific proof of medicine safety was required. While several studies on
thalidomide were performed, these did not include testing in pregnant animals (or hu-
mans), nor was any randomized study performed. The lack of rigorous evidence resulted
in a disaster. By the end of the 1950s, physicians observed a remarkable increase in the
number of babies born with missing or shortened limbs. These birth defects were soon
thereafter linked to the use of thalidomide. In 1961, thalidomide was withdrawn from
the market by the pharmaceutical company (69).

The disaster of thalidomide resulted in changes to the regulatory system for medicines
worldwide. Not only were explicit phases of testing defined (phase | - lll clinical stud-
ies), but randomized studies, in large groups of patients, to document the efficacy of
medicines became the new standard. Most of these requirements, although slightly ad-
justed, are still in place today (69). To obtain marketing authorization of a new medicine
or indication, pharmaceutical companies must submit a comprehensive dossier that
includes all data generated during the different phases of study. Regulatory agencies
in Europe, the European Medicines Authority (EMA), then assess all this evidence and
decide on approval (70). Notably, the procedure for medical devices, including high-
risk devices, such as implants, is regulated differently. Unlike medicines, which require
RCTs to generate insights into safety and efficacy, medical devices are only required to
perform ‘clinical investigation’ to verify safety, performance, and the benefit to risk ratio
(not effectiveness) in Europe. These investigations do not necessarily have to be RCTs,
nor do they need to adhere to specific requirements concerning the study design (47).
While regulations have been adapted recently, after several scandals with widely used
hip and breast implants, evidentiary standards of devices are still lower than that of
medicines (47, 71).

While the three-phase process of medicine testing and the thorough evaluation by
regulatory agencies have been implemented for obvious reasons, there is also a down-
side toit: it takes a lot of time (72). Patients with life-threatening forms of cancer, without
effective treatment options available, are not willing to wait for access to promising
medicines. To facilitate earlier access, the EMA has implemented different pathways
to expedite the process of studies and approval for certain medicines (73, 74). These
pathways require less rigorous evidence. For instance, in order to reduce follow-up time,
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studies using surrogate outcomes—defined as outcomes that are reasonably likely to
forecast clinical benefit (in oncology usually progression free survival)—are accepted
(74). Such outcomes are for traditional approvals not accepted. Additionally, single arm
studies are sometimes sufficient to bring products to the market (75). Increasingly, these
are the routes by which oncology medicines are approved. At the time a decision of
approval must be made, the evidence of efficacy and safety is consequently increasingly
uncertain (68, 76).

Reimbursement: (How much) should we pay?

The process of marketing authorization is independent of the decision to reimburse
a new medicine or device. The latter are made at the national level, while the former
are made at the level of the European Union. Typically, the aim of reimbursement au-
thorities is to optimize health outcomes within a budget-constraint environment. To
support reimbursement decisions, each country has its own specific evidence criteria.
Some require only evidence of effectiveness, whereas others are also interested in cost-
effectiveness (additional costs/additional effects) and budget impact (expected number
of patients x price) (38, 66).

The key source of data to inform reimbursement decisions is usually obtained from the
registration studies that are used to gain marketing authorization (68). However, the
requirements of reimbursement agencies are not considered in the design of these
studies. This brings additional uncertainties, on top of those already faced by regula-
tory agencies. That is, healthcare authorities are interested in the effectiveness of the
new product compared to the standard of care in that country. This is not always the
same as the comparator arm in the clinical study. Moreover, reimbursement agencies
are interested in the extent to which new treatments improve survival and quality of
life. With the changed criteria of regulatory agencies (e.g., EMA), robust information on
survival is often not available yet by the time reimbursement decisions need to be made.
Finally, what is truly relevant for health authorities is what the value of new medicines
and devices is in daily clinical practice (68, 77, 78). Since the population in daily practice
is broader and more heterogeneous than patient populations in RCTs, and because pa-
tients in practice are not treated under controlled circumstances, this remains unknown
at the time a decision must be made.

Clinical: Which treatment for which patient?

The question of which treatment among the available, approved and reimbursed
alternatives best fits the individual patient, including considerations related to the ap-
propriate timing, dose and duration, is the responsibility of the treating physician in
consultation with the patient. Clinical guidelines inform the decision, but oncology is a
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quickly evolving medical field. As such, the latest advances are often not yet included
in the guidelines (79). Moreover, RCTs of medicines typically evaluate one (often a new)
treatment, compared to another. The relative value of all competing therapeutic options
remains uncertain (80).

To fill this gap, several organizations provide advice regarding the value of new anti-
cancer medicines. In Europe, the ESMO (European Society for Medical Oncology) has
developed a standardized tool, the Magnitude of Clinical Benefit Scale (MCBS), to grade
the clinical benefit of new medicines. The scale ranges from 1 to 5 for non-curative
medicines and from A to C for curative medicines, with 1 and A representing the high-
est scores. Evidence of overall survival, toxicity, quality of life and surrogate outcomes
(e.g., progression free survival) is considered in the scale (41, 65). Typically, the scores are
applied to all new medicines approved by the EMA and updated when new evidence
becomes available. The ESMO-MCBS can be used by clinicians to gain a better under-
standing of the actual effectiveness of a medicine, but also to weigh the relative value
of treatment alternatives in the absence of direct comparisons (65). In the Netherlands,
the committee for evaluation of oncology medicines (CieBOM) additionally performs
assessments and publishes advice regarding the value of new medicines to treat cancer
using the PASKWIL criteria (Palliatief, Adjuvant, Specifieke bijwerkingen, KWaliteit van
leven, Impact van behandeling, Level of evidence - PASKWIL) (81, 82).

Important to note is that all assessments are based on the clinical studies performed to
obtain marketing authorization (68). Predictably, clinicians face similar uncertainties as
policymakers and regulators: What is the added value of a medicine compared to the
standard of care in their country and patient population in terms of outcomes that are
relevant for patients? Other unanswered questions include those of what medicines can
safely be used in a broader patient population (e.g., the elderly), what the optimal treat-
ment duration is, what sequence of different treatments delivers the best outcomes, and
what long-term issues can be expected (80).

DECISION-MAKING IN ONCOLOGY: WHAT IS NEXT?

Each of the above-mentioned stakeholders must make decisions with imperfect evi-
dence available. The proliferation of RWD in routine practice provides opportunities to
use these data, both prior to approval and post-approval. Nowadays, RWD is used by
regulatory agencies to evaluate long term safety and to provide information about the
natural history and epidemiology of a disease or the standard of care (83). For reim-
bursement decisions, RWD is also used to generate contextual information regarding
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the disease and its treatment, as well as to populate cost-effectiveness models. More-
over, in some countries, including the Netherlands, post-reimbursement registries have
been developed to generate better insights into the (cost)effectiveness of expensive
medicines in daily practice (84). Finally, the number of publications in oncology based
on RWD has increased over the years (27, 56, 85). Results from such studies may be used
by clinicians to support their decisions.

So far, RWD studies in any type of decision have been used on a rather ad hoc basis, but
all stakeholders see a broader role of RWD in the decision-making process. For example,
RWD may be used to generate a historical comparator arm when it is not possible to
conduct a randomized study, to support regulatory approval of new indications of
medicines, to provide insights in long-term outcomes, and offer information on ef-
fectiveness and costs in daily practice post-reimbursement, or in particular subgroups
underrepresented in RCTs (e.g., elderly) (49, 86). However, currently there is still a lack
of trust in RWD studies due to doubts about the quality of data and validity of applied
methods. In order to further unlock the potential of RWD, guidance for conducting
such studies, both in general and specifically within oncology, have been developed
by different stakeholders (49, 50, 51, 87). Core principles of these frameworks include,
ensuring quality of RWD, addressing the key risks of bias by using appropriate analyti-
cal techniques, and generating transparency in each phase of a RWD study (planning,
conduct, reporting).

In this thesis, we explored the potential of different RWD sources to generate insights
into cancer care and outcomes to support decision-making. We focus on retrospectively
collected data; thus, data collected without the goal of answering a specific research
question. The thesis begins with a description of data sources used in this thesis includ-
ing legal aspects (Part 1, Chapter 2). We assess how RWD has been used in literature to
generate evidence of comparative effectiveness in oncology (Part 1, Chapter 3). In Part
2, we present examples of how RWD can contribute to filling research gaps in oncology.
Specifically, we used RWD in a modelling study to assess the cost-effectiveness of a medi-
cal device (Chapter 4), in a study to evaluate utilization and access to new medicines
(Chapter 5) and to evaluate long-term outcomes in large groups of patients (Chapters
6 and 7). In Part 3 (Chapter 8), we applied state-of-the-art guidance developed by
regulatory and health technology assessment organizations to identify relevant RWD
and assess its suitability for a defined research question. Finaly, we reflect on our experi-
ences with gathering, analyzing, and interpreting the data in the discussion. Following
the core principles of RWD frameworks, we discuss the challenges and opportunities for
improvement regarding the broader use of RWD in oncology decision-making.
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Chapter 2

Real-World Data (RWD) refers to different types of routinely collected data (88). In the
field of oncology, important types of RWD include electronic health records (EHR),
administrative claims data and registries (55). Each of these data sources has its own
strengths and limitations. In this thesis, we primarily used data from the Netherlands
Cancer Registry (NCR) and administrative claims data and examined the possibilities of
linking the two data sources. According to RWD guidelines, an essential step in any type
of RWD study is to carefully consider the data source (49). Understanding the original
purpose of RWD, possible subsequent changes, data content, coverage accessibility
quality (completeness, accuracy) is import for determining whether the RWD source is
suitable for a specific research question (49, 55). We start this thesis by introducing the
main RWD sources used in our research and briefly discuss legal consideration that may
influence data usability.

The Netherlands Cancer Registry

Purpose and origin

The NCR is hosted by the Netherlands Comprehensive Cancer organization (IKNL) and is
a nation-wide registry which has the objective to provide insights into cancer epidemi-
ology, care and outcomes of patients with cancer. It includes retrospectively collected
data of newly diagnosed patients with cancer in the Netherlands (89). Newly diagnosed
patients are notified by the national archive of pathology (PALGA [in Dutch: Pathologisch
Anatomisch Landelijk Geautomatiseerd Archief])) and the National Registry of Hospital
Discharge and Diagnoses hosted by the Dutch Hospital Data (DHD). Once identified,
data managers record the relevant data, directly from electronic health records (EHRs).
Annually, NCR data are merged by the Municipal Personal Record Database in order to
retrieve information on patients last available vital status (alive or death) (90).

Quality and completeness

The NCR data includes >95% of all patients with cancer in the Netherlands (89). It
includes information on tumor characteristics, diagnostic procedures, diagnosis, initial
treatment and outcomes (overall survival). The patient, tumor and treatment informa-
tion in the NCR is quite comprehensive when compared to essential elements of cancer
datasets reported in the literature (91). It includes diagnostic information (morphology,
topography, grade, behavior, stage, date of diagnosis) and patients’ demographic in-
formation (sex, date of birth and postal code) and for selected patients’ information on
performance status and co-morbidities. It codes according to national and international
guidelines and coding systems (92, 93, 94). It is also quite comprehensive with regard to
radiation and surgical procedures performed, as well as to systemic treatment. It reports
details about procedures and the type of systemic treatment (i.e., substance) as well as
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the start date of prescription (and for chemotherapy also stop date) (95, 96). Typically,
information on the key variables collected contain few missing values.

Despite its completeness there are a couple of aspects that the NCR does not include
but which are relevant for various research question in oncology. Mainly, cancer recur-
rences (e.g., metastatic cancer years after diagnosis of primary disease which are often
not pathologically confirmed, and since pathology is the main notification source of the
NCR this is not identified) and information on treatment that is given beyond first line
(usually medicines for metastatic disease). Additionally, it does not include outcomes
other than overall survival, such as information on quality of life and progression free
survival. Additional data can be collected on request, but this requires additional fund-
ing from an external organization (95).

Relevance

The NCR data are relevant to answer various research questions. The primary purpose of
the NCR is to describe the nature and the burden of cancer in the Netherlands via stage
at diagnosis, incidence, prevalence, mortality and survival statistics published on www.
cijfersoverkanker.nl. These numbers can, for instance, can be used to identify trends, to
compare statistics and trends between countries (or over time) in order to identify pos-
sible disparities and drive improvement. Additionally, the NCR data are used to evaluate
population screening (e.g., breast cancer screening), to describe patterns of care and to
support various epidemiological or clinical studies (91, 95). The NCR can be enriched by
additional registration or linkage to other sources.

Accessibility and legal aspects

Patient-level data from the NCR is available on request. Stakeholders interested in these
data must therefore submit a formal request including a protocol, research objectives
and variables of interest to answer the research question. Permission has to be obtained
through the Privacy Committee (looking at privacy of patients, care givers and hospitals)
and the tumor specific Scientific Committees (looking at e.g. relevance of the data items
requested and quality of the research question). Depending on the type and amount
of data requested, the data can either be shared via a protected transfer program or an
account is created within the protected cloud of IKNL. The dataset is anonymized for
external users (e.g., variables containing a date are transformed). For scientific research,
NCR data are typically provided at no charge, unless additional data, linkages or prepa-
ration is needed (97). Authorized internal users (employees of IKNL) have access to the
complete dataset (including dates) under specific circumstances (98).
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The NCR uses personal data as prescribed in the General Data Protection Regulation
(GDPR) and other applicable laws and regulations in the Netherlands that aim to protect
personal data (98, 99). Typically, laws relating to data protection state that patient data
can only be used for scientific research if a patient gave consent to do so (100). Under
specific circumstances, it is allowed to use patient data without specific consent. For
instance, when it is not reasonably possible to gain consent (e.g., patients died, the
sample size is too large). In such circumstances, additional requirements hold for the use
of patient data for research (e.g., the organization needs to implement an transparent
opt-out system) (100). The NCR operates under this exceptional rule.

Administrative Claims Data

Purpose and origin

Administrative claims data are data are recorded for reimbursement purposes and
include information about diagnoses and health care services provided (e.g., health care
utilization, including diagnostic procedures, inpatient care and prescribed medications)
during patient visits to health care facilities (101). In the Netherlands these data are col-
lected and stored by various organizations, including hospitals, insurance companies,
data aggregators. The latter are organizations often established to enhance the quality
of care by combining data from multiple sources. In this thesis we used the data from a
data aggregator: the Dutch Hospital Data, and claims data from two individual hospitals
in the Netherlands.

DHD is an organization that collects claims data from all hospitals in the Netherlands.
Its objective is to improve the quality of healthcare in the Netherlands by collecting,
analyzing, and sharing hospital claims data. Researchers can request access to this data,
but availability may vary based on the specific research question and the type of data
requested (102). Hospitals collect their own claims data primarily for billing and reim-
bursement in order to receive payment for the services delivered.

Quality and completeness

Typically, claims data is structured using codes, which facilitates the translation of data
from care systems into an analytical dataset. The completeness of this data varies based
on the organizations that collect or store it. Regarding the data used in this thesis, DHD
offers comprehensive coverage, it included claims data from all hospitals in the Nether-
lands (103). Claims data from individual hospitals only includes the services provided at
those specific facilities, although it may, under certain circumstances, be integrated with
other patient data available within the hospital (104).
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Because claims data are generated for reimbursement purposes, it can be expected that
the accuracy of data concerning specific costly treatments (e.g., surgery, expensive on-
cological medicines) is high (55). However, there may be information that is relevant for
cancer research but not for reimbursement, that is not accurately registered (e.g., exact
date of treatment). Additionally, patient, tumor and outcome information in administra-
tive claims datasets are typically limited (55).

Accessibility and legal aspects

In the Netherlands, patient claims data can generally only be used for the purposes
for which it was originally collected (i.e., reimbursement), unless patients gave explicit
consent to use their data for additional purposes (100, 104). This principle is in line with
data protection regulations, including the General Data Protection Regulation (GDPR)
(99). Hospitals in the Netherlands and the DHD are allowed to use administrative claims
data to improve the quality of care (without explicit consent), but the data can only
be used for research under specific conditions. That is, the data must be completely
anonymized which means that all personally identifiable information has been removed
from the data. This includes removing names, addresses, identification numbers, dates
and any other data that could potentially link back to an individual. Additionally, any
data that could enable re-identification should also be excluded. For example, patient
IDs in the hospital should be replaced with random numbers, and the key used for this
replacement must be discarded afterward (100, 104).
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ABSTRACT

Objectives: Large secondary databases, such as those containing insurance claims data,
are increasingly used to compare the effects and costs of treatments in routine clinical
practice. Despite their appeal, however, caution must be exercised when using these
data. In this study, we aimed to identify and assess the methodological quality of stud-
ies that used claims data to compare the effectiveness, costs, or cost-effectiveness of
systemic therapies for breast cancer.

Methods: We searched Embase, the Cochrane Library, Medline, Web of Science, and
Google Scholar for English-language publications and assessed methodological qual-
ity using the Good Research for Comparative Effectiveness principles. This study was
registered with PROSPERO (number CRD42018103992).

Results: We identified 1251 articles, of which 106 met the inclusion criteria. Most stud-
ies were conducted in the US (74%) and Taiwan (9%) and were based on claims datasets
(35%) or claims data linked to cancer registries (58%). Furthermore, most included
large samples (mean 17,130 patients) and elderly patients, and they covered various
outcomes (e.g., survival, adverse events, resource use, and costs). Key methodological
shortcomings were the lack of information on relevant confounders, the risk of immortal
time bias, and the lack of information on the validity of outcomes. Only a few studies
performed sensitivity analyses.

Conclusions: Many comparative studies of cost, effectiveness, and cost-effectiveness
have been published in recent decades based on claims data, and the number of publi-
cations has increased over time. Despite the availability of guidelines to improve quality,
methodological issues persist and are often inappropriately addressed or reported.
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INTRODUCTION

Data from randomized controlled trials (RCTs) are typically used to show the compara-
tive effectiveness of treatment options and are often used in cost-effectiveness analyses
to support drug reimbursement decisions (105). However, although RCTs provide a gold
standard methodology for assessing efficacy and safety, it is increasingly recognized
that they fail to reflect either the true effectiveness or, if measured, the true costs of a
treatment in daily practice because they use highly selected cohorts in controlled condi-
tions (43, 54, 106). Moreover, the primary endpoints of many phase Ill RCTs are only
intermediate outcomes, such as relapse-free or progression-free survival, whereas final
outcomes are more relevant to patients, such as survival and quality of life (46, 107, 108).
To improve our understanding of treatment effects and costs in routine clinical practice,
healthcare decision makers are therefore increasingly prioritizing real-world data (RWD)
collected from sources other than traditional RCTs (88, 101, 109).

The digital era has resulted in a proliferation of RWD (56). Large electronic databases,
rich in longitudinal patient information for large cohorts, are routinely being generated
as a byproduct of clinical care and financial transactions (110). Typical examples are elec-
tronic health records and claims and billing databases,(111) and although the informa-
tion they contain is not collected or stored for research purposes, it can be used to assess
the costs, effectiveness, and cost-effectiveness of drugs used in routine clinical practice
(110, 112). Billing and claims data, in particular, are an appealing source to researchers
because they are relatively inexpensive (given the large sample sizes), easily accessible,
and structured with codes (112, 113, 114). Consequently, such data sets have been used
not only to examine care patterns (e.g., guideline adherence or regional variation) and
costs but also to evaluate treatment effectiveness (115, 116, 117, 118).

Despite the clear benefits of claims data, several concerns must be addressed when using
them for comparative research. For instance, the data may lack important clinical infor-
mation (e.g., diagnosis and outcomes), we may be uncertain of the accuracy of the codes,
and we must acknowledge that the data may only reflect a select patient population
(e.g., the insured) (110). The absence of treatment randomization is another important
concern inherent to all observational data (119, 120). These issues threaten the validity
of study results and the usefulness of those results for decision makers. Nevertheless,
many issues can be addressed through proper research design, appropriate analysis, and
standardized reporting (101). To guide comparative research based on non- RCT data (in-
cluding claims data) and to assist decision makers in judging the validity of such studies,
several good research practice guidelines have been developed. These include the Good
Research for Comparative Effectiveness (GRACE) initiative, the ISPOR series on Good
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Practice for Comparative Effectiveness Research, and a technical support document by
the National Institute for Health and Care Excellence (110, 121, 122, 123, 124). The extent
to which these recommendations are implemented by researchers is currently unclear.
In the present study, we aimed to describe the quantity and to assess the quality of
published (cost)effectiveness research of systemic therapies for breast cancer based on
claims data. We focused on breast cancer because it is one of the most prevalent cancers
worldwide, placing significant health and financial burdens on society,(125, 126, 127)
and because the number of innovative therapies for this disease is increasing (128, 129).

METHODS

Search strategy

A systematic review was conducted to obtain an overview of all (cost-)effectiveness
studies of systemic therapies for the treatment of breast cancer based on claims data.
We primarily searched the Embase, Cochrane Library, Medline, Web of Science, and
Google Scholar databases; however, this was supplemented by screening the reference
lists of studies deemed relevant based on full-text reviews of the introductions and
discussions of selected articles. A detailed list of the keywords used for each database
can be found in File 1 in Supplemental Materials, available online. The searches focused
on titles and abstracts, had no time restrictions, and were restricted to articles published
in English. The main database search was conducted on July 4, 2018. The study protocol
was registered with the International Prospective Register of Systematic Reviews before
conducting the review (number CRD42018103992).

Study Selection

The full inclusion and exclusion criteria are detailed in File 2 in Supplemental Materials,
available online. Broadly, we included studies based on the PICO framework:(130) (1) pa-
tients were diagnosed with invasive/metastatic breast cancer; (2) the analysis compared
interventions (or compared with none) based on patient-level claims data (including
those linked to other sources); (3) interventions included systemic anticancer treatments,
with or without radiotherapy or surgery, and with no restriction on comparators; and (4)
outcomes were either costs (or resource use), effects (clinical outcomes, adverse events,
including cancer recurrence and the development of other disease in later life, treatment
switching, or patient-reported outcomes), or both (i.e., cost-effectiveness). Titles and
abstracts were screened for inclusion by 2 independent reviewers (ML and RV) before
they reviewed the full texts of articles to identify those eligible for data extraction. At both
stages of article selection, disagreements were resolved by discussion, deferring to a third
reviewer (SS or HMB) to make the final decision when no agreement could be reached.

3e2



Review of the Quantity & Quality of Real-World Data Studies

Data Extraction

Data were extracted from each study using a form designed by ML and pilot tested by
ML and RV. The following data were collected: author, year of publication, country, time
horizon, study design, database, sample size, patient selection method, patient char-
acteristics, treatment type, comparison type, outcome type, outcome measures, and
statistical methods.

Quality Assessment

All included studies were assessed for methodological quality by 2 independent
researchers (ML and RV), using the validated GRACE checklist. This checklist was
specifically developed to evaluate the quality of comparative effectiveness research
based on observational data (124). It comprises 6 items concerning data quality (e.g.,
availability of information in the data set) and 5 items concerning the methodology (e.g.,
study design and analysis). Additional criteria were also used to improve consistency
among the researchers and across the assessment of the included publications. These
criteria were based on previous literature, (131, 132) pragmatic literature searches, and
the researchers’ judgments. The full checklist, including descriptions of the main and
additional criteria, can be found in Table 1 and File 3 in Supplemental Materials, available
online. We planned to resolve disagreements in the quality assessment through discus-

sion until consensus was reached.

Table 1. GRACE checklist and additional criteria.

Description Answer options GRACE Additional criteria Source
(124) (additional
criteria)
D1 Were treatment and/or YES: Reasonably necessary ~ YES: If there is some informa- Reference
important details of treat-  information to determine tion on dose/duration (e.g., (131)
ment exposure adequately treatment or intervention was no. of treatment lines).
recorded for the study adequately recorded for study
purpose in? purposes (e.g., for drugs,

sufficient detail on dose, days
supplied, route, or other data
important).

NO: Data source clearly defi- NO: No information on dose/
cient or not enough informa- duration.
tion in article.
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Table 1. GRACE checklist and additional criteria. (continued)

Description Answer options GRACE Additional criteria Source
(124) (additional
criteria)

D2 Were the primary outcomes

adequately recorded for
the study purpose (e.g.,
available in sufficient detail
through data source(s))?

D3 Was the primary clinical

34

outcome(s) measured objec-
tively rather than subject

to clinical judgment (e.g.,
opinion about whether

the patient’s condition has
improved)?

YES: Information to ascertain
outcomes were adequately
recorded in the data source
(e.g., if clinical outcomes were
ascertained using ICD-9 diag-
nosis code(s) in an admin-
istrative database, the level
of sensitivity and specificity
captured by the code(s) was
sufficient for assessing the
outcome of interest.)

NO: data source clearly de-
ficient (e.g., the code(s) cap-
tured a range of conditions
that was too broad or narrow,
and supplementary informa-
tion such as that from medical
charts was not available), or
not enough information in
article.

YES: clinical outcomes were
measured objectively (e.g.,
hospitalization, mortality).
N/A: primary outcome not
clinical (e.g., PROs).

NO: e.g,, clinical opinion
about whether patient’s
condition improved, or not
enough information in article.

YES: 1) The outcome(s) based
on algorithm/codes and the
sensitivity, specificity, or PVV
is reported in the article or in
in the article referred to.

2) Mortality outcomes based
on cancer registry and/or
death registry.

3) Other outcomes obtained
through medical chart review.

NO: One or more of the out-
comes used for the analyses
is based on an algorithm or
codes AND the algorithm/
code is not validated and/or
sensitivity, specificity, or PVV
are not reported in the paper
or reference.
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Table 1. GRACE checklist and additional criteria. (continued)

Description Answer options GRACE Additional criteria Source
(124) (additional
criteria)

D4 Were primary outcomes YES: Outcomes were vali- Yes: 1) The outcome(s) based
validated, adjudicated, or  dated, adjudicated, or based on algorithm/codes and the
otherwise known to be valid on medical chart abstrac- sensitivity, specificity, or PVV
in a similar population? tions with clear definitions, is reported in the article or in

e.g. a validated instrument  in the article referred to.

was used to assess patient 2) Mortality outcomes based

reported outcomes (e.g., SF-  on cancer registry and/or

12 Health Survey); a clinical ~ death registry.

diagnosis via ICD-9 code was  3) Other outcomes obtained

used, with formal medical through medical chart.

record adjudication by com-

mittee to confirm diagnosis or

other procedures to achieve

reasonable sensitivity and

specificity; billing data were

used to assess health resource

utilization, etc.

NO: No, or not enough infor- NO: One or more of the out-

mation in article. comes used for the analyses
is based on an algorithm or
codes AND the algorithm/
code is not validated and/or
sensitivity, specificity, or PVV
are not reported in the paper
or reference.

D5 Was the primary outcome(s) YES. n/a.
measured or identified in an NO,ornotenoughmforma ..... n/a ........................................................
equivalent manner between . in article.
the treatment/intervention
group and the comparison
group(s)?

D6 Were important covariates YES: most if not all important YES: A list of important S3
that may be known con- known confounders and confounders/covariates was
founders or effect modifiers effect modifiers available and determined with a pragmatic
available and recorded? recorded (e.g., measures of literature search per outcome

medication dose and dura-  and disease stage (see S3).

tion). This item was judged to be
sufficient (YES) if the con-
founders/covariates in the list
were available in the dataset
of the study.

NO: At least one important ~ NO: If one or more of the S3

known confounder or effect
modifier not available and
recorded (as noted by authors
or as determined by user’s
clinical knowledge), or not
enough information in article.

specified confounders/covari-
ates were missing.
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Table 1. GRACE checklist and additional criteria. (continued)

Description Answer options GRACE Additional criteria Source
(124) (additional
criteria)

M1

M2

36

Was the study (or analysis)
population restricted to
new initiators of treatment
or those starting a new
course of treatment?

If one or more comparison
groups were used, were
they concurrent compara-
tors? If not, did the authors
justify the use of historical
comparisons group(s)?

YES—Only new initiators of
the treatment of interest were
included in the cohort, or for
surgical procedures and de-
vices, only patients who never
had the treatment before the
start of study follow-up were
included.

NO: or not enough informa-
tion in article.

YES: Data were collected dur-
ing the same time period as
the treatment group (“concur-
rent”) or historical compara-
tors were used with reason-
able justification, e.g., when it
is impossible for researchers
to identify current users of
older treatments or when a
concurrent comparison group
is not valid—(i.e., uptake of
new product is so rapid that
concurrent comparators differ
greatly on factors related to
the outcome).

NO: Historical comparators
used without being scientifi-
cally justifiable, or not enough
information in article.

YES: If efforts were done

to exclude patients who
could have had the treat-
ment before. Or if it is very
unlikely that patients had the
treatment before (e.g., first
treatment after first primary
diagnosis of breast cancer).

NO: If it is possible that
patients had the treatment
before and no efforts were
done to check if patients

had the treatment before
diagnosis (e.g., enrolment in
insurance at least a certain pe-
riod prior to diagnosis) and/or
to exclude patients who could
have had the treatment be-
fore (e.g., patients with other
cancer prior to breast cancer
or recurrent disease).

YES: The timeframe of pa-
tients selection was < 3 years
(e.g., patients diagnosed with
breast cancer between 2002
and 2004) or the timeframe
was >3 years and it was
evident that treatments were
provided during the same
time period.

NO: The timeframe of patient
selection was > 3 years and

it was unclear when treat-
ments (i.e., intervention and
comparator(s)) were provided.
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Table 1. GRACE checklist and additional criteria. (continued)

Description Answer options GRACE Additional criteria Source
(124) (additional
criteria)
M3 Were important covariates, YES: Most if not all important YES: A list of important S3
confounding and effect covariates that would be likely confounders/covariates was
modifying variables consid- to change the effect estimate determined with a prag-
ered in the design and/or  substantially were accounted matic literature search per
analysis? for, e.g., measures of medica- outcome and disease stage
tion dose and duration. (see S3). This item was judged
to be sufficient (YES) if the
confounders/covariates in the
list were considered in the
analysis.
NO: Some important NO: If one or more of the S3

covariates were available for
analysis but not analyzed
appropriately, or at least one
important covariate was not
measured, or not enough
information in article.

specified confounders/covari-
ates were not considered in
the analysis.

M4

Is the classification of
exposed and unexposed
person-time free of ITB?

NO: Or not enough informa-
tion in this article.

YES: I the study is at low risk ~ Reference
of ITB: 1) Time-dependent co- (132)
variates analysis was used. 2)
Landmark analyses or restric-

tion in selection of patient
populations (e.g., patients had

to be alive at a certain period).

3) If it was highly unlikely or
impossible for an outcome

to occur prior to the start of
treatment (e.g., recurrence/
mortality prior to the start of
adjuvant chemotherapy in

early stage breast cancer). 4)
Comparison of two or more
treatments without a com-

parison to no treatment.

M5

Were any meaningful

analyses conducted to test
key assumptions on which
primary results are based?

Yes: And primary results did
not change substantially.
Yes: But primary results
changed substantially.

None reported, or not
enough information in article.

Abbreviations: GRACE, Good Research for Comparative Effectiveness; ICD: International Classification of Diseases;
ITB: Immortal Time Bias; S3: File 3 in Supplemental Materials; SF-12: Short Form; PROs: Patient Reported Outcome
Measures; PVV: positive predictive value
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Data Analysis

The characteristics of the selected studies are presented as numbers and percentages
for categorical variables and as means and standard deviations (minimum to maximum)
for continuous variables. For the quality assessment, we estimated the proportion of
studies that fulfilled each criterion and compared the GRACE scores before and after
2010. This cutoff was chosen because good research guidelines had been published at
the end of 2009 (110, 122, 133, 134).

RESULTS

Descriptive Statistics

We identified 1251 unique studies,
review and 98 based on full-text review. Thus 106 studies were included for data extraction
and quality assessment (Figure 1; Files 4 and 5 in Supplemental Materials, available online).

and we excluded 1047 based on title and abstract

_§ Records identified through database Additional records identified through
§ searching other sources
SE (n =1855) (n=47)
c
[
=
4 v
Records after duplicates removed
(n=1251)
Qo
f=
=
[
o v
o
S
2 Records screened Records excluded
(n=1251) (n=1047)
Full-text articles assessed for Full-text articles excluded, with
> ligibility » reasons (n=98)
= (n=204)
=) Publication (abs only) n=5
[T} Population n=10
Intervention n=28
o ) Comparator n=9
Studies included in Outcome n=2
qualitative synthesis Data n=39
(n=106) Duplicate n=2
l Other n=3

e
L
o
=)
5]
=

Studies assessed for
methodological quality

(n= 106)

Figure 1. PRISMA flowchart for the inclusion and exclusion of publications.
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Study Details

A full list of the included studies and their details is presented in File 6 in Supplemental
Materials, available online. In the following text, we describe specific features of the
included studies in more detail.

Publication year, country, database, design

The earliest study in this review was published in 2002, and the number of studies
showed a trend to increase over time (Figure 2a). Most studies originated from the
United States (78 studies; 74%), Taiwan (10 studies; 9%), and Canada (7 studies; 7%),
with the remainder from other countries (11 studies; 10%) (Figure 2b). About one-third
(37 studies; 35%) used claims data not linked to a database with patient and/or clinical
characteristics, but the remainder linked claims data with either cancer registry data
(61 studies; 58%) or other sources (e.g., RCTs; 8 studies; 7%) (Table 2). The Surveillance
Epidemiology and End Results-Medicare linkage database was used most frequently
(41 studies; 39%), followed by the Truven MarketScan database (claims data only; 12
studies; 11%) and the Taiwan National Health Insurance Research Database (claims data
only; 10 studies; 9%). Finally, 83 (78%) of the studies compared only the effectiveness
of treatments, 12 studies (11%) compared only the costs of different therapies, 9 (9%)
estimated both the effects and incremental costs of therapies, and 2 (2%) performed
full cost-effectiveness analyses, reporting the costs, effects, and incremental cost-
effectiveness ratios (see Table 2).

2a. Number of studies by publication year 2b. Countries

20~
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[EKorea
[TISweden
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[JJapan
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Figure 2. Publications per year and countries of the studies (N = 106)

Patient populations, sample size, cohort selection

Study populations comprised patients with locoregional disease (43 studies; 41%),
metastatic disease (27 studies; 25%), any stage, (21 studies; 20%), or unclassified stage
(15 studies; 14%). They also focused on patients aged =65 years (43 studies; 41%), adults
aged about =18 years (29; 27%), or patients with no age limit specified (22 studies; 21%).
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If specified, patients were rarely younger than 18 or 65 years. Sample sizes ranged from
175 to 190,620 (mean: 17 130; median: 6433). Samples for the linked data sets were
mostly selected based on cancer registry data (52 studies; 49%) or a combination of an
algorithm and cancer registry data (6; 6%), whereas claims-only studies were selected
based on algorithms (33; 31%) or single claim codes (7; 7%). Unfortunately, most of the
algorithms/codes were not validated (see Table 2).

Table 2. Key characteristics of the 106 included studies

Number of studies N =106 %

Types of databases
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Table 2. Key characteristics of the 106 included studies (continued)

Number of studies N=106 %

Chemotherapy 46 43%

Linear regression 3 Total >82; mul-
Log/logit regression 14 tiple methods
. ............... . ........................................................................................................... were used in
Poisson regression 2 .
................................................................................................................................ some studies
Negative binominal 2

Tobit regression 1

Generalized linear models 11

Cox regression 46

Competing risk regression 1

Cox regression with time-dependent confounders/covari- 16

ates

Propensity score methods 27 19%
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Table 2. Key characteristics of the 106 included studies (continued)

Number of studies N =106 %

Propensity score matching 12 Total >27; mul-
Propensity score weighting 6 tiple methods
........... '.........'...................... were used in
Propentsity score stratification 4

................................................................................................................................ some studies

Propensity score covariate adjustment 11

b o ubly : obust met ; ods I CIISIT PP s

" .c; tspeCI ﬁed ........................................................... S s

.I nstr u menta ; vanable S .............................................. 0 .................................................... 0 % .................
No n e .................................................................... 1 1 ................................................... 8% ..................
Other” ................................................................. 1 .................................................... 1% .................

Notes: 1) other is for instance stage 1 & 2 or stage 2-4; 2) the category about =18 years includes studies that defined the
age as approximately 18 without an upper age limit, the category =65 defined the age as approximately 65; 3) in these
studies age was not specifically specified (e.g., patients with invasive BC), we assumed no age limits were applied; 4) other
includes >50/<65/>80, postmenopausal etc.; 5) study period includes period for selection of patients + follow-up; 6) life-
time was assumed to be 34 years as in this study pts of >65 years were included (max 99 years) & 0 years of follow-up was
for a cross-sectional study; 7) median follow-up was reported by 38 studies, other studies reported mean follow-up/person
years or did not report follow-up duration; 8) some studies made multiple comparisons (e.g., comparison of treatment vs
not treatment & comparison of timing of the treated), we included only the main comparison; 9) different timing includes
for instance delay in treatment initiation, treatment restarting after discontinuation; 10) most studies that compared ad-
herence to no-adherence also compared persistence to non-persistence; 11) many studies evaluated multiple outcomes,
the number of outcomes therefore sum up to more than 106; 12) short term adverse events (AEs) such as hospitalizations
for neutropenia, fever, thrombocytopenia and long term AEs (e.g., development of cardiovascular events/diabetes/depres-
sive disorders); 13) other outcomes e.g., out of pocket payments, incremental cost-effectiveness ratio, non-cancer survival;
14) some studies used more statistical methods thus does not add up to 106; 15) including generalized linear models &
extended estimation equations; 16) combine the IPTW and regression model; 17) randomization

Abbreviations: BC: breast cancer; max: maximum; min: minimum; SD: standard deviation

Treatment and Comparator

Chemotherapy (CT) was evaluated in 46 studies (43%). These either assessed all agents,
a specific subclass, or a pre-specified regimen (e.g., doxorubicin, cyclophosphamide,
and taxane). Hormonal therapy (HT) was assessed in 27 studies (26%), typically evaluat-
ing the risk of developing health problems in the future (e.g., cardiovascular problems
and diabetes) or the effect of treatment adherence on survival and related outcomes.
Another 13 studies (12%) evaluated targeted therapy (TT), 3 (3%) compared CT with
HT, 12 (11%) compared CT with TT, and some did not specify the treatment (e.g., “any”
systemic therapy). The comparator varied among studies. Over one-third (41 studies;
39%) included no therapy as a comparator (e.g., HT vs no HT), and about one-third (36
studies; 34%) compared 2 or more therapies or regimes (e.g., some compared HT and
CT whereas others compared multiple different CT regimens). Some studies compared
the effects of different times to initiation of therapy (13 studies; 12%) and the effects of
adherence and non-adherence (12 studies; 11%).
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Outcomes

Multiple outcomes were evaluated in most studies (see Table 2), mainly related to
survival (i.e., overall or breast cancer specific survival), adverse events, and recurrence.
Other frequently studied outcomes included healthcare visits and costs. Of the studies
that assessed costs, 5 measured cancer-related costs, 16 measured total costs (i.e., costs
related to cancer care and costs of unrelated conditions), and 2 measured both types.

Statistical methods to control for selection bias

Most studies used multiple methods to control for selection bias, including regres-
sion analyses and propensity score matching, but none used an instrumental variable
method. Only 11 studies did not attempt to control for confounding, but most of these
did not intend to draw inferences about the relative effectiveness/ costs or were pilot
studies for which sample sizes were too small to control for confounders (see Table 2).

Quality Assessment GRACE Checklist

The results of the quality assessment are summarized in Table 3 and File 7 in Supplemen-
tal Materials, available online. Although agreement was reached on all items, a couple
of points are noteworthy. First, we had some difficulties reaching consensus on the issue
of immortal time bias (ITB), so we asked a third reviewer to check 25 studies that we had
initially disagreed on; however, this did not change our original conclusions. Second, we
also had extensive discussions about the issue of relevant confounders, although again,
we ultimately agreed on all items.

Only 17 studies (16%) reported information on the dose or duration of the study treat-
ment (item D1). Fewer than half of the studies reported the accuracy of outcomes based
on the International Classification of Disease/claim code(s) or algorithms. Given that
many studies used adverse events or cancer recurrence as outcomes, GRACE items D2
and D4, which evaluate the recording and validity of primary outcomes, were not fulfilled
by 63 (59%) and 62 (58%) studies, respectively. Nevertheless, the primary outcomes of
most studies were based on either International Classification of Disease/claim codes
or death registry data, resulting in 104 studies (98%) using objective outcomes (item
D3). Given that the same claim codes/mortality data were used for the intervention and
comparison group, 100% of the studies fulfilled the criteria for item D5. Many data sets
lacked information on relevant confounders for the outcome, with 47 studies (44%)
each meeting the criteria for items D6 and M3. For example, information on major risk
factors (e.g., lifestyle indicators for cardiovascular diseases), disease severity (e.g., stage),
performance status, and HER2 status were frequently unavailable in the data sets (see
File 3 in Supplemental Materials (available online) for a full list of confounders deemed
relevant per outcome).

43




Chapter 3

In most studies, patients were selected based on specified criteria, such as the type of
breast cancer and the period of diagnosis. Although most described a long timeframe
for selection (e.g., diagnosed between 1998 and 2008), they often failed to describe
when the treatments under comparison were given. As a result, item M2 was deemed
to be sufficient in only 26 studies (25%) because we could not be certain that data were
collected during the same period in 80 studies (75%). Authors sometimes required the
inclusion of information about patients and treatments before the study follow-up
period, such as requiring patients to be enrolled in an insurance program for at least 12
months before diagnosis so that the authors could select new treatment initiators for
analysis. Only 45 studies (42%) therefore met the criteria for item M1.

Item M4 addressed the issue of ITB. Immortal time refers to a period during cohort
follow-up in which the event of interest could not have occurred, with bias arising when
this is not correctly dealt with in the study design or analysis (135, 136). The risk of ITB
was high in 24 studies (23%) in our review; indeed, these made no attempts to deal with
the issue in their design or analysis, despite the high likelihood that the event occurred
before the exposure definition was fulfilled. Most of these studies evaluated treatment
adherence and persistence or compared exposed and non-exposed patients over long
periods within the definition of exposure (e.g., ever vs never users).

Table 3. Quality assessment using the GRACE checklist

Item Question Total Pre-guide- Post-guide-
lines lines
(2002-2009) (2010-2018)

N=106 N=18 N =88

D1 Were treatment (details) recorded adequately? 17 (16%) 3(17%) 14 (16%)
D2Wereoutcomesrecordedadequately"43(41%) ......... 7(39%) ........... 5 6(41%) ........
D3 Was the primary clinical outcome(s) measured objec- 104 (98%)  18(100%)  86(98%)

tively?
D4Wasthepnmaryoutcomevahdated’44(42%) ......... 7(39%) ........... 5 7(42%) ........
D5  Were primary outcomes measured/identifiedinan - 106 (100%) 18(100%)  88(100%)

equivalent manner between the treatment and com-

parator groups?
D6 SR |mp ortantco vanates recorded ’ ................................................. - (6 : %) ......... 3 6 (4 : %) ........
M1Wasthestudy restnctedto B P N . (44%) ........... 3 7(42%) ........
o companson groups o compa R A ; (1 7 %) ........... = (2 6%) ........
T |mportantconfounderscons|dered7 ........................................... - (61%) ......... 5 6(41%) ........
. e ys| B G (8 3%) ......... o (7 6%) ........
T y sensmwtyanal ysesperformed" ....................... = (3 5%) ......... 5 (28 %) ........... 5 (3 6%) ........
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Finally, only 37 studies (35%) reported a sensitivity analysis (item M5). Nevertheless, un-
expected differences were observed from before to after the good practice guidelines
were published (see Table 3). Notably, after their publication, fewer studies included
relevant confounders/covariates (items D6 and M3) and more studies appropriately
reported sensitivity analyses (item M5).

DISCUSSION

We conducted a systematic review of studies assessing the incremental costs, effective-
ness, or cost-effectiveness of systemic therapies for breast cancer based on claims data
and rated the methodological quality of 106 included studies using the GRACE checklist.
The earliest study was published in 2002, most were published in the United States and
Taiwan, and there was a clear increase in number over time. Nevertheless, many studies
had methodological shortcomings, and it was notable that the quality of studies did not
improve after the publication of good practice guidelines.

The observed trend in the number of studies is not surprising given the proliferation of
RWD and the growing interest in its use to improve clinical and regulatory decision mak-
ing for oncology (110, 137, 138). RWD is believed to have the potential to complement
evidence from RCTs thanks to certain well-known benefits, of which several were evi-
dent in the studies included in this review. First, we should note that many studies were
based on the Surveillance Epidemiology and End Results Medicare-linked database
in the United States, which has opened more opportunities to conduct studies using
RWD. Second, the sample sizes were generally large, ranging from 175 to 190,620 (even
covering entire countries, such as Taiwan (139)), which contrasts dramatically with the
numbers in clinical trials (i.e., only 3% to 5% of all patients with cancer) (138).Third, about
40% of the studies included older patients (typically =65 years) and some even included
the very old (>80 years), groups that are known to be underrepresented in RCTs (140).
Fourth, diverse outcomes were studied in the claims-based studies, including healthcare
resource utilization, costs, survival, and late or rare adverse events. These outcomes can
be difficult to study in RCTs because of the controlled treatment settings, small sample
sizes, and limited follow-up durations (46, 141, 142). Finally, claims studies allow for
evaluations of different therapies that are not typically compared in head-to-head clini-
cal trials; for example, combinations of doxorubicin, cyclophosphamide, paclitaxel, and
trastuzumab were compared with docetaxel, carboplatin, and trastuzumab (118, 143).

Despite the advantages of using RWD, our review also showed that important method-
ological requirements were not always met in published studies. One frequently observed
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issue, which is particularly relevant for comparative studies, was the lack of information
about confounding variables. Most studies did link claims and cancer registry data, there-
by including tumor and patient information (e.g., cancer stage), and many used proxies
of health status (e.g., comorbidity index and performance status) (144, 145). Important
confounders for the outcome of interest, however, were frequently lacking. In several
studies that examined the effect of systemic treatments on cardiovascular problems,
information on risk factors such as obesity or smoking status were not available in either
the claims or the registry data (146). This absence of prognostic data is an established
issue of RWD, especially in retrospective databases where researchers do not control the
data collection (147). In these settings, failure to include all relevant confounders and to
exclude all irrelevant confounders can lead to biased estimates of treatment effects (122).

Good practice guidelines recommend that all potential confounding factors be identified
and that researchers preferably make use of directed acyclic graphs (DAGs) to visualize the
relationships among variables (122). Such approaches make it possible to recognize relevant
and irrelevant confounders, and they can guide researchers when interpreting model results
(122). In our review, very few studies provided clear rationales for the choice of potential
confounding variables, and none used DAGs. Given the trend toward using large longitudi-
nal secondary databases for comparative research, we believe that it will become ever more
critical to discuss and defend the reasons for including or excluding confounders. This trans-
parency makes it easier for decision makers to judge the reliability of the observed effect.

Another quality concern that was quite common in the claims-based studies of this
review was the high risk of ITB. This phenomenon can arise when there is a time period
during cohort follow-up in which the event of interest cannot occur. Not appropriately
accounting for this can produce misleading results (i.e., an overestimate of treatment
effects) (135, 136). Previous systematic reviews have assessed the prevalence of ITB in
observational studies published in high-quality medical journals (132, 148). Consistent
with our research, they also found it to be surprisingly common (132, 136, 148, 149). Be-
cause ITB can be difficult for readers to recognize, we believe that researchers who use
claims data should explicitly specify how they dealt with ITB (e.g., Chien et al),(139) in
line with the RECORD-PE checklist (Reporting of Studies Conducted using Observational
Routinely Collected Health Data Statement for Pharmacoepidemiology) (150).

We also found that outcomes based on claim codes or algorithms were often not vali-
dated and that performance characteristics (i.e., predictive values, sensitivity, specificity)
were almost never provided. Validating outcomes is important because codes in claims
data are not always accurate, and using inaccurate codes can lead to misclassification
and loss of internal validity if the occurrence is not at random (i.e., classification bias)
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(122). Such misclassification can vary by disease state, patient population, data source,
and code (122, 151). Algorithms for cancer recurrence, an outcome frequently used in
many studies in our review, have been shown to vary widely depending on the code and
type of cancer. For example, the positive predictive values for breast, lung, and prostate
cancers have been reported to be 30% to 87%, 72% to 94%, and, 30%, respectively (152).
This supports the argument that authors should report their algorithm’s performance to
facilitate the accurate interpretation of their results.

Other issues were identified with the GRACE checklist. Few studies performed sensitivity
analyses to explore how much of the estimated effect depended on underlying assump-
tions. This is an important omission because many assumptions are made about the
patient population, the exposure, and the outcomes in claims- based studies, and because
sensitivity analyses can provide insights into the extent to which study findings are depen-
dent on them. Few studies also reported details of the doses or durations of the treatments
under study, possibly because that information was unavailable or unreliable in their claims
datasets (153). However, such information is particularly relevant when considering toxicity
outcomes. Finally, it was often unclear whether the compared treatments were prescribed
at the same or at different times during the study periods, preventing the reader from as-
sessing the impact of change in the standard of care over time.

When using a checklist to grade the quality of studies, assessors must perform valid
and reliable interpretations. We ensured validity by using the validated GRACE checklist
for evaluating observation studies(124) and ensured reliability by using 2 independent
assessors and a checklist clarification. Nevertheless, we still believe that aspects other
than those listed in the GRACE checklist are relevant when evaluating studies based on
claims data. For instance, the checklist does not cover either the selection of participants
or the measurement of treatment exposure, and both are often identified by algorithms
or codes and can result in misclassification. We found that few studies relying on claims
databases alone used validated codes or algorithms to select samples. A similar finding was
reported by Schulman et al (2014), who subsequently developed a checklist for selecting
study cohorts in oncology research (154). This checklist appears to complement the GRACE
checklist, and it could be suitable to combine these in future research (155). Another highly
relevant consideration for claims-based studies is how results are interpreted in the context
of other literature on the topic of interest. This is because confounding can never be totally
excluded in the absence of randomization, which necessitates proper interpretation to
increase confidence in the reliability of the direction and magnitude of observed findings
(110). This is not included in the GRACE checklist, but it was raised in the discussions of
many studies in this review.
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We performed a comprehensive bibliographic database search using various combi-
nations of MeSH/Emtree terms, free text terms, and synonyms to identify the studies
included in this review. Nevertheless, it was difficult to find all the studies that used
claims data because authors often used the database name rather than a general term
for the data set, such as “claims data” or “administrative data.” Moreover, MeSH/Emtree
terms for claims data were only recently added to the bibliographic databases we used.
To reduce the impact of this limitation, we also manually screened the references of
all included publications. It should be noted that the large number of studies from the
United States could result from the bias of including the MeSH/Emtree terms “Medicare”
and “Medicaid” (US insurance programs). We nevertheless believe that this will have had
little effect on our findings and recommendations because only minor differences in
study quality were identified between those conducted in the United States and in other
countries (File 8 in Supplemental Materials, available online).

Finally, few studies specified whether they were exploratory or hypothesis testing in
nature, and moreover, there was a conspicuous lack of information to help review-
ers consistently distinguish between these 2 types. According to Berger et al (2017),
authors should specify this design element before conducting studies of treatment
effectiveness (156). This is because, whereas hypothesis testing studies seek to support
decision making, exploratory studies seek to generate hypotheses for further research
(156). Therefore the requirements and practice recommendations for studies testing
hypotheses of treatment effectiveness must be stricter. Providing greater clarity about
the study objective in the aims, and specifically about whether a study is exploratory or
hypothesis testing in nature, could help readers and decision makers judge whether a
given study has sufficient quality for their needs.

CONCLUSION

Many comparative (cost)-effectiveness studies based on claims data have been pub-
lished in recent decades, and the number of publications has clearly increased over this
time. Our review highlights that methodological issues are frequently not addressed or
reported appropriately despite the availability of good practice and reporting guide-
lines. Adherence to these guidelines must improve before the promise of claims data to
increase insights into the effectiveness of cancer treatments can be fulfilled.

The supplemental materials can be found online at: doi: 10.1016/j.jval.2020.05.008

48






PART 2

A
W

]
A\



FROM REAL-WORLD DATA
TO EVIDENCE



CHAPTER 4

A
W

]
A\



COST-EFFECTIVENESS ANALYSIS
OF MAMMAPRINT®

Published as:
Cost-Effectiveness Analysis of MammaPrint® to Guide the Use of Endocrine Therapy in

Patients with Early-Stage Breast Cancer.

Luyendijk M, Jager A, Buijs SM, Siesling S, Uyl-de Groot CA, Blommestein HM.
PharmacoEconomics. 2023;41(8):981-997.



Chapter 4

ABSTRACT

Background: Gene expression profiling tests can predict the risk of disease recurrence
and select patients who are expected to benefit from therapy, while allowing other
patients to forgo therapy. For breast cancers, these tests were initially designed to tailor
chemotherapy decisions, but recent evidence suggests that they may also guide the use
of endocrine therapy. This study evaluated the cost-effectiveness of a prognostic test,
the MammaPrint®, to guide the use of adjuvant endocrine therapy, in patients eligible
according to Dutch treatment guidelines.

Methods: We constructed a Markov decision model to calculate the life-time costs (in
2020 Euro’s) and effects (survival and quality adjusted life years) of MammaPrint® testing
versus usual care (endocrine therapy for all patients) in a simulated cohort of patients. The
population of interests includes patients for whom MammaPrint® testing is currently not
indicated, but for whom it may be possible to safely omit endocrine therapy. We applied
both a health care perspective and a societal perspective and discounted costs (4%) and
effects (1.5%). Model inputs were obtained from published research (including random-
ized controlled trials), nation-wide cancer registry data, cohort data and publicly available
data sources. Scenario and sensitivity analyses were conducted to explore the impact of
uncertainty around input parameters. Additionally, threshold analyses were performed
to identify under which circumstances MammaPrint® testing would be cost-effective.

Results: Adjuvant endocrine therapy guided by the MammaPrint®, resulted in fewer
side effects, more (quality adjusted) life years (0.10 and 0.07 incremental QALYS and
LYs, respectively) and higher costs (€18,323 incremental costs) compared to the usual
care strategy in which all patients receive endocrine therapy. While costs for hospital
visits, medication costs and productivity costs were somewhat higher in the usual care
strategy, these did not outweigh costs of testing in the MammaPrint® strategy. The
incremental cost-effectiveness ratio was €185,644 per QALY gained from a healthcare
perspective and €180,617 from a societal perspective. Sensitivity and scenario analyses
showed that the conclusions remained the same under changed input parameters and
assumptions. Our results show the MammaPrint® can become a cost-effective strategy
when either the price of the test is reduced (>50%), or the proportion of patients for
which treatment is altered (i.e. those with ultra-low risk) increases to >26%.

Conclusion: Standard MammaPrint® testing to guide the use of endocrine therapy in
our simulated patient population appears not to be a cost-effective strategy compared
to usual care. The cost-effectiveness of the test can be improved by reducing the price
or preselecting a population more likely to benefit from the test.
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INTRODUCTION

A paradigm shift is taking place in oncology towards de-escalation of treatment with the
aim of improving and personalizing care (157). Treatment de-escalation includes reduc-
ing ineffective care or care that provides patients with no net benefit (i.e. treatments
for which the benefits do not counterbalance the harmful effects). Evidence-based de-
escalation strategies offer advantages to patients because they can safely forgo therapy
without compromising outcome (24). Additionally, avoiding ineffective treatments may
also reduce health care costs (158). Risk stratification by gene expression profiling (GEP)
is an approach to personalize and de-escalate treatment. Patients who are expected to
benefit from therapy are distinguished from patients that can forgo therapy.

Breast cancer is the most common cancer in women and the most frequent cause of
cancer-related death among women worldwide. Currently, several GEP tests are available
for breast cancer and some of these are recommended for use in clinical practice, including
MammaPrint®, Oncotype DX®, EndoPredict®, Prosigna® and Breast Cancer Index (24, 159).
Retrospective and prospective studies have shown that these tests can accurately identify
patients who have a low risk of disease recurrence and who can safely forgo adjuvant che-
motherapy (24). Despite the fact that GEP tests are quite expensive, they are considered
to be cost effective to identify patients who can forgo adjuvant chemotherapy in many
countries. The costs of testing can be offset by gains in health-related quality of life (HRQoL)
combined with savings in costs for chemotherapy and related adverse events (159, 160).

Recent studies suggest that MammaPrint® is also suitable for another purpose, that is,
to guide endocrine therapy (ET) decisions in patients with early-stage breast cancer.
This concerns patients who already have an excellent survival rate without chemo-
therapy. Nevertheless, (inter)national guidelines currently recommend (including for
these patients) 5 years of adjuvant endocrine therapy (ET) to reduce the risk of disease
recurrence (161, 162). Although ET is typically inexpensive, it can cause several side
effects. While only a small proportion of patients develop severe side effects such as
endometrial cancer and thromboembolism, less severe adverse events, such as hot
flashes, arthralgia, vaginal dryness, emotional lability and symptoms of depression, are
seen frequently (163, 164, 165). The latter are typically not life-threatening, but they
often impact patients’ quality of life and social functioning. Additionally, side effects
are also associated with increased costs, for instance due to more visits to health care
professionals and reduced work productivity (166).

In the Netherlands, MammaPrint® is currently commercially available but not reimbursed
from the basic benefit package (167, 168). Possibly, the new indication of MammaPrint®
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does qualify for reimbursement. For this purpose, information about the cost effectiveness
is valuable but to the best of our knowledge currently lacking. As such, we conducted a cost-
effectiveness analysis of MammaPrint® to guide ET decisions in patients in the Netherlands.

METHODS

Study Design

We constructed a decision analytic model to estimate the incremental costs per (quality-
adjusted) life year (QALY/LY) of MammaPrint® testing to assign ET in patients with ER+/
HER2-, lymph node negative and either grade 1 with a tumor size between 2-3 centime-
ter, or grade 2 and tumor size of 1-2 centimeter. We assumed 100% test accuracy for the
MammaPrint®. The model simulates the course of events of 1,000 patients aged 63 years
(i.e., average age of patients with the above mentioned characteristics in the Netherlands
(96)) for two strategies: 1) MammaPrint® testing to guide ET or 2) not testing and give ET
according to current guidelines to all patients. The latter includes, 2.5 years tamoxifen
followed by 2.5 years aromatase inhibitors (Al) or 5 years Al for postmenopausal pa-
tients and five years tamoxifen combined with ovarian suppression for premenopausal
patients (169, 170). Our analysis followed the Dutch pharmacoeconomic guidelines. As
such, we used a societal perspective and included both direct and indirect medical and
non-medical consumption costs and productivity costs (171). We also reported results
from the health care perspective and for both perspectives we reported results without
indirect costs. Costs are valued at 2020 euros and costs and health outcomes are dis-
counted at a rate of 4% of and 1.5%, respectively (171).

Model Description

A decision tree was combined with a semi-Markov model to simulate a cohort of patients
with early breast cancer (eBC) with the above mentioned characteristics. The decision
tree included the two alternative strategies: 1) test patients with the MammaPrint® and
guide their adjuvant ET accordingly; 2) treat all patients with adjuvant ET (Figure 1),
and was used to calculate the proportion of patients with ultra-low risk. In each of the
of the branches of the tree, the population was distributed among the clinical risk of
recurrence scores as defined by the MammaPrint®: ultra-low (13%, n=131), low or high
(50% low + 37% high = 87%, n=869) risk (162). Note: we assumed the same proportion
of ultra-low risk patients in the usual care group.

The semi-Markov model simulated the patients with an ultra-low risk over different
health states, until death, using transition probabilities and a cycle length of 3 months.
We included the MammaPrint® tests costs for all patients that needed to be tested
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(N=1,000). Treatment costs and outcomes were not included for the patients with a low
and high risk (N=869) because these are not altered with the test. The health states in
the Markov model included: i) ‘alive’ which are patients diagnosed with eBC (and the
characteristics mentioned above), ii) ‘endometrial cancer, ‘other malignancies, ‘throm-
boembolic event’ which are three health states representing major adverse events (AEs)
related to ET and; iii) ‘death’ We did not include a breast cancer recurrence health state
in our model because we assumed that the probability of recurrence would be the same
in ultra-low risk patients in the MammaPrint® and usual care strategy (161, 162). All
ultra-low risk patients, regardless of whether they received ET or not, initially entered the
‘alive’ state. From this health state they could die of any cause or develop a major AE and
potentially die. Patients could only be in one health state at a time and experience one
major AE in their lifetime. Patients who were cured from a major AE entered a new tunnel
health state and were assumed to have the same survival as patients in the alive state.

Costs and health-related quality of life values (Qol) (also known as utilities) were at-
tributed to the health states of the model. The total costs and effects of the two strate-
gies were calculated by summing up the health state costs and effects of all cycles (for
n=131 ultra-low risk patients). Test costs of the entire cohort (n=1000) were added for
patients in the MammaPrint® strategy. Average costs and effects were calculated for the
ultra-low risk patients (thus dividing the total costs and effects by 131). The incremental
cost-effectiveness ratio (ICER) was calculated as follows: (average costs MammaPrint®
strategy ‘ average costs usual care strategy) / (average effects MammaPrint® strategy ’
average effects usual care strategy). To determine whether the MammaPrint® strategy
was cost-effective compared to usual care, we compared the ICERs to the different
willingness-to-pay (WTP) thresholds valid in the Netherlands (i.e. 20,000, 50,000 or
80,000 per QALY gained) (172).

Input Parameters

Model inputs used to estimate costs and effects were identified using targeted literature
searches and obtained from published research (including randomized controlled trials
(RCTs)), nation-wide cancer registry data, cohort data and publicly available data sources.
Studies were selected based on their relevance to our model and the level of evidence
according to the evidence based medicines criteria (173). For costs and utility parameters
we preferred Dutch studies but if these were not available we used studies from other
developed countries. A distribution around the input parameter was defined. All input
parameters together with their uncertainty distributions are presented in Table 1a-1f.
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Usual care MammaPrint

Ultra-low risk Low/high risk Ultra-low risk Low/high risk

ot

Adverse Event (AE) 1: Thromboembolic Events @ Probability

Adverse Event (AE) 2: Endometrial Cancer @ Patients entering the Markov model
Adverse Event (AE) 3: Other Cancers A End point

* 1 cycle and die immediately from the AE

Figure 1. Schematic overview of the model

Probabilities

Mortality from any cause was assumed to be equal to that of the general female popula-
tion aged 63 years old (174). We assumed no difference in all-cause mortality between
the ultra-low risk group treated with or without ET. This assumption was supported by
the excellent metastatic free and overall survival of ultra-low risk patients, both with
and without treatment (161, 162). Dutch life tables were used to calculate death prob-

abilities per cycle (174).

Probabilities of major adverse events (per cycle) were calculated for four groups: pre and
postmenopausal women not treated with ET, postmenopausal women treated with an
Al for 5 years, postmenopausal women treated with 2.5 years of tamoxifen followed by
2.5 years of Al, and premenopausal women treated with tamoxifen for 5 years combined
with ovarian suppression. Probabilities were obtained from the literature (163, 175).
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Supplemental file 1 (available online) provides more information about the RCTs and
exact calculations.

Probabilities of death from major adverse events were calculated based on different pub-
lications. For the thromboembolic events, we weighted the proportion of patients with
deep vein thrombosis (DVT) and pulmonary embolism (PE) (164, 176). For endometrium
cancer and other cancers, we assumed that patients would only die from metastatic
disease. The occurrence of metastatic disease was estimated for 21% of patients who
would develop endometrium cancer and for 27% of patients who would develop other
malignancies (Supplement file 2, available online). Probabilities of death were applied
to all patients who entered the major AE health state for the first time. By using this
approach, we assumed that patients would either die from the AE within 3 months of
diagnosis or would survive the AE and die from any other cause. We also assumed that
patients who experienced a major adverse event would cease treatment and thus not
experience a reduction in quality of life and costs due to the further minor and major
AEs beyond three months.

Minor adverse events related to ET were clustered in four overarching groups based on
the publication of Kadakia et al. (2015) (177) which was an appropriate categorization
according to a clinical oncologist: 1) vasomotor symptom which include hot flashes and
night sweating; 2) vulvovaginal symptoms which includes symptoms such as vaginal
dryness and bleeding; 3) mood symptoms which mainly includes depressive symptoms;
4) cognitive symptoms including tiredness and forgetfulness etc; 5) musculoskeletal
symptoms for which we assumed that mainly fractures would result in costs and reduc-
tions in quality of life (177). Probabilities of these minor AEs for patients treated with and
without ET were recorded for the same groups as the major adverse events, using the
same data sources. We calculated the probability of having any minor AE by taking the
highest proportion of the AE groups. We assumed that minor AEs would occur directly
from the start of treatment and would remain for the full five years of treatment (except
for fractures) (Supplemental file 3, available online).

It is well known that many breast cancer patients discontinue ET early and therefore
assuming full adherence would overestimate costs. Since the proportions of adherence
were not reported in detail in the RCTs, the discontinuation rates were obtained from a
Dutch publication (178). This percentage was used to reduce ET medication costs.
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Table 1a. Information about the characteristics of the patient population simulated in this study

Patient population

Parameter Value SE Alpha Beta Source

Mean age (years) 63.3 n.v. n.a. n.a. Netherlands Cancer
Registry (national
data) (96)

Premenopausal (%) 18 0.003 5,257 23,351 Netherlands Cancer

Postmenopausal (%) 82 23,351 5,257 Registry (proportions
based on national
data) (96)

Adjuvant endocrine (178)

treatment 74 0.012 380 1,071

- Syearsof Al (%) 26 1,071 380

- 25yearsof
tamoxifen followed by
2.5 years Al (%)

Employed (%) 53 0.001 300,289 270,602 Statistics Netherlands
(174)

Abbreviations: Al: aromatase inhibitor; n.v.: not varied; SE: standard error

Table 1b. Transition probabilities used to populate the decision tree and Markov model

Decision tree - probabilities

Value SE Alpha  Beta Source
Ultra-low risk of recurrence based the Mamma- 13 0.012 98 652 (162)
Print® (%)
Low or high risk of recurrence based the Mam- 87 652 98

maPrint® (%)

Markov model - probab s

Women with ultralow risk of recurrence based on Based on life tables® (Supplemental file 10, (175,179)
the MammaPrint® available online)

Value SE Source
Year1(%)87 ...................... o o o ( 178) ...........
o ( %) ....................................................... s
Year3(%)69 ......................
Year4(%)63 ......................
Year5(%)49 ......................

*Annual probabilities are reported by Statistics Netherlands, we calculated probabilities for each cycle. These probabilities
are not varied in the PSA. Abbreviations: ET: endocrine therapy; n.v.: not varied; SE: standard error; PSA: probabilistic sen-
sitivity analyses.
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Table 1c. Probabilities of major adverse events in pre- and postmenopausal patients treated with and with-
out ET and probabilities of death from major adverse events

Probabilities of major adverse events - probabilities of thromboembolic events are applied for 5 years
and of endometrium cancer and other cancers for 10 years

Per cycle (SE - Alpha/Beta) Sources
Post-menopausal women Al (175) Tamoxifen followed  No ET - RR (163)
by Al (175)
Thromboembolic events (%) 0.0484 0.1038 0.031 (163, 175)
(0.0003 - 2.4/4,850) (0.0005 - 5/4,809) (0.001 -7/2241/0.001 -
11/2229°)
Endometrium cancer (%) 0.0057 0.0189 0.0091
(0.0004 - 0.2/3,075) (0.0004 - 0.6/,3044) (0.001 - 8/2,240/0.00 -
5/2,235°%)
Other cancers (%) 0.1933 0.1732 0.1419°(0.002 -
(0.0008 -5.9/3,069) (0.0008 - 5.3/3,040) 28/2,220/0.003 -
38/2,205°)
Per cycle (SE - Alpha/Beta) Sources
Pre-menopausal women Tamoxifen + ovar- No ET -

ian suppression (164)
- (164, 180)

Thromboembolic events (%) 0.063 0.039 (164, 180)
(0.0005 - 1/2,325)  (0.0007 - 0.5/1,005)
Endometrium cancer (%) 0.015 0.010
(0.0004-1.7/3,577) (0.0004-1.7/3,573)
Other cancers (%) 0.122 0.109
(0.0004 - 1.7/3,577) (0.0004-1.7/3,573)
Per cycle (SE) Sources
............................................ 7 7(164176)
(0.006-91/1,111°)
21(0.021 - 78/296°) (181)
Other cancers (%) 27 (0.027 - 72/197°) Assump-
tions

? Probabilistic RR were calculated by dividing two probabilities and using the SE of both. Probabilistic RRs were applied to
the probabilistic; ® SE assumed to be 10% of mean values of exemestane. Abbreviations: Al: aromatase inhibitor; ET: endo-
crine therapy; RR; relative risk; SE: standard error.
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Table 1d. Probabilities of minor adverse events in pre- and postmenopausal patients treated with and
without ET

Probabilities of minor adverse events in different subgroups - applied for 5 years (during ET)

Per cycle - for 5 years (SE - Alpha/Beta) Sources
Post-menopausal women Al-(175) Tamoxifen followed by No ET - RR from -
Al-(175) (163)°
Vasomotor (%) 35.1 40.4 279 (163)
(0.007 - 1,703/3,149)  (0.007 - 1,945/2,869) (0.010718/1530/0.010
- 900/1340°)
Vulvovaginal (%) 6.6 8.4 6.4
(0.004 - 320/4,532) (0.004 - 403/4411) (0.008 343/1905/0.008
352/1888%)
Mood (%) 135 10.5 134
(0.005 - 654/,4198) (0.004 - 504/4,310) (0.006 -
235/2013/0.006 —
236/2004%)
Cognitive (%) 10.5¢ 10.5¢ 10.5
(0.006 — 236/2,004) (0.006 — 236/2,004) (0.009 -
465/1783/0.009 -
532/1717%)
Fractures (%) 0.26 0.17 0.25
(0.001 - 13/4,839) (0.001 - 8/4,844) (0.005 -
143/2105/0.005 -
149/2091)

Pre-menopausal women Tamoxifen + ovarian No ET - RR from (163, 164, 182)°
suppression - (180)

Any minor AE" (%)

2 Crude probabilities from TEAM trial (took the highest % reported if multiple similar AEs were reported); ® Applied RR
to probabilities of exemestane. Probabilistic RR were calculated by dividing two probabilities and using the SE of both;
‘obtained from MAP3. because not reported in TEAM; ¢ Probabilistic RR were calculated by dividing two probabilities and
using the SE of both; © MAP3. Was also used because not all events were reported for pre and post-menopausal women
separately in the IBIS1; f Max of the 5 overarching groups using the SE but using the max of the probabilistic values of all
categories. Abbreviations: ET: endocrine therapy; IBIS1: International Breast Cancer Intervention Study; MAP.3: Mammary
Prevention.3; n.v.: not varied using the SE but using the max of the probabilistic values of all categories; RR; relative risk; SE:
standard error; SOFT: Suppression of Ovarian Function Trial; TEAM: Tamoxifen Exemestane Adjuvant Multinational.
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Table 1e. Utility values applied in the model

Utility values
Per cycle SE Al- Beta Source
pha
First years after primary 0.696 0.007 2719 1188 (184)
BC diagnosis
Subsequent years (= 0.89 0.089 10 1 (185)

utility of the general
population of women
aged 55-65 years)

AE 1: Thromboembolic 0.006° 93 1,581 (171)

events - fatal (applied for
1 cycle)

AE 1: Thromboembolic -0.004 0.0002° 929 46,979 (171, 186)

events — chronic (see Supple-
mental file 4)

AE 2: Endometrial -0.036 0.0036° 95 2,581 (187) (ap-

cancer plied for 1
cycle)

AE 3: Other cancers -0.036 0.0036° 95 2,581 Assumed to
be the same
as endome-
trium cancer.
(applied for
1 cycle)

L IO S 22816TOTAMstudy

events due to minor AEs see Supple-

- first 3 months mental file

Dis-utilities of adverse  -0.074 0.002 1288 16,130 > (available

events due to minor online),

AEs - first 6 months - 24 EQ5D5L

months Dutch Tarif

e TSRS RS 24 o

events due to minor AEs
- 24 - 60 months

Abbreviations: AEs: adverse events; Al: aromatase Inhibitor; BC: breast cancer; EQ5D-5L: EuroQol-5 Dimensions - 5 levels.
? SE assumed to be 10% of mean.

Health Effects — Quality of Life

For each health state, survival was weighted by utility values to estimate QALYs. Utility
values for the first year in the ‘alive’ health state were based on the study of Lidgren et al.
(2007) who report utility values based on the Eurogol 5-dimensions 3-levels (EQ5D-3L)
of breast cancer patients during the first year after diagnoses (184). For the remaining
years, utility values were based on the female population from the Netherlands aged
55-65 years obtained with EQ5D-3L and valued with the Dutch tariff (185). The utility
value of patients in the death state was assumed to be zero.
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Table 1f. Costs input parameters (costs in euro’s)

Direct health care costs

Once SE Alpha Beta Source
MammaPrint® costs €2675 fixed n.a. n.a. (192)
L py ............................ o cycle ................. g
AverageofA|s€3103 .................... e P TR ( 193) .............
Tamox|fen(gener|c)€1911 .................... g PSS
o Suppr S —ﬁrstcycle S e P e Py
injections per cycle
P Suppr S bseque T TR o e
cycles 1 injections per cycle
L
..................................................... - ercycIeSEAIpha o
L PP P ( 196)+as ......
VuIvovag|na|€22‘|7 .................... P T N RPEE sumptions
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Table 1f. Costs input parameters (costs in euro’s) (continued)

Direct health care costs

Once SE Alpha Beta Source
Costs due to productivity losses for € 3,094 €656 22 139 TOTAM study
patients treated with ET with related (see Supple-
AEs - first 3 months mental file
Costs due to productivity losses for €907 €348 7 133 7, a.vailable
patients treated with ET related AEs — online) (188,
next 3 months 189)
Costs due to productivity losses for € 846 €342 6 138
patients treated with ET related AEs -
subsequent months
Costs due to productivity losses for €320 €320 1 320
patients without ET related AEs - first
3 months
Costs due to productivity losses for €346 €163 5 77
patients without ET related AEs - 3 -
6 months
Costs due to productivity losses for 0 €05 1 250
patients without ET related AEs —
subsequent months
Cost due to productivity losses €3,501 €875 16 219 (costs of 1
for patients who died from major friction costs
adverse events period = 102

days) (171)

Non-medical consumption costs for Based on PAID3.0  n.v. n.a. n.a. (195)
each age 263

2 SE assumed to be 10% of mean; ® SE assumed to be 25% of mean. Abbreviations: AEs: adverse events; Ais: aromatase
inhibitors anastrozole, letrozole, exemestane; ET: endocrine therapy; n.v.: not varied; PAID: Practical Application to Include
Disease Costs.

Dis-utilities for thromboembolic events (chronic and fatal) and endometrium cancer
were obtained from the literature (Supplemental file 4, available online) (187). We as-
sumed dis-utilities for other cancers similar to disutility for endometrium cancer. The
dis-utilities for acute thromboembolic events, endometrium cancer and other cancers
were applied for one cycle whereas the chronic thromboembolic dis-utilities were ap-
plied for a lifelong duration.

Dis-utilities were also applied for patients who experienced any minor AE. These dis-
utilities were calculated based on patient level data of the Therapeutic Drug Monitoring
guided tamoxifen dosing (TOTAM) study (Dutch Trial Registry; NL6918) (Supplemental
file 5, available online) (188, 189). This study evaluated therapeutic drug monitoring
guided dosing of adjuvant tamoxifen and collected data on adverse events, quality of life
(EQ5D-5L) and productivity losses (institute for Medical technology Assessment (iMTA)
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Productivity Cost Questionnaire (PCQ)) 3, 6 and 24 months post initiation of tamoxifen
(190). The EQ5D-5 levels (5L) data were valued using the Dutch tariff (191).

Costs

The costs of the MammaPrint® (€2675) were based on the commercial tariff reported in
previous publications (192). Costs of ET and ovarian suppression (gonadotropin-releas-
ing hormone agonist agonists) were based on national tariffs (193). Costs of ET related
minor AEs included those of visits to health care professionals (including procedures for
fractures) (Supplemental file 6, available online), travel costs and costs of productivity
losses. Travel costs were calculated by multiplying the average distance to the health
care facility with the average travel costs per kilometer (Dutch costing manual) (171).
Productivity losses related to experiencing minor AEs were calculated based on patient
level data of patients in the TOTAM study (Supplemental file 7 (available online) for more
information) (188, 189). Costs of productivity losses were applied for 15 cycles because
the average age of women in our model was 63.3 years old and the retirement age in the
Netherlands is 67 years in 2024 (194).

Health care costs of ET related major AEs were based on published literature (Supple-
mental file 8, available online). These costs were applied to all patients entering the
major AE health state. Productivity costs (of one friction period) of major AEs and costs
of informal care (of 59 hours per month) were applied only to patients dying from the
events (171).

End of life costs, unrelated health care costs and non-medical consumption costs in
life years gained were obtained from the Practical Application to Include Disease Costs
(PAID 3.0) (195).

Accounting For Uncertainty

We conducted univariate sensitivity analyses to describe the impact of uncertainty in
the input parameters in our model. Input parameters were varied with +/-30% and we
reported the most influential parameters (i.e., deviations from the base case ICER of >
€10,000). In addition to the univariate sensitivity analyses we also performed a probabi-
listic sensitivity analysis using Monte Carlo simulations (1,000 iterations). Beta distribu-
tions were assigned to probabilities and utility parameters, and gamma distributions to
cost parameters.

Scenario and Threshold Analyses

In scenarios we explored the impact of different assumptions for the incidence of ‘other
cancers, the share of ultra-low risk patients identified, the amount of productivity costs,
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the utility values of minor adverse events and the share of patients who would receive
the MammaPrint®. In addition, threshold analyses were performed to evaluate at what
price and incidence rate (i.e., proportion of ultra-low risk patients identified with the
MammaPrint®) testing would be cost-effective (Supplemental file 9, available online).

Model Validation

Our cost-effectiveness model was validated using the Assessment of the validation
status of Health-Economic decision models tool (AdViSHE) (204). The conceptual model
of our study followed the same structure as that of many previously conducted health
economic models to evaluate interventions for early stage breast cancer. The model was
constructed according to the ‘Principles of good practice for decision analytic modeling
in health-care evaluation: Report of the ISPOR task force on good research practices—
Modeling studies’ in close collaboration between health economic and clinical experts.
Extreme value testing was performed for several parameters and validity checks were
built into the model (i.e. constant number of patients in each cycle of the model). The
model results were extensively discussed in the team. Finally, several scenario analyses
were performed to assess the robustness of the results and back-of-the-envelope calcu-
lations were performed to assess whether the results were as expected (see Supplemen-
tal file 11, available online).

The analyses were performed in Microsoft excel and the list of important assumptions
can be found in Supplemental file 12, available online.

RESULTS

The results of the base case analysis are presented in Table 2-4.

EFfectiveness

The MammaPrint® strategy yielded more QALYs and LYs and fewer AEs than the usual
care strategy (Table 2). The model estimated an average of 16.73 QALYs and 19.20 LYs
per patient in the MammaPrint® strategy and 16.63 QALYs and 19.14 LYs in the usual
care strategy (discounted results). Moreover, in the usual care strategy, more patients
experienced a major AE. Specifically, in the MammaPrint® strategy 0.82 patients were
estimated to experience a thromboembolic event (within 5 years from the start of
treatment), 0.45 patients would develop endometrial cancer (within 10 years) and 6.64
patients another cancer (within 10 years). In the usual care strategy thromboembolic
events, endometrial cancer and other cancers were estimated to occur in 1.59, 0.49 and
8.49 patients, respectively.

67




Chapter 4

Table 2. Model results: Average discounted life years, quality adjusted life years per patient and total num-
ber of patients with major adverse events

QALYs QALYs LY first LY Patients with Patients with Patients with
first5yrs allyrs 5yrs all years thromboembolic endometrial other cancers
events cancer
Intervention First 5 yrs First 10 yrs First 10 yrs
MammaPrint® 4.05 16.73 4.96 19.20 0.82 0.45 6.64
Usual care 4.00 16.63 4.95 19.14 1.59 0.49 8.49
Increments 0.05 0.10 0.01 0.07 -0.77 -0.04 -1.86

Abbreviations: LY: life years; QALYs: quality adjusted life years; yrs: years.

Costs

The average costs (over the 131 patients with ultra-low risk) from the health care
perspective were €22,366 per patient for the MammaPrint® and €4,029 for the usual
care strategy, respectively. The most important costs driver were the costs of the Mam-
maPrint®, which were €20,472 per patient in the MammaPrint strategy and zero in the
usual care strategy. The average costs from the health care perspective including costs
in life years gained were €185,770 and €166,874 for the MammaPrint® and usual care,
respectively. In addition to the costs of the MammaPrint®, important costs drivers were
the indirect medical costs (total MammaPrint®: €138,590, usual care: €138,038), followed
by the end-of-life costs (total MammaPrint®: €24,814, usual care: €24,807).

From the societal perspective (excluding costs in life years gained), the average costs
were €165,062 vs €147,298 per patient in the MammaPrint® and usual care strategy,
respectively. When including the costs in life years gained the costs were €328,466
(MammaPrint®) and €310,143 (usual care). Major costs drivers were the costs of the
MammaPrint®, drug acquisition costs and the costs of productivity losses (MammaP-
rint®: €2,645 usual care: €3,641). When we included the costs in life years gained, these
also contributed significantly (Table 3).

Incremental Cost-Effectiveness Ratio

Depending on the perspective and inclusion of costs in LY gained; ICERs ranged from
€175,107 to €185,644 per QALY gained (Table 4). Incremental differences in QALYs were
mainly driven by differences in survival time due to the occurrence of major AEs and
differences in costs by the price of the MammaPrint®.

68



Cost-Effectiveness Analysis of MammaPrint®

3|qedijdde Jou e‘u s350d 24ed Y3jeay D0y a1ed yiesy Dy

BUIPN|OXD 32X :SUONIBIARIGQY LT YHM paleal) spudiied 10y 1eak § AI19AS S9UO sainseaw A}Ssusp auoq 4O s3s0d sapnjpul,

€ze8l

[43] L 08¢- L €89'L-  TLV'0T sjuswiaidu|

pauieb sieak
9J1] Ul S350
|2X3 - [e3a0s

SIB[BNSN 55y 320.1p Ajuo
Q0€'ce eu e'u e'u e'u ‘e'u ey 9zE’'L 695 e’y z/v'oc eolulidJewwely  —aded yjjeaHy
(2y) ()
$350D $350D SJUDIND SJUIND
S1S0>  S)S0D S)sod ded  s)sod uondwns S}SO>  |edIP3N 91| JO  dSIdApE  ISIDApE .S150D uon $3S0D
|elol  [9Aedl  |ewdoju] -uod 1da11pu| f1adnpoad  1d341pu| pu3z 1ofepy Jouly -isinboe 6nig 191 uonuaAIU| anndadsiad
$350D $350D
Aj1wey 3 jusied $10329S 19430 Ul $350D) |ed1paw 3daa1puj $3S0D [edIpaw 32341

(5,04n3 UJ S3502) S3UBWIAIOUI pue udled Jad $1S0D PaIUNOISIp abeIaAR :S1 NSl [SPOIN *€ d|qeL

69



Chapter 4

Table 4. Discounted incremental cost-effectiveness ratios (costs in euro’s)

Perspective
Health care -only  Health care Societal - excl costs Societal
direct hcc in LY gained
Incremental costs 276,928 285,370 268,281 276,723
(EUR) per LY gained
Incremental costs 180,152 185,644 175,107 180,617

(EUR) per QALY gained

Abbreviations: Hec: health care costs; EUR: euros; LY: life years: QALY: quality adjusted life years

Univariate Sensitivity Analysis

The 13 most influential parameters in our model are shown in Figure 2. Changing the
probability of getting another cancer (post-menopausal women) with +30%, resulted
in the highest ICER of €316,905 per QALY gained. Other influential parameters were the
probability of patients with ultra-low risk as compared to the population tested with
MammaPrint®, the probabilities of having any adverse events (in different subgroups)
and the probability of other cancers for other subgroups.

@ Input value: lower bound @ Input value: upper bound

p other cancers for postmenop - no ETH ]
p other cancers for postmenop - Al4 I —
p ultra-low risk according to the MammaPrint®+ I | —
p any minor AE for postmenop - no ET+
p any minor AE for postmenop - Al
p any minor AE for premenop - tam+
utility value 'alive’ - all other years+
p of death from other cancers+
p other cancers for postmenop - Al + tam
p any minor AE for premenop - no ETH
p any minor AE for postmenop - Al + tam+

p other cancers for premenop - tam+

p other cancers for premenop - no ETH

L] L] L] L]

Q O © \)

s> 0000 ‘906 §
oD D

ICER in EUR

Figure 2. Tornado diagram (societal perspective, discounted)
Abbreviations: AE: adverse events; Al: aromatase inhibitor; ET: endocrine therapy; EUR: euro’s; ICER: incremental cost-effec-
tiveness ratio; postmenop: post-menopausal women; premenop: pre-menopausal women; p: probability; tam: tamoxifen.
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Probabilistic Sensitivity Analysis

The results of the probabilistic sensitivity analyses are shown in the cost-effectiveness
plane (Figure 3) for the societal perspective (discounted). None of the iteration fell below
the WTP threshold of €80,000 per QALY, which is the highest WTP threshold used in the
Netherlands.

25000
Incremental costs

— Treshold 80,000
— Treshold 20,000
— Treshold 50,000

22500

20000

17500  ° Gt
@ o
G 15000 .
o . -
s . e
S 12500 . I .o
£
g
£ 10000 -
7500 -
5000 -
2500 -
I T T 1
0.2 0.1 0.0 0.1 0.2

Incremental QALYs

Figure 3. Incremental cost-effectiveness plane (QALYs)

Scenario and Threshold Analyses

The results of the scenario analyses are reported in Table 5. Mainly scenario 1, in which
we assumed that patients treated with and without ET had the same chance of having
another cancer in the coming 10 years instead of having higher chance in the ET group
(base case), had a major impact on the results. Changing this assumption resulted in
significantly less QALYs and LYs gained as compared to the base case (1 LY & 5 QALYs vs
10 LY and 13 QALYs). Because the costs and incremental costs barely changed, the ICER
significantly increased.

The threshold analyses revealed that price of the MammaPrint® should be reduced with
50%, 65% or 80% are needed for the MammaPrint® strategy to be cost-effective depend-
ing on the WTP threshold. Another way for the MammaPrint® to become cost-effective,
would be if the proportion of patients for which treatment could be altered (i.e., those
with ultra-low risk) increased to at least 26%, 37% or 64% instead of the 13% in the base
case (20,000, 50,000, 80,000, respectively).
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DISCUSSION

Our study showed that MammaPrint® guided adjuvant ET yields more QALYs and LYs
but substantially higher costs in Dutch early breast cancer patients who are eligible
for ET only. The costs were mostly driven by the relatively high number of patients
needed to be tested to identify one patient who can safely forgo ET, and the price of
the MammmaPrint®. Depending on the perspective, the ICERs ranged from € 174,450
to € 185,644. With the willingness to pay thresholds used in the Netherlands, the
MammaPrint® strategy will not be a cost-effective strategy for guiding adjuvant ET for
the population in our study. The proportion of patients for which treatment would be
altered needs to be at least 26%, or the price of the MammaPrint® needs to be reduced
by >50% to make the MammaPrint® a cost-effective strategy for the use in our study.

To our knowledge, this study is the first to evaluate the cost-effectiveness of the Mam-
maPrint® to guide the use of adjuvant ET only. Based on the cost-effectiveness results,
we would not recommend to reimburse the MammaPrint® from the basic benefit
package to guide ET treatment decisions. The value for money of the test can possibly
be improved by pre-selecting patients eligible for the test. In our comparison, many
patients need to be tested with the MammaPrint®, to identify one patient that can be
classified as being at ultra-low risk of recurrence and can safely forgo ET (i.e., 13%) (161,
162). This means that the total costs of testing, i.e., population size times the price of the
test, are relatively high compared to the share of patients who benefit. Clearly, if less pa-
tients needed to be tested, the ICER will improve. Previous studies have suggested that
the frequency of ultra-low risk breast cancers is higher in screen-detected cancers and
in patients with more favorable characteristics (161). Additionally, one of our scenario
analyses showed that the ICER improves if the test is only used in patients who develop
minor symptoms. Further research identifying which patients benefit most from the test
may be relevant to optimize the use of the MammaPrint®.

Despite the results of our study, we believe that de-escalating ET is relevant for patients
with early breast cancer. Not only did the patients in the MammaPrint® strategy experi-
ence fewer side effects, but they also had a slightly better quality of life and survival
rate. Moreover, health care costs and productivity losses were lower. Since adjuvant ET is
frequently used, de-escalation strategies have the potential to reduce the treatment bur-
den in many patients and also save costs to society (205). Unfortunately, de-escalation
studies in this area are scarce, possibly because the consequences of ET related side ef-
fects on patients and society are understudied and underestimated and treatment costs
are relatively low (206). In fact, we did not find a single European study which evaluated
the effect of ET and adverse events on productivity losses and few studies which as-
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sessed the impact on quality of life and health-care costs (196, 207). This observation is
especially notable given the substantial amount of literature studying ET. Ultimately, to
truly improve patient outcomes and the economics of health care, researchers should
include broader outcomes (e.g., quality of life and costs) in their studies.

Quantifying the impact of relatively mild adverse events, such as those related to ET, is
complex. As in most cost-effectiveness analyses, we expressed the benefits of omitting
ET in QALYs, based on utility measures derived from a generic quality of life instrument
(i.e., the EQ5D) (208). Generic instruments cover universal health aspects (e.g., self-care,
mobility, pain), which makes them relevant for patients with all types of diseases. Dis-
advantage is that these instruments are usually not very responsive to specific health
problems, such as the menopausal symptoms in patients treated with ET. As such, we
may not have fully captured the beneficial effects of omitting ET. Possibly, the value
based health care (VBHC) framework, would have been more sensitive to capture effects
related to reductions in minor AEs because this framework is focusses on outcomes that
are most relevant to patients (209). Nevertheless, even in this framework, finding the
appropriate measure to value the outcomes would be a challenge.

There are a couple of limitations of our study. First, we assumed 100% accuracy of the
MammaPrint® to stratify patients into the different risk groups and it is unlikely that this
assumption holds. However, even with this optimistic assumption, the ICER is already far
above the WTP threshold used in the Netherlands. A lower test accuracy would reduce
the effects and increase the costs of the MammaPrint® strategy hence increase the ICER.
Second, given the currently available evidence, we could not assess the ICER in different
age groups. Further research in potential subgroups is recommended. For example, the
share of patients with ultra-low versus low/high risk has a major impact on the ICER and
could therefore lead to different conclusions regarding cost-effectiveness. Third, transi-
tion probabilities of minor AEs related to ET were based on different RCTs which used
various definitions and described different levels of detail. For instance, one trial reported
vasomotor symptoms without further specifying these, whereas another reported hot
flashes, sweating and fatigue separately, even by grade (163, 165). Fourth, major AEs
probabilities were based on studies that were not powered to report differences in these
outcomes. The reported differences may thus have occurred due to chance. Finally, we
assumed that all patients in the usual care strategy were treated with ET (in line with
guidelines) and that all pre-menopausal women were treated with ovarian suppression.
These assumptions are likely not entirely true. In fact, in daily practice only about 70%
of the patients with the characteristics of those in our study actually initiate ET (196).
Moreover, probably not all young women are willing to be treated with ovarian suppres-
sion. This suggests that ICERs would be even less favorable. Despite these limitations, we

75




Chapter 4

think that our study convincingly showed that the use of the MammaPrint as described
in this study, is effective but not yet a cost-effective strategy.

CONCLUSION

This study suggests that MammaPrint® testing to guide adjuvant ET in patients only
eligible for ET, is an effective but not a cost-effective strategy compared to usual care.
De-escalating ET appears to offer gains in survival time and quality of life and results in
lower direct medical costs and productivity losses. Likely, the cost-effectiveness of the
test can be improved if it would be possible to pre-select patients who can best benefit
from the test.

The supplemental materials can be found online at: doi: 10.1007/s40273-023-01277-4
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Chapter 5

ABSTRACT

Importance: The number of new cancer medicines that are being approved by regula-
tory agents is increasing exponentially. Yet little is known about the pace at which these
medicines reach eligible patients in daily clinical practice during different phases of the
postapproval access pathway.

Objective: To describe the entire postapproval access pathway of cyclin-dependent ki-
nase 4/6 (CDK4/6) inhibitors in the Netherlands, from regulatory approval to reimburse-
ment and to investigate the adoption of these medicines in clinical practice among
patients with metastatic breast cancer.

Design, Setting, and Participants: This cohort study reviewed approval and reim-
bursement decisions of the CDK4/6 inhibitors palbociclib, ribociclib, and abemaciclib
and estimated the number of patients with metastatic breast cancer who were eligible
for these medicines compared with the actual use in clinical practice. The study used
nationwide claims data that were obtained from the Dutch Hospital Data. Claims and
early access data for patients with hormone receptor-positive and ERBB2 (formerly
HER2)-negative metastatic breast cancer who were treated with CDK4/6 inhibitors from
November 1, 2016, to December 31, 2021, were included.

Main Outcomes and Measures: Description of the postapproval access pathway,
monthly number of patients who were treated with CDK4/6 inhibitors in clinical practice,
and estimated number of patients who were eligible for treatment. Aggregated claims
data were used, and patient characteristics and outcomes data were not collected.

Results: Three CDK4/6 inhibitors have received European Union-wide regulatory ap-
proval for the treatment of HR-positive and ERBB2-negative metastatic breast cancer
since November 2016. In the Netherlands, the number of patients who have been treated
with these medicines increased to approximately 1847 (based on 1 624 665 claims over
the entire study period) from approval to the end of 2021. Reimbursement for these
medicines was granted between 9 and 11 months after approval. While awaiting reim-
bursement decisions, 492 patients received palbociclib, the first approved medicine of
this class, via an expanded access program. By the end of the study period, 1616 patients
(87%) were treated with palbociclib, whereas 157 patients (7%) received ribociclib, and
74 patients (4%) received abemaciclib. The CKD4/6 inhibitor was combined with an aro-
matase inhibitor in 708 patients (38%) and with fulvestrant in 1139 patients (62%). The
pattern of use over time appeared to be somewhat lower compared with the estimated
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number of eligible patients (1847 vs 1915 in December 2021), especially in the first 2.5
years after approval.

Conclusion and relevance: This study found that CDK4/6 inhibitors rapidly reached
many eligible patients with metastatic breast cancer and were adopted gradually over
time in the Netherlands. Adoption of innovative medicines may be further optimized,
and better transparency of the availability of new medicines during different phases of
the postapproval access pathway is needed.
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INTRODUCTION

Over the past 2 decades, a range of new targeted medicines and immune therapies have
been developed for different types of cancer (63). These pharmaceutical innovations
have the potential to improve the outcomes of patients with cancer (210). However, this
improvement can be realized only when all patients who may benefit have access to
these new medicines at the right time (211). Within oncology, a gap has been observed
between the rapid development of new medicines and their actual adoption in clinical
practice (212, 213).

After innovative medicines are approved by regulatory authorities, there are several pro-
cedures that need to be completed before the drugs become available to patients. For
instance, in most high-income countries, new expensive cancer medicines are subject
to health technology assessment (HTA) procedures to guarantee that scarce resources
are spent on treatments that offer value for money (214). Moreover, after reimburse-
ment has been agreed on, treatment guidelines should be adapted, supply should be
guaranteed, and clinicians need to prescribe the new medicines to eligible patients.
These postapproval procedures take time and are often blamed for delayed or restricted
patient access to innovative medicines (60).

Even among the wealthiest countries in the world, achieving timely and sustained ac-
cess to cancer drugs has been proven difficult (213, 215, 216). Monitoring access is thus
desirable to identify possible delays in use and disparities in uptake and to assist with
improvement. Previous studies on the access of patients with cancer to new medicines
have covered different phases of the access pathway. For instance, some studies evalu-
ated the degree to which new medicines were available, reimbursed, or subsidized in
countries of varying economic status (212, 217, 218, 219). Other studies evaluated the
time from approval to first sales and described sales over time (213, 220). These studies
revealed delays in use and variations in access and uptake, but to our knowledge, no
study has yet assessed the entire access pathway, from regulatory approval to reim-
bursement to adoption among eligible patients.

In this context, the cyclin-dependent kinase 4/6 (CDK4/6) inhibitors palbociclib, riboci-
clib, and abemaciclib, which are indicated for the treatment of patients with metastatic
breast cancer, are interesting to study. These medicines were approved starting in 2016,
and thus sufficient follow-up data are available for studying adoption rates over time.
Moreover, these medicines offer renewed options for patients with hormone recep-
tor (HR)-positive and ERBB2 (formerly HER2)-negative metastatic breast cancer. With
improvements of approximately 10 months in progression-free survival and up to 14
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months in overall survival reported in randomized clinical trials (RCTs), these 3 CDK4/6
inhibitors are seen as important breakthroughs in the treatment of metastatic breast
cancer (221, 222).

In this cohort study, we evaluated the entire postapproval access pathway of CDK4/6 in-
hibitors from regulatory approval to reimbursement in the Netherlands, a high-income
country in Europe, and investigated the adoption of these medicines in clinical practice.
To identify the extent to which these medicines have reached eligible patients, we com-
pared use with estimated use among eligible patients with metastatic breast cancer.

METHOD

Study Setting

In the Netherlands, different postapproval procedures need to be completed before
newly approved, solid oncological medicines reach patients in need (eAppendix 1 and
eFigure 1 in Supplement 1, available online). First, a clinical committee formulates a
recommendation regarding the use of the new medicine in clinical practice (clinical
assessment). This advice can be interpreted as clinical guideline recommendations
(223). Second, expensive medicines require an HTA. Depending on the results of these
analyses, the Ministry of Health, Welfare and Sport in the Netherlands decides whether
the medicines can be reimbursed (67, 224). Third, if reimbursement is granted, the phar-
macy should guarantee a sufficient supply and the government needs to ensure that
declaration codes are available so that hospitals can bill insurance companies (logistic
and administrative procedures). Ultimately, adoption in clinical practice should take
place. New medicines may be available via alternative routes during the postapproval
processes. This study was deemed exempt from review by Dutch legislation, which does
not require informed consent from patients or approval by a medical ethics commit-
tee for this type of study, which did not contain directly identifiable patient data. We
followed the Strengthening the Reporting of Observational Studies in Epidemiology
(STROBE) reporting guideline.

Study Approach and Data Sources

This retrospective cohort study comprised 3 parts: (1) a review of postapproval decisions
for the CDK4/6 inhibitors, (2) data analyses of the number of patients who were treated
in clinical practice, and (3) an estimation of the number of eligible patients. Aggregated
claims data were used, but patient characteristics and outcomes data were not collected.

83




Chapter 5

Two data sources, claims data and early access data, were consulted to identify the num-
ber of patients with HR-positive and ERBB2-negative metastatic breast cancer who were
treated in clinical practice. First, the manufacturer of palbociclib provided data on the
number of new patients (incident cases) who were treated each month during the wait
for reimbursement. During this period of approximately 9 months, the manufacturer
initiated an Expanded Access Program (EAP) for patients with HR-positive and ERBB2-
negative metastatic breast cancer. The number of patients who received treatment
(prevalent cases) per month were estimated (eAppendix 2 in Supplement 1, available
online). Second, we obtained monthly (May 2016-December 2021) claims data on the
CDK4/6 inhibitors by indication from the nationwide Dutch Hospital Data, which covers
almost all (approximately 98%) hospitals in the Netherlands. Indications in the data set
were coded according to the European Medicines Agency (EMA) label, and the number
of prescriptions were specified per dose. We included only the prescriptions for patients
with HR-positive and ERBB2-negative metastatic breast cancer. These data were used
to calculate the monthly number of prevalent cases treated with each of the 3 CDK4/6
inhibitors after reimbursement was granted. We divided the number of prescriptions per
month with the expected number of pills per patient per 4 weeks (i.e., 21 for palbociclib,
63 for ribociclib, and 56 for abemaciclib).

Statistical Analysis

The monthly number of patients who were eligible based on the indications from the
EMA label (Table 1) was estimated using a 2-step approach. First, we estimated the num-
ber of incident cases eligible for first- and second-line CDK4/6 inhibitor combined with
endocrine therapy (ET) each month. We used incidence statistics of patients with breast
cancer from the Netherlands Cancer Registry as a starting point. We then calculated the
number of patients with HR-positive and ERBB2-negative metastatic breast cancer per
treatment line by applying proportions that were obtained from the literature (96, 225,
226, 227, 228, 229) (ie, mainly a Dutch cohort study (227); Table 2) (eAppendix 3 and
eFigure 2 in Supplement 1, available online). In the Netherlands, the recommendation
is to prescribe CDK4/6 inhibitors in the second line of treatment (230). Thus, the only
patients who were eligible for CDK4/6 inhibitors in the first line of treatment were those
who developed metastases within 12 months after the end of adjuvant treatment with
an aromatase inhibitor (230). In addition to the EMA label indications, we assumed that
a proportion of patients may not be eligible to receive CDK4/6 inhibitors. These were
patients who already underwent 2 lines of ET (mainly older adults); who died while
receiving first-line ET; who had an aggressive course of the disease, and thus cannot
undergo ET; and who did not want any anticancer treatment. We assumed that patients
who did not meet the criteria for use of CDK4/6 inhibitors in the first or second line of
treatment at the time of reimbursement would not receive them in a later line.

84



Regulatory Approval, Reimbursement, and Clinical Use of CDK 4/6 Inhibitors

Second, we estimated the number of prevalent cases per month by summing up the
incident cases of each new month and subtracting the number of patients who experi-
enced progression. Information regarding the probability of progression was obtained
from Kaplan-Meier curves from RCTs that evaluated the efficacy of palbociclib (231, 232).
We assumed that the efficacy of the other CDK4/6 inhibitors (ribociclib and abemaciclib)
was similar. Because the reported follow-up in the RCTs was too short, we extrapolated
the survival curves beyond the observed survival time using the approach of Hoyle and
Henley (233, 234) (eAppendix 3 and eFigures 3-6 in Supplement 1, available online). Fi-
nally, we calculated adoption rates by dividing the number of patients who were treated
with the estimated number of patients who were eligible.

Table 1. EMA-Label Indications for Approved CDK4/6 Inhibitors in the Netherlands

Medicine Therapeutic indication according to the EMA product information

Palbociclib Palbociclib is indicated for the treatment of HR-positive and ERBB2-negative locally
advanced or MBC in combination with an Al; OR in combination with fulvestrant in women
who have received prior ET.

Ribociclib Ribociclib in combination with letrozole is indicated as initial endocrine-based therapy for
postmenopausal patients with HR+ and ERBB2-negative advanced or MBC

Ribociclib (exten-  Ribociclib is indicated for patients with HR-positive and ERBB-negative locally advanced

sion of indication) or MBC in combination with an Al or fulvestrant as initial endocrine-based therapy or for
patients who received prior ET. The population was extended to premenopausal patients

who received prior ET in combination with fulvestrant.

Abemaciclib Abemaciclib is indicated for the treatment of women with HR-positive and ERBB2-negative
locally advanced or MBC in combination with an Al or fulvestrant as initial endocrine-based
therapy, or in patients who received prior ET.

Abbreviations: Al: aromatase inhibitor; CDK4/6: cyclin-dependent kinases 4 and 6; HR+/HER2-: hormone receptor positive,
human epidermal growth factor receptor 2 negative; EMA: European Medicines Association; ET: endocrine therapy.

Table 2. Estimated New Patient Eligibility for First- and Second-line CDK4/6 Inhibitors in the Netherlands

Description N Explanation Sources

Diagnosis

BC 15,003 Total No. of new pts with invasive BCin 2017 Integraal Kankercentrum
Nederland (96)

HR-positive and ERBB- 66% Of patients had HR-positive and ERBB2- Lobbezoo et al. 2016 (227)
negative MBC negative MBC

Total HR-positive and 2,377 Total No. of new patients with HR-positive NA
ERBB-negative MBC and ERBB2-neagtive MBC
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Table 2. Estimated New Patient Eligibility for First- and Second-line CDK4/6 Inhibitors in the Netherlands

(continued)

Description N

Explanation Sources

Eligibility for first-line ET with CDK4/6 inhibitors™:

Developed metastases 217
shortly after the end of

or during adjuvant treat-
ment with an Al

Initially treated with 238
chemotherapy

Initially treated with ET 760

Initially treated with ET 121
followed by a line of
chemotherapy

86

70% Of patients with HR-positive and ERBB2- Lobbezoo et al. 2016 (227)
ngative MBC treated withf first line ET

13% Of patients with metachronous disease  Lobbezoo et al. 2016 (227);
developed metastases within 24 mo after the assumptions

diagnosis of primary BC: these patients were

assumed to have received an Al shortly before

developing metastases and therefore were

not eligible for ET combined with CDK4/6 as

second-line of ET

22% Of patients with HR-positive and ERBB2- Lobbezoo et al. 2016 (227)
negative MBC received chemotherapy as
initial therapy

56% Of patients were eligible for first-line ET  Lobbezoo et al. 2016 (227),
with a CDK4/6 inhibitor® Fietz et al. 2017 (228); as-
sumptions

80% Of patients eligible for first-line ET after ~ Assumption
chemotherapy were assumed to receive ET
combined with palbociclib as first-line ET.

Total No. of pateints eligible for first ineET ~ NA
combined with CDK4/6 inhibitor per year

Total No. of pateints eligible for first line ET NA
combined with CDK4/6 inhibitor per month

70% Of patients HR-positve and ERBB2-nega- Lobbezoo et al. 2016 (227)
tive MBC treated with first-line ET

87% Of patients were not eligible for firstline  Lobbezoo et al. 2016 (227)
CKD4/6 inhibitors®

58% Of patients were eligible for another line  Rugo et al. 2019 (229)
of ET*

90% Of patients were willing or able to use
CDK4/6 inhibitors

70% Of patients with HR-positive and ERBB2-  Lobbezoo et al. 2016 (227)
negative MBC were treated with first-line ET

87% Of patients were not eligible for first line

CDK4/6 inhibitors®

34% Of patients received chemotherapy after Assumptions
aline of ET

35% Of patients were assumed to be elibible  Fietz et al. 2017 (228); as-
for second-line ET sumptions

70% Of patients were eligible for second-line ~ Assumption
ET combined with CDK4/6 inhibitors
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Table 2. Estimated New Patient Eligibility for First- and Second-line CDK4/6 Inhibitors in the Netherlands
(continued)

Description N Explanation Sources

Initially treated with 15 22% Of patients with HR-positive and ERBB2-  Lobbezoo et al. 2016 (227),
chemotherapy followed negative MBC received chemotherapy as initial Fietz et al. 2017 (228); as-
by ET therapy sumptions

56% Of patients were eligible for first line ET
with CDK4/6 inhibitors”

20% Of patients with HR-positive and erBB2- ~ Assumption
negative MBC received chemotherapy as initial
therapy

35% Of patients were assumed to be eligible  Rugo et al. 2019 (229)
for second-line ET

70% Of patients were eligible second-liine ET ~ Assumption
combined with CDK4/6 inhibitors

Total 895 Total No. of patients eligible for first line ET
combined with CDK4/6 inhibitor per year

Total 75 Total No. of patients eligible for first line ET
combined with CDK4/6 inhibitor per month

*We distinguish lines of ET from lines of chemotherapy (e.g., patients who had 1 line of chemotherapy are still eligible for
first line CDK4/6 inhibitor combined with ET because it is their first line of ET).

"This percentage was calculated based on the assumption that 26% would receive second-line therapy (227) and 18%
would not receive any therapy (228).

“Calculated as 100% minus 13% (of patients with metachronous disease who were assumed to have received an Al shortly
before developing metastases and therefore were not eligible for ET combined with CDK4/6 inhibitors as second line).
“This percentage was based on the PALOMA-2 (A study of Palbociclib + Letrozole vs Letrozole for 1% line treatment of
Postmenopausal Women with ER+/HER2- Advaced Breast Cancer) trial of Palbociclib combined with letrozole in 58% of
patients treated with placebo (ET only) received ET as subsequent treatment.

“Calculated as 100% minus 32% of patietns who received another line of chemotherapy minus 33% of patients who died.
‘Calculated as 100% minus 80% of patients who were eligible for first-line ET after chemotherapy and assumed to receive
ET combined with Palbociclib as first line.

Abbreviations: Al: Aromatase Inhibitors; BC: Breast cancer; CDK4/6: Cyclin-Dependent Kinases 4 and 6; ET: endocrine ther-
apy; MBC: metastatic breast cancer; pts: patients

To represent the implications of uncertainty for the number of patients, we calculated
upper and lower bounds of the base case using more conservative or optimistic num-
bers of incident cases. Data were analyzed in Stata, version 17 (StataCorp LLC); Microsoft
Excel, version 2016 (Microsoft Corp); and R, version 4.2.2 (R Foundation for Statistical
Computing).
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RESULTS

Three CDK4/6 inhibitors have received European Union-wide regulatory approval
for the treatment of HR-positive and ERBB2-negative metastatic breast cancer since
November 2016. In the Netherlands, the number of patients who have been treated
with these medicines increased to approximately 1847 (based on 1 624 665 claims
over the entire study period) from approval to the end of 2021. Palbociclib received
EMA approval in November 2016; ribociclib received initial EMA approval in August
2017, and its extended indication was approved in December 2018; and abemaciclib
received EMA approval in September 2018. After regulatory approval, all 3 medicines
were recommended for clinical use, but reimbursement decisions were postponed.
After price negotiations, reimbursements were granted for palbociclib in August 2017,
ribociclib in May 2018, and abemaciclib in September 2019. The clinical assessment
phase and HTA phase lasted 3 and 9 months, respectively, for palbociclib; 1 month (first
use) and 8 months for ribociclib; and 3 months and 11 months for abemaciclib (Figure 1).

Early Access Phase

While awaiting clinical practice recommendations and reimbursement, 492 patients
with HR-positive and ERBB2-negativemetastatic breast cancer were treated with palbo-
ciclib via an alternative access route (i.e., EAP). The number of new patients (incident
cases) who participated in this EAP increased the first 3 months (from 24 to 60 patients),
remained stable in the 5 months thereafter (from 52 to 65 patients), and decreased in
the last month (from 65 to 40 patients) of the early access phase.

Access Phase

In the access phase, the adoption of the first approved and reimbursed CDK4/6 inhibi-
tor, palbociclib, in clinical practice increased over time from 0 patients being treated to
approximately 1847 patients over a period of more than 50 months. Use of palbociclib
increased steeply after reimbursement was acquired. By the end of the study period,
1616 patients (87%) were treated with palbociclib. Only a small number of patients were
treated with the other medicines of this class, ribociclib (n = 157 [7%]) and abemaciclib
(n=741[4%]), by the end of the study period. A majority of patients (1139 [62%]) received
CDK4/6 inhibitors in combination with fulvestrant, and 708 patients (38%) received it
with an aromatase inhibitor (Figure 2).

Entire Postapproval Phase

The estimated number of patients eligible (prevalent cases) who were treated with
CDK4/6 inhibitors increased during the study period, in the base case analysis, from ap-
proximately 110 patients in the month that regulatory approval was granted (November



Regulatory Approval, Reimbursement, and Clinical Use of CDK 4/6 Inhibitors

‘UOISIDBP [e1IUI BY) Ul PAISPISUOD APeai|e Sem UOISU]X® 91 9snedaq 1UaWwssasse ABojouydal yijeay [euoilippe ou sem aiay ], JuUsweasl

SUI|-PU0I3S JO -}SIY Ul JURIISIA|NS YUM PRUIGUIOD GI[2120q LI UOIIRIIPUI-PIPUSIXT "JUSIIRSI] SUI|-PUODS IO -1SIY Ul JURIISIA|NS YUIM JO J0IILUI SSEIRWOIE YIIM PAUIGUIOD qI|DIDRWRY “JUsWIeal)
SUI|-1S4Y Ul 9]0Z0J13] YIIM PAUIGIOD GI[2120q1Y "JUSWILSI] SUI|-PUODISS U] JURIISIA|NS YUM JO JUSWIIERI) SUIJ-1SIY U I0MCIYUl 9SRIBWIOIE UM PAUIGIOD dI|2120q|ed *(2N]J]) 918D PISINC WIS 0] SS320.
pue (an|q 1yb1)) syuaned |je 01 3|gejieae Jou A|qissod ssadde Ajies {(abuelo 1ybij) aseyd sayjoue yum buiddepsano Aejap s|qissod (abueio) Aejap ssadde Juaned a|qissod a1am saseyd jerosddersod
s10)q1yu| (9/¥XAD) 9/t seury uspuadag-ul|pA) 01 SV J0) PPN saseyd [erosdde 1504 | a4nbiy

31eQ
6T10T BT0¢ L10Z 910z
[ o T T . | [ o |
D & F » O &y P > O &y P > &
& & PR @%0&»&%&46092%& @vo.,uzv@fao‘%bo.u).»ﬂ# @«%0&/%%

wuo/,,v %/,«« Y aol.dv .nvona & & m.,%. /«%.. o8 & xv@»; ao,wv @ofw A%Vmu «&w«« )ﬂ,%o ,.V&f soa.f 4@@ .ﬁ,.vb om%\ Jvn_»/ & o%v aol,uv & @vzuv zxo@ ,..Vf;f aoo./ %ﬁr .@o& ¥ fv&a .,.%.4 %\wyo« a%v
ao133e.d
ql2120qjed ssa2de Ajie3 1e31un2 ug uondopy
sainpadold
AAIIENSILILPE
pue 21151607

4 T 4 juaiussasse
4K ABojouy233 yresH

<
- «< P R

pLIOISUINB qianewaqe gla120q1d qnaaogied
gianoqld jeaoaddy lenoiddy 1eaoiddy 1eaoiddy



Chapter 5

i| CDK4/6 inhibitor

Reimbursement

;’J._‘l':‘CL'IC'.Ib Reimbursement
MA S MaA ribociclib
i palbociclib f ibociclib A Hilikisan
abemarciclib abemaciclib Palbociclib (87%)
15007 1A extension
1400
1200+
[}
= 1000
]
5
= 8-
2
600+
400+
200+ f
01 ; Abemaciclib {4%)
9 ma Bma 11 mao :
T 1o >
& 2 e i 4 ) X, <) 2 S i 2 e 2 5 &
QJ{\\\&@&{% o ‘90?5 §Q¢ @,& o \\9\\;; @‘;‘\.& S \p;\,‘-: o \&d o ‘3%‘\‘1 §Q @3{‘5 & Qe}‘? @}“.&
&« & & W S v & T & A
| | L | L | L |
2016 2017 2018 2019 2020 2021
Date
"B COK4/6 inhibitor With Al or fulvestrant
Reimbursement
patbesialh Reimbursement
MA L MA ribaciclib
1800 palbociclib i_”““‘"“" MA Reimbursement
i ; abemaciclib abemaciclib
o MA extension
ribociclib
1400+ T
1200+
X CDIK4/6 with fulvestrant A
= A AL
- 1000 | P L L N
B4 P, B v
5 . e
£ 800 NN
o
GO0

CDEA/E with Al

400~
200
D_
S S @ R N S S S S S T T S S S S
‘&6\‘& ‘Q\&\ o o 269"} & 9 F @@ é\@ 0{9 * & q}‘\& ﬁ-‘é W o §& 54“\'@ &F & &
& h2 o & ¢ g & bis o« ¥ &
| | | | | | | |
2016 2017 2018 2019 2020 2021
Date

Figure 2. Obseraved Number of Patients Treated With 3 Cyclin-Dependent Kinase 4/6 (CDK4/6) Inhibitors
and With a CDK4/6 Inhibitor Combined With Aromatase Inhibitor (Al) or Fulvestrant Over Time

Palbociclib combined with Al in first-line treatment or with fulvestrant in second-line treatment. Ribociclib combined
with letrozole in first-line treatment. Abemaciclib combined with Al or with fulvestrant in first- or second-line treatment.
Extended-indication ribociclib combined with fulvestrant in first- or second-line treatment; there was no additional health
technology assessment because the extension was already considered in the initial decision. MA indicates marketing au-

thorization.
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2016) to approximately 1915 patients in the final month of the study (December 2021)
(Figure 3). The pattern of use over time appeared to be somewhat lower compared with
the estimated number of eligible patients, especially in the first 2.5 years after approval.
The estimated adoption (ie, number of patients who were treated divided by estimated
number of patients who were eligible) of the CDK4/6 inhibitors increased from approxi-
mately 383 of 918 (42%) directly after reimbursement was granted (August 2017) to
approximately 1847 of 1915 patients (96%) at the end of the study period. We observed
a steep increase in the number of patients who received treatment when we considered
only the numbers calculated based on the claims data (8 patients before August 2017 to
880 in May 2018) (Figure 2). In contrast, a notable decline in the use (from approximately
410 patients in July 2017 to 357 in September 2017) and adoption (from approximately
42%to 36%) of CDK4/6 inhibitors was observed when we took into account that patients
were already treated as part of the EAP in the early access phase (Figure 3).

Sensitivity Analyses

In the base case, of the 198 incident cases, we estimated that 38 (19%) were eligible for
first-line and 75 (38%) for second-line CDK4/6 inhibitors each month. Additionally, 85
incident cases (43%) were estimated to be ineligible (Table 2). We created 2 scenarios.
First, we assumed that 119 patients (60%) would be ineligible for CDK4/6 inhibitors.
Second, we assumed that 34 patients (17%) would be ineligible. The outcomes of these
alternative assumptions are shown in Figure 3.

DISCUSSION

This cohort study showed that CDK4/6 inhibitors were gradually adopted in clinical
practice in the Netherlands despite reimbursement decisions lagging 9 to 11 months
behind the EMA approvals. The medicines reached many Dutch patients with breast
cancer within a short period, but the number of patients who were treated in daily
practice appeared to be somewhat lower than the estimated number of patients who
were eligible in the first 2.5 years after regulatory approval.

While previous studies have reported delays of 9 months, on average, between the ap-
proval of cancer drugs and their first use in the Netherlands (2017-2020), the present
study found that many patients received palbociclib immediately after regulatory ap-
proval was granted (213, 235). Almost 500 patients participated in an EAP, which allowed
them to benefit from this medicine even though it was not being reimbursed yet. This
observation emphasizes 2 important points. First, it suggests that HTA procedures do
not necessarily delay patient access to new medicines. This finding builds on earlier
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work that reported that different early access routes, either privately or publicly funded,
offered options to patients in high-income countries (236, 237). Second, it suggests that
frequently used quality indicators of medicine accessibility (e.g., time to reimbursement)
should be interpreted with caution. These indicators are used not only to rank European
countries according to their medicine accessibility but also to urge policy makers to
improve accessibility (213, 235, 238). Based on the study findings, in-depth studies that
evaluate the entire postapproval access pathway are needed to identify and elucidate
the disparities in access to innovative medicines.

Despite the rapid use of palbociclib, there are some caveats worth mentioning with
regard to its early availability via an EAP. First, there is little transparency about the
availability and use of EAP programs in most countries, including the Netherlands (239).
Because manufacturers are not allowed to advertise EAPs, not all clinicians may be
aware of these programs. Lack of awareness can be a factor in inequalities in access
between patients being treated by different physicians. Second, EAPs are not funded by
the government in the Netherlands. Their implementation thus relies on the efforts and
goodwill of pharmaceutical companies. While some companies may see benefits in EAPs
(for instance, to speed up future sales), others may be unwilling or unable to allocate re-
sources for implementing such programs (240, 241, 242, 243). Because HTA procedures
take time to complete, this delay likely plays a role in inequalities in access between
different groups of patients. Countries surrounding the Netherlands have used different
approaches to funding early access. For instance, in Germany, all newly EMA-approved
medicines are reimbursed by default at the price set by the company, which ensures
immediate access for patients. Pricing negotiations take place after the medicines have
been launched (243). In France, the government funds different EAPs to allow patients
to use medicines before reimbursement and marketing authorization (236). It remains
unclear which approaches best deliver timely, sustainable, and affordable access to
innovative medicines for all patients in need.

We evaluated the use of 3 medicines of the same class that were approved for com-
bination with either an aromatase inhibitor or fulvestrant. In this study, we observed
that palbociclib, the first approved medicine of the 3 CDK4/6 inhibitors, remained the
predominant medicine that was prescribed. This preference for palbociclib was also
seen in other high-income countries, although there is no clear evidence that palbo-
ciclib is superior to ribociclib and abemaciclib (244, 245, 246, 247, 248). Possibly the
pattern of use can be explained by physician preferences, the marketing strategies of
the manufacturers, hospital policies, or differences in price rebates. We also observed
that the CDKA4/6 inhibitors were mainly combined with fulvestrant, which likely reflects
the recommendation in the Netherlands to primarily prescribe CDK4/6 inhibitors in the

93




Chapter 5

second line of treatment (230). The Dutch recommendation is contrary to that of other
high-income countries (e.g., the US), where they advise to prescribe CDK4/6 inhibitors
in the first line of treatment (249). First-line treatment with these drugs has been associ-
ated with a longer progression-free survival but also with more toxic effects and higher
costs due to longer treatment durations (250). Undoubtedly, the recommendation to
use the CDK4/6 inhibitors mainly in the second line of treatment is interesting from a
budget-impact point of view (i.e., lower total costs), which may help to ensure sustain-
able health care financing and prevent access problems in the long run. It remains to
be seen what strategy is the most optimal from the effectiveness and cost-effectiveness
perspectives. This topic is currently being investigated in the Dutch SONIA (Endocrine
Therapy Plus CDK4/6 in First or Second Line for Hormone Receptor Positive Advanced
Breast Cancer) trial (250).

It is well known that the adoption of innovations in clinical practice takes time (251,
252). Therefore, it may be unsurprising that we observed a gap between the number of
patients who were treated and the estimated number of patients who were eligible in
the first 2.5 years after reimbursement was permitted. The disparities found in this study
may partly reflect the uncertainty surrounding the estimated patient numbers, which
relied on modeling rather than clinical practice data. However, we consider it plausible
that the adoption of the 3 CDK4/6 inhibitors started more slowly than expected. Specifi-
cally, we observed a minor decline in the increasing use pattern from the moment that
the EAP ceased and reimbursement was approved (August 2017). This decrease sug-
gests that not all physicians responded directly to the changed reimbursement status
of palbociclib. Raising awareness of this issue among treating physicians may further
optimize the implementation of new medicines in the future.

Limitations

This study has some limitations. First, the number of patients who were eligible for the 3
medicines relied on decision analytic modeling, and the scenario analyses we performed
showed that the results had substantial amount of uncertainty. Thus, the estimated
number of eligible patients and adoption rates should be interpreted with caution. To
fully understand access, detailed information is needed regarding patients with meta-
static breast cancer, their treatments, and the decision-making process in daily practice.
Second, we used aggregated claims data to evaluate the use of the CDK4/6 inhibitors,
which means that we did not have data on patient characteristics or outcomes. As such,
we could not assess whether patients who received the CDK/6 inhibitors immediately
after approval and reimbursement differed from those who accessed the medicines
later. Third, we studied the adoption of only 1 medicine class for the treatment of breast
cancers in a single country. Future studies need to compare the adoption of medicines

94



Regulatory Approval, Reimbursement, and Clinical Use of CDK 4/6 Inhibitors

across different countries with different HTA policies. Fourth, the COVID-19 crisis was
ongoing during the study period (2020-2021). Nevertheless, we did not expect a large
association between the crisis and study results because treatment recommendations
for patients with metastatic disease during the pandemic were similar to those from the
years before (253).

CONCLUSION

This cohort study found that the CDK4/6 inhibitors palbociclib, ribociclib, and abemaci-
clib were rapidly accessible to a group of patients with HR-positive and ERBB2-nega-
tivemetastatic breast cancer and were adopted gradually over time in the Netherlands, a
high-income country. Although many patients received the medicines during the period
when reimbursement was pending, there appeared to be barriers to adoption other
than reimbursement. To improve accessibility of innovative medicines, we call for better
transparency of their availability during the different phases of the postapproval access
pathway and for more in-depth cross-country studies on the adoption of medicines,
which may further optimize the process.

The supplemental materials can be found online at: doi: 10.1001/jamanet-
workopen.2022.56170
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ABSTRACT

Background: Over the past decades, the therapeutic landscape has markedly changed
for patients with metastatic solid cancer, yet few studies have evaluated its effect on
population-based survival. The objective of this study was to evaluate the change in
survival of patients with de novo metastatic solid cancers during the last 30 years.

Methods: For this retrospective study, data from almost 2 million patients diagnosed
with a solid cancer between January 1, 1989, and December 31, 2018, were obtained
from the Netherlands Cancer Registry, with follow-up until January 31, 2021. We classi-
fied patients as with or without de novo metastatic disease (M1 or MO, respectively) at
diagnosis and determined the proportion with M1 disease over time. Changes in age-
standardized net survival were calculated as the difference in the 1- and 5-year survival
rates of patients diagnosed in 1989-1993 and 2014-2018.

Results: Different cancers showed divergent trends in the proportion of M1 disease and
increases in net survival for M1 disease (approximately 0-50 percentage points at both
1 and 5 years). Patients with gastrointestinal stromal tumors saw the largest increases
in 5-year survival, but we also observed substantial 5-year survival increases for patients
with neuroendocrine tumors, melanoma, prostate cancer, and breast cancer.

Conclusion: Over 30 years, the survival of patients with de novo M1 disease modestly
and unevenly increased among cancers. Metastatic cancer still remains a very lethal
disease. Next to better treatment options, we call for better preventive measures and
early detection to reduce the incidence of metastatic disease.

98



Changes in Survival in de Novo Metastatic Cancer in an era of New Medicines

INTRODUCTION

Solid cancers are a major public health problem worldwide, with approximately 16 mil-
lion new patients and 8.5 million deaths reported in 2020 (3). Approximately 4%-65%
of cancers are diagnosed as metastatic disease, which is often associated with a poor
prognosis (254, 255). Although the approval of over 80 novel systemic therapies since
1990 has expanded the treatment options for most metastatic tumors (63), improving
survival for these patients remains a challenge (256).

Population-based cancer survival statistics, including 5-year survival rates, are important
metrics for evaluating and prioritizing cancer control policy (257). Many prior studies
have compared survival rates between countries or have assessed the differences in
survival between periods irrespective of cancer stage (257, 258). However, nationwide
studies focusing on changes in the survival of patients with distant metastases are
scarce because many existing cancer registries have no or incomplete data on stage at
diagnosis (259).

Systemic therapy constitutes the backbone of treatment for most metastatic cancers.
Historically, this primarily included cytotoxic chemotherapy and hormonal therapy,
but in recent decades, the therapeutic landscape has rapidly changed because of the
approval of several targeted and immune therapies. Although randomized controlled
trials (RCT) have demonstrated the safety and efficacy of each of these new medicines,
the impact on survival in unselected population-based samples has been inadequately
studied (260). This is an important knowledge gap because clinical trial results may
not be representative of the general patient population (261). Moreover, RCTs do not
usually include the cumulative benefit of sequential therapies. Analysis of the changes
in population-based survival over several decades while considering the systemic thera-
pies that have been introduced might offer valuable insights into the overall impact of
new medicines for metastatic cancer.

In this study, we investigate the survival trends of patients with metastatic cancers at
the time of diagnosis (de novo metastatic cancer [M1]) using data from the nationwide
Netherlands Cancer Registry (NCR). We evaluate changes in the survival of patients
presenting with a solid cancer between 1989-1993 and 2014-2018, and we discuss this
in light of the systemic therapies introduced. Our aim is to determine whether M1 cancer
survival has improved during a period in which many novel medicines have been ap-
proved.
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METHODS

Study design

We performed a retrospective cohort study based on data from the NCR between 1989
and 2018. The primary outcomes of this study were the changes in the 1-year and 5-year
net survival of patients with distant M1 disease. We divided the data into 2 cohorts
(1989-1993 and 2014-2018) to ensure comparison of periods before and after the imple-
mentation of novel medicines. Additionally, we report on the trends in the proportion of
patients with M1 disease (from 1989 to 2018).

We included adult patients aged 18 years and older, diagnosed with a solid primary
cancer between 1989 and 2018. Information on patients’ vital status was available until
January 31, 2021. We excluded patients diagnosed on the date of death. Patients with
multiple primary tumors were grouped by their first tumor only and were excluded if
the first tumor was diagnosed before 1989. This study was approved by the NCR’s Ethics
Committee (written informed consent was not required).

Data source

The NCR reached national coverage in 1989 and has an estimated completeness of
more than 95% of all malignancies in the Netherlands (89). Data managers record data
on patient, tumor, and initial treatments directly from patient files. The International
Classification of Diseases for Oncology is used for coding topography and morphology.
Staging methods are considered when determining the stage at diagnosis, but no infor-
mation is recorded on the modalities used or the outcomes. In most tumors, the stage is
coded according to the Union for International Cancer Control tumor, node, metastasis
(TNM) classification (4th-8th edition). Otherwise, tumors are classified by the extent of
the disease (EoD) as local, regional, or distant. The NCR is linked each year on January
31 to the Municipal Personal Records Database to obtain information on vital status.
Patients who emigrate are censored at the date of emigration.

Case definitions

Patients were classified as having M1 (de novo metastatic cancer) based on 1 of 3 crite-
ria: 1) M1 disease according to the TNM classification (clinically and/or pathologically
proven); or 2) distant disease according to the EoD classification system (clinical EoD
and/or pathologically proven EoD=6 used in the NCR for only a minority of cancers); or
3) the presence of metastasis with an unknown primary tumor (C80.9) (Supplementary
Table 1, available online). All other patients were classified as without de novo meta-
static cancer (M0), including those with unknown stage. In the Netherlands, clinically
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diagnosed metastases are typically based on radiological evaluation rather than clinical
examination alone.

We defined 28 cancers based on the histology (carcinoma) and the primary site (most
cancers) or the histology only (gastrointestinal stromal tumors [GIST], neuroendocrine
tumors [NET], melanoma), including a group of “other” cancers and a group of cancers
with an unknown primary site (C80.9) (Supplementary Table 2, available online). Ap-
proximately 75% of patients with metastatic melanoma had melanoma of unknown
primary. These often present with lymph node metastases only, so they do not fit within
our definition of M1 disease (distant metastases). Still, we included them in our analyses
because they share similar treatment strategies (262).

Lung cancer was divided into small cell lung cancer (SCLC) and non-small cell lung
cancer (NSCLC) subgroups based on their clinical and treatment differences and into
“lung other” (mostly cases without pathological confirmation). All patients with central
nervous system tumors (i.e., meninges C70, brain C71, other parts of central nervous
system C72, pituitary gland C75.1, and pineal gland C75.3) were excluded because these
patients usually die from the local tumor burden rather than metastasis. Patients with
Kaposi's sarcoma (C46) were excluded because most do not die from metastatic disease
but from the underlying disease (mostly HIV/AIDS), and patients with mesothelioma
(C45) were excluded because TNM data were unavailable for this cancer between 1989
and 1992.

Statistical analyses

The proportion of patients with M1 disease was calculated by dividing the annual
number of patients with M1 disease per cancer by the total annual number of patients
with and without distant metastases at diagnosis (MO + M1). Trends over time of the
proportion of M1 were plotted, and by visual inspection of the graphs we grouped the
cancer types into a constant, increasing, decreasing, or a combination of an increasing
and decreasing trend. We also reported changes over time with the number, and mean
age, proportion of men, of patients diagnosed between 1989-1993 and 2014-2018. The
1- and 5-year net survival for patients with M1 disease were estimated for the 2 defined
time periods, considering net survival to be the survival observed if cancer was the only
possible cause of death (263). Net survival can be interpreted as cancer-specific survival.
The Pohar-Perme estimator served to estimate the age-standardized net survival with
95% confidence intervals (264). Age standardization was conducted to account for
changes in the distribution of age over time, which is important because the age dis-
tribution has a significant impact on the population’s survival. The International Cancer
Survival Standard was used for most cancer types and Dutch weightings for prostate
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cancer (find the weights in Supplementary Table 2, available online). We used the same
age distribution for all time periods. Age-standardized net survival analyses were not
possible for certain cancers due to the limited number of diagnoses and events in 1
or more age strata. For these cancers, weighting groups were adjusted (e.g., testicular
cancer) or the diagnostic cohorts were changed (e.g., vulva or vagina, hepatocellular
cancer); additionally, analyses not standardized by age were performed for cancers with
20 or less patients in 1 or more age strata (see Supplementary Table 3, available online).

We used the cohort approach to estimate patient net survival. This approach can es-
timate the 5-year net survival of a cohort even in the absence of complete follow-up
data (such as in our study for the cohort 2014-2018) by using the survival information
of all patients until censoring (e.g., like the Kaplan-Meier and life table methods) (263).
Survival changes over time were calculated as the arithmetic gain by subtracting the
estimated survival rate of the 1989-1993 cohort from that of the 2014-2018 cohort. The
statistical significance changes were assessed with the Z-test (P <.01) (265).

In supplemental analyses, we also evaluated the changes in median overall survival,
and we reported trends in M1 survival over time by estimating the net survival of the
intermediate cohorts.

RESULTS

Patient population

In total, almost 2 million adult patients were diagnosed with an eligible solid cancer
between 1989 and 2018. We included 52 263 and 84 383 diagnosed with de novo
metastases (M1) in the survival analyses for 1989-1993 and 2014-2018, respectively.
Information on M stage at diagnosis was based on clinical or pathological classification
in most patients (69% in 1989-1993 and 92% in 2014-2018). The number with M1 disease
increased between 1989-1993 and 2014-2018 for all cancers except for stomach cancer,
whereas the number of patients with an unknown primary cancer more than halved
(Table 1; Supplementary Table 4, available online).

The proportion of patients with M1 disease at diagnosis and disease evolution differed
between cancers. For instance, almost one-half of the patients with pancreatic cancer
had distant metastases at diagnosis as opposed to approximately 1% of patients with
head and neck squamous cell carcinoma. Furthermore, certain cancers (e.g., NSCLC or
SCLC) showed a clear increasing trend over time, whereas others clearly decreased (e.g.,
prostate) (see Figure 1, A-D; Supplementary Table 4, available online).
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Table 1. Per cancer type and time period, the number of newly diagnosed patients with de novo metastatic
disease and the mean age

1989-93 Mean age Male (%) 2014-18 Mean age Male (%) Increase

(95% CI) (95% CI) or de-
crease
Cancer®
Prostate 5477 74 (73-74) 5477 (100) 8491 73(73-73) 8491(100) |

Cancers with an un- 11659 5280 T

known primary site

o ; 57566(65-66)2871(80)4873 ........... : 7(67-68)2564(53) ....... ’[‘ ..............
Esophagus/Cardia 1646 65(64-65) 1229(75) 4387 1 67 (67-67) 3464(79) 1
Stomach272069(68-69)1697(62) ....... S : 9(68-69)1329(62) ....... R
N . 5]065(65_65)6055(81) ....... R . 7(67_67)1 ]’262(57) ..... ’[‘ ..............
8 ung s S - (70_71) e (84) ......... ST . (7 5_76) g (59 ) ....... ’[‘ ..............
B||eDucts28969(67-70)133(46) ......... T g 7(66_67)665(49) ......... ‘|, ..............
Hepatocellular ............. : 1462(59_65)69(61) ........... ol . 8(67_69)395(78) ......... T ..............
s L - (70_72)73(22) ........... ey - (69_71)1 ”(29) .......... ], .............
Pancreas237167(66-67)1288(54) ....... oy : 9(69-69)3275(53) ....... T ..............
R : 2,263 S (6 e ) . 20,0 o (62) ..... : 4,383 ......... B (6 8-68) e 8,51 B (57) ..... T ..............

Abbreviations: Cl: Confidence Interval; GIST: Gastrointestinal stromal tumors; HNSCC: head and neck squamous cell car-
cinoma; NETs: Neuroendocrine Tumors; NSCLC: non-small cell lung cancer; SCLC: small cell lung cancer sign: significance;
SD: standard deviation. ; a See Supplementary Table 2. for a detailed description of the cancer types; fincrease; | decrease
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Figure 1. Trends in the proportion of pa-
tients with metastatic cancer at diagnosis
M1/(MO + M1)) per cancer type from 1989
to 2018. A) Constant trend. B) Increasing
trend. C) Decreasing trend. D) Increasing
and decreasing trend.

Fluctuations because of small patient numbers
in each year. °Patients with SCC excluded. Note:
The increases in the proportion of M1 disease
may be caused by various reasons (e.g., changes
in the proportion of M1/(M0_M1) or changes
primarily in the incident of M1 or MO). There-
fore, the absolute patient numbers with MO and
M1 are also provided in Supplementary Table 4,
available online. GIST=gastrointestinal stromal
tumors; HNSCC=head and neck squamous cell
carcinoma; MO=patients with locoregional can-
cer; M1=patients with de novo metastatic dis-
ease; NET=neuroendocrine tumor; NSCLC=non-
small cell lung cancer; SCC=quamous cell
carcinoma; SCLC=small cell lung cancer.
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Changes in M1 survival

The 1- and 5-year age-standardized net survival rates increased over time for most
cancers (Figure 2; Supplementary Figure 1; Supplementary Tables 5-7, available online).
There remains a large gap in survival between cancers with the most and the least
favorable survival. The percentage point increases in 1-year net survival ranged from
0 to 50, and that for 5-year survival ranged from 0 to 46. The largest gains in 1-year net
survival were observed for GIST, NET, and cancers of the rectum, colon, and ovaries. The
largest increases in 5-year net survival were seen in patients with GIST, NET, and cancers
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Figure 2. Changes in 1- and 5-year net survival of de novo metastatic cancer patients with primary cancer
diagnosis over 2 time periods: 1989-1993 vs 2014-2018 (blue = increase, red = reduction). A) Changes in
1-year net survival. B) Changes in 5-year net survival. The striped gray bar on the left represents the net
survival in the period 1989-1993; the thicker blue bar represents the survival change from 1989-1993; and
transparent gray bar on the right represents the proportion of survival that is still to gain.

“Significant difference in net survival of patients in 1989-1993 vs those in 2014-2018 (a=.01). GIST=gastrointestinal stromal
tumors; HNSCC=head and neck squamous cell carcinoma; NET=neuroendocrine tumor; NSCLC=non-small cell lung can-
cer; SCLC=small cell lung cancer.
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of the prostate, breast, testicles, and thyroid (all subtypes). The increases were mainly
seen from 1994-1998 onward for GIST, during the entire study period for NET, from
2004-2008 onward for prostate cancer, from 1999-2003 onward for breast cancer, in the
earliest period for testicular cancer (i.e., 1989-1993 and 1994-1998), and from 1994-1998
onward for thyroid cancer (see Supplementary Figure 1, available online). Changes in
median overall survival were also largest in GIST, NET, breast, and prostate cancer (see
Supplementary Table 8, available online).

Overall, the net survival rate for M1 disease exceeded 50% at 1 year for 11 cancers and
exceeded 20% at 5 years for 8 (2014-2018).
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Figure 3. Timeline of newly approved medicines for patients with metastatic cancer per cancer type in
the Netherlands. Gray dots, squares, and triangles show medicines for which the year of approval is uncertain (see
Supplementary Table 10, available online). GIST=gastrointestinal stromal tumors; HNSCC=head and neck squamous cell
carcinoma; NET=neuroendocrine tumor; NSCLC=non-small cell lung cancer; SCLC=small cell lung cancer.
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Figure 4. Association between the number of new medicines approved during the period 1989-
2018 and the 5-year net survival changes from 1989-1993 and 2014-2018 of patients with different
solid cancers. GIST=gastrointestinal stromal tumors; HNSCC=head and neck squamous cell carcino-
ma; NET=neuroendocrine tumor; NSCLC=non-small cell lung cancer; SCC=squamous cell carcinoma;
SCLC=small cell lung cancer.

DISCUSSION

This study showed that the 1-year survival increased for most patients with M1 disease,
but the magnitude of increase differed substantially between cancers. Additionally, we
observed increases (>15%) in the 5-year survival for GIST, NET, melanoma, and cancer
of the prostate, breast, thyroid, and testis. Approval was granted for more than 80 novel
medicines and multiple new indications for existing medicines to treat metastatic disease
(Figure 3; Supplementary Tables 9 and 10, available online). Although introducing new
medicines probably contributed to some of the observed survival increases, the changes
in survival did not appear to relate to the number of new medicines approved (Figure
4). Besides, we cannot assume causation because we do not know how many of the
patients actually received the newly approved medicines. Moreover, a higher number of
new treatment options does not always result in better survival at the population level.
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Interpreting survival trends over several decades is complex because various factors can
explain any observed changes. Together with better treatment, factors such as better stag-
ing due to improvements in imaging and changes in registration, coding practices and
TNM classifications (both causing stage migration), and distribution of prognostic factors
(e.g., subtypes) could account for the survival improvements. Nevertheless, it appears
plausible that at least part of the survival increases observed in our study represents true
treatment progress, such as the substantial 18-46 percentage point increases in 5-year sur-
vival for breast cancer, NET, and GIST that coincided with the approval of novel medicines.

The tyrosine kinase inhibitor imatinib, for instance, was approved in 2002 for the treat-
ment of metastatic GIST (see Figure 3). In RCTs, patients treated with this agent showed
median survival times of approximately 50-60 months, increasing from historic medians
of just 9 months (266, 267). Approximately 84% of patients in our 2014-2018 cohort re-
ceived a tyrosine kinase inhibitor as first-line therapy, suggesting that imatinib has been
widely implemented in the Netherlands (Supplementary Table 11, available online).
In addition, survival mainly increased from 1994-1998 to 1999-2003 (Supplementary
Figure 1, available online). Hence, at least some of the observed survival increase likely
reflects the adoption of effective treatment options for de novo metastatic GIST.

Concerning de novo metastatic breast cancer, the 5-year net survival in our study
increased by 18 percentage points during a period when 17 new medicines were ap-
proved. Several of these, such as the targeted agents trastuzumab and pertuzumab,
can improve survival in patients with HER2+ metastatic breast cancer. Although this
subgroup accounts for only approximately 15% of patients, we consider it plausible that
the successful implementation of these medicines accounts for some of the observed
improvements in 5-year survival, especially given that most patients in the 2014-2018
cohort received one of these medicines as a first-line therapy (Supplementary Table 11,
available online). Unfortunately, we could not separately evaluate the survival of this
subgroup because HER2 status was not recorded in the NCR before 2005. Other medi-
cines that probably contributed to the improved survival in our study include aromatase
inhibitors and taxanes (268).

Octreotide represented an important breakthrough in the treatment of metastatic NET
when implemented in the Netherlands in 1992 (269). Several other therapies were also
granted regulatory approval since then. In our study, the number of patients diagnosed
with NET markedly increased over time, likely reflecting improved pathology assess-
ment and greater awareness of these uncommon cancers. Moreover, NETs are a hetero-
geneous group of tumors for which survival depends on multiple factors, including the
histology and primary site, the distribution of which varied between the periods in this
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study (270, 271). Therefore, the substantial survival increase of 32 percentage points is
probably not only the effect of advances in treatment.

In addition to these cancers, our data uncovered substantial improvements of 16
percentage points in long-term survival from metastatic melanoma. These findings are
relevant because the treatment landscape has dramatically changed with the advent
of immune checkpoint inhibitors (ICls) and multiple targeted agents over recent years.
ICls represent particularly important breakthroughs, improving the 5-year survival from
metastatic melanoma by up to 52% in RCTs from historic levels less than 10% (210, 272).
Studies investigating the impact of ICls in daily practice have also revealed an improved
prognosis (273). The NCR regrettably lacks data on therapies not administered first line,
and thus we do not know how many patients received ICl. However, previous data in the
Netherlands suggest the rapid implementation of new systemic options for melanoma
(274). The survival increases observed in our study may therefore reflect this trend of ICI
application.

We found long-term survival increases of 6 percentage points in patients with NSCLC.
Stage migration since implementation of fluorodeoxyglucose positron emission tomog-
raphy in 1997 likely accounts for some of this increase in the Netherlands. Since then,
the percentage of patients with M1 NSCLC increased from 29% to 53% (Figure 1), but the
limited survival increases are disappointing given that it received most novel medicines
(Figure 4). The minor changes in population based long-term progress can be explained
in several ways. First, some patients in the 2014-2018 cohort may not have received
the newest and most effective agents because many of these had only recently been
implemented (e.g., ICls in 2016). Second, we cannot expect long-term benefits for all
patients (e.g., 5-year survival of 16%-33% with ICls in RCTs) (272, 275). Third, our follow-
up duration may not have been long enough to capture improvements in 5-year survival
because of the latest medicines. Future studies should confirm whether survival from
metastatic NSCLC improves over time.

Despite the breakthroughs in systemic treatment for metastatic solid cancers, debate
persists regarding the effectiveness and rising costs of new cancer medicines (276).
Some may bring few health benefits, with a recent study estimating that approximately
22% of all newly approved medicines for solid cancer between 2003 and 2013 offered no
overall survival benefits compared with standard care (277). Although other medicines
had a positive impact, with a mean 3-month improvement in survival, the magnitude
was often modest (277). This may also explain why the 1- and 5-year survival rates of
some cancers have changed little in the last 30 years. Nevertheless, even minor benefits
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in survival or other outcomes (e.g., quality of life) may represent progress in treating
patients with metastatic cancer.

Analysis by stage requires appropriate data registration and few unknown or miss-
ing data. The NCR provided accurate stage information for the entire period, which
facilitated the analysis of changes in M1 survival in a comprehensive list of cancers. By
providing an overview of survival changes for all M1 solid cancers, our study supple-
ments existing knowledge. Nevertheless, further research is needed to improve our
understanding of the population impact of new medicines for metastatic cancer. As a
prerequisite, databases should include data beyond the first-line treatment together
with confounding variables (i.e., co-morbidity) and other relevant outcomes (i.e., quality
of life, adverse events). A complete overview will also require further study in patients
with metachronous metastatic disease. Unfortunately, it is not possible to easily obtain
such data.

Our results show that the survival of patients with de novo metastatic cancer improved
slowly over 30 years but that these gains were typically modest and unevenly distrib-
uted among cancers. Unfortunately, metastatic cancer remains a very lethal disease for
almost all cancer types. Next to better treatment options to improve survival in patients
with metastatic cancer, we call for better preventive measures and early detection to
reduce the incidence of metastatic disease

Supplemental materials can be found online at: doi: 10.1093/jnci/djad020
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ABSTRACT

Purpose The aim of this study was to compare characteristics and survival of patients
with de novo and metachronous metastatic breast cancer.

Methods Data of patients with metastatic breast cancer were obtained from the
Netherlands Cancer Registry. Patients were categorized as having de novo metastatic
breast cancer (n = 8656) if they had distant metastases at initial presentation, or meta-
chronous metastatic disease (n = 2374) in case they developed metastases within 5 or
10 years after initial breast cancer diagnosis. Clinicopathological characteristics and
treatments of these two groups were compared, after which multiple imputation was
performed to account for missing data. Overall survival was compared for patients
treated with systemic therapy in the metastatic setting, using Kaplan Meier curves and
multivariable Cox proportional hazards models. The hazard ratio for overall survival of
de novo versus metachronous metastases was assessed accounting for time-varying
effects.

Results Compared to metachronous patients, patients with de novo metastatic breast
cancer were more likely to be > 70 years, to have invasive lobular carcinoma, clinical T3
or T4 tumours, loco-regional lymph node metastases, HER2 positivity, bone only disease
and to have received systemic therapy in the metastatic setting. They were less likely
to have triple negative tumours and liver or brain metastases. Patients with de novo
metastases survived longer (median 34.7 months) than patients with metachronous
metastases (median 24.3 months) and the hazard ratio (0.75) varied over time.

Conclusions Differences in clinicopathological characteristics and survival between

de novo and metachronous metastatic breast cancer highlight that these are distinct
patients groups.
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INTRODUCTION

In the Netherlands, around 14,500 patients annually are diagnosed with invasive breast
cancer (205). Around 5% of these patients present with de novo distant metastases at the
time of initial diagnosis (278). Moreover, in 15-20% distant metastases are diagnosed in
the years following their initial breast cancer diagnosis (metachronous metastases) (279,
280). While systemic treatment, with a palliative intent, is the standard of care for both
de novo and metachronous metastatic breast cancer (MBC) (170, 281), there are specific
therapeutic considerations for each group. For instance, in de novo MBC the best ap-
proach regarding the primary tumour is still unclear. Many studies suggested an overall
survival (OS) benefit of local treatment (282, 283, 284), but recent randomized studies
have refuted this (285, 286). Unlike patients with de novo MBC, many patients with
metachronous MBC have already received (neoadjuvant or adjuvant) systemic treat-
ment in addition to loco-regional treatment following diagnosis of the primary tumour.
Recurrence following these previous systemic therapies could reflect resistance to these
drugs or mean that the maximum tolerated cumulative dose of these drugs was already
reached. Moreover, patients can suffer from lasting side effects and therefore be less fit
for further systemic treatment. These specific considerations illustrate the importance
of understanding differences between patients with de novo and metachronous MBC.

So far, characteristics and OS of patients with de novo MBC have been analysed in several
cohorts (287, 288, 289, 290, 291, 292, 293, 294, 295, 296, 297, 298, 299, 300, 301, 302) and
in some studies have been compared to patients with metachronous MBC (226, 280, 296,
303, 304, 305, 306, 307, 308, 309, 310). Typically, patients with de novo MBC have more
favourable disease characteristics and longer OS compared to metachronous patients
(226, 280, 296, 303, 304, 305, 306, 307, 308, 309). However, in younger patients (< 40
years) the opposite appears to be true (i.e., larger tumours, more widespread metastatic
disease and more brain metastasis in de novo MBC) (296). Differences in gene expres-
sion profiles between de novo and metachronous MBC have been found, which lead
to believe that these tumours possess biologically different behaviour (310). Moreover,
whereas studies consistently reported improvements in OS over time for de novo MBC
(225,278,311, 312), little evidence supports such a positive trend in metachronous MBC
(312), which again emphasizes the difference between these groups. While literature on
de novo MBC is often based on nationwide registry data, data on metachronous MBC
is usually based on regional cohorts (312). Our study demonstrates nationwide data of
patients with de novo MBC and a large cohort of patients with metachronous MBC diag-
nosed in 2008-2018 in the Netherlands, to compare clinicopathological characteristics,
treatment and survival.
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PATIENTS AND METHODS

Data source

The Netherlands Cancer Registry (NCR) is a nationwide cancer registry hosted by the
Netherlands Comprehensive Cancer Organisation (IKNL) and includes all patients with
newly diagnosed cancer, with an estimated coverage of 96% (89). Cancer diagnoses are
notified through the nationwide Pathology Archive (PALGA) and the National Registry
of Hospital Discharge Diagnoses. Trained data managers register data on diagnosis,
clinicopathological characteristics and primary treatment directly from the patient
files. Tumour location and morphology are coded according to the International Clas-
sification of Diseases for Oncology (ICD-O, third edition) and tumour stage is coded
following the Tumour Node Metastasis (TNM) classification. Estrogen receptor (ER) and
Progesterone receptor (PR) positivity of the primary tumour are set at > 10% accord-
ing to Dutch nationwide guidelines. Additional data on recurrences (including local,
regional recurrences and distant metastases) were collected by the NCR retrospectively.
Specifically, for patients with a primary diagnosis in 2003 and 2005 all recurrences up to
10 years after initial breast cancer diagnosis were identified. In addition, for half of the
patients diagnosed in 2008, the first recurrence up to 5 years afterwards was identified
and for patients diagnosed in the first quartile of 2012 (Q1 2012), all recurrences up to 5
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Figure 1. Selection of patients with metachronous metastatic breast cancer.

Patients diagnosed with metachronous distant metastases in 2008-2018 were identified among patients diagnosed with
primary tumours in 2003, 2005, 2008 and the first quartile of 2012 (Q1 2012). For patients with a primary diagnosis in 2003
and 2005 all recurrences up to 10 years after initial breast cancer diagnosis were identified. For half of the patients with a
primary diagnosis in 2008 the first recurrence up to 5 years after initial diagnosis was identified. For patients diagnosed in
the first quartile of 2012, all recurrences up to 5 years post diagnosis were identified. Blue circles indicate primary tumour
diagnosis, green filled stars indicate a possible diagnosis of distant metastasis included in our study. Empty stars indicate a
possible diagnosis of distant metastasis that was not included in our study because it was outside the study period (green)
or because it was not registered (red)
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years after diagnosis were recorded (Figure 1). Recurrence locations were also registered
following the ICD-O third edition. After diagnosis of metastases, the first systemic and/
or local treatment is registered. Information on vital status was derived from the official
municipal population database.

Patient selection

All patients diagnosed with de novo MBC between 2008 and 2018, as well as registered
patients diagnosed with distant metachronous metastases between 2008-2018 were
selected from the NCR. Patients with distant metastasis within 3 months of the primary
diagnosis were excluded, because they are often considered as de novo MBC. For the
survival analyses we excluded a small group of patients (n = 333, 3.0%) with tumour
morphologies other than ductal carcinoma NOS or invasive lobular carcinoma (ILC).
Moreover, we excluded patients from the survival analyses who had not received
systemic therapy in the metastatic setting, because untreated patients likely have
severe comorbidities and inherently have a different prognosis. Moreover, knowledge
about patients eligible for systemic treatment can support medical oncologists’ clinical
decision-making.

Data definition

Patient characteristics (age at diagnosis of metastasis, sex, performance status), primary
tumour characteristics (morphology, multifocality, tumour grade, clinical T stage, recep-
tor and HER2 status), clinical N stage at primary diagnosis and location of metastases
and treatment (local and systemic therapy after diagnosis of primary tumour and metas-
tases) were analysed. Receptor and HER2 status of the metachronous metastases were
not available. Period of metastasis diagnosis was categorized in 2008-2011, 2012-2015
and 2016-2018. Within metachronous MBC, metastasis free interval (MFI), defined
as time between primary diagnosis and distant recurrence, was categorized in 3-12
months, 12-24 months, 24-60 months and MFI > 60 months. OS was analysed using
time between diagnosis of distant metastasis and death or end of follow-up. If patients
were alive at the end of follow-up (January 31st 2022), they were censored.

Statistical analysis

Descriptive statistics were used to depict clinicopathological and treatment characteris-
tics and to describe missing data. Chi-squared tests or Fisher’s exact tests were used to
test difference in characteristics between de novo and metachronous MBC. To describe
OS of the groups, Kaplan Meier curves were plotted and multivariable Cox proportional
hazards (PH) analyses were performed including important confounders. Because some
confounders included missing data, we used multiple imputation by chained equations
(MICE) (313). Data were incomplete for any of the chosen variables in 19% of patients,
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therefore we considered 19 simulated datasets to have a sufficiently reliable estimation
of missing values (314, 315). The imputation model included MFI, which was used to
categorize de novo versus metachronous MBC, and the following confounders: year of
metastasis diagnosis; sex; age at metastasis diagnosis; tumour morphology; tumour mul-
tifocality; clinical T stage; clinical N stage; receptor status; metastasis location; tumour
grade; performance status (assessed at primary diagnosis) and therapy variables, plus the
outcome variables (vital status and the Figure 1 Selection of patients with metachronous
metastatic breast cancer. Patients diagnosed with metachronous distant metastases in
Nelson-Aalen estimator) as was recommended in literature (316,317,318, 319).

The multivariable Cox PH model comparing survival of patients with de novo and
metachronous MBC included the same variables included in the imputation model,
except for tumour grade and performance status, which were considered confound-
ers but contained too many missings. For the variable ‘age at metastasis diagnosis’ we
used a restricted cubic spline with four knots. We also excluded therapy variables for
several reasons. First, therapy choices are partly determined by the variable of interest
(de novo versus metachronous MBC influences therapy choices) and are therefore not
a confounder but an intermediary variable. Second, specifically in de novo MBC a RCT
reported that local therapy of the primary tumour did not improve OS (285, 286), so local
therapy is not a confounder either. Likelihood ratio tests of Cox PH models were used to
compare OS between the groups. The PH assumption is the most important assumption
underlying the Cox model (320). The assumption was tested for each variable included
in the Cox model using Schoenfeld residuals plots (321)). Confounding variables that
did not meet the PH assumption were added as strata to the model. For the variable of
interest (de novo versus metachronous MBC), we visualised the time-varying effect of
the hazards by plotting the hazard ratio (HR) against time. For this purpose, we gener-
ated a time dependent Cox model with an interaction between the variable (de novo vs
metachronous) and a restricted cubic spline of survival time with five knots (322). This
time dependent model was based on one imputation dataset.

In addition to the described analyses we performed supplementary analyses to study
patients with de novo and metachronous MBC separately in more detail, to test the
robustness of our results and to explore hypotheses behind the differences in OS
(Supplementary Methods 1, available online).

A p value < 0.05 was considered significant. Statistical analyses were performed in Stata/
SE 17.0 and R version 4.0.3.
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RESULTS

Clinicopathological characteristics

Between 2008 and 2018, 8656 patients were diagnosed with de novo MBC in the
Netherlands. In addition, 2374 patients were identified with metachronous MBC, of
those, 639 had a primary tumour diagnosed in 2003, 1006 in 2005, 524 in 2008 and 205
in Q1 of 2012.

Table 1 lists patient, tumour and treatment characteristics in patients with de novo and
metachronous MBC. Most notable differences were those in T and N stages, metastasis
locations and receptor status. Patients with de novo MBC were more likely than meta-
chronous to have T3 or T4 tumours and positive loco-regional lymph nodes, while the
majority (68%) of metachronous MBC had NO at time of primary diagnosis. Notably,
de novo metastases were more commonly limited to the bone with less frequent in-
volvement of the liver or central nervous system (CNS) than in metachronous disease.
However, in young de novo patients (< 40 years, n = 489) we saw more liver metastases
(39%, versus 25% in de novo patients of all ages and 38% in young metachronous
patients). CNS involvement was the same (3%) in de novo patients above or below 40
years of age. ER-negative/HER2-negative tumours were observed less in de novo MBC.
Although ER positivity did not differ between de novo patients and the entire group of
metachronous MBC, supplementary analyses showed that ER-positive (HER2 negative/
unknown) tumours were more common in patients with metachronous MBC with a MFI
> 60 months (83%), while patients with shorter MFI's had less ER positive tumours (39 to
65%) than patients with de novo MBC (67%) (Supplementary Table 1, available online).
Supplementary Table 2 (available online) shows changes in patients with de novo MBC
over time.

Treatment characteristics

Local treatment of the primary breast tumour was performed in 26% of patients with de
novo MBC, in 43% consisting of surgery combined with radiotherapy, and in all patients
with metachronous MBC at initial diagnosis. 74% of patients with metachronous metas-
tases had received systemic treatment after primary tumour diagnosis.

Systemic therapy for metastatic disease was administered in 89% of de novo and in 79%
of metachronous stage IV patients. Chemotherapy (without HER2 targeting agents) was
administered less often to patients with de novo MBC (24% vs 29%) (Table 1). Meanwhile,
de novo ER positive patients received endocrine treatment more often (67% vs 48%)
and de novo HER2 positive patients received HER2 targeted therapy more often (75% vs
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Table 1. Descriptive statistics de novo versus metachronous MBC, without multiple imputation

Characteristic De novo or metachronous MBC patients Statistics
De novo MBC Metachronous
(N=8,656) MBC (N=2,374)
N (%) N (%) P
Patient characteristics
Sex
Female 8,564 (99) 2,351 (99) Pearson Chi’ p = 0.690
Male 92 (1) 23 (1)
Age at diagnosis of metastasis
<50 1,774 (20) 457 (19) Pearson Chi’ p<0.001
50-69 3,658 (42) 1,135 (48)
70+ 3,224 (37) 782 (33
Age at diagnosis of metastasis Mean age 63.7 Mean age: 63.2 yrs T-test p=0.1296
(22-102) (24.6-97.7)
Metastasis free interval (MFI)
MFI 0 (de novo) 8,656 - Not applicable
MFI 3-12 months - 87 (3.7)
MFI 12-24 months - 204 (8.6)
MFI 24-60 months - 1,061 (44.7)
MFI > 60 months - 1,022 (43.0)
Tumour characteristics
Clinical T stage
TO or Tis 167 2 6 (0.3)  Pearson Chi’ p<0.001
T1 1,226 (15) 1,022 (46)
T2 2,889 (36) 917 (41)
T3 1,130 (14) 151 (7)
T4 2,675 (33) 115 (5)
T unknown 569 - 163 -

Yes 2,037 (26) 447 (20)

Ductal carcinoma NOS 7,030 (81) 1,997 (84) Pearson Chi? p<0.001
Ductal carcinoma in situ 33 (0.4) 31 (1)

Invasive lobular carcinoma 1,361 (16) 309 (13)

Low grade special types 105 1 29 (1

Other 127 (1) 8 (0.3)

Tumour grade
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Table 1. Descriptive statistics de novo versus metachronous MBC, without multiple imputation (continued)

Characteristic De novo or metachronous MBC patients Statistics
De novo MBC Metachronous
(N=8,656) MBC (N=2,374)
N (%) N (%) P
Low grade 287 (8) 206 (10) Too many missings, no
Intermediate grade 1,865 (51) 939 (45) test performed
High grade 1,514 (41) 963 (46)
Undifferentiated/anaplastic 9 (02 o0 0)
Unknown 4,981 - 266 -
ER status
ER negative (<10%) 1,807 (21) 512 (22) Pearson Chi2 p = 0.643
ER positive (=10%) 6,641 (79) 1,833 (78)
ER unknown/not determined 208 - 29 -
PR status
PR negative (<10%) 3,494 (43) 928 (42) Pearson Chi’ p = 0.468
PR positive (=10%) 4,700 (57) 1,293 (58)
PR unknown/not determined 462 - 153 -
Her2 status
Her2 negative 5,934 (77) 1,471 (80) Pearson Chi’ p = 0.002
Her2 positive 1,767 (23) 358 (20)
Her2 unclear 955 - 545 -
Receptor status
ER pos HER2 neg/unknown 5,629 (67) 1,622 (69) Pearson Chi’ p<0.001
Her2 pos 1,767 (21) 358 (15)
ER neg Her2 neg/unknown 1,072 (13) 368 (16)
Insufficient information 188 - 26 -
Localization of metastasis
Lymph nodes only 468 (5) 60 (3) Pearson Chi’ p<0.001
Bone only 2,949 (34) 510 (22)
Liver (no CNS) 2,177 (25) 727 (31)
CNS (with/without liver) 274 (3) 290 (12)
All other locations 2,760 (32) 774 (33)
Metastasis location unknown 28 - 13 -
Treatment characteristics
Local treatment primary
tumour
No local treatment primary 6,383 (74) 1 (0) Fisher’s exact p<0.001
Surgery and radiotherapy 975 n 1,624 (68)
Surgery without radiotherapy 996 (12) 749 (32)
Radiotherapy without surgery 302 (3) 0 (0)
Any systemic therapy after
previous primary tumour
diagnosis
No Not applicable 617 (26) Not applicable
Yes 1,757 (74)
Unknown 0 -
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Table 1. Descriptive statistics de novo versus metachronous MBC, without multiple imputation (continued)

Characteristic De novo or metachronous MBC patients Statistics
De novo MBC Metachronous
(N=8,656) MBC (N=2,374)
N (%) N (%) P

Any systemic therapy in meta-
static setting

No 937 (1) 478 (21)  Pearson Chi’ p<0.001
Yes 7,719 (89) 1,816 (79)
Unknown 0 - 80 -

Systemic therapy in metastatic
setting contains chemo-

therapy

No 5,239 (61) 1,383 (60) Fisher's exact p<0.001
Yes 3,417 (39) 824 (36)

Systemic therapy of unknown 0 (0) 87 (4)
type 0 - 80 -

Unknown

Systemic therapy in metastatic

setting contains endocrine
treatment

No 4,385 (51) 1,312 (57) Fisher's exact p<0.001
Yes 4,271 (49) 895 (39)

Systemic therapy of unknown 0 (0) 87 (4)

type 0 - 80 -

Unknown

Systemic therapy in meta-

static setting contains targeted

therapy

No 6,924 (80) 1,903 (83) Fisher's exact p<0.001
Yes 1,732 (20) 304 (13)

Systemic therapy of unknown 0 0) 87 (4)

type 0 - 80 -

Unknown

Systemic therapy in metastatic

setting

No systemic therapy 937 (11) 478 (21) Pearson Chi’ p<0.001
Endocrine treatment 4,119 (48) 875 (38)

Chemotherapy (without HER2 2,116 (24) 661 (29)

targeted therapy) 1,484 (17) 191 8)

HER2 targeted therapy 0 (0) 89 4)

Systemic therapy of unknown 0 - 80 -

type

Unknown

Any local treatment of me-

tastasis

No 6,497 (75) 1,803 (76) Pearson Chi? p = 0.309
Yes 2,159 (25) 567 (24)

Unknown 0 4 -
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Table 1. Descriptive statistics de novo versus metachronous MBC, without multiple imputation (continued)

Characteristic De novo or metachronous MBC patients Statistics
De novo MBC Metachronous
(N=8,656) MBC (N=2,374)
N (%) N (%) P
Surgery of metastasis
No 8,337 (96) 2,059 (87) Pearson Chi? p<0.001
Yes 319 (4) 311 (13)
Unknown 0 - 4 -

Pearson Chi’ p<0.001
Yes
Unknown

41%). Radiotherapy was the preferred locoregional treatment in de novo patients while
surgery was more common in metachronous patients.

Supplementary Table 2 (available online) shows changes in treatment of patients with
de novo MBC over time, these changes could not reliably be compared between de novo
and metachronous MBC due to the method of registration for patients with metachro-
nous metastases (from just four primary tumour years, Figure 1).

Survival in de novoversus metachronous MBC

Among patients treated with systemic therapy in the metastatic setting, median OS in
patients with metachronous MBC was 24.3 months (95% Cl 22.5-25.5 months), com-
pared to 34.7 months (95% Cl 33.7-35.8 months) in those with de novo MBC (Log-rank
test p < 0.001) (Figure 2). In the multivariable Cox PH analysis a difference in OS between
de novo and metachronous MBC persisted (HR de novo MBC versus metachronous MBC
0.75, 95% Cl1 0.70-0.80, Likelihood ratio test p < 0.001) (Table 2). Sensitivity analysis sup-
ported these findings when analysing complete cases and showed that within patients
with metachronous MBC, patients with a longer MFI survived longer, although still not
similar to patients with de novo MBC (Supplementary: Figure 1, Tables 3, 4, available
online). Figure 3 shows the changes in HR of patients with de novo versus metachronous
MBC over time, while keeping all other variables constant. Although the HR varied over
time, de novo MBC appeared to have a lower risk of death than metachronous MBC over
the entire period of follow-up. The difference is most pronounced two years after diag-
nosis of metastatic disease. Beyond approximately eight years the HR estimate becomes
increasingly imprecise.
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N No. Median OS
of events (95% CI)
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Years after diagnosis of metastasis

Number at Risk
Metachronous stage IV 1,844 1,341 931
De novo stage IV

634 440 308 243 187 133 a7 63 39
7554 6062 4752 3674 2557 1749 1201 798 503 319 196 135

Figure 2. Overall survival in patients with versus patients metachronous metastatic breast cancer (treated
with systemic therapy in the metastatic setting). The 95% confidence interval is indicated by colour around
the line, number of patients at risk is noted below each year of follow-up. Overall survival is significantly
longer in de novo MBC patients compared to metachronous MBC patients

Further exploratory analysis showed that de novo MBC is not always associated with
longer survival. In fact, patients with metachronous MBC who had not received previous
(neoadjuvant or adjuvant) systemic treatment following their primary tumour diagnosis
(n = 461) survived longer than patients with de novo MBC (median OS 37.2 months,
multivariable HR de novo MBC 1.13, 95% Cl 1.01-1.27) (Supplementary Figure 3, Table
6, available online). Note that these were patients with favourable characteristics at
primary tumour diagnosis, nearly all (97%) had T1 (75%) or T2 (22%) and 74% was ER
positive and HER2 negative or unknown.
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Table 2. Multivariable Cox proportional hazards analysis de novo versus metachronous MBC patients (treat-
ed with systemic therapy in metastatic setting)

Characteristic Category HR (95% CI) Likelihood ratio
test
P Value

De novo versus metachronous ~ Metachronous MBC 1 (ref)

Age at diagnosis of metastasis, Restricted cubic spline with four p-value omitted
restricted cubic spline (rcs)) knots.

All other locations
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Hazard Ratio

0.5 T T T T + v T T
0 1 2 3 4 5 6 7 3 9 10
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Figure 3. Overall survival in patients with de novo versus metachronous metastatic breast cancer (treated
with systemic therapy in the metastatic setting), hazard ratio over time in multivariable analysis performed
on the first multiple imputed dataset. The 95% confidence interval is indicated by colour around each line.
The difference in overall survival was not proportional over time, with a lower HR in favour of de novo MBC
in the first years of follow-up in the multivariable model, while the HR starts to rise towards 1.0 after about
5 years. Note that the confidence interval widens after about eight years

DISCUSSION

In this large population-based study, we compared clinicopathological features, treat-
ment and OS between all patients with de novo MBC diagnosed in the Netherlands
between 2008 and 2018 to a group of patients with metachronous MBC diagnosed in
that same period. Our study shows that these are not only two very distinct groups but
also that patients with de novo MBC survive longer.

A number of differences in characteristics between the groups are notable. Our data
corroborate earlier reports of frequent bone and lymph node metastases and less in-
volvement of viscera and brain in patients with de novo MBC (226, 280, 306). However, in
our comparison of both groups, we did not observe more ER positive tumours in de novo
patients (303), most likely caused by the 43% of metachronous patients with a MFI > 60
months, who are more often ER positive. Stage T3 and T4 and multifocal tumours were
more often encountered in patients with de novo MBC, possibly reflecting delay in time
to diagnosis. In de novo MBC, metastases limited to the bone were more common than
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in metachronous MBC resulting in increased use of endocrine treatment in this group, as
was local radiotherapy on painful bone metastases (170). The higher prevalence of triple
negative tumours, liver and CNS metastases reflect unfavourable tumour characteristics
and biology in metachronous patients. For example, triple negative tumours are known
to metastasize hematogenously more often.

Regarding outcome, our data support a better OS in de novo MBC compared to patients
with metachronous MBC, partly explained by differences in disease characteristics. Even
after correction for known confounding characteristics, improved survival persists in
patients with de novo MBC. This finding is consistent with previous literature (280, 296,
303, 305, 307, 308, 309) showing that absolute differences in median OS range from 1.5
months (when comparing de novo to MFI > 24 months) to 20.3 months (comparing to
MFI < 24 months) (226). Without selection for MFI the reported median OS differences
are similar to the 10.4 months found in our study (303, 305, 306, 307). In our sensitiv-
ity analysis we found a similar effect of MFI on OS compared to the literature: longer
MFI was associated with longer OS after diagnosis of metastases. However, even MFI
> 60 months did not have better survival than de novo MBC, which is not a consistent
observation (226, 296, 308).

There are a number of possible explanations for the longer survival observed in de novo
MBC. The most likely hypothesis is that shorter survival of patients with metachronous
MBC is related to previous (neo)adjuvant systemic therapies. Recurrence despite
previous therapy could reflect (1) disadvantageous tumour characteristics, (2) patient
comorbidity/fitness and (3) primary or acquired therapy resistance. In our study, we
could not quantify to what extent these factors played a role because we did not have
data on the exact regimens and duration of systemic therapy nor could we account for
fitness because data on performance score was only assessed at primary breast cancer
diagnosis and contained too many missing values to include in the model. Nevertheless,
the difference in use of systemic therapy in the metastatic setting (any systemic therapy
in 89% of de novo and 79% of metachronous MBC and specifically targeted therapy in
75% of de novo and 41% of metachronous HER2 positive patients) may indicate that
metachronous patients were less fit or had less treatment options for other reasons. As
mentioned before, previous therapy can decrease treatment options in the metastatic
setting due to acquired resistance to a drug, reaching a maximum tolerated cumulative
dose or lasting side effects such as peripheral neuropathy or cardiotoxicity. Of note, due
to the method of registration our data on systemic therapy could be an underestima-
tion, as therapies administered not directly after metastasis diagnosis, but for example
when symptoms did arise, may have been missed. In addition, the difference in targeted
therapy among HER2 positive patients could be an overestimation because HER2 status
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was determined on the primary tumour and (a small percentage of) metachronous
patients may have converted to HER2 negative. The same might be true for endocrine
treatment, as metastases of an ER positive primary may be ER negative.

Still, we did find some evidence to corroborate the hypothesis that previous systemic
therapy plays a role in the survival difference between de novo and metachronous MBC.
In a supplementary exploratory analysis we observed a longer OS among patients with
metachronous MBC who were not systemically treated for their primary tumour. While
this metachronous group had favourable characteristics at primary tumour diagnosis,
the difference remained after correcting for baseline characteristics.

We also hypothesize that differences in metastatic burden could contribute to the
observed differences in survival. Possibly, clinicians are inclined to perform more (and
perhaps more sensitive) diagnostic imaging in a patient presenting with de novo MBC
than in those diagnosed with recurrent disease. This would lead to detection of smaller,
asymptomatic or oligo metastases in de novo MBC, associated with longer survival
and possibly even curative treatment options. Although we have no data on number
or volume of metastases, our data do support this hypothesis (Supplementary Table
2, available online) as we saw an increase in patients with de novo distant metastases
limited to lymph nodes and increased use of anthracycline and taxane treatment (first
choice in the neoadjuvant curative setting (170) and used for curative treatment of
oligometastases).

In this study we extensively studied OS of patients with de novo and metachronous MBC
using Kaplan Meier curves and Cox PH analysis. In the literature it is seldom reported
whether the PH assumption was met and time-varying effects are often overlooked
(323). In our study, the variable of interest (de novo versus metachronous MBC) did not
meet the PH assumption and therefore we additionally estimated the time-varying ef-
fects on OS. Overall, it appeared that the OS difference between de novo and metachro-
nous MBC persisted over the years. The relatively small difference in OS between de novo
and metachronous MBC in the first year could mean that a group of patients progress
and die quickly despite any beneficial characteristic. Apparently, differences between de
novo and metachronous MBC start to count after surviving longer than a year.

This study is unique as it presents a complete overview of patients with de novo MBC
diagnosed in 2008-2018 in the Netherlands and the comparison to patients with meta-
chronous MBC. The data convincingly shows that patients with de novo and metachro-
nous MBC are distinct patient groups. However, there are some limitations of our data. It
would be relevant to also study metachronous patients in more detail using nationwide
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data. The MFI of our patients was probably not an accurate representation of all patients
with metachronous MBC in 2008-2018 because the majority of metachronous patients
in our cohort had their initial diagnosis in 2003 or 2005 (thus MFI at least 5 or 3 years,
respectively) (Figure 1). Another limitation is that for patients with an initial diagnosis in
2008, distant metastases were only registered if they did not have a local or regional re-
currence preceding the occurrence of metastases. Due to this registration difference, we
probably missed approximately 20% of patients with metachronous MBC and an initial
diagnosis in 2008 (i.e. of patients with a primary tumour in 2003/2005/Q1 2012, about
20% had a local or regional preceding their distant metastases). Additional patients were
missed because recurrences from 2008 had only been registered in half of the hospitals.
Nationwide data including all patients with metachronous metastases in a given period
would have allowed a more accurate comparison of the two groups. Ideally, such data
would also include information on metastatic burden (e.g., oligometastases), receptor
and HER2 status of the metastases and information about treatment administered in the
metastatic setting in more detail and beyond those given as initial therapy.

CONCLUSION

Dutch patients with de novo MBC survive longer compared to patients with metachro-
nous metastases, also following correction for different clinicopathological characteris-
tics. Our data show that de novo and metachronous MBC represent two distinct groups,
the presence of a primary tumour being not the only difference.

The other supplemental materials can be found online at: doi: 10.1007/510549-022-06837-4
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ABSTRACT

Objective: To describe the initial steps of an observational study, focusing on selecting
and assessing the ‘fit-for-purpose’ of a real-world data (RWD) set to answer a defined
research question.

Materials and methods: We applied the first three steps of available RWD frameworks
to our study and assessed the suitability of the selected data both before and after gain-
ing access to the dataset.

Results: We selected hospital claims data as RWD to answer our research question on
resource use and costs in early-stage breast cancer. In theory, this data appeared to be
a valuable source for our study, but in practice, we encountered several challenges that
were not adequately identified prior to data access.

Conclusion: We showed that the expected ‘fit-for-purpose’ of RWD does not always

align with the assessment made after having access to the data. Systematic suitability
assessments help to determine the value of RWD.
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BACKGROUND AND SIGNIFICANCE

Real-world data (RWD) are seen as an important source for research to provide insights
into care of patients delivered in real-world settings. In today’s data landscape, various
data sources are available, each of these with their own strengths and weaknesses
regarding size, content, quality, accessibility and suitability for addressing specific re-
search questions (55).

According to RWD guidelines of regulatory (EMA, FDA) and health technology assess-
ment agencies (i.e., NICE), the initial step of RWD studies should be the definition of
a well-defined research question and choosing data that is of sufficient quality and
relevant to address the research question, i.e., selecting a ‘fit-for-purpose’ dataset (49,
324, 325). Generally, data are considered relevant if they cover the population and care
setting of interest and include the relevant variables with sufficient detail to answer the
research question. Data are of sufficient quality if they are complete (i.e., few missings)
and accurate (e.g., dates are correctly reported) (49).

While straightforward in theory, in practice, it may be challenging to evaluate the suit-
ability of a data source, especially as there is typically a lack of access to data before
initiating the study. So far, reporting on ‘fit-for-purpose’assessments and the challenges
faced during this process has been scarce, especially for assessments ending with a
negative judgement.

With this brief communication, we aim to contribute to the overall understanding of the
opportunities and challenges of using RWD for research by reporting on the three initial
steps mentioned in international frameworks for setting up RWD study.

MATERIALS AND METHODS

To date, several frameworks are available to guide researchers in performing RWD-studies
(49, 55, 326, 327). Typically, the initial steps in these frameworks follow three main steps:
1) define the research question using the PICOTS approach (i.e., specify the population,
intervention, comparator, outcome, timing, and setting); 2) identify candidate data
sources potentially relevant to the research question; 3) evaluate the data source rel-
evance to answer the defined question, as well as its quality (‘fit-for-purpose’). In this
study, we apply these three steps to our study. For step 3, we evaluate 4 key questions
both before and after accessing the data to assess the data source’s ‘fit-for-purpose”:

* Does the chosen data source cover the population and care setting of interest?
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* Does the dataset contain relevant variables and a sufficient level of detail?
* Does the dataset contain an adequate sample size and follow-up?
* Isthe data of sufficient quality to answer the research question?

RESULTS

STEP 1. Definition of the research question

Budget impact and cost-effectiveness analyses aim to improve efficient use of scarce
resources but require data on effects and costs. Ideally, they are based on data that
represents routine care as provided to a broad patient population. RWD can potentially
provide such insights.

At the time of initiating our study, no papers were available describing real-world
costs for patients with early-stage breast cancer in the Netherlands (328, 329). Using
the PICOTS approach (Table 1), we defined the following question: What is the hospital
resource use and what are the associated hospital costs for adult patients with stage I-Ill
breast cancer (diagnosed between 2015-2020) treated in routine practice in the Netherlands?
The objective of the study was mainly to describe resource use and costs (overall and by
subtype and stage), but also to gain insight into the aspects of care that contributed the
most to the total costs of treatment.

Table 1. PICOTS

Patients Patients aged 18 and older with stage I-11l breast cancer

Intervention No defined intervention or control measures were imposed

Comparator

Outcomes Hospital resource utilization and associated costs, stratified by disease stage, HR/HER2
status, and cost categories

Time Patients diagnosed between 2015 and 2020, with a follow-up period of 2 years after
diagnosis

Setting Patients who received treatment for breast cancer at a selected academic and non-

academic hospital

STEP 2. Identification of data sources

For our specific research question, we required detailed information on resources use
of patients with early-stage breast cancer. The literature describes two methods to
collect such information: self-reported questionnaires or claims data (330). We did not
prefer the former due to the considerable time it requires, the burden it places on both
patients and healthcare providers and its susceptibility to recall bias (208). In contrast,
claims data are generally available for large groups of patients, have a longitudinal
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nature, and are available in a structured format (55). As such, we considered claims data
most relevant for our study.

Common sources of claims data used by researchers include claims data from data
aggregators (i.e., organizations that collect claims data from multiple organizations),
insurance companies or hospitals (55). For our research question, we considered nation-
wide data to be ideal, which meant that data from data aggregators would be best.
Unfortunately, datasets from these organizations typically do not include information
on patient and tumor characteristics, which we considered necessary for our study to
select the target population and perform intended analyses.

Claims data from individual hospitals have also been used by researchers to gain insights
into resource use and costs of treatment (331). In the Netherlands, hospital claims data
offer extensive details about patient care delivered within hospitals. Additionally, there
are (under specific conditions) opportunities to combine these data with patient and
clinical characteristics, including those from the Netherlands Cancer Registry (NCR). As
such, we chose to include two hospitals in our study—an academic and non-academic
one—and link these with data from the NCR.

STEP 3. Fit-For-purpose of the data source

Does the chosen data source cover the population and care setting of interest?
The chosen data was limited to hospital resource use, but this was in line with the care
setting of interest: our aim was to report on hospital costs. Before initiating our study, we
realized that a limitation of including only two institutions in our study was that it does
not allow to gain insight into resource use and costs made outside these institutions (i.e.,
patients visiting multiple hospitals). However, we deemed this trade-off acceptable, as it
was (at that time) the only way to generate a dataset with all relevant data aspects (i.e.,
patient and clinical characteristics from the NCR and resource utilization data from claims).

When we gained access to the data, the limitations of including only two hospitals
became evident. Based on data from the NCR, which includes initial treatment and
hospital of this treatment, we were able to distinguish “complete” patients (only treated
at study hospital) from“incomplete” patients (treated in both study and other hospitals).
The number of patients visiting multiple hospitals for different aspects of their breast
cancer care appeared beyond our expectations (Figures 1 & 2). Additionally, it became
clear from the claims data that certain aspects of care (e.g., radiotherapy, surgery) were
delivered only to a limited number of patients in the two hospitals, while one would
expect to see them in nearly all patients (Table 2).
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Figure 1. Sankey plot that illustrates the movement of patients across various hospitals (academic hospital)
H1:The academic hospital included in our study
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Figure 2. Sankey plot that illustrates the movement of patients across various hospitals (non-academic

hospital)
H1: The academic hospital included in our study
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Table 2. Number and percentage of patients who received different aspects of care in the two hospitals of
our study (related and unrelated to breast cancer)

Academic hospital (N=4,100) Non-academic hospital (N=1,983)

Total nr. (%) of patients with:

Genetic testing 954 (23%)

*Chemotherapy or targeted therapy

Does the dataset contain relevant variables and a sufficient level
of detail?

Measuring the costs of a treatment or disease requires the identification of healthcare
resource use, as well as the volume of resource use, and related unit costs (171). For our
research question, we believed that the hospital claims data would provide a sufficient
amount of detail to gain insight into resource use and volumes, as all diagnoses and care
activities (zorgverrichtingen) must be recorded for the Diagnosis Treatment Combination
(DBC) in the Netherlands (332). We realized that corresponding unit costs would not be
available for all procedures but considered publicly available tariffs a good alternative (171).

When accessing the data, it became clear that the data indeed contained an enormous
amount of information of resource use with over 0.53 million claims in the academic hospi-
tal and 0.48 million in the non-academic hospital. For certain categories of care the data also
included an incredible level of detail, for instance, there were 256 unique claims for lab tests
available in the dataset of the academic hospital (Table 3). Unfortunately, corresponding tar-
iffs were not publicly available for all aspects of care, mainly not for radiotherapy procedures
(e.g., a radiation fraction). This makes it difficult to accurately estimate the costs of these
aspects of care which we considered an important limitation for our study, as radiotherapy
costs account for a significant portion of the total costs of early-stage breast cancer (333).
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Table 3. Amount of information in hospital claims datasets (both related and unrelated to breast cancer):
total number of claims and number of unique claims per care category*

Academic hospital (n=4,100) Non-academic hospital (n=1,983)

All claims (608 Claims related to All claims (483 Claims related to
unique diagno- the diagnosis of unique diagnoses) the diagnosis of
ses) breast cancer” (% of breast cancer

all claims)

Total nr. of claims 530,622 419,414 (79%) 481,284 (74%) 354,361
Unlqueclalms ................ 1256 ................... : 76(46%) .................. ; 40405(43%) ..................
o lque e atasetcategor o bycare* .........................................................................................
T S s G
s o sy s S
Surgery ........................ S g g Sy
System|cther apy ............ g S S Sy
Imag|ng ........................ PR S G
D|agnost|cact|V|ty81 ........................ S Ly S
5 tp oy S|t/consu| s S Gy Sy
Rad|otherapy ................. S S
Pathologlcalexamma ..... S S S
tion

D s s s
tion

Hospltaladm|55|on/9664 ..............................
day care

Moleculartestmg ........... L
e
Genet|ctest|ng4400 ..............................
Multldlsclpllnarycon ...... e S G
sultation

*care procedures are categorized; #claims with missing diagnosis code not included

According to previous literature, administrative claims data present opportunities to
study treatment-related adverse events because these might lead to additional health
care use (e.g., hospitalizations) (334). To include resource use for adverse events, we
obtained all diagnoses and care activities recorded in the DBC-system, both those
related to the diagnosis breast cancer and those unrelated (e.g., care utilization due to
cardiovascular events associated with the use of trastuzumab and anthracyclines are
registered under a cardiovascular disease diagnosis code (335)).

When accessing the data, we observed that our decision to include all resource use con-
tributed significantly to the volume of our data. Specifically, >0.1 million (>20% in each
hospital) of the claims in our dataset were registered under diagnosis codes other than
breast cancer (Table 3). Determining which diagnosis and claims codes are truly associ-
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ated with an adverse events of interest is both time-consuming and complex (336). To
illustrate, manual checks might be required for all diagnosis codes or the +/- 0.1 million
claims registered in the data to assess possible association with breast cancer. Besides,
without detailed medical data, one can never be completely sure whether a registered
diagnosis or procedure is due to the disease, or would have been there regardless of it
(336).

Does the dataset contain an adequate sample size and follow-up?

Another aspect influencing data relevance is the sample size and follow-up duration
(49). We did not expect any problems in this respect. Indeed, our sample contained a suf-
ficient number of patients (4,100 and 1,983 patients in the academic and non-academic
hospital). Also, the chosen 2-year follow-up period appeared adequate, as the average
treatment duration (i.e., time from the first to the last claim) at both hospitals was well
below 2 years.

Is the data of sufficient quality?

For our study, we did not comprehensively assess the quality (i.e., completeness and
accuracy) of the claims data. However, opportunistic case verification showed logical
resource use among patients (e.g., systemic therapy regimes and radiotherapy fractions
appeared to be administered in accordance with the recommended protocol). Besides,
the completeness of procedures (particularly costly ones) is typically high in claims data
(55). Meaning that even if some codes were missed or not accurately reported, we would
still obtain a reliable estimate of the total costs.

DISCUSSION

In this article we report on the initial steps of an RWD-study. We showed that the expec-
tations of RWD ‘fit-for-purpose’ do not always align with reality, and this may influence
the value of the data for answering a defined research question. Systematic assessments
of RWD suitability, as described in RWD frameworks, help determine the value of RWD
for answering a research question.

Our experience generated several insights on topics that are also addressed in current
RWD guidance documents (49, 55, 326, 327). We believe our illustrative examples are
valuable to report as researchers typically lack access to data prior to initiating a study.

The first insight relates to data coverage. To determine whether a data source is relevant
to a research question, it is crucial to carefully assess whether it adequately captures the
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relevant patient pathway. For this purpose, it is valuable to request counts and propor-
tions of key data elements (326). For our study, we did not follow this practice, but if
we had done this (e.g., by requesting proportions of patients receiving radiotherapy,
surgery, and systemic therapy), we would have realized that data from one hospital
would not have been sufficient for answering our research question.

Second, it isimportant to carefully consider what to include in an RWD dataset. Typically,
such choices need to be made before researchers have access to the data and before
they can fully understand the implications these choices may have on study results. In
our study, for example, including diagnoses unrelated to breast cancer to gain insight
into adverse effects of treatment gave us additional insights (i.e., health care utilization
and costs related to side effects of treatment), but also introduced noise (many claims
likely unrelated to breast cancer). This also emphasizes the importance of properly
reporting the choices made in the selection of RWD, including both what is included
and what is not.
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The more scientists discovered about the biology of cancer, the more they recognize
its complexity, its heterogeneity and its malignant potential. Nowadays, scientists
believe that it is very unlikely that we will soon see cancer eradicated from our lives
entirely. The search for effective treatments endures (2, 337). An additional challenge
is the continuously rising number of patients living with cancer and the related costs
of treating these patients. Even the wealthiest countries among the world have finite
resources available and thus must make choices on what care to deliver and what not
(59, 61). However, making such decisions in oncology is complex and involves different
stakeholders with different needs for data to support their decision-making process.
Clinicians, often as part of a multidisciplinary team, are involved in the decision of which
treatment is the best for which patients, regulatory agencies decide which technologies
(mainly medicines) become available for use on the market and policy makers aim to
optimize health from a societal perspective and decide whether new technologies are
reimbursed. Important consideration in these decisions is what the added value of new
interventions is and what the incremental costs are. Historically, stakeholders relied
mainly on results from randomized controlled trials (RCTs) to gain insights into efficacy,
but at present, these are not always conducted or do not provide all answers relevant in
oncology (42, 47).

Real world data (RWD), defined as routinely collected data related to a patient’s health
status and/or care delivery, has gained significant attention to support decision mak-
ing in recent years (49, 324). In this thesis we explored the potential of different RWD
sources to generate insights into cancer care and outcomes. And in this final chapter,
we discuss our experiences. We reflect on the core principles of the most recent RWD
guidance and tools and discuss opportunities and challenges of implementing these in
RWD-studies within the current data landscape. Finally, we propose steps forward that
might contribute to improving the evidence base in oncology decision making

REAL-WORLD DATA: ITS POTENTIAL

The landscape of RWD is rich, rapidly growing and includes different types of datasets,
collected for various reasons and by various parties (55). Indeed, these data can provide
relevant information about large groups of patients, including their diagnosis, charac-
teristics, outcomes, treatment patterns and costs of care. In this thesis, we presented a
couple of examples of how RWD can generate insights that are not gained from RCTs.

In Chapter 4, we used RWD in addition to results from RCTs to populate our cost-
effectiveness analysis (CEA). For CEAs it is often necessary to combine data from different
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sources, because information about effects and relevant costs related to the interven-
tion is rarely ever measured in a single study. Additionally, policymakers who decide on
reimbursement in a country are interested in costs that represent daily practice in that
country. This cannot be obtained from multinational RCTs. In Chapter 5, we generate
insights into the nationwide utilization of new medicines after regulatory approval is
granted. Such information is not collected with RCTs, nor is it their objective. Yet, this in-
formation can be relevant for both clinicians and policymakers to identify possible delays
in use, disparities in implementation and to assist improvement. Additionally, utilization
of available therapies can be used to estimate market size and related costs of future
medicines, which is relevant for policymakers responsible for healthcare budgets (338).

In Chapter 6, we showed nationwide changes in survival rates over time of patients with
different types of (de novo) metastatic cancers. Such survival changes in an unselected
nationwide cohort provide insights into the benefits of all the research, therapeutic and
preventive efforts for the whole population. In contrast, RCTs test a hypothesis about the
effects of one single treatment in a selected patient population. A unique point of our
study (Chapter 6) is also the long follow-up period of about 30 years, owing to the his-
tory of the Netherlands Cancer Registry (NCR). In RCTs, the follow-up is usually stopped
before information about all clinically relevant outcomes is available. The results of
Chapter 7 are also based on data from the NCR. This study provides insights into the
prognosis of different subgroups. Specifically, we showed that patients with de novo
metastatic breast cancer survive longer compared to patients with recurrent metastatic
disease, who have already been treated for cancer previously. Not only is this relevant
for clinicians to better inform patients about prognosis, but it is also important for the
design and interpretation of RCTs. So far, stratification by de novo/recurrent status is not
always performed in RCTs evaluating the efficacy of new medicines for metastatic breast
cancer (312).

REAL-WORLD DATA: A REALITY CHECK

The studies described in this thesis illustrate the potential for RWD in providing evi-
dence in addition to RCTs, but many see a broader potential of RWD (85, 260). Particu-
larly, to generate evidence into the effectiveness of medicines and technologies and
to provide more detailed insights into patterns of care to support clinical and policy
decision-making (49, 51). To improve RWD studies, several stakeholders have developed
(or are developing) guidance and tools for planning, conducting and reporting of RWD
studies in general and specifically within oncology. Core principals of these guidance
documents include ensuring quality of the data, addressing the key risks of bias by us-
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ing appropriate analytical techniques, and generating transparency in each phase of a
RWD-study (49, 51, 324). Unfortunately, there are still multiple challenges in meeting
these standards, some of which we clearly demonstrated in Chapter 8 of this thesis. At
least three areas require improvement: the data infrastructure, the transparency of RWD
and the methodology of analyzing RWD.

Data Infrastructure

According to RWD guidelines, the first step in any RWD study is to identify a ‘fit-for-
purpose’ dataset that suits the research question (see Chapter 8). This means that a clear
research question is defined and that the data includes relevant information and is of
sufficient quality (49, 55). Typically, RWD studies require at least four types of variables:
1) variables to select eligible patients (e.g., tumor characteristics); 2) variables on patient
baseline characteristics (e.g., age, sex, comorbidities, performance status, prior treat-
ments); 3) variables on interventions or exposure (e.g., treatment); and 4) variables on
outcome(s) (e.g., recurrent disease, survival, hospitalizations) (339). Using an example
breast cancer patient, we illustrate the challenges of generating or finding such a ‘fit for
purpose’ dataset.

Imagine Yvonne, 56-year-old women who recently participated in the nationwide breast
cancer screening program. A couple of days after her mammogram, she receives a call from
her general practitioner. The radiologist observed anomalies in the left breast of Yvonne,
and she must go to the hospital for further investigations. Less than a week later, Yvonne
meets with the oncology nurse, at the breast cancer department of the nearest hospital, who
explains the procedures to her. Yvonne’s breast is examined, mammography is performed,
and a biopsy is taken. A couple of hours later, the pathologist’s report is ready, and results are
discussed with Yvonne. Unfortunately, it is bad news: Yvonne has breast cancer. Treatment
options are presented to her by her surgeon after these were discussed in the multidisci-
plinary team meeting of the hospital. Together Yvonne and her surgeon decide to start her
treatment with 6 cycles of chemotherapy, to reduce the tumor size, followed by complete
removal of the breast. Once these treatments are finalized, Yvonne will need to take anti-
hormonal therapy for 5 years to reduce the risk of recurrence.

During the care provided to Yvonne, a large amount of data is generated and stored.
For instance, breast images, laboratory results, and Yvonne's diagnosis and treatment
plan are stored in the hospital’s electronic health record (EHR), pathology reports are
stored in the pathology system, medication dispensed is registered by the pharmacy
and to receive payment for all services provided bills are recorded and submitted to
Yvonne’s insurance company. This information is registered not only for Yvonne, but
for all patients. Together this generates a wealth of data of a broad patient population,
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which is potentially relevant for research. Unfortunately, not all data is readily available
for use. Besides, data from a single data source is usually not comprehensive enough to
find answers to research questions, as we demonstrated in Chapter 8. In Yvonne's case,
data on her (tumor) characteristics and treatment delivered in that hospital are available
in the EHR. Treatment information is also available in billing data, as well as information
that can be used as a proxy for outcomes (e.g., time on treatment is sometimes used as
a proxy for disease progression). However, both data sources usually lack information
on survival and quality of life outcomes. Nor do they cover the entire care pathway (e.g.,
care delivered outside the hospital, care that is not reimbursed).

The fragmentation of care complicates the use of RWD for research because data from
different sources ideally need to be combined to generate a ‘fit for purpose’ dataset (55).
In the current data infrastructure and legal framework, there are two major hurdles
concerning the combination of data. Firstly, patients do not have a unique person
identifier within each healthcare facility. This makes it almost impossible to efficiently
link data from one organization with data from another. Secondly, the EU wide General
Data Protection Regulation (GDPR) states that individual data cannot be used for other
purposes than those for which they were collected, especially not when they are iden-
tifiable to individual patients (99). Consequently, it is not allowed to combine data from
different sources. The issue of the absence of a unique ID is sometimes addressed by
using probabilistic record linkage, in which different variables (e.g., postal code, date of
birth, sex) are used to match patient data in one dataset with data from the same patient
in another. However, missing data or the applied linkage methodology can lead to mis-
matches (340). Additionally, linkages are often performed by an external organization
(e.g., ‘third trusted party’), and consequently, the accuracy of matches cannot always be
verified, as data are anonymized for privacy reasons (55, 341).

The quality of RWD is also an important consideration when searching for a fit-for-
purpose dataset. Quality of RWD is determined by its completeness (e.g., few missing
values), accuracy (i.e., closely resembling reality) and consistency (no abnormal vari-
ability in values over time) of it (342). Due to the retrospective nature of RWD, some
quality aspects are difficult to check. For instance, when using billing data, one cannot
know whether a treatment was not given or whether it was not properly billed or maybe
provided by another organization (55). Linkage to a gold-standard data set is proposed
as a solution, but this is typically not allowed (55). Moreover, even if data linkage or other
types of data validation are possible, the process of comparing data items is very time-
intensive (342). Imagine having to manually check whether systemic treatment, usually
consisting of several cycles of treatment and combinations with different start and stop
dates, is appropriately billed on the right date. Or having to check whether all patients
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in a population-based study indeed experienced an outcome that was expected based
on a proxy variable in an RWD-set (e.g., cancer recurrence).

In the current data landscape, the possibilities for finding an actual ‘fit for purpose’ data
source are limited (Chapter 8). Yet, there is work in progress. The European Commis-
sion recognizes the obstacles to using routinely collected health data for research and
has set up a large project to generate a European Health Data Space (343). Also in the
Netherlands it is acknowledged that the current data infrastructure needs improve-
ment to make it possible to generate relevant insights in to real-world use and (cost-)
effectiveness of new medicines (344). As such, the government has initiated programs
to prepare for the European Health Data Space and to shape its implementation. Spe-
cifically relevant for oncology is the recent agreement between IKNL (organization that
hosts the Netherlands Cancer Registry) and Health-RI (an organization who is closely
involved in the development of the European Health Data Space), which was signed to
improve data accessibility for cancer research (343, 345, 346). Important objectives of
all these initiatives are to provide a set-up for the secondary use and re-use of health
data for research, policy making and regulatory activities (343). By emphasizing the FAIR
data principles—Findable, Accessible, Interoperable, and Reusable—they aim to ensure
that data adheres to governance, quality, and accessibility standards (347). These are
important steps forward toward improving the potential of RWD.

Transparency

Choices made during study planning, design, cleaning, analysis and reporting can impact
study outcomes and sometimes even lead to biased results. Because these concerns are
well known, different tools, checklists and frameworks have been developed previously,
all with the aim of improving the practice, reporting and interpretation of RWD studies.
Almost a decade ago, the ISPOR (International Society for Pharmacoeconomics and Out-
comes Research), GRACE (Good Research for Comparative Effectiveness) and NICE (The
National Institute for Health and Care Excellence) already published guidance on how
to best design RWD studies of comparative effectiveness (110, 121, 124). Key themes
covered by these frameworks include selection and confounding biases, cherry-picking
in RWD, uncertainty, and the definition of exposure and outcomes. Unfortunately, we
observed (Chapter 3) that the implementation of recommendations in practice is ham-
pered. Most RWD studies did not even report the most crucial study elements, such as
choice of confounders and definition of exposure and outcome variables. This finding is
broadly shared in the literature and hampers trust in RWD studies so far (260, 348).

Ever since our publication in Chapter 3, many more RWD tools became available, all
with the objective to increasing transparency and improving the credibility of RWD
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studies that deal with questions of causal inference for decision-making. To name a few:
STaRT RWE (Structured Template for planning and reporting on the implementation of
Real World Evidence studies), HARPER (The HARmonized Protocol Template to Enhance
Reproducibility in RWE), SPIFD 1 (Structured Process to Identify Fit-For-Purpose Data),
SPACE (Structured Preapproval and Postapproval Comparative Study Design Framework
to Generate Valid and Transparent Real World Evidence), SPIFD 2 (connects SPIFD 1,
SPACE, HARPER and STaRT RWE) and TARGET (TrAnsparent ReportinG of observational
studies Emulating a Target trial) (326, 327, 349, 350, 351). These tools do complement
the older once on some aspects (e.g., more detailed, focuses on reproducibility of RWD
studies, more comprehensive guidance on how to deal with potential biases, empha-
sizes FAIR principles), but the main challenge remains to encourage their widespread
implementation (350). In the context of the plans to generate a national or even Euro-
pean Data Space, there may be opportunities to do so. Submitting a pre-defined study
protocol and using a structured way of reporting with one or more of the available tools
must be made mandatory for researchers who want access to data. Relevant to note in
this sense is that generating a high level of transparency in RWD is a resource-intensive
process which includes the development of a detailed study protocol, a data ‘fit-for-
purpose’assessment (e.g., Chapter 8), a clear description of what is included and what is
not, a comprehensive definition of variables and confounders (including their accuracy),
the target trial emulation approach, and a detailed description of how was dealt with
concerns related to data quality and validity, and so on (327).

Study Design and Methodology

Despite the availability of RWD guidelines, the question of when the design and
methodology of RWD studies are sufficient to generate trustworthy results remains
unanswered. This is especially a concern in RWD studies that aim to draw conclusions
about causal inference. As mentioned previously, one of the most important concerns
in such studies is the comparability of treatment groups in the absence of randomiza-
tion (57). Design and statistical methods (e.g., propensity score matching, multivariate
regression modelling, instrumental variable analyses) can partially control for this but
only if there is appropriate understanding of what factors influence disease prognosis.
Additionally, the relevant variables should also be available in the dataset. Usually, the
most important aspects are either very difficult to quantify or simply not available in
RWD which were initially not collected for research purposes (352). For instance, the
reasons why physicians and their patients choose a particular treatment over another
are rarely available in RWD, as well as is information on lifestyle (e.g., smoking, BMI),
comorbidities, and performance status. The latter aspects can influence the choice of
treatment as well as its effectiveness. As such, residual confounding will remain.
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Immortal time bias (ITB) is a type of bias that is a significant concern in RWD studies
comparing treatment effects. This bias can occur because treatment exposure is based
on care that has already been delivered during follow-up (135, 136, 353). Previously, ITB
was observed, for instance, in studies evaluating the effectiveness of resection of the pri-
mary tumor on survival in patients with de novo metastatic breast cancer. In some cases,
the definition of exposure was chosen as mastectomy at any time during follow-up. The
surgery appeared to result in a better survival rate compared to no surgery, but what re-
ally happened was that the former group had a survival advantage: they could not have
died in the period from diagnosis to mastectomy (354, 355). While there are methods to
control for ITB (e.g., landmark approach, time varying covariates, target trial emulation)
and the problem was already recognized over a decade ago, there are still examples of
studies that use approaches susceptible to this type of bias (Chapter 3) (356, 357, 358).
Concerningin this respect is also the trend toward approving oncology medicines based
on a single-arm trial with an external historical control (357). This approach leads to
study designs that can be affected by ITB, especially when they involve indications that
require failure of earlier lines of therapy, which is common in oncology (357).

Analytical methods to reduce the mentioned biases are being improved continuously.
Most recently an approach called ‘target trial emulation” has gained attention (359). In
this approach, RWD is used to simulate a hypothetical RCT. While this approach certainly
improves the quality and transparency of choices, it is very difficult to prove that such
methods truly eliminate biases. Some authors have compared results of well-conducted
RCTs with studies using health care databases with the same clinical question to under-
stand the validity of RWD studies (360, 361). These studies showed mixed results, with
some showing low and others showing high concordance. Comparability of treatment
effects were typically better in studies that used the target trial emulation approach.
However, this does not necessarily mean that these studies provide valid causal infer-
ence. There may be various other explanations of why similar treatment effects are
observed, for instance, chance or decisions made during data analyses (57).

THE OVERARCHING CHALLENGE WITH DATAIN
ONCOLOGY

Data in oncology can only contribute to better patient care and outcomes if they reduce
uncertainty regarding the most pressing clinical, policy, and regulatory questions. Data
from RCTs and RWD can both provide relevant information. In theory, they can perfectly
complement each other, with RCTs providing unbiased estimates of the efficacy of new
oncology products in controlled settings (46). And, as illustrated in the chapters of this
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thesis (Chapters 4-7), RWD generates insights into the patterns of care, characteristics
of patient groups, long term safety, and effects of treating cancer in broader patient
groups. In practice, there are limitations to the optimal use of both data sources. Results
from RCTs in oncology are not generalizable to the general population due to their strict
inclusion criteria and because the control arm may not reflect the standard of care (46).
Studies based on RWD, on the other hand, may rely on questionable data and/or are of
uncertain methodological quality (260).

The challenges of RCTs and RWD mentioned above are true concerns, but most of these
are not genuinely connected to the data and approach per se. If RCTs are designed
appropriately, they do provide reliable and relevant estimates of effects of treatment
(362). Similarly, well-designed RWD studies, that use high-quality data and appropri-
ate methodology can provide valuable insights into cancer care and outcomes that
cannot be gained from RCTs (55, 363). Unfortunately, within the current ecosystem of
evidence generation in oncology, contradictory interests and goals among involved
stakeholders exist. Society demands evidence for efficacy in oncology to be provided by
commercial companies, which means that they take the lead in financing and initiating
clinical studies. An important objective of these companies is to bring products to the
market quickly, which appears influence the way studies are designed, performed and
how results are communicated (364). For instance, industry-funded trials in oncology
increasingly use PFS, a surrogate outcome, as the primary outcome. Results of such tri-
als more often yield positive results, while it is (often) uncertain whether this leads to
meaningful benefit to patients (44, 365). Additionally, industry funded trials more often
utilize suboptimal control arms compared to publicly funded trials, which impacts the
observed effect size (366). Finally, the value attached to quality-of-life outcomes might
not reflect patient values. For example, increased toxicity or inferior quality of life have
been observed and were framed as being ‘acceptable’ (367, 368). RWD-studies are then
seen as a solution to address remaining uncertainties (regarding benefits versus harms)
(369). However, within fragmented healthcare systems, existing datasets are often insuf-
ficient to capture the relevant variables (i.e., exposure, adverse effects and outcomes),
thereby limiting their evidentiary value (260, 370).

While the above problems are long-standing, there are a couple of reasons for urgency.
Firstly, because there appears to be a paradigm shift in the process of medicine approval.
Whereas historically, robust evidence was required to obtain marketing authorization
and lower standards were only accepted in exceptional occasions (365). Nowadays, the
acceptance of evidence based on less rigorous designs, surrogate endpoints, and in
some cases non-randomized (single-arm) studies (e.g., gene and cell therapies), seems
to be becoming more common in oncology (58, 75, 365, 371, 372). Secondly, in the era
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of big data and artificial intelligence (Al), health data is available across various settings.
While the use of modern tools holds promises for improving RWD studies (e.g., replacing
manual data collection from free-text notes), their use also raises additional concerns
about reliability and validity because of reduced transparency (i.e., the “black box”
mechanism of Al) (373, 374).

TOWARDS MEANINGFUL DATA IN ONCOLOGY

The question that remains is how we can move forward and generate data that provides
the best possible evidence for all stakeholders: data that contributes to reducing uncer-
tainties in oncology and provides reliable insights into what works and what does not,
for which patients and at what costs. And most importantly, data that truly help improve
care and outcomes for patients with cancer. Many directions have been proposed in
the literature and based on our experiences with collecting and analyzing data for this
thesis, we agree with the following.

The first is a direction for regulatory agencies. Stricter thresholds for approval should
be set; this includes mandating registration studies that are designed, analyzed and
reported in the most optimal way, as well as the publication of mature survival data (362,
365). In the last decades, regulatory agencies of medicines have relaxed evidentiary
standards to expedite access. A displeasing side effect of this is that there are high levels
of uncertainty of the clinical benefit and the economic value of medicines at the time
of approval. While patients do deserve timely access to treatments, they also deserve
that these treatments are supported by strong evidence of effectiveness. Moreover,
society deserves to pay only for treatments that perform as promised (375). RCT design
should improve by including an appropriate comparator arm that reflects the standard
of care, measuring outcomes that matter to patients (in the correct way) and including
all patients who are fit to receive the treatment under study and might benefit from it
(44, 58, 362). RWD has potential to play a role in this, for instance by providing insights
into the current standard of care in the target population, gaining better understanding
of diseases including the prognosis of subgroups, or by supporting recruitment of trial
participants (49, 376).

The second direction is for organizations and researchers involved in collecting, ana-
lyzing and reporting studies based on RWD. They should acknowledge that RWD can
provide valuable insights but only if it is used, analyzed and reported in an appropriate
way. This requires knowledge of the database and its origin (as shown in Chapter 8),
collaboration, study planning, proper training of researchers and careful consideration
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of potential biases (49, 55, 349, 350). In the era of digitalization and artificial intelligence
(Al), it may be tempting to use all data for research. But the truth is that existing datasets
vary substantially in terms of their completeness, accuracy and quality. Careful consid-
eration of the suitability of RWD for specific research questions must be an part of all
RWD studies (55).

Special care should be taken when attempting to answer causal questions with RWD.
For this purpose, innovative research designs should be developed and improved.
Promising initiatives in this respect are pragmatic trials (e.g., registry based RCTs (RRCTs)
and trials within cohorts (TwiCs)) (377, 378, 379, 380). The idea behind these approaches
is that they integrate aspects of RCTs (i.e., randomization) with aspects of RWD (e.g., data
collection, patient recruitment) and exploit the advantages of both. Random treatment
assignment is used to ensure comparability of patient groups, and the use of RWD and
its infrastructure makes it possible to reduce administrative burden, include a broad
patient population and measure long term outcomes (206, 377, 381). So far, pragmatic
trials within oncology have been performed successfully in various clinical settings (e.g.,
radiotherapy, exercise therapy), but their utility to evaluate medicine effectiveness is not
yet well understood (382). Further investigation is needed to better understand which
research questions pragmatic trials can provide valid answers and to, and which they
cannot.

The final direction is for the government and philanthropic foundations. Structural
funding should be made available to set up and maintain a better data infrastructure
and generate high-quality datasets that capture the entire patient trajectory (Chapter
8). The initiative of the European Commission to set up a European Health Data Space,
along with related initiatives specifically for oncology at the national level, are important
steps forward in this respect (343, 346). However, funding is also needed to improve the
quality of RWD. This includes validation studies that compare data items against a cho-
sen standard to identify possible misclassification in exposure and outcome variables,
as well as covariates. Such validation studies should be an integral part of RWD-based
research in order to improve confidence in the use of RWD for decision-making (383).
Finally, funding is needed to better understand the validity of results of RWD studies
attempting to estimate treatment effects. In other words, how can researchers know
that their design is sufficient to estimate a‘true’effect. In this sense, it is not only relevant
to provide insights into what can be done with RWD but also, what cannot be done,
such as recently highlighted by a research team from Havard-MIT. They suggest that it is
not possible to reliably estimate the effect of colonoscopy screening on mortality using
RWD because of unmeasured confounding, even when employing the most up-to date
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methodology (384). This is valuable information for researchers and decision-makers,
but such studies will likely not be performed without incentives to do so.

CONCLUDING REMARKS

In this thesis, we explored the potential of different RWD sources to support decision
making in oncology. We showed that RWD can provide valuable insights into treatment
utilization, long-term outcomes and patient and disease characteristics. But we also
identified complex barriers in the current data infrastructure and legal framework that
hamper the optimal use of RWD. Promising initiatives to address these challenges are
on their way, though they are still at early stages of development. Meanwhile, it is the
responsibility of stakeholders working with RWD or using RWD in decision-making, to
use RWD wisely. This includes careful consideration of the utility of RWD, identification
of possible biases, transparent reporting, and critical appraisal of results.
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SUMMARY

General introduction

The prognosis of patients with cancer has improved the past decades. Yet, with more than
18 million new cases and 10 million deaths worldwide each year, the cancer epidemic
remains a significant challenge. To further improve cancer outcomes, it is important to
allocate adequate resources to prevention, early detection, and the improvement of
treatment. This is not always straightforward, as pressure on healthcare and research
budgets is increasing worldwide.

The costs of cancer care are rising at a rapid pace, driven partly by the growth in the
number of patients in need of treatment, but also by the introduction of new health
technologies (including medicines and medical devices) and the rising costs of these
technologies. One approach to controlling health care costs without compromising
outcomes is by critically assessing whether the costs of certain aspects of care propor-
tionate to the value they deliver. In this context, medicines (and other technologies)
have drawn significant attention, as there has been a notable increase in their number.
However, their value is often uncertain at the time (reimbursement)decisions have to be
made, and their costs are high.

Decision-making in oncology

The added value of health technologies is a concern for various stakeholders. Added
value, in terms of efficacy and safety, is relevant for regulatory agencies that decide
whether medicines and technologies can be allowed on the market. Value, in terms of
the added effect and costs, is relevant to policymakers who need to decide on reim-
bursement. The value of a technology for individual patients is relevant for healthcare
professionals who must decide which treatment fits a patient best. All these stakehold-
ers have to make choices and they need reliable data to support their decision-making
processes.

Traditionally, data from randomized controlled trials (RCTs) have served as the primary
source of evidence for decision-making in oncology. However, evidence gaps often re-
main after these RCTs are conducted, particularly regarding the effects of a technology
in broader patient populations and its effect on survival and quality of life. Moreover,
in oncology there is an increasing number of technologies and medicines for which
randomized studies have never been performed—and likely never will be. To address
remaining questions, there is growing interest in using data from everyday clinical prac-
tice—real-world data (RWD).This is also driven by the increasing availability of such data.
While RWD have been used alongside RCTs to provide insights into long-term safety
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and to contextualize findings from RCTs, the different stakeholders believe these data
offer greater potential for informing health care decisions. Yet, there is still uncertainty
about how different types of RWD can be optimally used to generate reliable insights to
support decision-making.

In this thesis, we explored the potential of different RWD sources to generate insights into
cancer care and outcomes to support decision-making. We focused on retrospectively
collected data, meaning data that were collected without the initial goal of answering a
specific research question.

Real-World Data Sources

This thesis begins by introducing two important RWD sources in oncology that we used
in this thesis: the Netherlands Cancer Registry (NCR) and administrative claims data (Part
1 - Chapter 2). The NCR is a nationwide registry that includes retrospectively collected
data (patient, tumor, and treatment during the first year) from electronic health records
(EHRs) of newly diagnosed patients with cancer in the Netherlands (coverage >95%).
Vital status is obtained through linkage with the municipal personal records data. It of-
fers several strengths that make it a valuable resource for research: an extensive history
spanning over 30 years, rigorous quality ensured by trained data managers, and acces-
sibility, as the data are available to researchers upon request. Administrative claims data
originate from the financing of care: provided care is recorded by healthcare providers
and billed to health insurers. Claims data offer strengths in their comprehensiveness
regarding treatments and procedures delivered within institutions (Chapters 2 and 3),
as well as their coded format, which facilitates detailed analysis. However, both data
sources also have their limitations. For instance, the NCR contains limited information
on cancer recurrences or treatments beyond the first line. Similarly, claims data typically
lack patient, tumor, and outcome information.

To guide research based on RWD, and to assist decision-makers in judging the validity
of such studies, several good research practice guidelines have been developed since
2009. Key themes covered by these guidelines are on information, selection and im-
mortal time bias, as well as on confounding and cherry-picking in RWD. In Chapter 3, we
assessed the extent to which such recommendations were implemented by researchers
in studies evaluating the cost, or (cost-)effectiveness of systemic therapies for breast
cancer using claims data. We found that many studies had methodological shortcom-
ings. Specifically, very few studies provided clear rationales for the choice of potential
confounding variables, validity of outcomes was almost never provided and there ap-
peared to be a high risk of immortal time bias in many studies. Notably, the quality of
studies remained unchanged after the guidelines were published in 2009.
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Opportunities of Real-World Data

In Part 2, we present examples of studies based on RWD. Each of these studies provides
evidence that cannot be obtained through RCTs, but can be relevant for decision-
making. Specifically, we used RWD in a modeling study to assess the cost-effectiveness
of the MammaPrint® (Chapter 4), a gene expression profiling test. This test was initially
designed to tailor chemotherapy decisions, but recent evidence suggests that it may
also guide choices regarding the use of endocrine therapy in patients with early-stage
breast cancer. In this cost-effectiveness analysis, RWD from a cohort study were reused
and provided insights into the quality of life and productivity losses of patients with
breast cancer who suffer side effects from endocrine therapy. Despite the substantial
literature on endocrine therapy, no studies were available that quantified these effects
previously.

In Chapter 5, we used administrative claims data and data from an early access program
to evaluate the utilization and access to new medicines for breast cancer. Our study
demonstrated that these medicines (i.e., CDK4/6 inhibitors) were gradually adopted in
clinical practice in the Netherlands, both before and after reimbursement became avail-
able. These findings expand upon existing literature, as previous studies on access to
medicines have conducted less detailed analyses. For example, earlier studies have only
looked at the reimbursement status (i.e.,, whether or not medicines are available in a
country) or the ‘waiting time’ between EMA (European Medicines Agency) or FDA (Food
and Drug Administration) approval and the first sales of a medicine. Our study suggests
that results from such studies do not provide a complete picture of access and should
therefore be interpreted with caution.

In Chapters 6 and 7, we used data from the NCR to evaluate the survival of patients
with cancer. Both studies are unique in terms of sample sizes: nearly 2 million patients
with solid cancers and over 11,000 patients with metastatic breast cancer; and follow-up
periods of £30 years and up to 14 years, respectively. In Chapter 6, we demonstrated
that while the 1-year survival rate increased for most patients with de novo metastatic
cancer, the 5-year rate showed gains for only a small number of them. Throughout the
study period of almost 30 years, many novel medicines and new indications for existing
medicines to treat metastatic disease were approved. Although causation cannot be
assumed, as we did not have patient-level information regarding the use of medicines,
there seems to be no correlation between the changes in survival rates and the number
of new medicines approved. These findings may add to the discussion regarding the
value of new medicines: are treatments worth their costs?
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In Chapter 7, we showed that patients with de novo metastases survived longer than
patients with metachronous metastases. This finding is relevant not only for clinicians
to better inform patients about prognosis but also for the design and interpretation
of RCTs. So far, stratification based on synchronous or metachronous metastasis has
not been consistently performed in RCTs evaluating the efficacy of new medicines for
metastatic breast cancer.

Challenges of Real-World Data

In Chapter 8, we reported the initial steps of an RWD study, guided by recently devel-
oped RWD guidelines from regulatory authorities and health technology assessment
organizations. A key aspect of this study was assessing whether a given RWD set was
‘fit for purpose’ for a specified research question. We showed that there are several chal-
lenges in using hospital claims data for research, such as the fact that these data do not
cover the entire patient pathway. In our experience, such challenges may not be fully
identified before initiating a study. This study adds to the literature by providing insight
into the content of hospital claims data and its (im)possibilities for future research.

In the discussing, we further reflect on the challenges of using RWD for research and
decision-making, which we have (partially) identified during the processes of data col-
lection, analysis, and reporting. One of the main challenge in using RWD for oncology
research is the current data infrastructure. Due to the fragmented delivery of care, it is
almost impossible to generate a ‘fit-for-purpose’ dataset that covers the entire patient
care pathway (including patient and tumor characteristics, treatments delivered and
outcomes), as shown in Chapter 8. Fortunately, several initiatives have been launched
with the aim of improving data availability and its reuse for research and policy purposes.

A second challenge of RWD studies is that they are often limited in transparency regard-
ing choices made during study design, data cleaning and analyses. This reduces their
value for decision-making, as understanding such choices is important for the proper
interpretation of the results. In response to these concerns, a range of tools, checklists,
and frameworks have been developed recently to improve practice, reporting and inter-
pretation of RWD studies. Our research (Chapter 3) showed that implementing these
can be challenging, and future studies will need to determine whether these tools and
checklists actually lead to improvements.

A third challenge concerns the methodology used in analyzing RWD. Currently, the
question of when design and methodology of RWD-studies are sufficient to generate
trustworthy results, remains unanswered. This is particularly concerning for studies
aiming to assess the effectiveness of interventions using RWD and evaluate whether
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the costs are proportionate to the effects. Achieving comparability between treatment
groups is challenging without randomization; consequently, it remains uncertain
whether the effects of different technologies can be adequately compared.

Overarching Challenges

Data in oncology can only contribute to better patient care and outcomes if they help
reduce uncertainty around the most pressing clinical, policy, and regulatory questions.
Unfortunately, the current evidence-generation landscape in oncology appears to
be suboptimal. Society demands that evidence of efficacy in oncology be provided
by commercial companies, which appears to influence the way studies are designed,
performed and how results are communicated. Additionally, regulatory agencies have
relaxed evidentiary standards to expedite access. As a result, a high level of uncertainty
often remains regarding the added clinical benefits and economic value of technologies
at the time of approval.

Towards meaningFful Data

Many directions to improve evidence in oncology have been proposed in the literature.
Based on our experiences with collecting and analyzing RWD for this thesis, we agree
to a couple of these. The first direction focuses on raising evidentiary standards of
regulatory agencies and improve the certainty of the effectiveness and economic value
of technologies at the time of approval. This includes mandating registration studies
that include appropriate comparator arms and measure outcomes that are relevant to
patients. The second direction focuses on the collection, analysis, and reporting of RWD.
Transparency in this process is essential, as is compliance with RWD guidelines. Finally,
it is necessary to ensure that structural funding is available to improve and maintain the
data infrastructure and to generate datasets that provide a comprehensive overview of
the entire care pathway and are of sufficient quality to obtain valid results.

Improvements in these areas will hopefully lead to stronger evidence in oncology, which
can ultimately contribute to better care for patients.

Concluding remarks

In this thesis, we showed that RWD can provide valuable insights into treatment utiliza-
tion, long-term outcomes and patient and disease characteristics. But we also identi-
fied complex barriers within the current data infrastructure and legal framework that
hamper the optimal use of RWD. Promising initiatives to address these challenges are
on their way, though they are still at early stages of development. Meanwhile, it is the
responsibility of stakeholders working with RWD or using RWD in decision-making to
use RWD wisely.
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SAMENVATTING (IN DUTCH)

Algemene introductie

De prognose van kanker is de afgelopen decennia verbeterd. Toch blijft kanker, met
jaarlijks meer dan 18 miljoen nieuwe diagnoses en 10 miljoen sterfgevallen wereldwijd,
een belangrijk probleem voor de volksgezondheid. Om de uitkomsten van patiénten
met kanker verder te verbeteren, is het belangrijk om te blijven investeren in preventie,
vroege detectie en verbetering van de behandeling. Dit is niet altijd gemakkelijk, gezien
de toenemende druk op de zorg- en onderzoeksbudgetten wereldwijd.

De kosten van de zorg voor kanker stijgen snel, enerzijds door de groei van het aantal
patiénten dat behandeling nodig heeft, en anderzijds door de introductie van nieuwe
gezondheidstechnologieén (inclusief medicijnen). Een manier om deze kosten te be-
heersen zonder dat dit ten koste gaat van de gezondheid, is door kritisch te kijken of de
kosten van bepaalde zorg in verhouding staan tot de waarde die het oplevert. Binnen
de oncologie hebben medicijnen en andere gezondheidstechnologieén in dit opzicht
veel aandacht getrokken, doordat het aantal sterk is toegenomen, de toegevoegde
waarde voor patiénten op het moment van een (vergoedings)beslissingen vaak onzeker
is, terwijl de kosten hoog zijn.

Besluitvorming in de oncologie

De toegevoegde waarde van gezondheidstechnologieén (inclusief medicijnen) is be-
langrijk voor verschillende stakeholders binnen de oncologie, die beslissingen moeten
nemen over de inzet van deze technologieén. Zo is de toegevoegde waarde, in termen
van effectiviteit en veiligheid, relevant voor regelgevende instanties die bepalen of
technologieén op de markt mogen worden toegelaten. De toegevoegde waarde, in
termen van de effecten, kosten en kosteneffectiviteit, is van belang voor beleidsmak-
ers die moeten beslissen of technologieén vanuit de basisverzekering vergoed kunnen
worden. De waarde van een technologie voor een individuele patiént is relevant voor
zorgverleners en de desbetreffende patiént om samen te kunnen beslissen welke be-
handeling het beste is. Al deze stakeholders moeten keuzes maken, en hiervoor hebben
zij betrouwbare gegevens nodig.

Traditioneel gezien vormden gerandomiseerde studies (RCT’s) de meest betrouwbare
bron van bewijs voor besluitvorming binnen de oncologie. Echter, steeds vaker blijven
er na het uitvoeren van deze studies vragen over. Zo is het vaak onduidelijk wat het
effect van een medicijn of andere technologie is in een bredere, meer heterogene
patiéntpopulatie. Bovendien is het effect op overleving en kwaliteit van leven niet
altijd aangetoond. Daarnaast zijn er binnen de oncologie steeds meer voorbeelden van
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technologieén waarvoor nooit een gerandomiseerde studie is uitgevoerd is of zal wor-
den uitgevoerd. Om overgebleven vragen te beantwoorden is er groeiende interesse
in het gebruik van gegevens uit de dagelijkse klinische praktijk-real-world data (RWD).
Dit wordt ook gestimuleerd door de toenemende beschikbaarheid van deze gegevens.
Tot op heden werden RWD al gebruikt om inzichten te verschaffen in bijvoorbeeld de
veiligheid op de lange termijn en om context te bieden ter aanvulling op de resultaten
van RCT'’s. Tegenwoordig zien de verschillende stakeholders een bredere rol voor RWD.
Echter, bestaat er nog onduidelijkheid over hoe verschillende typen RWD optimaal
kunnen worden benut om betrouwbare inzichten te genereren ter ondersteuning van
besluitvorming.

In dit proefschrift hebben we onderzocht of en op welke manier verschillende bronnen
van RWD waardevolle inzichten kunnen bieden ter ondersteuning van besluitvorming
in de oncologie. We hebben ons gericht op retrospectief verzamelde gegevens, dat wil
zeggen gegevens die niet verzameld zijn om een gespecificeerde onderzoeksvraag te
beantwoorden.

Real-world data bronnen

Dit proefschrift begint met de introductie van twee belangrijke bronnen van RWD in
de oncologie: de Nederlandse Kanker Registratie (NKR) en declaratiedata (Deel 1 -
Hoofdstuk 2). De NKR is een landelijk register die retrospectief verzamelde gegevens
(patiént, tumor gegevens, en behandeling in het eerste jaar) bevat geregistreerd vanuit
elektronische patiéntendossiers (EPD’s) van nieuw gediagnosticeerde patiénten met
kanker (dekking >95%). Overlijdens gegevens worden verkregen door koppeling met
de gemeentelijke basisadministratie. Het is een waardevolle bron voor onderzoek
doordat het in 1989 is opgezet, wat betekent dat er lange follow-up beschikbaar is.
Bovendien zijn de gegevens van goede kwaliteit en toegankelijk voor onderzoekers.
Zorgdeclaratiedata kennen hun oorsprong in de bekostiging van zorg: verleende zorg
wordt door zorgverleners geregistreerd en gedeclareerd bij zorgverzekeraars. Sterke
punten van deze data voor onderzoek zijn dat ze erg compleet zijn wat betreft gedecla-
reerde zorgverrichtingen in de betreffende instelling (Hoofdstuk 2 en 3), dat ze reeds
beschikbaar zijn in gecodeerde vorm en dat ze vaak grote groepen patiénten omvatten.
Beide gegevensbronnen hebben ook hun beperkingen. Zo bevat de NKR beperkte
informatie over kankerrecidieven of behandelingen na de eerste lijn. Evenzo ontbreekt
in declaratiedata vaak informatie over patiént- en tumorkarakteristieken en uitkomsten.

Sinds 2009, zijn er verschillende richtlijnen ontwikkeld ter ondersteuning van onderzoek
op basis van RWD. Belangrijke onderwerpen die aan de orde komen in deze richtlijnen
zijn information bias, selectiebias, immortal time bias, confounding en cherry picking. In
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Hoofdstuk 3 hebben we onderzocht in welke mate dergelijke aanbevelingen werden
opgevolgd door onderzoekers die gebruik maakten van declaratiedata om de (kosten)
effectiviteit van systemische therapieén voor borstkanker te onderzoeken. In vele stud-
ies zagen we methodologische tekortkomingen. Zo werden er vaak geen duidelijke re-
denen genoemd voor de keuze van mogelijke confounding variabelen, was de validiteit
van uitkomsten bijna nooit gerapporteerd en leek er een hoog risico op immortal time
bias. Opvallend was dat de kwaliteit van studies niet verbeterde na de publicatie van de
(in 2009 gepubliceerde) richtlijnen.

Mogelijkheden van real-world data

In Deel 2 van dit proefschrift presenteren we verschillende voorbeelden van studies
gebaseerd op RWD. Elke van deze studies levert bewijs dat niet verkregen wordt met
RCTs, maar wel relevant kan zijn voor besluitvorming. In Hoofdstuk 4 hebben we RWD
gebruikt in een modelmatige kosteneffectiviteitsanalyse van de MammaPrint® (een
genexpressieprofileringstest). Deze test werd oorspronkelijk ontworpen om keuzes te
maken over de inzet van chemotherapie. Recent bewijs toont aan dat deze test mogelijk
ook kan worden ingezet voor de keuze met betrekking tot de inzet van endocriene
therapie bij patiénten met vroegstadium borstkanker. In onze studie hebben we RWD uit
een cohortstudie hergebruikt om de impact van bijwerkingen door endocriene therapie
op de kwaliteit van leven en productiviteit te bepalen. Dergelijke gegevens waren niet
beschikbaar in (klinische) studies over endocriene therapie, ondanks dat deze middelen
al decennialang worden ingezet.

In Hoofdstuk 5 hebben we declaratiedata en gegevens uit een early access-programma
gebruikt om de inzet en de toegang tot nieuwe medicijnen voor borstkanker te evalu-
eren. Onze studie toonde aan dat deze medicijnen (CDK4/6-remmers) geleidelijk in
de klinische praktijk in Nederland werden geimplementeerd, zowel véér als nadat er
vergoeding beschikbaar kwam. Dit vormt een aanvulling op de literatuur, aangezien
eerdere studies naar de toegankelijkheid van medicijnen aanzienlijk minder gede-
tailleerde analyses hebben uitgevoerd. Zo is in eerder studies alleen gekeken naar de
status van vergoeding (d.w.z. het wel of niet beschikbaar zijn van geneesmiddelen in
een land) of naar de ‘wachttijd’ tussen EMA (European Medicines Agency)- of FDA (Food
and Drug Administration)-registratie en de eerste uitgifte van een geneesmiddel. Onze
studie suggereert dat dergelijke studies niet het volledige beeld geven van toegang en
dus voorzichtig moeten worden geinterpreteerd.

In Hoofdstukken 6 en 7 hebben we gegevens uit de NKR gebruikt om de overleving
van patiénten met kanker te evalueren. Beide studies zijn uniek vanwege hun omvang,
dat wil zeggen: bijna 2 miljoen patiénten met solide tumoren (Hoofdstuk 6) en meer
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dan 11.000 patiénten met uitgezaaide borstkanker (Hoofdstuk 7). Bovendien waren in
beide studies de follow-upperioden lang, respectievelijk ~30 jaar en ~14 jaar. In Hoofd-
stuk 6 hebben we laten zien dat de 1-jaarsoverleving voor vrijwel alle typen de novo
gemetastaseerde kanker is toegenomen, terwijl de 5-jaarsoverleving slechts bij een
klein aantal verbeterde. Gedurende de onderzoeksperiode van circa 30 jaar werden veel
nieuwe medicijnen en indicaties voor bestaande medicijnen voor uitgezaaide kanker
goedgekeurd. Ondanks dat er geen informatie op patiént niveau was ten aanzien van
het gebruik van geneesmiddelen, en met de beschikbare data geen uitspraak kan wor-
den gedaan over een mogelijk oorzaak-gevolgverband, lijkt het erop dat er geen relatie
bestaat tussen het aantal nieuwe geneesmiddelen dat beschikbaar is gekomen en de
veranderingen in overleving. Deze bevindingen kunnen bijdragen aan de discussie over
de waarde van nieuwe medicijnen op brede schaal: zijn de behandelingen hun kosten
waard?

In Hoofdstuk 7 hebben we laten zien dat patiénten met de novo metastasen langer
leefden dan patiénten met metachrone metastasen. Deze bevinding is zowel relevant
voor clinici, om patiénten beter te informeren over hun prognose, als voor het ontwerp
en de interpretatie van RCT’s. Tot nu toe wordt stratificatie op basis van de novo- of
metachrone metastasering niet vaak toegepast in RCT’s die de effectiviteit van nieuwe
medicijnen voor uitgezaaide borstkanker evalueren.

Belemmeringen bij het gebruik van real-world data

In Hoofdstuk 8 hebben we de eerste stappen van een RWD-studie beschreven aan de
hand van recent ontwikkelde RWD-richtlijnen van regelgevende instanties en health
technology assessment (HTA) organisaties. Een belangrijk onderdeel van deze studie
was het beoordelen van de geschiktheid van een RWD-set (‘fit-for-purpose’) voor een
specifieke onderzoeksvraag. We hebben aangetoond dat er tekortkomingen zijn aan
het gebruik van declaratiedata van ziekenhuizen voor onderzoek, omdat deze niet het
volledige zorgtraject van een patiént bestrijken. Dergelijke tekortkomingen zijn niet
altijd volledig te overzien voordat een studie van start gaat. Onze studie biedt inzicht
in de inhoud van ziekenhuis declaratiedata en de (on)mogelijkheden hiervan voor
toekomstig onderzoek.

In de discussie gaan we dieper in op belemmeringen bij het gebruik van RWD voor
onderzoek en besluitvorming, die we (deels) geidentificeerd hebben bij het verzamelen,
analyseren en rapporteren. De huidige data-infrastructuur is een van de grootste tekort-
komingen wat dit betreft. Doordat zorg wordt geleverd in verschillende instellingen, is
het vrijwel onmogelijk om een dataset te creéren die het volledige zorgtraject van de
patiént omvat (inclusief patiént- en tumorkarakteristieken, behandelingen en uitkom-
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sten) en ‘fit-for-purpose’ is, zoals beschreven in Hoofdstuk 8. Gelukkig zijn er verschil-
lende initiatieven gestart die als doel hebben om de beschikbaarheid van data en het
hergebruik ervan voor onderzoek en beleid te verbeteren.

Een tweede belemmering van huidige RWD-studies is dat ze vaak onvoldoende
transparantie bieden over de gemaakte keuzes tijdens de studieopzet, dataschoning
en analyses. Dit vermindert hun waarde voor besluitvorming, aangezien inzicht in
dergelijke keuzes belangrijk is voor een juiste interpretatie van de resultaten. Recen-
telijk zijn verschillende tools en checklists ontwikkeld om de uitvoering, rapportage en
interpretatie van RWD-studies te verbeteren. Ons onderzoek (Hoofdstuk 3) liet zien dat
de implementatie hiervan een uitdaging kan zijn en toekomstig onderzoek zal moeten
laten zien of de tools en checklists tot daadwerkelijke verbeteringen leiden.

Een derde belemmering betreft de methodologie die wordt gebruikt bij de analyse van
RWD. Momenteel is onduidelijk wanneer een studieopzet en methodologie van RWD-
studies goed genoeg zijn om betrouwbare resultaten te genereren. Dit is met name van
belang bij studies die de effectiviteit van interventies proberen vast te stellen met RWD
en beoordelen in hoeverre kosten in verhouding staan tot de effecten. Zonder randomi-
satie kan de vergelijkbaarheid van behandelgroepen niet gegarandeerd worden en is
het onzeker of de effecten van technologieén goed vergeleken kunnen worden.

Overkoepelende belemmeringen

Data in de oncologie kunnen alleen bijdragen aan betere patiéntenzorg en -uitkom-
sten als ze waardevolle klinische en beleidsmatige inzichten bieden. Helaas lijkt de
huidige wijze waarop bewijs wordt gegenereerd in de oncologie niet optimaal te zijn.
De maatschappij verlangt dat bewijs naar de effectiviteit van technologieén (inclusief
medicijnen) wordt geleverd door de ontwikkelaars en hiermee commerciéle bedrijven
wat invioed lijkt te hebben op de wijze waarop studies worden ontworpen, uitgevo-
erd en hoe de resultaten worden gecommuniceerd. Daarnaast hebben regelgevende
instanties in de afgelopen decennia de bewijsstandaarden versoepeld om de toegang
tot geneesmiddelen te versnellen. Een gevolg hiervan is dat er vaak een hoge mate van
onzekerheid bestaat over de toegevoegde waarde van technologieén op het moment
dat deze toegelaten worden tot de markt.

Van data naar betekenis

In de literatuur zijn verschillende oplossingen voorgesteld om de kwaliteit van bewijs
binnen de oncologie te verbeteren. Op basis van onze ervaringen met het verzamelen
en analyseren van RWD voor dit proefschrift ondersteunen wij een aantal hiervan.
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De eerste oplossing richt zich op het aanscherpen van de criteria van regelgevende
instanties voor bewijs van toegevoegde waarde. Bij voorkeur zou bewijs gebaseerd
moeten zijn op gerandomiseerde studies, met een controlegroep die de standaardzorg
in de praktijk weerspiegelt en uitkomstmaten meet die relevant zijn voor patiénten. De
tweede oplossing richt zich op het verzamelen, analyseren en rapporteren van RWD.
Transparantie in dit proces is noodzakelijk, evenals de naleving van de richtlijnen voor
RWD. Tot slot is het noodzakelijk dat structurele financiering beschikbaar komt om de
datainfrastructuur te verbeteren en te onderhouden, en om datasets te genereren die
het volledige zorgtraject inzichtelijk maken en van voldoende kwaliteit zijn om valide
resultaten te verkrijgen.

Verbeteringen op deze gebieden zullen hopelijk leiden tot sterker bewijs in de oncolo-
gie, wat zo uiteindelijk bij kan dragen en aan betere zorg voor patiénten.

Conclusie

In dit proefschrift hebben we de waarde van RWD voor besluitvorming in de oncologie
onderzocht. Wij hebben laten zien dat RWD waardevolle inzichten kan bieden, onder
andere over de inzet van behandelingen in de praktijk, langetermijnresultaten en
patiént- en ziektekarakteristieken. Maar we hebben ook belemmeringen geidenti-
ficeerd, met name in de huidige data infrastructuur. Veelbelovende initiatieven om deze
uitdagingen aan te pakken zijn in ontwikkeling. Ondertussen is het de verantwoordeli-
jkheid van degene die met RWD werken en deze inzetten in de besluitvorming, om RWD
verstandig in te zetten.
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