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Chapter 1

My intrinsic motivation for this research came from questions arising from observations
in my work as medical oncologist in the last ten years. First | worked as medical
oncologist in training in an academic tertiary center, later as medical oncologist in a
large teaching hospital in the Netherlands.

In the outpatient clinic, as well as in the oncology wards and outside the hospital, several
thoughts have arisen. | observed that not all patients derive benefit from systemic
treatment. Toxicity and complications are common in oncology treatment. And | started
asking myself: what would | decide if | was a patient and in a palliative treatment setting?
Moreover, | feel responsible for the ongoing debate on the financial sustainability of
oncology treatment.

If a treatment has proven efficacy in clinical trials, will it work for my patient?

2. Do new treatments improve outcomes for my patient with regards to survival,
quality of life and end of life care?

3. How can we improve routine care in domains not covered by clinical trials?

The answers may come from real world evidence. | started my research in castration-
resistant prostate cancer because of the introduction of four new life prolonging drugs
in the years 2010-2014 in the Netherlands.

A brief history of systemic treatment of metastatic prostate cancer

The first case of prostate cancer by histological examination was described by dr. J.
Adams from London Hospital in 1853". He described prostate cancer as a very rare
disease at that time. At present time, prostate cancer is the second most commonly
diagnosed cancer and the sixth leading cause of cancer death among men worldwide?.
In the Netherlands, prostate cancer is the fourth most commonly diagnosed cancer
(2019: 13,600 patients), however in males above age 45 it is the most common
diagnosed cancer?. It is also the second leading cause of death among men in the
Netherlands (2018: 2,896 patients)®. The incidence has risen since the use of Prostate-
Specific Antigen (PSA) testing in blood provided an important diagnostic tool to detect
prostate cancer. Screening by PSA testing and also asymptomatic patients resulted in
an increase of incidence since the early 1990s (see Figure 1).

Backin 1853, Adams was correct in saying prostate cancer was a very rare disease, since
life expectancy in the United Kingdom did not exceed 50 years until 1900 and prostate
cancer is extremely rare below the age of 50 (see Figure 1)*. However, in the 20*" century
life expectancy increased substantially. The first to treat metastatic prostate cancer
in a systematic manner was dr. Charles Huggins (1901-1997). In 1941, he reported on
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serum markers of disease (serum phosphatases) and the beneficial effect of surgical
castration and estrogen administration in metastatic prostate cancer. He also showed
the opposite effect of androgen administration®. Then, he reported on the clinical
findings of 45 men: in total, 31 men had a sustained improvement lasting as long as 30
months; nine men had a temporary improvement followed by recurrence of symptoms;
and in five men there was no improvement following castration. Interestingly, hot flashes
were a favorable prognostic sign®. Later he described the beneficial palliative effects on
pain, weight, appetite and hematocrit. Estrogen treatment showed similar effects, but
cardiovascular and thrombo-embolic adverse events were frequent. He was awarded
the Nobel prize for his work in 1966,

7000

Number

6000

5000

4000

3000

2000

1000

| el

T T
40-44 45-49 50-54 55-59 60-74 75+

Period Age group

1990 @1995 ©2000 2005 2010 €2015 Source: NKR-cijfers / IKNL

Figure 1. Incidence of prostate cancer in the Netherlands, by age group, in the years 1990-2015

In the 1970s, the effect of Luteinizing-hormone releasing hormone (LHRH) agonists was
reported by dr. Schally (1926-) and others®. Chronic administration of LHRH agonists
resulted in a decrease of the sex hormones Luteinizing hormone (LH) and Follicle-
stimulating hormone (FSH) and subsequently the decrease of serum testosterone®. Dr.
Schally was also rewarded the Nobel prize, in 1977. Nowadays, lowering testosterone
(which is an important growth factor for prostate cancer cells) by medical castration
with LHRH agonists (or antagonists) is still the cornerstone in treating metastatic
prostate cancer'.

The androgen receptor was discovered in the 1960s and led to the search of anti-
androgens'. Cyproteron acetate was one of the first, to be followed by other
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agents including bicalutamide 4. Although overall survival benefit had not been
demonstrated, use of these agents (as monotherapy or combined with castration) was
widespread because of favorable toxicity profiles compared to castration, a progression
free survival benefit and PSA responses.

Prostate cancer that progresses despite androgen deprivation therapy (ADT), either
metastatic (m) or non-metastatic (hnm), is defined as castration-resistant prostate cancer
(CRPQ). Various terms have been used to describe and define this disease state. In 2014
the European Association of Urology (EAU) guidelines defined CRPC as prostate cancer
progressing despite castrate serum levels of testosterone, and despite consecutive
hormonal manipulations followed by antiandrogen withdrawal'. However, the definition
was simplified in the 2017 update of the EAU guidelines and the consecutive hormonal
manipulations were discarded from the definition':

CRPC is defined as castrate serum testosterone <50 ng/dl or 1.7 nmol/I plus one
of the following types of progression:

Biochemical progression: Three consecutive rises in PSA 1 week apart, resulting
in two 50% increases over the nadir, and PSA >2 ng/m|

Radiologic progression: The appearance of new lesions: either two or more new
bone lesions on bone scan or a soft tissue lesion using the Response Evaluation
Criteria in Solid Tumors (RECIST).

Symptomatic progression alone must be questioned and subject to further
investigation; it is not sufficient for diagnosing CRPC.

Strategies to overcome this progression included combined androgen blockade
(castration combined with anti-androgen treatment). Although initially only an increased
progression free survival was observed, up to 27 randomized phase Il trials focused on
this approach (and only three showed positive results) and 5 meta-analyses followed
to conclude no survival benefit from combined androgen blockade’. This was known
in the early 2000s, but the treatment strategy is still used in daily practice.

In the 2010s further research in androgen receptor targeting drugs (ART) resulted in
the discovery and widespread use of enzalutamide for metastatic CRPC'"™8, This was
followed recently by other new generation ART for hormone sensitive prostate cancer
(HSPC) and non-metastatic CRPC such as apalutamide and darolutamide'?°.

Additional blockade of testosterone production in the adrenal glands had been
sought by bilateral adrenalectomy, but surgical complexity prevented widespread use.
Medical suppression of adrenal steroidogenesis was discovered in 1982. Ketoconazole,
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developed as an antifungal agent, was shown to block adrenal steroid synthesis?'. It
has been used occasionally and off-label for CRPC treatment until the discovery of the
more potent drug abiraterone acetate 30 years later. Abiraterone acetate is a CYP17
inhibitor (@ combination of 17a-hydrolase and 17,20-lyase inhibition), and it decreases
the intracellular testosterone level by suppressing its synthesis at the adrenal level
and inside the cancer cells. Abiraterone acetate is used with prednisolone to prevent
drug-induced hyperaldosteronism?2.

Cytotoxic chemotherapy for cancer treatment has been used since the 1940s. The
first studies in metastatic prostate cancer were done in the 1950s and 1960s, but until
the 1990s studies were limited by small sample sizes, subjective response criteria and
negative survival results. Mitoxantrone/prednisone became the first Food and Drug
Administration (FDA, United States) approved chemotherapy for the treatment of pain
in MCRPCin 2000. The approval was based on randomized trials versus a corticosteroid
alone, although no survival difference was observed 224, In 2004 docetaxel/prednisone
was the first available life-prolonging drug (LPD) for symptomatic mCRPC patients?. This
combination improved median overall survival compared to mitoxantrone/prednisone
from 16.3 to 19.2 months (updated survival results)?®. Docetaxel is a semi-synthetic
taxane, and taxanes act by promoting and stabilizing microtubule assembly leading to
inhibition of mitotic cell division. However, the mechanism of action was shown to inhibit
the androgen receptor signaling axis and this may be the predominant mechanism of
action?’.

Most patients (90%) with mCRPC have bone metastases?. Skeletal events (bone pain,
pathological fractures, spinal cord compression and need for radiotherapy or surgery)
are common and occur in approximately half of patients?’. Bone resorption inhibition,
either by bisphosphonates (zoledronic acid) or RANK-L inhibitors (denosumab), have
shown to delay or prevent skeletal events. Radionuclides may accumulate in skeletal
metastases and thereby radiate these metastases in a highly specific manner. Beta-
emitting radionuclides have been shown to reduce bone pain (such as Samarium-153),
whereas the alpha-emitting radionuclide Radium-223 has been shown to improve
survival’®.

The discovery of the mechanisms androgen receptor blockade, adrenal androgen
synthesis blockade, the discovery of taxanes and the focus on bone health led to
further improvement and a myriad of new effective drugs. Between 2011 and 2014, new
life-prolonging drugs (LPD) for mCRPC (cabazitaxel’', abiraterone®*%, enzalutamide'”'8
and radium-2232%) were introduced in the Netherlands (see Table 1).
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Chapter 1

From 2015, improvements in systemic therapy focused on metastatic hormone
sensitive prostate cancer (HSPC) and the nmCRPC. Addition of six cycles of docetaxel
or docetaxel/prednisone increased overall survival of mHSPC in the CHAARTED and
STAMPEDE trials *#*. Despite one negative trial (GETUG-15)%, in a meta-analysis this
treatment resulted in a significant hazard ratio of 0.77 that translates to an absolute
improvement in 4-year survival of 9% 7. In addition, adding abiraterone/prednisone to
androgen deprivation therapy for 2 years also improves survival in mHSPC (LATTITUDE
and STAMPEDE). Finally, also enzalutamide and apalutamide have shown to improve
survival in mHSPC patients when added to androgen deprivation therapy'?2%3,

A new disease state is nmCRPC. This is defined as rising PSA and a castrate-level of
testosterone, without metastases on conventional imaging (bone scintigraphy or CT-
scan)?®. Although ADT is indicated in metastatic prostate cancer, patients may present
with nmCRPC when disease progression occurs on adjuvant ADT after curative
radiotherapy, or when ADT is initiated based on PSA progression without manifest
metastases. Trials with enzalutamide (PROSPER) and apalutamide (SPARTAN) have been
conducted in this population and showed increased metastasis free survival (MFS), and
also increased OS*"#. This new disease state challenges the premise that palliative
treatment is monitored by improving symptoms and reducing measurable disease
other than a biochemical tumor marker (PSA).

Prospective, randomized trials on sequencing are scarce. Phase lll trials have shown
that for treatment-naive CRPC, abiraterone, enzalutamide, docetaxel and radium-223
are life prolonging options. Cabazitaxel, abiraterone, enzalutamide and radium-223
have been shown to improve survival in mCRPC patients who show progression on
docetaxel. In the CARD study, patients who progressed after docetaxel and an androgen
receptor targeting agent (ARTA; either abiraterone or enzalutamide) within one year,
where randomized between cabazitaxel and the other ARTA. Cabazitaxel was shown
to have superior outcomes 4.

At present, research focusses increasingly on targetable molecular alterations in cancer
cells, including the androgen receptor pathway, PI3K-AKT-mTOR pathway and DNA
damage repair genes®. Precision medicine, in which a targetable alteration is treated
with a specific drug, arrives in daily practice with the results of the PROFOUND trial. In
patients who had disease progression while receiving enzalutamide or abiraterone and
who had alterations in genes with a role in homologous recombination repair, olaparib
was associated with longer overall and progression-free survival and better measures
of response and patient-reported end points than either enzalutamide or abiraterone“®.
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Immune therapy has been studied for years in CRPC. The first FDA-approved LPD in
this class was Sipuleucel-T, based on a study that showed increased OS despite no
effect on PFS#. This treatment is complex to administer and has not been widely used
in Europe and the Netherlands. Checkpoint inhibitors have been studied in mCRPC,
but until now positive results are only found in specific subgroups and several trials
have found negative outcomes“®4°. Current trials with checkpoint inhibitors focus on
specific subgroups.

Despite all advances, treatment of metastatic prostate cancer remains palliative.
Optimal timing and sequencing remain challenging and is often not informed by robust
evidence. Debate is ongoing on nmCRPC and the role of imaging, timing of treatment
in asymptomatic patients, sequencing of LPDs , potential cross-resistance between
LPDs and extrapolation of treatment outcomes in populations that are not studied well
(such as older patients or patients with comorbidity). General principles in oncology
are challenged: in palliative care, do we treat asymptomatic patients with potential toxic
drugs? Do we treat patients without a radiographic parameter of response? Does early
treatment result in better survival compared to deferred treatment? Since evidence is
lacking, additional data from real world may help.

Efficacy, effectiveness and efficiency

“The benefits established in efficacy trials, usually randomized, controlled trials conducted
under highly controlled circumstances with maximized internal validity, can frequently not
be demonstrated in clinical practice at the community level”°

Evidence on efficacy answers the question “Can (or might) it work?” and describes the
extent to which an intervention does more good than harm under ideal circumstances;
evidence on effectiveness answers the question “Does it work in practice?” and
describes the extent to which an intervention does more good than harm under usual
circumstances. To conclude, evidence on cost-effectiveness answers the question “Is
it worth it?” and describes the effect of an intervention in relation to the resources it
consumes',

Clinical trials are designed to maximize the internal validity and these trials eliminate
factors such as doctor-patient relationship, placebo effects and patient preference (by
blinding, placebo-control and exclusion of patients and clinicians with strong treatment
preferences)®. This leads to increased internal validity and will provide evidence on
efficacy. However, it will often lead to incorrect estimation of treatment effects in clinical
practice, especially for patient centered outcomes, and thus is often not informative
on effectiveness.



Chapter 1

Looking back on the history of treatment of metastatic prostate cancer, many advances
have been made and many lessons can be learned. Last decades, more patients are
treated, and if treated they are treated with multiple drugs, earlier in the disease and
have better treatment outcomes - leading to a longer duration of treatment. The impact
of longer duration of treatment affects not only survival, but also quality of life and (on
a population level) financial toxicity.

Relevant treatment outcomes in oncology include survival, time to disease progression,
tumor response, toxicity and quality of life. Survival, progression, response and to some
extent toxicity can be assessed by clinicians and researchers, whereas symptoms,
patient functioning and quality of life are inaccurately assessed by others than the
patients themselves. A patient reported outcome (PRO) is directly reported by the
patient without interpretation of the patient’s response by a clinician or anyone else
and pertains to the patient’s health, quality of life, or functional status associated with
health care or treatment®®. Patient-reported outcome measures (PROMs) are the tools
used to measure PROs; PROMs are usually validated questionnaires patients complete
by self-assessing their health status.

In 1989, quality of life was rarely an outcome measure in clinical trials in oncology®*. This
has changed: a Pubmed search on “patient reported outcomes AND cancer” gives a total
of 16,119 results on September 4™, 2020 with 2,728 results added in 2019. Although
PROs in cancer have been studied since the 1980s and the literature on PROs is growing
rapidly, PROs are still seldom routinely assessed in the daily oncology practice. However,
potential benefits of routine PRO use are abundant: it empowers patients to actively
participate in their health care, facilitates early detection and monitoring of patient
symptoms, and enables clinicians to better understand and act on patients’ needs;
it helps communication between patient and clinician by raising specific issues on
symptoms and functioning; assessing PROs itself may already improve treatment
outcomes; and it may improve safety and quality of health care delivery>>.

The costs of innovative drugs increase over time: the spending on cancer drugs
increased from €7.6 billion in 2005 to €19.1 billion in the European Union in 2014%. In the
European Union, prostate cancer has been associated with high total economic costs
(€8.4 billion) in 2009, consisting of healthcare costs (€5.4 billion) including medication
costs (€3.1 billion), informal care costs (€1.9 billion) and costs due to productivity losses
attributable to mortality (€0.7 billion)*”. Increasing costs are challenging the affordability
of anticancer agents in national health services and reimbursement systems®®. The
price of an anticancer drug should be reasonable and affordable, reflect the clinical
value of the drug, ensure patients are able to access the drug and be sustainable
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for both national health-care and reimbursement systems as well as pharmaceutical
companies®®. For different reasons, patient access to new treatment may be too slow,
and inferior treatment strategies may persist too long, leading to unjustifiable variation
in care. Data on effectiveness and cost-effectiveness are therefore needed to optimize
metastatic prostate cancer care.

Effectiveness of treatment is also important in the last phase of life. Intensive end-of-
life care (that is the overuse of treatments and hospital resources in the last months
of life), is undesirable since it has a minimal clinical benefit with a substantial financial
burden. However, the treatment of cancer has been shown to be increasingly aggressive
over time*.

For effectiveness, it is important to monitor real world practice and treatment outcomes.
Patients and physicians should be informed on differences in trial populations and the
real world population, and subsequent differences in treatment outcomes. In addition,
observational research on sequencing and high intensity care in the end of life phase
can also be hypothesis generating.

This thesis begins with a reflection on setting up a disease registry. Part 1 will focus on
the differences in trial and real world populations in the general CRPC population and in
more details in patients treated in second line with cabazitaxel (Chapters 2 and 3). Part
2 will focus on the survival and quality of life outcomes in real world. I will also focus on
the end of life phase, and study high intensity care in this phase. Specific lessons from
real world observations that can improve treatment in daily practice are shown in Part
3, with a focus on sequencing in real world. To conclude, | will present a case study of
using registry data in developing a prediction model.
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ABSTRACT

Objectives
The aim of this paper is to provide practical guidance in setting up patient registries to
facilitate real-world data collection for healthcare decision making.

Methods

This guidance was based on our experiences and involvement in setting up patient
registries in oncology in The Netherlands. All aspects were structured according to i)
mission and goals (“the Why"), i) stakeholders and funding (“the Who"), iii) type and
content (“the What"), and iv) identification and recruitment of patients, data handling
and pharmacovigilance (“the How").

Results

The mission of most patient registries is improving patient health by improving the
quality of patient care; monitoring and evaluating patient care is often the primary goal
(“the Why"). It is important to align the objectives of the registry and agree on a clear
and functional governance structure with all stakeholders (“the Who"). There is often
a trade-off between reliability, validity and specificity of data elements and feasibility
of data collection (“the What"). Patient privacy should be carefully protected, and
address (inter-)national and local regulations. Patient registries can reveal unique safety
information, but it can be challenging to comply with pharmacovigilance guidelines
("the How").

Conclusions

It is crucial to set up an efficient patient registry that serves its aims by collecting the
right data of the right patient in the right way. It can be expected that patient registries
will become the new standard alongside RCTs due to their unique value.
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INTRODUCTION

Globally, there is an increasing trend to use real-world data to inform decision making in
healthcare. Real-world data is often collected using a patient registry. A patient registry
can be defined as “an organized system that uses observational study methods to collect
uniform data (clinical and other) to evaluate specified outcomes for a population defined
by a particular disease, condition, or exposure, and that serves one or more predetermined
scientific, clinical, or policy purposes™.

Regulatory authorities (United States Food and Drug Administration [FDA] and European
Medicines Agency [EMA]) can require real-world data collection for safety surveillance
and risk assessment (e.g., Risk Evaluation and Mitigation Strategy [REMS] by FDA, risk
management plan by EMA)2. Furthermore, reimbursement agencies increasingly use
real-world data in decision making. This was for example seen in The Netherlands where
a coverage with evidence development policy was implemented in 20062, This policy
aims to guarantee early access to expensive drugs which have an added therapeutic
value and an expected budget impact of at least 2.5 million Euros?®. In exchange, it
is required to collect data regarding appropriate drug use, effectiveness and cost-
effectiveness in real-world clinical practice. These data are intended to complement the
findings from clinical trial(s), and to evaluate a drug's real-world value after four years of
initial reimbursement. As a consequence of the introduction of this policy, the number
of patient registries has been rapidly increasing in The Netherlands.

In this paper, we provide practical guidance in setting up patient registries for the
collection of real-world data. Although guidance for designing patient registries exists',
we specifically address practical issues. This paper is based on our involvement in
setting up patient registries in The Netherlands for various types of cancer (i.e.,
melanoma, lung, prostate, renal cell, hematological, colorectal, and head and neck
cancer). We first discuss the mission and goals (“the Why") of patient registries and
highlight issues related to stakeholders and funding (“the Who"). After that, challenges
and solutions will be discussed regarding the type and content of a patient registry
("the What”) and the identification and recruitment of patients, data handling, and
pharmacovigilance (“the How"). Lastly, we discuss the main challenges in balancing the
optimal and the feasible in setting up patient registries.
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MISSION AND GOALS (“THE WHY")

Why use a patient registry and how to guarantee valorization of outcomes?
The mission of most registries is improving patient health by improving the quality of
patient care; monitoring and evaluating patient care is therefore often the primary goal.
This goal may be operationalized in several ways. For example, patient registries are
one of EMA's tools to gain insight into risks of a product in real-world clinical practice?.
Patient registries can also provide information on appropriate use (i.e., is a product
used in the right way in the right patients), effectiveness, costs, and cost-effectiveness
in real-world clinical practice®. Furthermore, registries can include essential information
on patient reported outcome measures (PROMs) in case data is prospectively collected.
Moreover, patient registries can inform public health planning (e.g., registering causes
of disease to illustrate the need for a prevention program)°®. It is important to be very
specific about how the primary goal of monitoring and evaluating patient care will be
operationalized and/or interpreted. Ultimately, this will ease the other steps in setting
up patient registries.

Monitoring and evaluating patient care may not immediately improve patient health but
may improve the health of future patients. It is essential to frequently discuss findings
with clinicians and ensure a quality of care feedback loop. Furthermore, outcomes
can be used in the development of clinical guidelines. Table 1 provides an overview of
the mission and goals of the registries in which we are involved. All registries ensure
transparency to the public through presentations and publications’'*. However, only
the melanoma registry (DMTR) fortnightly provides clinicians with online benchmarked
feedback regarding a predefined set of quality indicators developed by the professional
organization. These quality indicators will be shared at a hospital-level with healthcare
insurers, patient organizations, and the general public in the near future. Quality of
care improvement by using a structured feedback loop to clinicians was not part of
the initial aims of most of the registries. This may be explained by the fact that most of
the registries in which we are involved were funded by manufacturers and mainly set
up for reimbursement purposes. Besides reimbursement purposes, the melanoma
registry (DMTR) was set up for monitoring quality of care which was obligated by the
professional organization.

Important lessons to feedback loops are that agreement needs to be reached on the
type of indicators that will be collected, how they will be measured and the way they
will be presented. Additionally, the data need to be representative for all patients within
a certain hospital (e.g., starting data collection on patients with a worse prognosis,
will initially lead to biased feedback) and the data need to be case-mix corrected to
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allow valid comparisons between hospitals (or clinicians), especially when it concerns
outcomes indicators. To correct for differences between patients at baseline, the
registry should contain a sufficient number of observations and sufficient data on the
relevant prognostic factors. Lastly, a user-friendly (web-based) application is needed
to facilitate a quality of care feedback loop.

STAKEHOLDERS AND FUNDING (“THE WHO")

Who are involved in the registry?

Broad support for the registry is needed to maximize its benefits. Identifying and
engaging relevant stakeholders is key to the success of a patient registry. Stakeholders
include clinicians, patients, researchers, governmental parties, healthcare insurers
and manufacturers. Involvement from professional organizations and clinical experts
(including key opinion leaders) improves the valorization of results. Involvement of
patient representatives secures patient participation and may help to ensure that the
aims of the registry are pursued with minimal burden to patients. Participation of
manufacturers may support funding of the registry. Table 2 illustrates the involvement
of stakeholders in the registries in which we are involved.

Stakeholders can, however, have conflicting interests. An essential and potentially time-
consuming step is aligning the aims of the registry with these interests. It is important to
determine the main objectives with key stakeholders at an early stage. Itis also crucial
to establish a clear and functional governance structure including a description of tasks,
responsibilities, and decision-making processes. In the prostate cancer registry (CAPRI),
clinical data and health-related quality of life data are collected in two separate projects
with separate funding and study protocols; however, both projects are carried out by
the same project team. The project team is the core executive body, responsible for the
day-to-day management of the registry, coordination and adherence to the planning
and protocol. The project team is advised by a clinical steering committee as well as a
general assembly. The clinical steering committee has decision making power regarding
the clinical and scientific aspects of the registry (e.g., data collection and publication
of results) and includes balanced representatives of urologists, medical oncologists
and radiotherapists of the participating hospitals and the Dutch uro-oncology study
group. The general assembly represents all relevant stakeholders (including all involved
manufacturers and representatives of the Dutch prostate cancer patient organization).
Scientific proposals are judged by the steering committee and the writing team is
composed by the involved project team members and a selection of the steering
committee and the sub-investigators from the participating hospitals.
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Another issue may be related to data ownership (including publishing rights), (level of)
data access, and data sharing. For example, when multiple manufacturers fund the
registry, they may not be willing to share product-specific data. In this case, detailed
product-specific data can be shared with the product-owner, while aggregated data can
be shared with other companies. By allowing variation in the level of data sharing’,
competing parties can participate and benefit from collaboration within the same registry.

Who funds the registry?

Itis crucial to secure sufficient funding for all activities related to the registry to ensure
viability and sustainability. Activities include designing the registry (e.g., stakeholder
meetings, writing and revising the study protocol, defining data sets and ethical
approval) and running the registry (e.g., data collection, data analyses, writing and
reporting). Ensuring funding can be challenging, especially in case of extensive data
collection and/or long-term follow-up. Long-term funding arrangements are essential
for the sustainability of a registry.

Registries can be funded from one or multiple sources including public and
private sources. Potential funding sources are manufacturers, healthcare insurers,
governmental parties, patient organizations, professional associations, private
foundations and advocacy groups. Funding for the registries in which we are involved
was often provided by multiple manufacturers. These registries were largely motivated
by the need to collect real-world data on the performance of drugs in line with the
Dutch coverage with evidence development policy. Some of these registries also
received governmental funding (including [unrestricted] research grants).

Multi-sponsor registries have the advantage of decreasing the financial burden for each
party and securing wider support. However, sponsors may have conflicting interests
and different ideas about the design and planning of the registry. For example, multiple
manufacturers were involved in the hematological registry (PHAROS 1). They had
products for various indications in different treatment lines. Since the optimal approach
to collect data may differ per party (e.g., dependent on treatment line), priorities needed
to be set and needed to be acceptable for all parties.

Another example is the (POSEIDON) lung cancer registry, aimed to start in four
hospitals. Although the set-up started three years ago, it is currently unknown if data
collection will actually commence. Over time, more stakeholders became involved and
the objectives became concurrently broader. For example, one of the objectives was to
collect detailed biomarker information for scientific purposes and in order to conduct
economic evaluations of targeted therapies. However, collecting data on biomarkers
increases the requirements for infrastructure and funding. Furthermore, different
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stakeholders had different ideas about the type of biomarker data to be included.
Agreement between all stakeholders has not yet been reached.

A practical solution for future registries is to carefully consider the number and type
of stakeholders and their specific role in decision making. The inclusion of more
stakeholders increases potential benefits, but it can also complicate decision making.

TYPE AND CONTENT (“THE WHAT")

What is a suitable type and content?

A patient registry can be intervention-based or disease-based'. An intervention-based
registry addresses research questions regarding appropriate use, effectiveness, cost-
effectiveness, and safety. Disease-based registries provide additional information and
facilitate studying the full disease course including (sequential) treatment pathways"'.
Furthermore, such a registry provides information on the number of untreated patients
and whether these patients would have been eligible for treatment. It should be noted,
however, that this also adds to complexity, time and costs of a registry. Table 3 provides
an overview of the type and content of the registries in which we are involved.

Both intervention-based and disease-based registries can include all patients that meet
the inclusion criteria or include a sample of this population. Including all patients adds
to time and costs, whereas selecting a sample can be more efficient but can have pitfalls
as well. In particular, the representativeness of the patient population may be hampered
(external validity). Whereas causal studies about how nature works do not necessarily
need a representative sample, representativeness is crucial in studies describing a
specific population at a specific point in time'®. As a consequence, a representative
sample is needed when monitoring and evaluating patient care. A random sample or a
cluster sample can enhance representativeness. A cluster sample includes patients in
a certain cluster (e.g., a region or a hospital) based on the assumption that the cluster
is representative for other clusters.

To increase efficiency, it may be an option to use multiple-phase sampling. For example,
in a two-phase design, limited data is first collected in a large sample, after which
detailed data is collected in a subsample. The melanoma registry (DMTR) uses such
an approach. Minimal data is collected on patients who are not treated in a melanoma
center (due to a worse prognosis), whereas full data (clinical, economic, PROMs) are
collected for all patients who received treatment in one of the fourteen melanoma
centers. In addition, more detailed data (additional healthcare resource use, productivity
losses and informal care) are only collected in a selection of four of the fourteen centers.
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Despite of the sampling procedures, which initially enhance representativeness,
representativeness is hampered in case patients who do not want to participate differ
from those who participate, or in case patients are not randomly lost to follow-up.
Additionally, sampling from a complete sampling frame is not always feasible, especially
for registries using a prospective design.

What data elements?

What data elements to include largely depends on the goal of the registry. If the goal
is to improve the quality of patient care by providing information on appropriate use,
effectiveness, and cost-effectiveness in real-world clinical practice, comprehensive data
is needed on patient and disease characteristics, treatment and outcomes (health and
economic outcomes). However, if the goal is explicitly focused on effectiveness and
safety in order to improve the quality of patient care, the choice of data elements can
be more selective. In order to select the most important data elements, an analysis
plan can be created. Describing the future data analyses helps identifying those data
elements that are essential and those elements that are academically “interesting”"”.

Data elements should, preferably, be based on data standards (e.g., Clinical Data
Interchange Standards Consortium [CDISC]), current data sets (e.g., national disease
registry), and/or standard terminology (e.g., Systematized Nomenclature of Medicine
[SNOMED]). This facilitates comparison to other studies and creates the opportunity
to link different data sets.

Consultation of experts ensures the selection of appropriate data elements'®. It is
important to involve clinical experts as well as experts in using real-world data. Clinical
experts who are not experienced with real-world data may advise on data elements
that are difficult to collect in a real-world setting. It is always recommended to test
the availability of data elements. In case there is a lack of reliable data about a certain
variable, it may be possible to use a proxy (e.g., time to next treatment as a proxy for
time to progression).

Using real-world data always implies balancing between reliability, validity and specificity
of data elements on the one hand, and the feasibility of data collection (affordability
and completeness) on the other hand. The available sources will set boundaries to what
can be collected and influence the manner of data collection. For example, data on
adverse events in clinical trials is commonly reported using the Common Terminology
Criteria for Adverse Events (CTC AE) as graded by the clinician. This is, however, often
not feasible in a registry, unless the CTC AE are consistently used and concisely reported
in medical charts in clinical practice. In the lung cancer study, data were retrospectively
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collected from medical charts. Only 8.5% of adverse events (81 out of 956) were graded
by a clinician using a standardized grading system and reported in the medical chart.
Only 51% was sufficiently reported to retrospectively derive a grade, as judged by data
managers. Therefore, a tension may exist between optimizing reliability (only register
and grade an adverse event if recorded by the treating clinician) and optimizing other
properties of the registry such as data completeness. When selecting the data-
elements, one has to be aware of such trade-offs in order to optimize the attributes
most important to the registry.

IDENTIFICATION AND RECRUITMENT OF PATIENTS, DATA
HANDLING, AND PHARMACOVIGILANCE (“THE HOW")

How to identify patients?

Any type of registry may have issues regarding the identification of eligible patients.
In population-based patient registries, it is essential to identify and include all eligible
patients (e.g., with the diagnosis of interest or treated with the intervention of interest).
In contrast, a sample of the population can be drawn, and existing databases can
be used to identify eligible patients. It is crucial to ensure representativeness when
using an existing database (e.g., national databases, hospital databases, clinicians
[databases]). Drawing a sample from patients joining a patient association may, for
example, lead to selection bias (e.g., a higher educated group of patients). The potential
for bias can be evaluated by examining different studies addressing similar research
questions and comparing patient and disease characteristics to the characteristics
of the patients in the registry. Table 4 illustrates how patients were identified in the
registries in which we are involved.

In the retrospective part of the renal cancer registry (PERCEPTION), eligible patients were
identified through the Netherlands Cancer Registry, which includes basic information
on 95% of all cancer patients. A cluster sample was selected for inclusion in this registry
(i.e., all patients with metastatic renal cell carcinoma in 42 from 51 hospitals in four
regions, covering approximately half of the country). A practical hurdle arises when
(sufficient) information is not available on the population. For the prospective part of
this registry, the Netherlands Cancer Registry could not provide a timely and complete
list of eligible patients. Therefore, lists of patients diagnosed with metastatic renal cell
carcinoma were fortnightly derived from hospitals’ financing systems, in addition to
the Netherlands Cancer Registry.
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How to recruit patients?

The recruitment of patients can be a serious challenge. Participation can be voluntary
or compulsory for patients and/or clinicians. To increase participation rates, it could
be made compulsory to gain access to and/or reimbursement of a product, (e.g.,
an expensive drug). This was partly the case in the melanoma registry (DMTR). The
Dutch minister made the financing of an expensive melanoma drug conditional on the
set-up of a population-based registry and centralization of melanoma care in fourteen
specialist centers (endorsed by health insurers).

However, participation in most registries is voluntary. Patients can have multiple
incentives to participate. Because a registry most likely does not change current
treatment, improving future patients’ health may be the most important incentive.
Clinicians or hospitals may be incentivized by a particular research interest or the ability
to achieve other goals (e.g., reimbursement, transparency and improvement of quality
of care)'. Furthermore, a (financial) compensation for time invested by either clinicians
or patients may help to increase participation.

How to handle the data?

Paper or electronic case report forms (CRFs) can be used to record information.
Electronic CRFs offer the advantage of automatic validation checks and do not require
transferring data from paper to an electronic database. The database needs to be
suitable for the registry, including the level of detail of the data.

Furthermore, electronic and paper-based patient questionnaires can be used to collect
PROMSs. In the PERCEPTION registry, patients were sent a health-related quality of life
questionnaire every three months in the first year of participation in the study, and
every six months in the second year. Experiences from the PERCEPTION registry showed
that most patients who gave informed consent returned the questionnaire on a short
notice; response rates varied between 80% and 90%. However, response rates can
vary substantially between studies, and may depend on the study population and the
burden of the questionnaire(s). To increase participation and response, it may be an
option to use both electronic and paper-based patient questionnaires especially in case
most patients are elderly. Additionally, in case this matches the required measuring
moments, questionnaires can be completed at clinic visits, for example in the waiting
room (e.g. by using a tablet). Furthermore, especially in case of immobile or terminally
ill patients, telephone calls or house visits by study staff may be needed to collect the
required patient reported data. The process of data collection should be designed
to maximize participation and response, data quality and efficiency while minimizing
patient burden.
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To improve the quality of clinical data, clinicians can be requested to register or verify
data. This is, however, often not feasible since clinicians often lack time to review large
volumes of patient data. In case registry data is used for the evaluation of the quality
of care in multiple hospitals, external data managers may increase objectivity and
may ensure uniformity of data collection. In the melanoma registry (DMTR), all data
recorded by data managers need to be validated by clinicians. This validation process
is, however, time-consuming. Validation efforts should therefore preferably focus at the
most important variables (such as toxicities) that may not reliably be captured by data
managers. Uniformity of data collection in the DMTR was improved by initially recording
data on 10% of all patients by two data managers (one external).

It is essential to adequately and continuously train data managers supported by a
detailed and up-to-date manual. This also includes guidance on when to record a value
as missing, unknown, or as negative. For example, there is a difference between a
patient who had no test for locating metastases and a patient who had a test but no
metastases were found. Inconsistencies in data recording hamper a valid interpretation
of the results. Training data managers and preliminary analyses of the collected data
allow for identification of and sharing information on common mistakes.

Furthermore, it is crucial to ensure patients' privacy in particularly for patient identifiers.
Training in Good Clinical Practice (GCP) (to the extent the principles are relevant for
patient registries) and awareness of (inter-)national and local regulations will help
designing a registry which guarantees patient privacy. This includes anonymization
or pseudonymization of data to ensure that information cannot be traced back to
an individual patient. Anonymization may hamper specific registry functionalities
(e.g., combining different data sources). Pseudonymization involves replacing
identifying items by artificial identifiers, or pseudonyms. Pseudonymization can be
performed by a Trusted Third Party (TTP), guarding the encryption to the procedure
while enabling re-identification when required. However, even in case a TTP is used,
the inclusion of patient identifiers in the CRF should be carefully scrutinized and only
allowed when absolutely necessary; approval should be obtained from a medical-ethical
committee.

How should pharmacovigilance be incorporated?

Patient registries have the potential to reveal unique pharmacovigilance information
since their follow up allows identification of long term toxicity. Moreover, real-world
toxicities may differ from toxicity profiles in clinical trials because of differential
populations, treatment patterns, adverse event handling and clinician experience™.



Chapter 2

However, it can be challenging to comprehensively collect safety data within a registry,
especially in case data is collected retrospectively.

With respect to pharmacovigilance requirements, the EMA guideline on good
pharmacovigilance practices differentiates between non-interventional post-
authorization studies with primary data collection, and non-interventional post-
authorization studies based on secondary use of data?®. First, in case of post-
authorization studies with primary data collection, “for all collected adverse events
comprehensive and high quality information should be sought in a manner which allow for
valid individual case safety reports to be reported within the appropriate timeframes"°. These
timeframes are intended to allow manufacturers and authorities to take immediate
action when needed to prevent serious adverse events occurring in other patients.
However, this requires a clear workflow and an appropriate infrastructure. Second, in
case of secondary use of data (e.g. medical chart reviews), the reporting of suspected
adverse reactions in the form of individual case safety reports is not required; “reports
of adverse events should be summarized as part of any interim safety analysis and in the
final study report unless the protocol provides for different reporting”?°. The distinction
between non-interventional post-authorization studies with primary data collection
and non-interventional post-authorization studies based on secondary use of data,
and its' consequences regarding pharmacovigilance was not always interpreted similarly
between stakeholders in some of the registries in which we are involved. This has
resulted in substantial registration burden (e.g. reporting within 24 hours of recording)
under pressure from manufacturers.

Designing a solid plan for pharmacovigilance is part of setting up any patient registry.
This plan needs to be consistent with national and international guidelines, and agreed
upon by all stakeholders and the relevant medical-ethical bodies. Ideally, all safety
information should be registered and reported by the clinician at the moment of
occurrence.

It may be difficult to comprehensively collect safety information within a registry, while
being dependent on the available data sources. It may be impossible to determine
causality without involving the treating clinician. It is therefore crucial to have short
communication lines with treating clinicians, and ensuring medical expertise in the
study team is recommended. Alternatively, adverse event reporting can be outsourced
to knowledgeable hospital personnel.

Interim analyses in the prostate cancer registry (CAPRI) revealed that about half of
the patients had a recorded hospitalization or death during treatment. Although this
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percentage included both related and unrelated adverse events, all needed to be
reported (see Table 4). This illustrates that SAEs are common and may significantly
add to data management time and thus costs of running a registry. However, it also
emphasizes that pharmacovigilance may be an important aspect in improving patient
health.

LESSONS LEARNED

Patient registries provide valuable information on real-world patients, real-world
practice, real-world costs, real-world effects, and real-world cost-effectiveness. If
well-designed and well-executed, registries can support decision making at different
levels. Regulatory authorities and local reimbursement agencies can use real-world
data in market access and reimbursement decisions. Furthermore, sharing real-world
outcomes can improve decision making at the patient level, and, ultimately, can improve
patient health.

Since patient registries can serve multiple goals and inform decision making at different
levels, practical guidance in setting up a registry is important to ensure a proper design
and execution. This paper provides practical guidance on “the Why”", “the Who", “the
What” and “the How" in setting up a patient registry, which is based on our experiences
and involvement in multiple registries in The Netherlands for various types of cancer. It
is essential to cooperate with all relevant stakeholders and collect the right data from
the right patients in the right way. The “right” is, however, not always the most extensive
approach. Itis crucial that the registry is designed in such a way that it serves its aims
and is as efficient as possible. It is, therefore, particularly important to balance the
optimal and the feasible to maximize the gains within the constraints of the available
resources.

This paper has a number of limitations. First, our experiences in setting up patient
registries are based on registries in cancer only, nevertheless we believe that this
practical guidance is applicable to patient registries in other disease areas. Additionally,
in most of the registries in which we are involved, patients were selected using existing
databases, such as the Netherlands Cancer Registry, and most of the registries were
largely informed by chart reviews conducted by trained data managers. Nevertheless,
we Dbelieve that our experiences in The Netherlands will benefit researchers in other
contexts and other countries.

45



Chapter 2

FUTURE PROSPECTS OF REGISTRIES

The number of patient registries will continue to rise in the near future?'. Their
importance was shown in many areas including general practice??, neurology?*?4,
orthopedics?>?%, and oncology?"28.

Various initiatives exist that facilitate designing high quality registries, such as the High-
Value Health Care Project?® and the cross-border PAtient REgistries iNiTiative (PARENT)
project. The PARENT project supports member states of the European Union with the
implementation of interoperable patient registries and created a registry of registries
which is available online*.

Several trends may influence the design of future patient registries. First of all, there
will be a further evolution of data standards and an improvement of interoperability
of registries with electronic health records®'. Moreover, there is an increasing trend in
setting up multi-institution and multi-country registries®. Especially in rare diseases,
multi-country registries are needed to include sufficient numbers of (comparable)
patients. Finally, the content of registries will reflect important clinical developments
(e.g., biobanking)®.

Considering the unique value of and increasing demand for real-world evidence, we
expect that patient registries will become the new standard alongside RCTs.

ROLE OF FUNDING SOURCE

The practical examples in this manuscript were obtained from several oncology
registries, which were financially supported as described in the “financial support”
section of the manuscript. None of the sponsors was involved in preparing, writing or
approving this manuscript.
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ABSTRACT

Background

Trials in castration-resistant prostate cancer (CRPC) treatment have shown improved
outcomes including survival. However, as trial populations are selected, results may
not be representative for the real world population.

Objective
To assess the differences between patients treated in a clinical trial versus standard
care during the course of CRPC in a real world CRPC population.

Design, setting and participants
CAPRIis a population based, observational, retrospective registry. CRPC patients from
20 hospitals in the Netherlands have been included from 2010 to 2013.

Outcome measurements and statistical analysis

Baseline characteristics, systemic treatment and overall survival (OS) were the main
outcomes. Descriptive statistics, multivariate Cox regression and multiple imputation
by Monte Carlo Markov Chain method were used.

Results and limitation

In total 1,524 patients have been enrolled of which 203 patients had participated in
trials at any time. The median follow up period was 23 months. Patients in the trial
group were significantly younger and had less comorbidity. Docetaxel treatment was
more frequently used in trial patients (85% vs 40%). Despite an observed unadjusted
median OS difference of 35 versus 24 months between the trial and standard care
group, this difference was not retained after adjustment for baseline characteristics
and treatment effect.

Conclusions

At CRPC diagnosis, baseline characteristics of patients who have been enrolled in trials
notably differed from patients who received standard treatment options only. The
survival difference between the trial and standard care group could be explained by
baseline differences and treatment effect. These results indicate that trial results cannot
easily be translated to real world practice.

Patient summary

We observed that patients treated in clinical trials differed from patients who were
not. We concluded that this may lead to differential treatment and survival. Caution is
warranted when real world outcomes are compared to trial results.
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INTRODUCTION

Prostate cancer is a common cause of cancer in men'. The incidence and mortality in
the Netherlands in 2010 were 104 and 25 per 100,000 (European Standardized Rate),
respectively?. The relative survival for patients with prostate cancer in the Netherlands
and Europe is comparableZ.

Palliative treatment in metastatic prostate cancer starts with androgen deprivation
therapy (ADT) by either medical or surgical castration. The addition of chemotherapy in
hormone sensitive metastatic prostate cancer was not applicable in the study period.
Once progression on ADT occurs the condition is called castration-resistant prostate
cancer (CRPC). Key items in the definition of CRPC are a castration level of testosterone
and a rising PSA (biochemical progression) and/or radiologic progression*”.

Treatment recommendations mainly depend on the presence of metastases and
the presence of symptoms, and include (year of introduction in the Netherlands in
brackets): secondary hormonal manipulations (including abiraterone (post-docetaxel
2012, chemotherapy naive 2013) and enzalutamide (post-docetaxel 2013, chemotherapy
naive 2014)), chemotherapy (including docetaxel (2005) and cabazitaxel (2011)), bone
directed therapy (including radium-223 (2014)), immune therapy (sipuleucel-T, not
available in the Netherlands during the study period) and treatment in clinical trials*”.

Trial outcomes form the basis of guidelines and treatment decisions in daily practice.
However, trial populations are selected and therefore results may not be representative
for the real world population®. Moreover, new treatment options in CRPC have changed
treatment practice and can influence baseline and post treatment characteristics.
Real world data on CRPC patient characteristics, treatment and outcomes are scarce,
and reports are often outdated®. Therefore we have initiated the CAPRI registry to
investigate the clinical outcomes, treatment patterns and economic outcomes of CRPC
treatment in daily practice.

In this paper we report the first results of the CAPRI registry. The aim of this analysis is

to assess differences in baseline characteristics at CRPC diagnosis, systemic treatment
and survival in patients treated in trials versus standard care during the course of CRPC.
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METHODS

Study design and setting

CAPRI (CAstration-resistant Prostate cancer Reglstry) is an investigator-initiated,
observational multi-center cohort study in 20 hospitals in the Netherlands. Before the
start of the study, 20 hospitals were selected on the basis of geographical spread, as well
as by type of hospital (11 large teaching hospitals, 5 general hospitals and 4 academic
hospitals) and accepted the invitation. Data collection started after approval by the local
medical ethics committee and hospital board. Patients were retrospective included from
January 1, 2010 and data has been regularly updated for all patients from 2013 to 2015.
The study population is an estimated 20% sample of all CRPC patients in the Netherlands
in the study period. The study is registered in the Dutch Trial Registry as NTR3591.

Objective
To assess the differences in a real world CRPC population between patients treated in
a clinical trial (“trial”) versus standard care during the course of CRPC,

Participants

Patients were screened for inclusion in both the urology and medical oncology
departments of each hospital, and were identified by the diagnosis code prostate
cancer from the hospital information systems based on encoded “Diagnosis Treatment
Combinations”, a nationwide coding and reimbursement system providing information
about the type of care, diagnosis and all treatment modalities. Eligible patients had to be
diagnosed with prostate cancer (defined as histologic confirmation of prostate cancer
or as concluded by the treating doctor based on elevated PSA and metastatic pattern),
and had disease progression despite ADT. Disease progression was defined as in the
EAU CRPC definition®, or as progression according to the treating doctor. Anti-androgen
therapy following progression on ADT was considered first line systemic therapy for
CRPC. In addition, patients had to be diagnosed with CRPC in years 2010, 2011 or 2012
and have more than two outpatient clinic visits. Eligible patients treated in more than
1 hospital were included only once.

In case a patient was enrolled in a phase |, II, or Ill trial during the follow up period, the
patient was assigned to the “trial” group, otherwise the patient was assigned to the
“standard care” group.

Follow up and data collection

Predefined and readily available data from medical records were collected
retrospectively by trained data managers. Database cut-off was set on March 1, 2015.
See Appendix 1 for full overview of data variables.
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Study size
Here we report the first analysis after registration of the first 1,524 consecutive patients.

Statistics

Descriptive statistics were used. Differences in groups were tested by either Chi-square
test (categorical variables) or Mann-Whitney U (continuous variables). Survival analyses
were done by Kaplan-Meier methods and Cox regression analyses. Differences were
considered of statistical significance at a p-value of 0.05 or less.

For imputation of missing baseline characteristics, multiple imputation by Monte Carlo
Markov Chain method was performed.’®. For statistical analyses, IBM SPSS Statistics
version 22 was used.

RESULTS

At the time of this analysis (March 2015), 29,565 prostate cancer patients were identified.
A flow diagram of the screened population, exclusion and inclusion of patients is shown
in Figure 1.

The median follow up period from CRPC diagnosis was 23 months (Inter quartile range
(IQR) 11 - 34 months). At the time of the database cutoff, 983 deaths (65%) had occurred,
180 patients (12%) were lost to follow up and 361 patients (24%) were still in follow up
with a median follow up period of 39 months (range 26 - 62 months).

Baseline characteristics

Baseline characteristics of the patients at CRPC diagnosis, and differences between
the groups, are shown in Table 1. Data about the CRPC criteria are provided in
supplementary Table S5. The population included 6% of patients without a histologic
diagnosis of prostate cancer and 4% with unknown histologic status. The inclusion of
these patients was based on PSA and clinical characteristics. Testosterone was not
measured in 51% at baseline, however in 10% of patients testosterone was measured
later in the course of CRPC. Patients in the trial group were significantly younger (67 vs
76 years, p<0.001) and had less comorbidity (No comorbidity 76% vs 54%, p<0.001). At
CRPC diagnosis, patients in the trial group had higher hemoglobin (8.4 vs. 8.0 mmol/L,
p<0.001), lower LDH (215 vs 228 U/L, p=0.033), and better clinical performance score
(ECOG 22 2% vs 7%, p=0.015).
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Screened for eligibility
diagnosis code prostate cancer
1-1-2010 to 31-5-2013
N = 29,565

Exclusion
No prostate cancer n=1,258
No castration n=20,705
No progression n=3,916
CRPC diagnosis before 1-1-2010 n=1,279
<3 visits n=506

Medical file not retrieved n=83
Inclusion duplicate n=40

Inclusion based on screening
n=1,778

Exclusion
CRCP diagnosis after 1-1-2013 n=254

Included in analysis
n=1,524

Figure 1. Flow diagram of study population.

1,524 CRPC patients were included, diagnosed with CRPCin 2010 (30%), 2011 (37%) or 2012 (33%). 203
patients (13%) were treated in at least one trial (range 1-4; 48 patients participated in more than 1 trial)
during the course of disease (trial group). The remaining 87% had not been treated in a trial (standard
care group). The most common trials are shown in supplementary Table S4. Life prolonging drugs
have been given to patients in the trial group in both trials and as standard care: docetaxel 46/173
(27%) in trials, cabazitaxel 69/94 (73%) in trials, abiraterone 3/114 (3%) in trials, enzalutamide 0/46 (0%)
in trials and radium-223 4/7 (57%) in trials. Life-prolonging drugs have been given as study drug in
randomized placebo-controlled trials in a minority of cases (abiraterone/placebo n=5, enzalutamide/
placebo n=18).
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Table 1. Baseline characteristics at inclusion (CRPC).

subgroups
n=1,524 n=1,321 n=203
Total Standard care Trial p value

Age median, range (yr) 75 (46-97) 76 (46-97) 67 (46-87) <0.001
>75yr(n, %) 772 (51%) 737 (56%) 35 (17%)

Charlson 6 (n, %) 870 (57%) 716 (54%) 154 (76%) <0.001

comorbidity 7-8 493 (32%) 448 (34%) 45 (22%)

index 9-10 91 (6%) 88 (7%) 3(2%)
>11 38 (3%) 37 (3%) 1 (1%)
unknown 32 (2%) 32 (2%) 0 (0%)

Gleason <7 (n, %) 577 (38%) 496 (38%) 81 (40%) 0.971

sumscore 8-10 723 (47%) 621 (47%) 102 (50%)
no histology 89 (6%) 84 (6%) 5 (3%)
metastasis biopsy 16 (1%) 12 (1%) 4(2%)
unknown 119 (8%) 108 (8%) 11 (5%)

Period on ADT median, range (months) 15 (0-248) 15 (0-248) 16 (0-164) 0.940
IQR 8-29 9-29 8-31
unknown (n, %) 44 (3%) 37 (3%) 7 (3%)

Stage PSA only (%) M 12 6 0.012
NO / N+ / Nx 9/35/56 8/34/58 12/44/43 0.358
MO / M+ / Mx (bone) 10/61/29 10/59/30 11/71/17 0713
MO / M+ / Mx (visceral) 19747177 18/4/78 26/3/71 0.206

Hemoglobin median (mmol/L) 8.1 8.0 8.4 <0.001
IQR 7.4-8.6 7.3-8.6 8.0-8.8
unknown/missing (n, %) 491 (32%) 432 (33%) 59 (29%)

ALP median (U/L) 105 105 99 0.059
IQR 78-183 79-190 74-144
unknown/missing (n, %) 578 (38%) 516 (39%) 62 (31%)

LDH median (U/L) 224 228 215 0.033
IQR 188-315 189-341 184-265
unknown/missing (n, %) 902 (59%) 800 (61%) 102 (50%)

PSA median (pg/L) 18.4 17.6 211 0.202
IQR 6.7-62.9 6.6-62.2 8.4-68.8
unknown/missing (n, %) 85 (6%) 62 (5%) 23 (11%)

ECOG 0(n, %) 315 (21%) 271 (21%) 44 (22%) 0.015

performance 1 391 (26%) 334 (25%) 57 (28%)

score >2 101 (7%) 97 (7%) 4 (2%)
unknown/missing 717 (47%) 619 (47%) 98 (48%)

Total percentages may exceed 100% because of rounding. * total more than 100% because of patients
receiving sequential medical and surgical castration; ** indication: adjuvant treatment, initial complete
androgen blockade or adverse effects of castration (flushes). Short term (<8 weeks) anti-androgen
use to prevent flare at start of luteinizing hormone releasing hormone (LHRH) agonists is excluded.
Hemoglobin, ALP, LDH, PSA and ECOG performance score counted as unknown if not present within 90
days prior to and 90 days after CRPC diagnosis. Abbreviations: TUR-P: transurethral resection prostate;
EBRT: external beam radiotherapy; ADT: androgen deprivation therapy; IQR: interquartile range; ALP:
alkaline phosphatase; LDH: lactate dehydrogenase; PSA: prostate specific antigen; ECOG: Eastern
cooperative oncology group.
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Treatment
All systemic treatments until end of follow up are summarized in Table 2.

During the follow up period, 46% of all patients were treated with docetaxel. In the
trial group, 85% of patients were treated with docetaxel as compared to 40% of
patients in the standard care group (p<0.001). In the trial group, cabazitaxel (46% vs
7%, p<0.001), abiraterone post-docetaxel (50% vs 22%, p<0.001), enzalutamide post-
docetaxel (20% vs 15%, p<0.001), enzalutamide chemo-naive (5% vs 1%, p<0.001) and
radium-223 post-docetaxel (3% vs 1%, p=0.003) were initiated more often, whereas
prescription of abiraterone (6% vs 8%, p=0.419) and radium-223 (0% vs <1%, p=0.377)
in chemotherapy-naive patients was more equally spread.

Survival

Median overall survival (OS) of all patients was 26 months (IQR 12 - 48 months). Median
OS was 35 months (IQR 21 -60 months) for the trial group, as compared to 24 months
(IQR 12 - 48 months) for the standard care group (p<0.001) (Figure 2). Univariate analysis
of baseline variables, trial enrollment and treatment strategy were performed: variables
were dichotomized and patients with missing values were analyzed separately (see
supplementary Table S6). After multiple imputation of missing values, we performed
multivariate analysis of the pooled imputed data. After correction for baseline
differences, independent prognostic factors for survival were Gleason score, period on
ADT, hemoglobin, alkaline phosphatase (ALP), PSA and ECOG performance status (see
Table 3). Treatment with abiraterone, enzalutamide and radium-223 in chemotherapy-
naive patients, as well as treatment with cabazitaxel, abiraterone, enzalutamide and
radium-223 post-docetaxel were associated with longer survival (Hazard ratio (HR)
0.53; p<0.0001 and HR 0.46; p<0.0001, respectively). However, trial enrollment was no
longer significant for OS (HR 0.95, p=0.658).
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Table 2. CRPC systemic treatment (baseline prior therapy including castration therapy and anti-

androgens before inclusion are not shown). Abbreviations: IQR: Inter quartile range.

subgroups P value
n=1,524 n=1,321 n=203
Total Standard care Trial

Systemic Yes (n, %) 1,290 (85%) 1,087 (82%) 203 (100%) <0.001

treatment No 232 (15%) 232 (18%) 0 (0%)

Hormonal Anti-androgen 860 (56%) 766 (58%) 94 (46%) 0.002
Ketoconazole 17 (1%) 11 (1%) 6 (3%) 0.007
Estradiol 8 (<1%) 7 (1%) 1(<1%) 0.945
Estramustine 37 (3%) 32 (2%) 5 (3%) 0.921

Docetaxel naive Prednisone 87 (6%) 81 (6%) 6 (3%) 0.064
Abiraterone 118 (8%) 105 (8%) 13 (6%) 0.419
Open label in trial 0(0%)
Enzalutamide 23 (2%) 12 (1%) 11 (5%) <0.001
Open label in trial 0(0%)
Study drug 28 (2%) 0 (0%) 28 (14%) <0.001
Abiraterone/placebo 5(<1%) 5(<1%) 5(2%) 0.377
Enzalutamide/placebo 18 (9%)
Radium-223 0 (0%)
Open label in trial 0 (0%)

Docetaxel Docetaxel 697 (46%) 524 (40%) 173 (85%) <0.001
Open label in trial 46 (23%)

Post docetaxel No treatment 196 (28%) 170 (32%) 26 (13%) <0.001
Cabazitaxel 190 (13%) 96 (7%) 94 (46%) <0.001
Open label in trial 69 (34%)
Abiraterone 385 (25%) 284 (22%) 101 (50%) <0.001
Open label in trial 3(1%)
Enzalutamide 115 (8%) 80 (15%) 35 (20%) <0.001
Open label in trial 0(0%)
Docetaxel rechallenge 76 (4%) 50 (4%) 16 (8%) 0.007
Mitoxantrone 13 (1%) 8 (1%) 7 (3%) <0.001
Study drug 72 (4%) 0 (0%) 72 (35%) <0.001
Radium-223 19 (1%) 12 (1%) 7 (3%) 0.003
Open label in trial 6 (<1%) 6 (<1%) 4(2%) 0.333
Prednisone 0 (0%)

Treatment lines Median (range) 2(0-9) 1(0-8) 3(1-9) <0.001
IQR 13 1-3 3-4
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Overall survival CRPC

Subgroup

—m standard care

- trial

—— standard care-censored
—+ trial-censored

0.6 —

0.4 —

Proportion alive

02 —

0.0 —

T T T T T T T
0 10 20 30 40 50 60

Time form CRPC diagnosis (months)

Number at risk
Standard care 1,321 986 674 426 191 60 9
Trial 203 191 153 111 61 21 4

Figure 2. Unadjusted overall survival from CRPC diagnosis; median overall survival standard care
vs trial subgroup 24 vs 35 months (p<0.001).

DISCUSSION

This is the first large registry in which outcomes are collected independent of the
treating doctors. The design of the registry allowed the inclusion of patients without
histologic confirmation of prostate cancer or not meeting the CRPC definition by the
EAU, but regarded as CRPC by the treating doctor. Therefore, the outcomes in this study
truly reflect daily practice.

The population included 6% of patients without a histologic diagnosis of prostate
cancer. However, patients who started treatment for CRPC had primary metastatic
disease and an elevated initial PSA, making the diagnosis of metastatic prostate cancer
likely. The population included 41% of patients without measurement of testosterone
during the course of disease. It is unlikely that patients are enrolled in trials an objective
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CRPC status, however the baseline period in our study (90 days before to 90 days
after CRPC diagnosis) differs from the date of trial enrollment. This explains missing or
unknown data on CRPC status in the trial subgroup.

We observed a median OS in the total population of 26 months, and a longer OS in the
trial group compared to standard care (35 vs 24 months, p<0.001). This difference may
at least partly be explained by confounding factors, including baseline differences or
differences in treatment. After correction for baseline prognostic factors and treatment
effect, trial participation was not associated with a significantly lower risk of death (HR
0.95, p=0.658).

Trial patients mainly differed from standard care patients with regards to age (67 vs
76 years), comorbidity (no comorbidity 76% vs 54%) and treatment strategy (docetaxel
treatment 85% vs 40%).

Baseline characteristics of recent clinical trials in docetaxel-naive populations are
relatively similar to this study, particularly to the trial group'->. However, the median
OS in our trial group compares slightly favorably to the median OS of comparator
groups in recent chemotherapy-naive CRPC trials: 35 months vs 21.7-30.2 months™
3. We observed subsequent docetaxel therapy in the trial group in 85% of patients,
whereas this percentage ranged from 50-70% in the comparator groups of the recent
trials’ 2. In a single-center analysis of trial participants only, chemotherapy-naive CRPC
patients (median age 67 years) had a median OS of 30.6 months and subsequent
docetaxel treatment was given in 64%'“ In conclusion, the baseline characteristics,
systemic treatment and outcomes of our trial subgroup are representative for known
trial populations.

Missing values are a limitation of our study, but this is inherent to the retrospective
method. For this analysis, baseline characteristics at the moment of CRPC diagnosis
and not the characteristics at the start of each subsequent treatment were analyzed.
In the baseline period, evaluation of disease stage (CT-scan and bone scintigraphy)
and laboratory parameters (hemoglobin, ALP, LDH), as well as performance status
registration, were frequently incomplete. LDH and visceral disease status were
missing in >50% of cases, but were included because of known prognostic relevance.
Missing values were less frequent at the start of subsequent treatment, especially
in life-prolonging drugs (data not shown). The high number of missing values in
prognostic factors is a reflection of daily practice and the absence of direct need of
documentation of these parameters at progression on ADT. Gleason scores may be
missing if no histologic biopsy was taken, or if the biopsy dates from the period prior to
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the introduction of the Gleason scoring system in 2004'. However, we adapted tumor
grades to Gleason scores if possible (see Appendix 1). When excluding all patients
with missing values in prognostic factors, only 113 patients could be included in the
multivariate analysis. This obviously would have lacked statistical power. Imputation of
missing data may provide a valid and reproducible solution for this problem, allowing
multivariate analysis on the complete study population™.

Known predictors of survival in metastatic CRPC include disease site (visceral disease),
Gleason score, performance status, ALP, hemoglobin, PSA and LDH'. After imputation
of missing values, we confirmed these predictors of survival in our population (see
supplementary Table S7). Moreover, after correction for baseline differences,
independent significant prognostic factors for survival did also include period on ADT.

The treatment effect is difficult to assess in this analysis. Treatments were given
sequentially with differential sequences and in a non-protocolled way. Therefore we
analyzed the prescription of life-prolonging drugs (abiraterone, enzalutamide, radium-
223, docetaxel and cabazitaxel) as a proxy for treatment effect. We observed that
patients in the trial group were treated with more treatment lines and more life-
prolonging drugs. Treatment with life-prolonging drugs was associated with increased
OS in multivariate analysis.

Trial patients were enrolled in more than 15 different trials. A total of 264 trial treatments
were registered, with a substantial number of treatments in either a trial with survival
benefit but placebo-controlled (n=28), a trial with no difference in outcome between
the study arms (n=96) or a trial that has no results yet (n=93). Although we did not
aim to answer the question if trial participation is an independent prognostic factor
for survival, we hypothesized that placebo treatment or treatment in trials without
proven survival benefit over standard treatment may have diluted a positive effect of
trial treatment on survival, if present.

Based on a systematic review in 2001, it was concluded that there is weak evidence to
suggest that clinical trials have a positive effect on the outcome of participants, possibly
through enhancing quality of care, stringent patient selection criteria, and adapting
aggressive measures for treating patients in trials'. Two recent reports on patients
treated with docetaxel for metastatic CRPC resulted in a differential independent effect
of trial participation on OS in multivariate analysis [18;19]. We hypothesized that our
results may reflect the high availability of novel treatment options and mandatory
health care insurance in the Netherlands. A limitation may therefore be the lack of
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external validity to populations outside the Netherlands, especially those populations
with different access to healthcare.

In conclusion, we have shown that baseline characteristics of patients enrolled in a trial
differed from patients who are not, as well as the percentage of patients treated with
docetaxel. The difference in OS between trial patients and standard care patients did
not retain statistical significance after correction for baseline differences and treatment
effect. These results may indicate that trial results cannot easily be translated to real
world practice. Further studies are needed to assess clinical outcomes, patient reported
outcomes and cost-effectiveness of treatment in real world populations.
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Appendix 1: Outcome measures

Age at inclusion was calculated by subtracting the year of birth from the year of
inclusion, and dichotomized to <75 years and >75 years. Comorbidity was registered
based on the complete medical file, and Charlson comorbidity index was calculated
and categorized as described before'. Since all patients had CRPC, minimum Charlson
comorbidity index was 6. Gleason sumscore was registered from the first pathology
report at prostate cancer diagnosis, as described by the local pathologist. If Gleason
sumscore was absent, but tumor grading was known, the tumor grade was converted
as follows: Anderson/UICC grade 1 to Gleason 2-6; Anderson/UICC grade 2 to Gleason
7; Anderson/UICC grade 3 to Gleason 8-10. Total Gleason sumscore was dichotomized
to <8 and 8-10. The period on ADT was calculated by subtracting the date of CRPC
diagnosis from the date of first administration of palliative castration therapy (in case
of progression during adjuvant therapy, the date of first administration of adjuvant
castration therapy). Disease stage was registered based on previous and actual staging;
either N+/M+ (known lymph node/visceral/bone metastases), NO/MO (no known lymph
node/visceral/bone metastases with assessment within 2 months, Nx/Mx (no known
lymph node/visceral/bone metastases and no assessment within 2 months). Laboratory
results (hemoglobin (Hb), alkaline phosphatase (ALP), lactate dehydrogenase (LDH) and
prostate specific antigen (PSA)), presence of symptoms and performance status were
only included for baseline assessment if measured within 90 days prior to or 90 days
after CRPC diagnosis and before initiation of first-line therapy. Performance status was
registered according to the Eastern Cooperative Oncology Group (ECOG) grading or
Karnofsky index in the medical file, and when absent, performance status was scored
by the datamanager based on the narrative in the status if possible?.
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Table S4. overview of trial treatment. If possible, trial identifier is shown for trials that not have

been published (clinicaltrials.gov and trialregister.nl). DOC = docetaxel, CAB = cabazitaxel.

Comparator drug Intervention drug

Trial examples

Total number of

treatments
docetaxel DOC+lenalidomide, MAINSAIL [3], 46
DOCtrisedronate, NEPRO [4],
DOCtrhenium-188, TAXIUM-II,
DOC+tcarboplatin RECARDO (NTR3070),
DOC+custirsen SYNERGY (NCT01188187)
cabazitaxel CAB+budesonide, CABARESC (NTR2991), 69
CAB 20mg/m2, PROSELICA (NCT01308580),
CAB+rhenium-188 Re-Cab (NTR3233)
placebo abiraterone COU-AA-302 [5] 8
placebo enzalutamide PREVAIL [6] 18
placebo orteronel ELM-PC4 [7], 20
ELM-PC5 [8]
placebo ipilimumab CA184-095 (NCT01057810), 30
CA184-043[9]
placebo cabozantinib COMET-1 (NCT01605227) 18
other other 55
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Table S5. Distribution of CRPC diagnosis criteria at baseline.

subgroups
n=1,524 n=1,321 n=203
Total Standard Trial p value
care

Testosterone >1,7 nmol/L (non-castrate) (n,%) 57 (4%) 49 (4%) 8 (4%) <0.001

<1,7 nmol/L <90 days after CRPC 610 (40%) 487 (37%) 123 (61%)

<1,7 nmol/I >90 days after CRPC 153 (10%) 134 (10%) 19 (9%)

Not measured 624 (41%) 589 (45%) 35(17%)

Unknown/missing 80 (5%) 62 (5%) 18 (9%)
Histology Histology confirmed (n,%) 1371 (90%) 1182 (89%) 189 (93%) 0.088

No histology 89 (6%) 84 (6%) 5 (3%)

Unknown/missing 64 (4%) 55 (4%) 9 (4%)
PSA progressionat  No (n,%) 45 (3%) 40 (3%) 5 (3%) 0.656
baseline CRPC Yes 1,447 (95%) 1,253 (95%) 194 (96%)

Unknown/missing 32 (2%) 28 (2%) 4 (2%)
Radiologic No (n,%) 214 (14%) 190 (14%) 24 (12%) 0.115
progression at Yes 357(23%) 300(23%) 57 (28%)
baseline CRPC Unknown/missing 953 (63%) 831 (63%) 122 (60%)
Radiologic or No (n,%) 22 (1%) 18 (1%) 4(2%) 0.378
PSA progression Yes 1068 (70%) 940 (71%) 128 (63%)
according to Unknown/missing 434(29%) 363(28%) 71 (35%)

definition CRPC
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Table S6. univariate analysis of predictors of overall survival duration, at inclusion (CRPC).
Nr=not reached; Ref=reference; Cl: confidence interval; ADT: androgen deprivation therapy; ALP:
alkaline phosphatase; LDH: lactate dehydrogenase; PSA: prostate specific antigen; ECOG: Eastern
cooperative oncology group; abi: abiraterone acetate; enz: enzalutamide; rad: radium-223; doc:
docetaxel; cab: cabazitaxel.

Patients Events Survival Hazard ratio
(median, IQR) (95% CI)

n n Months p value

Age (years) <75 752 460 31 (15-53) ref <0.001
>75 772 523 23(11-42) 1.13(1.20-1.54) -
missing 0 - - -

Charlson 6 870 556 28 (14-48) ref 0.024

comorbidity index >7 622 411 23(11-47) 116 (1.02-1.32) 0.246
missing 32 16 39 (20-nr) 0.75(0.45-1.23)

Gleason sumscore <7 577 338 32 (15-nr) Ref <0.001
8-10 723 490 23 (12-43) 1.41(1.22-1.62) <0.001
missing 224 155 21 (11-43) 1.49(1.13-1.78)

Period on ADT <15% 719 537 20 (10-34) Ref <0.001

(months) >15 761 419 35(17-nr) 0.50(0.44-0.56) 0.020
missing 44 27 28 (12-53) 0.63(0.43-0.93)

Visceral disease No** 619 373 31 (16-nr) Ref <0.001
Yes 61 48 20(7-38) 1.80(1.34-2.44)  <0.001
missing 844 562 23(11-45) 1.43(1.25-1.63)

ECOG 0 315 165 37 (21-nr) Ref <0.001

Performance 1 391 281 20 (10-38) 1.97(1.63-2.39)  <0.001

status > 101 92 6 (3-13) 6.52 (5.03-8.44) 0.002
missing 717 445 29 (14-58) 1.33(1.11-1.59)

Hemoglobin <8.1* 492 383 15(8-30) 2.15(1.85-2.50)  <0.001
>8.1 541 320 30 (15-nr) Ref 0.158
missing 491 280 34 (19-58) 0.89(0.76-1.05)

ALP <105*% 465 265 33 (18-nr) Ref <0.001
>105 481 381 15 (8-28) 2.39(2.04-2.80) 0.663
missing 578 337 33(15-53) 1.04 (0.89-1.22)

PSA <18%* 711 393 35(19-nr) Ref <0.001
>18 728 536 18 (9-34) 2.06(1.81-2.35)  0.083
missing 85 54 31 (15-48) 1.29(0.97-1.71)

LDH <224% 311 206 25 (15-44) Ref <0.001
>224 311 248 14.(7-29) 1.73(1.44-2.08) 0.003
missing 902 529 31 (15-60) 0.79(0.67-0.92)

Trial participation No 1,321 854 24 (12-48) Ref <0.001
Yes 203 129 35(21-60) 0.69 (0.57-0.82)

Abi/Enz/Rad No 1,390 924 24 (12-47) Ref <0.001

chemotherapy- Yes 134 59 41 (29-60) 0.45(0.35-0.59)
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Table S6. (Continued)

Patients Events  Survival Hazard ratio

(median, IQR) (95% Cl)

n n Months p value
Docetaxel No 827 509 24 (10-60) Ref 0.274
Yes 697 474 28 (15-46) 0.93(0.82-1.06)
Cab/Abi/Enz/Rad  No 1,049 669 22 (10-52) Ref <0.001
post-docetaxel Yes 475 314 32 (21-48) 0.72 (0.63-0.83)

* dichotomized on the basis of the median value.
** if visceral disease was absent in subsequent assessment, no visceral disease at time of CRPC was

assumed.

Table S7. multivariate model predicting overall survival using Cox-regression of known
prognostic variables only (pooled imputed data); Abbreviations: Sig: significance; HR: hazard
ratio; Cl: confidence interval; Cont = continuous variable; ALP: alkaline phosphatase; LDH: lactate
dehydrogenase; PSA: prostate specific antigen; ECOG: Eastern cooperative oncology group.

sig. 95% Cl for HR
Pooled imputed data (n=1,524) (p value) HR Lower Upper
ECOG performance 1vs 0 <0.001 1.613 1.291 2.016
ECOG performance >1 vs O <0.001 4.731 3.317 6.748
Gleason sumscore 8-10 vs <7 0.015 1.234 1.044 1.459
Log (LDH (cont, U/L)) 0.225 1.408 0.793 2.500
Log (ALP (cont, U/L)) <0.001 2.342 1.818 3.016
Log (PSA (cont, pg/L)) <0.001 1.396 1.227 1.587
Visceral metastasis yes vs no 0.035 1.464 1.030 2.079
Hemoglobin (cont, mmol/L) <0.001 0.802 0.738 0.871

71







CHAPTER 4

Second line cabazitaxel treatment in castration-
resistant prostate cancer (CRPC) clinical trials
compared to standard of care in CAPRI: an
observational study in the Netherlands.

HM Westgeest', MCP Kuppen?, AJM van den Eertwegh?, R de Wit*, Coenen JLLM?,
HP van den Berg®, N Mehra’, IM van Oort?, LMCL Fossion?, MP Hendriks'®,
HJ Bloemendal™, ACM van de Luijtgaarden'?, D ten Bokkel Huinink',
ACM van den Bergh'4, J van den Bosch'>, MB Polee’®, N Weijl'’, AM Bergman's,
CA Uyl-de Groot'?, WR Gerritsen?®

1 Department of internal medicine, Amphia Ziekenhuis, Breda

2 Institute for Medical Technology Assessment, Erasmus School of Health Policy and Management, Rotterdam
3 Department of medical oncology, Cancer Center Amsterdam, Amsterdam UMC, Vrije Universiteit, Amsterdam
4 Department of medical oncology, Erasmus MC Daniel den Hoed Cancer Center, Rotterdam

5 Department of internal medicine, Isala, Zwolle

6 Department of internal medicine, Tergooi Ziekenhuizen , Hilversum

7 Department of medical oncology, Radboud University Medical Center, Nijmegen

8 Department of urology, Radboud University Medical Center, Nijmegen

9 Department of urology, Maxima Medisch Centrum, Veldhoven

10 Department of internal medicine, Northwest Clinics, Alkmaar

11 Department of internal medicine, Meander Medisch Centrum, Amersfoort

12 Department of internal medicine, Reinier de Graaf Gasthuis and Reinier Haga prostate cancer centre, Delft
13 Department of internal medicine, Diakonessenhuis, Utrecht

14 Department of Radiation Oncology, University Medical Center Groningen, University of Groningen, Groningen
15 Department of internal medicine, Albert Schweitzer Ziekenhuis, Dordrecht

16 Department of internal medicine, Medical Center, Leeuwarden

17 Department of internal medicine, MCH-Bronovo Ziekenhuis, 's-Gravenhage

18 Division of internal medicine (MOD) and oncogenomics, The Netherlands Cancer Institute Antoni van
Leeuwenhoek Hospital, Amsterdam

19 Institute for Medical Technology Assessment, Erasmus School of Health Policy and Management, Rotterdam
20 Department of medical oncology, Radboud University Medical Center, Nijmegen

Submitted: Mar 21, 2019; Revised: Apr 24, 2019; Accepted: May 20, 2019; Epub: May 31, 2019
Clin Genitourin Cancer. 2019 Oct;17(5).e946-e956. Epub 2019 May 31.
doi: 10.1016/.clgc.2019.05.018.
PMID: 31439536



Chapter 4

ABSTRACT

Aim

Cabazitaxel has been shown to improve overall survival (OS) in mCRPC patients after
docetaxel in the TROPIC trial. However trial populations may not reflect the real
world population. The objective is to compare patient characteristics and outcome of
cabazitaxel within and outside trials (standard of care - SOQ).

Methods

mCRPC patients treated with cabazitaxel directly after docetaxel before 2017 were
retrospectively identified and followed to 2018. Patients were grouped based on
treatment within a trial or SOC. Outcomes included OS and PSA response.

Results

From 3,616 patients in the CAPRI registry, we identified 356 patients treated with
cabazitaxel, of whom 173 patients in second line. Trial patients had favorable prognostic
factors: less symptoms and visceral disease, lower LDH, higher hemoglobin, more
docetaxel cycles and a longer treatment-free interval since docetaxel. PSA response
(= 50% decline) was 28 vs 12%, respectively (p=0.209). mOS was 13.6 vs 9.6 months for
trial and SOC subgroups, respectively (HR 0.73, p=0.067). After correction for prognostic
factors, there was no difference in survival (HR 1.00, p=0.999). Longer duration of ADT
treatment, lower LDH and lower PSA were associated with longer OS; visceral disease
had a trend for shorter OS.

Conclusion

Patients treated with cabazitaxel in trials were fitter and showed outcomes comparable
to registration trials. Conversely those treated in daily practice showed features of more
aggressive disease and worse outcome. This underlines the importance of an adequate
estimation of the trial eligibility and health status of mCRPC patients in daily practice
to ensure optimal outcomes.
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INTRODUCTION

The combination of docetaxel plus prednisone remains a recommended first-line
therapy for symptomatic metastatic castration-resistant prostate cancer (mCRPC)
patients who are fit for chemotherapy'?. In patients who progressed during or after
treatment with docetaxel plus prednisone, the efficacy of cabazitaxel plus prednisone
was superior to mitoxantrone plus prednisone in terms of overall survival (OS) as
shown in the TROPIC trial®. In a comparable population, abiraterone plus prednisone,
enzalutamide and radium-223 were shown to improve OS to a similar extent compared
to placebo**®. Results of prospective, randomized trials on treatment sequences in
post-docetaxel patients are lacking. Moreover, retrospective series fail to show clear
hints for optimal sequencing’. This led to the situation that decisions on post-docetaxel
treatment are made by clinicians and patients without high-level evidence informing
the decision.

The benefits established in efficacy trials can frequently not be demonstrated in clinical
practice at the community level®. The clinical effectiveness of cabazitaxel is less well
known. Median OS (mOS) in retrospective studies is shorter than in the interventional
TROPIC, PROSELICA and AFFINITY trials (real world mQS 7.0-12.7 months versus trial
mOS 13.4-15.1 months, respectively)**'3. However, subgroups of patients treated with
an extra life prolonging drug (LPD) in third line (post-cabazitaxel) do better with mOS
reaching 18.2-22.7 months" 1416,

Patients in clinical trials are typically a selected population based on strict eligibility
criteria, with the aim to include a homogeneous and fit population. Furthermore, clinical
trial recruitment tends to concentrate in selected hospitals with an experienced clinical
research team. Trial protocols optimize baseline monitoring, treatment evaluation and
treatment compliance. Real world treatment lacks eligibility criteria and is given in all
hospitals, regardless of clinical trial experience. Real world patients differ from trial
patients and typically include older patients and patients with more comorbidities .
Real world practice may also be variable in differential monitoring, compliance, (budget)
constraints and increased treatment options over time'”. We have recently shown that
patients who are treated in trials during the course of CRPC differ from patients who
are treated outside the context of a clinical trial, with respect to baseline prognostic
variables at CRPC diagnosis, treatment and outcomes'®. Previous single center reports
have shown differences in clinical trial and real world populations'™ and differential
outcomes for docetaxel treatment in CRPC'*2°,
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In daily practice, it is challenging to optimize treatment efficacy by selecting the right
patient for the right treatment in the right sequence. Moreover, it is challenging to
extrapolate trial eligibility and results to the real world population. The objective of
this study is to compare patient characteristics, treatment and outcomes of patients
treated with cabazitaxel in second line both in clinical trials and outside a clinical trial
(standard of care, SOC), in our multicenter observational CAPRI registry.

METHODS

The study design, setting, participants, follow up and data collection of the CAPRI
registry has been described in more detail’®. In short: CAPRI (CAstration-resistant
Prostate cancer Reglstry) is an investigator-initiated, observational multi-center cohort
study in 20 hospitals in the Netherlands. Data collection started after approval by
the local medical ethics committee and hospital board. Patients were retrospectively
included from January 1, 2010 and data has been regularly updated for all patients from
2013 to 2018. The study population is an estimated 20% sample of all CRPC patients in
the Netherlands in the study period. The study is registered in the Dutch Trial Registry
as NTR3591.

Objective

To assess the differences in patient characteristics, number of cycles, PSA response
and OS of patients treated with cabazitaxel in second line mCRPC, defined as directly
post-docetaxel regardless of pre-docetaxel treatment, both in clinical trials and outside
clinical trial (standard of care, SOC).

Participants

CRPC patients from the CAPRI registry diagnosed before 1-1-2016 and treated with
docetaxel for mCRPC, followed by second line cabazitaxel before 1-1-2017 were included
for this analysis. If a patient was enrolled in a clinical trial with cabazitaxel during the
follow up period, the patient was assigned to the “trial” subgroup, otherwise the patient
was assigned to the “SOC” subgroup. Patients not treated with docetaxel for CRPC
were excluded.

Follow up and data collection
Database cut-off was set on December 31, 2017.

Prognostic parameters were retrospectively registered by trained data managers

and included age, Charlson comorbidity index, Gleason sum score, time on androgen
deprivation therapy (ADT), alkaline phosphatase (ALP), lactate dehydrogenase (LDH),
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prostate specific antigen (PSA), hemoglobin, ECOG performance status, presence of
visceral disease, opioid use and symptoms. Time of response to ADT was defined as
the time from start ADT to diagnosis of CRPC.

Serious adverse events included hospital admissions and death within 30 days of last
cabazitaxel administration.

Statistics

The sample size was not based on power calculations. Descriptive statistics were
used. Differences in subgroups were tested for significance by either Chi-square test
(categorical variables) or Mann-Whitney U (continuous variables). OS from start of
cabazitaxel treatment to database cut off was analyzed by Kaplan-Meier methods and
Cox regression analyses. Differences were considered of statistical significance at a
p-value of 0.05 or less.

For PSA response, we report the maximum decline from baseline, and in case no decline
occurred, we report the response at 12 weeks (conform PCWG3 guidelines?') or at last
cycle (if treatment duration < 12 weeks). In our analysis PSA response was unconfirmed,
in contrast with PCWG3 guidelines. Patients with a PSA rise within 12 weeks without
subsequent decrease were excluded from response analysis. Dose reduction was
defined as a reduction of 20% or more; dose delay was defined as >25 days between
subsequent cycles. Severe adverse events only included hospital admissions (regardless
of reason of admission) and deaths (regardless of cause of death) before 30 days after
the last cabazitaxel infusion.

For imputation of missing baseline characteristics, multiple imputation by Monte Carlo
Markov Chain method was used. For statistical analyses, IBM SPSS Statistics version
22 was used.

RESULTS

Population

We identified 406 patients treated with cabazitaxel after docetaxel in the study period;
2 patients were excluded because docetaxel was given for hormone sensitive disease
and not mCRPC. 173 patients were treated with cabazitaxel in second line (ie after
docetaxel). Of these 173 patients, 64 (37%) patients were treated within a trial (46, 11,
6, 1 patients in the CABARESC, PROSELICA, Re-Cab and CABENZA trial, respectively).
184 patients out of 406 received cabazitaxel in third line (SOC n=141, trial n=43) and
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47 patients received cabazitaxel in fourth line or higher (SOC n=45, trial n=2) and were
excluded from this analysis.

Median follow up was 9.9 months (IQR 5.2-18.0 months). 149 patients (86%) had died at
database cutoff. Baseline characteristics and treatment for CRPC is summarized in Table
1a and 1b. Patients treated in trials had a more favorable prognostic profile compared
to SOC patients (significantly higher hemoglobin, lower LDH, less visceral metastases
and less symptoms, and a trend for longer time on ADT). Trial patients also received
more docetaxel cycles and had a longer interval between last docetaxel dose and
start of cabazitaxel. Cabazitaxel trial patients participated significantly more often in
other clinical trials than standard care patients. Subsequent treatment after cabazitaxel
included significant more abiraterone in trial patients (55% vs 34%), whereas treatment
with enzalutamide (22% vs 32%), radium-223 (11% vs 11%) and best supportive care
(27% vs 35%) was not significantly different.

The number of total treatment lines was not significantly different in trial patients and
SOC patients (4 versus 3, p=0.217), and the total LPD treatment duration expressed
as the sum of all LPD treatment durations in days was 365 vs 328 days (p=0.156). LPD
treatment pre-docetaxel was infrequent.

Table 1a. baseline characteristics at start cabazitaxel (baseline period defined as 42 days before
to 7 days after start of cabazitaxel).

Cabazitaxel 2" line (n=173) TROPIC
socC Trial cabazitaxel arm
(n=109) (n=64) p-value (n=378)
Age (years)
Median (IQR) 68 (64-72) 67 (64-72) 0.502 68 (62-73)
>75 years (%) 17 13 18
Charlson comorbidity index (%) 0.112
6 63 75 n.r.
7-8 32 25
9-10 4 0
>10 1 0
Gleason score (%) 0.149
<7 29 38 n.r.
8-10 66 52
unknown 5 1N
Time of response to ADT (months) 0.780
Median (IQR) 11 (7-16) 11 (6-23) n.r.
Time on ADT (months) 0.091
Median (IQR) 25(18-37) 30 (19-45) n.r.
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Table 1a. (Continued)

Cabazitaxel 2™ line (n=173)

TROPIC

socC Trial cabazitaxel arm
(n=109) (n=64) p-value (n=378)
ALP (U/L) 0.799
Median (IQR) 222 (100-360) 192 (97-366) n.r.
Missing (%) 18 I
PSA (ug/L) 0.711
Median (IQR) 200 (65-567) 209 (79-500) 144
Missing (%) 12 8 1
Hemoglobin (mmol/L) 0.029
Median (IQR) 7.1 (6.3-7.8) 7.7 (6.7-8.1) n.r.
Missing (%) 17 I
LDH (U/L) 0.010
Median (IQR) 328(252-504) 268 (209-397 n.r.
Missing (%) 26 14
ECOG performance (%) 0.186
0 16 23 ECOG 0-1: 93%
1 49 56
> 9 3 n.r.
Missing 27 17 n.r.
Visceral disease (%)
No 29 45 n.r.
Yes 19 1 25%
Missing 52 44 0.038 n.r.
Opioid use (%) 0.140
No 23 41 n.r.
Yes 28 27
Missing 50 33
Symptoms (%) 0.033
No 6 17 n.r.
Yes 78 72
Missing 16 1

Total percentages may not equal 100 because of rounding. N.r. = not reported; IQR, interquartile range;
SOC, standard of care; ADT, androgen deprivation therapy; ALP, alkaline phosphatase; PSA, prostate
specific antigen; LDH, lactate dehydrogenase; ECOG, Eastern Cooperative Oncology Group
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Table 1b. Treatment characteristics pre-docetaxel, docetaxel and post-cabazitaxel. Life prolonging
drug treatments: docetaxel, abiraterone, cabazitaxel, enzalutamide, radium-223; LPD, life prolonging
drug; DOC, docetaxel; mo, months; IQR, interquartile range; SOC, standard of care

Cabazitaxel 2" line (n=173) TROPIC
socC Trial p-value cabazitaxel arm
(n=109) (n=64) (n=378)
Pre-docetaxel therapy (%)
Abiraterone 10 2 0.099 n.r.
Enzalutamide 9 3 0131
Radium-223 3 0 0.181
Anti-androgen 38 47 0.232
Estramustine 0 2 0.191
ketoconazole 1 0 0.442
prednisone 1 0 0.442
Study drug 3 1 0.026
Docetaxel cycles
Median (IQR) 7 (5-10) 10 (7-10) 0.002 n.r.
Missing (%) 1 3
Time last DOC dose to progression
on DOC (mo)
Median (IQR) 1.2 (0.6-3.6) 2.3(0.9-4.6) 0.097 0.8 (0.0-3.1)
<1 month (valid %) 48 33
Missing (%) 8 9
Time since last DOC dose (mo)
Median (IQR) 2.2(0.9-4.7) 3.9(2.0-6.0) 0.001 n.r.
<6 months (valid %) 86 74
Missing (%) 5 5
Type of progression on DOC (%)
PSA 84 91 0.095 n.r.
missing 6 6 0.761
Radiologic 37 44 0.704
missing 53 42
Clinical 58 53
missing 16 19
Post-cabazitaxel therapy (%)
Docetaxel 2 5 0.280 10
Mitoxantrone 1 0 0.442 30
Abiraterone 34 55 0.005 -
Enzalutamide 32 22 0.295 -
Radium-223 I 1 0.920 -
PSMA-ligand 2 0 0.552 -
Study drug 1 16 <0.001 -
No treatment 35 27 0.258 n.r.
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Table 1b. (Continued)

Cabazitaxel 2" line (n=173)

TROPIC

socC Trial p-value cabazitaxel arm
(n=109) (n=64) (n=378)
Total LPD treatment duration in
days (median, IQR)
ART 185 (113-273) 152 (91-253) 0.156 n.r.
Taxane 218 (134-305) 268 (217-357)
Radium 102 (52-148) 143 (72-217)
Total 328 (221-508) 365 (269-534)
Number of LPD treatments (%)
2 26 27 0.672 n.r
3 48 56
>3 27 19
Median (IQR) 3(2-4) 3(2-3)
range 2-6 2-6
Number of treatments (total)
Median (IQR) 3(3-4) 4(3-5) 0.217 n.r.
range 2-8 2-7

Treatment outcomes

Treatment intensity of cabazitaxel was numerically higher in trials as compared to SOC,
expressed by both median number of cabazitaxel cycles (5 versus 4, respectively;
p=0.051), proportion of patients reaching 10 cycles (24 vs 14%, respectively) and
cumulative dose (228mg versus 165mg; p=0.026) (see Table 2).

Serious adverse events (hospitalization and death) did not differ significantly between
trial and SOC patients (see Table 2). In the trial patients, dose adjustments were better
documented (missing data 9% vs 31% in SOC patients). However, dose reduction or
dose delay did not significantly differ between the groups.

In trial and SOC patients, PSA response (>50% decline) was 28 vs 12%, respectively
(p=0.209). In patients receiving cabazitaxel directly post-docetaxel, median OS was 13.6
vs 9.6 months for trial patients and SOC, respectively (HR 0.732, 95% Cl 0.524-1.022,
p=0.067), see Table 3 and Figure 1. The patients who were treated with at least an
additional LPD post-cabazitaxel had a median OS from the first cabazitaxel treatment
of 15.1 months, versus 4.6 months for patients who only received best-supportive
care after cabazitaxel treatment. Only 42 of 173 patients had no missing data for
multivariate cox regression analysis. After imputation of missing values in all patients,
in multivariate analysis trial participation was not prognostic for survival in the pooled
data (HR 1.00, 95% CI 0.69-1.45, p=0.999). Longer time on ADT, lower PSA and lower
LDH were prognostic for longer OS, and visceral disease had a trend for shorter survival
(see Table 4). 81
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Table 2. Treatment characteristics of cabazitaxel treatment.

Cabazitaxel 2" line (n=173) TROPIC
socC Trial p-value cabazitaxel arm
(n=104; 5 pts (n=64) (n=378)
censored)
Cycles (n)
Median (IQR) 4(3-6) 5(3-9) 0.051 6 (3-10)
>10 cycles (%) 14 24 28
Range -1 112 n.r.
Missing (%) 4 3 2
Dose adjustment (%)
No dose reduction ordelay 36 42 0.743 n.r.
Dose mitigation 33 44 9%
Dose reduction 15 20
Dose delay 26 38
Missing 31 9
G-CSF support (%)
None 80 81 0.534 n.r.
Pegfilgastrim 3 5
Missing 17 14
Cumulative dose (mg)
Median (IQR) 165 (126-300) 228 (144-422) 0.026 n.r.
Missing (%) 36 28
Severe adverse events (%)
None 30 33 0.967 n.r.
Any 44 48
Hospital admission 44 48
Death 8 3
Missing 26 19
Reason of discontinuation (%)
PD 72 50 0.011 48
Patient preference 2 0 2
Toxicity 4 14 18
Death 5 2 28
Treatment completed 8 19
Other 2 2
Missing 8 14

Treatment outcomes are censored if patient is alive or lost to follow up at database cutoff and time
between last cabazitaxel treatment and end of follow up is less than 30 days. Severe adverse events
only included hospital admissions (regardless of reason of admission) and deaths (regardless of cause of
death) before 30 days after the last cabazitaxel infusion. IQR, interquartile range; Cl, confidence interval;
SOC, standard of care; G-CSF, Granulocyte-colony stimulating factor; PD, progressive disease
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Table 3. Treatment outcomes. IQR, interquartile range; Cl, confidence interval; SOC, standard of care

Cabazitaxel 2" line (n=173) TROPIC
socC Trial cabazitaxel arm
(n=109) (n=64) p-value (n=378)
PSA response
Evaluable pts (n, %) 69 (63%) 47 (73%) 0.209 329 (87%)
PSA decline >50% (valid %) 12% 28% 39%
Follow up
Median (IQR) 9.2 (4.2-14.9) 13.6(6.0-22.2) 12.8(7.8-16.9)
Events (deaths, %) 90 (83%) 59 (92%) 234 (62%)
Overall survival
Median (95% Cl) 9.6 (7.8-11.4) 13.6(9.4-17.7) 0.067 15.1 (14.1-16.3)
Overall survival cabazitaxel second line
Cabazitaxel
1.0 treatment
- standard of care
—1 in trial
—— standard of care-censored
—+ in trial-censored
0.8 —
.02»' 0.6 —
®
c
2
S
S 04
a
0.2 -
0.0 —
T T T T T T T
0 12 24 36 48 60 72

Number at risk:
Standard of care 109 36 10 4 3 0 0
Trial 64 36 14 7 2 1 0

Figure 1. Overall survival second line cabazitaxel treatment (univariate)
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DISCUSSION

Differential outcomes

To our knowledge, this is the first study comparing trial patients and SOC patients treated
with cabazitaxel after docetaxel in one of the largest contemporary observational
studies. In this large and mature real-world cohort, patients treated with second line
cabazitaxel in a clinical trial had a mOS that was in agreement to the mOS of patients
in the TROPIC trial (13.4 months vs 15.1 months)®. The eligibility criteria of these trial
patients (enrolled in the PROSELICA, Re-Cab, CABARESC and CABENZA trials) were
similar to the TROPIC trial, with minor differences with respect to ECOG performance
score and estimated life expectancy (see Table 5)°?2. Although the median OS in trial
patients confirms the survival outcome of the TROPIC trial, the SOC patients had a trend
to shorter OS in first-line post-docetaxel (9.6 vs 13.4 months).

Table 5. Key eligibility criteria in trials; References: www.clinicaltrials.gov (NCT identifier) and
www.trialregister.nl (NTR number); published results: 3,9,22. CNS, central nervous system; N.a.,
not available; mo, months.

Trial TROPIC PROSELICA CABARESC Re-Cab CABENZA

Reference nr NCT00417079 NCT01308580 NTR2991 NTR3233 NTR5164

Study type Phase Ill, Phase Ill, Phase Il Phase I/1l, Single-arm
open-label open-label open-label open-label crossover

randomised randomised randomised randomised study

Inclusion

Life expectancy >2mo >6 Mo any >3 mo any
ECOG 0-2 0-2 0-1 0-1 0-1
Adequate organ  yes yes yes yes yes
function

Exclusion

CNS metastases yes yes yes no yes

Outcomes Cabazitaxel 25mg/m2 arm

Overall survival 151 14.5 n.a. n.a. n.a.
median

Reasons for the observed difference between trial and SOC patients

Possible reasons for the differential survival of patients in the trial and SOC subgroup
include differential prognostic baseline characteristics (introduced by strict eligibility
criteria of trials), cabazitaxel treatment adherence (influenced by a trial protocol),
exposure to other life prolonging drugs and the Hawthorne effect (changes in behavior
or outlook associated with being under observation)?24.
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After correction for baseline differences, time on ADT, PSA and LDH were independent
prognostic factors for survival, whereas treatment in a trial was not. The exclusion of
patients with poorer performance status and comorbidities from clinical trials prevent
enrollment of sicker patients and subsequently limit early cancer deaths". Indeed, trial
patients had significantly higher hemoglobin, lower LDH, less visceral metastases, and
less symptoms compared to SOC patients. At a closer look, the cabazitaxel OS curves in
15t line post-docetaxel separate directly from the start of treatment, possibly reflecting
the difference in prognostic baseline parameters.

PSA response was numerical lower, but not significant, for SOC patients (12%) versus trial
patients (28%; p=0.209). However, the observed PSA response appears lower than in the
TROPIC and PROSELICA trial (39 and 43%, respectively). In particular the low PSA response
(12%) in the SOC subgroup may be an indicator for suboptimal selection of patients for
cabazitaxel treatment. In the absence of a study protocol, timing of PSA measurement
may not have been at regular intervals leading to more missing data as seen in the SOC
patients and therefore may have negatively influenced PSA response.

The number of docetaxel cycles has been shown to affect survival in small retrospective
series, which suggest that premature discontinuation is associated with shorter OS and
maximizing docetaxel exposure may lead to increased OS. However, to our knowledge
immortal time bias was not accounted for in these studies, possibly leading to
overestimation of the effect?>%’. In a retrospective analysis of 2 clinical trials including TAX-
327 no OS benefit was detected in patients receiving more than 10 cycles of docetaxel.
However, less than 10 cycles was shown to have a negative impact in patients without
progressive disease®. In a post-hoc analysis of the MAINSAIL trial, an independent effect
on OS by the number of docetaxel cycles administered has been shown??. It has previously
been hypothesized that administration of cabazitaxel until progression, instead of the
maximum of 10 cycles in the TROPIC trial, may have a positive effect on OS*°. The median
number of cabazitaxel cycles in the TROPIC and PROSELICA trials was 6 and 7, compared
to 5in the trial subgroup and 4 in the SOC subgroup (p=0.051). Unfortunately, the reason
of discontinuation is not well documented, and missing data may bias the results. We
hypothesize that worse prognostic baseline characteristics, in particular low hemoglobin,
may play a role. It remains unclear whether treatment adherence affects outcomes
including survival. This is difficult to analyze, mainly because of methodological reasons
such as immortal time bias. But we acknowledge the possibility that the low number of
cycles may have negatively influenced survival outcomes.

Although infrequent, patients in the SOC subgroup were numerical more often treated with
LPD pre-docetaxel leading to potential poorer outcomes because of cabazitaxel treatment
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in a later line in the course of MCRPC. However, the median number of 3 LPD treatments
in both groups, and the total duration of LPD treatment in days did not differ.

Table 6. Overview of published observational studies on second line cabazitaxel treatment. Ref,
reference; D, docetaxel; C or CAB, cabazitaxel, A, abiraterone; X, any treatment; QoL, quality of life

Study Population (n);  Type of study, Median cycles Median overall
(first author, ref, sequence (if period cabazitaxel (n) survival
year) reported) (months)
Wissing 63 DCA Multi center 7 19.1 DCA
("4, 2015) retrospective
2009-2012
Sonpavde 54 DC, Multicenter 5/6 7.0DC/18.2 DCA
(M, 2015) 77 DCA retrospective
2011-2012
Moriceau 24 DC, Single center 5 11.9DC/12.5 DAC
(36, 2016) 17 DAC retrospective
2011-2014
Hofheinz 527 Multi center 6 16.8
(3°,2016) prospective
QoL study
2011-2014
Cicero (*7,2017) 30 Single center 8 14.8
retrospective
2013-2016
Zschabitz 18 DC, 2 centers 5 10.0 (all patients,
(%8, 2017) 5 XXC retrospective n=69; no difference
2011-2016 between groups
based on line of
CAB treatment)
Suner 103 Multi center 5 10.6
('3, 2016) retrospective
2012-2014
Carles 160 DC, Multi center 6 13.2 (all patients
(*?,2018) 23 XXC prospective n=189)
QoL study
2012-2016
Delanoy 158 DCX Multicenter 7 21.0 DCX
(°,2018) retrospective
2012-2016
Angelergues 267 DC, Multicenter 6/7 12.7DC/22.7DCX
(6, 2018) 124 DCX retrospective
2012-2016
CAPRI 55 DC, Multicenter 3/5 4.6 DC/15.1 DCX
(this report) 118 DCX retrospective
2010-2018
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What is known already

Data on real world cabazitaxel use are increasingly reported. In several expanded
access and compassionate use programs inclusion- and exclusion criteria did still apply
and therefore reports on these programs still have limited external validity on real world
patients3'=4. Published reports on real world cabazitaxel outcomes are summarized
in Table 6. In retrospective studies, differential mOS is observed with regards to the
registration trials (10.0-12.1 months versus 13.4-15.1 months, respectively)>'%3. Direct
comparisons between trial patients and real world patients are lacking, and our analysis
is the first to compare trial and SOC patients treated with cabazitaxel.

In retrospective studies, the range of mOS is broad (7.0-22.7 months) and patients
treated with 3 LPD lines (docetaxel, cabazitaxel and an extra line) have a better mOS
than patients treated with 2 LPD lines (docetaxel and cabazitaxel). In our study, the
patients who were treated with LPD post-cabazitaxel had a median OS from the first
cabazitaxel treatment of 15.1 months, versus 4.6 months for patients who only received
best-supportive care after cabazitaxel treatment. In reporting both trial and real world
outcomes, it is important to report the sequence and line of treatment and previous
and subsequent treatments.

Limitations

Because of the retrospective database that is available in our registry, the sample size
was not based on power calculations, but on patients available matching the study
population criteria. Furthermore, our results are limited by missing data because of the
retrospective nature of our study. For multivariable analysis, we could overcome this
limitation by multiple imputation methods. The comparison of SOC and trial patients
is limited by the non-randomized subgroups, reflecting trial availability and the choices
of patients and physicians in real world practice. Our results are therefore hypothesis
generating.

CONCLUSION

This paper emphasizes the important differences between patients treated in clinical
trials and those treated in real life practice. Patients treated with cabazitaxel in clinical
trials were fitter and showed outcomes comparable to registration trials. Conversely
those treated in daily practice showed features of more aggressive disease and worse
outcome. This underlines the importance of an adequate estimation of the trial eligibility
and health status of mMCRPC patients in daily practice to ensure optimal outcomes.
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ABSTRACT

Background

In 2004 docetaxel was the first life-prolonging drug (LPD) registered for metastatic
castration-resistant prostate cancer (mCRPC) patients. Between 2011 and 2014
new LPDs for mCRPC (cabazitaxel, abiraterone, enzalutamide and radium-223) were
introduced in the Netherlands. The objective of this study is to assess the impact of
introduction of new LPDs on treatment patterns and overall survival (OS) over time.

Patients and methods

CRPC patients diagnosed in the years 2010-2016 in the observational, retrospective
CAPRI registry (20 hospitals) were included and followed up to 2018. Two subgroups
were analyzed: treatment-naive patients (subgroup 1, n=3,600) and post-docetaxel
patients (subgroup 2, n=1,355).

Results

In both subgroups, the use of any LPD increased: from 57% (2010-2011) to 69% (2014-
2015) in subgroup 1 and from 65% (2011-2012) to 79% (2015-2016) in subgroup 2.
Chemotherapy as first mCRPCtreatment (i.e. docetaxel) and first post-docetaxel
treatment (i.e. cabazitaxel or docetaxel rechallenge) decreased (46% to 29% and 20%
to 9% in subgroup 1 and 2, respectively), while the use of androgen-receptor targeting
treatments (ART) increased from 11% to 39% and 46% to 64% in subgroup 1 and 2,
respectively. In subgroup 1, median OS (mOS) from diagnosis CRPC increased from 28.5
months to 31.0 months (p=0.196). In subgroup 2, mOS from progression on docetaxel
increased from 7.9 months to 12.5 months (p<0.001). After multiple imputation
of missing values, in multivariable cox-regression analysis with known prognostic
parameters the treatment period was independent significant for OS in subgroup 1
(2014-2015 vs 2010-2011 with HR 0.749, p<0.001) and subgroup 2 (2015-2016 vs 2011-
2012 with HR 0.811, p=0.037).

Conclusion(s)

Since 2010, a larger proportion of mCRPC patients was treated with LPDs, which was
related to an increased mOS.
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INTRODUCTION

Prolonging overall survival (OS) is an important objective of cancer treatment. Data
from cancer registries show that the 5-year survival of all types of cancer increased
from 50% in 1991-1996 to 65% in 2011-2016 in the Netherlands'. In Europe, the largest
increases in cancer survival included prostate cancer survival (age-standardized five-
year relative survival increased from 73% to 82% from 1999-2001 to 2005-2007)%2.
Five-year survival is different per stage group in prostate cancer, ranging from 100% for
stage | to 51% for stage IV (TNM 7™ edition) in the period 2010-2015 in the Netherlands®.
Cancer survival may be increased by improved early detection and/or more effective
therapy; however, several forms of bias may influence survival results, including length-
time and lead-time bias™.

Prostate cancer that progresses despite androgen deprivation therapy, either
metastatic (m) or non-metastatic (nm), is defined as castration-resistant prostate
cancer (CRPC). In 2004 docetaxel was the first available life-prolonging drug for mCRPC,
with a significant increase of median OS (MOS)°. Between 2011 and 2014 new life-
prolonging drugs (LPD) for mCRPC (cabazitaxel®, abiraterone’®, enzalutamide®'® and
radium-223"") were introduced in the Netherlands. Sipuleucel-T was not available in
these years in the Netherlands. The reimbursement of new oncolytics follows published
positive treatment outcomes, regulatory drug approval and market authorization.
In the Netherlands, the use of these oncolytics is generally conditional on positive
guidance by the Dutch Society of Medical Oncology (NVMO) Committee ‘Beoordeling
van Oncologische Middelen (Appraisal of oncolytics) (CieBOM). The publication dates
of the positive guidance by the European Medicines Agency and CieBOM on the
aforementioned LPD are shown in Table 1.

Registration is based on results of trials. Trial populations are subject to selection,
typically enrolling younger patients with less comorbidity and features of less aggressive
disease compared to real world populations''2. These differential characteristics may
lead to differential outcomes, raising the question what the effect is of these LPDs on OS
in MCRPC. Furthermore, real world data on treatment pattern changes are scarce and
limited to the first treatment after mCRPC diagnosis™'®. The impact of treatment pattern
changes and outcomes are pivotal in the assessment of both clinical and economical
effectiveness and efficacy.

The objective is to assess the impact of introduction of new LPD treatments on
treatment patterns and OS over time in a real world population.
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Table 1. Dates of positive cieBOM guidance per LPD

LPD EMA approval date Publication date positive
cieBOM-guidance*
Docetaxel 2005 2005
Chemotherapy-naive Radium-223 Sep 2013 Feb 2014
Enzalutamide Oct 2014 Nov 2014
Abirateron Nov 2012 Nov 2015™
Post-docetaxel Cabazitaxel Jan 2011 Jul 2011
Abirateron Jul 2011 Mar 2012
Enzalutamide Apr 2013 Dec 2013
Radium-223 Sep 2013 Feb 2014

* guidances are published in Dutch on https://www.nvmo.org/bom-type/bom/?order=disease;

** negative guidance in September 2013, revised to positive guidance in November 2015.
Abbreviations: CieBOM, Committee ‘Beoordeling van Oncologische Middelen (Appraisal of oncolytics)’;
LPD, life-prolonging drugs; EMA, European Medicines Agency.

METHODS

The study design, setting, participants, follow up and data collection of the CAPRI
registry has been described in more detail®. In short: CAPRI (CAstration-resistant
Prostate cancer Reglstry) is an investigator-initiated, observational multi-center cohort
study in 20 hospitals in the Netherlands. Data collection started after approval by the
local medical ethics committee and hospital board. Data has been regularly updated
for all patients from 2013 to 2018. The study is registered in the Dutch Trial Registry
as NL3440 (NTR3591).

Participants

Eligible patients had to be diagnosed with prostate cancer (defined as histologic
confirmation of prostate cancer or as concluded by the treating doctor based on
elevated PSA and metastatic pattern), and had disease progression despite ADT.
Disease progression was defined as in the EAU CRPC definition' or as progression
according to the treating doctor. Anti-androgen therapy following progression on ADT
was considered first line systemic therapy for CRPC. CRPC patients were retrospectively
included from 2010 to 2016. Patients treated with docetaxel in the hormone-sensitive
phase were excluded in this analysis. The population is an estimated 20% sample of
all CRPC patients in the Netherlands.
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To assess temporal real world LPD treatment patterns, we analyzed the first LPD
treatment in both treatment-naive CRPC patients (subgroup 1) and in post-docetaxel
patients (subgroup 2).

Subgroup 1 included all patients diagnosed in 2010-2016, which were divided in groups
based on date of CRPC diagnosis (2010-2011, 2012-2013 and 2014-2015). Subgroup 2
included patients treated with docetaxel for mCRPC prior to July 2016 with progression
during or after docetaxel after Dec 31, 2010 and before January 1, 2017. Year groups
were created on docetaxel-progression date (2011-2012, 2013-2014, 2015-2016).

Statistics

The sample size was not based on power calculations. All patients diagnosed with
CRPCin the participating hospitals were included in CAPRI. Descriptive statistics were
used. Differences in subgroups were tested for significance by either Chi-square test or
Kruskall-Wallis test. OS from CRPC diagnosis and progression on docetaxel to database
cut off was analyzed by Kaplan-Meier methods and Cox regression analyses. Differences
were considered of statistical significance at a p-value of 0.05 or less. For imputation
of missing baseline characteristics, multiple imputation by Monte Carlo Markov Chain
method was applied: the distribution of the observed data was used to estimate a set
of plausible values for the missing data. The outcome variables overall survival time and
end of follow up state were included and used as indicator. Constraints for all imputed
variables were defined based on the minimum and maximum values in the observed
distribution. The variables Period ADT to CRPC, PSA, ALP and LDH were not normally
distributed and transformed to approximate normality before imputation (either by
taking the natural logarithm (Period ADT to CRPC, PSA, ALP) or reciprocal transformation
(LDH)) and after the imputation we transformed the imputed values back to the original
scale. Using the automatic imputation function, random components were incorporated
into these estimated values to reflect their uncertainty. Five data sets were created and
the estimates were combined in the pooled data to obtain the overall estimates and
confidence intervals'. IBM SPSS Statistics version 22 was used for all statistical analyses.

RESULTS

From a total of 3,616 CRPC patients in the registry, 16 patients treated with docetaxel
for hormone-sensitive disease were excluded, resulting in 3,600 patients (subgroup 1).
Median follow up from CRPC-diagnosis was 25.1 months. At the end of follow up, 415
(12%) patients were alive with a median follow up of 41.0 months (range: 24.1 to 95.3
months), 2,432 (68%) patients died and 753 (21%) were lost to follow up.
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1,433 patients were treated with docetaxel before 1-7-2016. After exclusion of patients
with progression in 2010 (n=29) or progression after 1-1-2017 (n=49), 1,355 patients
were analyzed in subgroup 2.

Treatment patterns

In subgroup 1 (i.e. treatment-naive patients) any LPD treatment increased from 57%
(2010-2011) to 69% (2014-2015), see Supplementary Table S1a and Figure 1a. The use
of docetaxel as first LPD decreased from 46% (2010-2011) to 29% (2014-2015), while
androgen-receptor targeting drugs (ART) increased from 11% (2010-2011) to 39% (2014-
2015).

First LPD treatment

H abiraterone
B enzalutamide
W docetaxel
M radium-223
No life prolonging drug

1.200—

1.100—

800—

Count

600~

400

200

I I I
2010-2011 2012-2013 2014-2015

Year of CRPC diagnosis

Figure 1a. Treatment patterns. First LPD treatment after CRPC-diagnosis (subgroup 1).
Abbreviations: LPD, life-prolonging drug; CRPC, castration resistant prostate cancer.

In subgroup 2 (i.e. post-docetaxel patients) LPD treatment increased from 65% (2011-
2012) to 79% (2015-2016). Chemotherapy as first post-docetaxel treatment (either
cabazitaxel or docetaxel rechallenge) decreased from 20% (2011-2012) to 9% (2015-
2016); ART increased from 46% (2011-2012) to 64% (2015-2016) (Supplementary Table
S1b and Figure 1b).
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First LPD treatment
following progression

on docetaxel
600—

abiraterone
enzalutamide
cabazitaxel

docetaxel
radium-223
No life prolonging drug

I I I
2011-2012 2013-2014 2015-2016

500

400

Count

300—

200—

100

Year of progression on docetaxel

Figure 1b. First LPD treatment after progression on docetaxel (subgroup 2). Abbreviations: LPD,
life-prolonging drug; CRPC, castration resistant prostate cancer.

Baseline characteristics

In subgroup 1 during the CRPCdiagnosis years, CRPC patients showed a significant
and gradual increase in age, Gleason sumscore and ECOG performance score (ECOG
PS), a significant increase in patients with visceral disease and a significant and gradual
decrease in time from castration to CRPC diagnosis and LDH, but not PSA and ALP
(Table 2a).

In subgroup 2, patients showed a significant and gradual increase in median age, time
from castration to progression on docetaxel, time from last docetaxel to progression,
number of docetaxel cycles, hemoglobin and patients with clinical progression during
treatment periods (Table 2b). A gradual and significant decrease was shown in ALP, LDH
and PSA. Missing data was especially frequent (sometimes >50%) in ECOG PS, LDH and
visceral disease in both subgroups.
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Table 2a. Baseline characteristics at CRPC-diagnosis (subgroup 1)

Year of CRPC diagnosis

2010-2011 2012-2013 2014-2015 p-value

Number of patients 1,140 1,249 1,211

Age (years) <0.001
Median (IQR) 74 (68-81) 75 (68-81) 76 (70-82)

>75 (%) 49 51 56

Charlson comorbidity index (%) 0.794
6 60 61 63

7-8 33 32 30

9-10 5 5 5

>10 2 2 2

Missing 0 0 <1

Gleason sumscore (%) <0.001
<8 39 33 31

8-10 47 51 55

Missing 15 16 14

Time from castration to CRPC (months) 0.011
Median (IQR) 15.9(8.9-30.8) 15.2(8.4-30.1) 14.2(7.9-27.6)

Missing (%) 1 <1 0

ECOG performance score (%) <0.001
0 24 20 11

1 22 17 13

2 3 4 4

>2 1 1 1

Missing 50 58 70

ALP (U/L) 0.878
Median (IQR) 105 (77-187) 105(79-193) 108 (78-198)

Missing (%) 40 41 31

Hemoglobin (mmol/L) 0.247
Median (IQR) 8.1(7.4-7.3) 8.0(7.3-8.6) 8.0(7.3-8.6)

Missing (%) 36 36 31

PSA (pg/L) 0.137
Median (IQR) 18 (6-67) 15 (6-55) 17 (5-63)

Missing (%) 4 3 2

Visceral disease (%) 0.047
Yes 4 3 4

No 18 16 12

Missing (%) 78 81 85
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Table 2a. (Continued)

Year of CRPC diagnosis

2010-2011 2012-2013 2014-2015 p-value
Pain and/or opioid use 0.089
Yes 25 23 21
No 42 33 16
Missing (%) 33 44 63
LDH (U/L)
Median (IQR) 226 (188-329) 230(191-313) 217 (186-268) 0.001
Missing (%) 63 61 52

Abbreviations: CRPC, castration resistant prostate cancer; IQR, interquartile range; ECOG, Eastern
Cooperative Oncology Group; ALP, alkaline phosphatase; PSA, prostate specific antigen; LDH, lactate
dehydrogenase.

Table 2b. Baseline characteristics at progression date of docetaxel (subgroup 2)

Year of progression on docetaxel

2011-2012 2013-2014 2015-2016 p-value
Number of patients 384 508 463
Age at progression on docetaxel (years) 0.005
Median (IQR) 71 (65-76) 72 (66-77) 72 (68-78)
>75 (%) 30% 37% 38%
Charlson comorbidity index at start docetaxel (%) 0.197
6 66 70 66
7-8 30 26 29
9-10 4 4 3
>10 <1 <1 2
Missing 0 0 0
Gleason sumscore (%) 0.514
<8 35 34 32
8-10 54 56 59
Missing 12 I 10
Time from castration to progression on docetaxel (months) <0.001
Median (IQR) 24.(16-34) 28 (18-44) 30 (20-50)
Missing (%) 1 <1 0
Time from last docetaxel to progression on docetaxel (months) <0.001
Median (IQR) 1.5(0.6-3.7) 2.0(0.7-4.3) 2.3(0.7-5.1)
< 0 months (%) " 9 4
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Table 2b. (Continued)

Year of progression on docetaxel

2011-2012 2013-2014 2015-2016 p-value
< 6 months (%) 91 86 81
Missing (%) 4 3 1
Docetaxel cycles
Median (IQR) 6 (4-9) 7 (5-10) 7 (5-10) 0.001
>10 (%) 21 27 25
Missing (%) 1 1 0
ECOG performance score (%) 0.310
0 10 12 10
1 31 26 25
2 12 13 8
>2 5 4
Missing 43 46 56
ALP (U/L) <0.001
Median (IQR) 161 (89-311) 144 (86-311) 120 (76-225)
Missing (%) 34 30 19
Hemoglobin (mmol/L) 0.039
Median (IQR) 7.1 (6.4-7.9) 7.2 (6.6-8.0) 7.5(6.6-8.1)
Missing (%) 30 35 41
PSA (ug/L) <0.001
Median (IQR) 128 (37-391) 108 (33-296) 73 (24-225)
Missing (%) 18 19 13
LDH (U/L) 0.001
Median (IQR) 304 (228-493) 276 (217-435)  255(209-334)
Missing (%) 43 50 51
Visceral disease (%) 0.165
Yes 13 19 17
No 34 33 37
Missing (%) 53 47 47
Clinical progression (%) 0.013
Yes 60 62 60
No 21 22 32
Missing (%) 19 16 8

Abbreviations: CRPC, castration resistant prostate cancer; IQR, interquartile range; ECOG, Eastern
Cooperative Oncology Group; ALP, alkaline phosphatase; PSA, prostate specific antigen; LDH, lactate
dehydrogenase.
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Overall survival

For all patients (n=3,600) the mOS was 29.6 months. In subgroup 1, the median OS
was 28.5, 28.5 and 31.0 months for the CRPCdiagnosis 2010-2011, 2012-2013 and
2014-2015, respectively (p=0.196). 12-months and 24-months survival increased from
79% to 81% and 57% to 60%, respectively (see Figure 2a). Overall survival in patients
treated with LPD was 32.7 months versus 20.8 months for patients not treated with LPD
(p<0.0001). Univariate prognostic factors for survival were age, Charlson comorbidity
score, Gleason sumscore, time from ADT tot CRPC, ALP, PSA, hemoglobin, LDH, ECOG
PS, visceral disease and pain and/or opioid use (see Table 3a). Because only 223 patients
had complete data, multiple imputation of missing baseline values was performed
to allow for multivariate analysis with prognostic factors. After multiple imputation,
in multivariable analysis the treatment period was significant for survival (HR 0.749
(95% C1 0.670-0.838) in 2014-2015 vs 2010-2011, p<0.001). Also age, time from ADT tot
CRPC, ALP, PSA, hemoglobin, LDH, ECOG PS, visceral disease and pain and/or opioid
use remained independent prognostic factors (see Table 3a).

Overall survival from CRPC diagnosis

Year of CRPC diagnosi
1,0 i,
"‘1%
-1 2010-2011
—12012-2013
0,8 2014-2015
—+ 2010-2011-censor
—+— 2012-2013-censor
g 06 2014-2015-censor
Z 0
<
]
=]
2
o 047
o
o
0,2
0,0
T T T T T T T T T
0 12 24 36 48 60 72 84 9%
Time from CRPC diagnosis (months)
Patients at risk (n)
2010-2011 1140 874 608 421 280 202 132 43 0
2012-2013 1249 941 653 451 291 91 0
2014-2015 1211 939 634 220 0
Estimated cumulative survival (%)
2010-2011 100 79 57 41 28 22 16
2012-2013 100 78 57 41 29 21
2014-2015 100 81 60 43

Figure 2a. Overall survival from CRPC diagnosis (subgroup 1). Abbreviations: CRPC, castration
resistant prostate cancer.
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In subgroup 2, mOS from progression on docetaxel increased significantly from 7.9
months to 12.5 months (p<0.001); 12-months and 24-months survival increased from
38% to 52% and 16% to 28%, respectively (see Figure 2b). Overall survival in patients
treated with LPD was 14.0 months versus 2.0 months for patients not treated with LPD
(p<0.00017). Univariate prognostic factors for survival were age, Charlson comorbidity
score, time since start castration, PSA, ALP, Hb, LDH, ECOG PS, visceral disease,
clinical progression, time since last docetaxel and number of docetaxel cycles, and
also the treatment period (see Table 3b). Only 229 patients had complete data. After
multiple imputation, in multivariable analysis the treatment period remained significant
for increased survival (HR 0.811 (95% CI 0.677-0.987) in last period vs first period,
p=0.037; see Table 3b). Time since start castration, ALP, Hb, ECOG PS, visceral disease,
clinical progression, time since last docetaxel and number of docetaxel cycles were all
associated with increased survival.

Overall survival from progression on docetaxel

Year of progression
L on docetaxel
1* - 2011-2012
- 2013-2014
0,87 2015-2016
—+ 2011-2012-censored
—+ 2013-2014-censored
g 2015-2016-censored
2 06
©
c
=]
2
2
& 044
=
o
0,2+
0,0
T T T T T T T T
0 12 24 36 48 60 72 84
Time from progression on docetaxel (months)
Patients at risk (n)
2011-2012 384 138 55 26 15 9 1 0
20132014 508 213 100 39 9 0
2015-2016 463 209 55 0
Estimated cumulative survival (%)
2011-2012 100 38 16 8 5 3 2
2013-2014 100 45 22 10 5
20152016 100 52 28

Figure 2b. Overall survival from progression on docetaxel (subgroup 2). Abbreviations: CRPC,
castration resistant prostate cancer.
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DISCUSSION

In this large contemporary outcomes registry of CRPC patients in the Netherlands,
we observed an increased survival in multivariate analyses of newly diagnosed CRPC
patients and post-docetaxel patients during the years 2010-2018. In these years, several
new life prolonging drugs have been approved for CRPC, both treatment-naive and
post-docetaxel. To our knowledge this is one of the largest cohorts with long follow-
up allowing for evaluation of uptake of new treatments and the effect on treatment
outcomes. Results therefore reflect contemporary daily practice.

With the registration of new drugs more patients were treated with at least one LPD.
The observed pattern indicates the potential substitution effect of newly registered
LPD, for example abiraterone for docetaxel. After the registration of enzalutamide, no
further decrease in chemotherapy use was seen. However, the frequency of abiraterone
use decreased after registration of enzalutamide, especially in post-docetaxel setting.
Because both abiraterone and enzalutamide are oral drugs with similarities in mode
of action, potential treatment benefit and toxicity profile, enzalutamide can be seen as
a substitute treatment option for abiraterone. The observed decrease in abiraterone
use was probably driven by registration of enzalutamide, but we expect that the future
balance between abiraterone and enzalutamide will reflect patient and physician
preferences also in treatment-naive cohorts.

In treatment-naive patients, we observed a trend towards older patients, higher Gleason
sumscore and shorter time to CRPC, regardless of the treatment given. The exact
reason for the shift in these characteristics is unclear. We speculate that this is driven
mainly by differential diagnostic and therapeutic behavior of clinicians. Differential
referral patterns from urologists to medical oncologists are not the reason, because
we included all patients from both departments in all participating hospitals. One could
speculate that the indication for first line ADT for hormone-sensitive metastatic disease
moved towards this profile, or that more patients in this profile were referred to a
participating CAPRI hospital. Moreover, clinicians may have monitored patients more
strict because of the availability of more treatment options leading to shorter time to
CRPC. Interestingly, the same shift in age and Gleason sumscore was seen in a recent
single-center analysis'®. The shift in characteristics may have influenced the observed
switch from chemotherapy to ART.

Similar to the treatment-naive cohort, the baseline profile of post-docetaxel patients
showed a trend to higher age with less aggressive characteristics (i.e. longer time from
castration to progression on docetaxel, longer time from last docetaxel to progression,
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higher number of docetaxel cycles, higher hemoglobin and lower ALP, LDH and PSA).
We hypothesize that increasing clinician experience or the availability of post-docetaxel
drugs may have decreased the threshold for referral to the medical oncologist and
subsequent docetaxel treatment. Moreover, patients with aggressive disease are likely
to start docetaxel early and progress early, whereas patients with less aggressive
disease are more likely to have a more protracted course and thus progress in later
years. In contrast, with the increasing pre-docetaxel treatment options the prognostic
characteristics at progression on docetaxel may be expected to shift towards more
aggressive disease characteristics and a decline of patient condition. However, this was
not observed in our population.

Our analysis showed that OS increased over time. Prognostic models have been
developed for both treatment-naive and post-docetaxel CRPCGpatients, including ECOG
PS, ALP, PSA, hemoglobin and visceral disease. The treatment-naive prognostic model
also included LDH and Gleason sum score, while the post-docetaxel model included
time since docetaxel use, pain and time since castration™??. We studied the same
characteristics in our population with similar results: we confirmed all known prognostic
factors in both univariable and multivariable analyses, in both subgroups (except for
measurable disease, which was not registered in our database). Since both subgroups
tended to have better prognostic profiles in later treatment periods, this can partially
explain the increase in OS. However, treatment periods remained prognostic after
correction for known prognostic factors. The median OS in the last period (2014-2015)
of the treatment-naive patients compares favorably to previous reports. Previously
reported mOS from mCRPC diagnosis in observational studies in different periods
ranges from 9-15 months (before 2004)?'2%, 11-26 months (2004-2010)'#2425 to 33-34
months (from 2010)'®2°, although these studies differ in methods and should be
compared with caution.

Limitations include the clinical scope that is limited by the current use of some LPD
in the hormone-sensitive phase. The high number of missing values, inherent to the
retrospective design of this study leads to statistical challenges. Missing values on
baseline characteristics reflect incomplete evaluation of patients or lack of structured
reporting in daily practice. This was particularly shown for ECOG PS, LDH and visceral
status for subgroup 1, and to a lesser extent in subgroup 2. This warrants better
documentation, especially at CRPCdiagnosis. To discard all patients with incomplete
data would resultin a small population and a substantial loss in precision and power.
Moreover, due to the baseline and survival differences between patients with complete
data and incomplete data (see supplementary Table S2), this would lead to invalid
(non-representative) outcomes. Imputation of missing baseline data did provide a valid
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solution for multivariable analyses and allowed to use all patients. We were also not
able to analyse the reasons for the treatment decisions made. Treatment patterns could
have shifted due to preferences and experience of physicians. However, we did not have
insight in these aspects, since they are not structurally captured in medical records.

CONCLUSION

The introduction of new life prolonging drugs in the Netherlands resulted in a marked
increase in patients treated, a shift in the characteristics of the population treated and
a significant and relevant decrease in the hazard for death.
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Supplementary Table S1a. First LPD treatment for CRPC (subgroup 1)

Year of CRPC-diagnosis

2010-2011 2012-2013 2014-2015

N=1,140 N=1,249 N=1,211
Type of treatment, n (%)
No LPD 491 (43) 475 (38) 379 (37)
Docetaxel 522 (46) 448 (36) 351 (29)
Abiraterone 77 (7) 202 (16) 165 (14)
Enzalutamide 43 (4) 116 (9) 301 (25)
Radium-223 7(1) 8 (1) 15(1)

Abbreviations: LPD, life-prolonging drug; CRPC, castration resistant prostate cancer.

Supplementary Table S1b. First LPD treatment after docetaxel progression (subgroup 2)

Year of progression on docetaxel

2011-2012 2013-2014 2015-2016

N=384 N=508 N=463
Type of treatment, n (%)
No LPD 134 (35) 115(23) 95 (21)
Docetaxel 10 (3) 15(3) 1(<1)
Cabazitaxel 65 (17) 63(12) 40 (9)
Abiraterone 173 (45) 205 (40) 97 (27)
Enzalutamide 2(1) 104 (21) 200 (43)
Radium-223 0 (0) 6 (1) 30(7)

Abbreviations: LPD, life-prolonging drug.

Supplementary Table S2. Baseline characteristics of patients with complete data versus
patients with any missing data.

Data complete

yes no p-value
Number of patients 223 3,377
Age (years) <0.001
Median (IQR) 70 (65-77) 75 (69-82)
>75 (%) 34 53
Missing (%) 0 0
Charlson comorbidity index (%) n.s.
6 65 61
7-8 27 32
9-10 7 5
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Supplementary Table S2. (Continued)

Data complete

yes no p-value
>10 2 2
Missing 0 <1
Gleason sumscore (%)
<8 40 34 (40)* 0.009
8-10 60 51 (60)*
Missing 0 16
Time from castration to CRPC (months) <0.001
Median (IQR) 10.3(6.1-19.1) 15.4(8.6-30.2)
Missing (%) 0 <1
ECOG performance score (%) 0.004
0 34 17 (47)*
1 50 15 (42)*
2 12 3(9)*
> 4 12)*
Missing 0 64
ALP (U/L) <0.001
Median (IQR) 132 (84-289) 104 (77-184)
Missing (%) 0 40
Hemoglobin (mmol/L) <0.001
Median (IQR) 79(7.1-8.4) 8.1(7.3-8.6)
Missing (%) 0 37
PSA (pg/L) <0.001
Median (IQR) 42 (13-140) 16 (5-57)
Missing (%) 0 3
Visceral disease (%) n.s.
Yes 22 2(17)*
No 78 11(83)*
Missing (%) 0 87
Pain and/or opioid use <0.001
Yes 53 31(62)
No 47 19 (39)
Missing (%) 0 50
LDH (U/L) n.s.
Median (IQR) 227 (190-320) 222(188-288)
Missing (%) 0 65

*valid percentage is shown between brackets
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ABSTRACT

In castration-resistant prostate cancer (CRPC), several life-prolonging drugs have been
registered, but patient- reported outcomes in daily practice are scare. In our study, 151
patients with CRPC completed quality of life (QoL) questionnaires. Although the majority
received life-prolonging drugs, QoL deteriorated during the course of CRPC. Supportive
care should be timely thought of to maintain QoL as long as possible.

Background

The purpose of this study was to determine generic, cancer-specific, and prostate
cancer-specific health-related quality of life (HRQoL), pain and changes over time in
patients with metastatic castration-resistant prostate cancer (mCRPC) in daily practice.

Patients and Methods

PRO-CAPRI is an observational, prospective study in 10 hospitals in the Netherlands.
Patients with mCRPC completed the EQ-5D, European Organization for the Research
and Treatment of Cancer Quality of Life Questionnaire (EORTC QLQ-C30), and Brief
Pain Inventory-Short Form (BPI-SF) every 3 months and European Organization for
the Research and Treatment of Cancer Quality of Life Questionnaire-Prostate Cancer
Module (EORTC QLQ-PR25) every 6 months for a maximum of 2 years. Subgroups were
identified based on chemotherapy pretreatment. Outcomes were generic, cancer-specific,
and prostate cancer-specific HRQoL and self-reported pain. Descriptive statistics were
performed including changes over time and minimal important differences (MID) between
subgroups.

Results

In total, 151 included patients answered 873 questionnaires. The median follow-up
from the start of the study was 19.5 months, and 84% were treated with at least 1 life-
prolonging agent. Overall, patients were in good clinical condition (Eastern Cooperative
Oncology Group performance status 0-1 in 78%) with normal baseline hemoglobin,
lactate dehydrogenase, and alkaline phosphatase. At inclusion, generic HRQol was high
with a mean EQ visual analog score of 73.2 out of 100. The lowest scores were reported
on role and physical functioning (mean scores of 69 and 76 of 100, respectively),
and fatigue, pain, and insomnia were the most impaired domains. These domains
deteriorated in > 50% of patients.

Conclusion

Although most patients were treated with new treatments during follow-up, mCRPC
has a negative impact on HRQoL with deterioration in all domains over time, especially
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role and physical functioning. These domains need specific attention during follow-up
to maintain HRQolL as long as possible by timely start of adequate supportive care
management.

INTRODUCTION

The survival of patients with metastatic castration resistant prostate cancer (mCRPC),
that is progression of disease on androgen deprivation therapy, is not likely to extend
beyond 14 months with only best supportive care.! Several life-prolonging drugs
(LPDs), such as chemotherapy (ie, docetaxel, cabazitaxel), androgen-receptor targeting
treatments (ie, abiraterone, enzalutamide), and radionuclide therapy (ie, radium-223),
have shown a survival benefit compared with placebo.?® In a contemporary cohort
with access to these new LPDs, we observed a median overall survival of 26 months.?

mCRPC has a negative impact on health-related quality of life (HRQoL) with a decline
in HRQoL over time."1%"7 Deterioration occurs in general domains as well as specific
symptoms such as pain, fatigue, and appetite loss.”? However, these results are derived
from trials performed in the era before the registration of new LPDs."215¢ |n the pivotal
phase lll trials, the LPDs showed a delay in HRQoL deterioration and pain progression
in both chemotherapy-naive (CTx-naive) and post- chemotherapy (post-CTx) disease
phases,'®?! but adverse events of new agents can also add to the symptom burden in
mCRPC.

There remains a paucity of data concerning treatment sequencing and direct
comparisons of LPDs in randomized trials. Moreover, cumulating evidence on real-
world data points toward the fact that trials utilize highly selected populations with
significantly better outcomes that are commonly not generalizable to an oncology
practice.® Benefits of LPDs in trials are comparable and economic costs are in the
same range, making patient-reported outcomes (PROs) of special interest in order
to determine the best treatment. The use of PROs in daily practice can also inform
physicians on efficacy and tolerability, increase patient satisfaction, and improve
symptom control and supportive care measures.??

The high proportion of patients experiencing HRQoL deterioration owing to either
disease- or treatment-related symptoms, the lack of discriminative results from trials,
and the gap between these trials and real-world practice underline the necessity for
PROs in daily practice. The objective of this study is therefore to determine generic,
cancer-specific, and prostate cancer-specific HRQoL and changes over time in patients
with mCRPC using data from a patient registry in the Netherlands.
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PATIENTS AND METHODS

Study Design and Setting

PRO-CAPRI is a prospective observational cohort study in 10 hospitals in the
Netherlands. The study aimed to evaluate HRQoL, pain, and resource use outside
the hospital in daily practice using validated questionnaires. The study was approved
by a central and local medical ethics committee and hospital board before the start
of inclusion. The PRO-CAPRI study is registered in the Dutch Trial Registry as NL3934
(NTR4096). PRO-CAPRI is a side study of the CAstration-resistant Prostate cancer
Reglstry (CAPRI) registered as NL3440 (NTR3591). The methods of the CAPRI registry
have been described in depth previously.’

Objectives
The objectives are to determine generic, cancer-specific, and prostate cancer-specific
HRQoL, pain, and changes over time in patients with mCRPC in daily practice.

Participants

Patients diagnosed with mCRPC between January 1, 2010 and December 31, 2015 were
eligible for inclusion, conforming to the CAPRI inclusion criteria.’ Patients were eligible
for the PRO- CAPRI study from diagnosis of CRPC to 4 weeks after the start of the first
post-docetaxel treatment. Eligible patients provided written informed consent to the
treating physician at the hospital site. All PRO-CAPRI patients were also included in the
CAPRI registry.

Subgroups were created based on the disease state at inclusion, namely chemotherapy-
naive state (CTx-naive [ie, no prior docetaxel treatment]) and (post-) chemotherapy state
(post-CTx [ie, current docetaxel or post-docetaxel treatment]).

Study Size
In PRO-CAPRI, 167 participants were included out of the total of 3,616 patients with
mCRPC that were included in the CAPRI registry.

Follow-up and Data Collection

PRO-CAPRI started in June 2013 with 4 participating hospitals, but because of slow
accrual, the protocol was amended after 1 year to include an additional 6 hospitals and
prolong the inclusion period for 6 months. This amendment also included the addition
of the pain-specific questionnaire, the Brief Pain Inventory-Short Form (BPI-SF).
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The baseline evaluation of consenting patients consisted of 4 questionnaires (EQ-
5D, European Organization for the Research and Treatment of Cancer Quality of
Life Questionnaire [EORTC QLQ-C30], European Organization for the Research and
Treatment of Cancer Quality of Life Questionnaire-Prostate Cancer Module [EORTC
QLQ-PR25], and after the amendment, BPI-SF) and commonly used demographic items,
namely age, socio-economic status, marital status, and educational level. After baseline
measurement, EQ-5D, EORTC QLQ-C30, and BPI-SF were repeated every 3 months, and
EORTC QLQ-PR25 every 6 months. All patients were followed until death, withdrawal
of consent, or end of study duration (either a total follow-up period of 2 years from the
start of the study or December 31, 2017).

A case record form linked the participating patient to the CAPRI database, combining
HRQoL with the clinical characteristics.

Outcome

The primary outcome was generic HRQol, measured with EQ- 5D. The first part of the
EQ-5D is a generic 5-dimensional questionnaire on a 5-point Likert scale, which was
transformed into utility or EQ-5D index value based on Dutch population norms. The
second part s a visual analogue scale (VAS).2*

The secondary outcomes were cancer-specific HRQoL, prostate cancer-specific HRQoL,
and pain. The EORTC QLQ-C30 (cancer-specific HRQoL) and EORTC QLQ-PR25 (prostate
cancer-specific HRQoL) include 55 questions in different HRQoL domains, including
functional scales, symptom scales, and a global health status. For the majority of items,
a 4-point Likert-type response scale was used. Exception is the global health status,
where a 7-point scale was used. All EORTC QLQ-C30 and EORTC QLQ-PR25 scales were
linearly transformed to a scale from 0 to 100 according to the scoring manual.?>2¢ The
BPI-SF assesses severity of pain (4 items), impact of pain on daily function (7 items),
location of pain, pain medication, and amount of pain relief in the past 24 hours or
the past week. The areas were measured on a scale from 0 to 10, with 0 indicating “no
pain”and 10 indicating “worst possible pain.”?’ Clinically relevant pain was defined as
a score of > 4 on pain severity. Supplemental Table 1 shows an overview of the used
guestionnaires.

Both the primary and secondary outcomes are measured at baseline (ie, inclusion) and
over time. A minimally important difference (MID) was used to assess clinically relevant
changes.?’2° The thresholds for MIDs are also shown in Supplemental Table 1. Time to
first MID deterioration was calculated in months from the date of first questionnaire
to the date of first MID deterioration.
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Missing Values

Missing values were handled based on the scoring manual for the specific
questionnaires. In EQ-5D, the index value and VAS were calculated if all domains were
present.?* For EORTC QLQ-C30, EORTC QLQ-PR25, and BPI-SF, averages were calculated
if more than one-half of the questions were completed per scale.?>?’

Statistical Analysis

The compliance rate was calculated as the number of patients returning a questionnaire
divided by the total number of evaluable patients per questionnaire. Baseline
characteristics were measured in the period of 3 months prior to 3 months after
inclusion. Descriptive statistics were used to describe the study population with
subgroups per disease state at inclusion. Data on HRQoL were presented as mean
changes from baseline and proportion with MID. The McNemar test was used for
differences in proportion with MID between 6 and 12 months for subgroups. The
independent sample t test, Mann-Whitney U test, or c2 test were used to compare
parametric continuous, nonparametric continuous, and categorical variables,
respectively, between CTx-naive and post-CTx patients. A p-value of 0.05 or less was
considered statistically significant. IBM SPSS Statistics Version 24.0 (IBM, Armonk, NY)
was used for all analyses.

RESULTS

In total, 167 patients were included in the PRO-CAPRI study. Nine patients were
excluded for failing to meet the inclusion criteria (n = 7) or missing informed consent
(n =2). Seven of the 158 patients who were sent the first questionnaire did not respond,
either owing to death (n = 4), withdrawal of consent (n = 2), or inability to answer (n = 1).
Baseline questionnaires were evaluable for 151 patients (Figure 1).

In total, 873 questionnaires were completed, and the median number of questionnaires
per patient was 6 (range, 1-9). The median follow-up from the first questionnaire
was 19.5 months (IQR, 13-25 months). Thirty-eight (25%) patients completed all 9
questionnaires. Termination of the study before the maximum follow-up of 2 years
occurred in 113 (75%) patients, owing to death (n = 56; 37%), lost-to-follow-up (n = 22;
15%), withdrawal of informed consent (n = 9; 6%), or database cutoff (n = 26; 17%). The
compliance rate ranged from 94% to 100% per questionnaire, except for BPI-SF, which
was added during the study after a protocol amendment (see Supplemental Table 2).
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First inclusion
N=167

Exclusion
No informed consent N=2 —
Ineligible patients N=7

Baseline questionnaire received
N=158

No response
Death N=4
Withdrawal consent N=2
Inability to answer N=1

Baseline questionnaire returned
N=151

Figure 1. Flowchart of patient inclusion

Treatment Characteristics

At inclusion, 112 (74%) patients were in the CTx-naive state, and 39 (26%) patients were
in the post-CTx state. At the time of the first questionnaire, 37 (33%) patients in the
CTx-naive state were treated with LPD, mainly enzalutamide (n = 27; 24%), whereas in
the post-CTx state, most patients were treated with docetaxel (n = 17; 44%). During
follow-up, 84% of patients were treated with at least 1 LPD, mainly enzalutamide (n = 89;
59%) or docetaxel (n = 65; 43%) (Table 1).

Patient and Disease Characteristics

At mCRPC diagnosis, patients included in the PRO-CAPRI study were younger (72 vs.
75 years; p <0.01) and had higher hemoglobin (8.3 vs. 8.0 mmol/L; p = 0.01) compared
with the total mCRPC population in the CAPRI registry (see Supplemental Table 3).

CTx-naive patients were older (median 75 vs. 71 years; p = 0.02), had less prevalent
bone metastases (73% vs. 82%; p = 0.03), and had lower educational level (p = 0.03) at
inclusion than post-CTx patients (Table 1). PSA tended to be lower in CTx-naive patients
(median, 36 vs. 86 mg/L; p = 0.06).
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Table 1. Patient and disease characteristics per disease state

Total CTx-naive Post-CTx p-value
N=151 N=112 N=39
Age (years) median (IQR) 74 (68-80) 75 (68-81) 71 (68-75) 0.020"
range 54-95 54-95 58-84
ECOG PS, % 0 38 39 36 0.235
1 40 35 54
>1 9 10 5
unknown 13 16 5
Gleason score, % <7 34 35 31 0.431
8-10 56 53 64
no histology 3 5 0
metastasis 1 1 3
biopsy
unknown 6 7 3
Charlson comorbidity 6 69 66 77 0.565
index, % 7-8 25 27 21
9-10 5 6 3
>10 1 1 0
unknown 0 0 0
Disease state, % N7 /NO / Nx 49/13/38 44 /13744 64/15/ 21 0.749
M1/ MO / Mx 76/8/17 73/5/22 82/18/0 0.031*
(bone)
M1/ MO / Mx 9/31/60 5/25/70 18/49/33 0.387
(visceral)
Period from ADT to median (IQR) 15.1 (9-28) 16.5(9-32) 13.0(7-22) 0.105
mMmCRPC (mo) unknown, % 0 0 0
Period from mCRPC to median (IQR) 7.0(2.0-21.0) 4.7 (1-14) 19.4(10-29) <0.001"
inclusion PRO-CAPRI  unknown, % 0 0 0
(mo)
Hb (mmol/L) median (IQR) 8.0(7.3-8.5) 8.1(7.5-8.5) 8.0(7.1-8.4) 0.479
unknown, % 2.6 3 3
LDH (U/L) median (IQR) 213 (185-261) 211 (182-259) 218(187-281) 0.341
unknown, % 7 7 5
ALP (U/L) median (IQR) 103 (72-173)  102(72-168) 113 (76-254)  0.421
unknown, % 2 3 0
PSA (pg/L) median (IQR) 40.4(12-121)  36.0(11-106)  86.0(14-180) 0.061
unknown, % 2 3 0
Marital state, % married/living 85 83 90 0.210
together
single/not living 5 4 8
together
divorced 3 4 0
widowed 8 10 3
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Table 1. (Continued)

Total CTx-naive Post-CTx p-value
N=151 N=112 N=39
Educational level?, %  none 1 1 0 0.030"
low 39 45 23
middle 15 " 26
high 38 35 46
other/unknown 8 9 5
Current profession, % employed 8 7 10 0.395
entrepreneur 7 10 0
incapacitated 3 2 5
retired/early 79 78 82
retired
other/unknown 3 4 3
Treatment at none 24 32 0 <0.001"
inclusion®, % no LPD 26 35 0 <0.0071"
LPD 50 33 100 <0.001"
docetaxel " 0 44 <0.0071"
cabazitaxel 1 0 3 0.089
abiraterone 12 9 18 0.125
acetate
enzalutamide 27 24 36 0.001"
radium-223 0 0 0 -
study drug 0 0 0 -
Treatment during none 6 9 0 0.053
follow-up®, % no LPD 15 18 8 0.128
LPD 84 80 97 0.008"
docetaxel 43 44 4 0.767
cabazitaxel 19 14 31 0.023"
abiraterone 25 23 28 0.533
acetate
enzalutamide 59 59 59 0.996
radium-223 1 1 10 0.936
study drug 3 4 3 0.762

All baseline measured are measured within three months prior or after the start of study. Percentages
may exceed 100% due to rounding. p-values calculated for differences in time to first MID between
CTx-naive and post-CTx patients.

* significant at p-value <0.05; @ Educational level converted to classes according to the Dutch Central
Bureau of Statistics (CBS)""; ® any systemic treatment at time of first questionnaire; < any systemic
treatment at time of second or later questionnaires.

Abbreviations: CTx-naive, no or no prior docetaxel chemotherapy at inclusion; post-CTx, current or post-
docetaxel chemotherapy at inclusion; IQR, interquartile range; ECOG PS, Eastern Cooperative Oncology
Group Performance Score; ADT, androgen deprivation therapy; mCRPC, metastastic castration-
resistant prostate cancer; Hb, haemoglobin; LDH, lactate dehydrogenase; ALP, alkaline phosphatase;
PSA, prostate specific antigen; LPD, life prolonging drug (either docetaxel, cabazitaxel, abiraterone,
enzalutamide or radium-223).
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Generic HRQoL (EQ-5D)

Generic HRQoL was high, with a mean EQ VAS of 73.2 of 100 and EQ-5D index value
of 0.82 of 1 atinclusion. Most problems were reported on pain/discomfort (55%) and
mobility (48%). No differences between disease state were observed in generic HRQoL
(Figure 2A, Supplemental Table 4).

Table 2. Proportion of patients with a clinically relevant deterioration in HRQoL at month 6 and
month 12

Month 6 Month 12 p-value
Generic HRQoL EQVAS 31/115(27.0) 31/95(32.6) 0.281
(EQ-5D)
Cancer-specific HRQoL global health status 27/120(22.5) 32/96 (33.3) 0.023*
(EORTC QLQ-C30) physical functioning 38/115(33.0)  37/90(41.1) 0.170
role functioning 36/117 (30.8) 43/93 (46.2) 0.009"
emotional functioning 15/119 (12.6) 19/95 (20.0) 0.092
cognitive functioning 37/119 (31.1) 33/95(34.7) 0.664
social functioning 28/119 (23.5) 33/95 (34.7) 0.015"
fatigue 53/116 (45.7) 50/94 (53.2) 0.064
nausea/vomiting 15/119 (12.6) 19/95 (20.0) 0.359
pain 26/119 (21.8) 34/95 (35.8) 0.002"
dyspnea 26/116 (22.4) 16/93 (17.2) 0.267
insomnia 16/116 (13.8) 20/94 (21.3) 0.118
appetite loss 24/118 (20.3) 26/93(28.0) 0.286
constipation 17/118 (14.4) 17/94 (18.1) 0.664
diarrhea 20/117 (17.1) 24/95 (25.3) 0.152
financial difficulties 8/118 (6.8) 6/95 (6.3) 0.688
Prostate cancer- sexual activity 14/117 (12.0) 16/93 (17.2) 0.180
specific HRQOL (EORTC yrinary symptoms 21/115(18.3)  22/94(23.4) 0.332
QLQ-PR25) bowel symptoms 11/93 (11.8) 10/71 (14.1) 0.508
hormonal therapy related 19/118 (16.1) 24/94 (25.5) 0.052
symptoms
Pain (BPI-SF) pain severity 9/75 (12.0) 13/65 (20.0) 0.039"
worst pain 15/76 (19.7) 21/65 (32.3) 0.003"
average pain 10/74 (13.5) 18/63 (28.6) <0.001"
least pain 9/73(12.3) 14/64 (21.9) 0.118
current pain 9/75 (12.0) 9/63 (14.3) 0.289
pain interference 7/61 (11.5) 14/51 (27.5) 0.004"

Data are presented as n/N (%) for total population (N=151). p-values calculated for differences
percentage of patients with MID at month 6 and month 12; * significant at p-value<0.05.
Abbreviations: HRQOL, health-related quality of life; MID, minimal important difference; CTx-naive, no
or no prior docetaxel chemotherapy at inclusion; post-CTx, current or post-docetaxel chemotherapy
atinclusion.

128



Health-related quality of life and pain in a real-world CRPC population: the PRO-CAPRI-study

EQ VAS deteriorated over time, but changes were small, and the mean change did not
reach MID during 24 months of follow-up (Figure 3A). There were no differences in
proportion with MID deterioration at 6 and 12 months (Table 2, Supplemental Table 5
[in the online version]). The median time to MID deterioration on generic HRQoL was
10.8 months for EQ VAS, without differences between CTx-naive and post-CTx patients
(Table 3, Supplemental Table 6).

Cancer-specific HRQoL (EORTC QLQ-C30)

Figure 2A and B show cancer-specific HRQoL at inclusion. Role (ie, patient’s ability to
perform daily activities, leisure time activities, and/or work) and physical functioning
were most affected in cancer- specific HRQoL (mean scores of 69 and 76 of 100,
respectively). CTx-naive patients had significant but not relevant lower levels of
emotional functioning compared with post-CTx patients (mean scores of 81 vs. 88;
p = 0.02). Most symptoms were measured on scales of fatigue, pain, and insomnia,
without differences in sub-groups per disease state (Figure 2A and B).

Figure 2A. Health-related quality of life measured at study inclusion; mean scores of functioning
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High scores indicate high level of functioning. Error bars represent 95% confidence intervals. * significant
at p-value <0.05. Abbreviations: CTx-naive, no or no prior docetaxel chemotherapy at inclusion; post-
CTx, current or post-docetaxel chemotherapy.
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Figure 2B. Health-related quality of life measured at study inclusion; mean scores of symptom scales
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Figure 2C. Health-related quality of life measured at study inclusion; mean scores of pain
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Deterioration was seen on all functioning domains of EORTC QLQ-C30, except for
emotional functioning (Figures 3B-G). The proportion of CTx-naive patients with MID
after 12 months was higher compared with after 6 months in global health status (32%
vs. 18%; p = 0.03), physical functioning (44% vs. 27%; p = 0.02), role functioning (45%
vs. 27%; p = 0.02), and social functioning (35% vs. 19%; p = 0.01). In post-CTx patients,
no differences in proportion with MID deterioration after 6 and 12 months was seen.
Symptoms increased over time, with the highest proportion of patients with MID in
fatigue and appetite loss. The proportion of patients with MID after 12 months was
higher than after 6 months for pain (22% vs. 36%; p < 0.01), which was only present in
the CTx-naive subgroup (see Supplemental Table 5).

All functioning domains of EORTC QLQ-C30 deteriorated approximately 1 year after
inclusion, except for emotional functioning (median, 26.6 months) (Table 3). The median
time to deterioration of the symptoms fatigue and pain were, respectively, 8.2 and 15.3
months.

Prostate Cancer-specific HRQoL (EORTC QLQ-PR25)

Atinclusion, 31 (21%) patients reported any sexual activity measured with EORTC QLQ-
PR25, with higher activity levels in CTx-naive patients than in post-CTx patients (mean,
8.5vs. 1.4, p = 0.02). Prostate cancer-specific symptoms were mostly present as urinary
symptoms at inclusion. CTx-naive patients reported more bowel symptoms than post-
CTx patients (mean 8.9 vs. 3.7;p = 0.04). During follow-up, sexual activity and prostate
cancer-specific symptoms remained stable, and no clinically relevant deterioration was
observed.
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Table 3. Time to clinical relevant deterioration in months of HRQoL for total population

No. of events (%) Time to MID (mo)

Generic HRQoL (EQ-5D)  EQ VAS 59.6 10.8 (6-NR)

Cancer-specific HRQolL global health status 54.3 14.7 (7-26)

(EORTC QLQ-C30) physical functioning 58.9 131 (6-26)
role functioning 60.3 12.2 (4-28)
emotional functioning 33.8 26.6 (10-NR)
cognitive functioning 53.6 12.2 (6-28)
social functioning 55.6 12.8 (7-NR)
fatigue 66.2 8.2 (4-20)
nausea/vomiting 47.0 19.0 (9-NR)
pain 56.3 15.3 (6-26)
dyspnea 43.0 22.6 (7-NR)
insomnia 411 22.6 (9-NR)
appetite loss 48.3 17.0 (9-NR)
constipation 384 24.5 (10-NR)
diarrhea 36.4 NR (9-NR)
financial difficulties 17.9 NR (26-NR)

Prostate cancer-specific  sexual activity 13.9 NR (NR-NR)

HRQoL (EORTC QLQ-PR25) sexyal functioning 2.0 NR (NR-NR)
urinary symptoms 26.5 NR (15-NR)
bowel symptoms 17.2 NR (26-NR)
incontinence aid 53 NR (NR-NR)
hormonal therapy related 27.8 26.3 (13-NR)
symptoms

Pain (BPI-SF)? pain severity 34.2 NR (10-NR)
worst pain 46.8 15.9 (7-NR)
average pain 36.9 NR (10-NR)
least pain 38.7 NR (10-NR)
current pain 32.4 NR (10-NR)
pain interference 31.5 NR (13-NR)

Data are presented as percentages for number of events (i.e. number of patients with MID) and median
(IQR) for time to first MID in total population (N=151); a only patients with BPI-SF measurement at
inclusion (N=111). Abbreviations: HRQoL, health-related quality of life; CTx-naive, no or no prior docetaxel
chemotherapy at inclusion; post-CTx, current or post-docetaxel chemotherapy at inclusion; MID, minimal
important differences; IQR, interquartile range; NR, not reached.
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Pain (BPI-SF)

The mean pain severity and interference were low at inclusion, without differences
between subgroups (Figure 2C). Sixteen percent (17 of 108 patients with baseline BPI-
SF) reported clinically relevant pain at inclusion.

Thirty-six percent of patients without clinical meaningful pain at inclusion had MID
deterioration during follow-up. Eight (47.1%) of 17 patients with clinical meaningful
pain at inclusion had evaluable follow-up questionnaires, with 4 (23.5%) reporting
MID improvement of pain. In CTx-naive patients, the proportion of patients with MID
after 12 months was higher for “worst” (29% vs. 18%; p = 0.04) and “average” (24%
vs. 13%; p = 0.02) pain and pain interference on daily functioning (26% vs. 11%; p <
0.07) than after 6 months (see Supplemental Table 5a). No differences between CTx-
naive and post-CTx patients were found in time to deterioration except for “worst”
pain (see Supplemental Table 6). CTx-naive patients had a significantly longer time to
deterioration on “worst” pain than post-CTx patients (24.5 vs. 9.9 months, respectively;
p =0.04).

Figure 3A. Changes in HRQoL over time per disease state; mean changes of EQ VAS (generic
HRQoL)
Total CTx-naive post-CTx
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health-related quality of life; CTx-naive, no or no prior docetaxel chemotherapy at inclusion; post-CTx,
current or post-docetaxel chemotherapy at inclusion; MID, minimally important difference.
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Figure 3B. Changes in HRQoL over time per disease state; mean changes in global health status
(cancer-specific HRQoL)
Total CTx-naive Post-CTx
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Mean changes from inclusion. Error bars represent 95% Cl, red line is MID. Abbreviations: HRQoL,
health-related quality of life; CTx-naive, no or no prior docetaxel chemotherapy at inclusion; post-CTx,
current or post-docetaxel chemotherapy at inclusion; MID, minimally important difference.
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Figure 3C. Changes in HRQoL over time per disease state; mean changes in physical functioning
(cancer-specific HRQoL)
Total CTx-naive post-CTx
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health-related quality of life; CTx-naive, no or no prior docetaxel chemotherapy at inclusion; post-CTx,
current or post-docetaxel chemotherapy at inclusion; MID, minimally important difference.
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Figure 3D. Changes in HRQoL over time per disease state; mean changes in role functioning
(cancer-specific HRQoL)
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Mean changes from inclusion. Error bars represent 95% Cl, red line is MID. Abbreviations: HRQoL,
health-related quality of life; CTx-naive, no or no prior docetaxel chemotherapy at inclusion; post-CTx,
current or post-docetaxel chemotherapy at inclusion; MID, minimally important difference.

Figure 3E. Changes in HRQoL over time per disease state; mean changes in emotional functioning
(cancer-specific HRQoL)
Total CTx-naive post-CTx
0 3 & 12 15 18 21 24 0 9 12 15 18 21 24 0O 9 12 15 18 21 24

T LI ”'

Mean changes from inclusion. Error bars represent 95% Cl, red line is MID. Abbreviations: HRQoL,
health-related quality of life; CTx-naive, no or no prior docetaxel chemotherapy at inclusion; post-CTx,
current or post-docetaxel chemotherapy at inclusion; MID, minimally important difference.
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Figure 3F. Changes in HRQoL over time per disease state; mean changes in cognitive functioning
(cancer-specific HRQoL)
Total CTx-naive post-CTx
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health-related quality of life; CTx-naive, no or no prior docetaxel chemotherapy at inclusion; post-CTx,
current or post-docetaxel chemotherapy at inclusion; MID, minimally important difference.
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Figure 3G. Changes in HRQoL over time per disease state; mean changes in social functioning
(cancer-specific HRQoL)
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Abbreviations: HRQoL, health-related quality of life; CTx-naive, no or no prior docetaxel chemotherapy
atinclusion; post-CTx, current or post-docetaxel chemotherapy at inclusion; MID, minimally important
difference.
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DISCUSSION

To our knowledge, this is the largest contemporary real-world longitudinal analysis
of HRQoL during mCRPC. Previous research mainly focused on patients treated in
randomized controlled trials, but results from these trials cannot be easily generalized
to the real-world practice.’ The absence of complicated inclusion and exclusion criteria
in our study warrants the reflection of a real-world population in current daily practice.

In this study, we showed that at inclusion, baseline HRQoL was relatively high. Most of
our patients were in an early disease phase, with 75% of patients without docetaxel
pretreatment and a short interval from diagnosis of castrate-resistance to inclusion
into the study. Previously published mCRPC cohorts reported lower HRQoL.">? For
example, the mean EQ-5D index value was 0.82 in our study, compared with 0.64 to
0.74in other reports.'>* However, differences between our study and previous reports
can be explained by differences in patient selection, the availability of life-prolonging
therapeutic options, and international valuation of HRQoL measurement.®*>* This
contemporary cohort indicates that in Dutch daily practice, generic HRQoL is high
in the early mCRPC state.'?'*>32 Most baseline symptoms were identified in role (ie,
patient’s ability to perform daily activities, leisure time activities, and/or work) and
physical functioning, with high symptom burden on pain, fatigue, and insomnia.

Deterioration was seen in almost all domains of HRQoL. Deterioration in HRQoL is part
of the normal aging process, and scores on cognitive, emotional, and social functioning
are comparable to the European population norms of the same age group (= 70 years).*
However, we found low scores on role and physical functioning at inclusion, probably
showing the impact of mMCRPC on these domains.35 Role and physical functioning were
also prone to deterioration. Therefore, specific attention for these domains at the start
of new systemic treatment and during follow-up of patients with mCRPC is needed to
maintain HRQoL as long as possible.

A delay in HRQoL and pain progression has been reported in randomized controlled
trials of new LPDs.'82! Eighty-four percent of patients in our study were also treated
with LPDs during follow- up. Owing to small sample sizes, we were not able to calculate
differences between treated and untreated patients, and more specifically between
treatments. In our total mCRPC population, the median time to pain deterioration
("worst” pain) was 24.5 months in CTX-naive and 9.9 months in post-CTX patients. This
time to progression on “worst” pain is in agreement with the chemotherapy- naive
COU-AA-302 treatment arm (25.8 months)*® and in the post-chemotherapy COU-AA-
301 treatment arm (7.4 months).?” Comparison with clinical trials, however, warrants
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caution owing to differences in patient selection, outcome measures, and the definition
of MID compared with our real-world population.

In prostate cancer-specific HRQoL, we found low sexual activity and mostly urinary
symptoms at baseline. A population-based survey in the United Kingdom showed that
sexual activity was low among all stages of prostate cancer.?® Although younger patients
were concerned about the lack of sexual activity, less than one-half of the patients were
offered treatment to improve sexual health.38 The baseline assessment in individual
patients with mCRPC can address problems and concerns about sexual health and
guide individual treatment. However, similar to other research, no trends in prostate-
cancer specific HRQoL were observed during follow-up.'* Therefore, the EORTC QLQ-
PR25 seems of low additional value when it comes to monitoring treatment effects
and tolerability.

An important limitation of this study was the relatively small sample size. Only 4 percent
of all patients included in the CAPRI- registry were included in the PRO-CAPRI study.
At baseline mCRPC diagnosis, patients in the PRO-CAPRI study tended to be in better
clinical condition than patients in the CAPRI-registry. Therefore, results are possibly not
generalizable for the total Dutch population. The second limitation of this study was the
non- randomized study design that made it impossible to compare the individual new
treatments. Subgroups per treatment were too small for reliable analyses of changes
in HRQoL.

Conclusion

To conclude, in spite of the availability of LPDs, deterioration was seen in almost all
domains of HRQoL with the domains role and physical functioning especially prone
to deterioration. Therefore, specific attention during follow-up is needed in order to
maintain HRQoL as long as possible by timely starting supportive care management.
Incorporating individual PRO assessment in daily clinical practice can possibly aid
physicians in treatment decisions, monitoring treatment effects and tolerability, and
improving symptom control.
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SUPPLEMENTARY MATERIAL

Table S1. Overview of used questionnaires and minimally important differences (MID)

No.of No. ofitems Scale MID
items needed?
EQ-5D""M8  EQ VAS 1 1 0-100 7-11
EQ-5D index value 5 5 -0,594t01 -
EORTC QLQ- physical functioning® 5 3 0-100 10
c30msme role functioning® 2 1 0-100 10
emotional functioning® 4 2 0-100 10
cognitive functioning® 2 1 0-100 10
social functioning® 2 1 0-100 10
fatigue® 3 2 0-100 10
nausea/vomiting® 2 1 0-100 10
pain® 2 1 0-100 10
dyspnea“ 1 1 0-100 10
insomnia“ 1 1 0-100 10
appetite loss® 1 1 0-100 10
constipation® 1 1 0-100 10
diarrheac 1 1 0-100 10
financial difficultiesc 1 1 0-100 10
EORTC QLQ- sexual activity® 2 1 0-100 10
PR25"® sexual functioning® 4 2 0-100 10
urinary symptoms¢ 8 4 0-100 10
bowel symptoms¢© 4 2 0-100 10
hormonal therapy related 6 3 0-100 10
symptoms©
use of incontinence aid® 1 1 0-100 10
BPI-SF'e18  pain severity 4 4 0-10 >30% and =2 points
from baseline
worst pain 1 1 0-10 >30% and >2 points
from baseline
least pain 1 1 0-10 >30% and >2 points
from baseline
average pain 1 1 0-10 >30% and 22 points
from baseline
current pain 1 1 0-10 >30% and =2 points
from baseline
pain interference 7 4 0-10 >50% of baseline

standard deviation
and >2 points

*the number of items per domain needed to be completed to adequately calculate the score per domain;
® functional scales (high scores indicate high level of functioning); csymptom scales (high scores indicate
high symptom burden).

Abbreviations: MID, minimally important difference; VAS, visual analogue scale.
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Table S2. Compliance rate with HRQOL questionnaires

Months after inclusion Total EQ-5D EORTC QLQ-C30 EORTC QLQ-PR25 BPI-SF?

0 151 150(99) 146 (97) 145 (96) 111 (74)
3 136 133(98) 134(99) - 107 (79)
6 124 122(98) 123(99) 120(97) 99 (80)
9 119 118(99) 118(99) - 103 (87)
12 101 98 (97) 8(97) 96 (95) 85 (84)
15 83 81(98) 2(99) - 1(86)
18 70 70 (100) 0(100) 66 (94) 57 (81)
21 55 55 (100) 5(100) - 091
24 39 39 (100) 9 (100) 38(97) 34(87)

Compliance rate: the number of patients completing at least one question divided by the total number
of available patients per time point (i.e. alive and still on study). All data are presented as n (%). °BPI-
SF was added one year after study start through protocol amendment: 27% of patients was enrolled
before protocol amendment.

Abbreviations: HRQoL, health related quality of life.

Table S3. Representativeness of PRO-CAPRI population based on baseline characteristics

PRO-CAPRI CAPRI p-value
N=151 N=3,616
Age (years) median (range) 72 (54-94) 75 (46-99) 0.002"
>75 years, % 41 52 0.006"
ECOGPS, % 0 30 18 0.078
1 21 18
> 3 5
unknown 46 60
Gleason score, % <7 34 34 0.602
8-10 56 51
no histology 3 3
metastasis biopsy 1 1
unknown 6 10
Charlson comorbidity index, % 6 70 62 0.211
7-8 26 32
9-10 4
>10 1
unknown 0
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Table S3. (Continued)

PRO-CAPRI CAPRI p-value
N=151 N=3,616

Disease state, % N1 /NO/ Nx 5/46/49 71728765 0.020"
M1/ MO/ Mx (bone) 6/62/33 9/53/39 0.144
M1/ MO/ Mx (visceral) 14/3/83 16/4/81 1.000

Period from ADT to mCRPC (mo) median (IQR) 15.1 (9-28) 15.1 (8-29) 0.986
unknown, % 0 <1

Hb (mmol/L) median (IQR) 8.3(7.6-8.8) 8.0(7.3-8.6)  0.014
unknown, % 30 34

LDH (U/L) median (IQR) 212 (184-249) 223 (188-294) 0.058
unknown, % 47 59

ALP (U/L) median (IQR) 97 (75-150) 106 (78-192)  0.041"
unknown, % 30 37

PSA (pg/L) median (IQR) 15.0(5-44)  16.7 (6-62) 0.247
unknown, % 1 3

Treatment during follow-up, %  none 1 12 <0.0071*
no LPD 5 25
LPD 94 63
docetaxel 66 43 <0.0071"
cabazitaxel 25 13 <0.0071"
abiraterone 38 32 0.106"
enzalutamide 72 30 <0.0071"
radium-223 17 8 <0.0071"

All baseline measurements were included if they were measured in the period of three months prior or
three months after mCRPC diagnosis. Tested for statistical significance between PRO-CAPRI subgroup
and rest of CAPRI-population (N=3,465); * significant at p-value<0.05.

Abbreviations: IQR, interquartile range; ECOG PS, Eastern Cooperative Oncology Group Performance
Score; ADT, androgen deprivation therapy; mCRPC, metastastic castration-resistant prostate cancer;
mo, months; Hb, haemoglobin, LDH, lactate dehydrogenase; ALP, alkaline phosphatase; PSA, prostate
specific antigen; LPD, life prolonging drug (either docetaxel, cabazitaxel, abiraterone, enzalutamide or
radium-223).
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Table S4. Assessment of HRQoL with subgroups per disease state at inclusion

Total CTx-naive Post-CTx p-value
N=151 N=112 N=39
Generic HRQoL mobility?,% 48 47 49 0.775
(EQ-5D) self-care?% 15 16 10 0.404
usual activities®% 43 43 44 0.774
pain/discomfort?% 55 46 51 0.698
anxiety/depression? % 27 28 23 0.630
EQ VAS 73.2(17) 72.9(17) 73.9 (16) 0.848
EQ-5D index value 0.82(0.17) 0.82(0.16) 0.82(0.16) 0.796
Cancer-specific global health status 75.9(17) 75.5(18) 76.9(12) 0.954
HRQoL (EORTC physical functioning 76.1 (23) 75.8 (24) 76.8 (23) 0.972
QLQ-C30) role functioning 69.3(32) 68.8(32) 71.0(30) 0.853
emotional functioning 82.8 (18) 80.9 (19) 88.4(14) 0.022"
cognitive functioning 85.4(18) 84.7 (18) 87.5(17) 0.455
social functioning 80.5(27) 78.9 (29) 85.2 (21) 0.405
fatigue 32.3(25) 32.6 (26) 31.6(21) 0.963
nausea/vomiting 5.5(15) 59017) 4.2 (10) 0.770
pain 23.4(25) 25.2 (26) 18.1 (20) 0.243
dyspnea 18.9 (27) 18.2 (26) 21.3(28) 0.516
insomnia 22.8(28) 24.3 (28) 18.5(27) 0.235
appetite loss 11.0 (25) 10.4 (24) 13.0(27) 0.490
constipation 12.8(22) 14.8 (24) 6.5 (13) 0.083
diarrhea 10.0 (23) 9.4 (23) 12.0(23) 0.260
financial difficulties 4.6(14) 52(14) 2.8(12) 0.203
Prostate cancer- sexual activity 6.7 (16) 8.5(18) 1.4(5) 0.016"
specific HRQoL sexual functioning® 55.2 (22) 58.3(18) 45.0(33) 0.246
(EORTC QLQ-PR25) urinary symptoms 21.1(017) 22.7(18) 16.4 (14) 0.057
bowel symptoms 7.4(14) 8.9 (16) 3.7(8) 0.038"
incontinence aid® 13.3(29) 14.7 (23) 9.1(22) 0.407
hormonal therapy related  16.6 (13) 16.9 (14) 15.8 (10) 0.980
symptoms
Pain (BPI-SF) pain severity
worst pain 2.22(2) 2.21(3) 2.24(2) 0.530
average pain 1.82(2) 1.89(2) 1.58(2) 0.960
least pain 111(2) 112 (2) 1.08 (2) 0.858
current pain 1.52(2) 1.67 (2) 0.96 (1) 0.407
pain interference 1.73(2) 1.82(2) 1.42 (2) 0.492

All data are presented as mean (SD) unless listed otherwise. Percentages can exceed 100% due to
rounding. p-values calculated for differences in time to first MID between CTx-naive and post-CTx
patients. ? Percentage of patients reporting any problems (level 2 to 5); ® mean scores of patients
reporting any sexual activity; © mean scores of patients reporting any use of incontinence aid; *
significant at p-value<0.05.

Abbreviations: HRQOL, health-related quality of life; CTx-naive, no or no prior docetaxel chemotherapy
atinclusion; post-CTx, current or post-docetaxel chemotherapy at inclusion; SD, standard deviation
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Table S5A. Proportion of CTx-naive patients with a clinically relevant deterioration and time to
deterioration in HRQoL at month 6 and month 12

Month 6 Month 12 p-value
Generic HRQoL ~ EQ VAS 22/85(25.9) 23/73(31.5) 0.556
(EQ-5D)
Cancer-specific  global health status 16/90 (17.8) 24/75 (32.0) 0.027*
HRQOL (EORTC  ppysical functioning 23/85 (27.1) 30/69 (43.5) 0.019"
QLQ-C30) role functioning 24/88 (27.3) 33/73(45.2) 0.017"
emotional functioning ~ 8/89 (9.0) 13/74(17.6) 0.096
cognitive functioning 27/89 (30.3) 27/74 (36.5) 0.302
social functioning 17/89 (19.1) 26/74 (35.1) 0.007*
fatigue 38/86 (44.2) 39/73 (53.4) 0.096
nausea/vomiting 12/89 (13.5) 13/74(17.6) 0.791
pain 18/89 (20.2) 25/74(33.8) 0.019"
dyspnea 20/86 (23.3) 14/72 (19.4) 0.549
insomnia 13/86(15.1) 16/73 (21.9) 0.227
appetite loss 19/88 (21.6) 21/72(29.2) 0.302
constipation 14/88 (15.9) 15/73(20.5) 0.648
diarrhea 15/87 (17.2) 20/74(27.0) 0.238
financial difficulties 6/88 (6.8) 6/74(8.1) 0.688
Prostate cancer-  sexual activity 12/86 (14.0) 16/71 (22.5) 0.070
specific HRQoL urinary symptoms 16/83(19.3) 18/71 (25.4) 0.424
(PE;;F;—)FC QLQ- bowel symptoms 10/66 (15.2) 8/52 (15.4) 0.688
hormonal therapy 11/87 (12.6) 18/72 (25.0) 0.035"
related symptoms
Pain (BPI-SF) pain severity 6/56 (10.7) 9/52 (17.3) 0.219
worst pain 10/57 (17.5) 15/52 (28.8) 0.039"
average pain 7/56 (12.5) 12/51 (23.5) 0.016"
least pain 7/54(13.0) 11/51 (21.6) 0.267
current pain 6/57 (10.5) 5/50(10.0) 1.000
pain interference 5/46 (10.9) 11/42 (26.2) 0.008"

Data are presented as n/N (%) for total population (N=112). p-values calculated for differences between
proportion of patients with MID at month 6 and month 12; * significant at p-value <0.05.
Abbreviatons: HRQOL, health-related quality of life; MID, minimal important difference; CTx-naive, no or
no prior docetaxel chemotherapy at inclusion.
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Table S5B. Proportion of post-CTx patients with a clinically relevant deterioration and time to
deterioration in HRQoL at month 6 and month 12

Month 6 Month 12 p-value
Generic HRQoL EQ VAS 9/30(30.0) 8/22 (36.4) 0.375
(EQ-5D)
Cancer-specific global health status 11/30 (36.7) 8/21(38.1) 1.000
HRQOL (EORTC  physical functioning 15/30 (50.0) 7/21(33.3) 0.453
QLQ-C30) role functioning 12/29 (41.4) 10/20 (50.0) 0.453
emotional functioning 7/30(23.3) 6/21 (28.6) 0.688
cognitive functioning 10/30 (33.3) 6/21 (28.6) 0.688
social functioning 11/30(36.7) 7/21 (33.3) 1.000
fatigue 15/30(50.0) 11/21 (52.4) 0.688
nausea/vomiting 3/30(10.0) 6/21 (28.6) 0.375
pain 8/30(26.7) 9/21 (42.9) 0.063
dyspnea 6/30 (20.0) 2/21(9.5) 0.500
insomnia 3/30(10.0) 4/21 (19.0) 0.625
appetite loss 5/30(16.7) 5/21(23.8) 1.000
constipation 3/30(10.0) 2/21(9.5) 1.000
diarrhea 5/30(16.7) 4/31(19.0) 0.688
financial difficulties 2/30(6.7) 0/21(0.0) 1.000
Prostate cancer-  sexual activity 2/31(6.5) 0/22(0.0) 1.000
specific HRQoL urinary symptoms 5/32 (15.6) 4/23 (17.4) 1.000
(PEROZZIC QLe- bowel symptoms 1/27 (3.7) 2/19 (10.5) 1.000
hormonal therapy related 8/31(25.8) 6/22 (27.3) 1.000
symptoms
Pain (BPI-SF) pain severity 3/19 (15.8) 4/13(30.8) 0.250
worst pain 5/19 (26.3) 6/13 (46.2) 0.125
average pain 3/18 (16.7) 6/12 (50.0) 0.063
least pain 2/19 (10.5) 3/13(23.1) 0.500
current pain 3/18(16.7) 4/13(30.8) 0.250
pain interference 2/15(13.3) 3/9(33.3) 1.000

Data are presented as n/N (%) for CTx-naive population (N=39). p-values calculated for differences
between proportion of patients with MID at month 6 and month 12; * significant at p-value <0.05.
Abbreviations: HRQOL, health-related quality of life; MID, minimal important difference; post-CTx, current
or post-docetaxel chemotherapy at inclusion.
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Table S6. Time to clinical relevant deterioration in months of HRQoL per disease state

CTx-naive Post-CTx p-value
N=112 N=39
No.of TimetoMID No.of TimetoMID
events, (mo) events, (mo)
% %
Generic EQ VAS 56.3 12.3 (6-NR) 69.2 10.0 (4-21) 0.299
HRQoL (EQ-
5D)
Cancer- global health status 55.4 15.1 (7-26) 51.3 13.4(7-NR)  0.978
specific physical functioning ~ 58.9 14.7 (6-26) 59.0 6.8 (4-NR) 0.490
HRQoL (EORTC role functioning 63.4 12.3(5-22) 51.3 121 (4-NR)  0.521
QLQ-C30)  emotional functioning 31.3 26.6(12-NR)  41.0 NR(6-NR)  0.167
cognitive functioning  52.7 12.6 (6-28) 56.4 10.0 (6-NR)  0.847
social functioning 53.6 14.2 (9-NR) 61.5 9.5 (6-NR) 0.276
fatigue 64.3 8.6 (4-23) 71.8 6.5 (4-13) 0.381
nausea/vomiting 44.6 19.9 (9-NR) 53.8 15.3(9-25) 0.279
pain 52.7 15.8 (6-NR) 66.7 10.2 (6-24) 0.200
dyspnea 429 22.6 (8-NR) 43.6 201 (7-NR) ~ 0.805
insomnia 43.8 21.8 (9-NR) 333 NR (10-NR)  0.356
appetite loss 50.9 16.5 (8-NR) 41.0 NR (9-NR) 0.459
constipation 393 24.5 (9-NR) 359 241 (12-NR)  0.672
diarrhea 357 NR (10-NR) 38.5 21.7(8-NR)  0.696
financial difficulties 20.5 NR (24-NR) 10.3 NR(NR-NR)  0.205
Prostate sexual activity 17.0 NR (NR-NR) 5.1 R(NR-NR)  0.092
cancer-specific sexual functioning 27 NR(NR-NR) 0 R(NR-NR)  0.353
HRQoL (EORTC yrinary symptoms 28.6 25.6 (15-NR)  20.5 NR(19-NR)  0.571
QLQ-PR25)  powel symptoms 18.8 NR(25-NR)  12.8 R(NR-NR) 0783
incontinence aid 5.4 NR (NR-NR) 5.1 NR (NR-NR)  0.941
hormonal therapy 26.8 26.3(16-NR)  30.8 NR (12-NR) 0.242
related symptoms
Pain (BPI-SF)?  pain severity 32.6 NR (11-NR) 40.0 NR (9-NR) 0.408
worst pain 41.9 24.5 (8-NR) 64.0 9.9 (7-16) 0.042*
average pain 32.6 NR (11-NR) 52.0 12.5(10-NR) 0.072
least pain 39.5 R (10-NR) 36.0 NR (11-NR) 0.833
current pain 30.2 R (11-NR) 40.0 R (9-NR) 0.349
pain interference 31.4 R (15-NR) 32.0 R (10-NR) 0.633

Data are presented as percentages for number of events (i.e. number of patients with MID) and median
(IQR) for time to first MID. p-values calculated for differences in time to first MID between CTx-naive and
post-CTx patients. a only patients with BPI-SF measurement at inclusion (CTx-naive N=86 and post-CTx
N=25); * significant at p-value <0.05

Abbreviations: HRQoL, health-related quality of life; CTx-naive, no or no prior docetaxel chemotherapy
at inclusion; post-CTx, current or post-docetaxel chemotherapy at inclusion; MID, minimal important
differences; IQR, interquartile range; NR, not reached.
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ABSTRACT

Background

Intensive end-of-life care (i.e., the overuse of treatments and hospital resources in the
last months of life), is undesirable since it has a minimal clinical benefit with a substantial
financial burden. The aim was to investigate the care in the last three months of life
(end-of-life [EOL]) in castration-resistant prostate cancer (CRPC).

Methods

Castration-resistant prostate cancer registry (CAPRI) is an investigator-initiated,
observational multicenter cohort study in 20 hospitals retrospectively including patients
diagnosed with CRPC between 2010 and 2016. High-intensity care was defined as the
initiation of life-prolonging drugs (LPDs) in the last month, continuation of LPD in last
14 days, >1 admission, admission duration =14 days, and/or intensive care admission
in last three months of life. Descriptive and binary logistic regression analyses were
performed.

Results

High-intensity care was experienced by 41% of 2,429 patients in the EOL period.
Multivariable analysis showed that age (odds ratio [OR] 0.98, 95% confidence interval
[C1]10.97-0.99), performance status (OR 0.57, 95% Cl 0.33-0.97), time from CRPC to EOL
(OR 0.98, 95% CI 0.97-0.98), referral to a medical oncologist (OR 1.99, 95% Cl 1.55-2.55),
prior LPD treatment (>1 line OR 1.72, 95% Cl 1.31-2.28), and opioid use (OR 1.45, 95%
Cl 1.08-1.95) were significantly associated with high-intensity care.

Conclusions

High-intensity care in EOL is not easily justifiable due to high economic cost and little
effect on life span, but further research is awaited to give insight in the effect on
patients’ and their caregivers' quality of life.
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INTRODUCTION

Several life-prolonging drugs (LPDs) have been registered for treatment of metastatic
castration-resistant prostate cancer (MCRPC): taxane chemotherapy (TAX, i.e. docetaxel,
cabazitaxel), androgen receptor-targeting therapies (ART, i.e. abiraterone acetate,
enzalutamide), and an alpha-emitting isotope (radium-223 dichloride).

The disease trajectory of incurable cancer as mCRPC shows a slow decline over
months or years, followed by a rapid decline over the last few months resulting in
death'. In a contemporary real world cohort we previously reported a median overall
survival (OS) of 26 months?. Several prognostic models and individual factors have
been studied to aid in the identification of the beginning of the end-of-life (EOL)*->.
However, the overestimation of survival by clinicians shows that identification of EOL
remains challenging®-. This optimism about survival can lead to suboptimal delivery of
palliative care. This does not only come at high economic costs, but is also not in line
with patient's preferences’.

The focus of EOL-care should shift from active LPD treatment to symptom management
and meeting the subjective needs of patients®. In EOL, patients are less willing to
accept treatment complications and want a dignified end of life, as comfortable as
possible’™ 2, Intensive use of hospital care in EOL does not meet patient’s needs, since
the contribution to survival is minimal and the effect on quality of life is not evident'*-'¢.

Potential indicators for high intensity care near the EOL have been identified and include
the intensive use of chemotherapy, low rates of hospice use, and interventions resulting
in emergency room (ER) visits, hospitalization, or intensive care unit (ICU) admissions''>.
Although high intensity care in EOL can have possible substantial financial and clinical
harms, population-based, disease-specific data are lacking. We aim to investigate the
use of high intensity care, more specifically the use of treatments and hospitalization
in EOL in CRPC. We will focus on changes in care during the disease trajectory and
differences between treated and untreated patients.
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METHODS

Study design and setting

CAPRI (CAstration-resistant Prostate cancer Reglstry) is an investigator-initiated,
observational multi-center cohort study in 20 Dutch hospitals, which were selected on
the basis of geographical spread and the type of hospital (i.e. four academic hospitals,
11 large teaching hospitals and five general hospitals). The study design has been
described before?. The study was approved by a medical ethics committee and in
accordance to Dutch law no informed consent was necessary for this observational
registry. The study is registered in the Dutch Trial Registry as NL3440.

Participants

All CRPGpatients diagnosed between 2010 and 2016 in the 20 hospitals were included
retrospectively. CRPC was either defined by the criteria set by the European Association
of Urology'” or by the treating physician (e.g. starting treatment, including agents as
bicalutamide based on PSA progression). Predefined and readily available data from
medical records were collected retrospectively by trained data managers. CRPC patients
with docetaxel for metastatic hormone-sensitive prostate cancer (n=14) were excluded.

In the current analysis, we only included patients with a registered date of death in
their medical files. We assumed all deaths were related to CRPC since the reason of
death was not registered.

Follow-up and data collection

Predefined and readily available data from medical records were retrospectively
collected by trained data managers. Baseline characteristics were included in the
analysis if they were registered during a hospital visit or admission one month prior or
after the start of the last three months of life. All data has been regularly updated for
all patients until December 31, 2017.

Outcome

Outcomes were treatment utilization and hospital admissions in the last 3 months of
life. Firstly, outcomes were evaluated during the course of CRPC: from CRPC diagnosis
to the last 6 months of life (CRPCG 6mo), from the last 6 to the last 3 months of life (6-
3mo) and in last 3 months of life (3mo-death). Secondly, we investigated outcomes in
subgroups based on LPD treatment (i.e. docetaxel, cabazitaxel, abiraterone acetate,
enzalutamide, or radium-223) in last 3 months of life: patients without LPD in last 3
months of life (‘no LPD treatment”), patients with LPD started before last 3 months of
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life but continued in last 3 months of life (“LPD continuation”) and patients initiating
new LPD in last 3 months of life (“LPD initiation”).

The second outcome parameter was high intensity care which was defined as the
occurrence of at least one of these items: initiation of LPD in the last month of life (1),
continuation of LPD within the last 14 days of life (2), more than one hospital admission
in the last 3 months of life (3), admission duration of > 14 days in the last 3 months of
life (4) and intensive care unit (ICU) admission in the last 3 months of life (5). Hospice use
and ER-visits were not evaluable from our database and were excluded as indicators
in this analysis.

Statistical analysis

The sample size was not based on power calculations. Descriptive statistics were
performed using Cochranes Q test or Friedman test. One-way ANOVA, Kruskall-Wallis
or Chi-square test were used to test for differences between LPD-subgroups. Post-hoc
analyses using pairwise comparison with Bonferroni correction were performed in
case of significant differences. Univariable and multivariable binary logistic regression
incorporating known prognostic factors were performed on original data and pooled
data after multiple imputation using Markov Chain methods. A p-value of 0.05 or less
was considered statistically significant. IBM SPSS Statistics Version 24.0 (IBM ®, Armonk,
NY, USA) was used for all analyses.

RESULTS

In total 2,432 of 3,616 (68%) CRPC patients included in the CAPRI registry died during
follow-up; 3 patients (<1%) were excluded due to missing date of death. The median
follow-up duration was 19.4 months (range 0.4-92 months) from CRPC diagnosis.

Treatment characteristics

In CRPG6mo 52% (n=1,256) was treated with an LPD compared to 44% (n=1,074) in
the last 6-3mo, and 39% (n=951) in last 3 months of life (p<0.01). Most patients started
LPD prior to last 3 months of life and continued treatment in this period (729 of 951
patients). The number of patients initiating new LPD declined between CRPG6mo and
last 6-3mo (52% vs 21%, p=0.05) and remained stable between last 6-3mo and last
3 months of life (21% vs 15%, p=0.45) (Table 1). In the last 3 months of life TAX was
prescribed in 6%, ART in 9% and radium-223 rarely (1%).
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Table 1. Treatment characteristics during the course of CRPC

Adjusted
CRPC-6 mo 6-3 mo EOL phase p-value®

Total systemic treatment utilization, no. (%)

No 315 (13) 736 (30) 992 (41)

Yes 1,821 (75) 1,590 (66) 1,437 (59)

Missing 293 (12) 103 (4) 0(0) <0.001
Type of utilized therapy, no. (%)

Non-LPD 565 (23) 516 (21) 486 (20)

LPD 1,256 (52) 1,074 (44) 951 (39) <0.001
Docetaxel 969 (40) 319 (13) 230(10) <0.001
Cabazitaxel 224.(9) 171(7) 133 (6) <0.001
Abiraterone 603 (25) 426 (18) 384 (16) <0.001
Enzalutamide 395 (16) 275(11) 253 (10) <0.001
Radium-223 104 (4) 83(3) 69 (3) 0.001
New therapy initiated, no. (%)

No 315(13) 1,637 (67) 1,953 (80)

Yes 1,821 (75) 689 (28) 476 (20)

Missing 293 (12) 103 (4) 0(0) <0.001
Type of new initiated therapy, no. (%)

Non-LPD 565 (23) 187 (8) 103 (4)

LPD 1,256 (52) 502 (21) 373(15) 0.001
Docetaxel 969 (40) 134 (6) 86 (4) <0.001
Cabazitaxel 224(9) 90 (4) 51(2) <0.001
Abiraterone 603 (25) 152 (6) 132 (5) <0.001
Enzalutamide 395 (16) 104 (4) 91 (4) <0.001
Radium-223 104 (4) 37(2) 21 (1) <0.001

?adjusted for multiple testing using Bonferroni correction.

Abbreviations: CRPC, castration-resistant prostate cancer; mo, months; EOL, end-of-life phase (i.e. last 3
months of life); LPD, life-prolonging drugs (i.e. docetaxel, cabazitaxel, abiraterone acetate, enzalutamide
or radium-223).

Patient and disease characteristics

Median age at the start of last 3 months of life was 77 years. Performance score declined
from CRPC diagnosis to last 3 months of life (valid percentages ECOG >1 of 14% and
47%, respectively) with increasing bone and visceral metastases (valid percentages of
respectively 88% vs 93% and 21% vs 30%). Laboratory values also deteriorated with
higher PSA, LDH, ALP and lower Hb at start of last 3 months of life (Supplementary
Table 1).

Patients initiating a new LPD in last 3 months of life had a better clinical condition than
patients without LPD treatment: they were younger (median 74 vs 80 years, p<0.01),

had better ECOG PS (valid percentages for ECOG PS 0-1in 61% vs 46%, p<0.01) and less
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comorbidities (Charlson score 6 in 58% vs 47%, p<0.01). However, known prognostic
factors were less favorable: more opioid use (valid percentages of 72% vs 60%, p=0.01),
higher PSA (median 160 vs 96 ng/ml, p<0.01), higher ALP (median 216 vs 170 U/L,
p<0.01), higher LDH (median 328 vs 299 U/L, p=0.04) at the start of last 3 months of

life (Table 2).

Table 2. Baseline characteristics at start of EOL based on LPD treatment

No LPD LPD
treatment continuation LPD initiation  Adjusted
N=1,327 N=729 N=373 p-value?
Age, years
Median (range) 80 (51-99) 74 (46-96) 74 (50-93)
> 75 years (no, %) 956 (72) 346 (48) 180 (48) <0.001
ECOG PS, no. (%)
0 30(2) 31 (4) 21 (6)
1 161 (12) 175 (24) 139 (37)
>1 219(17) 172 (24) 103 (28)
unknown 917 (69) 351 (48) 110 (30) 0.007
Charlson score, no. (%)
6 629 (47) 453 (62) 217 (58)
7-8 508 (38) 218 (30) 120 (32)
9-10 122 (9) 50(7) 29 (8)
>10 67 (5) 8(1) 7(2)
Unknown 1(<1) 0(0) 0(0) <0.001
Bone metastases, no. (%)
Yes 868 (65) 644 (88) 305 (82)
No 90 (7) 21 (3) 17 (5)
unknown 369 (28) 64 (9) 51 (14) <0.001
Visceral metastases, no. (%)
Yes 103 (8) 115 (16) 58 (16)
No 284 (21) 259 (36) 113 (30)
Unknown 940 (71) 355 (49) 202 (54) 0.181
Opioid use, no. (%)
Yes 207 (16) 199 (27) 140 (38)
No 138 (10) 90 (12) 54 (15)
Unknown 982 (74) 440 (60) 179 (48) 0.007
PSA, ng/ml
Median (IQR) 96 (25-307) 200 (65-607) 160 (61-365)
unknown (no, %) 1,058 (80) 423 (58) 35(9) <0.001
Hemoglobin, mmol/L
Median (IQR) 6.8 (5.9-7.6) 6.6 (5.9-7.4) 6.9 (6.1-7.5)
unknown (no, %) 717 (54) 239 (33) 59 (16) 0.049
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Table 2. (Continued)

No LPD LPD
treatment continuation LPD initiation  Adjusted
N=1,327 N=729 N=373 p-value?
Alkaline phosphatase, U/L
Median (IQR) 170 (100-371) 213 (113-457) 216 (125-381)
unknown (no, %) 762 (57) 181 (25) 62 (17) 0.001
Lactate dehydrogenase, U/L
Median (IQR) 299 (224-450) 342 (230-530) 328 (248-536)
unknown (no, %) 933 (70) 322 (44) 108 (29) 0.021
Referred to medical oncologist,
no. (%)
Yes 784 (59) 671 (92) 352 (94)
No 523(39) 54(7) 21 (6)
Unknown 20(2) 4(1) 0(0) <0.001
Prior LPD treatment lines, no.
(%)
0 899 (68) 238(33) 124(33)
1 193 (15) 214 (29) 125 (34)
2 134(10) 183 (25) 71(19)
>3 101 (8) 94 (13) 53 (14) <0.001
Prior treatment, no. (%)
Docetaxel 296 (22) 439 (60) 217 (58) <0.001
Cabazitaxel 75 (6) 84(12) 49 (13) <0.001
Abiraterone acetate 212 (16) 203 (28) 98 (26) <0.001
Enzalutamide 161 (12) 107 (15) 47 (13) 0.252
Radium-223 17 (5) 36 (5) 17 (5) 0.109

#adjusted for multiple testing using Bonferroni correction.

Characteristics measured in period of one month prior or after the start of last 3 months of life.
Abbreviations: EOL, end-of-life phase (i.e. last 3 months of life); LPD, life-prolonging drugs (i.e. docetaxel,
cabazitaxel, abiraterone acetate, enzalutamide or radium-223); ECOG PS, Eastern Cooperative Oncology
Group performance score; PSA, prostate specific antigen; IQR, interquartile range.

Hospital admissions

The number of admissions per 3 months was higher in last 3 months of life: >2
admissions in 24% in last 3 months of life compared to 11% in last 6-3mo and 5% CRPCG
6mo, (p<0.01) with a median admission duration of respectively 9 and 7 vs 1.5 days
(p<0.01). In last 3 months of life, admissions were more likely due to complications of
the disease CRPC (n=582, 24%) and blood transfusions (n=183, 8%) than in CRPCG6mo
and last 6-3mo (Table 3).
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Table 3. Hospital admissions during the course of CRPC

Adjusted

CRPC-6 mo 6-3 mo EOL phase p-value?
Hospital admission, no. (%)
0 891 (37) 1,331 (55) 935 (39)
1 989 (41) 468 (19) 773(32)
>2 121 (5) 276 (11) 592 (24)
Missing 428 (9) 354 (15) 129 (5) <0.001
Admission duration®, valid median 1.5 7 9
IQR 13 3-13 4-16
missing (no, %) 3(<1) 5(<1) 22(1)
<14 days, no. (%) 1,056 (43) 567 (23) 920 (38) <0.001
> 14 days, no. (%) 41 (2) 172 (7) 423 (17) <0.001
Admission reason, no. (%)
diagnostic evaluation 232(10) 104 (4) 177 (7) 0178
therapeutic 299 (12) 155 (6) 234(10) 0.001
complication of therapy 251 (10) 94 (4) 112 (5) <0.001
complication of CRPC 317 (13) 242 (10) 582 (24) 0.049
blood transfusion 70 (3) 86 (4) 183 (8) <0.001
other 237 (10) 103 (4) 223(9) <0.001
ICU admission, no. (%)
Yes 32(1) 13 (1) 39(2)
No 1,969 (81) 2,062 (85) 2,261 (93)
Missing 428 (18) 354 (15) 129 (5) 0.006

*adjusted for multiple testing using Bonferroni correction;

b number of admissions and admission duration calculated per 3 months.

Abbreviations: CRPC, castration-resistant prostate cancer; mo, months; EOL, end-of-life phase (i.e. last
3 months of life); IQR, interquartile range; CRPC, castration-resistant prostate cancer; ICU, intensive
care unit.

More patients initiating LPD in the last 3 months of life (=281, 75%) were admitted to the
hospital than patients without LPD treatment (n=655, 49%) and with LPD continuation
(n=429, 59%) (p<0.01). Admission duration was significantly longer in patients initiating
LPD compared to patients continuing LPD (median 11 days vs 9 days, p=0.02). Although
infrequent in absolute numbers, significantly more patients (n=11, 3%) initiating new
LPD in the last 3 months of life were admitted to the ICU (Table 4).

High intensity care

High intensity care was experienced by 992 patients (41%): >1 hospital admission (n=592,
24%), admission duration of >14 days (n=423, 17%), continuation of LPD in the last 14
days (n=397, 16%), initiation of LPD in last month (n=81, 3%) or ICU admission (n=39, 2%).
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Multivariable analysis of pooled data after multiple imputation showed that high
intensity care was less likely in older patients (OR 0.980, 95% Cl 0.968-0.993, p<0.01),
patients with ECOG >2 (OR 0.569, 95% Cl 0.334-0.968, p=0.04), and longer time from
CRPC diagnosis to EOL (OR 0.977, 95% CI 0.970-0.984, p<0.01). Opioid use (OR 1.453,
95% Cl 1.083-1.951, p=0.02), one or two prior LPD treatments (OR 1.527, 95% Cl 1.192-
1.957, p<0.01 and OR 1.723, 95% Cl 1.305-2.275, p<0.01 respectively) and referral to
medical oncologist (OR 1.988, 95% Cl 1.551-2.547, p<0.01) were associated with higher
odds of high intensity care (Table 5).

Table 4. Hospital admission in EOL based on LPD treatment

No LPD treatment LPD continuation LPD initiation Adjusted

N=1,327 N=729 N=373 p-value?
Hospital admission, no. (%)
0 569 (43) 277 (38) 89 (24)
1 400 (30) 241 (33) 132 (35)
>2 255(19) 188 (26) 149 (40)
Missing 103 (8) 23(3) 3(1) <0.001
Admission duration, valid
median 9 9 1N
IQR 4-16 4-15 5-18
missing (no, %) 10(2) 6 (1) 6(2)
<14 days, no. (%) 451 (34) 298 (41) 171 (46) 0.021
> 14 days, no. (%) 194 (15) 125(17) 104 (28) 0.040
Admission reason, no. (%)
diagnostic evaluation 77 (6) 59 (8) 41 (11) 0.418
therapeutic 108 (8) 80 (11) 46 (12) 0.607
complication of therapy 19 (1) 42 (6) 51 (14) <0.001
complication of CRPC 220(17) 212 (29) 150 (40) <0.001
blood transfusion 61 (5) 83 (11) 39(11) <0.001
other 112 (8) 65 (9) 46 (12) 0.698
|CU admission, no. (%)
Yes 12.(1) 16 (2) 11(3)
No 1,212 (91) 690 (95) 359 (96)
Missing 103 (8) 23(3) 3(1) 0.013
Total number of high intensity
care indicators, no. (%)
0 1,005 (76) 352 (48) 80 (21)
1 190 (14) 246 (34) 120(32)
> 132 (10) 131 (18) 173 (46) <0.001

2adjusted for multiple testing using Bonferroni correction.

Abbreviations: EOL, end-of-life phase (i.e. last 3 months of life) ); LPD, life-prolonging drugs (i.e. docetaxel,
cabazitaxel, abiraterone acetate, enzalutamide or radium-223); IQR, interquartile range; CRPC,
castration-resistant prostate cancer; ICU, intensive care unit.
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DISCUSSION

This analysis of real-world data on EOL care in Dutch CRPCpatients showed that
41% of all patients experienced high intensity care in EOL. To our knowledge, this is
the first study on EOL care in a large, unselected prostate cancer population within
the timeframe in which new LPDs became available. Moreover, since we collected
prognostic factors over time we were able to evaluate which factors were associated
with high intensity care.

We observed a shiftin treatment choices from TAXin early CRPGphases to ART in the last 3
months of life. In comparison to other studies use of TAX was low (16% vs 30%)'>'81%, which
was explained by the fact that our study was performed in the era with the availability of
newer LPDs as ART. Clinicians seem more reluctant to treat patients with TAX and may
prefer ART because of less impact (oral vs intravenous administration) and a milder adverse
event profile, especially later in the disease trajectory when ECOG PS declines.

The reasons to initiate LPD were not documented. In EOL LPDs add little to a patient’s
survival making the use LPDs seem unreasonable. However, since clinicians often
overestimate a patients’ survival, it is possible that they not adequately identify the start
of EOL®-8. This is supported by the fact that patients initiating new LPD were younger
with better performance score. Moreover, treatment could also have been considered
a necessity since these patients had more aggressive disease characteristics (i.e. higher
PSA, ALP and LDH). In addition to a survival benefit, LPDs could be started for the
prevention of complications and/or symptoms with preservation of quality of life, which
seems reasonable since pain and/or opioid use were common in patients starting an
LPD in EOL. However, the advantages on quality of life in EOL are not widely studied,
so the initiation of a new LPD in patients with aggressive disease should be carefully
considered based on the little effect on survival®=.

We showed that patients with more aggressive disease characteristics and good
performance score were more likely to experience high intensity care in EOL. As stated
before, clinicians were more likely to initiate an LPD in patients with aggressive disease
states and an adequate level of fitness. It has been reported that patient preference in
treatment initiation also plays an important role, since patients often strive for survival
when time from diagnosis is short, they are young and feel fit'3. Aggressive disease
characteristics can also lead to a higher risk for admission related to complications or
the underlying disease. Patients who continued or initiated LPD in the last 3 months
of life were more frequently admitted to the hospital than patients who did not use
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LPDs, mostly due to disease-related complications (40%). However, treatment-related
admissions were also prevalent (37%) in patients initiating LPD.

Forty-one percent experienced high intensity care in our CRPC cohort. While Dutch
clinicians may be more reserved in starting new LPDs, they were likely to admit a patient
to the hospital for supportive care even in EOL. This is supported by an admission rate
of 35% in the last week of life in a Dutch general oncologic population?®. The threshold
for hospitalization in the Netherlands may be low, since the population has mandatory
insurance including hospital care. It is also notable that some patients with mCRPC,
including those with refractory cancer-related pain, may need and benefit from hospital
admission near EOL for symptom control. Although the effect of high intensity care on
patients’ quality of life is unknown, an adequate organization of palliative care either
in or outside the hospital (e.g. by general practitioners, GPs) improves quality of life of
both patients and caregivers and may lead to reduce costs by reducing the amount
of time spend in hospitals?’. During our study period a transmural palliative care team
was not available in all treatment centers and specific arrangements differed between
centers, which could affect hospital admission rate??. A palliative care team should play
a key role in the collaboration between various specialists and can proactively manage
symptoms such as pain which might otherwise acquire hospital admissions.

In the Netherlands, CRPC is generally treated by multidisciplinary teams including both
urologists and medical oncologists, but the arrangements within multidisciplinary teams
differ between hospitals. Referral from urologist to medical oncologist increased the
odds of high intensity care in EOL. Although this can possibly be explained by an overall
more aggressive treatment approach, it is more likely that the decision to initiate LPD
was made by multidisciplinary teams based on patients’ general health and disease
characteristics and that these patients were referred to medical oncologists to start
LPD, while patients opting for best supportive care remained treated by urologists.

This study reflects Dutch clinical practice, but may not be easily generalizable due to
potential international differences (e.g. different organization of EOL care, treatment
culture and reimbursement systems). Our results concern a population with CRPC and
cannot be generalized to other cancer types®.

Moreover, the indicators for high intensity care in our analysis is commonly used®
(REF: Earle, Identifying potential indicators of the quality of end-of-life cancer care from
administrative data). We were not able to include hospice use and ER visits which
are well known indicators for high intensity care, since they were not captured in our
registry. We chose a period of last three months of life as a cutoff for EOL. This period
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was appropriate for CRPC according to the experts in our steering committee, but might
differ in other cancer types.

A limitation is that we only captured in-hospital data. Firstly, we excluded patients
if the death date was not known in the participating hospitals, which were probably
patients without in-hospital care in EOL. Therefore, the use of high intensity care in the
total population could be overestimated. Secondly, high intensity care included only
specific hospital resources and data on the role of the GP and palliative care teams was
unavailable. The fact that we were not able to include all relevant data as ER visits and
hospice stays. The overuse of these resources in patients who are likely to die soon
seems not easily justifiable from both a patient’s perspective (i.e. there is little to no
effect on patient’s life span) and from a societal perspective (i.e. the economic burden
of the use of LPDs and hospital resources is high). However, the effect of this high
intensity care on other aspects of a patient’s wellbeing as quality of life is not yet known.
Adequate guidance can improve quality of life, satisfaction and prevent high intensity
care in EOL with unnecessary hospital admissions?*-2%, but we could not evaluate the
role of the GP and palliative care teams.

Another limitation is the missing data particularly in baseline characteristics. Missing
data is inherent to the retrospective observational nature of this study. Multiple
imputation offers a valid solution for missing data in multivariable analysis. The exact
reason of death was also not registered. We assumed all deaths were related to CRPC,
which seems a safe assumption because of the progressive nature of this disease and
general relative short median OS, but this may be an overestimation.

CONCLUSION

High intensity care in EOL in CRPC occurred in 41%. While Dutch clinicians seemed
reserved to start LPD in last 3 months of life, hospital admissions were frequent
especially in patients starting a new LPD. Higher age and poor performance score
were associated with lower chances of high intensity care. High intensity care is not
easily justifiable from both patient and economic perspective, but further research is
warranted to give insight in the effect on quality of life.
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Supplementary Table 1. Baseline characteristics at CRPC diagnosis and at start of EOL phase

CRPC diagnosis EOL phase
Age, years
Median (range) 75 (46-99) 77 (46-99)
> 75 years (no. %) 1,320 (54) 1,479 (61)
ECOG PS, no. (%)
0 432 (18) 82(3)
1 481 (20) 470 (20)
> 152 (6) 494 (20)
unknown 1,364 (56) 1,377 (57)
Charlson score, no. (%)
6 1,430 (59) 1,296 (54)
7-8 812 (33) 843 (35)
9-10 138 (6) 201 (8)
>10 48 (2) 82(3)
unknown 1(<1) 1(<1)
Bone metastases, %
Yes 1,418 (58) 1,817 (75)
No 191 (8) 128 (5)
unknown 820 (34) 484 (20)
Visceral metastases, %
Yes 103 (4) 276 (11)
No 397 (16) 656 (27)
unknown 1,929 (79) 1,497 (62)
Opioid use, no. (%)
Yes 230(10) 544 (23)
No 551 (23) 282 (12)
unknown 1,648 (68) 1,597 (66)
PSA, ng/ml
Median (IQR) 22.7 (8-79) 159 (44-410)
unknown (no, %) 72 (3) 1,516 (62)
Hemoglobin, mmol/L
Median (IQR) 7.9(7.2-8.5) 6.7 (5.9-7.5)
unknown (no, %) 730 (30) 1,015 (42)
Alkaline phosphatase, U/L
Median (IQR) 116 (81-224) 192 (108-404)
unknown (no, %) 812 (33) 1,005 (41)
Lactate dehydrogenase, U/L
Median (IQR) 232 (192-330) 321 (230-506)
unknown (no, %) 1,340 (55) 1,363 (56)
Referred to medical oncologist, no. (%)
Yes 339 (14) 1,801 (74)
No 2,046 (84) 598 (25)
Unknown 44 (2) 24.(1)

Characteristics measured in period of 6 weeks prior to 1 week after CRPC diagnosis and one month
prior or after the start of last 3 months of life.

Abbreviations: CRPC, castration-resistant prostate cancer; EOL, end-of-life phase (i.e. last 3 months of
life); ECOG PS, Eastern Cooperative Oncology Group performance score; PSA, prostate specific antigen;
IQR, interquartile range.
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ABSTRACT

Background

Cross resistance between androgen-receptor targeting therapies (ARTs) (abiraterone
acetate plus prednisone [ABI + P] or enzalutamide [ENZ]) for treatment of metastatic
castration-resistant prostate cancer (mCRPC) may affect responses to second ART
(ART2).

Objective

To establish treatment duration and prostate-specific antigen (PSA) response of ART2
in real-world mCRPC patients treated with or without other life-prolonging drugs (LPDs;
ie, docetaxel, cabazitaxel, or radium-223) between ART1 and ART2.

Design, setting, and participants

Castration-resistant prostate cancer patients, diagnosed between 2010 and 2016 were
retrospectively registered in Castration-resistant Prostate Cancer Registry (CAPRI).
Patients treated with both ARTs were clustered into two subgroups: ART1 > ART2 or
ART1 > LPD > ART2.

Outcome measurements and statistical analysis
Outcomes were >50% PSA response and treatment duration of ART2. Descriptive
statistics and binary logistic regression after multiple imputations were performed.

Results and limitations

Atotal of 273 patients were included with a median follow-up of 8.4 months from ART2.
Patients with ART1 > ART2 were older and had favorable prognostic characteristics at
ART2 baseline compared with patients with ART1 > LPD > ART2. No differences between
ARTT > ART2 and ART1 > LPD > ART2 were found in PSA response and treatment
duration. Multivariate analysis suggested that PSA response of ART2 was less likely in
patients with visceral metastases (odds ratio [OR] 0.143, p = 0.04) and more likely in
patients with a relatively longer duration of androgen-deprivation treatment (OR 1.028,
p =0.01) and with ABI + P before ENZ (OR 3.192, p = 0.02). A major limitation of this
study was missing data, a common problem in retrospective observational research.

Conclusions

The effect of ART2 seems to be low, with a low PSA response rate and a short treatment
duration irrespective of interposed chemotherapy or radium-223, especially in patients
with short time on castration, visceral disease, and ENZ before ABI + P.
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Patient summary

We observed no differences in outcomes of patients treated with sequential abiraterone
acetate plus prednisone (ABI + P) and enzalutamide (ENZ) with or without interposed
chemotherapy or radium-223. In general, outcomes were lower than those in
randomized trials, questioning the additional effect of second treatment with ABI + P
or ENZ in daily practice.

INTRODUCTION

Annually, 3,000 patients develop metastatic castration- resistant prostate cancer
(MCRPCQ) in the Netherlands'. Multiple treatment options are available, including
taxane (TAX) chemotherapy (docetaxel [DOC] and cabazitaxel [CAB]), androgen-
receptor targeting therapies (ARTs; abiraterone acetate plus prednisone [ABI + P] and
enzalutamide [ENZ]), and an alpha-emitting radioisotope (radium- 223 [Ra-223]). One
of the challenges is selecting the most optimal treatment sequence.

Sequencing of ARTs is of particular interest, since the two ARTs used target the androgen
signaling pathway. Acquired resistance to ABI + P and ENZ is inevitable. Molecular
mechanisms of resistance to both ARTs are similar and cross resistance is a common
phenomenon?. Clinical findings from one prospective and several retrospective studies
support this hypothesis, showing low prostate- specific antigen (PSA) responses of
second ART (ART2), especially in patients treated with ENZ before ABI + P3¢, A short
interval between both ARTs and progression on ART1 are related to low PSA responses’s.

The European Association of Urology advises the use of DOC after first-line ART because
of concerns about cross resistance?, but no solid evidence points to resensitization
following the “sandwich” use of TAX prior to ART2. One small retrospective study
recently reported similar PSA responses (21-30%) in patients treated with both ARTs
directly after each other or with TAX in between'.

However, available data on the activity of ART2 are not easily translated into daily clinical
practice, since data are based on small study populations (<150 patients) with highly
selected patients either participating in early access programs or treated in academic
institutions, or on follow-up of patients who participated in randomized controlled trial.

The aim of this study is to investigate PSA response and treatment duration of ART2
depending on treatment sequence in a real-world setting. We provide outcomes on
sequential ARTs or ARTs with interposed life-prolonging drugs (LPDs) such as TAX or
Ra-223.
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PATIENTS AND METHODS

Study design and setting

Castration-resistant Prostate Cancer Registry (CAPRI) is an investigator-initiated,
observational, multicenter cohort study in 20 Dutch hospitals. Data collection started
after approval by the local medical ethics committee and hospital board. The study
design has been described before'. Castration-resistant prostate cancer patients were
included retrospectively from January 1, 2010 until December 31, 2015, with regular
updates of all data until December 31, 2017. All treatment decisions as well as the use
of diagnostics, response measurements, and supportive care were made by treating
physicians and were not protocol amended. CAPRI is registered in the Dutch Trial
Registry as NTR3591.

Participants

Patients having mCRPC who were treated with both ABI + P and ENZ before July 1,
2017 with one line of TAX or Ra-223 between both ARTs were included in this analysis.
Patients treated with DOC for metastatic hormone-sensitive prostate cancer were
excluded. Outcomes were evaluated based on treatment sequence;

(1) ABI + P directly followed by ENZ or vice versa (ART1 > ART2) and (2) ABI + P followed
by ENZ or vice versa interposed with TAX or Ra-223 treatment (ART1 > LPD > ART2).

Additional subgroup analyses were performed based on the following parameters:

1. Sequence of ABI + P and ENZ: ABI + P before ENZ (ABI + P > ENZ) or ENZ before
ABI + P (ENZ > ABI + P)

2. ART1 treatment duration: “long ART1 treatment” (ie, ART1 treatment duration >12
weeks according to the Prostate Cancer Clinical Trials Working Group 3 [PCWG 3]
criteria [12]) or “short ART1 treatment” (ie, ART1 treatment duration <12 weeks)

3. Interval between ARTT and ART2: interval between ART1 and ART2 calculated as
the time between stop of ART1 and start of ART2, with a cut-off of 40 d based on
previous published work [7]

Study size
In all, 273 participants were included from a total of 3,616 mCRPC patients.

Follow-up and data collection

Predefined and readily available data from medical records were retrospectively
collected by trained data managers.
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Baseline characteristics (including performance score, symptoms, extent of disease,
and laboratory values) were included in the analysis if they were documented from 6
weeks before to 1 week after the start of ART2. All patients were followed until death,
loss to follow-up, or December 31, 2017. Follow-up duration was calculated from the
start date of ART2 to the last recorded date.

Outcome

The primary outcome was PSA response. PSA response was defined as the maximum
change from baseline PSA levels (in percentages) without confirmation of second
measure. In case no decline was present, responses were measured at 12 week
s(according to the PCWG 3 criteria for response measurement'?) or, if treatment was
for <12 weeks, at the end of treatment or start of next treatment. PSA response was
defined as a 250% PSA decline from baseline™.

The secondary outcome was treatment duration, and was calculated as the interval
between the start and stop of ART2. If the stop date was unknown, treatment duration
was specified as the time (1) from the start of ART2 to the start of next treatment or
(2) from the start of ART2 to death if ART2 was the last treatment. Patients still alive
at the end of follow-up and without a new line of therapy were censored at the date
of last known visit.

Statistical analysis

The sample size was not based on power calculations. Descriptive statistics were
performed. To test the significance between subgroups, chi-square test, Mann- Whitney
U test, and t test were used. Waterfall plots indicate PSA response per subgroup.
Missing baseline characteristics were imputed using multiple imputations with
Monte Carlo Markov Chain method. Binary logistic regression to assess the effect of
baseline variables on PSA response was performed. A p value of <0.05 was considered
statistically significant. IBM SPSS Statistics version 24.0 (IBM, Armonk, NY, USA) was
used for all analyses.

RESULTS

In total, 273 patients (8%) were treated with both ABI + P and ENZ before 1 July 2017. Of
these patients, 148 were treated with ARTT > ART2 and 125 with ART1 > LPD > ART2,
including 61 patients (48%) treated with DOC, 41 (33%) with CAB, and 23 (19%) with
Ra-223 between ART1 and ART2 (Fig. 1).
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In ART1T > ART, 86 patients (58%) received ABI + P > ENZ and 62 (44%) received ENZ >
ABI + P compared with 86 patients (69%) with ABI + P > ENZ and 39 (31%) with ENZ >
ABI + P in ART1 > LPD > ART2 (Fig. 1).

Median follow-up from ART2 was 8.4 months (range 0.3-35.8 months). At the end of the
study, 202 all-cause deaths (74%) have occurred, 38 patients (14%) were lost to follow-
up, and 33 (12%) were still in follow-up (median follow-up from ART2 of 11.1 months).

Figure 1. Flowchart of treatment sequencing in patients treated with both ARTs
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Abbreviations: mCRPC, metastatic castration resistant prostate cancer; ART1, first AR-targeting therapy;
ART2, second AR-targeting therapy; DOC, docetaxel; CAB, cabazitaxel; ABI+P, abiraterone acetate plus
prednisone; ENZ, enzalutamide; Ra-223, radium-223.

Baseline characteristics

Patients in the ARTT > ART2 sequence were older at the start of ART2 than patients
in ART1 > LPD > ART2 (75 vs 73 years, p < 0.01; Table 1). ART1 > ART2 patients had
favorable prognostic characteristics: less visceral metastases (12% vs 22%, p = 0.04),
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higher hemoglobin levels (7.5 vs 6.9 mmol/l, p < 0.01), lower lactate dehydrogenase
(LDH) levels (240 vs 270 U/, p = 0.02), and lower PSA levels (114 vs 170 mg/I, p = 0.03).

In ART1 > ART2, more patients had short ARTT treatment (<12 weeks) than those in
ART1 > LPD > ART2 (24% vs 11%, p < 0.01), but no differences in PSA response of ART1
were observed. In the ART1 > LPD > ART2 sequence, 24% of patients had a >50% PSA
decline on interposed LPDs (28% on TAX and 9% on Ra-223; Table 1).

Table 1. Baseline characteristics at the start of second AR-targeting therapy (ART2)

ART1>ART2 ART1>LPD>ART2 p-value
N=148 N=125
Age (years) median (range) 75 (53-80) 73 (50-90) 0.002"
>75years, % 54 38 0.010"
Charlson score, % 6 57 69 0.147
7-8 35 22
9-10 7 8
>10 1 1
ECOGPS, % 0 16 17 0172
1 35 40
>2 29 18
unknown 20 25
Opioid use, % yes 16 23 0.968
no 22 33
unknown 62 44
Disease state, % NO /N1 /Nx 14741745 20/38/42 0.260
MO / M1 / Mx 5/80/15 3/82/14 0.554
(bone)
MO / M1/ Mx 44112 /45 34/22/44 0.016
(visceral)
Gleason score, % <7 34 37 0.715
8-10 53 53
no histology 1 2
metastasis biopsy 1 1
unknown 10 7
Time castration to mCRPC median (IQR) 14.3(8-27) 13.4(9-22) 0.725
(mo) unknown, % 0 0
Hb (mmol/L) median (IQR) 7.5(6.8-8.2) 6.9 (6.0-7.8) <0.0071*
unknown, % 10 7
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Table 1. (Continued)

ART1>ART2 ART1>LPD>ART2 p-value
N=148 N=125
ALP (U/L) median (IQR) 129 (88-224) 144 (86-258) 0.581
unknown, % 1 10
LDH (U/L) median (IQR) 240 (190-283) 270 (204-364) 0.017"
unknown, % 30 22
PSA (ug/L) median (IQR) 114 (32-391) 170 (85-444) 0.033"
unknown, % 8 7
ART1 treatment, % ENZ 42 31 0.068
ABI+P 58 69
Number of lines prior to 1 42 0 <0.001"
ART2, % 2 51 43
3 7 48
>3 0 9
Treatment duration ART1 median (IQR) 7.1 (3.1-13.6) 7.4(5.2-12.3) 0.869
(mo) <12 weeks, % 24 11 0.005*
PSA response ART1, % >50% PSA decline 51 54 0.442
<50% PSA decline 35 30
PSA response 14 16
unknown
Time between median (IQR) <1(0-2) 7 (5-10) <0.001"
discontinuation ART1 and unknown, %a 27 33
start ART2 (mo) <40 days, % o 0
>40 days, % 20 67
Interposed LPD®, % docetaxel N/A 49
cabazitaxel 33
radium-223 18
Treatment duration median (range) N/A 6 (1-15)
interposed LPD® (cycles) >6 cycles, valid % 68
>10 cycles, valid % 16
unknown, % 5
PSA response interposed >50% PSA decline N/A 24
LPD", % <50% PSA decline 49
PSA response 27

unknown

* significant at p-value <0.05; @ patients with missing ART1 stopdate; ® characteristics of interposed

life-prolonging treatment in ART1>LPD>ART2.

Abbreviations: ART2, second AR-targeting therapy; ART1, first AR-targeting therapy; LPD, life-prolonging
drug; ECOG PS, Eastern Cooperative Oncology Group Performance Score; mCRPC, metastatic
castration-resistant prostate cancer; IQR, interquartile range; mo, months; Hb, hemoglobin; ALP, alkaline

phosphatase; LDH, lactate dehydrogenase; PSA, prostate specific antigen.
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PSA response of ART2

PSA response of ART2 was similar in ART1 > ART2 to that in ART1T > LPD > ART2 (20%
vs 18%, p = 0.297; Table 2 and Fig. 2). PSA response of ART2 in ART1 > ART2 was similar
to PSA response of LPD in ART1 > LPD > ART2 (20% vs 24%, p = 0.80). PSA response
of ART2 was lower in patients with ART1 treatment >12 weeks than in patients with
ART1 treatment <12 weeks, but this did not reach statistical significance (18% vs
26%, p = 0.08). No differences in PSA response were found based on ABI + P and ENZ
sequence, and interval between ART1 and ART2 (Table 3).

Table 2. PSA response and treatment duration of second AR-targeting therapy (ART2)

ART1>ART2 ART1>LPD>ART2 p-value
N=148 N=125
PSAresponse median change from  -21% (-56% to +46%) -18% (-50% to +73%) 0.315
baseline? (IQR)
>50% PSA decline, % 20 18 0.297
<50% PSA decline, % 45 57
unknown, % 35 25
Treatment duration  median (IQR) 3.2(1.9-7.5) 3.2(1.8-5.9) 0.042*
ART2 (mo) censored, %° 9 3
<3 months, valid % 52 49 0.621
>3 months, valid % 48 51
PSAresponse on line >50% PSA decline 20 24 0.801
after ARTT, % <50% PSAdecline 45 49
unknown 35 27

* significant at p-value<0.05; @ measured as relative change from baseline value (negative values indicate
a PSA decline, positive values a PSA increase); ® still on treatment at end of follow-up; < PSA response rate
of ART2 in ART1>ART2 and of interposed LPD in ART1>LPD>ART2. Abbreviations: PSA, prostate-specific
antigen; ART2, second AR-targeting therapy; ART1, first AR-targeting therapy; LPD, life-prolonging drug;
IQR, interquartile range; mo, months.

Treatment duration

At the end of follow-up, 9% of ART1 > ART2 patients were still on treatment compared
with 3% of ART1 > LPD > ART2 patients. Fig. 3 shows median treatment duration of
ART2: 3.2 months (interquartile range [IQR] 1.9-7.5 months) in ART1 > ART2 and 3.2
months (IQR 1.8-5.9 months) in ART1 > LPD > ART2 (p = 0.04). Patients with ART1T >
ART2 had higher probability of longer treatment duration (hazard ratio 0.773, 95%
confidence interval 0.603-0.993, p = 0.04). Patients with a response to ART2 had a
median treatment duration of 7.3 months (IQR 4.1-13.0 months).

No differences were observed in ART2 treatment duration between ABI + P and ENZ
sequence, ART1 treatment duration, and interval between ART1 and ART2 (Table 3).
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Figure 2. Waterfall plot of PSA response during second AR-targeting therapy (ART2)
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Maximum percentage change from baseline PSA per patient. Dotted line indicate the threshold of >50%
PSA decline. Abbreviations: PSA, prostate-specific antigen; ART2, second AR-targeting therapy; ART1,
first AR-targeting therapy; LPD, other life-prolonging drug (docetaxel, cabazitaxel or radium-223).

Figure 3. Treatment duration (months) during second AR-targeting therapy (ART2)

100

— ART1>ART2 3.2 months
—— ART1>LPD>ART2 3.2 months

p-value 0.042

Patients alive (%)
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Abbreviations: ART2, second AR-targeting therapy; ART1, first AR-targeting therapy; LPD, other life
prolonging drug (docetaxel, cabazitaxel or radium-223).
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Multivariate analyses

Eighty-three patients (30%) were excluded from multivariate binary logistic regression
due to missing PSA response of ART2 (Table 4). There was no difference in PSA response
of ART2 between ART1T > ART2 and ART1 > LPD > ART2 (odds ratio [OR] 0.890, p = 0.89).
Visceral metastases were associated with lower PSA response rates (OR 0.143, p = 0.04),
while longer time on androgen-deprivation therapy (OR 1.028, p = 0.01) and ABI + P before
ENZ (OR 3.192, p = 0.02) were associated with higher PSA response rates (Table 4).

After the exclusion of 32 patients treated with ART1 for <12 weeks from multivariate
analysis, time on androgen- deprivation therapy remained the only significant factor

for PSA response (OR 1.034, p = 0.02).

Table 4. Univariable and multivariable binary logistic regression for PSA-responset

Univariable analysis of Multivariable analysis
original data of pooled data after
imputation
N OR 95%Cl p-value OR 95%CI p-value
Age (years) cont. 190 1.03 0.99-1.07 0.199 1.01 0.96-1.07 0.643
Charlson score 6 27 REF - - REF - -
7-8 52 0.61 0.35-1.55 0.266 0.58 0.22-1.57 0.283
>9 11 0.82 0.38-503 0.684 116 0.21-6.56 0.865
ECOG PS 0 36 REF - - REF - -
1 81 0.71 0.26-1.45 0.412 0.40 0.14-112  0.081
>2 38 090 0.30-218 0.814 050 0.13-1.96 0.316
Opioid use no 54 REF - - REF - -
yes 40 1.20 047-3.04 0.707 131 0.46-3.72 0.609
Disease state lymph nodes® 107 0.63 0.27-1.49 0.293 0.70 0.22-219 0.532
bone? 162 1.24 0.24-6.37 0798 541 0.70-41.77 0.104
visceral® 91 034 010-111 0074 014 0.02-0.88 0.037
Gleason score <7 65 REF - - REF - -
8-10 104 0.58 0.29-114 0113 069 0.29-1.67 0.411
Time from ADT to cont. 190 1.02 1.00-1.04 0.013* 1.03 1.071-1.05 0.013*
mCRPC (mo)
Hb (mmol/L) cont. 183 098 0.73-1.32 0.888 0.71 0.42-1.18 0.180
ALP (U/L) cont. 183 1.00 0.99-1.00 0.720  1.00 0.99-1.00 0.760
LDH (U/L) cont. 1517 1.00 0.99-1.00 0.500 1.00 0.99-1.00 0.725
PSA (ug/L) cont. 190 1.00 1.00-1.00 0.931 1.00 0.99-1.00 0.535
Docetaxel prior to no 75 REF - - REF - -
ART1 yes 115 0.72 0.38-1.36 0.309 0.67 0.29-1.53 0.337
ART sequence ENZ>ABI+P 65 REF - - REF - -
ABI+P>ENZ 125 1.65 0.82-3.33 0.161 319 1.20-8.53 0.021"
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Table 4. (Continued)

Univariable analysis of Multivariable analysis
original data of pooled data after
imputation
N OR 95%Cl p-value OR 95%ClI p-value
Sequence ART1>ART2 95 REF - - - - -
ART1>LPD>ART2 94 0.71 0.38-1.35 0.298 0.89 0.36-2.21 0.890
Duration ART1 > 12 weeks 158 REF - - REF
<12 weeks 32 202 092-445 0.082 3.29 0.99-11.09 0.054
>50% PSA decline no 56 REF - - REF -
ART1 yes 109 091 0.44-1.89 0.807 113 0.40-3.21 0.824

* significant at p-value<0.05; @ odds ratio of present metastases on disease site vs not present (yes
vs no). Abbreviations: OR, odds ratio; Cl, confidence interval; REF, reference category; ECOG, Eastern
Cooperative Oncology Group; ADT, androgen deprivation therapy; mCRPC, metastatic castration-
resistant prostate cancer; ADT, androgen deprivation therapy; mo, months; Hb, haemoglobin; ALP,
alkaline phosphatase; LDH, lactate dehydrogenase; PSA, prostate specific antigen. ART1, first AR-
targeting therapy; ABI+P, abiraterone acetate plus prednisone; ENZ, enzalutamide; LPD, life-prolonging
drug; ART2, second AR-targeting therapy.

DISCUSSION

In this retrospective analysis of real-world data, we reported outcomes of sequential
treatment with both ARTs with or without interposed TAX or Ra-223. To our knowledge,
this is the largest multicenter population in which patients are treated according to the
views and opinions of their medical oncologists and urologists. Outcomes therefore
reflect current daily practice.

Patients with ART1 > ART2 had better prognostic factors at the start of ART2 (less
visceral disease, higher hemoglobin, lower LDH, and lower PSA) than ART1 > LPD >
ART2 patients. One could speculate that physicians decided to administer TAX or
Ra-223 rather than the other ART in younger patients with more adverse prognostic
factors, and seemingly have little faith in @ meaningful response to ART2 in patients
with progression on ART1. This seems unjustified based on similar response rates to
ART2 in ARTT > ART2 (20%) to that on LPDs in ART1T > LPD > ART2 (24%).

We observed a PSA response of ART2 in 20% of patients with or without interposed
TAX or Ra-223, and a median treatment duration of 3 mo. PSA response is in line with
previously published reports on ART2 (4-30%%'7"%), but low compared with phase Il|
randomized controlled trials for ABI + P and ENZ (62-78% in chemotherapy-naive and
38-54% in post-chemotherapy treatment'”-?°). Low PSA responses and short treatment
duration can be a result of cross-resistance between ABI + P and ENZ. Mechanisms



Chapter 8

of resistance are complex and not completely understood, but it is proposed that
they include both androgen receptor (AR)-dependent mechanisms (eg, AR aberrations,
including amplification, genomic structural variants, or splice variants such as AR-V7)
and AR-independent mechanisms (eg, neuroendocrine transformation or glucocorticoid
receptor overexpression)?. Since mechanisms of resistance are overlapping between
ABI+ P and ENZ, cross resistance may lead to low efficacy of ART2.

However, a low PSA response rate and a short treatment duration of ART2 can also
be the result of the advanced disease state. Most patients were treated with ART2 in
line 3 (47%) or line >4 (30%). An Italian multicenter study showed that the biochemical
response rates decreased to 38%, 24%, and 16%, respectively, on second, third, and
fourth lines irrespective of the treatment sequence?'.

Presence of visceral disease and shorter time between the start of androgen-
deprivation therapy and mCRPC were predictive of a poor PSA response of ART2.
Visceral disease and rapid time to castration resistance are known prognostic factors
for overall survival?>?3, but can possibly impact PSA response due to a correlation
between survival and PSA response rate?+25,

We hypothesized that patients who discontinued ART1T due to other reasons than
progression would have better effect of ART2, since resistance (either primary or
acquired) to ART1 has not occurred. Since the exact reason of discontinuation was not
easily evaluable due to missing values and the absence of strict progression criteria,
treatment duration was used as a proxy for the reason of discontinuation. Toxicity
mainly occurs in the initial months, making a duration of <12 weeks an indicator of
toxicity. These patients tended to have higher PSA response rates than patients with
ART1 treatment >12 weeks (26% vs 18%), but this difference was not clinically relevant.

Treatment sequence of ABI + P and ENZ has also been argued to affect the response
of ART2 with favorable effects for ABI + P > ENZ than for ENZ > ABI + P#7132627 |n our
study, patients with ABI + P > ENZ also had better PSA response rates of ART2 (OR 3.192,
p = 0.02) without differences in treatment duration. The beneficial effect of ABI + P >
ENZ on PSA response did not hold after exclusion of patients with ART1 treatment <12
weeks (OR 2.060, p = 0.19).

We used PSA kinetics and treatment duration as indicators for treatment efficacy of
ART2, but the effect on overall survival and progression-free survival could not be
estimated. Post hoc analyses of phase Il trials of ABI + P and ENZ demonstrated a
strong correlation between PSA kinetics during ABI + P and ENZ and overall survival?2.
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Although the PSA response rate of ART2 is fairly low and median treatment duration
is short, patients who had a PSA response of ART2 had a clinically relevant duration of
ART2 treatment (7.3 months). ART2 may therefore offer a benefit in a selected patient
population, which may include patients who are AR copy neutral and those without
AR-V72,

Monitoring treatment efficacy in mCRPC is complex?®. The decision to discontinue
treatment should not be based on a single indicator for progression, but on the
association between different outcome measures (eg, clinical, biochemical, patient-
reported outcomes, and imaging)'?. Consistent evaluation and reporting of clinical,
biochemical, and radiologic changes during treatment are advised, since these can aid
future research of treatment efficacy in daily practice™.

The first limitation of our study was the high number of missing values, which is
inherent to the retrospective design. Missing values on baseline characteristics reflect
incomplete evaluation of patients or lack of structured reporting in daily practice.
This underlines the need for better documentation at the start of a new treatment.
Imputation of missing baseline data offers a valid solution for multivariate analysis.
However, 83 patients (30%) were excluded from the imputed analysis, which decreased
the statistical power. Moreover, because of the retrospective database, the sample size
was not based on power calculations, but on patients available matching the study
population criteria.

The second limitation was the fact that this study was not able to capture all data on
treatment decisions. Other factors than the known patient and disease characteristics
may play a role in the decision for a particular sequence, for example, preferences
of both patients and physicians. In sequencing ABI + P and ENZ, the possible
contraindications for prednisone could also be considered. These unknown factors
may affect outcomes. Furthermore, biomarkers could not be evaluated in our patient
population. Accumulating evidence points at a subgroup, identified by noninvasive
biomarkers, that benefits from ART2. These limitations indicate the need of prospective
research in a large population to confirm the findings of this retrospective research
and putative predictive biomarkers; such research work is currently being conducted
(eg, CARD study [ClinicalTrials.gov identifier NCT02485691] and phase 2 randomized
cross-over trial of ART [NCT02125357]).
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CONCLUSIONS

In conclusion, our study suggests that PSA response rates of ART2 are low with a
short treatment duration irrespective of sequencing both ARTs directly after each
other or with interposed TAX or Ra-223. The effect of ART2 seems to be low, especially
in patients with short time on castration, visceral disease, and ENZ before ABI + P.
Further prospective research incorporating other outcome measures such as overall
and progression-free survival, pain, and quality of life is necessary to aid in the optimal
treatment decision after ART1 and to possibly identify subgroups that can benefit from
ART2.

186



Real-world outcomes of sequential androgen-receptor targeting therapies

REFERENCES

1

10

"

12

13

Commissie Farmaceutische Hulp. Kostenprognose van Opname van Cabazitaxel (Jevtanal)
in de Beleidsregel Dure Geneesmiddelen. 2011.

Buttigliero C, Tucci M, Bertaglia V, et al. Understanding and over- coming the mechanisms
of primary and acquired resistance to abiraterone and enzalutamide in castration resistant
prostate cancer. Cancer Treat Rev 2015;41:884-92.

Khalaf D, Annala M, Finch DL, et al. Phase 2 randomized cross-over trial of abiraterone +
prednisone (ABI+P) vs enzalutamide (ENZ) for patients (pts) with metastatic castration resistant
prostate cancer (MCRPC): results for 2nd-line therapy. J Clin Oncol 2018;36 (15_suppl):5015.
Matsubara N, Yamada Y, Tabata K-, et al. Abiraterone followed by enzalutamide versus
enzalutamide followed by abiraterone in chemotherapy-naive patients with metastatic
castration-resistant prostate cancer. Clin Genitourin Cancer 2018;16:142-8.

Nadal R, Tsai H-L, Sinibaldi VJ, et al. Prognostic factors for clinical outcomes in patients with
metastatic castration resistant prostate cancer treated with sequential novel androgen
receptor-directed therapies. Prostate 2016;76:512-20.

Terada N, Maughan BL, Akamatsu S, et al. Exploring the optimal sequence of abiraterone
and enzalutamide in patients with chemo- therapy-naive castration-resistant prostate
cancer: the Kyoto-Baltimore collaboration. Int J Urol 2017;24:441-8.

Badrising SK, van der Noort V, van den Eertwegh AJM, et al. Prognostic parameters for
response to enzalutamide after docetaxel and abiraterone treatment in metastatic castration-
resistant prostate cancer patients; a possible time relation. Prostate 2016;76:32-40.
Petrelli F, Coinu A, Borgonovo K, et al. Enzalutamide after docetaxel and abiraterone acetate
treatment in prostate cancer: a pooled analysis of 10 case series. Clin Genitourin Cancer
2015;13:193-8.

Cornford P, Bellmunt J, Bolla M, et al. EAU-ESTRO-SIOG guidelines on prostate cancer. Part
Il: treatment of relapsing, metastatic, and castration-resistant prostate cancer. Eur Urol
2017;71:630-42.

Miyake H, Hara T, Ozono S, Fujisawa M. Impact of prior use of an androgen receptor-axis-
targeted (ARAT) agent with or without subsequent taxane therapy on the efficacy of another
ARAT agent in patients with metastatic castration-resistant prostate cancer. Clin Genitourin
Cancer 2017,15:e217-22.

Westgeest HM, Uyl-de Groot CA, van Moorselaar RJA, et al. Differences in trial and real-
world populations in the Dutch castration-resistant prostate Cancer registry. Eur Urol Focus
2018;4:694-701.

Scher HI, Morris MJ, Stadler WM, et al. Trial design and objectives for castration-resistant
prostate cancer: updated recommendations from the Prostate Cancer Clinical Trials working
Group 3.J Clin Oncol 2016;34:1402-18.

Miyake H, Sugiyama T, Aki R, et al. Comparison of alternative androgen receptor-axis-
targeted agent (ARATA) and docetaxel as second-line therapy for patients with metastatic
castration-resis- tant prostate cancer with progression after initial ARATA in real- world
clinical practice in Japan. Clin Genitourin Cancer 2018;16:219-25.

187



Chapter 8

14

20

21

22

23

24

25

26

27

28

188

Noonan KL, North S, Bitting RL, Armstrong AJ, Ellard SL, Chi KN. Clinical activity of abiraterone
acetate in patients with metastatic castration-resistant prostate cancer progressing after
enzalutamide. Ann Oncol 2013;24:1802-7.

Loriot Y, Bianchini D, lleana E, et al. Antitumour activity of abiraterone acetate against
metastatic castration-resistant prostate cancer progressing after docetaxel and
enzalutamide (MDV3100). Ann Oncol 2013;24:1807-12.

Cheng HH, Nadal R, Gulati R, et al. The effect of prior abiraterone (Abi) use on the activity
of enzalutamide (Enza) in men with mCRPC. J Clin Oncol 2014;32(4_suppl):18.

Ryan (J, Smith MR, de Bono JS, et al. Abiraterone in metastatic prostate cancer without
previous chemotherapy. N Engl] Med 2013;368:138-48.

Beer TM, Armstrong AJ, Rathkopf DE, et al. Enzalutamide in meta- static prostate cancer
before chemotherapy. N Engl ) Med 2014;371:424-33. 19 de Bono JS, Logothetis CJ, Molina
A, et al. Abiraterone and increased survival in metastatic prostate cancer. N Engl ] Med
2011;364:1995- 2005.

Scher HI, Fizazi K, Saad F, et al. Increased survival with enzalutamide in prostate cancer
after chemotherapy. N Engl ) Med 2012;367:1187-97.

Caffo O, De Giorgi U, Fratino L, et al. Clinical outcomes of castration- resistant prostate
cancer treatments administered as third or fourth line following failure of docetaxel and other
second-line treatment: results of an Italian multicentre study. Eur Urol 2015;68:147-53.
Halabi S, Kelly WK, Ma H, et al. Meta-analysis evaluating the impact of site of metastasis on
overall survival in men with castration- resistant prostate cancer. J Clin Oncol 2016;34:1652-9.
HungJ, Taylor AR, Divine GW, Hafron JM, Hwang C. The effect of time to castration resistance
on outcomes with abiraterone and enzalutamide in metastatic prostate cancer. Clin
Genitourin Cancer 2016;14:381-8.

Armstrong AJ, Saad F, Phung D, et al. Clinical outcomes and survival surrogacy studies of
prostate-specific antigen declines following enzalutamide in men with metastatic castration-
resistant prostate cancer previously treated with docetaxel. Cancer 2017;123:2303-11.
Xu XS, Ryan (J, Stuyckens K, et al. Clinical correlation between prostate-specific antigen
kinetics and overall survival in abiraterone acetate-treated castration-resistant prostate
cancer patients. Clin Cancer Res 2015;21:3170-7.

de Bono S, Chowdhury S, Feyerabend S, et al. Antitumour activity and safety of enzalutamide
in patients with metastatic castration-resistant prostate cancer previously treated with
abiraterone acetate plus prednisone for 2:24 weeks in Europe. Eur Urol 2018;74:37-45.
Brasso K, Thomsen FB, Schrader AJ, et al. Enzalutamide antitumour activity against
metastatic castration-resistant prostate cancer previously treated with docetaxel and
abiraterone: a multicentre analysis. Eur Urol 2015;68:317-24.

Scher HI, Morris MJ, Basch E, Heller G. End points and outcomes in castration-resistant
prostate cancer: from clinical trials to clinical practice. ] Clin Oncol 2011;29(27):3695-704.



Real-world outcomes of sequential androgen-receptor targeting therapies

189






CHAPTER9

Third-line life prolonging drug treatment in a real-
world metastatic castration resistant prostate
cancer (mCRPC) population: results from the
Dutch CAPRI-registry

JCL Notohardjo'", MCP Kuppen?*, HM Westgeest?®, RJA van Moorselaar’, N Mehra®,
JLLM Coenen®, IM van Oort’, Al de Vos®, WL Vervenne®, ACM van den Bergh'®,
KKH Aben'?, DM Somford'3, AM Bergman', CA Uyl-de Groot?, WR Gerritsen?,

AJM van den Eertwegh'

1 Department of Medical Oncology, Amsterdam UMC, Vrije Universiteit Amsterdam, Cancer Center Amsterdam,
Amsterdam

2 Institute for Medical Technology Assessment, Erasmus School of Health Policy and Management, Rotterdam
3 Department of Internal Medicine, Amphia Hospital, Breda

4 Department of Urology, Amsterdam UMC, Vrije Universiteit Amsterdam, Amsterdam

5 Department of Medical Oncology, Radboud University Medical Center, Nijmegen

6 Department of Medical Oncology, Isala, Zwolle

7 Department of Urology, Radboud University Medical Center, Nijmegen

8 Department of Medical Oncology, Van-Weel-Bethesda Ziekenhuis, Dirksland

9 Department of Medical Oncology, Deventer Ziekenhuis, Deventer

10 Department of Radiation Oncology, University Medical Center Groningen, University of Groningen, Groningen
11 Department for Health Evidence, Radboud Institute for Health Sciences, Radboud University Medical Center,
Nijmegen

12 Department of Research, Netherlands Comprehensive Cancer Organisation, Utrecht

13 Department of Urology, Canisius Wilhelmina Hospital, Nijmegen

14 Division of Internal Medicine (MOD) and Oncogenomics, Cancer Institute Antonivan Leeuwenhoek Hospital,
Amsterdam

* Jessica C.L. Notohardjo and Malou C.P. Kuppen shared the first authorship

Publication history: Accepted: March 24, 2020 / Published online: April 30, 2020
Eur Urol Focus. 2021 Jul;7(4):788-796. Epub 2020 Apr 30.
doi: 10.1016/].euf.2020.03.009.
PMID: 32362484



Chapter 9

ABSTRACT

Background
Evidence concerning third-line life-prolonging drugs (LPDs) in the treatment of
metastatic castration-resistant prostate cancer (MCRPC) patients is incomplete.

Objective
To evaluate third-line LPD outcomes in a real-world cohort of mCRPC patients, identify
variables associated with overall survival (OS), and establish a prognostic model.

Design, setting, and participants

Patients with mCRPC who were progressive on second-line LPD before July 1, 2017 were
retrospectively identified from the Dutch Castration-resistant Prostate Cancer Registry
(CAPRI) and followed until December 31, 2017.

Outcome measurements and statistical analysis

Association of potential risk factors with OS was tested by Cox proportional hazard
models after multiple imputation of missing baseline characteristics. A predictive score
was computed from the regression coefficient and used to classify patients into risk
groups.

Results and limitations

Of 1,011 mCRPC patients progressive on second-line LPD, 602 (60%) received third-
line LPD. Patients receiving third-line LPD had a more favorable prognostic profile at
baseline and longer median OS than patients with best supportive care (10.4 vs 2.4
mo, p < 0.001). Eastern Cooperative Oncology Group performance status 1 and >2
(hazard ratio [HR] 1.51, p < 0.007 and HR 3.08, p < 0.001, respectively), opioid use (HR
1.55, p = 0.019), visceral metastases (HR 2.09, p < 0.001), hemoglobin < 0.002), prostate-
specific antigen 2130 mg/I (HR 1.48, p = 0.001), alkaline phosphatase >170 U/I (HR 1.52,
p < 0.001), and lactate dehydrogenase =250 U/l (HR 1.44; p = 0.015) were associated
with shorter survival. Harrell's Gindex was 0.74. The median OS values for low-, low-
intermediate-, high-intermediate-, and high-risk groups were 14, 7.7, 4.7, and 1.8 mo,
respectively. Limitations include the retrospective design.

Conclusions

We developed a prognostic model and identified a subgroup of patients in whom
third-line LPD treatment has no meaningful benefit. Our results need to be confirmed
by prospective clinical trials.
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Patient summary

We reported outcomes from third-line life-prolonging drugs in metastatic prostate
cancer patients and developed a prognostic model that could be used to guide
treatment decisions.

INTRODUCTION

Prostate cancer is the most common cancer among men in the Western world'. Part
of these patients will eventually progress and develop metastatic castration-resistant
prostate cancer (MCRPC)%. In 2004, docetaxel, a member of the taxane drug class,
was the first treatment to improve overall survival (OS) of mCRPC patients?. In the
last years, several new therapeutic agents, including cabazitaxel, abiraterone acetate,
enzalutamide and radium-233, have also been registered for treatment of mMCRPC
based on a survival benefit. The outcomes of these life prolonging drugs (LPDs) as
first- and/or second-line (post-docetaxel) treatment have been well established*®.

It is common practice to use these drugs as a third-line LPD treatment, after first- and
second- line LPD treatment, in the hope to obtain a cumulative benefit’®. To date,
randomized controlled trials of third-line LPD in mCRPC patients are scarce''. The
reports on third-line LPD are particularly retrospective and based on small cohorts
of patients receiving one specific third-line LPD'>"®, mCRPC patients on third-line LPD
may have worse outcomes, compared to first- and second-line LPD treatment, due to
the in general more advanced stages, decreased performance status, worse tolerance
to treatments' and possible cross-resistance.

Thus, third-line LPD might not be appropriate for all patients. Selection of patients with
mCRPC who will benefit from third-line LPD treatment is crucial to improve outcomes,
reduce unnecessary toxicity, improve quality of life (QoL) and reduce costs'™. Prediction
of treatment outcome may allow for better patient selection. Nevertheless, current
prognostic models for survival using clinical- and laboratory baseline variables in
mCRPC patients have only been described in first- or second-line LPD?%-23,

The aim of this retrospective study was to evaluate outcomes of third-line LPD treatment
in a real-world cohort of MCRPC patients, to identify clinical- and laboratory variables
associated with survival, and to finally assess the impact of these variables in a risk
score.
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PATIENTS AND METHODS

Study design and setting

CAPRI (CAstration-resistant Prostate cancer Reglstry) is an investigator-initiated,
observational multi-center cohort study in 20 hospitals in the Netherlands. The study
design has been described before?. Patients with mCRPC were included retrospectively
from January 1, 2010 until December 31, 2015. mCRPC was either defined by the criteria
set by the EAU?® or by the treating physician. The study is registered in the Dutch Trial
Registry as NL3440 (NTR3591).

Objectives

To investigate outcomes of third LPD treatment in a real-word population of mCRPC
patients, to identify clinical- and laboratory variables related to survival outcomes and
to assess the impact of these variables in a risk score.

Participants

mCRPC patients with progressive disease on or after a second-line LPD, before July 1,
2017, were included in the analysis. All patients had received two lines of LPD treatment,
of which at least one of the two previous lines was docetaxel. They were categorized into
two groups: patients receiving a third-line LPD and patients receiving best supportive
care (BSC).

Patients previously treated with docetaxel for hormone-sensitive metastatic prostate
cancer (n=14) were excluded from the analysis.

Follow-up and data collection

Predefined and readily available data from medical records were retrospectively
collected by trained data managers. Baseline characteristics were included in the
analysis if they were documented three weeks prior to three weeks after the progression
date after a second-line LPD. All patients were followed until death, lost-to-follow-up or
December 31, 2017. Follow-up duration was calculated as time from date of progression
on a second-line LPD to last recorded date.

Outcomes

Outcomes were OS, treatment duration (TD) and prostate-specific antigen (PSA)
response. OS was calculated in months from the date of progression after second-line
LPD treatment to the date of death from any cause. Patients alive at the end of the
study or lost to follow-up were censored at last recorded date.
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TD was defined as the interval between start and stop of third-line LPD treatment. If the
stop date was unknown, TD was specified as time from start of third-line LPD to start of
next treatment, or as time from start of third-line LPD to end of follow-up if third-line
treatment was the last treatment. Patients on treatment at the end of follow-up were
censored at last recorded date.

PSA response was defined as the maximum change from baseline PSA levels (in
percentages) without confirmation of second measure. In case no decline was present,
responses were measured at 12 weeks (according to PCWG 3 criteria for response
measurement?®) or if treatment was <12 weeks, at the end of treatment or start of next
treatment. PSA response was defined as a >50% PSA decline from baseline.

Statistical analysis

Descriptive statistics were performed. The T test (or Mann-Whitney test for non-
parametric variables) was used for continuous variables and the Pearson chi-square
was used for categorical variables. OS and TD were estimated using the Kaplan-Meier
method and were compared between groups using the log-rank test. A waterfall plot
was made to indicate PSA response. Missing baseline characteristics were imputed using
multiple imputation with Monte Carlo Markov Chain method. Selection of prognostic
factors were based on clinical applicability (routinely collected and used by clinicians),
previous research and expert opinion?”. Continuous variables were categorized using
median cut off or clinical applicable cut offs. Multivariable Cox proportional hazard
analysis using a backward stepwise procedure was performed on pooled data for OS.
A simplified prediction rule was obtained by rounding the regression coefficients to
half points, which were multiplied by two for easier clinical applicability. A risk score for
prediction of OS was then calculated for each patient. Patients could be categorized
into different risk groups based on the survival curves of each risk score. A p-value of
<0.05 was considered statistically significant. Statistical analyses were performed using
IBM SPSS Statistics Version 22.0 (SPSS Inc., Chicago, IL, USA).

RESULTS

At the end of the study 3,616 CRPC patients were included in 20 hospitals. A total of
1,011 mCRPC patients (28%) had progression on or after a 2" LPD treatment and were
included in the analysis. At database cutoff, 826 deaths (82%) had occurred, 127 patients
(13%) were lost to follow-up and 58 patients (6%) were still alive.

All patients were previously treated with docetaxel and either, abiraterone acetate (n=525,
52%), enzalutamide (n = 282, 28%), cabazitaxel (n = 155, 15%), docetaxel rechallenge (n=31,
3.0%) or radium-223 (n = 18, 2.0%).
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Ofthese 1,011 mCRPC patients, 602 patients (60%) received a third-line LPD. Third-line LPD
consisted of cabazitaxel (n = 213, 35%), abiraterone acetate (n = 137, 23%), enzalutamide
(n=129, 21%), radium-223 (n =78, 13%) and docetaxel (n =45, 8.0%). An overview of
previous treatment lines and third-line treatment is provided in Supplementary Table 1.

Baseline characteristics

Baseline characteristics of mCRPC patients at the progression date of a second-line
LPD, according to subsequent third-line LPD or not, are shown in Table 1. Patients
receiving a third-line LPD had a more favorable prognostic profile (significantly younger,
better ECOG PS, less opioid use, less visceral metastases, higher hemoglobin (Hb), lower
ALP and lower LDH) compared to patients who received BSC.

Table 1. Baseline characteristics at time of progression on a second-line LPD in mCRPC patients

Total group® BSC Third-line LPD p-value
N=1,011 N=409 N=602
Age (years) mean £ SD 71.6+75 73.0+7.8 71.0+73 0.032"
unknown, n (%) 21(2) 0(0) 21 (3)
ECOG PS, n (%) 0 93(9) 15(4) 78 (13) <0.001"
1 280 (28) 67 (16) 213 (35)
>2 130 (13) 98 (24) 32 (5)
unknown 508 (50) 229 (56) 279 (46)
Opioid use, n (%) yes 219 (22) 127 (31) 92 (12) <0.001"
no 187 (18) 57 (14) 130(22)
unknown 605 (60) 225 (55) 380 (63)
Symptomatic disease, yes 704 (70) 346 (85) 358 (60) <0.0071"
n (%) no 226 (22) 50 (12) 130(22)
unknown 81(8) 13(3) 68 (11)
Bone metastases, n (%) yes 871 (86) 355(87) 516 (86) 0.139
no 44.(4) 13(3) 31(5)
unknown 96 (10) 41 (10) 55(9)
Visceral metastases, yes 169 (17) 91 (22) 78 (13) <0.001"
n (%) no 349 (35) 116 (28) 233(39)
unknown 493 (49) 202 (49) 291 (48)
Lymph node metastases, yes 469 (46) 195 (48) 274 (46) 0.030"
n (%) no 160 (16) 51(12) 109 (18)
unknown 382 (38) 163 (40) 219 (36)
Hb (mmol/l) mean + SD 71 +£1.2 6.8+1.2 74 +11 <0.001"
unknown, n (%) 303 (30) 111(27) 192 (32)
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Table 1. (Continued)

Total group® BSC Third-line LPD p-value
N=1,011 N=409 N=602
Platelets (10%/L) median (IQR) 250(193-315) 238(167- 256 (205-313)  0.032°
322)
unknown, n (%) 314 (31) 117 (29) 197 (33)
PSA (ug/l) median (IQR) 133 (42-413) 174 (42-491) 118 (42-358) 0.058
unknown, n (%) 126 (13) 64 (16) 62 (10)
ALP (U/1) median (IQR) 170 (99-353) 260 (128- 139 (88-253) <0.001"
506)
unknown, n (%) 182 (18) 72(18) 110 (18)
LDH (U/1) median (IQR) 289 (213-420) 389 (241- 251 (203-360)  <0.001"
730)
unknown, n (%) 411 (41) 154 (38) 257 (43)

* significant at p-value <0.05. @ total group of patients progressive on or after a second-line LPD.
Abbreviations: mCRPC, metastatic castration-resistant prostate Cancer; LPD, life prolonging drug;
BSC, best supportive care; SD, standard deviation; ECOG PS, Eastern Cooperative Oncology Group
Performance score; Hb, haemoglobin; IQR, interquartile range; PSA, prostate specific antigen; ALP,
alkaline phosphatase; LDH, lactate dehydrogenase.

Figure 1A. Overall survival from progression after LPD2 for the total group (n=1,011)

1007 Median OS 6.5 months
=
2
©
2
1
2
&
T T T T T T
0 12 24 36 48 60
Months from progression on LPD2
No. at risk
Total 990 248 55 16 5 0

27 patients were excluded from analysis due to missing progression date on LPD2. Dotted line indicates
the median overall survival. Abbreviations: LPD2, second-line life-prolonging drug.
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Figure 1B. Overall survival from progression after LPD2 classified by LPD3 (n=602) or BSC (n=409)

100+
—=BSC_ 2.4 months
—+—LPD3  10.4 months

p-value <0.001

Patients alive (%)

T T T T
0 12 24 36 48 60

Months from progression on LPD2
No. at risk
BSC 409 26 7 2 0
LPD3 581 222 48 14 4 0

21 patients were excluded from analysis due to missing progression date on LPD2. Dotted line indicates
the median overall survival. Abbreviations: LPD2, second-line life-prolonging drug; BSC, best supportive
care; LPD3, third-line life prolonging drug.

Table 2. Univariable and multivariable analysis of different prognostic variables for overall survival

Univariable analysis Multivariable analysis

n/N? HR  95%CI p-value HR 95%Cl  p-value B pt
ECOG PS 420/503 <0.001"
0 REF - REF - - 0
1 174 1.33-2.29 151 1.13-2.00 0.007° 0.409 1
>2 455 3.35-6.18 3.08 2.31-410 <0.001" 1,123 2
Opioid use 350/406 <0.001" 0.019"
no REF - REF - 0
yes 218  1.75-2.73 1.55 1.10-2.19 0.438 1
Symptomatic 754/925 <0.001"
no REF -
yes 207 1.73-2.47
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Table 2. (Continued)
Univariable analysis Multivariable analysis

n/N? HR  95%Cl p-value HR 95%Cl  p-value pB° pt
Visceral 409/511 <0.001" <0.001"
metastases
no REF - REF - o
yes 213 1.73-2.62 2.09 1.76-2.49 0.738 27
LN metastases 508/622 0.002*
no REF -
yes 1.38  1.12-1.69
Hb (mmol/I) 594/708 <0.001" 0.002"
<7 222 1.88-2.62 1.44 1.15-1.84 0.372 17
>7 REF - REF - 0
Platelets (10%/L) 584/697 0.535
<250 REF -
>250 1.05 0.89-1.24
PSA (ug/l) 723/885 <0.001" 0.001"
<130 REF - REF - o
>130 173 1.49-2.00 1.48 1.20-1.82 0.393 17
ALP (U/1) 682/833 <0.001" <0.001"
<170 REF - REF - o
>170 2.23  1.91-2.60 1.52 1.26-1.84 0.421 17
LDH (U/1) 505/600 <0.001" 0.015"
<ULN REF - REF - o
>ULN 2.24  1.86-2.69 1.44 1.09-1.90 0.365 17
Time from ADTto  806/988 0.012"
CRPC (mo)
<12 119 1.04-1.37
>12 REF -

*significant at p-value <0.05; ¢ number of patients with event (i.e. death) of total included in univariable
analysis; ® The coefficient of each variable was rounded to half point and then multiplied by a constant
(2) for easier clinically applicability.

Abbreviations: mCRPC, metastatic castration-resistant prostate cancer; LPD, life prolonging drug;
HR, hazard ratio; Cl, confidence interval; 3, beta regression coefficient; pt, points; ECOG PS, Eastern
Cooperative Oncology Group Performance Score; REF, reference category; LN, lymph nodes; Hb,
haemoglobin; PSA, prostate-specific antigen; ALP, alkaline phosphatase; LDH, lactate dehydrogenase;
ULN, upper limit of normal; ADT, androgen deprivation therapy; mo, months.
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Overall survival and risk-scoring system

The median OS (mOS) from progression on a second-line LPD was 6.5 months (95% Cl
5.9-7.2). mOS was longer for patients receiving a third-line LPD (10.4 months, 95% Cl
9.2-11.6) compared to patients who received BSC (2.4 months, 95% Cl 2.1-2.7; Figure 1).

Univariable analysis revealed baseline ECOG PS, opioid use, symptoms, visceral
metastases, lymph node metastases, Hb, PSA, ALP, LDH and period from castration
to CRPC as being significant variables for the prediction of survival in mCRPC patients
progressing on a second-line LPD (Table 2).

The multivariable Cox regression analysis of pooled data identified seven variables
independently associated with OS: : ECOG PS of 1 and >2 (HR 1.51, 95% ClI 1.13-2.00,
p =0.007 and HR 3.08, 95% Cl 2.31-4.10, p < 0.001, respectively), opioid use (HR 1.55,
95% CI 1.10-2.19, p = 0.019), visceral metastases (HR 2.09, 95% ClI 1.76-2.49, p < 0.001),
Hb <7.0 mmol/l (HR 1.44, 95% CI 1.15-1.84, p = 0.002), PSA =130 pg/I (HR 1.48, 95% Cl
1.20-1.82, p = 0.001), ALP =170 U/I (HR 1.52, 95% Cl 1.26-1.84, p < 0.001) and LDH >250
U/l (HR 1.44, 95% CI 1.09-1.90, p = 0.015) were related to worse survival.

Based on their regression coefficients we assigned a score of 1 point to ECOG PS
of 1, opioid use, Hb <7.0 mmol/I, PSA >130 pg/l, ALP >170 U/l and LDH >250 U/I. A
score of 2 points was assigned to ECOG PS =2 and presence of visceral metastases
(Supplementary Table 2A). Taking into account the survival curves of the calculated
risk scores, patients could be categorized into different risk groups: low-risk (score 0),
low-intermediate-risk (score 1-3), high-intermediate-risk (score 4-6) and high-risk (score
7-9) (Supplementary Table 2B). The low-risk group included 103 patients (10%), the low-
intermediate-risk group included 467 patients (46%), the high-intermediate-risk group
included 341 patients (34%) and the high-risk group included 56 patients (6%). Median
survival times for these low-, low-intermediate-, high-intermediate- and high-risk groups
were 14.0 months (95% Cl 10.7-17.3), 7.7 months (95% Cl 6.6-8.9), 4.7 months (95% Cl
4.0-5.4) and 1.8 months (95% Cl 1.4-2.2), respectively (p < 0.001; Figure 2A).

Athird-line LPD was started in 69% patients (71 out of 103) in the low-risk group, 64%
patients (299 out of 467) in the low-intermediate-risk group, 53% patients (181 out of
341) in the high-intermediate-risk group and 30% patients (17 out of 56) in the high-risk
group. mOS for these risk groups, according to whether or not treated with a third-line
LPD, are depicted in Figure 2.

A nomogram, integrating the significant independent variables for OS, is provided in
Supplementary Figure 1.
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Figure 2A. Overall survival from progression after LPD2 according to risk groups: total (N=1,011)
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Dotted line indicates the median overall survival. Abbreviations: LPD2, second-line life-prolonging drug;
BSC, best supportive care; LPD3, third-line life prolonging drug.

Figure 2B. Overall survival from progression after LPD2 according to risk groups: LPD3 (N=602)
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Dotted line indicates the median overall survival. Abbreviations: LPD2, second-line life-prolonging drug;
third-line life prolonging drug.

201



Chapter 9

Figure 2C. Overall survival from progression after LPD2 according to risk groups: BSC (N=409)
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Dotted line indicates the median overall survival. Abbreviations: LPD2, second-line life-prolonging drug;
BSC, best supportive care.

Figure 3A. Treatment duration of LPD3: all patients (n=602)
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Abbreviations: LPD3, third-line life prolonging drug.
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Figure 3B. Treatment duration of LPD3 according to the risk groups: all patients (n=602)
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Abbreviations: LPD3, third-line life prolonging drug.

Treatment duration and prostate-specific antigen response of third-line LPD
treatment

At the end of follow-up, 26 patients (4.3%) with a third-line LPD were still on treatment.
Median TD (mTD) for third-line LPD was 3.3 months (95% Cl 3.0-3.5). PSA decline on
third-line LPD was assessable in 560 (93%) patients and observed in 130 (22%) patients.

mTD for the four risk groups (low-, low-intermediate-, high-intermediate- and high-risk
groups) were 4.6 months (95% Cl 3.8-5.4), 3.4 months (95% Cl 3.2-3.6), 2.7 (95% Cl 2.4-
3.0) and 1.4 months (95% Cl 1.1-1.7), respectively (p < 0.001; Figure 3). PSA response
rates (>50% PSA response) were 24% (18 out of 76 patients), 22% (66 out of 301), 23%
(41 out of 181 patients) and 6% (1 out of 17 patients), respectively. Waterfall plot of the
PSA responses are shown in Figure 4.
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Figure 4. Waterfall plot of maximum PSA change from baseline for patients treated with LPD3

Abbreviations: PSA, prostate specific-antigen; LPD3, third-line life prolonging drug.
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DISCUSSION

To our knowledge, this is the first large multicenter real-world cohort, evaluating the
outcomes of MCRPC patients progressing on a second-line LPD, treated according to
the views and opinions of their treating physicians.

We observed a mOS of 6.5 months from progression of second-line LPD. mOS was
longer in patients with a third-line LPD compared to patients receiving BSC (10.4 vs.
2.4 months), but TD was short (3.3 months) and PSA response was low (22%). Our
results confirm the potential cumulative survival benefit (mOS 7.1-15.8) of previous
retrospective studies on third-line LPD treatment'>".

Pivotal phase llI trials on first- and second-line LPD treatment in mCRPC patients
reported a mOS of 14.0-34.7 months. The difference in OS can partially be explained by
the fact that patients treated in trials notably differ from patients who receive standard
treatment options only** and the more advanced disease state of patients after two
systemic treatment lines. This is reflected by poor performance score, high disease
burden and high ALP, LDH and PSA. As mCRPC progresses, disease control becomes
more difficult?®. Possible cross-resistance with previous treatments can further
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decrease treatment effect'®. Moreover, tolerability to new systemic treatments can be
worse' leading to early discontinuation.

Evidence concerning optimal sequencing of third-line LPDs is limited, but suggests
that patients may not respond to androgen receptor-targeted therapies (ARTs:
abiraterone or enzalutamide) in third-line after progression on prior ARTs due to cross-
resistance'®”2°. This is recently prospectively confirmed by a study of de Wit et al.",
which reported an increased mOS in patients receiving cabazitaxel compared to ART
(13.6 vs. 11.0 months) after prior docetaxel and the other ART. Since all patients had
progression on an alternative ART within 12 months, they were not comparable with
our study population. Our analysis identified seven independent prognostic variables
associated with survival, namely ECOG PS, opioid use, visceral metastases, Hb, PSA, ALP,
and LDH. These variables were able to distinct four risk groups (low-, low-intermediate-,
high-intermediate-, and high-risk) for patients who had progressive disease after a
second-line LPD, with corresponding median survival times of 14.0, 7.7, 4.7, and 1.8
months, respectively (p < 0.001).

Especially, high-risk patients had remarkable short mOS. Moreover, high-risk patients
treated with third-line LPD had worse mOS than patients receiving BSC in low- or low-
intermediate-risk groups. These results suggest that high-risk patients may derive no
meaningful benefit from third-line LPD in clinical practice, which is supported by the
short mTD and low PSA responses. Therefore, high-risk patients should not be treated
with third-line LPD and treated with BSC.

Our prognostic model allows for the stratification of four risk groups with widely
differing mOS. It is important for physicians to consider these different survival times
in medical decision making. Proper patient selection for third-line LPD treatment is
crucial to improve outcomes, reduce unnecessary toxicity and improve QoL. Moreover,
careful consideration is also warranted considering possible low cost-effectiveness.

This study is not without limitations. Firstly, our results are limited by the absence of
previously identified risk factors such as albumin level?”. However, albumin is not a
routinely assessed parameter in real-world clinical practice. Moreover, many patients
had missing values of one or more baseline variables at progression on second-line
LPD due to the retrospective nature of the study. Imputation of missing baseline data
offers a valid solution for multivariable analysis®. Second, the effect of third-line LPD
in other outcomes such as QoL and cost-effectiveness could not be included in this
analyses. Lastly, the identified prognostic model has not yet been externally validated
and is therefore not yet suitable for clinical use.
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Nevertheless, our prognostic model was developed using a large number of patients
with mCRPC who were progressive after second-line LPD and the number of deaths
in the pooled analysis was substantial, providing good statistical power. Furthermore,
this prognostic model is based on readily available clinical- and laboratory variables,
and risk groups can be easily calculated. Although our prognostic model is based on
retrospective data, it was able to identify four risk groups with differing survival times,
suggesting that the identified variables may assist in the selection of patients for third-
line LPD treatment in daily clinical practice and thereby improving efficacy of these
potentially toxic and expensive LPD.

Conclusions

Third-line LPD might not be appropriate for all mCRPC patients, which is supported by
the short mTD and low PSA responses observed in our study. We developed a simple
prognostic model, based on routinely used clinical and laboratory parameters, and
identified a high-risk subgroup in whom no meaningful benefit from third-line LPD is
derived in clinical practice. Our results need to be confirmed by further prospective
trials.
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SUPPLEMENTARY TABLES

Supplementary Table 1. Overview of treatment lines

First-line (n=1,011) Second-line (n=1,011) Third-line (n=602)

Drug No. of patients (%) Drug No. of patients (%) Drug No. of patients (%)

DOC 872 (86.3) DOC 170 (16.8) DOC 45 (8.0)
CAB 0 CAB 155(15.3) CAB 213 (35.4)
ABI 89 (8.8) ABI 436 (43.1) ABI 137(22.8)
ENZ 49 (4.8) ENZ 233(23.0) ENZ 129 (21.4)
RA-223  1(0.1) RA-223  17(1.7) RA-223  78(13.0)

Abbreviations: DOC, docetaxel; CAB, cabazitaxel; ABI, abiraterone acetate; ENZ, enzalutamide; RA-223,
radium-223

Supplementary Table 2A. Risk factors to calculate risk score

Risk variables Points*
ECOGPS 1 1
ECOG PS 22 2
Opioid use 1
Visceral metastases 2
Hemoglobin 1
Prostate-specific antigen 1
Alkaline phosphatase 1
Lactate dehydrogenase 1

Abbreviation: ECOG PS, eastern cooperative oncology group performance status.
Note: * points assigned to the risk variables are based on their regression coefficients.

Supplementary table 2B. Definition of risk groups

Risk groups Risk score
Low-risk 0 points
Low-intermediate-risk 1-3 points
High-intermediate-risk 4-6 points
High- risk 7-9 points

209




Chapter 9

Supplementary Figure 1. Nomogram for overall survival in patients with mCRPC. Points are
assigned for each risk factor by drawing a line upward from the corresponding values to the
'point’ line. The total sum of points for seven risk variables is plotted on the ‘total points’ line. A
line is drawn down to the corresponding predictions of 6-, 12-, 18-, 24- and 30-months survival

probability.
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Abbreviations: ECOG PS, Eastern Cooperative Oncology Group Performance Status; ULN, Upper Limit
of Normal.
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ABSTRACT

Purpose

With the increasing interest in treatment decision-making based on risk prediction
models, it is essential for clinicians to understand the steps in developing and
interpreting such models.

Methods

A retrospective registry of 20 Dutch hospitals with data on patients treated for
castration-resistant prostate cancer was used to guide clinicians through the steps of
developing a prediction model. The model of choice was the Cox proportional hazard
model.

Results

Using the exemplary dataset several essential steps in prediction modelling are
discussed including: coding of predictors, missing values, interaction, model
specification and performance. An advanced method for appropriate selection of
main effects, e.g. Least Absolute Shrinkage and Selection Operator (LASSO) regression,
is described. Furthermore, the assumptions of Cox proportional hazard model are
discussed, and how to handle violations of the proportional hazard assumption using
time-varying coefficients.

Conclusion

This study provides a comprehensive detailed guide to bridge the gap between the
statistician and clinician, based on a large dataset of real-world patients treated for
castration-resistant prostate cancer
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INTRODUCTION

As an urologist or oncologist it is not rare to encounter a 77 year old prostate cancer
patient treated with androgen deprivation therapy, whose PSA rises consecutively at
castrate serum levels of testosterone and who develops new bone lesions on imaging
studies. According to the European Association of Urology guidelines, this patient meets
the criteria for metastatic Castration-Resistant Prostate Cancer (CRPC) (Cornford et al.
2017). The patient has a medical history of chronic obstructive pulmonary disease
(COPD) and diabetes mellitus. He has no prostate cancer related symptoms but due
to his comorbidities he has a performance status of 1. We have previously shown that
based on these factors Dutch clinicians are more likely to opt for watchful waiting
or hormone targeted drugs, instead of docetaxel/prednisolone or radium-223 (Angst
etal. 2019). In absence of clear recommendations for a preferred treatment option
and sequence, clinicians may benefit from support of a clinical prediction model that
is able to predict survival per treatment option based on patients’ clinical baseline
characteristics.

Recently, a significant amount of work has been published concerning risk prediction in
prostate cancer (Kearns and Lin 2017). Risk prediction models evolved to indispensable
tools to aid clinicians in making evidence-based decisions. In the urology field clinical
risk prediction models for different disease states of prostate cancer exist, to predict
for example the probability of biopsy-detectable aggressive prostate cancer, lymph
node involvement, or overall survival (OS) in first-line chemotherapy. Nevertheless,
despite existing general guidelines for reporting of a multivariable prediction model
for individual prognosis or diagnosis (Collins et al. 2015), the process of developing and
validating such models is still shrouded in mystery for most clinicians. The aim of this
paper is to provide a comprehensive detailed guide to help clinicians understand the
(sometimes complex) steps in developing a useful prediction model for CRPC patients,
based on a real-life case, using a retrospective dataset of real-world patients treated
for CRPC. We aim to both assist the clinician in understanding the development of a
prediction model and to support the clinician in recognizing common shortcomings in
existing prediction models. Of course, it is of highly importance to involve a statistician
in the preparatory phase as well as constructing and validating the model.
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METHODOLOGY

Research question and statistical model choice

First and foremost, one needs to formulate a clear research question. Additionally,
before delving into the process of developing a prediction model it should first be
checked if a similar model exists. In this case it may sometimes be more appropriate
to update or adapt these previous models. In this study we aimed to develop a model
to predict mortality in patients with CRPC treated in first-line with either abiraterone,
enzalutamide, docetaxel, watchful waiting (defined as best supportive care using
systemic treatment without proven life prolonging benefits, such as anti-androgens
and ketoconazole) or radium-223, with the goal to use the model for treatment decision-
making and to incorporate the model into a decision aid. Based on the type of outcome
an appropriate model should be chosen, because different models should be used for
different types of data (Supplementary Table 1). In our case we are dealing with survival
data. Hence, a non-parametric Cox proportional hazard model was chosen. It should
be noted that for very long-term predictions a parametric model (e.g. Weibull) may be
preferred, since these provide more stable predictions at the end of follow up (Carroll
2003). A summary of all considerations in model development is presented in Table 1.

Data inspection

In our case we used a retrospective registry called the CAstration-resistant Prostate
cancer Reglstry (CAPRI), which is an investigator-initiated, observational multi-center
registry in 20 hospitals in the Netherlands. In the subset of the data we used, with first
line treatment only, 3,588 patients and 2,335 deaths were recorded (Westgeest et al.
2018). The patients were treated according to clinical practice with a variety of first-
line treatments including abiraterone, enzalutamide, docetaxel, or watchful waiting.
Radium-223 was excluded from analyses due to the fact that only ten patients received
Radium-223 as first line treatment in this dataset. Baseline variables are presented in
Table 2. Furthermore, this dataset contained sixteen potential predictors. In general,
it is recommended to have at least ten events (deaths in our case) to investigate one
predictor. If a predictor has multiple categories you need 10*(number of categories — 1)
events for that predictor.
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Missing values and coding of predictors

In an ideal world the predictors in a dataset are all clinically relevant (Cornford et al.
20172), comprehensible (Angst et al. 2019), measured reliably (Kearns and Lin 2017),
without missing data (Collins et al. 2015), and not correlated with each other (Carroll
2003). Unfortunately, datasets fulfilling all these criteria are the exception rather than
the rule. Regarding the first three criteria it is recommended that clinician’s perspectives
are taken into account. Several authors mentioned to perform systematic reviews in
order to find suitable candidate predictors (Steyerberg 2008). In the sections below we
will address the latter two criteria (missing values and correlation between predictors).
Additionally, we will give special attention on how to handle continuous predictors (e.g.
age and hemoglobin).

Missing values

Various approaches are described to handle missing data, each with its own limitations
and benefits (Papageorgiou et al. 2018). In our case we used multiple imputation using
the MICE statistical package of R (Buuren and Groothuis-Oudshoorn 2011). “Imputation”
in the context of missing baseline variables basically means that missing values are
predicted upon other baseline values and/or outcome. Alike almost every statistical
manipulation, certain assumptions must be made about the missing data, especially the
mechanism of missing data (missing completely at random, missing at random, missing
not at random) should be addressed (Papageorgiou et al. 2018). Following the latest
consensus we incorporated the outcome in the imputation model using the Nelson-
Aalen estimator, a non-parametric estimator of the cumulative hazard rate function
(Moons et al. 2006). Using multiple imputation one creates multiple datasets in which
the missing values are imputed, resulting in multiple completed datasets. The formal
rules state that the analyses need to be conducted on all datasets separately and the
obtained estimated must be pooled thereafter (Rubin 2004). Nevertheless, in case of a
few missing values some authors proposed to develop the model on one dataset and
test the model on the other datasets (Steyerberg 2008). Controversy remains on the
cut-off of how much missing values is “too much” missing (Papageorgiou et al. 2018).

Correlation between predictors

In medicine many variables roughly describe the same phenomena and are therefore
correlated with each other. One should avoid putting highly correlated variables in the
same model. Firstly, the aim of a prediction model is to be as simple as possible, and
incorporating similar variables is considered redundant. Secondly, in case of correlated
variables a phenomena called "multicollinearity” can occur, characterized by extremely
high/low estimates or standard errors (Multicollinearity 2020). Therefore, it is advisable
to investigate all the correlations between the predictors by means of Pearson’s R or
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Spearman’s rho, and high correlation should be addressed. This can either be done
by excluding one of the two correlated variable or recoding the variables into one new
variable. In our case the variables “pain” and “opioid use” were correlated (Spearman’s
rho: 0.36). Clinically this makes perfect sense, as opioids are prescribed when a patient
is in pain. We recoded opioid and pain in several variables and a combined variable
consisting out of 3 categories proved to be the best predictor (Supplementary Table 3).

Continuous predictors

Continuous predictors are variables that can take an infinite number of values (e.g. age
and lactate dehydrogenase), and contain a lot of information. Hence, simply dichotomizing
continuous predictors is paired with significant information loss (Royston et al. 2006).
Nevertheless, incorporating continuous predictors into a statistical model comes along
with the assumption the continuous predictors is associated with the outcome in a linear
way. While a linear association can also be applied for some non-linear associations, this
may not always be the case (Fig. 1). Thus, we recommend firstly to explore the association
of the continuous predictor with the outcome in a univariable model. In order to explore
the best fitting association with the outcome and a continuous predictor one can use:
transformation (like logarithmic transformation), categorization, splines and fractional
polynomials, as is explained in Table 3 and Fig. 2 (Steyerberg 2008).

Figure 1. Example of a continuous outcome (y axis) and continuous predictor (x axis). As is
shown: with the assumption the relation is linear the model (red line) does not fit the observed
data well (black dots).
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Table 3. Performance of a linear model by adding flexibility to assumed linear association with
the outcome. *R-squared is measure of how close the model fits the data, 1 indicates the model
explains all the variability of the data, whereas with 0 the model does not explain any variability.
For other types of models similar measurements are available.

Variable R-squared*
Predictor linear 0.00938
Predictor with splines with 1 knot 0.9853
Predictor with fractional polynomial 0.9992

Figure 2. Example of relaxation of the linear assumed association (red line) of a continuous
outcome and predictor. This can be done either with natural splines (green line) or fractional
polynomials (blue line). Using splines the data is divided in separate sections, and each section
has its own estimate of the line. Using fractional polynomials the relationship is described as
multiple polynomials, which can produce a very flexible line.
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Let us consider two predictors. Separately, they have no association with the outcome,
however, when they are both present, a significant association with the outcome is
observed (or vice versa). Such a phenomena is called “interaction” (Steyerberg 2008).
For example these interactions are quite common in gene studies: Only when gene
X and gene Y are turned on a certain chemical reaction will start. When either one
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of the genes is turned off, the reaction will not begin. Naturally, these interactions can
also be present in epidemiology studies. However, especially when one considers many
predictors, constructing interaction terms can be an overwhelming task. There are so
many possibilities one cannot see the wood for the trees. In this case it is advisable to
avert to the clinicians and a priori select a number of possible interactions, which make
clinical sense. In our study, we tested the interaction term “watchful waiting” and “opioid
use or pain”, which turned out to be highly significant. This corresponds to the clinic; a
patient with watchful waiting and opioid use or pain indicates a palliative setting, in which
the patientis expected to die soon. Hence, watchful waiting and opioid use together have
a stronger association with the outcome than watchful waiting and opioid use separately.

Model specification

As mentioned earlier, the first step of predictor selection should be together with
subject-specific experts. Predictor selection is arguably the hardest part of model
building (Ratner 2010). Multiple methods exist to address the selection process of the
a priori selected set of predictors. The most widely used methods include stepwise
selection and best subset regression, and these are previously described (Miller 2002;
Harrell 2015). In our case we had a lot of variables due to the interaction terms and
non-linear continuous predictors. One always wants the most parsimonious model and
does not want to exceed the one predictor per ten events rule of thumb. Therefore,
it is reasonable to drop predictors that do not add much to the performance of the
model. We employed a lesser known selection method using Least Absolute Shrinkage
and Selection Operator (LASSO) regression (Tibshirani 1996). This is a penalized
machine learning technique that shrinks the estimate of unimportant predictors to
zero (Supplementary Fig. 1). An estimate of zero equals no association with the outcome
and, therefore a predictor is excluded. This method also can handle correlation within
predictors to some extent, as the algorithm will “see” that in case of high correlation of
predictor A and B, shrinking predictor B to zero will not influence performance of the
model (Tibshirani 1996). Nevertheless, an algorithm cannot judge which predictor is
more comprehensible or measured reliably. Therefore, one should never skip the step
of looking for correlations between predictors. A package to run LASSO regression in
R is the “glmnet” package (Friedman et al. 2010), with an elaborate vignette to code
this in R (Hastie and Qian 2016). However, in our case we had multiple polynomials
describing the relation of a continuous predictor with the outcome (see “Continuous
predictors”). One wants either include all the polynomials in the model or none at all.
Hence, we need to “tell” the LASSO algorithm they belong together as a group. The
statistical R package “grpreg” has implemented such a function (Breheny and Huang
2015). We opted for a two-step approach. Firstly, we ran the LASSO regression and
thereafter we incorporated all the non-zero predictors in a Cox-model. The final model
is shown in Table 4.
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Table 4. Final cox model for predicting mortality in patients with CRPC. The model contains
fractional polynomials and splines to address non-linear associations of a continues variable with
the outcome and a stepwise time-varying coefficient function; e.g. some covariates have a hazard

ratio for below 10 months of follow-up and above ten months of follow-up.

Characteristic Hazard ratio (95% Cl) P-value
Age 1.07 (1.04 to 1.09) >0.001
Antiandrogens before CRPC 0.87(0.8t00.95) 0.001
Bone metastases 116 (1.03t0 1.32) 0.016
AF polynomial 1! 1.02 (0.9to 1.16) 0.75
AF polynomial 22 0.75(0.57t0 0.99) 0.044
Enzalutamide vs abiraterone 117 (0.64 to 2.15) 0.60
Docetaxel vs abiraterone 1.85(1.23t0 2.77) 0.003
Watchful waiting vs abiraterone 0.45(0.31t0 0.67) >0.001
Time to start castration spline 1. 0 months 0.2(0.1t0 0.39) >0.001
Time to start castration spline 2 ... 0.19(0.13t0 0.26) >0.001
Time to start castration spline 1 .. .o - 1.45(0.75t0 2.8) 0.27
Time to start castration spline 2 ... 0.71(0.51to 1) 0.048
WHO e o1 <10 months 1.64(1.441t01.87) >0.001
WHO . 10 months 1.07 (0.99 to 1.15) 011
PSA polynomial 12 o o 10 vonthe 1.34(1.15t0 1.56) >0.001
PSA polynomial 12 Lo o monthe 1.02(0.881t01.17) 0.82
PSA polynomial 2% .. 10 monthe 1.27 (11610 1.4) >0.001
PSA polynomial 2% . oo 111 (1.01 to 1.21) 0.023
HB o <10 monthe 0.82(0.76 t0 0.89) >0.001
HB ko 210 months 0.92 (0.87t0 0.97) 0.003
Platelets polynomial 1°, . . 10 monhs 0.97 (0.95t0 0.99) 0.001
Platelets polynomial 1° . 10 monthe 1.01(0.99 to 1.02) 0.42
Platelets polynomial 26, . 10 onine 1(1to1.01) 0.001
Platelets polynomial 26, 1o vonhe 1T(1to1) 0.46
LDH | or <10 monthe 1.66 (1.42 to 1.94) >0.001
LDH L tor 510 month 1.09 (0.96 to 1.23) 0.18
Opioid or painvs none .o 1.09(0.97t0 1.22) 0.16
Opioid or painvsnone .. .o 1.02(0.94 to 1.09) 0.67
Age*Enzalutamide vs abiraterone’ 0.94 (0.9t0 0.97) 0.001
Age*Docetaxel vs abiraterone’ 0.96 (0.93 t0 0.99) 0.003
Age*Watchful waiting vs abiraterone’ 0.99(0.96 to 1.01) 0.25
Log(PSA)*Enzalutamide vs abiraterone’ 1.08 (0.92 to 1.26) 0.35
Log(PSA)*Docetaxel vs abiraterone’ 0.91(0.83to 1) 0.057
Log(PSA)*Watchful waiting vs abiraterone’ 1.23(1.12to 1.35) >0.001

T:(AF/100)A-2), 2: (AF/100)A-1, 3: PSAA-1, 4: log(PSA), 5: Platelets*1,6: Platelets * log(Platelets), 7:

interaction term
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Assessment of assumptions

Every statistical model comes along with certain assumptions (Freedman 2009). If these
assumptions are not met, the model is not or less valid (Freedman 2009). Each model
family has its own specific assumptions. A key assumption in the cox model we used is
the proportional hazard (PH) assumption. This basically means that ratio of hazards (the
output of @ Cox model) is constant over time. Two approaches are commonly used to
test whether this assumption is violated: plotting Kaplan-Meier curves or plotting the
residuals. Both methods are implemented in most statistical programs or packages. The
Schoenfeld residuals should be used to test the PH assumption. Schoenfeld residuals
represent the difference between the observed covariate and the expected given the
risk set at that time. If one draws an average line through the residuals, this line should
be straight (Schoenfeld 1982). A formal test has also been developed (Schoenfeld F test)
(Grambsch and Therneau 1994). In our model certain variables did not meet the PH
assumption. Fortunately, this is not the end of the world. One can avert to parametric
models, since some of these models do not rely on the PH assumption, however you
need to start all over again. Another approach is to use an extension of the Cox model
called time-varying coefficients, not to be confused with time-varying covariates (Hastie
and Tibshirani 1993; Fisher and Lin 1999). Time-varying coefficients can be applied if the
effect of a predictor is not constant over time, or in other words if the PH assumption is
violated. In our case the effect predictor WHO performance status was not constant over
time. As is shown in the Schoenfeld residual plot the effect of the performance status was
higher in the first months compared to later in follow-up (Fig. 3a). Therefore, we decided
to use a stepwise time varying coefficient function; we made a separate hazard ratio for
the first ten months and for the following months thereafter. As presented in Fig. 3b, the
PH assumption as not violated anymore. A vignette to implement time-varying coefficients
in R has been published previously (Therneau et al. 2013).
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Model performance

Two related terms are important in model performance: discrimination and calibration
(Alba et al. 2017). Discrimination describes how well a model discriminates a high risk
patient from a low risk patient or, in other words: Does the model estimate higher
probabilities for patients that have an event compared to patients that do not have
an event? Discrimination of binary outcomes is measured with the ¢statistic or with
ROGC-curves (Pencina and D’Agostino 2015). In our study, the overall ¢statistic of the
model was 0.74, which indicates a good discrimination of the model. Calibration or
goodness-of-fit conveys to which extent the predicted probability agrees with the
observed probability. For example a high risk patient had a sevenfold higher probability
of an event compared to a low risk patient and predicted risks are 7% vs 1%. The
observed probabilities of a high risk patient and a low risk patient were 70% vs 10%. In
this case discrimination is satisfactory, as the model discriminates well between a high
and low risk patient. Nevertheless, calibration is extremely off; the observed risks are
not even close to the predicted risks. Several methods exist to assess calibration and
are described previously (Calster et al. 2016).

Model validation

Testing model performance on the dataset on which is developed is most of the time
overly optimistic (Babyak 2004). After all, the model “learned” the estimates out of the
correlations/associations derived from that specific dataset. To assess the possibly overly
optimistic performance a statistical model should be validated. Preferably, this should be
done internally and externally. During internal validation the model is validated with the
original dataset. Historically, this is done by randomly splitting the original dataset into two
datasets. One training dataset and one validation dataset. Nevertheless, this approach
is not recommended, because this inherently implies one cannot train the model on
all the patients. In small datasets the amount of data is reduced, possibly leading to
overfitting, and in very large datasets randomly splitting results in very comparable
datasets. Therefore, we recommend to employ either bootstrapping techniques or
k-fold cross validation. Using k-cross validation one uses the whole dataset as training
dataset for the model, and thereafter splits the dataset in k groups (usually ten groups).
One group is the validation set and the others are the training sets. This process is
repeated k times with each a different group for the validation set (Supplementary Fig. 3)
(Harrell 2015). Using bootstrapping the model is also trained on the whole dataset and
thereafter random samples are drawn from the original data. Herein a patient can be
drawn multiple times and the drawn sample is usually of the same size of the original
dataset (Supplementary Fig. 4) (Efron and Tibshirani 1994). Notwithstanding, the ultimate
test for a model is external validation. This means that the performance of the model is
still satisfactory if it is tested on a different dataset. For example this dataset could be
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derived from another center, or geographical area. A model that calibrates poorly on
external data can be recalibrated, whereas a model that discriminates poorly cannot. In
this case a new model is required (Su et al. 2018). There is another highly important form
of validity called “face validity”. Yet, again the expert clinician comes into play here, as there
are no formal ways to test face validity. Face validity says something about whether the
test or model measures what it is supposed to measure. For instance face validity may
be impaired when key predictors are not included in the model because they were not
collected. Or when the dataset is old and does not represent clinical practice anymore.
In our case, the patients in the CAPRI dataset were included from January 1, 2010 until
December 31, 2017. Our aim was to develop a model to predict mortality in patients with
CRPC treated with either abiraterone, enzalutamide, docetaxel, or watchful waiting in first
line, to support adequate decision making. However, due to the retrospective nature of
this dataset, strong selection bias is present for treatment, especially since abiraterone
and enzalutamide were not available as first-line treatment in the Netherlands from
2010-2013. So patients that were eligible for those treatments, received watchful waiting
or docetaxel in this period. Of course, a multivariable model will adjust to some extend
for this, and one can include intervention year as covariate to assess/and adjust for this
phenomena. However, for future predictions, intervention year as covariate implies that
a certain trend will continue in the future. This does not make (clinical) sense at all. Hence,
this model failed the face validity.

CONCLUSION

Risk prediction is becoming increasingly more important in medical practice. In this
article, we discuss several steps in developing a prediction model including missing
data, predictor encoding and selection using LASSO, testing model assumptions,
performance and validation, using an example from uro-oncology. Prediction model
development is not a futile task and both the input of the clinician and statistician are
essential. This article may be used to bridge the gap between the two disciplines.
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SUPPLEMENTARY DATA

Supplementary Table 1

. Types of data and their associated models

Type of data Example Regression model
Continuous Blood pressure, age Linear regression

Discrete Yes/no variables Logistic regression

Count data (special case of Poisson regression
continuous data) Hospital stay Negative binomial regression
Ordinal data WHO class Ordinal regression

Survival data

Cox regression (non-parametric)
Accelerated time failure models

Mortality (parametric)

Supplementary Table 2. The variables opioid and pain were highly correlated. Hence, these
variables was combined in several ways and it was tested which variable had the best prediction.
1 is if the characteristics is present and O when not.

Name recoded variable Recoding scheme AIC BIC
Opioid and pain If opioid =1 AND pain =1 -> Opioid and pain=1 35954.57 35960.37
Else: Opioid and pain =0
Opioid or pain If opioid=1 OR pain = 1 -> Opioid or pain =1 35962.20 35968.00
Else: Opioid or pain=0
Ordered opioid and If opioid =1 OR pain =1 -> Ordered opioidand ~ 35910.92 3596.72
pain_3 (3 levels) pain_3="1
If opioid =1 AND pain = 1 -> Ordered opioid and
pain_3=2
Else: Ordered opioid and pain_3=0
Ordered opioid and If pain =1 -> Ordered opioid and pain_4 =1 35911.34 35922.93

pain_4 (4 levels)

If opioid = 1 -> Ordered opioid and pain_4 =2
If opioid =1 AND pain = 1 -> Ordered opioid and
pain_4=3

Else: Ordered opioid and pain_4 =0

AIC =Akaike information criterion and BIC =Bayesian information criterion, both are comparative
measurements of the fit of a model, penalized for the number of fitted covariates. A lower AIC and BIC

indicate a better model.
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Supplementary figure 1. Shrinkage of predictors to zero using LASSO regression
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Supplementary Figure 2. Schematic of k-fold cross validation in which k=4.

4-fold cross validation
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Supplementary figure 3. Schematic of bootstrapping. The general idea behind bootstrapping
is that of the original sample several bootstrap samples can be drawn with the same sample size
as the original sample. In the bootstrap sample replacement is possible (e.g. the same subject can
be drawn multiple times and at every step every subject has equal probability to be selected).
Bootstrapping can be used to test model performance.

Statistics
Original sample size n=5 of sample

Bootstrap sampes with
replacement (n=5)

Bootstrap Bootstrap
statistics (1) Bootstrap statistics (3)
statistics (2)
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SHORT SUMMARY

The CAstration-resistant Prostate cancer Reglstry (CAPRI) has provided evidence on
differences between trial and real world populations (Part 1). Based on strict selection
criteria at baseline, outcomes in trial populations are more favorable compared to the
real world. Trials have provided efficacy data on new life prolonging drugs (LPDs) but
effectiveness in CAPRI was lower in patients with differential baseline characteristics.
To ensure optimal outcomes, the importance of an adequate estimation of the trial
eligibility and health status of metastatic castration-resistant prostate cancer (CRPC)
patients in daily practice is important to ensure optimal treatment outcomes.

In CAPRI, real world outcomes in CRPC were studied (Part 2). LPDs have led to increased
treatment options in CRPC patients, which was related to increased overall survival in
the period 2010-2018. Over time the course of disease still has a negative impact on
health-related quality of life (HRQoL), with deterioration in all domains, especially with
respect to role and physical functioning. These domains need specific attention during
follow-up to maintain HRQoL as long as possible by timely start of adequate supportive
care management. In the end of life phase, we observed a high intensity care in 41%
of CRPC patients. This high intensity care is not easily justifiable due to high economic
cost and little effect on life span or improvement of quality of life.

Lessons from real world data may help to improve routine care (Part 3). We observed
no differences in outcomes of patients treated with sequential abiraterone acetate plus
prednisone and enzalutamide with or without interposed chemotherapy or radium-
223, with low response rates (around 20% PSA responses) of the second treatment.
The additional effect of a second treatment with abiraterone or enzalutamide in daily
practice is therefore questioned. Prospective trials have confirmed this observation'?.
In the next chapter, we developed a prognostic model and identified a subgroup of
patients in whom third-line LPD treatment has no meaningful benefit, although this has
to be confirmed in prospective trials. In the last chapter, we presented a detailed guide
for clinicians through the (sometimes complex) steps in developing a useful prediction
model for CRPC patients.

The set-up of CAPRI

Real world data are used to inform decision making in health care by providing
effectiveness data. In Chapter 2 we provided practical guidance in setting up patient
registries to facilitate real-world data collection for health care decision making, based
on our experiences and involvement in setting up patient registries in oncology in the
Netherlands.
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CAPRI was set up as a retrospective observational registry using a population-based
sample to provide real world data on patients, treatments and outcomes in CRPC. The
registry is an investigator-initiated study and a broad collaboration was sought in a
period that more than one industrial company needed intervention-based outcome
data. Therefore, the registry was set up as a disease-based registry rather than a
drug-based registry. Pharmaceutical industry parties and governmental subsidy parties
were sought to jointly finance the registry. This resulted in the financial support of four
pharmaceutical companies, and a ZonMW grant for the Patient Reported Outcomes in
CAPRI(PRO-CAPRI) study. Twenty Dutch hospitals were invited to participate, based on
both geographical spread and type of hospitals: 4 academic centers, 11 large teaching
hospitals and 5 general hospitals. All invited hospitals agreed to participate. We focused
on the CRPC population, and eligibility was met if CRPC was diagnosed either by the
EAU? or by the treating physician (regardless of the CRPC definition, but based on
CRPC treatment initiated; addition of antiandrogen therapy following progression on
ADT was considered first line systemic therapy for CRPC). Prostate cancer was defined
as histologic confirmation of prostate cancer or as concluded by the treating doctor
based on elevated PSA and metastatic pattern. Because CRPC patients are difficult to
capture, we retrospectively screened all prostate cancer patients (N=41,724) in both
urology and internal medicine departments in 20 hospitals, based on the diagnosis
code in the defined study period. We identified 3,616 eligible patients (see Figure 1). The
frequencies of patients in the subsequent diagnosis years and per hospital of inclusion
are shown in Figures 2 and 3.
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Screened for eligibility
diagnoses code prostate cancer

20 hospitals
1-1-2010 to 1-1-2016
N =41,724
Exclusion
No prostate cancer n=1,978
No castration n = 28,661
No progression n = 5,057
CRPC diagnosis before 1-1-2010 n = 1,421
<3 visits n =879
No medical file n = 20
Inclusion duplicate n = 92
Inclusion

CRPC patients n = 3,611

Figure 1. Flow diagram of the study population. Inclusion duplicate means a patient was screened
and found eligible in more than one participating center and was subsequently registered in only
one center. CRPC = castration-resistant prostate cancer.

Strengths and limitations

Strengths

Our study had several strengths. All stakeholders were involved in the design, analyses
and scientific output of the study. In the steering committee active involvement of
clinicians (from urology, medical oncology and radiotherapy), health economists, patient
advocates and representatives from the Dutch Uro-Oncology Studygroup (DUOS) was
accomplished, and representatives from the relevant pharmaceutical industry were
passively involved. The steering committee had meetings every 6 months to discuss
registry data, analyses and future directions.

The long lead-time from prostate cancer diagnosis to CRPC is a challenge in finding the
CRPC patients. Our method of finding eligible patients, by screening all prostate cancer
patients by datamanagers, provided a solution for this challenge. In Sweden, a large
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registry also captures patients in different disease states including non-metastatic CRPC
(nmCRPC) and metastatic CRPC (mCRPC), based on prostate cancer diagnosis, start
of ADT and imaging, clinical assessment and PSA kinetics*. Other retrospective CRPC
registries with published results from databases such as SEER/Medicare found patients
based on CRPC treatment . Prospective enrolment of mCRPC patients provides a
solution in prospective registries'2,

We were able to include a unique multicenter real world CRPC cohort that reflected
daily practice. Distinct to other cohorts, our cohort was independent of histologic
confirmation or type of treatment®'2. To illustrate this, we included 474 (13%) patients
without known histology, of whom 111 (3%) patients did not have a histologic confirmed
diagnosis of prostate cancer. These patients have been diagnosed based on PSA,
metastatic pattern and response on androgen deprivation therapy. Also, 1,346 (37%)
patients were included without life prolonging drug treatment (of whom 424 (12%)
patients without any systemic treatment for CRPC), leading to a sample of patients that
closely reflects daily practice, including specific subgroups of patients that are normally
not included in studies.

The eligibility criteria anticipated the new definition of CRPC by the European Association
of Urology (EAU) from 2014'. Patients were defined as castration-resistant at the
moment of progression on androgen deprivation therapy. Thus, the addition of anti-
androgen treatment to androgen deprivation therapy was considered the first line
therapy for CRPC.

To increase external validity, we captured an estimated 20% sample of all Dutch CRPC
patients, from different types of hospitals spread over the country (n=20) (Figure 2).
A comparison between patients in the participating hospitals to all prostate cancer
patients in the Netherlands with data from the Dutch Cancer Registry, showed no
differences in criteria available (age, disease stage, initial treatment, Gleason score and
initial performance status (PS)), supporting external validity.

Moreover, the large population size provided good statistical power for the analyses,
and allowed for subgroup analyses. CAPRI captured a cohort over a time period of 6
years inclusion (2010-2016) and 8 years of follow up (2010-2018), see Figure 3. At the
end of the study, it was a mature cohort with 2,442 (68%) death events.

We captured detailed longitudinal patient level data, including important factors that
are often not reported in clinical trials, such as comorbidity. Outcomes of treatments
in different lines could be analyzed separately or as sequential treatment.
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Figure 2. Distribution of CRPC patients in CAPRI by hospital of inclusion (anonymized).
Figure 3. Distribution of CRPC patients in CAPRI by year of CRPC diagnosis

Limitations

The eligibility criteria excluded patients not treated in hospitals. It is unknown how many
patients diagnosed with CRPC are treated only by general practitioners or in nursing
homes or hospices. Furthermore, we did not collect data outside the hospitals and
missing death date was a common problem (21% of patients was lost to follow up), that
was solved by censoring at the last visit date.

The retrospective nature of the study minimized the Hawthorne effect (the change in
behavior while being studied), but has led to significant missing data. Missing data were
particularly common in laboratory parameters (mainly LDH) and clinical parameters
(including ECOG/WHO clinical PS), but also in visceral dissemination status. Multiple
imputation provided a solution for missing data. The retrospective nature also led to
the limitation that only data that had been recorded in the medical file was available
for registration. Furthermore, due to choices made in the study design phase, not all
relevant variables were captured (e.g. albumin) and only hospital data were collected
(for example leading to restriction on analyses on the terminal phase in hospices or
at home).

Given the large number of treatment options and sequences, the study population is
still small for a part of subgroup analyses.

Head to head comparisons are not easily justified because of the retrospective nature.
Because treatment decisions were not randomized, treatment selection (confounding
by indication) may bias the results. For example, older patients with more comorbidity
may have a worse prognosis irrespective of treatment and may often not be treated
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with chemotherapy. Although propensity score matching might provide a potential
solution, the relatively short follow up and temporal effects of subsequent market
access of new LPD increase the probability of bias in the results.

We assumed all deaths were CRPCrelated. Although patients with CRPC will likely die
from the disease, competing risks such as cardiovascular death, may have occurred.
However, we assume this influence was small, if present.

The study reflects the Dutch situation and may not be generalizable to other countries.
In the Netherlands, health insurance is mandatory for everyone and everyone has
access to reimbursed medical oncology and urology care in hospitals. New treatments
are widely available in clinical trials. In addition, use of new oncolytic drugs is generally
conditional on positive guidance by the Dutch society of medical oncology (NVMO)
committee “beoordeling van oncologische middelen (appraisal of oncolytics)” (CieBOM).
Only after positive appraisal by CieBOM treatment will become widespread and standard
available. Dutch oncologists may be generally conservative in selecting patients for
treatment. Treatment restrictions in resuscitation and intensive care admission are
common. All aforementioned factors are more or less specific for the Dutch situation.

IMPLICATIONS OF THIS THESIS: A ROADMAP TO BETTER CARE

This thesis on real world evidence in castration-resistant prostate cancer may contribute
to improvement of treatment outcomes, the most important being survival, quality of
life and efficiency. This could be done by using a roadmap to enhance the quality of
care in metastatic (prostate) cancer patients, focusing on the following 5 statements:

1. Increase trial participation and increase generalizability and applicability of trial
results

2. Continue the registry prospectively with the relevant population, efficient data
management and analyses, and relevant objectives

3. Increase effectiveness of LPD: optimize sequencing, treat the right patient with
LPD and stop further LPD treatment at the right moment (and off course continue
palliative care!)

4. Determine the value of Patient Reported Outcome Measurements (PROMs) in
clinical practice and solve barriers.

5. Optimize end-of-life care by decreasing high-intensity care in the last 3 months
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1. INCREASE TRIAL PARTICIPATION

Clinical trials are imperative for testing novel cancer therapies, advancing the science of
cancer care, and determining the best treatment strategies to enhance outcomes for
patients with cancer'. We analyzed the differences of trial populations and real world
populations in Chapter 3 and 4. Trial populations are subject to clinical trial accrual.
This accrual is dependent on trial availability, trial awareness, and trial acceptance’ .
Barriers can be categorized in structural barriers (availability of trials), clinical barriers
(patient eligibility), and attitudinal barriers (physician barriers: is the trial discussed and
is the trial offered to a patient or are trials published on websites. Further there can be
patient barriers: does the patient agree to participate?). In addition demographic and
socio-economic factors play a role in disparities and barriers .

Trial availability

Clinical trials focus on specific disease states. For a specific disease state, such as
metastatic symptomatic CRPC, a clinical trial has to be available for a patient. Barriers
are usually limitations in availability (many trials in the Netherlands are only started in
few selected hospitals), and this can be improved or limited by communication between
hospitals and clinicians, clinician’s knowledge about available trials and willingness to
refer (clinician) or travel (patient) for clinical trial participation.

Patient eligibility

Eligibility criteria of clinical trials may limit trial participation. For example, patients may
be excluded based on impaired clinical performance status, laboratory results (such as
renal function or bone marrow reserve) and comorbidity (such as auto-immune disease
in immunotherapy trials or cardiovascular disease in ART).

Trial discussion and trial offer

If a trial is available and the patient is eligible, reasons may exist why clinicians do
not discuss or offer trial participation with patients. Factors to deter clinician
recommendation include strong inclinations toward a specific treatment, interference
of the clinician-patient relationship, or subversion of patient confidence due to
randomisation'. In addition, clinicians often lack incentives for recruitment and may
find trial enrolment, participation and administrative burden too time consuming.

Patient agreement

Patients have differential concerns including finding the best possible treatment of their
disease. This may affect their consent to participate in experimental treatment. Mistrust
in research or dislike of randomization are among the reasons to decline participation
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in trials. Another reason is that patients may already have a strong sense of the new
treatment they wish to receive after discussion with their physicians". Although the
patient will sign the consent form, participation is usually discussed within family
members, who may influence patient agreement.

Demographic and socio-economic factors

Age accounts for the most consistent disparity. Gender and race disparities also
exist. Race is not routinely registered in cancer research in the Netherlands and race
disparities are therefore understudied and largely unknown in the Netherlands. In
other countries such as the United States race is often registered and studied. Socio-
economic status may be important, although not routinely registered in trials and
therefore the impact is not documented'”. However, financial barriers are acknowledged
as meaningful in the United States'. This is different in the Netherlands, because of
the imperative and collective healthcare insurance for all citizens that includes hospital
care and cancer drugs.

External validity of clinical trials
Barriers in trial participation will impair external validity of clinical trials. External validity
consists of two unique underlining concepts, generalizability and applicability®.

Generalizability can be evaluated by both the size and representativeness of the study
sample. It has been reported that the generalizability of clinical trials in oncology
is questionable, because fewer than 5% of cancer patients participate'®. The trial
participation rate is dependent on the population studied, with higher participation
observed at populations in specialized academic centers and lower participation in
general hospitals. In contrast to the aforementioned percentage, in a large retrospective
single center cohort from 1990 to 1997 in a specialized cancer clinic the trial participation
was 33%'°. However, the higher participation rate in a specialized clinic does notimprove
representativeness by the selection of patients seeking treatment in a specialized clinic.

In our registry, 388 patients (11%) were enrolled in at least one of the 79 different
clinical trials in the 20 participating hospitals of CAPRI during the study period. For
specific treatments the participation in clinical trials was even higher (to illustrate this,
participation in trials was 37% for cabazitaxel in 2" line, and 23% for cabazitaxel in 3
line)?°. In addition, trial participation differed between hospitals, ranging from 1% to
47%. When comparing types of hospitals, trial participation in 4 academic hospitals (748
patients) was 29% (range 10%-47%) and in 16 non-academic hospitals (2,868 patients)
trial participation was 6% (range 1%-26%). Please notice that despite the difference
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in trial participation, the ranges do overlap between academic and non-academic
hospitals.

Trial participants in cancer trials are not randomly sampled from the total population;
as mentioned above, structural, medical, attitudinal, demographic and socioeconomic
factors lead to selection. Indeed, we observed that patients with better prognostic
features were selected for trials. When analyzing the prognostic characteristics at CRPC
diagnosis, the patients who would participate in any trial during the course of CRPC
were already significantly different at baseline with regards to age, comorbidity and
clinical parameters (Chapter 3)?". The same was observed when focusing on cabazitaxel
treatment in 27 line (Chapter 4)%°.

The consequence of this selection is that applicability of clinical trial evidence is a
struggle for clinicians. Applicability concerns the question: “are trial results applicable
for my patient?”. The clinician has to decide whether the treatment effects (benefits
and harms) are expected to be similar to the treatment effect observed in the trial™.
This is affected by the degree of selection, but also other factors that negatively affect
the quality of evidence, such as other forms of bias and imprecision. Bias is systematic
error that distorts study findings, caused by flaws in study design, data collection or
analysis. Common types of bias beside selection bias detection bias, observer bias,
recall bias, response bias, publication bias, regression to the mean, Hawthorne effect
and treatment selection bias??. Imprecision is the amount or degree of random error
in a study.

We observed significant longer overall survival for CRPC patients enrolling in any trial
over patients who did not (35 months versus 24 months) and we observed the same for
cabazitaxel treated patients in 2" line (13.6 vs 9.6 months)*®?'. In multivariate analyses,
the difference in overall survival was not retained. Therefore we assume it is most likely
explained by differential prognosis at baseline, thus selection bias applies. In treatment
decisions, patients should therefore be counselled accordingly. If clinicians counsel
patients based on reported outcomes from landmark clinical trials, prognosis and
treatment effects will often be estimated too optimistic. This has been demonstrated
recently in a real world analysis in metastatic colorectal cancer patients 2.

Generalizability and applicability should be improved to better inform treatment
decisions in daily practice. | therefore suggest that trial participation, both in intervention
trials and observational studies, should be optimized. Solutions that may help include
the following items:
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Structural barriers (Trial availability): Oncology practices should obligatory
participate in clinical trials and actively recruit patients or refer patients to
other clinics for trial participation. Cooperation of clinics in regional or (inter-)
national cancer networks should facilitate increased recruitment in trials. Known
‘best practices’ in the Netherlands are in hematology (Hemato-Oncologie voor
Volwassenen Nederland (HOVON - the Heamato Oncology Foundation for
Adults in the Netherlands)) and the Win-O (Working group Immunotherapy in the
Netherlands) melanoma group.

Clinical barriers (Patient eligibility): Trial designs should allow for a broader eligible
population (by applying less strict eligibility criteria). Observational research may
complete the lacunas in knowledge from clinical trials. Participation in patient
registries should be encouraged.

Attitudinal barriers (Physician and patient): Clinician and patient information and
education and will improve trial recruitment.

Effectiveness should be studied routinely in clinical practice, with special interest on
the population that is not eligible for the clinical registration trial of new treatment.
Ideally, this should be monitored in a nation-wide disease registry.

Financial barriers: trial procedures are not considered routine care and therefore
are not reimbursed to hospitals by healthcare insurances. This leads to financial
barriers in hospitals to build an infrastructure for trial participation, especially
in non-academic hospitals where the majority of cancer patients is treated. In
investigator initiated research, often funded by public resources, reimbursement
is often limited to study procedures and tariffs are generally insufficient to
compensate for infrastructure (such as research staff and facilities). This is an
important barrier. Since research is considered more and more as morally obligatory
and as an integral part of expert-level oncology care by patient advocates, and
which is adopted by other stakeholders, it is important to recognize this financial
barrier and include research reimbursement for infrastructure in standard care.
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2. CONTINUE THE REGISTRY PROSPECTIVELY WITH THE RELEVANT POPULA-
TION, EFFICIENT DATA MANAGEMENT AND ANALYSES, AND RELEVANT
OBJECTIVES

The CAPRI registry is being continued in the CAPRI 3.0 project. Given the evolution
of treatment and new options for hormone-sensitive prostate cancer (HSPC), the
population studied should include HSPC patients as well. Important progress could
be made by turning the registry in a prospective registry that not only captures clinical
outcomes and resource use but also PROMs and patient reported experiences (PREMs),
and molecular characteristics (biobanking). Using the continuously improving ICT
solutions, data management should be minimized and data quality and completeness
should be maximized, with shorter data handling times. To increase efficiency of the
registry, | would suggest to collect clinical data on patient- and disease characteristics
and treatment outcomes on a national level, and collect PROMs, PREMSs, resource use
and biomaterials for subgroups based on specific scientific questions. Governance
should be in a separate entity led by a steering board endorsed by all relevant
medical professional organizations (including the Dutch Urological Society (NVU) and
NVMO), research organizations (including DUOS) and patient advocate organizations
(including the Dutch Federation of Cancer Patients (NFK) and ProstaatKankerStichting),
with representatives from the stakeholders in a scientific steering committee. To
optimize all efforts to start and continue the registry, the registry should not only be
financed by commercial pharmaceutical companies, but ideally for a substantial part
by other stakeholders such as the government, healthcare insurance companies and
perhaps even hospitals. We are facing increasing strain on the healthcare budget that
increases the need for efficient delivery of healthcare. Efficiency research is pivotal.
All stakeholders must therefore take their responsibility and their involvement should
also be financial. The CAPRI registry is a good example that all stakeholders supported
such aregistry and experienced collaboration as valuable for the future of patient care.

3. INCREASE EFFECTIVENESS OF LPD: OPTIMIZE SEQUENCING, TREAT THE
RIGHT PATIENT WITH LPD AND STOP FURTHER TREATMENT AT THE RIGHT
MOMENT

An important question is whether the availability of new LPD increase survival and
quality of life in real world treatment of CRPC.

In Chapter 5, we analyzed the overall survival over time, which improved numerically

but not significantly: the median overall survival (OS) was 28.5, 28.5 and 31.0 months
for patients with CRPCGdiagnosis in the years 2010-2011, 2012-2013 and 2014-2015,
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respectively (p=0.196). The use of LPD increased from 57% to 69% in this period. When
adjusting for baseline prognostic factors in multivariable cox-regression analysis, the
treatment period was independent significant for OS (2014-2015 vs 2010-2011 with
HR 0.749, p<0.001).

The question whether survival improves on a population basis improved with the
availability of new LPD in a specified population (such as CRPC patients) remains difficult
to answer and requires long follow up. This can be illustrated by examples from cancer
treatment outcomes in the Netherlands.

In 2020, the Dutch Comprehensive Cancer Center (Integraal Kankercentrum Nederland,
IKNL) published a report on metastatic cancer (Uitgezaaide Kanker in Beeld)?. In this
report, median survival of synchronous metastatic cancer (that is, metastases are
present from the moment of diagnosis) improved marginally from 5.1 months (2004-
2008) to 6.3 months (2014-2018). In contrast, synchronous metastatic prostate cancer
showed an impressive improvement of median survival from 26.5 months (2004-
2008: limited LPD options) to 37.2 months (2014-2018: several new LPD available).
Metachronous metastatic cancer (that is, subsequent dissemination after treatment
of the primary tumor and locoregional metastases (if present)) is not represented in
the Dutch Cancer Registration of IKNL.

Another example comes from the Dutch Melanoma Treatment Registry (DMTR). Recent
analyses showed a marked improvement of survival in advanced melanoma patients
alongside with the introduction of new LPD (immunotherapy and targeted therapy).
Subsequent reports showed an increase in survival in unresectable stage lll/stage IV
melanoma from 10.7 months (2012) to 13.8 months (2015)%; recent data show that the
2016 cohort had a median survival of 17.7 months®.

These positive findings were not observed in an interesting analysis in colorectal cancer
(CRQ). In contrast to the wide belief based on trial data that overall survival of metastatic
CRC patients receiving systemic therapy has improved substantially, improvement
could not be demonstrated in a large real-life population in the period 2008-2016%3.
However, improvement of survival in subgroups could be demonstrated. According to
the authors, “This indicates that only a minority of patients benefits from the availability
of more effective treatment strategies, and emphasizes the importance of real-life
data in determining the impact of treatments on the outcome of the total patient
population”. In the period 2008-2016 limited new drugs for colorectal cancer received
positive CieBom guidance: in 2008, eGFR inhibition (panitumumab or cetuximab) was
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the only new LPD. This may be another explanation of the contrasting findings with
prostate cancer and melanoma.

Besides efficacy of new LPD, other factors may contribute to improved survival. First,
differences in diagnosis may contribute; for example, when new treatment becomes
available for a certain disease state, patients and clinicians may be more eager to
diagnose the disease state. If metastatic disease is diagnosed earlier (lead time), the
perceived survival from that pointin time is longer. This is called lead time bias or length
time bias. Second, other determinants of palliative treatment besides new drugs may
have improved and may lead to longer survival. These effects are not studied in CRPC.

On the contrary, ineffective use of LPD may decrease survival benefit. When LPD
are used off-label or in subgroups that are not studied well (for example in patients
who are unfit for treatment), the survival benefit may turn in a survival detriment: in
case of toxicity, survival may even shorten compared to placebo or best supportive
care. It is insufficiently studied to what extent this ineffective use of LPD is present in
real world practice, and what the consequences are with respect to outcomes. We
analyzed treatment with docetaxel in mCRPC patients in CAPRI in the cohort 2010-
2012 (n=1,524)¥. In total, 46% of the patients was treated with docetaxel. Based on
symptoms, metastases and clinical WHO performance score the indication for docetaxel
was defined as present or absent. Patients having an indication for docetaxel (n=1,083;
73%) were treated with docetaxel in 60% (n=646); Patients without an indication for
docetaxel (n=441; 29%) were not treated with docetaxel in 88% (n=388). Consequently,
a substantial number of patients were not treated by indication. However, in this report
we did not study potential explanations such as the use of alternative treatment
options or the preference of patients. Unfortunately, this analysis did also not allow
for studying the effect on outcomes such as survival. Still, it is important to have more
insight in effective use of LPD. The same conclusion was drawn by the PERCEPTION
researchers, a population-based registry of metastatic renal cell carcinoma patients in
the Netherlands?. In this study approximately one-third of patients eligible for sunitinib
(based on trial criteria), the standard first-line option, was not treated in the period
2008-2013. In patients treated, 30% were ineligible for treatment based on trial criteria.
The overall survival for ineligible patients was not significantly shorter than the OS of
eligible patients treated with sunitinib in this study.

Treatment sequencing

A specific problem in the treatment of CRPC patients is the sequencing of treatments:
can we extrapolate results from trials in the past to patients in the present, who
may have been treated with previous treatment lines? Furthermore, trials study
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direct treatment comparisons in specified populations, often regardless of type and
outcomes of previous and subsequent treatment. This leads to heterogeneity in
treatment sequencing of the population studied (although the extent of heterogeneity
is conditional on the specific trial eligibility criteria). For example, how do we deal with
the TROPIC trial data (all patients were treated with cabazitaxel directly post-docetaxel)
in an era that patients may also have been treated with one or two androgen-receptor
targeting drugs (abiraterone or enzalutamide). The CARD trial has provided some
answers'. In this randomized study, patients who had previously received docetaxel
and an androgen-signaling-targeted inhibitor (ART; abiraterone or enzalutamide) to
receive cabazitaxel or the other ART. Cabazitaxel was superior in the primary endpoint
imaging-based progression free survival (PFS), but also OS and PSA response (36% vs
14%). However, in this study only a specific population with early failure of the first ART
was selected. Sequencing studies are needed to inform treatment decisions in later
treatment lines.

In CAPRI, we studied sequencing of two different ART (Chapter 8). We observed no
differences in PSA response or treatment duration of patients treated with sequential
abiraterone and enzalutamide with or without interposed chemotherapy or radium-
223.In general, outcomes were lower than those in randomized trials, questioning the
additional effect of second treatment with abiraterone or enzalutamide in daily practice.
PSA response was more likely with abiraterone before enzalutamide. In patients with
abiraterone and enzalutamide directly sequenced (n=148), PSA response was seen in
20%. In a prospective study of 220 patients in patients treated with abiraterone and
enzalutamide in a randomized sequence, enzalutamide showed some activity (PSA
response 36%), whereas abiraterone acetate did not (PSA response 4%), leading to a
longer time to second PSA progression for the sequence of abiraterone followed by
enzalutamide than with the opposite treatment sequence®. In conclusion, both the
CARD data and our analysis do not support the use of a second ART in mCRPC patients.

Treating the right patient with the right drug

Precision medicine is very popular these days. Hormonal therapy in prostate cancer
and breast cancer can be seen as early examples of targeted therapy. In breast cancer,
tumors with Her2 overexpression are treated with Her2-targeting drugs (for example
trastuzumab, pertuzumab and antibody-drug conjugates such as trastuzumab-
emtansin)®; in melanoma, tumors harboring an oncogenic BRAF-mutation are treated
with BRAF- and MEK-inhibitors (for example dabrafenib and trametinib)®'; patients with
tumors that are mismatch-repair deficient (dMMR) or microsatellite-instability-high (MSI-
H) benefit from checkpoint-inhibition®. These examples are particularly interesting,
because a predictive marker is available, guiding the choice of treatment. Precision
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medicine in prostate cancer has been moving slowly*3. However, it is now reaching
clinical practice. In the PROFOUND trial, patients with mCRPC who had qualifying
alterations in homologous recombination repair genes and who progressed during
previous ART treatment were randomized between olaparib and either enzalutamide
or abiraterone. In patients with at least one alteration in BRCAT, BRCA2, or ATM and who
were treated with olaparib, OS was significantly longer?. PSA response was confirmed
in 30% in the olaparib group and 10% in the control group.

In the Netherlands, whole genome sequencing (WGS) in metastatic cancer has been
studied in the CPCT-02 trial (NCT01855477) and genomic sequencing is now studied
in the mCRPC specific PROMPT trial (NCT04746300). Patients with specific targetable
(druggable) mutations can be treated in the Drug Rediscovery Protocol (DRUP). This
is a prospective, non-randomized clinical trial that aims to describe the efficacy and
toxicity of commercially available, targeted anticancer drugs prescribed for treatment
of patients with advanced cancer with a potentially actionable variant as revealed by
a genomic or protein expression test (NCT02925234). In the report of the large CPCT-
02 cohort (n=2,520), 62% of patients had genetic variants that may be used to stratify
patients towards therapies that either have been approved or are in clinical trials*.
However, clinical benefit in the DRUP analysis was limited to 34% of 215 treated patients
(defined as an overall rate of clinical benefit-defined as complete or partial response,
or as stable disease beyond 16 weeks). These patients comprised 136 patients who
received targeted therapies and 79 patients who received immunotherapy®. In prostate
cancer, precision medicine has limited benefit for the whole patient population, as
illustrated by the CPCT-02 analysis on metastatic prostate cancer. In this analysis,
successful WGS after biopsy was achieved in 63% (n=197); of these patients, 18% (n=35)
had a druggable mutation (7% had high tumor mutational burden that is targetable
by immune checkpoint inhibition and 11% had homologous recombination deficiency
(HRD) that is targetable by PARP-inhibitors)=®.

Stop further treatment at the right time

In systemic palliative treatment of MCRPC, 63% of all patients was treated with at least
one LPD in CAPRI. When analyzing these 2270 LPD treated patients, only part of the
patients received a subsequent treatment line (see Figure 4). 61% of the patients got
a second LPD; 50% a third LPD and 37% received a fourth LPD. Of all treated patients,
only 31% received a third LPD and 11% a fourth LPD. Identifying the patients with
both an indication for a next LPD treatment line and the patients with benefit of this
treatment in real world is a challenge. We observed that 61% of LPD treated patients
received two LPD lines (mostly chemotherapy and ART or vice versa (n=980, 70%), two
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lines of chemotherapy (n=199, 14%), or two lines of ART (n=80, 6%) or any combination
including radium-223 (n=132, 9%).

LPD lines in mCRPC (CAPRI data)
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Figure 4. LPD treated mCRPC patients in CAPRI, by number of LPD lines.

After two lines of LPDs, prospective data on third-line treatment is scarce, and therefore
itis justified to study the outcomes of a third LPD in real world. In Chapter 9 we identified
four risk groups based on prognostic parameters (ECOG performance status O vs 1 vs
2 or higher, opioid use no vs yes, , hemoglobin =7.0 mmol/L vs <7.0 mmol/L, alkaline
phosphatase <170 U/L vs >170 U/L, and lactate dehydrogenase <250 U/L vs >250 U/L.
The median OS values for low-, low-intermediate-, high-intermediate-, and high-risk
groups were 14, 7.7, 4.7, and 1.8 months, respectively. Especially, high-risk patients
had remarkably short mOS. Moreover, high-risk patients treated with a third-line LPD
had worse mOS than patients receiving BSC in low- or low-intermediate-risk groups.
These results suggest that high-risk patients may derive no meaningful benefit from
third-line LPDs in clinical practice, which is supported by the short median treatment
duration and low PSA responses. Therefore, high-risk patients should not be treated
with third-line LPDs; instead, they should be treated with best supportive care (BSC).
These results may support an intervention after two LPD lines by a palliative care team
to limit treatments without expected benefit.
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4. DETERMINE THE VALUE OF PROMS IN CLINICAL PRACTICE AND SOLVE
BARRIERS.

Patient reported outcomes

In CRPC, PROMs are well studied in clinical trials. The Prostate Cancer Clinical Trials
Working Group (PCWG3) recognizes the importance of patient-centered drug
development and reporting the patient experience on study?’. LPD treatment results
in a delay of HRQOL deterioration and pain progression in clinical trials®#-4'. However,
HRQOL is often a secondary endpoint and studies may be underpowered to draw
strong conclusions. For example, quality of life in CARD has been studied but was
underpowered®.

Real world data on PROMs are scarce. In Chapter 6 we studied PROMs in CRPC and
reported results of the PRO-CAPRI study. The study was limited by a small sample size:
accrual was slow, the study had to be amended from 4 to 10 participating hospitals to
increase accrual and still the included patients (n=151) did not reach our initial target of
n=400. Also, the interpretation and translation of results to daily practice was difficult.
Although most patients were treated with new treatments during follow-up, mCRPC
had a negative impact on HRQoL with deterioration in all domains over time, especially
role and physical functioning. These domains need specific attention during follow-up
to maintain HRQolL as long as possible by timely start of adequate supportive care
management®.

PROMs are still not routinely assessed in the daily oncology practice. Because of
the debate about the value of using PROMS in daily clinical follow-up, a systematic
review of the literature was recently reported that identified 22 studies out of 8,341
references*. The authors concluded that “predominantly positive findings were found
in the use of a PROM in daily cancer care. Additionally, more positive effects were
seen when feedback is provided to patient and/or health care professionals, and it
is thus highly recommended that this is always done”. Potential benefits have been
identified: it empowers patients to actively participate in their health care, facilitates
early detection and monitoring of patient symptoms, and enables clinicians to better
understand and act on patients’ needs; it helps communication between patient and
clinician by raising specific issues on symptoms and functioning; assessing PROs itself
may already improve treatment outcomes; and it may improve safety and quality of
health care delivery®.

Barriers to implement PROMs exist on different levels, as reported in a recent review:
At the patient level, patient time, incapacity and difficulty using electronic devices to
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complete PROMs were prominent barriers. At the health professional level, major
barriers included health professionals’ lack of time and knowledge to meaningfully
interpret and integrate PRO data into their clinical practice and the inability for PRO data
to be acted upon. Prominent barriers at the service level included difficulties integrating
PROs and PROMs into clinical workflows and inadequate information technology (IT)
infrastructures for easy PRO collection #*. Structured interviews with Dutch oncological
health care providers showed that adequately functioning IT technology, sufficient
knowledge on PROMs, and dedicated time during the consultation are essential for
successful implementation of PROMs in oncological care®®. It can be anticipated that
in the near future, barriers will be solved and the use of PROMs will become part of
standard care. To derive optimal benefit from PROMs, feedback to patients and health
care providers should be implemented. Today, this is almost never the case.

5. OPTIMIZE END-OF-LIFE CARE BY DECREASING HIGH-INTENSITY CARE IN
THE LAST 3 MONTHS

Intensive end-of-life care (i.e. the overuse of treatments and hospital resources in the
last months of life), is undesirable since it has a minimal clinical benefit with a substantial
financial burden. The aim of our study in Chapter 7 was to investigate the care in last
three months of life (EOL) in CRPC. In conclusion, high intensity care in EOL in CRPC
occurred in 41%. While Dutch clinicians seemed reserved to start LPD in EOL, hospital
admissions were frequent especially in patients starting a new LPD. Younger patients
and patients in better condition were more likely to have high intensity care in EOL. A
limitation is that we only captured in-hospital data. We excluded patients if the death
date was not known in the participating hospitals, which were probably patients without
in-hospital care in EOL. Therefore, the use of high intensity care in the total population
could have been overestimated. High intensity care is not easily justifiable from both
patient and economic perspective, but the effect on quality of life is largely unknown?®.

Although few studies on high-intensity care has been done in the end-of-life phase,
knowledge to optimize end-of-life care is still lacking. An important factor is that
recognition of the last 3 months of life is difficult: clinicians often overestimate when
predicting a patients’ survival“’. Further research on prognostic models may improve
estimation of survival and may identify useful markers to recognize the EOL phase.

In daily practice clinicians recognize the importance of avoiding high-intensity care.
This includes but is not limited to avoid intensive care unit (ICU) admissions before
death in metastatic cancer patients, to not start new treatment in the last 3 months
before death, to die in the right place (preferably not the hospital, but at home or in

253



Chapter 11

a hospice) and to give patients time to accept the near death and to say farewell to
their relatives. It can be hypothesized that reduction of high-intensity care in EOL may
improve effectiveness and reduce healthcare costs of EOL care. However, it is unclear
what the goals should be; because we cannot reliably mark the last 3 months before
death, high-intensity care should not be zero. Cyclic feedback on EOL high-intensity care
indicators in daily practice, for instance by dashboards, may facilitate multidisciplinary
discussions and improve awareness in clinicians which may reduce high-intensity care
and costs, and may improve quality of life.

IMPLEMENTATION OF CAPRI RESULTS AND LESSONS
LEARNED TURNED INTO POLICY

This thesis on real world evidence in castration-resistant prostate cancer already
contributed to improving daily practice in the Netherlands, and especially my hospital
(Amphia, Breda, the Netherlands) and in our regional cancer network EMBRAZE. This
is based on the following lessons learnt and recommendations:

1. Increase trial participation and increase generalizability and applicability of trial results
In EMBRAZE, we started to discuss trial feasibility regionally and we use the network to
improve accrual of trials.

2. Continue the registry prospectively with the relevant population, efficient data
management and analyses, and relevant objectives
Lessons learned from CAPRI have been used in the setting up of patients registries including
CAPRI 3.0 (metastatic prostate cancer), ProRCC (renal cancer) and ProBCl (bladder cancer).

3. Increase effectiveness of LPD: optimize sequencing, treat the right patient with

LPD and stop further LPD treatment at the right moment (and off course continue
palliative care!)
Effectiveness is now a major theme in the oncologic strategy in Amphia. Dashboards on
LPD use and outcomes have been developed. The transmural palliative care team started
an outpatient clinic for patients progressive on two lines of palliative treatment (for any
cancer type)

4. Determine the value of PROMS in clinical practice and solve barriers.

PROMs are part of the oncologic strategy in Amphia, and many other hospitals. Projects
on PROMs that already started are in prostate cancer (EMBRAZE), breast cancer and
multiple myeloma (in cooperation with ErasmusMC)

5. Optimize end-of-life care by decreasing high-intensity care in the last 3 months
Amphia developed End-of-life-dashboards for different cancer types to promote awareness
and facilitate multidisciplinary discussions in clinical practice.
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Appendices

SUMMARY

This thesis concerns real world outcomes of systemic treatment in metastatic CRPC
patients. Prostate cancer is the second most commonly diagnosed cancer and the sixth
leading cause of cancer death among men worldwide. Prostate cancer that progresses
despite androgen deprivation therapy, either metastatic (m) or non-metastatic (nm), is
defined as castration-resistant prostate cancer (CRPC). Until 2004, no survival benefit
over best supportive care was observed in clinical trials on systemic treatment. In
2004 docetaxel was the first available life-prolonging drug for mCRPC'. Between 2011
and 2014 new life-prolonging drugs (LPD) for mCRPC (cabazitaxel?, abiraterone#,
enzalutamide>® and radium-2237) were introduced in the Netherlands. In 2021, olaparib
was also introduced?.

A general introduction and outline of the thesis is presented in chapter 1.

Real world data are used to inform decision making in health care by providing
effectiveness data. In chapter 2 we provided practical guidance in setting up patient
registries to facilitate real-world data collection for health care decision making, based
on our experiences and involvement in setting up patient registries in oncology in the
Netherlands. It can be expected that patient registries will become the new standard
alongside randomized controlled trials due to their unique value®.

CAPRI was set up as a retrospective observational registry using a population-based
sample to provide real world data on patients, treatment and outcomes in castration-
resistant prostate cancer. The registry is investigator-initiated and a broad collaboration
was sought in a period that more than one industrial company needed intervention-
based outcome data. Therefore, the registry was set up as a disease-based registry.
Twenty hospitals in the Netherlands were invited to participate, based on both
geographical spread and type of hospitals: 4 academic centers, 11 large teaching
hospitals and 5 general hospitals. All invited hospitals agreed to participate. We focused
on the CRPC population, and eligibility was met if CRPC was diagnosed either by the
EAU criteria'® or by the treating physician (regardless of the CRPC definition, but based
on CRPC treatment initiated; addition of antiandrogen therapy following progression on
ADT was considered first line systemic therapy for CRPC). Prostate cancer was defined
as histologic confirmation of prostate cancer or as concluded by the treating doctor
based on elevated PSA and metastatic pattern. Because CRPC patients are difficult to
capture, we retrospectively screened all prostate cancer patients (n=41,714) in both
urology and internal medicine departments in 20 hospitals in the Netherlands, based
on the diagnosis code in the defined study period (2010-2016). We identified 3,616 CRPC
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patients that met the eligibility criteria, an estimated sample of 20% of the total Dutch
CRPC population in the study period, with follow up to 2018.

PART 1

In part 1 of this thesis, we focused on differences in clinical trial populations and real
world populations. Clinical trials are designed to maximize the internal validity and
these trials eliminate factors such as doctor-patient relationship, placebo effects and
patient preference (by blinding, placebo-control and exclusion of patients and clinicians
with strong treatment preferences)'. This leads to increased internal validity and will
provide evidence on efficacy. However, this also leads to decreased external validity
and therefore clinical trials are often not informative on effectiveness.

In chapter 3 we assessed the baseline differences at CRPC diagnosis in patients who
did participate in one or more clinical trials (trial group, 13%), versus patients who did
not (standard care group, 87%), in the first cohort of CAPRI (n=1,564). Patients in the
trial group were significantly younger and had less comorbidities. Despite an observed
unadjusted median overall survival difference of 35 months versus 24 months between
the trial and standard care group, this difference was not retained after adjustment
for baseline characteristics and treatment effect. The survival difference between the
trial and standard care group could be explained by baseline differences and treatment
effects. These results indicate that trial results cannot easily be translated to real-world
practice’.

We assessed differences between trial patients and standard care patients in more
detail in chapter 4. Cabazitaxel treatment as second line chemotherapy in 1773 mCRPC
patients was analyzed, in both standard care (63%) and in trial patients (37%). Trial
patients had favorable prognostic factors: fewer symptoms, less visceral disease,
lower lactate dehydrogenase, higher hemoglobin, more docetaxel cycles, and longer
treatment-free interval since docetaxel therapy. PSA response (>50% decline) was 28
versus 12%, respectively (p=0.209). Median OS was 13.6 versus 9.6 months for trial and
standard care, respectively (hazard ratio 0.73, p=0.067). After correction for prognostic
factors, there was no difference in survival (hazard ratio 1.00, p=0.999). To conclude,
patients treated with cabazitaxel in trials were fitter and showed outcomes comparable
to registration trials. Conversely, those treated in daily practice showed features of more
aggressive disease and worse outcome. This may be explained by a worse prognosis
at cabazitaxel initiation™.
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PART 2

In part 2 we focused on the real world outcomes in mCRPC. In chapter 5, we assessed
the impact of introduction of new LPDs on treatment patterns and overall survival over
time. Two subgroups were analysed: treatment-naive patients (subgroup 1, n=3,600) and
post-docetaxel patients (subgroup 2, n=1,355). In both subgroups, the use of any LPD
increased: from 57% (2010-2011) to 69% (2014-2015) in subgroup 1 and from 65% (2011-
2012) to 79% (2015-2016) in subgroup 2. Chemotherapy as first mCRPC-treatment (i.e.
docetaxel) and first post-docetaxel treatment (i.e. cabazitaxel or docetaxel rechallenge)
decreased (46% to 29% and 20% to 9% in subgroup 1 and 2, respectively), while the
use of androgen-receptor targeting treatments (ART) increased from 11% to 39% and
46% to 64% in subgroup 1 and 2, respectively. In subgroup 1, median OS (MOS) from
diagnosis CRPC increased from 28.5 months to 31.0 months (p=0.196). In subgroup
2, mOS from progression on docetaxel increased from 7.9 months to 12.5 months
(p<0.001). After multiple imputation of missing values, in multivariable cox-regression
analysis with known prognostic parameters the treatment period was independent
significant for OS in subgroup 1 (2014-2015 vs 2010-2011 with HR 0.749, p<0.001) and
subgroup 2 (2015-2016 vs 2011-2012 with HR 0.811, p=0.037). In conclusion, between
2010-2018, a larger proportion of mMCRPC patients was treated with LPDs, which was
related to an increased median overall survival'.

The PRO-CAPRI study was a side study of the CAPRI study. Patients who were eligible
for CAPRI were prospectively included for patient-reported outcome measurement
in 10 CAPRI hospitals. The purpose of this study was to determine generic, cancer-
specific, and prostate cancer-specific health-related quality of life (HRQoL), pain and
changes over time in patients with metastatic castration-resistant prostate cancer
(MCRPC) in daily practice. In chapter 6 we reported this study, with 151 CRPC patients
who completed quality of life (QoL) questionnaires. Although patients were generally
in good clinical condition and the majority (84%) received life-prolonging drugs, QoL
deteriorated during the course of CRPC. Atinclusion, the generic HRQoL was high with a
mean EQ visual analog score of 73.2 out of 100. The lowest scores were reported on role
and physical functioning (mean scores of 69 and 76 of 100, respectively), and fatigue,
pain, and insomnia were the most impaired domains. These domains deteriorated in
> 50% of patients. Therefore, timely started supportive care management, especially
focused on role and physical functioning, needs specific attention during follow-up to
maintain HRQol as long as possible’.

In chapter 7 we investigated high-intensity care in the end of life phase of CRPC
patients. Intensive end-of-life care (EOL) defined as the overuse of treatments and
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hospital resources in the last three months of life, is undesirable since it has a minimal
clinical benefit with a substantial financial burden. Fifteen percent of 2,429 patients
with a known date of death in CAPRI started a new LPD in EOL and 56% had at least
one hospital admission. High intensity care was experienced by 41%. Multivariable
analyses showed that older patients (OR 0.98, 95% Cl 0.97-0.99), patients with worse
performance status (OR 0.57,95% Cl 0.33-0.97) and longer time from CRPC diagnosis to
EOL (OR 0.98, 95% CI 0.97-0.98) were significant less likely to experience high intensity
care, while referral to a medical oncologist (OR 1.99, 95% Cl 1.55-2.55, ), prior LPD
treatment (1 line OR 1.53, 95% CI 1.19-1.96 and >1 line OR 1.72, 95% Cl 1.31-2.28) and
opioid use (OR 1.45, 95% CI 1.08-1.95) were associated with significant high intensity
care. In EOL, Dutch clinicians were not likely to start a new LPD treatment, but hospital
admissions were frequent. High intensity care is not easily justifiable due to high
economic cost and little effect on life span, but further research is awaited to give
insight in the effect on patients’ and their caregivers' quality of life'®

PART 3

In part 3 we describe the lessons learned from real-world data. Many questions on
sequencing of therapy are not answered in clinical trials. In chapter 8, we reported
real-world outcomes (treatment duration and PSA response) of sequential androgen-
receptor targeting therapies (ART) with or without interposed life-prolonging drugs in
mCRPC patients. A total of 273 patients were included with a median follow-up of 8.4
mo from ART2. Patients with ART1 > ART2 were older and had favorable prognostic
characteristics at ART2 baseline compared with patients with ART1 > LPD > ART2. No
differences between ART1 > ART2 and ART1 > LPD > ART2 were found in PSA response
and treatment duration. Multivariate analysis suggested that PSA response of ART2 was
less likely in patients with visceral metastases (odds ratio (OR) 0.143, p = 0.04) and more
likely in patients with a relatively longer duration of androgen-deprivation treatment
(OR1.028, p = 0.01) and with ABI + P before ENZ (OR 3.192, p = 0.02). In conclusion, the
effect of ART2 seems to be low, with a low PSA response rate and a short treatment
duration irrespective of interposed chemotherapy or radium-223, especially in patients
with short time on castration, visceral disease, and enzalutamide before abiraterone’.

Another issue in treatment sequencing is when to start best supportive care over a
next line of systemic treatment. In chapter 9 we assessed outcomes of third-line LPD
in MCRPC patients, and identified variables associated with overall survival to establish
a prognostic model. Of 1,011 mCRPC patients progressive on second-line LPD, 602
patients (60%) received third-line LPD. Patients receiving third-line LPD had a more
favorable prognostic profile at baseline and longer median OS than patients with best
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supportive care (10.4 vs. 2.4 months, p <0.001). ECOG PS 1 and =2 (HR 1.51, p<0.007 and
HR 3.08, p<0.001, respectively), opioid use (HR 1.55, p=0.019), visceral metastases (HR
2.09, p<0.001), hemoglobin <7 mmol/I (HR 1.44, p<0.002), prostate-specific antigen >130
pg/l (HR 1.48, p=0.001), alkaline phosphatase =170 U/l (HR 1.52, p<0.001) and lactate
dehydrogenase =250 U/l (HR 1.44; p =0.015) were associated with shorter survival.
Median OS for low-, low-intermediate-, high-intermediate- and high-risk groups were
14,7.7,4.7 and 1.8 months, respectively. Thus, we developed a prognostic model and
identified a subgroup of patients in whom third-line LPD treatment has no meaningful
benefit. Our results need to be confirmed by prospective clinical trials.

In the last chapter 10, we report a case study using our real-world data of CRPC
patients to develop a prediction model. We aim to both assist the clinician in developing
a prediction model and to support the clinician in recognizing common shortcomings
in existing prediction models. Risk prediction is becoming increasingly more important
in medical practice. In this article we discuss several steps in developing a prediction
model including missing data, predictor encoding and selection using LASSO, testing
model assumptions, performance and validation. Prediction model development is not
a futile task and both the input of the clinician and statistician are essential. This article
may be used to bridge the gap between the two disciplines™.
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SAMENVATTING (DUTCH)

Dit proefschrift gaat over ‘real world’ (echte wereld, dagelijkse praktijk) uitkomsten
van systemische (medicamenteuze) behandelingen in patiénten met gemetastaseerd
castratie-resistent prostaatcarcinoom (CRPC). Prostaatcarcinoom is bij mannen
wereldwijd de tweede meest-gediagnosticeerde kankersoort en de zesde oorzaak
van overlijden door kanker. CRPC wordt gedefinieerd als prostaatcarcinoom dat
progressie vertoont ondanks androgeen deprivatie therapie, ofwel gemetastaseerd
(MCRPC) ofwel niet-gemetastaseerd (nmCRPC). Tot 2004 was er geen systemische
behandeling met in klinisch onderzoek aangetoond overlevingsvoordeel boven
ondersteunende zorg. Docetaxel chemotherapie was in 2004 de eerste beschikbare
behandeling met overlevingsvoordeel voor mCRPC. Tussen 2011 en 2014 werden
nieuwe levensverlengende behandelingen geintroduceerd in Nederland: cabazitaxel,
abiraterone, enzalutamide en radium-223. In 2021 werd olaparib ook toegevoegd.

In Hoofdstuk 1 werd een algemene inleiding en overzicht van het proefschrift
gepresenteerd.

‘Real world’ data worden door data over doelmatigheid (efficiéntie) te genereren
gebruikt om besluitvorming in gezondheidszorg te ondersteunen. In Hoofdstuk 2
gaven we praktische aanwijzingen om patiént-registers op te zetten om deze ‘real
world’ data, geschikt voor besluitvorming in de gezondheidszorg, te verzamelen. Deze
praktische aanwijzingen zijn gebaseerd op onze ervaringen en betrokkenheid bij het
opzetten van oncologische patiént-registers in Nederland. Het is aannemelijk dat door
hun unieke toegevoegde waarde patiént-registers de nieuwe standaard worden naast
gerandomiseerde gecontroleerde onderzoeken.

CAPRI (een acroniem voor CAstration resistant Prostate cancer Reglstry) is opgezet
als een retrospectief observationeel register waarin een populatie-steekproef
wordt gebruikt om ‘real world’ data te verzamelen over patiénten, behandelingen en
uitkomsten van mCRPC. Het register is geinitieerd door onderzoekers. Toen bleek
dat meerdere farmaceutische bedrijven interventie-gebaseerde uitkomstendata
nodig hadden werd een brede samenwerking nagestreefd. Daarom werd CAPRI als
een ziekte-register opgezet (en niet als behandelingsregister). Twintig ziekenhuizen
in Nederland werden uitgenodigd om te participeren. Deze ziekenhuizen werden
uitgenodigd op basis van geografische spreiding en type ziekenhuis: 4 academische
ziekenhuizen, 11 ‘Samenwerkende Topklinische opleidingsZiekenhuizen' (STZ), en 5
algemene ziekenhuizen. Alle uitgenodigde ziekenhuizen stemden in met deelname. De
studiepopulatie betrof CRPGpatiénten, en patiénten werden in het register opgenomen
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als de CRPC diagnose op basis van de ‘European Association of Urology’ (EAU)
criteria kon worden gesteld, of op basis van de diagnose CRPC door de behandelaar
(ongeacht de EAU definitie van CRPC, maar gebaseerd op geinitieerde behandeling
van CRPC: toevoegen van een anti-androgeen behandeling volgende op progressie op
androgeen deprivatie therapie werd beschouwd als de eerste lijn systemische therapie
voor CRPC). Prostaatkanker werd gedefinieerd als histologisch bewezen/bevestigde
prostaatcarcinoom, of op basis van de concluderende diagnose van de behandellaar
gebaseerd op een verhoogd PSA en metastaseringspatroon. Omdat CRPC patiénten
niet direct in ziekenhuisregistraties gevonden kunnen worden, hebben we retrospectief
alle prostaatkanker patiénten gescreend (n=41,714), in zowel de urologie als interne
geneeskunde afdelingen van de twintig deelnemende ziekenhuizen, op basis van de
diagnosecode ‘prostaatkanker’ in de gedefinieerde studieperiode (2010-2016). We
identificeerden 3,616 CRPC patiénten die aan onze criteria voldeden, en we schatten
dat deze steekproef ongeveer 20% van de totale Nederlandse CRPGpopulatie in de
studieperiode besloeg. De patiénten werden retrospectief gevolgd tot 2018.

DEEL 1

In deel 1 van dit proefschrift bestudeerden we de verschillen in de populatie patiénten
die meedoet aan klinische onderzoeken en de ‘real world' populatie. Klinische
onderzoeken zijn opgezet om de interne validiteit te maximaliseren. Deze onderzoeken
elimineren factoren die de uitkomst beinvioeden zoals de arts-patiént relatie, placebo
effecten en specifieke patiént-voorkeuren (door respectievelijk blindering, placebo-
controle en exclusie van patiénten en behandelaren met sterke behandelvoorkeuren).
Dit verhoogt de interne validiteit en genereert bewijs over de werkzaamheid van de
behandeling. Dit gaat echter ten koste van externe validiteit en daarom zijn klinische
onderzoeken vaak niet informatief over de doelmatigheid van behandeling.

In Hoofdstuk 3 onderzochten we in het eerste cohort van CAPRI (2010-2013, n=1,564)
de verschillen op het moment van CRPC diagnose tussen patiénten die meededen
aan één of meer klinische onderzoeken (de ‘trial groep’, 13% van de populatie) en de
patiénten die niet meededen aan klinische onderzoeken (de ‘standaard zorg groep’,
87%). Het bleek dat patiénten in de ‘trial groep’ significant jonger waren en minder
bijkomende ziektes (co-morbiditeit) hadden. We observeerden ongecorrigeerd een
mediaan overlevingsverschil van 35 maanden versus 24 maanden tussen respectievelijk
de ‘trial groep’ en ‘standaard zorg groep’, maar dit verschil verdween na correctie voor
factoren op moment van diagnose en behandeleffect. Het verschil in overleving zou
daarom verklaard kunnen worden door verschillen bij diagnose en behandeleffecten.
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Deze resultaten tonen dat resultaten uit klinische onderzoeken niet zonder meer naar
de dagelijkse praktijk vertaald kunnen worden.

We onderzochten de verschillen tussen patiénten in klinisch onderzoek en de ‘real
world’ populatie meer in detail in Hoofdstuk 4. Cabazitaxel behandeling als tweedelijns
chemotherapie werd onderzocht bij 173 mCRPC patiénten, zowel in ‘standaard
zorg' patiénten (63%) als bij ‘trial’ patiénten (37%). ‘Trial’ patiénten hadden gunstiger
prognostische factoren: minder symptomen, minder viscerale metastasen, lager
lactaatdehydrogenase, hoger hemoglobine, meer docetaxel cycli gehad en een langer
behandelvrij-interval sinds de docetaxel behandeling. PSA respons (>50% afname) was
28% versus 12%, respectievelijk (p=0.209). De mediane overleving was 13.6 versus 9.6
maanden voor ‘trial’ en ‘standaard zorg' patiénten (Hazard ratio 0.73, p=0.067). Na
correctie voor prognostische factoren was er geen verschil meer in overleving (Hazard
ratio 1.00, p=0.999). Concluderend waren patiénten die met cabazitaxel in klinische
onderzoeken werden behandeld fitter en hadden zij uitkomsten vergelijkbaar met de
registratie onderzoeken. Daarentegen hadden patienten die cabazitaxel als standaard
zorg kregen meer agressieve ziekte en een slechtere uitkomst. Dit kan verklaard worden
door een slechtere prognose al op het moment van starten van cabazitaxel.

DEEL 2

In deel 2 hebben we 'real world" uitkomsten van mCRPC onderzocht. In Hoofdstuk
5 onderzochten we het effect van introductie van nieuwe levensverlengende
medicijnen (LPD) op behandelpatronen en de ontwikkeling van overleving in de tijd.
We onderzochten twee subgroepen: behandel-naieve patiénten (subgroep 1, n=3,600)
en post-docetaxel patiénten (subgroep 2, n=1,355). In beide subgroepen nam het
gebruik van LPD toe: van 57% (2010-2011) naar 69% (2014-2015) in subgroep 1, en van
65% (2011-2012) naar 79% (2015-2016) in subgroep 2. Het aandeel chemotherapie als
eerste MCRPCGbehandeling (docetaxel) nam af van 46% naar 29%, en chemotherapie
als eerste post-docetaxel behandeling (cabazitaxel of herbehandeling met docetaxel)
nam af van 20% naar 9%. Het aandeel androgeen-receptor gerichte behandeling (ART;
enzalutamide of abiraterone) nam echter toe van 11% naar 39% in subgroep 1 en
van 469% naar 64% in subgroep 2. In subgroep 1 nam de mediane overleving vanaf
CRPC diagnose toe van 28.5 maanden naar 31.0 maanden (p=0.196). In subgroep
2 nam de mediane overleving vanaf progressie op docetaxel toe van 7.9 maanden
naar 12.5 maanden (p<0.001). Na multipele imputatie van missende waarden, zagen
we in multivariabele Cox-regressie analyse dat de behandelperiode onafhankelijk en
significant voorspellend was voor overleving in subgroep 1 (2014-2015 vs 2010-2011 met
HR 0.749, p<0.001) en in subgroep 2 (2015-2016 vs 2011-2012 met HR 0.811, p=0.037).
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Concluderend werd tussen 2010 en 2018 een groter deel van de mCRPC patiénten
behandeld met LPD, en dat was gerelateerd aan een toegenomen overleving.

De PROCAPRI studie was een zelfstandig onderdeel van de CAPRI studie. In tien CAPRI
ziekenhuizen werden patiénten, die ook in de CAPRI studie opgenomen zouden worden,
gevraagd om prospectief patiént-gerapporteerde uitkomsten (PROMs) te rapporteren.
Het doel van deze studie was om de generieke, kanker-specifieke en prostaatkanker-
specifieke gezondheid-gerelateerde kwaliteit van leven (HRQol), pijn en veranderingen
in de tijd te bepalen bij patiénten met mCRPC in de dagelijkse praktijk. In Hoofdstuk 6
wordt deze studie gerapporteerd, waarin 151 patiénten kwaliteit van leven vragenlijsten
hebben ingevuld. Ondanks dat de patiénten overwegend in goede conditie waren en
de meerderheid (84%) behandeld werd met LPD, ging de HRQoL achteruit gedurende
het verloop van CRPC. Bijinclusie was de generieke HRQoL hoog met een gemiddelde
EQ visueel analoge score van 73.2 van 100. De laagste scores werden gerapporteerd
bij rol-functioneren en fysiek functioneren (gemiddelde scores van 69 en 76 van 100,
respectievelijk), en vermoeidheid, pijn en slapeloosheid waren de meest aangedane
domeinen. Deze domeinen verslechterden in >50% van de patiénten. Daarvoor is
specifieke aandacht nodig voor tijdige ondersteunende zorg, met name gericht op
rol- en fysiek functioneren, om HRQoL zo lang mogelijk te behouden.

In Hoofdstuk 7 onderzochten we hoog-intensieve zorg in de laatste levensfase van
CRPC patiénten. Intensieve zorg in de laatste levensfase (EOL zorg) is gedefinieerd als
overbehandeling en overmatig gebruik van ziekenhuiszorg in de laatste drie maanden
voor overlijden. Dit is onwenselijk omdat het minimaal klinisch voordeel geeft met
substantiéle financiéle kosten. Vijftien procent van 2,249 patiénten met een bekende
overlijdensdatum in CAPRI begonnen nog met een nieuwe LPD in EOL en 56% werd
tenminste één keer opgenomen in het ziekenhuis. In totaal kreeg 41% van de patiénten
hoog intensieve zorg. Multivariabele analyses toonden dat oudere patiénten (Odds
Ratio (OR) 0.98, 95% betrouwbaarheidsinterval (Bl) 0.97-0.99), patiénten met een minder
goede conditie (OR 0.57, 95% BI 0.33-0.97) en patiénten met een langere tijd van CRPC
diagnose tot EOL (OR 0.98, 95% BI 0.97-0.98) significant minder kans op hoog intensieve
zorg hadden, terwijl verwijzing naar een medisch oncoloog (OR 1.99, 95% BI 1.55-2.55),
eerdere LPD behandeling (1 lijn OR 1.53,95% BI 1.19-1.96 en >1 lijn OR 1.72, 95% BI 1.31-
2.28) en opiaat gebruik (OR 1.45, 95% BI 1.08-1.95) geassocieerd waren met significant
meer hoog intensieve zorg. In de laatste levensfase werden door Nederlandse artsen
weinig nieuwe LPD behandelingen opgestart, maar er waren veel ziekenhuisopnames.
Hoog-intensieve zorg in de laatste levensfase is onwenselijk gezien de hoge kosten en
beperkte effecten op levensduur, maar meer onderzoek is noodzakelijk naar het effect
op de kwaliteit van leven van patiénten en hun verzorgers.

273



Appendices

DEEL 3

In deel 3 beschrijven we de geleerde lessen van de ‘real world" data. Veel vragen over
de volgorde van behandelingen worden niet beantwoord in klinische onderzoeken.
In Hoofdstuk 8 rapporteerden we de real world’ uitkomsten (behandelduur en PSA
respons) van sequentiele ART behandelingen met of zonder tussenliggende andere LPD
behandelingen bij mCRPC patiénten. In totaal 273 patienten werden geincludeerd met
een mediane opvolging van 8.4 maanden vanaf de tweede ART (ART2). Patienten met
ART1 > ART2 waren ouder en hadden gunstiger prognostische factoren bij start van
ART2 in vergelijking met patienten met ART1 > LPD > ART2. Er werden geen verschillen
gevonden in de PSA respons en behandelduur tussen de groepen ART1 > ART2 en
ART1 > LPD > ART2. Multivariabele analyse suggereerde dat de PSA respons op ART2
minder voorkomt bij patiénten met viscerale metastasen (OR 0.143, p=0.04) en meer
voorkomt bij patiénten met een relatief langere duur van androgeen deprivatie therapie
(OR 1.028, p=0.01), en als abiraterone voor enzalutamide wordt gegeven (OR 3.192,
p=0.02). Concluderend is de effectiviteit van ART2 laag, met een lage PSA responskans
en een korte behandelduur ongeacht eventuele tussenliggende behandeling met
chemotherapie of radium-223. Dit geldt met name in patiénten met een korte tijd sinds
castratie, viscerale metastasen en als enzalutamide voor abiraterone werd gegeven.

Een ander probleem in de behandeling is wanneer ondersteunende zorg zonder
systemische therapie gestart moet worden, in plaats van een nieuwe lijn systemische
therapie. In Hoofdstuk 9 onderzochten we de uitkomsten van derdelijns behandeling
met LPD in mCRPC patiénten, en identificeerden we variabelen die zijn geassocieerd
met overleving om een prognostisch model te maken. Van 1,011 mCRPC patiénten die
progressief waren na tweedelijns LPD, kregen 602 patiénten (60%) een derdelijns LPD.
Patiénten die een derdelijns LPD kregen hadden een gunstiger prognostisch profiel bij
start en een langere mediane overleving dan patiénten die ondersteunde zorg kregen
zonder LPD (10.4 versus 2.4 maanden, p<0.001). Conditie (ECOG PS 1 en =2 (HR 1.51,
p<0.007 en HR 3.08, p<0.001, respectievelijk), opiaatgebruik (HR 1.55, p=0.019), viscerale
metastasen (HR 2.09, p<0.001), hemoglobine <7 mmol/I (HR 1.44, p<0.002), prostaat-
specifiek antigeen >130 pg/l (HR 1.48, p=0.001), alkalisch fosfatase >170 U/I (HR 1.52,
p<0.001) en lactaat dehydrogenase =250 U/l (HR 1.44, p=0.015) waren geassocieerd
met kortere overleving. Mediane overleving voor laag-, laag-intermediair-, hoog-
intermediair- en hoog-risico groepen waren 14, 7.7, 4.7 en 1.8 maanden, respectievelijk.
Aldus ontwikkelden we een prognostisch model en we identificeerden een subgroep
patiénten bij wie derdelijns LPD behandeling geen betekenisvol voordeel biedt. Onze
resultaten zullen moeten worden bevestigd in prospectieve klinische onderzoeken.
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In het laatste Hoofdstuk 10 rapporteerden we een casus onderzoek waarbij we
onze ‘real world' data van CRPC patiénten hebben gebruikt om een predictiemodel
te maken. We hadden als doel om zowel de clinicus mee te nemen in het ontwikkelen
van een predictiemodel en om de clinicus de veel voorkomende tekortkomingen te
laten herkennen in bestaande predictiemodellen. Risico voorspelling wordt steeds
belangrijker in de medische dagelijkse praktijk. In dit artikel bespreken we verschillende
stappen in het ontwikkelen van een predictiemodel waaronder missende waardes,
coderen van voorspellers en selectie middels LASSO, het testen van de aannames in
het model, de prestatie van het model en de validatie. Predictiemodel ontwikkeling is
belangrijk en de inbreng van zowel de clinicus als de statisticus is essentieel. Dit artikel
kan de kloof tussen de beide disciplines overbruggen.
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DANKWOORD

De kiem voor dit promotieonderzoek werd al gelegd in 2005, toen ik professor Uyl
leerde kennen. Ik ben er mee bezig geweest vanaf het moment in de zomer van 2011 dat
ik werd gevraagd als onderzoeker bij een prostaatkanker register. Het spreekt vanzelf
dat bij een traject van zoveel jaren vele collega’s betrokken zijn geweest en zonder hulp
van anderen was het mij niet gelukt dit proefschrift af te ronden. Het is onmogelijk om
iedereen hier persoonlijk te bedanken, maar een aantal wil ik wel genoemd hebben
vanwege hun bijzondere bijdrage.

Professor Uyl, Carin, ik heb je leren kennen in 2005 en ik wil je hier danken voor
alle mogelijkheden die je mij gegeven hebt om me te ontwikkelen in het prachtige
gebied waar geneeskunde, gezondheidswetenschappen en -economie, bestuur, beleid
en ethiek elkaar ontmoeten. Jouw levensinstelling, drijfveren en directheid hebben
mij geinspireerd. Al vele jaren spreken we elkaar niet alleen over ons gezamenlijke
onderzoek en over de oncologie, uiteraard ieder vanuit onze eigen invalshoek, maar
ook heb je oog voor de mens achter de promovendus en de mooie en soms de minder
mooie gebeurtenissen die mij in deze jaren zijn overkomen. Wij delen onze hobby
hardlopen en zonder COVID-19 hadden we in 2020 samen de ROPARUN gelopen. Dat
mocht (nog) niet zo zijn. Bedankt voor je begeleiding.

Professor Gerritsen, Winald, mijn onderzoek begon in 2011 op jouw werkkamer en
vanaf dat moment droeg jij zowel uitvoerbare als onuitvoerbare plannen aan en gaf
jij het project de energie die nodig was om het te laten slagen. Jij legde een belangrijk
fundament onder mijn opleiding tot oncoloog, en je hebt me geleerd niet bezorgd
te zijn, groot te denken en mijn ambities te volgen. Je bent in staat om humor en de
nodige lucht te brengen in het soms toch zware beroep als oncoloog, maar ook in de
ingewikkelde samenwerking en het soms moeilijke proces van ons onderzoek. Inmiddels

ben je met welverdiend pensioen. Bedankt voor je begeleiding.

Professor van den Eertwegh, Fons, dank voor wat je hebt betekend voor mij en het
onderzoek. Al vanaf mijn wetenschappelijke stage aan het begin van deze eeuw kruisen
onze wegen en zeker vanaf 2010 heb jij een belangrijke rol vervuld als een van mijn
opleiders in de oncologie en later als promotor bij dit onderzoek. Je integriteit en
vastberadenheid zijn een voorbeeld voor mij. Het is vermoedelijk geen toeval dat ik
in Amphia gespecialiseerd ben in urogenitale tumoren en melanoom. Ik bewonder je
werk en het pad dat intussen naar jouw hoogleraarschap heeft geleid. Bedankt voor

je begeleiding.
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Mijn dank gaat verder uit naar de leden van de promotiecommissie prof.dr. Stefan
Sleijfer, prof.dr. Igle-Jan de Jong en prof.dr. Werner Brouwer.

Beste Malou, de CAPRI en PRO-CAPRI onderzoeken werden al snel te groot om door
één coordinerend onderzoeker uitgevoerd te worden en in 2015 kwam jij als tweede
promovendus op dit project. Het was een verademing om met jou te werken: je nuchtere
kijk op zaken en je analytisch vermogen is zeer welkom in de ziekenhuiswereld. Onze
manier van samenwerken, met veel koffie en onderuitgezakt op de banken van het
iIMTA, was voor ons perfect en werkte. Jij was de juiste persoon op het juiste moment
en dankzij jou is het gelukt om CAPRI en PRO-CAPRI op deze manier af te ronden. Ik
hoop dat jouw expertise behouden blijft in het vervolg van CAPRI. Je bent inmiddels
begonnen aan de opleiding tot radiotherapeut-oncoloog en ik hoop dat onze paden
elkaar nog vaak mogen kruisen. Je kunt trots zijn op wat je nu al hebt bereikt.

Vanaf het begin is er een brede groep belanghebbenden betrokken bij de
onderzoeksopzet, de resultaten en de vervolgvragen: de stuurgroep. Hooggeleerden
prof.dr. Jeroen van Moorselaar, prof.dr. Ronald de Wit en collegae Juleon Coenen
en Fons van den Bergh, verder ook Katja Aben en Rob Verhoeven van IKNL, Chris
Laarakker van ProstaatkankerStichting.nl en later ook Andre Bergman, Rik
Somford, Jules Lavalaye, Niven Mehra en Inge van Oort: dank voor jullie komst
naar al die vergaderingen en jullie input op alle abstracts en manuscripten. Ook wil ik
hier alle deelnemende centra van CAPRI bedanken, zowel de internisten als urologen
maar zeker ook de researchcoordinatoren en -verpleegkundigen, voor de medewerking,
gastvrijheid en input op de abstracts en manuscripten. Een bijzonder woord van dank
wil ik hier ook geven aan de vele student-assistenten die als datamanagers met
ons het land doorkruisten. Veel steun heb ik gehad aan vele secretaresses, financiéle
controllers en andere ondersteuners, waarvan ik met name wil noemen vanwege
hun oprechte belangstelling en waardevolle hulp Cobi Koelemeijer en Albert-Piet
Stuitje. Veel dank ben ik ook verschuldigd aan de ondersteuning van de trial bureaus en
monitors, met name die van het VU Medisch Centrum, en dan noem ik graag vanwege
hun specifieke faciliterende bijdrage Rita Ruijter en Laura Pijpers. Tenslotte heb
ik de samenwerking met de verschillende betrokken farmaceutische bedrijven zeer
gewaardeerd, deze heb ik altijd als inspirerend en constructief ervaren ondanks het
haast vanzelfsprekende spanningsveld dat er is vanwege de belangen die er zijn. Ik heb
bij deze bedrijven vele zeer gemotiveerde mensen ontmoet, waarvan ik hier graagin het
bijzonder een aantal met naam wil bedanken voor de manier waarop zij invulling gaven
aan deze samenwerking: Rogier Press, Hans de Witte, Rob Vermeulen, Wendy
Maas en Daan Muris.
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Binnen dit project hebben we de samenwerking gezocht waar dat mogelijk was. De
patiéntenvereniging Prostaatkankerstichting.nl, IKNL en de landelijke Dutch Uro-
Oncology Studygroup (DUOS) wil ik hier graag bedanken voor de inbreng die zij
hadden. Jessica Notohardjo van het Amsterdam UMC was geinteresseerd in onze data
en analyseerde, schreef en publiceerde een prachtige paper in korte tijd met Malou en
mij over een zeer relevant onderwerp, dank voor je hulp en je bewonderenswaardige
inzet! De samenwerking met Isabel de Angst, Kevin Veen, Paul Kil en prof.dr.
Hanneke Takkenberg was productief en inspirerend, en leverde een interessant
manuscript op. Peter Slootbeek en Niven Mehra uit het RadboudUMC schreven met
hun onderzoeksgroep een manuscript over de respons op platinum chemotherapie
bij verschillende moleculaire subgroepen van prostaatkanker en namen de relevante
data van CAPRI hierin mee. Het Zorginstituut Nederland gebruikte onze data en
kennis voor het rapport “Verbetersignalement Zinnig gebruik van geneesmiddelen bij
patiénten met castratie refractair prostaatcarcinoom” en onder meer Rudy Dupree
en Yoka Kusumanto speelden hierbij een belangrijke dubbelrol als opdrachtgever en
inspirerende sparringpartner, en de kiem voor het manuscript over 'End of life care’
werd hier gelegd.

Binnen het Rotterdamse iMTA en iBMG, ofwel ESHPM zoals het nu genoemd wordt,
zijn er velen die ik dank verschuldigd ben. Ik wil in het bijzonder Matthijs Versteegh
danken, en daarnaast Saskia, Margreet, Hedwig, Naomi, Ellen, Brenda en Mascha
van de Registerclub: bedankt voor al onze discussies, presentaties en congresbezoek.
Alle andere collega’s aldaar: dank voor de vele jaren van samenwerking en het tolereren
van een Amsterdammer in jullie midden.

In Amsterdam ben ik veel mensen dank verschuldigd. In het bijzonder wil ik prof.dr.
Henk Verheul en prof.dr. Epie Boven noemen, die mij hebben opgeleid en gevormd
als internist-oncoloog en mij de kans gaven om dit promotie-onderzoek te gaan doen.
Zij hebben mij ook steeds van gevraagd en ongevraagd, maar altijd eerlijk advies
voorzien. Mijn opleiders prof.dr. Sven Danner, prof.dr. Mark Kramer en dr. Carl
Siegert wil ik danken voor hun rol in mijn opleiding. Hans van der Vliet en Maurice
van der Vorst wil ik met name danken voor de humor die zij brachten in mijn opleiding
en onderzoek. Een speciaal woord van dank voor prof.dr. Peter Huijgens, die ik vele
malen heb kunnen bedanken (maar nu op schrift!) voor de cruciale rol die hij had tijdens
mijn loopbaan, zowel voor mijn opleiding tot internist als mijn promotie-onderzoek.

Rond kerst 2014 zijn we naar Breda verhuisd en ben ik gaan werken als internist-
oncoloog in het Amphia ziekenhuis. Ik wil alle collegae in het Amphia bedanken, zowel
van het MSB-A als het ziekenhuis, voor een prachtige plek om te werken en voor
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de mooie samenwerking, en voor het geduld met en de belangstelling voor mijn
proefschrift. Ik wil mijn maten van de vakgroep interne geneeskunde bedanken
voor de opvang van deze jonge klare. Mijn maten in de sectie hemato-oncologie wil ik
in het bijzonder bedanken voor de manier waarop ze mij wegwijs hebben gemaakt in
onze bijzondere topklinische praktijk. Het leven van de specialist gaat niet altijd over
rozen, en juist dan leer je je echte maten kennen en waarderen; beste Joan, Rinske,
Olaf, Marjolein, Roel, Marion en Mirte, samen hebben we de mooiste praktijk van
Nederland en ik zie ernaar uit om onszelf te blijven ontwikkelen. Ook wil ik mijn collega'’s
in de regieraad oncologie noemen: Jennifer, lise, Cor, Christine en Roel, ik geniet van
het spannende project waar wij samen onze schouders onder hebben gezet en hoop
nog lang met jullie te mogen werken.

Wie ik niet mag vergeten zijn mijn vrienden, in het bijzonder mijn studievrienden van
zowel PAS.C.A.L. (wat een oude meuk zijn we al geworden) als de ‘Oncoclub’ en de
inmiddels grote groep nieuwe vrienden in Breda, waardoor ik me zo snel thuis ben
gaan voelen in het Zuiden. Thomas die mij overal volgt bedank ik daarvoor graag, ik
prijs mijzelf gelukkig met jou als vriend en paranimf.

En dan het fundament onder alles: mijn familie en schoonfamilie. Siebren, Hanneke,
Jeep, Suus, Erwin, Joes en Fien, familie is voor altijd. Mijn zussen Irene (0ok paranimf)
en Rianne: jullie geven mijn leven al zo lang kleur en ik ben apetrots op jullie. Bovenal:
papa en mama, bedankt voor alles wat jullie me aan bagage hebben meegegeven en
de onvoorwaardelijke liefde en belangstelling.

Allerliefste Mieke, we hebben het samen gedaan ). Ik heb je lief en bewonder je. En jjj
houdt me scherp, je daagt me uit, je kalmeert me, je ondersteunt me, je kan me aan, je
accepteert mijn tekortkomingen en je hebt het goed gevonden dat ik het pad genomen
heb dat naar deze dag heeft geleid. Ik kijk uit naar wat er allemaal nog komen gaat.
Lieve Julia en Laurens, jullie maken, zo jong als jullie nog zijn, elke dag ons leven en
dat van anderen mooier.
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PhD Portfolio Year  Workload
(ECTS)
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Teach the teacher (VUMC Amsterdam) 1-11-2011 0.5
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treatment effects
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concepts and applications

Decision analytic modelling for economic evaluation 7-10-2013 1
(University of Glasgow)

Developing a cochrane systematic review of interventions ~ 21-5-2013 0.5
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ISPOR workshop ‘use of real world data’ 8-11-2014 0.25
Bossche urologie avond 10-11-2016 0.1
Prostaatkanker masterclass 10-1-2017 0.1
DUOS jaarsymposium 3-12-2021 0.1

(Inter)national conferences

ISPOR European Annual Congress
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Amsterdam (workshop) 2014 1
EAU Annual congress

Copenhagen (poster) 2018 1
ESMO Annual Congress

Stockholm 2011 1
Amsterdam 2013 1
Copenhagen 2016 1
Madrid 2017 1
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Munich (poster and poster discussant) 2018 1
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ASCO Genitourinary symposium

San Francisco 2016 1
San Francisco 2020 1
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Supervising bachelor’s thesis (iBMG/ESHPM)

Jonathan Windster 2013 4
Jeanine Los 2015 4
Lecturing

General introduction lectures on prostate cancer for iBMG  2013-2014 0.25
students
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