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OXFORD
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Abstract

To take cancer survivorship research to the next level, it’s important to gain insight in trajectories of changing patient-
reported outcomes and impaired recovery after cancer. This is needed as the number of survivors is increasing and a large
proportion is confronted with changing health after treatment. Mechanistic research can facilitate the development of
personalized risk-stratified follow-up care and tailored interventions to promote healthy cancer survivorship. We describe
how these trajectories can be studied by taking the recently extended Dutch population-based Patient Reported Outcomes
Following Initial treatment and Long term Evaluation of Survivorship (PROFILES) registry as an example. PROFILES combines
longitudinal assessment of patient-reported outcomes with novel, ambulatory and objective measures (eg, activity trackers,
blood draws, hair samples, online food diaries, online cognitive tests, weighing scales, online symptoms assessment), and
cancer registry and pharmacy databases. Furthermore, we discuss methods to optimize the use of a multidomain data collec-
tion-like return of individual results to participants, which may improve not only patient empowerment but also long-term
cohort retention. Also, advanced statistical methods are needed to handle high-dimensional longitudinal data (with missing
values) and provide insight into trajectories of changing patient-reported outcomes after cancer. Our coded data can be used
by academic researchers around the world. Registries like PROFILES, which go beyond boundaries of disciplines and institu-
tions, will contribute to better predictions of who will experience changes and why. This is needed to prevent and mitigate
long-term and late effects of cancer treatment and to identify new interventions to promote health.

Worldwide, more than 50 million people have been diagnosed
with cancer in the past 5years and are still alive (1). With con-
tinuing improvement in early detection, treatment and care,
and the aging of the population, the number of survivors is
growing, and they are at risk for a variety of adverse physical
and psychosocial effects (2).

In the past, cancer survivorship research predominantly fo-
cused on describing the long-term and late effects, applying a
single exposure-to-outcome approach without including other
possible exposure variables (2). Also, this approach almost
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solely focused on deterioration instead of changes. More
recently, the focus shifted toward studies of longitudinal trajec-
tories as our understanding of who reports changes in patient-
reported outcomes (PROs) and why it is still in its infancy (3).
Understanding various trajectories is imperative to identify
patients at risk, to prevent and mitigate long-term and late
effects, and to identify new interventions to promote health.
The UK National Cancer Survivorship Initiative already stated
in 2011 that we need to be able to identify the risk of an individ-
ual developing ongoing problems following treatment (4). The
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trackers like Fitbits, ActiGraphs or biosensors
3) Assessment of dietary intake with an online food diary
impedance analysis system within a household scale

psychomotor processing speed in PROFILES

dosage or referring patients to specialized care

PROFILES

reported outcomes.

Box 1. Specific innovative features of the extended PROFILES infrastructure?®
1) Data collection of novel and established biological markers by blood sample collection and assaying
2) Objective ambulatory monitoring of physical activity, physiological functioning, and sleep of patients by means of activity

4) Measurement of changes in body mass index and body composition by means of an 8-contact electrode bioelectrical

5) Online neuropsychological assessment of cognitive functioning by incorporating a computerized neuropsychological
screening instrument that measures attention, concentration, memory, executive functioning, and cognitive and

6) Extended online and paper-and-pencil questionnaire assessment with new instruments not currently in PROFILES
7) The SYMPRO app to monitor symptoms during chemotherapy and, if necessary, intervene by, for example, adjusting

8) Integrate pharmacy data into the PROFILES registry by establishing linkage between existing pharmacy database and

9) Methodological and technical innovation by 1) the adaption of online questionnaires for smartphone and tablet use and by
providing PROFILES participants’ online feedback on their PROs and 2) optimizing safety and privacy vs patient access by
integration of for example, Google Authenticator for 3-way identification

10) Extend inclusion of PROFILES participants with a special focus on cancer survivors of rare cancers
11) Extend normative control population of 2000 individuals with 200 men and women aged 75 years and older and 200
people between 18 and 35 years for optimal comparison of PROs with various cancer samples

#PROFILES = Patient Reported Outcomes Following Initial treatment and Long term Evaluation of Survivorship; PROs = patient-

American Society of Clinical Oncology (5) and the European
Academy of Cancer Sciences (6) argue that the dearth of re-
search on long-term survivors of unselected groups of patients
is an important gap to fill, and the initiation of prospective ob-
servational studies based on population-based registries is one
of the recommendations (6). Both societies, and the National
Cancer Institute (3), identify a research gap in our understand-
ing of the potential trajectories of risk for long-term and late
effects and emphasize the need to include biologic and behavior
domains in survivorship research.

This paper describes the importance and challenges of
population-based cancer survivorship registries that include data
from multiple domains as they enable us to identify who will ex-
perience changes in PROs or lack of recovery and why. We will
use the recently extended interdisciplinary Patient Reported
Outcomes Following Initial treatment and Long term Evaluation
of Survivorship (PROFILES) registry (7) as an example.

The Dutch PROFILES Registry

PROFILES is a registry to collect data of cancer patients and non-
cancer controls to estimate the impact of cancer, beyond nor-
mal aging and the presence of comorbidities. PROFILES enables
the investigation of the physical and psychosocial impact of
cancer and its treatment in large groups of survivors, including
adolescents and young adults or older patients; those with
comorbidities, rare cancers, or palliative stage; and is acknowl-
edged as a unique infrastructure for survivorship research (8).
PROFILES was established in 2009 and awarded an invest-
ment grant to leverage a successful registry with innovative
data collections. It currently contains data from more
than 30000 survivors, linked to detailed clinical data from
the population-based Netherlands Cancer Registry (NCR) (9).
The NCR registers all newly diagnosed cancer patients in the

Netherlands. PROFILES recently enriched the data collection
with novel, ambulatory, and objective measures to create a mul-
tidomain data source for mechanistic cancer survivorship re-
search (Box 1). Approval for data collection within the various
PROFILES studies is always obtained from a certified medical
ethics committee, and all patients sign informed consent.

Participants

Dynamic Patient Inclusion

A key feature of PROFILES is its dynamic patient inclusion:
Every day, newly diagnosed cancer patients are invited to par-
ticipate, striving to include them before treatment. This inclu-
sion is set up in close collaboration with the hospital staff who
actively approach patients. In studies among long-term cancer
survivors who do not visit the hospital often, survivors are in-
vited to participate by sending them an invitation by mail
through their former treating physician. Once patients consent
to participate, they receive invitations for measurements
directly from PROFILES to decrease the workload for the partici-
pating health-care providers.

The response rates of PROFILES studies range between 50%
and 80% and are dependent on the tumor, research questions,
workload in the hospitals, and competing studies. In recent
years, we have noticed that the response rates in general are
slowly decreasing, probably due to the increasing number of
studies for which patients are asked to participate. This is a seri-
ous problem that we try to solve by collaborating as much as
possible with health-care providers so that we can collect PRO
measure data together and do not have to burden patients
twice. Nevertheless, through its unique linkage with the NCR,
PROFILES has information about nonrespondents. Analyses of
more than 14000 patients showed that PROFILES participants
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have a statistically significantly better survival than nonpartici-
pants, suggesting that even in studies with high participation
rates, observed outcomes may represent the healthier patient
with better outcomes (10). Participation has also been associ-
ated with male gender, being 60-70years, high socioeconomic
status, receiving any cancer treatment, the absence of comorbid
conditions, and a cancer diagnosis between 2 and 3 years before
study invitation. Furthermore, those who fully participated in
PROFILES reported statistically significantly better health-re-
lated quality of life (HRQOL), functioning, and psychosocial
symptoms than those who dropped out earlier (11).

An important feature of PROFILES is the population-based
sampling frame, which enhances the generalizability compared
with studies that include only a selection of patients from
single or multiple (specialized) hospital(s). Because of its
population-based inclusion, PROFILES also enables the interna-
tional investigation of survivors of relatively rare cancers such
as sarcoma (12,13), esophageal, pancreatic (14), and thyroid can-
cer (15), or specific groups like adolescents and young adults
(16) or ultrarare cancers (17).

Normative Population

To determine the functional impairment and symptom burden
after cancer beyond normal aging (3) and comorbidity, PROFILES
annually collects information on PROs, biological and behav-
ioral variables in a cohort of 2000 adult individuals without can-
cer, from the general Dutch population managed by the Dutch
research institute CentERdata (www.centerdata.nl) (18-20). The
panel is representative of the Dutch-speaking population in the
Netherlands, including those without internet access. Those
households that do not have access to the internet at the time
of recruitment are given broadband access and a personal
computer.

Study Measures

Multidomain Data Collection Following the Revised
Wilson and Cleary Model

Wilson and Cleary have proposed a conceptual model linking
biological and physiological variables to the measurement of
health domains like HRQOL (21). Later, Ferrans and colleagues
added individual and environmental characteristics (22). The
revised Wilson and Cleary model (Figure 1) provides clear
conceptual and operational definitions and emphasizes the im-
portance of a multidomain data collection approach in survivor-
ship research (23). The use of this framework in PROFILES
allows the selection of appropriate measurement parameters.
PROFILES offers various levels of participation to patients,
ranging from the basics, only completing surveys (linked to clin-
ical data from the NCR) and blood draws, to optional compre-
hensive measurements of all domains as described below (eg,
weighing scales with bioelectrical impedance analysis system,
online food diaries, activity trackers). These optional measure-
ments are offered at the same time as the questionnaires and
blood draws (ie, baseline, 6 and 12 months, and then annually).
By offering certain measurements as optional, we try to keep
burden on the patient as low as possible while keeping the par-
ticipation rates as high as possible. Therefore, PROFILES also
offers all measurements (except blood draws) in the home situ-
ation. Researchers performing PROFILES studies can choose if,
when, and how often they want to offer certain measures to the

participants in their study. This depends mostly on the research
questions relevant to the cancer patient group being followed.

Characteristics of the Individual

Sociodemographics

Sociodemographic factors collected in PROFILES like sex and
age are derived from the NCR, whereas education, occupational
status, and marital status are assessed with questionnaires.
Health literacy is receiving increasing attention as it may ex-
plain variations in health status and health behaviors among
cancer patients (24). It is therefore an imperative component of
understanding healthy survivorship. In PROFILES, the Chew set
of brief screening questions is used to evaluate health literacy
(25).

Psychological Factors

A review including 330 studies indicated that stress-related psy-
chosocial factors are associated with poorer cancer survival (26),
which might be mediated through behavioral or pathophysiologi-
cal pathways. The latter include the release of stress hormones
that, for example, influence the tumor microenvironment, the cel-
lular processes involved in the repair of damaged DNA, and the
production of pro-inflammatory cytokines such as interleukin-6
(26). Personality, distress, and cognitive appraisal of disease are in-
cluded as risk factors, whereas anxiety and depression have also
been evaluated as outcomes.

Body Mass Index (BMI) and Body Composition

BMI and body composition (eg, fat and fat-free mass, body fat
distribution) have been shown to be associated with survival,
cancer recurrence, comorbidities, self-reliance, development
and recovery of symptoms, and HRQOL (27-29). Percentage
weight loss (>5% in <6émonths or >10% in >6months) (30) is
the most important criterion of malnutrition with a negative
impact on treatment outcome, survival, and HRQOL (31).
Weight gain after diagnosis leading to obesity also negatively
affects survival, HRQOL, and the risk of comorbidity and recur-
rence (28,32).

Besides self-reported BMI and self-measured waist and hip
circumference (adding a measuring tape with instructions to
the questionnaires), PROFILES collects the absolute amount and
percentage fat and fat-free mass with an 8-contact electrode
bioelectrical impedance analysis system within a household
scale (Inbody Dial [Inbody, Seoul, Korea]). These scales are sent
to patients’ homes.

Characteristics of the Environment

Social environmental characteristics are the interpersonal or
social influences (eg, social support) on health outcomes,
whereas physical environmental characteristics are settings
such as home, neighborhood, and work place (including possi-
bilities to exercise, access to healthy food, access to health care)
(Figure 1) (22).

Smoking and Alcohol Intake

Smoking is not only an established risk factor for cancer but
also it severely increases the risk of recurrence and mortality
(33). Alcohol can also increase the risk of developing cancer and
negatively affects prognosis (34). However, studies on its effect
on survivorship or mortality are limited. In PROFILES, current,
past, type, and dose of smoking and alcohol intake are
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Figure 1. Shows a revised Wilson and Cleary model (22), which has been adapted from the model first published by Wilson and Cleary in their 1995 work (21).

measured by means of questionnaires as well as good diaries
(see Dietary Intake).

Dietary Intake

Dietary intake has been shown to be associated with sur-
vival, recurrence, development of comorbidity, symptoms, and
HRQOL (35-38). In PROFILES, dietary intake can be recorded using
an online food diary (the Eetmeter) connected to the Dutch
Nutrients Database (http://nevo-onlinerivm.nl/) to quantify
macro- and micronutrients. This method provides an acceptable
estimation of nutritional intake (39) and is less burdensome and
labor intensive compared with paper-based diaries.

Physical Activity, Physiological, and Functional Status

Consistent and compelling evidence exists on the role of
physical activity in the prevention of cancer and the improve-
ment of longevity (34,40). Self-reported physical activity is sus-
ceptible to recall bias or misclassification (41). Previous studies
demonstrated a discrepancy between physical activity mea-
sured retrospectively with questionnaires and physical activity
measured using activity trackers (42-46). Ambulatory activity
trackers enable researchers to monitor the type, quantity, and
quality of patients’ everyday activities (47,48), and some also as-
sess sleep quality and quantity. Activity trackers may capture
many of the preclinical signs of treatment toxicities with lim-
ited patient burden (49). Machine learning-derived algorithms
applied to this data could contribute to earlier detection and
management of toxicity.

In PROFILES, we use the Fitbit Inspire HR (Fitbit, San
Fransisco, USA), the ActiGraph (Actigraph, Pensacola, USA), and
a wearable biosensor to assess physical activity, physiological
parameters (eg, heart rate, temperature, electrocardiogram, and
sleep) in various studies. The activity trackers are sent to the
participant’s home.

Cancer Treatments and Other Medication Use

Traditionally, cancer survivorship research investigates the
impact of treatment exposure on long-term and late effects.
PROFILES also includes detailed information about primary and
secondary cancer treatments from the linkage with the NCR.
Furthermore, linkage with PHARMO has been established from
which detailed information on medication use beyond cancer
treatment can be obtained from both inpatient and outpatient

pharmacies. This high-quality linkage has an overall specificity
of 99.5% and a sensitivity of 98.3% (50).

Biological Function

Evidence is mounting for a biological basis of subjective experi-
ences including fatigue, pain, and HRQOL (51,52). In recent
years, attention is being paid to the genetic susceptibility for
toxicity of cancer treatments. The polygenic risk score is
expected to become part of clinical care (53); for example, stud-
ies aim to identify any genetics associated with long-term neu-
rotoxicity and ototoxicity (54) or genetic variants that increase
an individual’s risk for radiation toxicity (55).

Furthermore, commonly experienced symptoms such as fa-
tigue, pain, and depression suggest a shared neuroendocrine-
immune pathophysiologic mechanism (56), involving disba-
lance of inflammatory cytokines, the monoamine system, and
the hypothalamic-pituitary-adrenal (HPA) axis (57). Further, lab,
animal, and noncancer population studies suggest that imbal-
ance of the kynurenine pathway is an underlying mechanism of
symptoms such as depression (58). Another emerging concept
is that cancer treatments induce accelerated aging processes,
which are linked to fatigue and depression (2).

It is vital to compare biological and physiological function of
cancer survivors who have limited late effects and high HRQOL
to those with many physical and psychosocial problems,
enabling identification of pathways involved. Additionally, the
inclusion of a noncancer norm population enables the compari-
son of the found associations considering normal aging and the
presence of comorbidities. In PROFILES, patients and a norm
population are asked to donate blood samples. Biomarkers of
the neuroendocrine system, HPA axis, kynurenine pathway, cel-
lular aging, and chronic inflammation including application of
global-omics technologies (59) are assessed. Blood is stored at a
central biobank, Biobank Maastricht, the Netherlands.

Chronic stress is characterized by dysfunction of the HPA
axis and excessive production of the stress hormone cortisol
(60-64). Chronic stress can be assessed using scalp hair that has
a predictable growth rate of approximately 1cm per month. The
most proximal 1-cm segment to the scalp approximates the last
month’s cortisol production; the second most proximal 1-cm
segment approximates the production during the month before
that and so on (65). In some PROFILES studies, hair samples are
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collected once after diagnosis to assess stress levels before
diagnosis.

Symptoms, Functional Status, General Health
Perceptions, and Overall HRQOL

Traditionally, PROs like symptoms, functioning, and HRQOL
have been captured after cancer treatment by questionnaires,
like the European Organisation for Research and Treatment of
Cancer QLQ-C30 (66). More recently, increasing attention has
been drawn to assess PRO symptoms during cancer treatment
(67). Patients complete an online symptom diary that generates
alerts when exceeding a threshold for a particular symptom.
This alert is forwarded to the patient and/or health-care pro-
vider to introduce more timely intervention. This is known to
result in lower symptom grades, improved HRQOL and survival,
and fewer hospital admissions (68). In PROFILES, we can moni-
tor side effects using the integrated SYMPRO web application
that is linked to a website with the latest systemic therapies
and their known side effects (69). From diagnosis until follow-
up, patients complete a list of cancer-specific symptoms.
SYMPRO provides patients with information on possible side
effects, a digital symptom diary, alerts, and data feedback to
patients and health-care providers.

Research shows that impairments in memory, attention,
clarity of thought, executive functioning, and information proc-
essing speed among cancer patients have a considerable impact
on everyday life (70-72). In PROFILES, cognitive functioning is
assessed with the Amsterdam Cognition Scan, an online neuro-
psychological test battery that measures a broad variety of cog-
nitive functions like attention, information processing, learning
and memory, executive functioning, and psychomotor speed
(73,74). 1t is preferably applied before and after treatment to
measure the unique impact of treatment on cognitive
functioning.

Methodological and Statistical Developments
and Challenges

Online Questionnaires

Although PROFILES has been designed to facilitate completion
of online questionnaires (7), patients are still given the opportu-
nity to participate on paper. This allows us to reduce the digital
divide (62) and obtain optimal generalizability of findings.
Nevertheless, in the past years, we have observed a steady in-
crease of 35% to 50% of patients who prefer to complete ques-
tionnaires online. The COVID-19 crisis stimulated people to use
online solutions for everyday life and health-care issues (63)
and further stimulated online completion rates.

Patient Engagement, Cohort Retention, and Return of
Individual Results

Recently, there has been an increasing focus on patient involve-
ment in prioritizing research questions and conducting re-
search. PROFILES recently established a formal partnership with
the Dutch Federation of Cancer Patient Organizations to main-
tain a dialogue on prioritization of research questions. Also,
PROFILES has a patient in its advisory board and involves
patients in the development of interventions, questionnaires,
and feedback of results.

There is a growing demand by patients to gain access to
their individual results (64,75-77). Returning individual PRO
results enables patients to monitor their functioning and to rec-
ognize and be aware of symptoms. Furthermore, it offers
patients the opportunity to compare their scores with peers (75)
to evaluate if their scores are normal, discuss them with their
health-care practitioner, and incorporate this information into
personal decision making (76). In addition, return of individual
results may also be an incentive for cohort retention. In
PROFILES, a system for return of individual results was devel-
oped. If preferred, patients can compare their scores to age- and
sex-matched survivors of the same cancer type and to an age-
and sex-matched normative population without cancer (75,78 ).
Furthermore, the Eetmeter provides personalized feedback
about what participants ate or drank and whether that matches
the current guidelines to patients who complete the food diary
(79). SYMPRO provides an overview of the course of side effects
over time, including complaints that have triggered alerts.

Statistical Challenges and Opportunities

Combining PRO data with data from the cancer registry, phar-
macy, activity trackers, blood draws, hair samples, food diaries,
cognitive tests, and weighing scales requires statistical model-
ing approaches that can handle high-dimensional longitudinal
data, in presence of blocks of missing values. Furthermore, to
understand the effect of the different exposures on multiple
outcomes, a multivariate approach is needed. For high-
dimensional multivariate data, regularized graphical models
and dimension reduction techniques have been shown to be
particularly useful and are often named as the way to go (80).
Dimension reduction techniques that jointly account for the
correlation between exposure variables and the correlation of
these variables to the outcomes like sparse partial least squares
and sparse principal covariates regression have been success-
fully applied in many contexts where data were of a high-
dimensional and multivariate nature. Major advantages are
that they give insight in the pathways at play and are less prone
to overfitting. The multiple variables are summarized by a lim-
ited number of dimensions that represent the underlying fac-
tors or pathways giving rise to the correlations between
exposure variables.

As sparse partial least squares approaches have been mainly
developed in the context of genomics where data are usually
complete and not of a longitudinal nature, further develop-
ments are needed to adapt these methods to integrate various
biological processes with environmental and behavioral factors
in relation to disease onset, progression, and outcomes.

Dissemination

Open Data

Sharing data within and outside a specific discipline increases
collaboration, can push boundaries, and leads to new crosscut-
ting insights. Also, it improves confidence in findings (81).
Finally, by sharing, data are used more extensively, which
decreases patient burden and increases the efficiency of re-
search resources. PROFILES data are freely available according
to the FAIR (Findable, Accessible, Interoperable, Reusable) prin-
ciples (82) for noncommercial scientific research, subject only to
privacy and confidentiality restrictions.
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PROFILES data is made available through Questacy and can
be accessed through the website (www.profilesregistry.nl) (83).
To arrange optimal long-term data warehousing and dissemi-
nation, PROFILES follows the quality guidelines that are formu-
lated in the Data Seal of Approval (www.datasealofapproval.
org), developed by Data Archiving and Networked Services (The
Hague, the Netherlands). Since 2011, 53 researchers from 7
countries (the Netherlands, United States, Sweden, United
Kingdom, Australia, New Zealand, and Singapore) used
PROFILES data.

Open Use of Infrastructure

The PROFILES registry is unique by also sharing its infrastruc-
ture for data collection. Various Dutch universities and hospi-
tals integrated the PROFILES management system in their daily
data collection routine. Data managers are trained in using the
application, and research groups receive support like knowledge
and experience with instruments, optimal invitational
approaches, and patient engagement. This, for example, sup-
ported the development of the Dutch nationwide comprehen-
sive gastrointestinal (esophageal, pancreas, and colon cancer)
cohorts (14). Currently, the PROFILES approach is being copied
in other countries where the PROFILES team advises colleagues
about setting up and implementing similar infrastructures. The
Royal Marsden Cancer Hospital in London has been using
PROFILES since 2019, which stimulates collaboration in the
study of rare cancers and enables comparison between the
English and Dutch cancer care (84,85).

Discussion

Cancer survivorship registries that include a multidomain data
collection facilitate the investigation of trajectories of changing
PROs (decline and recovery) among cancer survivors. This
knowledge is critical to develop follow-up guidelines, new treat-
ment strategies, and other interventions that improve care and
outcomes for survivors (86). Unfortunately, only a few exist.
This is probably because of the high investment in both time
and money involved in the development and long-term contin-
uation, which is far greater than can be financed with the usual
grants for research projects. It is probably also for this reason
that most studies do not include a longitudinal data collection
in a normative population. Fortunately, there are an increasing
number of national, but also European, developments that en-
able start-up and maintenance of these kinds of large infra-
structures for studies. Recently, the European Union and
European Federation of Pharmaceutical Industries and
Associations (a public private partnership) have launched the
Big Data For Better Outcomes Program that aims to improve
health outcomes and health-care systems by maximizing the
potential of Big Data. In the field of oncology, the disease-
specific HARMONY (www.harmony-alliance.eu) and PIONEER
(prostate-pioneer.eu) projects are funded to establish big data
platforms for hematological and prostate cancer survivors,
respectively.

There are several challenges and lessons learned from the
PROFILES registry that could be of benefit for other cohorts and
registries as well. When setting up or linking cohorts or regis-
tries to obtain multidomain datasets, it is important that there
is a conceptual framework or model, to avoid collecting data
that is ultimately not used to answer research questions.
Further, a representative inclusion of patients is highly
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desirable for the generalizability of findings and relevance to
daily clinical practice. However, even population-based studies
like PROFILES have been influenced by selective participation
(11). Decreasing this selective participation is a major challenge.
Offering questionnaires on paper, besides online question-
naires, is an important means to reduce the digital divide and
thus selective participation. Also, ambulatory or at home
assessments of variables associated with changes in patient
outcomes potentially decrease selective participation. They also
decrease patient and clinical burden. Further, making sure that
health-care providers must do the absolute minimum to enroll
patients decreases clinical burden and increases the number of
patients included in studies. In this light, linkages of existing
registries or studies are considered increasingly important be-
cause they decrease registration burden. Cohort retention
(keeping patients engaged in studies over several years) is chal-
lenging as well. An important lesson we have learned is that re-
turn of individual results not only may empower patients but
can also be an incentive for cohort retention. Another major
challenge of cancer survivorship research is to determine the
functional impairment and symptom burden after cancer be-
yond normal aging and comorbidity. Our lesson learned is that
comparison to an age- and sex-matched normative population
is very important in the interpretation of findings. Longitudinal
tracking of a normative population is therefore imperative.

Data sharing is a responsibility we have as a research com-
munity to reduce patient burden and use research resources
more efficiently. Sharing PROFILES data and the infrastructure
for data collection increased the knowledge on cancer survivor-
ship in a very efficient way. Not only directly, by having more
output, but also indirectly, because it led to new collaborations,
new ideas, and new insights. Finally, a multidisciplinary team
of clinicians, epidemiologists, health scientists, psychologists,
and statisticians or data scientists is needed to address the in-
terdisciplinary research questions.

Ultimately, knowledge derived from multidomain registry
studies can 1) support informed and shared decision making in
which HRQOL can be balanced against the expected survival; 2)
give direction to surveillance of survivors who are at high risk
for late consequences of cancer treatment; 3) help develop
interventions aimed to improve care across the cancer survivor-
ship continuum; 4) help patient organizations dedicate their
efforts to get facilities for cancer survivors to optimize social re-
habilitation; and 5) offer patients the opportunity for self-
tracking their personalized health and improve patient empow-
erment (87). This is much needed as we face a steep increase of
the number of cancer survivors of whom a large proportion
experiences long-term and late effects of cancer and its treat-
ment, negatively impacting healthy aging and burdening public
health.
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