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Abstract

Purpose Digital self-management interventions can aid cancer survivors with psychosocial, emotional, physical, and lifestyle
support needs, but usage is relatively low due to a lack of awareness and reimbursement. Additionally, there are concerns
about e-health exacerbating existing health disparities. To enhance the uptake of digital self-management interventions, the
OncoAppstore was launched—a landing page on a well-known Dutch platform that offers cancer survivors credits to pur-
chase these interventions. It is unknown to what extent the nature of the OncoAppstore will influence uptake and appeal to
a diverse group of cancer survivors. The current study therefore aimed to explore sociodemographic, clinical, income, and
healthcare usage factors associated with its early uptake among survivors.

Methods OncoAppstore usage data were combined with nationwide registry data from Statistics Netherlands, the Netherlands
Cancer Registry, and Dutch Hospital Data. Data were analysed descriptively, and differences between OncoAppstore users
and non-users were statistically tested using chi-square tests, Fisher’s exact tests, and Mann—Whitney U tests.

Results OncoAppstore users tended to have higher educational levels and incomes and were more likely to be female,
younger on average, and more often of Dutch origin compared to non-users. Users had higher primary and specialist mental
healthcare expenditures and lower expenditures on total healthcare, general practitioner, hospital, and pharmaceutical care.
Conclusion The early users of the OncoAppstore appear to be a selective group of cancer survivors as they are primar-
ily individuals with high socioeconomic status. Thus, consistent with other e-health research, the same user patterns are
observed. Future research should investigate whether this trend persists after a longer period and what is needed to better
reach underrepresented groups.
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Introduction

As cancer survival rates continue to rise, the number of
individuals living with the long-term effects of cancer
disease and treatment, such as fatigue, fear, depression,
cognitive issues, and neuropathy, is also increasing [1, 2].
Consequently, there is a growing need for psychosocial,
emotional, physical, and lifestyle support. While some
support is available, it is often constrained by factors like
specialist availability, financial resources, and facilities.
Previous studies have shown that a large group of cancer
survivors (i.e. those living with cancer from the time of
diagnosis until the end of their life [3]) do not receive the
needed support and have unmet healthcare needs [4—6].

An efficient and effective manner to provide psychoso-
cial or lifestyle support and to help survivors with their
(disease and treatment-related) needs is through digital
self-management interventions. Many effective digital
self-management interventions have been developed,
such as interventions to monitor health-related quality
of life or provide psychosocial, physical, emotional, and
lifestyle support for cancer survivors [7-10]. Digital self-
management interventions have been proven effective in
improving a range of health outcomes, including symptom
burden, pain complaints, lifestyle, psychological adjust-
ment, and overall quality of life, as well as reducing side
effects of the disease and treatment such as cancer-related
anxiety, fatigue, or depressive symptoms [5, 7, 11-13].
Despite the potential benefits of digital self-management
interventions, multiple challenges to their uptake exist.
First, many cancer survivors are unaware of their existence
and proven benefits. Second, there is a general reluctance
among cancer survivors to invest in these digital tools,
as they are generally unwilling or unable to pay for pro-
grams that come with a cost [14, 15]. Third, reimburse-
ment remains a barrier: in the Netherlands, there is cur-
rently no structural funding mechanism, and consequently,
no reimbursement schemes exist for platforms such as the
OncoAppstore [14, 15]. Finally, some survivors perceive
them as being inferior to in-person support from health-
care providers [15]. Likely influenced by these challenges,
only a small number of cancer survivors have used digital
self-management interventions [15].

Furthermore, there are large differences in e-health
usages among different groups of users. For example,
women are more likely to search for health information
online and to use mobile applications [16-27]. Other
research suggests that higher age, lower income, lower
education, living alone, and residing in rural areas (i.e.
with less healthcare in proximity) are associated with
lower e-health use, while findings on e-health usage among
racial and ethnic groups remain mixed [16-25, 28-32].
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Multiple scholars expressed their concerns about digital
interventions exacerbating health disparities, primarily
benefiting individuals with more resources [16-23, 29].

In July 2023, the OncoAppstore was launched in the Neth-
erlands to enhance the uptake of digital self-management
interventions among cancer survivors and their relatives. The
OncoAppstore is a landing page on ‘Kanker.nl’ (in English:
Cancer.nl)—a well-known platform in the Netherlands—and
serves as a central hub that provides evidence-based digital
self-management interventions [33]. The platform’s primary
aim is to enhance and simplify access to evidence-based self-
management interventions for cancer survivors [34]. Users
of the OncoAppstore are provided with a temporary personal
digital health credit of 100 euros, eliminating financial bar-
riers. This credit allows them to access a curated selection
of high-quality digital interventions. Potential users are
informed about the credit on the platform.

It is unknown to what extent the nature of the OncoApp-
store—being offered on a well-known platform with a selec-
tion of high-quality interventions and providing a digital
health credit—will influence uptake among cancer survi-
vors and appeal to a diverse group of survivors. It could be
the case, for example, that individuals with lower income
will make more use of digital self-management interven-
tions once the financial barrier is removed or that females
will use it more as they are more likely to search for health
information online and to use apps [16-27]. Therefore, this
exploratory study aims to examine the early uptake of the
OncoAppstore and to explore sociodemographic, clinical,
income, and healthcare usage factors associated with its
uptake among cancer survivors, by comparing users of the
OncoAppstore with the general population of cancer survi-
vors (non-users).

Method

Study setting

The OncoAppstore is an initiative of three Dutch cancer-
related organizations: The Netherlands Comprehensive
Cancer Organization (Dutch abbreviation: IKNL), the
online platform ‘Kanker.nl’, and the Cancer Society (Dutch
abbreviation: KWF) [35]. IKNL is the quality institute for
oncological and palliative research and practice in the Neth-
erlands [36]. ‘Kanker.nl’ is a well-known platform among
cancer survivors and healthcare professionals with over
1,000,000 visits per month [37]. It provides information
and support and is a forum for cancer survivors and their
relatives [38]. KWF is an organization that aims to facili-
tate cancer research, influence policy, and share knowledge
[39]. KWF temporarily provides the digital health credit to
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OncoAppstore users; a doctor or practitioner referral is not
required. Those interested in using the OncoAppstore must
create a personal account on Kanker.nl. Once registered,
they can claim the digital health credit to purchase inter-
ventions [40].

IKNL, Kanker.nl, and the Dutch Public Health Service
(Dutch abbreviation: GGD GHOR) have tested all interven-
tions offered in the OncoAppstore for usability, reliability,
scientific foundation, and privacy protection. The testing was
carried out using the GGD test method for digital applica-
tions [41]. The OncoAppstore offers various interventions
to support individuals with challenges caused by the disease
and its treatment. These include a decision-making aid for
those considering (additional) treatment options, mental
health support for those dealing with issues such as depres-
sion, low self-esteem, and fear of recurrence, as well as
interventions to help improve physical health [33].

KWEF, IKNL, Kanker.nl, and the organizations responsi-
ble for the interventions promote the OncoAppstore through
social media campaigns and digital newsletters. Information
is available on the websites of several cancer patient organi-
zations and hospitals, and promotional material is being
distributed via the waiting rooms of general practitioners in
several municipalities within the Netherlands. This contrib-
utes to the awareness of digital self-management interven-
tions among cancer survivors. Furthermore, presentations
and other events for healthcare professionals are being held.

Study design, data sources, and study measures

This study is part of the broader OncoAppstore research,
which investigates the OncoAppstore and consists of multi-
ple studies. The methods and related studies can be found in
a protocol paper [42]. The study was submitted and exempt
from review by the Medical Research Ethics Committee
Brabant (NW2022-42), as this study is not subject to the
Dutch Medical Research Involving Human Subject Act. The
current exploratory observational study combines data from
three different sources into a single dataset.

The first data source is IKNL. Individuals interested in
using the digital health credit on the national online cancer
platform Kanker.nl were invited to voluntarily participate in
scientific research. Those who agreed received an informa-
tion letter and informed consent form from IKNL. By digi-
tally signing the consent form, participants also consented
to their data being linked with data from Statistics Nether-
lands (SN, Dutch abbreviation: CBS) and the Netherlands
Cancer Registry (NCR, Dutch abbreviation: NKR) in com-
pliance with the European General Data Protection Regula-
tion [43]. IKNL provided information about which cancer
survivors have used the OncoAppstore (i.e. those who have
purchased at least one intervention and provided informed
consent) between July 2023 and October 2024. Data on

cancer diagnosis and year of diagnosis for OncoAppstore
users were obtained from the NCR, which is managed by
IKNL [44-46].

The second data source was the National Basic Hospi-
tal Care Register data obtained from Dutch Hospital Data
(DHD), which contains information on cancer diagnoses.
DHD is an organization that collects, manages, and edits
hospital data [46, 47]. The National Basic Hospital Care
Register contains information on hospital admissions and
associated diagnoses in Dutch hospitals of individuals reg-
istered in the Dutch Personal Records Database based on
ICDI10 codes [46]. The study used Dutch Hospital Data
from 2018 to 2022 (the most recent year of which data
were available) to include all individuals admitted to the
hospital at least once with a cancer diagnosis (ICD10
codes C00—C97, excluding C44) [44] to be able to com-
pare OncoAppstore users with the general population of
cancer survivors (non-users). The year of diagnosis was
determined based on the first time individuals were admit-
ted to the hospital for a cancer diagnosis. The year of diag-
nosis and type of non-users diagnosed before 2018 or after
2022 could not be determined as no data were available.
Individuals who were deceased before the launch of the
OncoAppstore (July 2023) were filtered out and excluded
from the analyses.

The third data source was the System of Social Statis-
tical Datasets from Statistics Netherlands [48, 49], which
provides data on socio-demographics, income, healthcare
usage, and care proximity. The System of Social Statistical
Datasets is a standardized system of interlinked registers and
surveys that contains information on persons, households,
jobs, benefits, education, hospitalizations, and more [49].
Researchers can access these data via remote access, granted
under strict privacy-securing conditions [49].

The OncoAppstore usage data of IKNL, the NCR data,
and the DHD were uploaded to the remote access environ-
ment of Statistics Netherlands and linked to the Statistics
Netherlands data. Statistics Netherlands replaced all per-
sonal identifiers from all data sources with an anonymous
key, called a PIN (personal identification number), to link
the data before sharing it with researchers, in order to protect
the privacy of individuals and prevent direct identification
[49]. Also, the output of the researchers is checked by Sta-
tistics Netherlands to ensure the privacy and anonymity of
participants.

The variables used from Statistics Netherlands are
described below.

Sociodemographic and income-related characteristics
The sociodemographic and income-related data included

gender (male or female), age (in years), level of educa-
tion, country of origin, income, benefits, and debts. These

@ Springer
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variables were included in the analysis because differences
between OncoAppstore users and non-users were expected
based on these characteristics. Research has shown that indi-
viduals with a low socioeconomic status, a migrant back-
ground, or older age often experience greater difficulties in
independently searching for, accessing, understanding, and
utilizing e-health interventions. Also, women are more likely
to search for health information online and to use mobile
applications [16-27]. Results on the influence of ethnicity
are mixed [28, 32].

Education level was classified as high, middle, and low,
according to Statistics Netherlands’s categorization [50].
Country of origin was categorized into three groups: (1)
Netherlands, (2) Europe (excluding the Netherlands), and
(3) Outside of Europe [51]. The income of individuals was
based on standardized household income compared with
other households, excluding those of students. The study
classified household incomes into three income classes: low
income (percentile O to 40), middle income (percentile 40
to 80), and high income (percentile 80 to 100) based on
the classification of Statistics Netherlands. Also, an analysis
was conducted to determine whether individuals aged 66
years or younger received benefits (i.e. unemployment ben-
efits, disability benefits, social assistance benefits, or other
social security benefits). Only individuals under the age of
67 were included, as everyone in the Netherlands receives
public pension benefits starting at the age of 67. Individual
debts were assessed by checking whether individuals were in
debt restructuring, were health insurance defaulters, or both
(as a proxy for financial distress). Individuals who received
a debt rescheduling order under the Natural Persons Debt
Rescheduling Act 34 were considered to be in debt restruc-
turing [52]. Health insurance defaulters were adults regis-
tered in the Personal Records Database who were obliged
to take out insurance under the Healthcare Insurance Act
but had not paid a premium for their primary insurance for
at least 6 months and were subject to the administrative law
premium regime.

Healthcare expenditures and reception of additional care

In the analysis, data on healthcare expenditures and the
usage of additional care were included, as these factors
are closely related to health status and can be linked to the
likelihood of using e-health interventions. Research indi-
cates that individuals with greater health needs are more
likely to use health information technology, and those with
poorer health tend to search for health information online
more frequently than their healthier peers [16, 53, 54]. While
not direct indicators of health status, healthcare expendi-
tures and the use of additional care are closely associated
with individuals’ health status and care utilization patterns.
Including these variables allows for a better understanding

@ Springer

of potential differences between OncoAppstore users and
the general population. The total healthcare expenditures of
individuals were analysed, together with different categories
of healthcare expenditures, including general practitioners’
care, hospital care, paramedical care, primary and specialist
mental healthcare, and pharmaceutical expenditures. These
expenses were calculated for the year prior to the year of
diagnosis of an individual. For example, if an individual
was diagnosed with cancer in 2021, the expenses for the
year 2020 were calculated. However, this analysis could
not be conducted for non-users diagnosed before 2018 or
after 2022, as data on the year of diagnosis were unavail-
able beyond this point. As a result, comparisons between
users and non-users were limited to those diagnosed between
2018 and 2022. The differences in healthcare expenditures
between years were corrected for inflation based on Con-
sumer Price Indexes[55].

In addition, it was analysed whether individuals received
care under the Social Support Act, which is care provided by
municipalities responsible for assisting people who cannot
independently arrange the care and support they need [56].
The Social Support Act aims to help people live at home for
as long as possible. Furthermore, we analysed whether indi-
viduals received care under the Long-Term Care Act [58].
The Long-Term Care Act regulates heavy, intensive care for
vulnerable older adults, people with disabilities, and people
with mental illness [57].

Proximity of care

Proximity of care was included in the analysis, as individu-
als in rural areas tend to use e-health less frequently, and
healthcare proximity is closely linked to the rurality of their
residence [30, 31]. To determine healthcare proximity, the
distance between a person’s home address and the nearest
general practitioner and hospital was measured. The average
number of general practitioners and hospitals within a 5-km
radius of their homes was also calculated.

Table 1 provides a summary of the study measures from
the three different data sources.

Statistical analysis

First, all data were linked using R statistical software (ver-
sion 4.2.3). Statistical analyses were then performed using
SPSS (version 25) [58]. Descriptive analyses were per-
formed to examine the distribution of variables for both
OncoAppstore users and non-users. Statistical analyses were
then conducted to determine whether any differences in the
variables between the two groups, as outlined in Table 2,
were statistically significant. Mann—Whitney U tests were
conducted to assess the association between OncoAppstore
usage and the continuous variables. Chi-square tests were
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Table 1 Summary of study measures

Source* Category Measures Year of data included

IKNL OncoAppstore (OS) usage OS user 2023-2024

IKNL (NCR) Clinical data of OS users Year of diagnosis and cancer type 2018-2024

DHD Clinical data of the general popu- Year of diagnosis, cancer type 2018-2022

lation of cancer survivors

SN Sociodemographic characteristics Gender, age, level of education, country of origin n.a

SN Income, benefits, and debts Standardized household income, benefits, debts (i.e. restructuring 2023
and/or health insurance defaulters)

SN Healthcare expenditures Total healthcare expenditures, expenditures for general practition- 2017-2021 (year prior to
ers’ (GP) care, hospital care, paramedical care, primary and year of diagnosis was
specialist mental healthcare, and pharmacy used)

SN Additional care reception Care under the Social Support Act, Care under the Long-term 2023
Care Act

SN Proximity of care Distance between home address and the nearest GP and hospital, 2022

number of GPs and hospitals within a 5-km radius of home

*IKNL, The Netherlands Comprehensive Cancer Organization; NCR, Netherlands Cancer Registry; DHD, Dutch Hospital Data (DHD); SN, Sta-
tistics Netherlands

Table 2 Study characteristics and results of the analyses of the sociodemographic variables and year of diagnosis (N=261.684)

OS users Non-users p-value! Missing OS users / non-users
(N=307) (N=261.377) n (%)

Age 56.5 (10.5) 68.3 (13.3) <.0071%#s#* 0(0%) /0 (0%)

Gender <.0071%#s#* 0(0%) /0 (0%)

Male 64 (20.8%) 120,114 (46.0%)

Female 243 (79.2%) 141,263 (54.0%)

Educational level <.001%#s#* 82 (26.7%) / 104.471 (40.0%)

Low <10 (<4.4%)* 33,908 (30.3%) <.0071%#%*

Middle >68 (>30.3%)> 43,495 (38.9%) .012%

High 147 (65.3%) 34,503 (30.8%) <.001%#%*

Country of origin .002%:* 0(0%) /0 (0%)

The Netherlands 280 (91.2%) 218,896 (83.7%) <.001%#%*

Europe (excl. the Netherlands) 13 (4.2%) 17,022 (6.5%) .106

Outside Europe 14 (4.6%) 25,459 (9.7%) .002%*

Year of diagnosis® <.00] %% 0(0.0%) /0 (0%)

2018 18 (12.9%) 49,145 (18.8%) .072

2019 17 (12.1%) 50,268 (19.2%) .033*

2020 16 (11.4%) 48,295 (18.5%) .032%

2021 31 (22.1%) 55,159 (21.1%) 763

2022 58 (41.4%) 58,510 (22.4%) <.001%##*

Continuous variables presented as mean with SD, and categorical variables presented as counts with percentages. OS: OncoAppstore. Signifi-
cance levels: *** = p < .001, ** = p < .01, ¥ = p < .05. 'P-values in rows of category names indicate overall significance of the variable.
P-values in rows of different categories indicate significance of a category compared to all other categories. P-values for categorical variables are
based on Chi-square tests and Fisher’s exact tests (see Method, section Statistical analysis). P-values for continuous variables are based on Mann-
Whitney-U tests. 2All values <10 and the corresponding percentages, together with the value and percentage of another category (i.e. ‘Middle’)
are reported this way in accordance with SN guidelines to prevent disclosure risk. *As there were no data available of non-users for 2023 and
2024, these years were excluded from the statistical analysis.

conducted to investigate whether the categorical variables  less than 80% of expected frequencies were greater than
were differently distributed between OncoAppstore users ~ 5—thus violating an assumption of the chi-square test—a
and non-users. In one case (i.e. the ‘debts’ variable), where Fisher’s exact test was conducted. For the three variables
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that had three categories or more with significant differences
between OncoAppstore users and non-users, additional
tests were performed to assess in which of the categories
the difference existed. This was done for the variables ‘edu-
cational level’, ‘income’, and ‘year of diagnosis’. To this
end, a dummy variable was created for every category that
indicated whether a person belonged to that particular cat-
egory or not (e.g. highly educated or not). For every dummy
variable, a chi-square test was conducted to test whether the
dummy category was associated with OncoAppstore usage.
This indicates whether, for example, the percentage of highly
educated OncoAppstore users differs significantly from the
percentage of highly educated non-users.

Results
Study characteristics

In total, 368 individuals who used the OncoAppstore
gave permission for their data to be used anonymously
for scientific research. Twenty-eight cases could not be
linked, likely due to typographical errors in the linking
information, such as date of birth and changes in postal
code over the years. Additionally, 29 users were excluded
for not meeting the inclusion criteria; they were either
diagnosed before 2018 (n=18) or had a cancer type out-
side the specified range of ICD-10 codes (n=11). This
resulted in 307 users who were compared to the 261.377
non-users that met the inclusion criteria. The most com-
mon cancer types were breast (53.8% in the user group

and 21.6% in the non-user group), digestive system (10.8%
and 20.6%), lymphoid hematopoietic and related tissue
(7.5% and 8.4%), male genital tract (7.2% and 11.9%),
female genital tract (6.6% and 6.1%), respiratory system
and intrathoracic organs (5.2% and 7.2%), and kidney and
urinary tract (3.3% and 9.1%). Of the 307 OncoAppstore
users, 121 were diagnosed in 2023 and 46 in 2024. The
distribution of diagnosis years from 2018 to 2022 is shown
in Table 2, along with other user characteristics. Data for
2023 and 2024 are not included in the table, as no general
population data were available for these years. The results
of the statistical analyses are presented in Tables 2, 3, and
4 and further detailed below.

When considering sociodemographic and clinical vari-
ables (Table 2), OncoAppstore users were significantly
younger compared to non-users (M =56.5, SD=10.5 vs.
M=68.3, SD=13.3, p<0.001). Additionally, gender
was significantly associated with OncoAppstore usage
(»<0.001). The user group consisted of more females than
non-users (79.2% vs. 54.0%). Also, there was a significant
association between educational level and OncoAppstore
usage (p <0.001). There were significantly more individu-
als with a ‘High’ and significantly fewer individuals with a
‘Middle’ or ‘Low’ educational level in the user group com-
pared to non-users (p <0.001; p=0.012; p <0.001, respec-
tively). There was also a significant influence of country of
origin on OncoAppstore usage (p =0.002), with users more
frequently originating from the Netherlands (p <0.001) and
less frequently from outside Europe (p =0.002) compared
to non-users. Furthermore, the year of diagnosis was sig-
nificantly associated with OncoAppstore usage (p <0.001).

Table 3 Study characteristics

OS users (N=307)  Non-users (N=261.377)  p-value® Missing OS users / non-users
and'results of the anal)fses of n (%)
the income-related variables
(N=261.684) Income
Low 45 (14.7%) 102.059 (39.8%) <.0071%#%*
Middle 132 (43.0%) 104.722 (40.9%) 445
High 130 (42.3%) 49.546 (19.3%) <.001%#%*
Benefits® .824 0 (0%); 2.016 (1.5%)
No 181 (65.0%) 84.406 (65.0%)
Yes 100 (35.0%) 45.360 (35.0%)
Debts 547 0(0.0%) /0.0 (0.0%)
No >297 (>96.7%)° 259,837 (99.4%)
Yes <10 (<3.3%)° 1540 (0.6%)

Categorical variables presented as counts with percentages. OS, OncoAppstore. Significance levels:
*kkp <0.001. *p-values in rows of category names indicate overall significance of the variable. p-values
in rows of different categories indicate significance of a category compared to all other categories. p-val-
ues for categorical variables are based on chi-square tests and Fisher’s exact tests. "Benefits: unemploy-
ment, disability, social assistance, or other social security benefits. Only individuals aged <67 years were
included in this analysis (OS users n=281, non-users n=131.782). “Debts: Undergoing debt restructuring
and/or being a health insurance defaulter. All values < 10 and the corresponding percentages, together with
the value and percentage of another category (i.e. ‘No debts’) are reported this way in accordance with SN

guidelines to prevent disclosure risk
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Table 4 Study characteristics and results of the analyses of the healthcare expenditures and usage, and proximity of care variables (N=261.684)

OS users (N=307) Non-users(N=261.377) p-value®

Healthcare expenditures and usage

Missing OS users / non-users (%)

Total healthcare expenditures 2559.3 (5350.7)

General practitioner (GP) care expenditures 171.9 (79.3)
Hospital care expenditures 1465.3 (3918.8)
Primary mental health care expenditures 46.8 (250.0)
Specialist mental health care expenditures 581.2 (3718.3)
Paramedical care expenditures 47.3 (221.5)
Pharmaceutical expenditures 203.6 (442.5)
Care receival under the Social Support Act

No 292 (95.1%)
Yes 15 (4.9%)

Care receival under the Long-term Care Act

No >297 (>96.7%)°
Yes <10 (<3.3%)°

Proximity of care

Distance from home to the nearest hospital (in 7250.1 (5040.7)

meters)
Distance from home to the nearest GP (in meters)  977.0 (711.7)
0.58 (0.8)

15.80 (20.8)

Number of hospitals within five kilometers

Number of GPs within five kilometers

<.0071%#**
<.007]%#**

5235.6 (11295.9)
214.8 (154.3)

46 (15.0%) / 2.058 (0.8%)
46 (15.0%) / 2.058 (0.8%)

3593.5 (9526.5) <.001%%% 46 (15.0%) / 2.058 (0.8%)
11.8 (121.1) 007+ 167 (54.4%) / 2.058 (0.8%)"
158.2 (2290.5) 004%% 167 (54.4%) / 2.058 (0.8%)"
54.6 (296.5) 521 46 (15.0%) 1 2.058 (0.8%)
550.1 (2296.7) <.001%%% 46 (15.0%) / 2.058 (0.8%)
<.001#%% 0 (0.0%) /0 (0%)
221,683 (84.8%)
39,694 (15.2%)
001%% 0 (0.0%) /0 (0%)
252.245 (96.5%)
9132 (3.5%)
7623.6 (5850.1) 780 16 (5.2%) 1 24.425 (9.3%)
1070.5 (987.0) 887 16 (5.2%) 1 24.425 (9.3%)
0.56 (0.8) 762 16 (5.2%) 1 24.425 (9.3%)
14.4 (17.9) 561 16 (5.2%) 1 24.425 (9.3%)

Continuous variables are presented as means with standard deviation, and categorical variables are presented as counts with percentages. OS,
OncoAppstore. Significance levels: *##p <0.001, **p <0.01. ?p-value in rows of category names indicates overall significance of the variable.
p-values in rows of different categories indicate significance of a category compared to all other categories. p-values for categorical variables
are based on chi-square tests and Fisher’s exact tests. p-values for continuous variables are based on Mann—Whitney U tests. ®Data on primary
and specialist mental healthcare expenditures were not yet available for 2022, explaining the high number of missing values among OS users
(i.e. those diagnosed in 2023, for whom healthcare expenditures were calculated for 2022). “All values < 10 and the corresponding percentages,
together with the value and percentage of another category (i.e. ‘No receival’) are reported this way in accordance with SN guidelines to prevent

disclosure risk

OncoAppstore users were less often diagnosed in 2019 and
2020 and more often in 2022 than non-users (p =0.033,
p=0.032, and p <0.001, respectively).

When considering income and benefits (Table 3), the dis-
tribution of income significantly differed between users and
non-users (p <0.001). Users had significantly more often
a high income and significantly less often a low income
compared to non-users (p <0.001; p <0.001, respectively).
Furthermore, receiving benefits or having debts was not sig-
nificantly associated with OncoAppstore usage.

Regarding healthcare expenditures (Table 4), total health-
care expenditures (p <0.001), general practitioner expen-
ditures (p <0.001), hospital expenditures (p <0.001), and
pharmaceutical expenditures (p <0.001) were significantly
lower among users compared to non-users in the year before
diagnosis. Primary and specialist mental healthcare expen-
ditures were significantly higher (»p =0.007 and p =0.004
resp.) among users compared to non-users. There were no
significant differences in paramedical care expenditures.
Receiving care under the Social Support Act and receiv-
ing care under the Long-term Care Act were negatively
associated with OncoAppstore usage (p <0.001; p=0.001,

respectively), suggesting that OncoAppstore users were less
likely to use these additional forms of care. Regarding the
proximity of healthcare facilities, the groups did not differ
significantly in either the distance to the nearest GP and
hospital or the number of hospitals and GPs within 5 km of
their homes.

Discussion

This study aimed to compare users of the OncoAppstore
with the general population of cancer survivors diagnosed
between 2018 and 2022 based on sociodemographic, clini-
cal, income, and healthcare usage factors.

Regarding sociodemographic and income-related factors,
OncoAppstore users tended to have higher educational levels
and incomes, were more likely to be female, younger on
average, and more often of Dutch origin compared to non-
users. These findings indicate that the early uptake of the
OncoAppstore is predominantly driven by individuals with
higher socioeconomic status (SES), consistent with prior
research. For instance, [58] demonstrated that individuals
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with higher SES are the first to adopt and benefit most from
innovative technologies in health [59]. Other studies have
shown that individuals with lower SES are often harder to
reach for participation in digital interventions. In particu-
lar, digital self-management interventions are used less fre-
quently by those with lower educational levels and adults
over 65 years old [60, 61]. People with lower educational
levels and older people often have less e-health literacy (i.e.
the ability to use emerging information and communications
technologies to improve or enable health and health care)
[18]. Cancer survivors with lower digital literacy have less
access to and tend to gain less from online resources than
those with higher digital literacy [18, 62].These patterns
suggest that OncoAppstore users are likely able to engage
with the platform earlier because they possess the internal
and external resources (e.g. educational level, digital liter-
acy, income) that facilitate its proactive use.

Remarkably, a larger platform from a well-known source
that cancer survivors frequently engage with, where costs
are eliminated and awareness is widely spread, still seems to
attract the same type of cancer survivors as observed in pre-
vious studies on e-health interventions. While the introduc-
tion of the credit and the centralized, reliable platform may
have supported the use of digital self-management programs,
they do not appear to have provided a strong incentive for
potential lower-SES users to engage actively. Other factors—
such as personal circumstances, health status, or digital lit-
eracy—may have played a more influential role in deter-
mining uptake. Moreover, it is important to clarify that the
OncoAppstore is not meant to replace specific forms of care
or reach all potential users. Its primary purpose is to enhance
access to evidence-based self-management interventions
for cancer survivors who may benefit from them. While the
OncoAppstore currently appeals mainly to a specific group
of patients, those who use it may reduce their reliance on
formal healthcare services. This could potentially free up
capacity among healthcare professionals, allowing them to
focus more on individuals who are less able to address their
challenges through digital self-management interventions.
Whether this shift in healthcare utilization actually occurs
should be explored further in future studies.

Our findings show that users have higher primary and
specialist mental healthcare expenditures in the year before
diagnosis compared to non-users, likely because many apps
on the platform focus on mental well-being. This focus likely
attracts individuals who were already seeking treatment for
mental health-related issues. To fully interpret these and the
other significant findings on healthcare expenditures, addi-
tional information is needed.

In contrast to other research showing that cancer survi-
vors in rural areas use informational support applications
less frequently, the current study found no association
between OncoAppstore usage and the distance to healthcare

@ Springer

services [21]. This suggests that in the compact geography
of the Netherlands (i.e. a relatively small country with lim-
ited travel distances), OncoAppstore usage is not influenced
by healthcare service proximity. This could be different for
larger and more widely spread countries.

The current study has several strengths and limitations,
which will be discussed below. An important strength of
the study is the use of national registry data from Statistics
Netherlands, NCR, and DHD. These data are often repre-
sentative of the entire population, reducing selection bias.
Additionally, the data are well maintained, ensuring high
quality and accuracy. Furthermore, the OncoAppstore is
incorporated into the well-known platform Kanker.nl, with
a large reach among cancer survivors, that aims to promote
the usage of online interventions. It provided a very interest-
ing case to investigate the effects on usage among different
types of cancer survivors.

There are also some limitations. First, there are some
shortcomings in the data as mentioned in the Method sec-
tion. A total of 368 individuals used the OncoAppstore and
consented to the use of their data for scientific research.
This number represents approximately 10% of the 3,620
OncoAppstore users (further detailed in the paper by de
Korte et al.) [37]. However, some of these 3620 users are
relatives, cancer survivors diagnosed before 2018, or indi-
viduals who only requested the health credit without pur-
chasing an application and are therefore excluded from our
target population. The relatively small sample size and the
self-selection may have introduced bias, particularly if cer-
tain groups—such as women and individuals with higher
education levels—were more likely to consent to data shar-
ing. Furthermore, data on the year of diagnosis and cancer
type were obtained differently for users and non-users. NCR
data were used for users, while for the general population
of cancer survivors (non-users), NCR data were unavailable
to match a control group, so DHD data were used. Specifi-
cally, hospital admission records from 2018 to 2022 with a
cancer diagnosis were utilized to identify cancer survivors in
the general population and determine their year and type of
diagnosis. However, some individuals may have been diag-
nosed with cancer but not admitted to the hospital during
this period, for example, due to a wait-and-see approach to
treatment. These factors could have impacted the validity of
the data. Finally, the results were not adjusted for multiple
testing as it concerned explorative research. Some p-values
were close to the conventional threshold of 0.05, which calls
for cautious interpretation.

Based on the findings of this study, several implications
for policy and practice can be identified. It is important to
recognize that some cancer survivors may face barriers to
accessing digital self-management programs. Various strat-
egies can be employed to engage a more diverse group of
users, particularly those who are currently less engaged with
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the OncoAppstore. Active and tailored recruiting strategies,
such as face-to-face or personal contact, can be effective as
they help create a sense of security and increase engagement
[28, 61, 63, 64]. Another promising strategy might be to use
the social (i.e. relatives and healthcare professionals) and
existing local networks (i.e. community centers) of people
with lower SES [65, 66]. However, reaching individuals with
lower SES remains challenging as there is little evidence for
effective strategies to reach these individuals [63, 67]. Addi-
tionally, offering information and applications in multiple
languages and providing content in various formats (audio,
video, text) on the OncoAppstore could help increase usage
among culturally and linguistically diverse populations
[68—70]. Furthermore, ensuring that community sensitivities
are considered and using culturally relevant examples could
further enhance engagement [68, 71]. To attract individuals
with limited digital literacy, it would be helpful to increase
their digital literacy through (culturally tailored) educational
programs, and the OncoAppstore interventions should be
easily accessible and user-friendly [19].

Several directions for future research can be identified.
Firstly, future research could follow up on the current study
by including larger groups of OncoAppstore users, particu-
larly those who used it after the data collection period of
the current study to examine whether uptake patterns in this
group are different from the group of early users. This will
provide more comprehensive insights and determine if early
users differ from later users of the OncoAppstore. Future
research should also examine the effects of the OncoApp-
store on cancer survivors’ (perceived) health outcomes, qual-
ity of life, healthcare utilization, work ability, and lifestyle
factors. For example, longitudinal research could examine
these factors before and after OncoAppstore usage. Addi-
tionally, further research, including qualitative studies, can
be conducted to explore the perspectives and attitudes of
underrepresented groups of cancer survivors towards the
OncoAppstore. Also, future research can be conducted to
explore how the examined characteristics interrelate and
influence each other.

Conclusion

This study is the first to use nationwide registry data to
examine differences between users of a digital self-man-
agement intervention platform—one that offers high-
quality interventions, provides a digital health credit,
and comes from a well-known source—and the general
population of cancer survivors (non-users). Our findings
demonstrate that the OncoAppstore is currently used pre-
dominantly by highly educated, younger females with
high incomes, originating in the Netherlands. Despite the

platform’s large reach and the provision of a digital health
credit, some groups remain underrepresented. Still, the
OncoAppstore is not specifically designed to replace cer-
tain forms of care or reach all potential users. Its primary
goal is to enhance and simplify access to evidence-based
self-management interventions for cancer survivors. To
promote broader inclusivity and extend the platform’s
reach, targeted strategies could be implemented to engage
a more diverse group of cancer survivors. Additionally,
further research is needed to assess the OncoAppstore’s
initial effects on cancer survivors’ health, quality of life,
and healthcare utilization and to explore potential differ-
ences in uptake patterns between early and late adopters.
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