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Abstract

Background: The Dutch Institute for Clinical Auditing (DICA) Medicines Program was set up in September 2018 to evaluate
expensive medicine use in daily practice in terms of real-world effectiveness using only existing data sources.

Objective: The aim of this study is to describe the potential of the addition of declaration data to quality registries to provide
participating centers with benchmark information about the use of medicines and outcomes among patients.

Methods: A total of 3 national population-based registries were linked to clinical and financial data from the hospital pharmacy,
the Dutch diagnosis treatment combinations information system including in-hospital activities, and survival data from health
care insurers. The first results of the real-world data (RWD) linkage are presented using descriptive statistics to assess patient,
tumor, and treatment characteristics. Time-to-next-treatment (TTNT) and overall survival (OS) were estimated using the
Kaplan-Meier method.

Results: A total of 21 Dutch hospitals participated in the DICA Medicines Program, which included 7412 patients with colorectal
cancer, 1981 patients with metastasized colon cancer, 3860 patients with lung cancer, 1253 patients with metastasized breast
cancer, and 7564 patients with rheumatic disease. The data were used for hospital benchmarking to gain insights into medication
use in specific patient populations, treatment information, clinical outcomes, and costs. Detailed treatment information (duration
and treatment steps) led to insights into differences between hospitals in daily clinical practices. Furthermore, exploratory analyses
on clinical outcomes (TTNT and OS) were possible.

Conclusions: The DICA Medicines Program shows that it is possible to gather and link RWD about medicines to 4 disease-specific
population-based registries. Since these RWD became available with minimal registration burden and effort for hospitals, this
method can be explored in other population-based registries to evaluate real-world efficacy.

(J Med Internet Res 2022;24(6):e33446) doi: 10.2196/33446
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Introduction

Regulatory authorities approve the majority (76%) of new cancer
drugs based on evidence provided by randomized controlled
trials (RCTs) [1]. These RCTs have high internal validity and
are widely considered the gold standard for establishing the
efficacy of new drugs [2]. Many new cancer drugs have been
recently approved based on very specific patient groups,
surrogate outcomes, and lower patient numbers; these drugs are
increasingly approved in accelerated tracks [3,4]. The selected
patient groups and well-controlled setting of these RCTs has
led to criticisms of their external validity [5]. In addition, recent
research has shown that almost one-half of RCTs that applied
for marketing authorization for new cancer drugs in Europe had
a high risk of bias. This increased risk of bias was caused by
their design, conducted analyses, and conduct deficits [1].
Further, due to the increase in newly approved cancer and
rheumatic disease drugs, health care costs have increased. The
total expenditures by hospitals on expensive medicines in the
Netherlands reached €2.1 billion (US $2.2 billion) in 2019 [6].

Following market entry, new cancer drugs are prescribed to a
broader group of patients with different characteristics. This
leads to a gap in clinical outcomes evidence between RCTs and
the real world [7,8]. During routine clinical practice, real-world
data (RWD) are generated and registered in validated
population-based cancer registries. Clinical quality registries
are an important tool for quality assessment and improvement
in hospitals, consequently leading to demonstrable
improvements in patient outcomes [9]. Comparing the quality
of care across hospitals results in insights into differences in
outcomes, which can lead to improvements in care [9,10].
Furthermore, data from quality registries are used for outcomes
research and to study practice variation between centers using
quality indicators [11]. Besides clinical quality registries,
detailed administrative and declaration data are available
specifically on the use of (expensive) drug treatments. The
combination of these data in clinical quality registries, hospital
administrative data, and declaration data of drugs used in these
indications could be valuable to bridge the efficacy-effectiveness
gap.

Previous initiatives linked various databases on drugs to clinical
data. This linkage made it feasible to study drug use, health
resource use, costs, effectiveness, and the safety of medicines
[12]. However, a gap remains for recently approved expensive
cancer drugs.

To better understand the effectiveness of expensive cancer
medicines in a real-world population, the Dutch Institute for
Clinical Auditing (DICA) initiated the Medicines Program in
2018. The program aims to identify variation in use and clinical
outcomes of expensive medicines, provide postmarketing
authorization data, provide a tool for clinicians to benchmark
their practice on the use of expensive medicines, and stimulate
interactions between clinicians to share best practices. In this
program existing data sources were used. This study aims to
describe the potential for the addition of declaration data to
quality registries to provide participating centers with benchmark
information about the use of medicines and associated outcomes.

Methods

Ethics Approval
In compliance with Dutch regulations, the DICA quality
registries were approved by the medical ethical committee of
the Leiden University Medical Center and was not subject to
the Medical Research Involving Human Subjects Act.

Data Sources
Different existing data sources were used in the DICA Medicines
Program; these data sources were linked. The first data sources
were national population-based registries that are managed by
the DICA. The DICA is a nonprofit organization that facilitates
23 population-based registries on different disciplines and
diseases. These registries include information on clinical
characteristics but contain limited data on the use of medicines.
The DICA Medicines Program uses the Dutch Colorectal Audit
(DCRA) [10], the Dutch Lung Cancer Audit [13], and the
National Breast Cancer Organization Breast Cancer Audit
(NBCA) [14]. These quality registries include information on
patient, tumor, and treatment characteristics, and are used to
compare hospitals on structure, processes, and clinical outcomes
[15,16]. A previous study has shown that the data entered in
the DICA registries are accurate and complete [17].

The second data source was financial and administrative data,
including hospital pharmacies’ declarations of expensive
medicines for health insurers. These expensive medicines are
listed as expensive (>€1000 per patient per year, equivalent to
>US $1058.39) by the Dutch Healthcare Authority [18]. This
data source includes precise and valid information about the
diagnosis, date of prescription, dose, and quantity of a prescribed
drug. Administrative data from hospitals include declarations
for the reimbursement of expensive medicines. Only expensive
medicines that were relevant and related to the diagnosis were
linked to the clinical data.

The third data source includes the Dutch diagnosis treatment
combinations (DBC) information system, which contains
information on in-hospital activities, such as computerized
tomography (CT) scans, infusions, hospital admissions, day
treatments, and radiology treatments. The DBC information
system is used for the registration and reimbursement of hospital
and medical specialist care. This system was introduced in the
Netherlands to increase the transparency of care. Furthermore,
DBC information systems were initiated to create a supply-led
system, increase efficiency, and facilitate competition between
health care providers [19]. Because the DCRA and NBCA
quality registries only include patients undergoing surgical
operations, patients with metastasized cancers who do not
undergo surgical operations are missing. To include patients
with metastasized colorectal and metastasized breast cancer,
the DBC data were used and linked to the fourth data source.

The fourth data source was survival data from the national
claims database (VEKTIS) from health insurers [20]. VEKTIS
is the national insurance database, which contains administrative
data from Dutch national health care insurers, covering
approximately 17 million individuals. By adding this data
source, we could assess overall survival (OS) from diagnosis
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and the start of systemic therapy. Data were retrospectively
collected from patients treated from 2017 to 2020. Although
the DICA Medicines Program was established in 2018, data
from 2017 were available from the hospitals and were therefore
linked.

Data Linkage and Privacy
The first step in data linkage was identifying patients diagnosed
with colorectal cancer, lung cancer, breast cancer, and rheumatic
disease using the DBC information system. The DBC
information system is used for the registration and
reimbursement of health care in the Netherlands. The second
step was to identify whether these patients used relevant

expensive drugs, and the third step was to determine whether
these patients are registered in the national quality registry.
Information on the date of death from the VEKTIS database
was added for deceased patients (Figure 1). Data were linked
based on hospital patients’ ID. A third party pseudonymized
patient IDs. The results were visualized in dynamic web-based
dashboards in which (systemic) treatments were linked to
clinical parameters. Filters on patient and tumor characteristics,
clinical outcomes, and therapy varied for the different diagnoses,
depending on relevance. Furthermore, participating hospitals
were compared, and practice variation was visualized and
discussed to share knowledge on medical treatment differences.

Figure 1. Visualization of the patients included in our study and the different data sources used.

Statistical Analysis
The analyses in this manuscript are exploratory. Descriptive
statistics were used to assess patient, tumor, and treatment
characteristics. Time-to-next-treatment (TTNT) and OS were
estimated with the Kaplan-Meier method. Survival times were
calculated from the start of a systemic therapy until subsequent
treatment (TTNT) or until death from any cause (OS). Patients
who were alive or lost to follow-up were right censored at the
time of their last registered expensive medicine use. All the
statistical data were analyzed using R (version 4.0.2; R

Foundation for Statistical Computing) within the RStudio
environment (version 3.5.2; RStudio PB; packages tidyverse
[21], TableOne [22], Survminer [23]).

Results

Database
A total of 21 Dutch hospitals participated in the DICA
Medicines Program and were included in this study. Of these
hospitals, 9 were top clinical hospitals, 11 were peripheral

J Med Internet Res 2022 | vol. 24 | iss. 6 | e33446 | p. 3https://www.jmir.org/2022/6/e33446
(page number not for citation purposes)

Ismail et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


hospitals, and 1 was an academic hospital. The geographic
location of these hospitals is shown in Figure 2, which indicates
they are spread across the country. The DICA Medicines
database included a total of 7412 patients with colorectal cancer,

1981 patients with metastasized colon cancer, 3860 patients
with lung cancer, 1253 patients with metastasized breast cancer,
and 7564 patients with rheumatic disease.

Figure 2. A map of the Netherlands including the geographic location of the participating hospitals in the Dutch Institute for Clinical Auditing Medicines
Program (red dots).

Benchmarking
The DICA Medicines Program provides the ability to compare
results between hospitals to improve the quality of care
provided. Hospitals were provided with web-based dynamic
dashboards (Multimedia Appendix 1), continuously comparing
their data to the benchmark. The benchmark consisted of all
other participating hospitals. An example of benchmarking is
the use of systemic therapies at the end of life in patients with
metastatic colorectal cancer. This varied between hospitals from
4.2% (5/119) to 27.8% (5/18), with a median of 13.4%. The
dashboards also provide information on the type of systemic
therapy used at the end of life. A signaling function is included
in the dashboard if hospitals deviate from the benchmark
(Multimedia Appendix 2). Deviation from the benchmark was
defined as a ranked average calculated as follows: (Percentage

of cases within hospital X – Percentage of cases within the

benchmark)2 + Total number of patients in the benchmark.

Use of Medicines and Patient Characteristics
The linkage of different data sources led to new insights into
hospitals’use of medicines and patient populations. The patient
and tumor characteristics are listed for each medicine in the
dashboard as a table that hospitals can compile with available
variables. One of the participating hospitals discovered a
deviation from the benchmark in the percentage of mesothelioma
using the dashboard (Multimedia Appendix 3). This was 9.2%
(14/153) for the specific hospital, compared to only 18%
(105/3480) in the benchmark.
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Treatment Information
Linking clinical data to systemic treatment information also led
to detailed information for each medicine, such as treatment
duration in months and the number of cycles per patient. An
example is the number of courses of capecitabine and oxaliplatin
for the adjuvant treatment of colorectal cancer (Figure 3).
Furthermore, administrative data were used to visualize
treatment steps in Sankey diagrams in the dashboard, which

can be adjusted for specific filters on patient, tumor, and
treatment characteristics. Figure 4 shows the Sankey diagram
for patients with metastasized colon cancer who were treated
between 2017 and 2020. The dashboards also contain detailed
information on diagnostic imaging (CT and magnetic resonance
imaging scans), the number of consults (or teleconsults), clinical
admissions, and emergency room visits pre- and post treatment
for each medicine (Multimedia Appendix 4).

Figure 3. Number of courses of capecitabine + oxaliplatine for the adjuvant treatment of colorectal cancer patients per hospital.
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Figure 4. Treatment patterns in patients with stage III colon cancer treated between 2017 and 2020 (N=1668). The Sankey diagram shows the flow of
patients from the first treatment step to the second treatment step and from the second treatment step to the third treatment step. The width of the lines
corresponds with the number of patients. Systemic therapies with less than 5 patients are not displayed in this graph. Cap-B: Capecitabine plus
bevacizumab; Capox: Capecitabine plus oxaliplatin; Capox-B: Capecitabine plus oxaliplatin plus bevacizumab; Folfiri-B: Fluorouracil plus irinotecan
plus bevacizumab; Folfox: Fluorouracil plus oxaliplatin.

Clinical Outcomes
The DICA Medicines Program also provides hospitals with data
on clinical outcomes, such as TTNT and OS. Figure 5 shows
the TTNT of patients with metastasized lung cancer treated with
first-line pembrolizumab or pembrolizumab and pemetrexed

combination therapy. The median TTNT was 22.5 (95% CI
17.0, upper range not available) months and 14.9 (95% CI
12.4-21.6) months for pembrolizumab monotherapy and the
combination of pembrolizumab and pemetrexed, respectively.
The OS of these treatments is presented in Figure 5. Each
hospital’s outcomes are compared to the benchmark. It is also
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possible to compare clinical outcomes between treatments in
exploratory head-to-head comparisons for hospitals specifically

or the benchmark in specific patient populations.

Figure 5. (A) Time-to-next-treatment of lung cancer patients treated with first-line pembrolizumab or pembrolizumab + pemetrexed between 2017
and 2020 and (B) overall survival of lung cancer patients treated with first-line pembrolizumab or pembrolizumab + pemetrexed between 2017 and
2020.

Costs
Use of the financial and administrative database from hospital
pharmacies provided us with access to detailed information on
the costs of systemic therapies (total costs per treatment and

costs per patient) in certain subgroups. Hospitals can upload
their paid prices to the dashboard, which is then connected to
the medicine and patient information (Multimedia Appendix
5). Prices paid by other hospitals are not shown due to
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confidential agreements between pharmaceutical companies
and hospitals.

Discussion

Principal Findings
This paper reports on the initial results on the potential
applications of data from the DICA Medicines Program; in this
program, RWD are generated by linking 4 data sources,
including data from quality registries, financial pharmacy data,
in-hospital activities systems data, and reimbursement data from
21 Dutch hospitals. In this paper, we reported on the potential
of this program in terms of benchmarking, treatment
information, clinical outcomes, and costs. To be able to use the
data as benchmark information, the data were visualized in
web-based dashboards available to clinicians, insurers, and
researchers; this led to insights on medication use, clinical
outcomes, and costs without any additional registration burden
for hospitals. Benchmarking hospital performance is relatively
uncommon in the field of medical oncology in contrast to
surgical oncology, where many quality registries exist that
monitor the quality of care in every hospital [10]. Benchmarking
information can support hospital pharmacists, oncologists, and
other medical professions involved in the systemic treatment
of patients to reach a certain level of care. RWD on the use and
efficacy of systemic therapies are needed in daily clinical
practice. As the real-world setting differs from the RCT setting,
these data are needed after marketing authorization. This project
provides real-world evidence, for which there is growing
interest. One should be cautious when making definitive
conclusions based on observational data. Minor observed
differences could be the result of unknown confounding factors
[24]. Other initiatives on the linkage of administrative data are
similar and link patient-centered health data such as
patient-reported outcome measures and clinical laboratory
measurements but involve small patient groups [25] or limited
patient and tumor characteristics [12].

Strengths
First, data are validated at the time of delivery from the hospitals
with the clinicians. A lot of effort is put into the validation of
the algorithms that are used in the dashboards, for example, in
building Sankey diagrams for treatment sequences in specific
patient populations. The second strength of the DICA Medicines
Program is the use of existing data sources, thereby minimizing
the extra registration burden for medical specialists. This
strategy could also be used by other parties to minimize
registration burden and maximize the value of available RWD
sources. Variables that could easily be derived from the
declaration data were the number of expenses, start dates of
medications, and the total dosages. Third, the program consists
of many participating hospitals within a widespread geographic
location, resulting in the inclusion of many patients, who are
representative of the Dutch population. Another strength is the
linkage of survival data to the other data sources. The database
from the national health insurers is a valid source as health care
insurance coverage stops when a patient dies. The final strength
is that the data are up-to-date and representative of the current
situation. This is especially valuable in situations such as the

COVID-19 pandemic, where the systemic treatment of some
patients with cancer was adjusted. Since the data are updated
quarterly, it was possible to monitor the impact of COVID-19
in certain subgroups of patients in the dashboard. The DICA
Medicines Program led to various insights into medication use.
Questions related to the use of (expensive) medicines can be
answered using the dashboards, in which users can select patient
populations or treatments of interest.

Limitations and Future Perspectives
In the clinical registries used for this study, some indications
had incomplete data. The DCRA only includes patients
undergoing surgical operations, which leads to incomplete
clinical data on patients with metastasized cancers and colorectal
cancers. This was also the case for patients with metastasized
breast cancer. In this subpopulation of patients with breast
cancer, essential tumor information, such as receptor status, is
lacking. In addition, we are unable to extract information about
weight, response status, date of progression, or toxicities from
the declaration data. These are mostly data registered in
unstructured text in electronical medical records. However, our
intention is to complement the clinical data of these patient
groups with other techniques that do not lead to further
registration burden, such as text mining. Second, due to privacy
regulations in the Netherlands [26], it is not permitted to
follow-up on patients when they are referred to other hospitals
for treatment. An individual patient may seek a second opinion
from another hospital. This may have led to incomplete
treatment information and individual patients being included
twice in the database. Especially for university hospitals, where
many patients are referred, it is necessary to have the complete
treatment information. Previous analyses on the entire
population of patients with lung cancer showed this was the
case in <5% of all patients in the Netherlands. In this study,
there may be an overestimate in the number of patients but not
the number of prescriptions as these are validated declarations
made by the hospitals. Third, more information on patient and
tumor characteristics is needed to allow for head-to-head
comparisons of medicines. Registries should therefore include
information on response status and detailed treatment-related
toxicity within each line of treatment. At this moment,
emergency room visits and hospital admissions are linked to
the use of medications and presented in the dashboards.
However, these are only surrogate outcomes and do not give
insight into the exact response or toxicity. Adding more
outcomes of systemic therapies will also be an opportunity for
surgical quality registries to become multidisciplinary, where
both surgeons and medical oncologists register specific patients’
characteristics and outcomes. We are currently exploring text
mining opportunities to add information on toxicities and
response statuses to the quality registries.

Presently, hospitals use dashboards to benchmark their results
against those of other hospitals and gain insights into the use
of medications and patient populations, as we showed in this
study. The dashboards can also be used for multiple other
purposes and by different stakeholders in the future. First,
dashboards and RWD can serve as communication tools between
physicians and their patients. Based on specific patient and
tumor characteristics, clinical outcomes can help patients better
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understand their disease course and improve shared
decision-making. Second, registration authorities can also
benefit from data as presented in this study. Data on newly
approved medicines used in clinical practice are included in
financial pharmacy data and can be linked to population-based
registries. Especially for postapproval measurements, this
information is valuable in monitoring the safety and
effectiveness of medicines [27]. This can, in certain cases,
eventually lead to the replacement of postapproval clinical
studies, which will save time and financial resources. The
European Medicines Agency and US Food and Drug Agency
are increasingly interested in RWD for the evaluation of
medicines [28,29]. Furthermore, health care insurers are
interested in these data for reimbursement and effective use of
expensive medications in the real-world setting [30].

In the future, accurate data from DBC’s and financial
information could automatically prefill quality registry items.
The DICA quality registry items are now entered manually,
which is time-consuming and prone to registration errors.
Reusing these data sources will lower the registration burden,
reduce missing data, and validate data. These data can be used

to complete registries and reduce hospital differences.
Furthermore, RWD can also be used in health technology
assessment decisions. This will be explored in the near future
within European Union programs [31]. However, other data
sources, such as pathology databases, must be linked to enrich
the data. This additional data on histopathology and mutation
status are essential as certain medications targeting specific
mutations can influence outcomes. To improve shared
decision-making, additional data sources, including
patient-reported outcome measurements, must be linked to
existing data sources.

Conclusions
The DICA Medicines Program has shown that it is possible to
gather and link RWD sources pertaining to medicines. In
addition, these data became available with minimal registration
burden and effort for hospitals. This method of providing RWD
can be used in other population-based registries. The DICA
Medicines Program provided participating centers with
benchmark information and tools to evaluate the effectiveness
of expensive medicines in real-world settings.
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Multimedia Appendix 1
The medication page of the dashboard shows the active ingredients in a selected patient population and the percentage of patients
treated with that active ingredient versus the benchmark. This page also shows the trend over the years. This overview can be
adjusted with the filters to show the use of medicines in a specific population or year. Furthermore, it is also possible to receive
an overview of the medicines with the number of courses instead of usage. The patients list contains the data of all patients that
are selected for the shown results.
[PNG File , 96 KB-Multimedia Appendix 1]

Multimedia Appendix 2
The signals page of the dashboard shows the insights of the dashboard in which a hospital deviates from the benchmark. There
are also some specific signals to stimulate improving patient care.
[PNG File , 105 KB-Multimedia Appendix 2]

Multimedia Appendix 3
There is a deep-dive function for every medicine in the dashboard that shows detailed information about the use of these medicines.
The deep-dive also shows baseline patient and tumor characteristics of patients treated with this specific medicine, compared to
the benchmark.
[PNG File , 131 KB-Multimedia Appendix 3]
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Multimedia Appendix 4
Details on the diagnostics are included per medicine in the dashboard for the hospital versus the results in the benchmark. These
are related to the moment of medicine use (pre- or post treatment).
[PNG File , 143 KB-Multimedia Appendix 4]

Multimedia Appendix 5
The costs page of the dashboard shows the total costs and the costs per patient for the hospital and the benchmark. This page can
be adjusted for specific patient populations by using the filters.
[PNG File , 116 KB-Multimedia Appendix 5]

References

1. Naci H, Davis C, Savović J, Higgins JPT, Sterne JAC, Gyawali B, et al. Design characteristics, risk of bias, and reporting
of randomised controlled trials supporting approvals of cancer drugs by European Medicines Agency, 2014-16: cross
sectional analysis. BMJ 2019 Sep 18;366:l5221. [doi: 10.1136/bmj.l5221] [Medline: 31533922]

2. Jones DS, Podolsky SH. The history and fate of the gold standard. Lancet 2015 May 18;385(9977):1502-1503. [doi:
10.1016/S0140-6736(15)60742-5] [Medline: 25933270]

3. Hatswell AJ, Baio G, Berlin JA, Irs A, Freemantle N. Regulatory approval of pharmaceuticals without a randomised
controlled study: analysis of EMA and FDA approvals 1999-2014. BMJ Open 2016 Jun 30;6(6):e011666 [FREE Full text]
[doi: 10.1136/bmjopen-2016-011666] [Medline: 27363818]

4. Booth CM, Eisenhauer EA. Progression-free survival: meaningful or simply measurable? J Clin Oncol 2012 May
01;30(10):1030-1033. [doi: 10.1200/JCO.2011.38.7571] [Medline: 22370321]

5. Rothwell PM. External validity of randomised controlled trials: "to whom do the results of this trial apply?". Lancet
2005;365(9453):82-93. [doi: 10.1016/S0140-6736(04)17670-8] [Medline: 15639683]

6. Uitgaven aan dure geneesmiddelen stijgen naar 2,1 miljard. Phamaceutisch Weekblad. 2019. URL: https://www.pw.nl/
nieuws/2019/uitgave-dure-medicatie-stijgt-naar-20ac-2-1-miljard [accessed 2022-05-27]

7. Cramer-van der Welle CM, Peters BJ, Schramel FM, Klungel OH, Groen HJ, van de Garde EM, Santeon NSCLC Study
Group, Santeon NSCLC study group. Systematic evaluation of the efficacy-effectiveness gap of systemic treatments in
metastatic nonsmall cell lung cancer. Eur Respir J 2018 Dec;52(6):1801100 [FREE Full text] [doi:
10.1183/13993003.01100-2018] [Medline: 30487206]

8. van Zeijl MCT, Ismail RK, de Wreede LC, van den Eertwegh AJM, de Boer A, van Dartel M, et al. Real-world outcomes
of advanced melanoma patients not represented in phase III trials. Int J Cancer 2020 Dec 15;147(12):3461-3470. [doi:
10.1002/ijc.33162] [Medline: 32559817]

9. Beck N, van Bommel AC, Eddes E, van Leersum NJ, Tollenaar R, Wouters M, Dutch Clinical Auditing Group. The Dutch
Institute for Clinical Auditing: achieving Codman's dream on a nationwide basis. Ann Surg 2020 Apr;271(4):627-631. [doi:
10.1097/SLA.0000000000003665] [Medline: 31972639]

10. Van Leersum N, Snijders H, Henneman D, Kolfschoten N, Gooiker G, ten Berge M, Dutch Surgical Colorectal Cancer
Audit Group, et al. The Dutch surgical colorectal audit. Eur J Surg Oncol 2013 Oct;39(10):1063-1070. [doi:
10.1016/j.ejso.2013.05.008] [Medline: 23871573]

11. Hoeijmakers F, Beck N, Wouters MWJM, Prins HA, Steup WH. National quality registries: how to improve the quality of
data? J Thorac Dis 2018 Oct;10(Suppl 29):S3490-S3499. [doi: 10.21037/jtd.2018.04.146] [Medline: 30510784]

12. van Herk-Sukel MP, van de Poll-Franse LV, Lemmens VE, Vreugdenhil G, Pruijt JF, Coebergh JWW, et al. New opportunities
for drug outcomes research in cancer patients: the linkage of the Eindhoven Cancer Registry and the PHARMO Record
Linkage System. Eur J Cancer 2010 Jan;46(2):395-404. [doi: 10.1016/j.ejca.2009.09.010] [Medline: 19811904]

13. Ismail R, Schramel F, van Dartel M, Hilarius D, de Boer A, Wouters M, Dutch Lung Cancer Audit Scientific Committee.
The Dutch Lung Cancer Audit: nationwide quality of care evaluation of lung cancer patients. Lung Cancer 2020
Nov;149:68-77 [FREE Full text] [doi: 10.1016/j.lungcan.2020.08.011] [Medline: 32979634]

14. van Bommel AC, Spronk PE, Vrancken Peeters MT, Jager A, Lobbes M, Maduro JH, NABON Breast Cancer Audit. Clinical
auditing as an instrument for quality improvement in breast cancer care in the Netherlands: the national NABON Breast
Cancer Audit. J Surg Oncol 2017 Mar;115(3):243-249. [doi: 10.1002/jso.24516] [Medline: 27885679]

15. Spiegelhalter DJ. Funnel plots for comparing institutional performance. Stat Med 2005 May 30;24(8):1185-1202. [doi:
10.1002/sim.1970] [Medline: 15568194]

16. Rakow T, Wright RJ, Spiegelhalter DJ, Bull C. The pros and cons of funnel plots as an aid to risk communication and
patient decision making. Br J Psychol 2015 May;106(2):327-348. [doi: 10.1111/bjop.12081] [Medline: 25123852]

17. van der Werf LR, Voeten SC, van Loe CMM, Karthaus EG, Wouters MWJM, Prins HA. Data verification of nationwide
clinical quality registries. BJS Open 2019 Dec;3(6):857-864 [FREE Full text] [doi: 10.1002/bjs5.50209] [Medline: 31832593]

18. NZA. Nederlandse Zorgautoriteit. URL: https://www.nza.nl/english [accessed 2022-05-31]
19. Oostenbrink JB, Rutten FFH. Cost assessment and price setting of inpatient care in The Netherlands. The DBC case-mix

system. Health Care Manag Sci 2006 Aug;9(3):287-294. [doi: 10.1007/s10729-006-9096-y] [Medline: 17016935]

J Med Internet Res 2022 | vol. 24 | iss. 6 | e33446 | p. 10https://www.jmir.org/2022/6/e33446
(page number not for citation purposes)

Ismail et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=jmir_v24i6e33446_app4.png&filename=f4b8057e38760de077e47ea8ca280e2c.png
https://jmir.org/api/download?alt_name=jmir_v24i6e33446_app4.png&filename=f4b8057e38760de077e47ea8ca280e2c.png
https://jmir.org/api/download?alt_name=jmir_v24i6e33446_app5.png&filename=6f60da9ff981a1b25cfbef5d5b4c0c51.png
https://jmir.org/api/download?alt_name=jmir_v24i6e33446_app5.png&filename=6f60da9ff981a1b25cfbef5d5b4c0c51.png
http://dx.doi.org/10.1136/bmj.l5221
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31533922&dopt=Abstract
http://dx.doi.org/10.1016/S0140-6736(15)60742-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25933270&dopt=Abstract
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=27363818
http://dx.doi.org/10.1136/bmjopen-2016-011666
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27363818&dopt=Abstract
http://dx.doi.org/10.1200/JCO.2011.38.7571
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22370321&dopt=Abstract
http://dx.doi.org/10.1016/S0140-6736(04)17670-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15639683&dopt=Abstract
https://www.pw.nl/nieuws/2019/uitgave-dure-medicatie-stijgt-naar-20ac-2-1-miljard
https://www.pw.nl/nieuws/2019/uitgave-dure-medicatie-stijgt-naar-20ac-2-1-miljard
http://erj.ersjournals.com/lookup/pmidlookup?view=long&pmid=30487206
http://dx.doi.org/10.1183/13993003.01100-2018
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30487206&dopt=Abstract
http://dx.doi.org/10.1002/ijc.33162
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32559817&dopt=Abstract
http://dx.doi.org/10.1097/SLA.0000000000003665
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31972639&dopt=Abstract
http://dx.doi.org/10.1016/j.ejso.2013.05.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23871573&dopt=Abstract
http://dx.doi.org/10.21037/jtd.2018.04.146
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30510784&dopt=Abstract
http://dx.doi.org/10.1016/j.ejca.2009.09.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19811904&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0169-5002(20)30585-7
http://dx.doi.org/10.1016/j.lungcan.2020.08.011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32979634&dopt=Abstract
http://dx.doi.org/10.1002/jso.24516
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27885679&dopt=Abstract
http://dx.doi.org/10.1002/sim.1970
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15568194&dopt=Abstract
http://dx.doi.org/10.1111/bjop.12081
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25123852&dopt=Abstract
https://academic.oup.com/bjsopen/article-lookup/doi/10.1002/bjs5.50209
http://dx.doi.org/10.1002/bjs5.50209
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31832593&dopt=Abstract
https://www.nza.nl/english
http://dx.doi.org/10.1007/s10729-006-9096-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17016935&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


20. Vektis. 2021. URL: https://www.vektis.nl/ [accessed 2022-05-27]
21. Wickham H, Averick M, Bryan J, Chang W, McGowan L, François R, et al. Welcome to the Tidyverse. J Open Source

Software 2019 Nov;4(43):1686. [doi: 10.21105/joss.01686]
22. Yoshida K, Bartel A. tableone: create 'Table 1' to describe baseline characteristics with or without propensity score weights.

The Comprehensive R Archive Network. 2020. URL: https://cran.r-project.org/package=tableone [accessed 2022-05-27]
23. Kassambra A, Kosinski M, Biecek P. survminer: drawing survival curves using 'ggplot2'. The Comprehensive R Archive

Network. 2020. URL: https://cran.r-project.org/package=survminer [accessed 2022-05-27]
24. Sherman RE, Anderson SA, Dal Pan GJ, Gray GW, Gross T, Hunter NL, et al. Real-world evidence - what is it and what

can it tell us? N Engl J Med 2016 Dec 08;375(23):2293-2297. [doi: 10.1056/NEJMsb1609216] [Medline: 27959688]
25. Dhruva SS, Ross JS, Akar JG, Caldwell B, Childers K, Chow W, et al. Aggregating multiple real-world data sources using

a patient-centered health-data-sharing platform. NPJ Digit Med 2020;3:60. [doi: 10.1038/s41746-020-0265-z] [Medline:
32352038]

26. Quintel T. Article 29 Data Protection Working Party Opinion on the Law Enforcement Directive. European Commission.
2018. URL: https://ec.europa.eu/justice/article-29/documentation/opinion-recommendation/files/2007/wp131_en.pdf
[accessed 2022-05-27]

27. Ismail R, Sikkes N, Wouters M, Hilarius D, Pasmooij M, van den Eertwegh F, et al. 1120P Post-approval trials versus
patient registries: Comparability of advanced melanoma patients with brain metastases. Ann Oncol 2020 Sep
01;31(1):S754-S766 [FREE Full text] [doi: 10.1016/j.annonc.2020.08.1243]

28. Patient registries. European Medicines Agency. 2015 Sep. URL: https://www.ema.europa.eu/en/human-regulatory/
post-authorisation/patient-registries [accessed 2022-05-27]

29. Use of real-world evidence to support regulatory decision-making for medical devices: guidance for industry and food and
drug administration staff. US Food and Drug Administration. 2017. URL: https://www.fda.gov/regulatory-information/
search-fda-guidance-documents/use-real-world-evidence-support-regulatory-decision-making-medical-devices [accessed
2022-05-27]

30. Roberts MH, Ferguson GT. Real-world evidence: bridging gaps in evidence to guide payer decisions. Pharmacoecon Open
2021 Mar;5(1):3-11. [doi: 10.1007/s41669-020-00221-y] [Medline: 32557235]

31. New methods for the effective use of real-world data and/or synthetic data in regulatory decision-making and/or in health
technology assessment. European Commission. URL: https://www.ec.europa.eu/info/funding-tenders/opportunities/portal/
screen/opportunities/topic-details/horizon-hlth-2022-tool-11-02 [accessed 2022-05-27]

Abbreviations
CT: computerized tomography
DBC: diagnosis treatment combinations
DCRA: Dutch Colorectal Audit
DICA: Dutch Institute for Clinical Auditing
NBCA: National Breast Cancer Organization Breast Cancer Audit
NVZA: Dutch Association for Hospital Pharmacists
OS: overall survival
RCT: randomized controlled trial
RWD: real-world data
TTNT: time-to-next-treatment
VGZ: Institute of Public Healthcare

Edited by JMIRPE Office, G Eysenbach; submitted 29.09.21; peer-reviewed by Z Su, R Halkes; comments to author 09.02.22; revised
version received 06.04.22; accepted 30.04.22; published 23.06.22

Please cite as:
Ismail RK, van Breeschoten J, van der Flier S, van Loosen C, Pasmooij AMG, van Dartel M, van den Eertwegh A, de Boer A, Wouters
M, Hilarius D
Medication Use and Clinical Outcomes by the Dutch Institute for Clinical Auditing Medicines Program: Quantitative Analysis
J Med Internet Res 2022;24(6):e33446
URL: https://www.jmir.org/2022/6/e33446
doi: 10.2196/33446
PMID:

J Med Internet Res 2022 | vol. 24 | iss. 6 | e33446 | p. 11https://www.jmir.org/2022/6/e33446
(page number not for citation purposes)

Ismail et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://www.vektis.nl/
http://dx.doi.org/10.21105/joss.01686
https://cran.r-project.org/package=tableone
https://cran.r-project.org/package=survminer
http://dx.doi.org/10.1056/NEJMsb1609216
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27959688&dopt=Abstract
http://dx.doi.org/10.1038/s41746-020-0265-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32352038&dopt=Abstract
https://ec.europa.eu/justice/article-29/documentation/opinion-recommendation/files/2007/wp131_en.pdf
http://europepmc.org/abstract/MED/33351553
http://dx.doi.org/10.1016/j.annonc.2020.08.1243
https://www.ema.europa.eu/en/human-regulatory/post-authorisation/patient-registries
https://www.ema.europa.eu/en/human-regulatory/post-authorisation/patient-registries
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/use-real-world-evidence-support-regulatory-decision-making-medical-devices
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/use-real-world-evidence-support-regulatory-decision-making-medical-devices
http://dx.doi.org/10.1007/s41669-020-00221-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32557235&dopt=Abstract
https://www.ec.europa.eu/info/funding-tenders/opportunities/portal/screen/opportunities/topic-details/horizon-hlth-2022-tool-11-02
https://www.ec.europa.eu/info/funding-tenders/opportunities/portal/screen/opportunities/topic-details/horizon-hlth-2022-tool-11-02
https://www.jmir.org/2022/6/e33446
http://dx.doi.org/10.2196/33446
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


©Rawa Kamaran Ismail, Jesper van Breeschoten, Silvia van der Flier, Caspar van Loosen, Anna Maria Gerdina Pasmooij, Maaike
van Dartel, Alfons van den Eertwegh, Anthonius de Boer, Michel Wouters, Doranne Hilarius. Originally published in the Journal
of Medical Internet Research (https://www.jmir.org), 23.06.2022. This is an open-access article distributed under the terms of
the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work, first published in the Journal of Medical Internet
Research, is properly cited. The complete bibliographic information, a link to the original publication on https://www.jmir.org/,
as well as this copyright and license information must be included.

J Med Internet Res 2022 | vol. 24 | iss. 6 | e33446 | p. 12https://www.jmir.org/2022/6/e33446
(page number not for citation purposes)

Ismail et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/

