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Objectives: There are more than 12 million long-term survivors of cancer in Europe. Yet, research on outcomes of
cancer treatment has not reached its full potential due to operational, regulatory and methodological constrains.
The current study aims to show the complementary roles between clinical research and population-based cancer
registry in this research field.
Methods: The authors used an empirical case study to show the level of agreement of variables between two
databases of the same patients diagnosed with Hodgkin Lymphoma treated in the European Organisation for
Research and Treatment of Cancer (EORTC) H1-H9 trials: one database is the clinical trial database from the
EORTC and the other is the Netherlands Cancer Registry (IKNL).
Results: The study showed a high level of agreement between the two datasets in most of the variables. However
the vital status was more complete in the registry database, in particular for survivors diagnosed with cancer
more than 10 years ago whereas treatment registration was more complete and in the EORTC clinical trial
database.
Conclusion: The current case study is based on one single disease area and one cancer registry, which needs
further research to prove its feasibility in other settings. Nevertheless the authors have envisagedseveral actionable collaboration activities between clinical research organizations and population-based registries in longterm outcome studies in the future, including data linkage, joint methodology development, data quality crosscheck and improvement program.

1. Introduction
The improvement in anticancer treatments has, among other factors, contributed to an improved survival and in Europe on average
more than half of patients live beyond 5th year after cancer diagnosis
[1]. This in turn pleads for a prolonged follow-up of the patients to
understand the long-term effects of cancer treatments. However, in the
setting of clinical research, such long-term follow-up is not systematically required by regulators, thus data collection beyond marketing
approval may not necessarily be the priority of pharmaceutical

industries [2]. Furthermore, data collection beyond end of clinical trials
face various constraints: there may be national regulatory hurdles to
collect data beyond the end of the tr both EORTC and IKNL da ial, the
trial physicians and staff who recruited the patients may have moved or
retired, and the funding of such long-term programs is often not sustainable.
On the other hand, cancer registries in Europe are able to follow
cancer patient until death, however the registration on treatment is still
a challenging issue with only 10 % of cancer regsitries regularly supported the clinical audits of primary treatment [3]
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In this study, we hypothetize that cancer registries may be an efficient basis for long-term data collection for clinical research and clinical databases may provide to registry a good reference for complete
treatment registration.
From 2014 the European Organisation for Research and Treatment
of Cancer (EORTC), a leading international clinical research organization, has initiated collaboration with cancer registries to assess external
validity of its clinical trials, by evaluating the representativeness of trial
population and outcome discrepancies between trial and non-trial
participants [5–7]. A key methodology that has been applied in the
aforementioned studies is deterministic data linkage: a one-to-one
matching of individual patients from two or more databases.
To test aforementioned hypothesis, in the current study the authors
present an illustrative case based on the deterministic data linkage
between the Netherlands Cancer Registry (IKNL) and the data of the
same patients collected in the frame of the EORTC Hodgkin Lymphoma
(HL) trials (H1-H9 trials) [8–14]. We first describe the level of agreement of the same patient variables from the EORTC and the IKNL databases and, further, we pursue with some perspectives on how EORTC
envisions to collect long-term data of patients in clinical studies through
future collaboration with cancer registries in Europe.

e.g. only the date of randomization was gathered in some trials,
whereas in IKNL the date of diagnosis is always recorded. To allow for a
fair comparison, FU was started for all patients at the date of cancer
diagnosis as per their IKNL record. In the IKNL database, FU was defined as the time interval between cancer diagnosis and death or last FU
in IKNL database (censor date of Dec 31, 2016). Between 2009 and
2011, the EORTC Lymphoma Group conducted a survey on the general
health status of the survivors [18–20]. Therefore, the FU as per the
EORTC database was defined as the time interval from the date of
cancer diagnosis as registered in the IKNL and the date of the last
known vital status, either from the last follow-up case report form or
the date reported on the survey (the most recent update of the Dutch
patients on Dec 12, 2010), whichever was more recent. The duration of
follow-up was estimated by the reverse Kaplan Meier method for
overall survival, so that deaths were censored [21]. Estimations were
provided for cut-off dates (1) defined as above for each database (2)
using the earlier cut-off date (Dec 12, 2010) for both databases. For all
the other categorical variables, cross tabulations were used to display
agreement between the two databases. Cohen’s simple kappa coefficient
κ was calculated with its 95 % confidence interval as a measure of interrater agreement [22] with a higher κ indicating a higher degree of
agreement between the two databases [23]. A κ value between 0.41 and
0.6 may be interpreted as moderate agreement, whereas a value above
0.61 indicates substantial agreement. All statistical analyses were performed using SAS version 9.4 (SAS Institute Inc., Cary, NC, USA).

2. Case study
2.1. Material and methods
2.1.1. Data
The study was based on deterministic linkage of two large databases:

3. Case study results
The agreement between the databases was excellent for gender with
only 17 discrepancies (κ = 0.98, 95 % CI = 0.97-0.99) indicating few
incorrect registration of gender in the trial databases, as the registry
collects this information directly from the municipality.
We observed a high agreement between the two databases in most
of the compared variables. For disease stage, a total of 192 (12.1 %)
discrepancies were observed (κ = 0.80, 95 % CI = 0.78-0.83). This is
consistent with a substantial agreement between the two databases (cf.
Table 1). Of these, 50 (3.2 %) cases were discrepancies between registered early and advanced stage; 114 (7.2 %) were discrepancies
between stage I and II among patients registered with early stage; and
27 (1.7 %) were discrepancies between stage III and IV among patients
registered with advanced stage. After grouping the LP subtypes, 110
discrepancies (6.9 %) were seen for histology. This corresponds to a
substantial agreement (κ = 0.80, 95 % CI = 0.76-0.83, cf. Table 2).
There were 42 (2.7 %) discrepancies between the classical (NS, MC and
LD) and LP subtypes and 39 (2.5 %) discrepancies among cases diagnosed with classical HL. Also, 31 (2%) cases were coded as ‘unspecified’
in the IKNL database compared to 58 (3.7 %) in the EORTC database.
The majority of discrepancies (total 451, 28.4 %) were observed for the
registration of initial treatment. This reflects only an overall moderate
agreement between databases (κ = 0.50, 95 % CI = 0.46- 0.53). Of
these, 348 (22 %) cases were reported to have receivved CT + RT in the
trial database but only CT in the IKNL registry. Indeed, 1160 (73.3 %)

1 The H1-H9 trials from the EORTC Lymphoma Group [9–16]
Between 1964 and 2004, a total number of 6658 H L patients were
enrolled into the H1-H9 trials, the first nine randomized phase III
clinical trials of the EORTC Lymphoma group. Detailed information of
each trial can be found in Appendix A.
2 The Dutch Cancer Registry (IKNL) [17]
The IKNL covers 100 % of the Dutch population as of 1989, which
implies that every cancer patient, regardless participation of clinical
research, is followed from diagnosis until death. The vital status of
patients is updated on an annual basis by linking with municipality data
which minimizes the lost-to-follow up rate [17].
The data linkage between the two databases was conducted under
the documentation on good behavior to protect personal information
[17]. A detailed description of the linkage procedure can be found in
[5].
Of the 2438 Dutch HL trial patients, 1584 (65 %) patients could be
linked as the IKNL only had full cover from 1989 whereas the first
EORTC trial was initiated in 1964. Only patients recorded in both the
IKNL and the EORTC database were included in the present study.
2.2. Statistical analysis

Table 1
Clinical stage of all Dutch patients diagnosed with HL and recorded in both
EORTC and IKNL databases 1986-2004 (N = 1584).

All statistical analysis were descriptive. The following patient variables from the EORTC and IKNL databases were analyzed and compared: gender, stage of the disease (from stage I to IV), histology
[nodular sclerosis (NS), mixed cellularity (MC), lymphocyte depleted
(LD), lymphocyte predominant (LP), unspecified], initial treatment
[chemotherapy (CT), radiotherapy (RT), chemo-radiotherapy
(CT + RT), no treatment received, treatment unknown], vital status
and follow-up time (FU). With regard to histology, the IKNL used a
more detailed categorization of LP with the nodular-LP subtype within
the LP group, in this analysis the two categories were combined. In the
EORTC HL trials, the date of cancer diagnosis was not always collected;
2

N (% of 1584)

Clinical stage in IKNL

Clinical stage in
EORTC
I
II
III
IV
missing
Total

I

II

III

IV

Total

335 (21.1)
48
4
3
–
390

66
789 (49.8)
12
6
–
873

6
15
166 (10.5)
23
1
211

–
4
4
102 (6.4)
–
110

407
856
186
134
1
1584
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Table 2
Histology of all Dutch patients diagnosed with HL and recorded in both EORTC and IKNL databases 1986-2004 (N = 1584).
HL type in IKNL
N (% of 1584)

LP

Classic

HL type in EORTC

LP

NLPHL*

NS

MC

LD

unspecified

Total

LP
NS
MC
LD
unspecified
Total

24 (1.5)
10
1
1
1
37

37 (2.3)
3
–
–
3
43

21
1221 (77.1)
24
1
20
1287

2
9
151 (9.5)
–
3
165

4
2
3
11 (0.7)
1
21

–
1
–
–
30 (1.9)
31

88
1246
179
13
58
1584

Note LP: lymphocyte predominant, NLPHL: nodular lymphocyte-predominant Hodgkin lymphoma, NS: nodular sclerosis, MC: mixed cellularity, LD: lymphocyte
depleted.
* when computing agreement, LP and NLPHL were grouped.
Table 3
Initial anti-cancer treatment received by Dutch patients diagnosed with HL and recorded both in EORTC and IKNL databases 1986-2004 (N = 1584).
N (% of 1584)

Treatment received in IKNL

Treatment received in EORTC

No treatment received

CT alone

RT alone

CT + RT

Treatment unknown

Total

No treatment received
CT alone
RT alone
CT + RT
Treatment unknown
Total

5 (0.3)
3
7
14
–
29

–
167 (10.5)
1
348
1
517

3
–
188 (11.9)
16
1
208

2
32
5
773 (48.8)
–
812

1
3
5
9
0 (0.0)
18

11
205
206
1160
2
1584

CT: Chemotherapy, RT: Radiotherapy, CT + RT: Combination of chemotherapy and radiotherapy.

(data not shown).

patients were registered as having received CT + RT in the EORTC
database whereas only 812 (51.3 %) were registered as having received
combined modality treatment in IKNL. Conversely, the total number
registered as having received CT only was 517 (33.4 %) patients in the
IKNL database versus 205 (12.9 %) in the EORTC database (cf. Table 3).
Overall, fewer patients in the EORTC database were coded as ‘receiving
no treatment’ or ‘the treatment unknown’ compared to the IKNL database, with 11 (0.7 %) versus 29 (1.8 %) and 2 (0.1 %) versus 18 (1.1 %),
respectively. When considering the same analysis stratified by trial/
year of diagnosis, the discrepancies in the proportion of patients recorded as being treated with combined modality treatment decreased
over trial and time period (stratified analysis according to trial in Appendix B).
There was 232 (14.6 %) discrepancies for the registration of vital
status (κ = 0.59, 95 % CI = 0.54-0.63), indicating moderate agreement. All discrepancies were due to cases known to be ‘dead’ in the
IKNL but who were still coded as ‘alive’ in the EORTC data due to incomplete follow-up. The 232 cases represented 50 % of cases who were
registered as dead in the IKNL. Also, the duration of follow-up was
longer in the IKNL database (median = 20.6 years, 95 % CI = 20.1–21)
compared to the EORTC database (median = 10.8 years, 95 %
CI = 10.4–11.2). The follow-up rates at 5 years were 95.8 % (95 % CI:
94.7–96.7 %) and 99 % (95 % CI: 98.6–99.5 %) in the EORTC and IKNL
databases, respectively. At 10 years, the corresponding rates were 56.4
% (95 % CI:53.8–59.0 %) and 98.1 % (95 % CI:97.2–98.7 %). At 15
years they were 25.6 % (95 % CI: 23.3–28.0) and 88.6 % (95 % CI:
86.8–90.2 %) (cf Fig. 1). Of note, none of the patients was followed up
to year 25 in the EORTC database whereas 21 % of the patients were
still followed up in the registry. The same observation held across the
individual trials: the follow-up was more complete in the IKNL database
than in any of the EORTC trials (the follow up curves by trial can be
found in Appendix C). Even when applying the earlier cut-off to both
databases (Dec 12, 2010), duration of follow-up was longer in the IKNL
database: The median is 14.7 years (95 % CI = 14.3–15.0) in the IKNL
database and 10.8 years (95 %CI = 10.4–11.2) in the trial database

4. Discussion
In agreement with our hypothesis, in the current case study we
confirmed that the IKNL contains more up-to-date survival data as
compared to the EORTC database. Conversely the clinical database
contains more detailed and complete treatment information.
The substantial discrepancy in survival data is significant. It highlights the limited applicability of data from long-term follow-up clinical
studies. In a clinical trial setting, the long-term follow-up of patients is
often challenging. The frequency of visits decreases with time and
follow-up visits may be through a general practitioner. Also the clinical
trial team may change with a subsequent declined interest in the original study. Finally patients may move or their compliance will be reduced after cure so that patients are lost-to follow-up. Furthermore, a
renewal of follow-up is often difficult due to regulatory constraints and/
or ethical considerations. In registry-based outcome studies, patients
are seldom lost to follow-up owing to its active follow-up scheme [17].
Linking patients data in clinical trials back to population-based registry
would largely improve the completeness of follow-up.
We observed a high consistency for important diagnostic variables
such as histology and stage among the two databases. This is due to the
fact that the included clinical trials dated back to 1986 and most of the
trial data were derived directly from hospital charts which were also
the data source of the cancer registry. The discrepancy in treatment
registration diminished over time. This is most likely due to a change in
data registration restrictions in the Netherlands. Also, complete and
accurate treatment registration is at the core of clinical trial databases
and subject to rigorous quality assurance (QA) and quality control (QC)
[24]. We acknowledge the fact that this is a Dutch showcase. Hence, the
capacity of data linkage as well as the observed features may not be
generalizable to other European countries. Also, the study did not
compare other important outcome measures such as second primary
cancers, comorbidities, and recurrence due to a lack of registration in
3
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Fig. 1. Reverse Kaplan Meier method to estimate the duration of follow-up time of all Dutch patients diagnosed with HL and recorded in both EORTC and IKNL
databases 1986-2004 (N = 1584).

solutions required to enable data linkage within the current data protection regulations need to be developed. Meanwhile, the methodology
of long-term outcome research could be expanded to include novel
strategies such as registry-based randomization [29]. This method has
been applied in cardiovascular disease to improve the efficiency and
external validity of clinical trials. The use of such approaches in the
oncology field should be investigated. Finally, an increased awareness
among clinical researchers and epidemiologists of the benefits from any
future collaboration is needed.

either of the databases.
This is one case study based on a single disease area-Hodgkin’s
Lymphoma, and one cancer registry (the Dutch Cancer registry), which
doesn’t apply to all tumor/registry situations whoever, wishes to provide ‘proof of concept’ for collaborations between clinical research organization and cancer regsitries. From this case study, the following
thoughts have been put forward for possible joining forces First, studies
that rely solely on registry data often suffer from the impossibility to
draw any conclusion on the causal inference between treatment and
long-term outcome. This is due to the lack of randomization and of
detailed treatment data, as previously discussed by van den Broek et al.
[24]. Clinical trial units are designed to obtain high quality and detailed
treatment data which could be a reference for registry QA and QC activities. The complementary features of both types of databases could
provide the much needed long term follow-up of patients treated in
clinical trials which have previously enabled a substantial knowledge
on late effects [25] and the derivation of dose-response relationship
[24,26]. Moreover, in the recent decade, cancer registries in Europe
have started to act as a sampling frame to identify long-term survivors
to collect patient reported outcome measures (PROMs). One example is
the ‘Patient Reported Outcomes Following Initial treatment and Longterm Evaluation of Survivorship’ (PROFILEs) registry in the Netherlands
which identified its potential participants through the IKNL [28].
However, several obstacles must be overcome in order to achieve
such collaboration. A one-to-one matching of the de-identified clinical
trial records with the registry records would be necessary, in compliance with the increasingly strict data protection regulation [13]. This
may be best achieved through a prospective set-up in which patients
consenting to enroll in trials would be actively followed up for survival
over their life span in the registry. In this scenario the registries would
generate an encrypted code for the trialist to link up while remaining
blinded to the identity of the patients. Registries are allowed to do this
as they are statutory in most European countries. Also, technological

5. Conclusion
Currently, an increasing number of patients live longer after their
cancer diagnosis in Europe which necessitate studies of the long-term
outcome and possible late effects of treatment. The current study which
is based on a single disease area and one cancer registry revealed the
the complementarity of clinical trial and registry databases. However it
needs further proofs on more disease areas and other cancer registries
to confrime our findings. Nevertheless, we hopethe combination of
various resources could enhance the quality and completeness of data
bases. This can strengthen future research to the benefit of future patients.
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Appendix A
Basic information of EORTC trials included in thestudy.
Included EORTC Lymphoma Group Trials

Recruitment
period
Number of
Dutch
patients
Stage of
disease
(HL)
Study objectives

Key inclusion/
exclusion
criteria

Follow-up
strategy

H6 [12]

H7 [11]

H8 [10]

H9 [30,14]

H3b4 [9]

H34 [8]

1982-1988*

1988-1993

1993-1998

1998-2004

1981-1988*

1989-2000

102

322

427

470

4

336

I-II (early)

I-II (early)

I-II (early)

I-II (early)

III-IV (advanced)

III-IV (advanced)

1) favourable group:
comparison of clinical
staging and RT alone
versus staging laparotomy and treatment
adaptation
2) unfavourable group:
comparison of two combined modalities

To reduce late treatment
toxicities using a combination of low-intensity
chemotherapy and involved-field RT (IF-RT)
without jeopardizing disease control.

To find treatment regimens allowing for reductions in the amount of
chemotherapy and extent
of RT required for curing
the disease.

In order to study the influence of time of remission on clinical outcome:
comparison of two different chemotherapy regimens (MOPP/ABVD vs
MOPP)

To study the outcome
of patients receiving IFRT after chemotherapy

Inclusion: previously untreated stage IIIb-IV; age
15–65 years; WHO status
0-3; Exclusion: concomitant or previous malignant disease; other diseases which interfere
with life expectancy;
Patients not available for
follow-up.

Inclusion: previously
untreated stage III-IV;
age 15-70 years;
Exclusion: stage pIIIA
with splenic involvement as the only site of
infra-diaphragmatic
disease; severe cardiac,
pulmonary, or metabolic disease; previous
diagnosis of cancer.

After completion of
therapy patients were
observed every 2 months
during the first year,
every 3 months during
the second year, every 4
months during the third
year, and every 6 months
thereafter.

All patients who completed the treatment
schedule, were to be
seen every 2 months for
the first year, 3
monthly for the second
year, 4 monthly for the
third year, 6 monthly
for the 4th and 5th year
and once yearly thereafter.

In order to prevent late
toxicities: 1) favourable
group: comparison of
three RT doses in patients
in complete remission
after chemotherapy.
2) unfavourable group:
comparison of three
modalities of chemotherapy and IF-RT
Inclusion: previously un- Inclusion: previously un- Inclusion: previously unInclusion: age 15–60
treated stage I-II; age
treated stage I-II; age
years; WHO status 0–2;
treated stage I-II; age
15–70 years; WHO status
15–70 years; WHO status 15–70 years; Exclusion:
informed consent;
previous laparotomy;
0- 2; informed consent;
0-2; informed consent;
Histologically verified
concomitant or previous Exclusion: previous ladisease.Exclusion: inade- Exclusion: previous laparotomy; concomitant
parotomy; prior maligcancer; concomitant sequate pulmonary, liver,
vere illness that would
or previous cancer; conrenal and cardiac condi- nancies; severe illness
comitant severe illness
reduce life expectancy;
tions; patient not free of that would reduce life
social circumstances not that would reduce life
expectancy.
known chronic and deexpectancy; social cirallowing for proper
bilitating illness which
treatment and follow-up; cumstance not allowing
may potentially affect life
for proper treatment and
Positivity for the HIV.
expectancy as well as of
follow-up; Positivity for
malignant disease.
the HIV.
in the first year: at 2, 4, 6, In the first year : at 2, 4,
Iterative clinical evalua- After completion of RT,
patients were seen at 2, 4, 9, and 12 months; in the 6, 9, and 12 months, in
tion, including past histhe second year : every 4
second year: every 4
tory and serial work-ups, 6, 9, and 12 months in
months, from 3 to 5
months; from 3 to 5
was performed before
the first year, every 3
years: every 6 months,
years: every 6 months
months in the second
and at the end of treatbeyond the fifth year:
after 5 years: once per
year, every 6 months in
ment, and every year
years 2 to 5, and yearly
year after 10 years: once yearly. Each patient was
thereafter.
per 2 years Each patient to be followed until
after 5 years. Each patient had to be observed was to be followed until death.
death.
until death.

Note:
* Only patients enrolled in 1986–1988 were included.
This information is obtained from trial protocols.
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Appendix B
Initial anti-cancer treatment received by all Dutch patients diagnosed with HL and recorded both in EORTC and IKNL databases 1986–2004
(N=1584) and presented according to HL trials H1-H9: 4 in H34b, 75 in H6, 312 in H7, 414 in H8, 321 in H34 and 458 in H9.

Appendix C
Kaplan Meier method to estimate the duration of follow-up time of all Dutch patients diagnosed with HL and recorded in both EORTC and IKNL
databases 1986–2004 (N=1584) by trial:
Only four patients of the H34b study were included in this analysis. No reverse Kaplan Meier is displayed.
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Appendix D. Supplementary data
Supplementary material related to this article can be found, in the online version, at doi:https://doi.org/10.1016/j.jcpo.2020.100226.
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