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Abstract
Background and Objectives: To evaluate the representativeness of Dutch patients participating in the European Organization for
Research and Treatment of Cancer EORTC boost-no-boost trial to the target breast cancer patient population.

Methods: All female breast cancer patients diagnosed between 1989 and 1996, aged �70 years, treated with breast-conserving surgery
and radiation therapy, were selected from the Netherlands Cancer Registry (NCR) and linked to the EORTC trial database. Baseline char-
acteristics were compared between trial and non-trial participants, for the Dutch population and according to seven participating institu-
tions. Kaplan-Meier curves and multivariable Cox regression were used to explore potential heterogeneity in overall survival between
low, medium and high-volume institutes.

Results: Overall, 20,880 patients were identified from the NCR: 2,445 of 2,602 (94%) trial participants could be linked, and 18,435
were treated outside the trial. Trial participants had similar age, morphology, topography, laterality and socioeconomic status as non-
trial participants, but more often stage I (62.7% vs. 56.4%) tumours and less often adjuvant treatment (22.9% vs. 26.5%). Crude 20-
year survival ranged from 52.5% to 57.4%, without significant differences in multivariable analyses.

Conclusion: This case study showed that participants in the boost-no-boost trial well represented the Dutch target population. Data
linkage comes with challenges, but can close the gap between research and clinical practice. � 2022 The Author(s). Published by Elsevier
Inc. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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1. Introduction

Trial populations may not reflect the entire target pop-
ulation, due to its strict inclusion criteria [1,2]. It is there-
fore important to analyze the generalizability of trial
findings to daily practice. To achieve this, a linkage be-
tween trial and real-world registry data can be performed.
Data linkages are described to be powerful tools for
research, however, they are often time-consuming due to
absence of or prohibition to use directly identifying vari-
ables [3] and data pre-processing [4]. Moreover, it comes
with several challenges due to the possibility of
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What is new?

Key findings
� Using a linkage between the EORTC boost-no

boost trial database and the Netherlands Cancer
Registry, we showed that patients included in the
trial well represented the Dutch target population,
including women diagnosed with early-stage breast
cancer who received breast-conserving surgery and
radiation therapy.

� Twenty-year survival rates did not differ between
low, medium and high volume institutes, in which
volume was based on two definitions: 1) based on
the total number of patients treated in the RT insti-
tuted and 2) the number of included trial
participants.

What this adds to what was known?
� This case study illustrates the opportunities for

research into representativeness of trial results to
the target population and shows its challenges.

What is the implication and what should change
now?
� The described linkage procedure gives insight in

challenges of linking data from different sources,
and highlights research possibilities for collabora-
tions between clinical research organisation and
cancer registries.

A. Neven et al. / Journal of Clin
incomplete linkage or mismatching [3,5,6]. Here, we
perform a data linkage on an illustrative case study using
European Organization for Research and Treatment of Can-
cer EORTC boost-no-boost trial data.

The EORTC boost-no-boost multinational study
(EORTC trial 22,881-10,882, more information at http://
clinicaltrials.gov/ct/show/NCT02295033) randomized
women with early-stage breast cancer who received
breast-conserving surgery (BCS) and radiation therapy
(RT) between boost irradiation and no boost between
1989 and 1996. The long-term follow-up revealed a
4.4% reduced 20-year local recurrence risk in the boost
arm, however with a negative impact on cosmetic results
[7,8]. Overall survival (OS) was not significantly different
between the groups [8]. The Dutch treatment guidelines
[9] recommend, mostly based on the boost-no boost trial,
that the benefit of a boost should be evaluated and
weighted based on age, comorbidity and the chance of
reduced cosmetic results [10]. After implementation of
these guidelines in 2012, the variability in use of boost
irradiation between institutes decreased but remained sig-
nificant [11].
Here, we aimed to gain experience in assessing extrap-
olation of trial results to the daily breast cancer popula-
tion. We therefore examined the representativeness of
the Dutch EORTC boost-no-boost trial participants to
the contemporaneous Dutch target population. Further-
more, we evaluated the process of linking two databases
from different sources and described its challenges and
opportunities.
2. Methods

2.1. Study design

In this historic cohort study, two databases were linked:
the Netherlands Cancer Registry (NCR) and the EORTC
boost-no-boost trial [8] database. The NCR is hosted by
the Netherlands Comprehensive Cancer Organization
(IKNL) where trained and dedicated data managers register
data on patient-, tumor- and treatment-related characteris-
tics of all newly diagnosed malignancies from 1989 on-
wards. Data are extracted directly from patient records.
The main source of notification is the nationwide network
and registry of histo- and cytopathology in the Netherlands
(PALGA). The NCR is described to be complete for over
96% [12]. Vital status is obtained through regular linkage
with the Municipal Personal Records Database.

The current analysis focuses first on the general Dutch
population (treated in any Dutch institute) and then on pa-
tients treated in any of the seven Dutch institutes that
included patients into the trial: The Netherlands Cancer
Institute in Amsterdam, Leiden University Medical Center,
Institute Verbeeten in Tilburg, Radboud University Medical
Center Nijmegen, Erasmus University Medical Center Rot-
terdam, University Medical Center Utrecht and Maastricht
Radiation Oncology Institute. All data analyzed in this
study was extracted from the NCR, the EORTC trial data
were solely used for identification of trial and non-trial
participants.

2.2. Data linkage procedure and validation

To match the eligibility criteria of the EORTC trial, all
female breast cancer patients diagnosed between 1989
and 1996, aged �70 years and treated with BCS and RT
were selected from the NCR. The NCR did not record
whether or not a patient had been included in a trial, and
the EORTC database neither includes the exact date of
diagnosis nor full patient name (privacy-related).

First, we aimed to identify the trial participants in the
NCR and created a binary variable to indicate trial partici-
pation. The first linkage attempt was based on matching
dates of birth and start of RT. The percentage of complete
matches was poor (28%) primarily due to the frequency of
breast cancer (many patients with same date of birth result-
ing in one-to-many matches) and the lack of information on
date of RT in the NCR (in many instances information on
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RT was present in text fields with the exact date missing in
the electronic files). A second linkage attempt was based on
date of birth and patient codes (first letter of first name fol-
lowed by first two letters of last name given at birth). This
second linkage reached over 90% complete matches.

Second, we tried to identify in which Dutch EORTC RT
institute each included patient was irradiated, to analyze
variation between institutes. As the NCR only fully
collected information on treating RT institutes from 1990
on, we generated list of hospitals which were referring pa-
tients to any of the seven RT institutes. This proxy variable
allowed us to estimate the RT institute in case it was
unknown.

The linkage was validated by comparing the date of RT
and surgery in both databases and plotting the date of diag-
nosis (NCR) against the date of randomization (EORTC),
which was deemed satisfying. The actual linkages were
executed by IKNL (RK) in close collaboration with the
EORTC (AN). The linkage procedure was approved by
the local privacy committee of the NCR (request number
K15.183).
Table 1. Trial participation and EORTC Dutch RT institutes

Number of patients

Treated in any of the
seven EORTC Dutch RT

institutes

TotalEORTC trial participation Yes No

Yes 2,153 292 2,445a

No 7,522 10,913 18,435

Total 9,675 11,205 20,880

Abbreviations: EORTC, European Organization for Research and
Treatment of Cancer; RT, radiation therapy.

All the information is based on data reported in the NCR.
a Linkage rate NCR and EORTC trial database: 94% (2,445/

2,602).
2.3. Statistical analysis

Patient-, tumor- and treatment characteristics at baseline
were analyzed according to trial participation in the general
Dutch population and then among patients treated in any of
the seven EORTC Dutch RT institutes. Trial and non-trial
participants were compared using the Chi-squared test,
two-tailed Cochran-Armitage trend test or two-tailed t-test
for binary, ordinal and continuous variables, respectively. Pa-
tients with missing or unknown values were excluded from
the P-value computation. Due to the large dataset, a nominal
significance level of 0.001was chosen. Given the exploratory
nature of this study, no further adjustment formultiplicity has
been performed. Sensitivity analyses restricted to patients
diagnosed between 1991 and 1995 (period during which
the EORTC trial was fully recruiting) were conducted.

Next, to investigate potential heterogeneity between
institute volumes in OS rates, each EORTC Dutch RT insti-
tute was categorized in low, medium or high volume ac-
cording to two definitions determined a priori. First,
‘volume’ was defined based on the total number of patients
treated in the RT institute, with low volume being defined
as �1,000 patients, medium as 1,001e1,500 patients, and
high as O1,500 patients. Second, ‘volume’ was defined
based on the number of included trial participants, with
low volume being defined as !100 patients, medium as
101e300 patients and high as O300 patients. OS was
defined from date of diagnosis to date of death or last re-
corded date of being alive. KaplaneMeier curves of OS
rates by volume were displayed. The volume effect hazard
ratio (HR) with its 95% confidence interval (CI) was esti-
mated using univariable and multivariable Cox models
including age, clinical stage, morphology, adjuvant sys-
temic treatment and socioeconomic status (SES, based on
the first four numbers of the postal code at diagnosis, ex-
tracted from the Netherlands Institute for Social Research,
classified as low, medium and high). The proportional haz-
ard (PH) assumption was checked. Whereas the PH
assumption was not rejected for the volume effect (indepen-
dent of the definition), evidence for non-PH was observed
for some covariates. Therefore, the multivariable Cox
model was stratified for age and clinical stage and adjusted
for adjuvant systemic treatment, SES and morphology
assuming a piece-wise constant hazard rate in 5-year time
intervals for the latter co-variate.

We assessed homogeneity of the results across RT insti-
tutes using a forest plot and conducted an interaction test be-
tween RT institute and trial participation indicator in a Cox
model. All analyses were conducted in accordance with a
statistical analysis plan defined prior to data linkage and
analysis. Analyses were performed in the SAS version 9.4.
3. Results

3.1. Patient selection and linkage results

In total, 20,880 patients were selected from the NCR to
perform the linkage with the EORTC database, which
included 2,602 patients treated in any of the seven Dutch
RT institutes.

The first linkage attempt, using dates of birth and RT as
linkage variables, resulted in only 28% coverage (729 of
2,602 patients). The second linkage, using date of birth and
patient codes as linkage variables, resulted in 94% complete
matches (2,445 of 2,602 patients). Of the 20,880 patients
selected from the NCR 2,455 could eventually be linked to
the EORTC trial, whereas 18,435 patients were identified
as treated in the general clinical setting (no other clinical
studies were open for accrual at that time) (Table 1).

3.2. Representativeness of trial participants to the
general Dutch population

Baseline characteristics of the included trial and non-
trial population are shown in Table 2. All variables were



Table 2. Patient-, tumor- and treatment-related characteristics at baseline in the general Dutch population

Baseline characteristics

Patients

P-value

Total number of patientsNon-trial population Trial population

(N [ 18,435) (N [ 2,445) (N [ 20,880)

N (%) N (%) N (%)

Age at diagnosis (years) 0.0070c

N observed 18,435 2,445 20,880

Median 53 54 53

Range 20e70 22e70 20e70

Interquartile range 45e62 46e62 46e62

Morphology 0.0073a

N observed 18,435 (100.0) 2,445 (100.0) 20,880 (100.0)

Invasive ductal carcinoma 14,492 (78.6) 1,903 (77.8) 16,395 (78.5)

Invasive lobular carcinoma 1,613 (8.7) 230 (9.4) 1,843 (8.8)

Mixed invasive pattern 591 (3.2) 75 (3.1) 666 (3.2)

Tubular carcinoma 775 (4.2) 130 (5.3) 905 (4.3)

Medullary carcinoma 364 (2.0) 54 (2.2) 418 (2.0)

Colloid/Mucinous carcinoma 315 (1.7) 33 (1.3) 348 (1.7)

Other 285 (1.5) 20 (0.8) 305 (1.5)

Topography 0.2538a

N observed 17,973 (97.5) 2,394 (97.9) 20,367 (97.5)

Nipple 79 (0.4) 14 (0.6) 93 (0.4)

Central portion 972 (5.4) 110 (4.6) 1,082 (5.3)

Upper medial quadrant 2,744 (15.3) 350 (14.6) 3,094 (15.2)

Lower medial quadrant 1,253 (7.0) 185 (7.7) 1,438 (7.1)

Upper lateral quadrant 7,766 (43.2) 1,066 (44.5) 8,832 (43.4)

Lower lateral quadrant 1,536 (8.5) 205 (8.6) 1,741 (8.5)

Axillary tail of breast 253 (1.4) 25 (1.0) 278 (1.4)

Overlapping 3,370 (18.8) 439 (18.3) 3,809 (18.7)

Laterality 0.7184a

N observed 18,423 (99.9) 2,444 (100.0) 20,867 (99.9)

Left 9,434 (51.2) 1,261 (51.6) 10,695 (51.3)

Right 8,989 (48.8) 1,183 (48.4) 10,172 (48.7)

Clinical stage !0.001b

N observed 18,280 (99.2) 2,426 (99.2) 20,706 (99.2)

Stage I 10,302 (56.4) 1,520 (62.7) 11,822 (57.1)

Stage IIA 5,929 (32.4) 716 (29.5) 6,645 (32.1)

Stage IIB 1,871 (10.2) 187 (7.7) 2,058 (9.9)

Stage IIIA 55 (0.3) 1 (0.0) 56 (0.3)

Stage IIIB 98 (0.5) 2 (0.1) 100 (0.5)

Stage IV 25 (0.1) - 25 (0.1)

Grade !0.001b

N observed 8,211 (44.5) 803 (32.8) 9,014 (43.2)

Grade 1 1,042 (12.7) 147 (18.3) 1,189 (13.2)

Grade 2 3,203 (39.0) 299 (37.2) 3,502 (38.9)

Grade 3 3,897 (47.5) 351 (43.7) 4,248 (47.1)

Grade 4 69 (0.8) 6 (0.7) 75 (0.8)

Adjuvant systemic treatment !0.001a

N observed 18,435 (100.0) 2,445 (100.0) 20,880 (100.0)

No 13,548 (73.5) 1,886 (77.1) 15,434 (73.9)

Yes 4,887 (26.5) 559 (22.9) 5,446 (26.1)

(Continued )
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Table 2. Continued

Baseline characteristics

Patients

P-value

Total number of patientsNon-trial population Trial population

(N [ 18,435) (N [ 2,445) (N [ 20,880)

N (%) N (%) N (%)

Socioeconomic status 0.0176b

N observed 18,296 (99.2) 2,437 (99.7) 20,733 (99.3)

Low 4,979 (27.2) 546 (22.4) 5,525 (26.6)

Medium 7,235 (39.5) 1,102 (45.2) 8,337 (40.2)

High 6,082 (33.2) 789 (32.4) 6,871 (33.1)

Patients with missing/unknown values are excluded from the computation of the P-value. A nominal significance level of 0.001 has been chosen
due to the large dataset.

a 5 Chi-squared test.
b 5 Cochran-Armitage trend test (two-tailed).
c 5 two-tailed t-test.
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complete for over 97% of the patients, except for grade
which was available in less than 50% of the patients. Over-
all, trial participants were of similar age, had a similar dis-
tribution of morphology, topography, laterality and SES
compared to non-trial participants. However, trial partici-
pants more often presented with stage I or grade one dis-
ease than non-trial participants (62.7% vs. 56.4% and
18.3% vs. 12.7%, respectively). Trial participants less often
received adjuvant systemic treatment compared to non-trial
participants (22.9% vs. 26.5%). Sensitivity analyses
restricted to patients diagnosed between 1991 and 1995
led to the same conclusions (data not shown).
3.3. Representativeness of trial participants to the
Dutch population treated in any of the seven Dutch
EORTC RT institutes

In total, 9,675 (46.3%) patients in the NCR were identi-
fied to be treated in any of the seven Dutch EORTC RT in-
stitutes (Table 1). Out of 2,445 patients linked with the
EORTC database, 292 (11.9%) could not be linked to a spe-
cific RT institute, leaving 2,153 Dutch trial patients linked
to the treating institute. Baseline characteristics in this sub-
set, similar to the entire population, are shown in
Supplementary Table 1. Patients had a median age of
53 years at diagnosis. Most patients had invasive ductal car-
cinoma (77.3%). More than half of the patients (58.8%) had
a stage I disease and 24.2% received adjuvant systemic
therapy. Distributions among institutes are displayed in
Figure 1. Overall, the baseline characteristics were similar
among the RT institutes, except for institute 7 in which
lesser patients had invasive ductal carcinoma (62%), less
patients had a stage I disease (49%) and more patients were
treated with adjuvant systemic treatment (32%). At institute
4, the median age at diagnosis was slightly higher
(55 years). Most notable differences among the RT insti-
tutes were observed for SES: whereas at institutes 4 and
7, less than 20% of the patients had a high SES, a high
SES was reported in around half of the patients at institutes
5 and 6.

Depending on the RT institute, the percentage of the trial
population varied between 1.9% (institute 3) and 47.7%
(institute 2). Within the RT institutes, baseline characteris-
tics were similar for the trial and non-trial population with
some exceptions: at institute 2, trial participants were
slightly older than non-trial participants (median age 55
vs. 52 years). At institutes 4 and 7, less trial participants
were treated with adjuvant systemic therapy than non-trial
participants (17% vs. 27% at institute 4 and 23% vs. 36%
at institute 7). At all institutes, except for institute 3, stage
I disease was more frequent with institute 7 showing the
largest difference (61% vs. 42% in the trial vs. non-trial
population). Finally, at site three more patients in the trial
population were of low SES compared to the non-trial pop-
ulation, who more often had medium SES. However, any
difference observed at institute 3 should be cautiously inter-
preted due to few trial participants (Fig. 1).
3.4. Volume analysis

In total, 5,431 (56.1%) patients treated in one of the
participating RT institutes had deceased. Median OS was
22.6 years and was similar for both the trial and non-trial
population (Supplementary Fig. 1). Table 3 displays the
classification of the RT institutes by volume definition. In
the volume analysis based on total number of patients
treated, no significant volume effect was observed in uni-
variable (P-value 5 0.26) or multivariable analyses
(P-value 5 0.45) (Table 4A, Fig. 2A). The crude 20-year
OS rate was 56.1% (95% CI: 54.7%e57.4%) in high,
54.7% (95% CI: 52.9%e56.6%) in medium and 57.4%
(95% CI: 54.9%e59.9%) in low volume institutes.

In the univariable volume analysis based on number of
included trial patients, patients treated in medium volume
institutes had lower OS (crude 20-year OS 52.5% [95%
CI: 50.3%e54.6%]) as compared to patients treated in
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low or in high-volume institutes (crude 20-year OS 57.3%
(95% CI: 55.3%e59.2%) and 56.6% (95% CI: 55.3%e
58.0%), respectively (P-value 5 0.0002)). However, the
difference disappeared after adjustment for confounding
in multivariable analysis (P-value5 0.20). Exploratory het-
erogeneity analyses indicated no statistically significant
interaction between RT institute and trial participation
(Fig. 3).
4. Discussion

In this linkage case study, patients included in the
EORTC boost-no-boost trial were largely representative
for the contemporaneous general Dutch breast cancer pop-
ulation diagnosed between 1989 and 1996 and treated with
BCS and RT. Among the baseline differences observed
overall and in most RT institutes, early-stage disease was
more frequent in the trial population than the non-trial pop-
ulation. This finding has also been described in literature
[1]. This contributes to only 23% of the Dutch trial partic-
ipants receiving adjuvant systemic treatment compared to
27% of the patients treated in daily practice.

The literature frequently reports underrepresentation of
elderly patients in clinical trials [1,13]. Interestingly, we
did not find that the trial population consisted of younger
patients as compared to the general populationewithin
the inclusion age limits of 18e70 years. The representative-
ness of trial participants in this specific study could be
related to the nature of the intervention, which is in this
case study treatment optimization. In drug development
studies, selection criteria would be generally even stricter,
probably leading to lower representativeness.

In multivariable analyses, no differences in long-term
OS were observed in relation to the volume of patients
treated in the institutions, independent of the volume defi-
nition. In our study, the 20-year crude OS rate was around
56%, which is similar to the 55% found in a Spanish regis-
try study [14], but slightly lower than the approximately
60% and 59% reported in long-term follow-up clinical tri-
als analyses [8,15]. This is likely to be explained by the
slightly more complete follow-up in registries. Indeed, as
reported in literature [16], registries often contain more
up-to-date survival data compared to clinical trials in which
obtaining long-term follow-up is challenging.

Linkage studies have been shown to be extremely useful
in research [17,18], but may come with several challenges
related to technical aspects and privacy issues [5]. More-
over, the utility of the linkage may be compromised by bias
from linkage errors where records cannot be linked or are
incorrectly linked together [3]. It has long been recognized
that even small amounts of missed-matches and false-
matches can lead to considerably biased results [19]. In
our case study, the first linkage attempt using dates of birth
and start of RT yielded coverage of only 28%. Date of death
could not be used as a linkage variable, as discrepancies in
survival data between the two databases have been noted.
This is due to the EORTC dataset being frozen at the end
of the data collection, whereas the NCR is a live database,
and the challenges related to long-term follow-up data
collection in clinical trials [17]. Given that incomplete link-
age can result in biased estimates [3], the one-to-one
matching of the de-identified clinical trial records had to
be improved to get useful and reliable results. The linkage
based on date of birth and patient code (first letter of first
name followed by first two letters of last name given at
birth) yielded 94% of complete matches.

While initially aiming for a 100% linkage coverage,
challenges during the linkage procedure came to light and
led us to consider O90% of complete matches as satis-
fying. First, before 1990 any RT not delivered within three
months after diagnosis was not always recorded in the NCR
and therefore incomplete. Second, patient codes in the
EORTC database were not standardized and letters did
not always match with initials of name and surname. Third,
in the EORTC trial database, a few patients agedO70 years
at randomization were identified. Since age at diagnosis
was not available in the EORTC database, we could not
identify whether randomization took place more than 1 year
after diagnosis or if an exception for enrolment had been
made. Fourth, in the EORTC trial, eligibility deviations
were strictly based on baseline data, as per good standard
practice in clinical trials. However, in case a patient had
no metastases at baseline (no so eligibility deviation), but
after randomization metastases were detected, in the NCR
registry such a patient is coded as having metastases and
thus excluded from the selected dataset. Consequently, this
patient could not be linked. Last, but not least, with breast
cancer being a frequent cancer there were a few instances
of one-to-many matches.

It should be noted that the availability of the patient co-
des in the EORTC trial made the present study feasible.
Nowadays, with increasingly strict data protection regula-
tions, trials are no longer allowed to collect directly identi-
fying variables. Researchers may thus face challenges when
trying to link more recent trial data to registry data. In
recent years, several guidelines and recommendations for
data linkageein case direct linkage variables are not
availableehave been published [20e22] which aid re-
searchers to execute linkages with high accuracy and effi-
ciency. Linkage studies of trial data to registry data not
only caneas described in this studyeclose the gap between
research and clinical practice, but they also have the poten-
tial to largely reduce costs associated with clinical trials
[23].

It is worth noting the limitation in our project related
with incomplete information on the treating RT institute
in the NCR. We managed to overcome this challenge by us-
ing a proxy variable in which the treating RT institute was
estimated based on referral patterns. Another limitation is
the inclusion of patients diagnosed between 1989 and
1996. There have been drastic improvements in detection



Fig. 1. Patient-, tumor- and treatment characteristics at baseline by Dutch radiation therapy institute (Site 1 e Site 7) and trial participation (No/
Yes). For each site, two numbers are given in brackets: the first number displays the number of patients treated in the general clinical setting and
the second the number of trial patients at the given site.
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Table 3. Volume of each Dutch RT institute participating in the EORTC boost no-boost trial

EORTC Dutch RT
institute

Total number of patients
treated N

Total number of included trial
patients N

Volume based on total number of
patients treateda

Volume based on number of
included trial patientsb

Site 1 2,035 342 High High

Site 2 1,676 799 High High

Site 3 1,624 31 High Low

Site 4 1,432 262 Medium Medium

Site 5 1,384 376 Medium High

Site 6 826 92 Low Low

Site 7 698 251 Low Medium

Abbreviations: EORTC, European Organisation for Research and Treatment of Cancer; RT, radiation therapy.
a low: �1,000 patients, medium: 1,001e1,500 patients, high: O1,500 patients.
b low: !100 trial patients, medium: 101e300 trial patients, high: O300 trial patients.

Table 4. Univariable and multivariable volume effect (A based on number of patients treated and B based on number of included trial participants)
on overall survival

A) Volume based on total number of patients treated

Event/Total OS estimates (95% CI)

Univariable analysis Multivariable analysis

HR (95% CI) P-value HR (95% CI) P-value

0.2649a 0.4531b

High 2,982/5,326 10y: 76.5 (75.3e77.6%)
15y: 66.2 (64.9e67.5%)
20y: 56.1 (54.7e57.4%)
25y: 44.6 (43.2e46.0%)

Reference Reference

Medium 1,618/2,805 10y: 76.9 (75.3e78.5%)
15y: 66.1 (64.3e67.8%)
20y: 54.7 (52.9e56.6%)
25y: 43.5 (41.6e45.4%)

1.04 (0.97e1.10) 0.98 (0.92e1.04)

Low 831/1,509 10y: 76.2 (73.9e78.2%)
15y: 66.7 (64.3e69.1%)
20y: 57.4 (54.9e59.9%)
25y: 46.4 (43.8e49.0%)

0.97 (0.90e1.05) 0.95 (0.88e1.03)

B) Volume based on number of included trial patients

Event/Total OS estimates (95% CI) Univariable analysis Multivariable analysis

HR (95% CI) P-value HR (95% CI) P-value

0.0002a 0.2042b

High 2,846/5,091 10y: 77.1 (75.9e78.2%)
15y: 66.9 (65.6e68.2%)
20y: 56.6 (55.3e58.0%)
25y: 45.4 (44.0e46.8%)

Reference Reference

Medium 1,268/2,113 10y: 74.5 (72.6e76.3%)
15y: 63.6 (61.5e65.7%)
20y: 52.5 (50.3e54.6%)
25y: 40.9 (38.7e43.1%)

1.13 (1.06e1.20) 1.06 (0.99e1.13)

Low 1,317/2,436 10y: 77.2 (75.5e78.9%)
15y: 67.1 (65.2e69.0%)
20y: 57.3 (55.3e59.2%)
25y: 46.1 (44.0e48.2%)

0.97 (0.91e1.04) 1.00 (0.93e1.06)

Abbreviations: OS, overall survival; HR, hazard ratio; CI, confidence interval; y, year.
Patients with missing follow-up time have been removed from the analysis (N 5 35, 0.4%). The multivariable Cox model was stratified for age

and clinical stage and adjusted for adjuvant systemic treatment, socioeconomic status and morphology assuming a piece-wise constant hazard rate
in time intervals of 5 years for the latter covariate.

a Logrank test.
b Wald test.
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Fig. 2. (A) Overall survival by volume based on total number of patients treated (B) Overall survival by volume based on number of included trial
patients.
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Fig. 3. Forest plot for overall survival. An unstratified univariable Cox model was used to estimate the hazard ratios in the trial population compared
with the non-trial population. An unstratified Cox model including the trial group, the EORTC Dutch RT institute and the interaction term (e.g., trial
participation � RT institute) was used to perform the interaction test and estimate the hazard ratios for the subgroups. P-values were yielded by the
test of trial participation or by the test of interaction; for each, the Wald test was used. The sizes of the blue boxes are nonlinearly proportional to the
numbers of events. The green diamond is centered on the overall hazard ratio (dashed line) and covers its 95% confidence interval. In the subgroup
analyses, 95% confidence intervals (blue lines) are presented. Abbreviations: RT, radiation therapy; HR, hazard ratio; CI, confidence interval. (For
interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
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methods and treatment strategies over time [24] and there-
fore trial results cannot be directly extrapolated to the
contemporary breast cancer population. However, as the
boost-no-boost trial is the most important existing evidence
regarding boost treatment and there is still a variation in its
application [11], our analyses are useful to clinical practice
by showing that the trial population was largely representa-
tive to the general population at time of the trial. Taking
into account the changing landscape since the trial started
[25,26], results of the boost-no-boost trial can safely be
applied to the general population. Nevertheless, benefits
and harms of boost irradiation should be carefully consid-
ered and discussed with the patient in the light of contem-
porary outcomes.

In conclusion, the present case study, linking the
EORTC boost-no-boost trial database with the NCR, illus-
trates the opportunities for research into representativeness
of trial results to the target population. The described link-
age procedure does not only give insight in challenges of
linking data from different sources, but also highlights
research possibilities for collaborations between clinical
research organization and cancer registries.
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