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Abstract
Objectives: This study aimed to explore the real-world representativeness of a prospective registry cohort with active accrual in
oncology, applying a representativeness metric that is novel to health care.

Study Design and Setting: We used data from the Prospective Observational Cohort Study of Esophageal-Gastric Cancer Patients (PO-
COP) registry and from the population-based Netherlands Cancer Registry (NCR). We used Representativeness-indicators (R-indicators)
and overall survival to investigate the degree to which the POCOP cohort and clinically relevant subgroups were a representative sample
compared to the NCR database. Calibration using inverse propensity score weighting was applied to correct differences between POCOP
and NCR.

Results: The R-indicator of the entire POCOP registry was 0.72 95% confidence interval [0.71, 0.73]. Representativeness of palliative
patients was higher than that of potentially curable patients (R-indicator 0.88 [0.85, 0.90] and 0.70 [0.68, 0.71], respectively). Stratification
to clinically relevant subgroups based on treatment resulted in higher R-indicators of the respective subgroups. Both after stratification and
calibration weighting survival estimates in the POCOP registry were more similar to that in the NCR population.

Conclusion: This study demonstrated the assessment of real-world representativeness of patients who participated in a prospective reg-
istry cohort and showed that real-world representativeness improved when the variability in treatment was accounted for.
Keywords: Representativeness; R-indicators; Health-related quality of life; Survival; Esophageal cancer; Gastric cancer
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1. Introduction

In oncological research, patient reported outcome mea-
sures (PROMs) are a popular method to obtain quality of
life and other self-report data from patients [1e5]. When
using PROMs, patients are usually requested to complete
(digital) questionnaires and data collection thus relies on
the active participation of patients. Consequently, some pa-
tients may be more inclined to participate than others which
could result in a selection bias [6]. For example, patients
access article under the CC BY-NC license (http://creativecommons.org/
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What is new?

Key findings
� This study demonstrated the utility of Representa-

tiveness-indicators to explore real-world represen-
tativeness of prospective registry cohort as well
as calibration techniques and stratification to cor-
rect for differences between the prospective regis-
try cohort and the population.

What this adds to what was known?
� This is the first time that Representativeness-indi-

cators were used in the field medical oncology.

� Using R-indicators we found that prospective reg-
istry cohorts in oncology can be representative of
a nation-wide population when differences in treat-
ment are accounted for.

What is the implication and what should change
now?
� Future observational and clinical studies could be

evaluated uniformly by using Representativeness-
indicators.
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with high age and higher levels of comorbidities in self-
administered health-related quality of life questionnaires
may be less likely to participate [7]. Thus, the question
arises to what extent patients who are willing to fill out
PROMs questionnaires accurately reflect the real-world
oncological patient.

Studies on the representativeness of prospective cohort
studies that collect PROMs compared to the population are
still scarce. Recently, a study was published investigating
the representativeness of the Prospective Dutch Colorectal
Cancer cohort with respect to the Dutch population of pa-
tients with colorectal cancer [8]. In this study, standardized
mean differences (SMD) between the prospective cohort
and populationwere used to identify key differences between
cohort and population. Although SMDs can provide valuable
insights into differences at the variable-level, it does not pro-
vide a single intuitivemetric capturing the representativeness
of a sample.Moreover, because SMDs are calculated for each
variable separately, the relative effects of variables on the
sample’s representativeness cannot be explored.

The aim of this study was to apply and demonstrate the
utility of a metric called Representativeness-indicators (R-
indicators) for investigating the real-world representative-
ness of prospective cohort studies in the field of oncology
[9e11]. R-indicators have attractive properties which
enable researchers to express a sample’s representativeness
with respect to the population in a single, intuitive metric
and allows for the examination of multiple variables
simultaneously which can be used to explore variables’
relative effect on the representativeness. To this end, we
investigated the real-world representativeness of patients
included in the Prospective Observational Cohort Study
of Esophageal-Gastric Cancer Patients (POCOP) with
respect to the Dutch population of patients with esophago-
gastric cancer [12]. Additionally, we investigated if poten-
tial differences between prospective cohort registries and
the population could be corrected to produce externally
valid results and conclusions.
2. Methods

2.1. Study population

Data of all patients that were diagnosed between 2016
and 2021 with esophageal or gastric cancer (including
gastro-esophageal junction carcinoma) and participated in
the POCOP registry were used as the sample data. The
methods of the POCOP registry have been reported else-
where [12]. In short, patients are referred to the investiga-
tors of the project by someone from the medical team.
POCOP investigators then contact potential participants
by phone and send the questionnaire by mail or email.
When patients provide written informed consent, they are
contacted telephonically, via mail or email, every 3 months
during the first year, twice in the second year and annually
after that, to collect PROMs.

The reference population consisted of all patients diag-
nosed between 2016 and 2021 with primary esophageal or
gastric cancer in the Netherlands. The data from these pa-
tients were obtained from the Netherlands Cancer Registry
(NCR). The NCR is an annually updated nation-wide data-
base containing all patients diagnosed with cancer. Trained
data managers routinely extract information of the diagnosis,
tumor stage and treatment from patients’ electronic medical
records and add this to the NCR. Identification is mainly
based on notification from the nationwide network and regis-
try of histopathology and cytopathology in the Netherlands
[13]. Patients in the NCR diagnosed in 2016 were staged us-
ing TNM Classification of Malignant Tumours seventh edi-
tion, patients diagnosed between 2017 and 2021 were
staged using the eighth edition [14]. Patients with TNM-
staging based on the eighth edition were converted to the
staging of the seventh edition to ensure uniformity of this var-
iable in the analyses. Detailed clinical disease (c-) stages
(e.g., IA or IIIB)were simplified to 0, I, II, III, IV, or X, which
was then used as categorical variable in all analyses. Finally,
all clinical patient data was gathered from the NCR database.
By linking the POCOP registry to the NCR we identified
which patients participated in POCOP.

2.2. Coding and classifications

Patients were defined as either potentially curable (TNM
classification cTx-4a and cM0) or palliative (cT4B or cM1).
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Primary tumor location was defined as stomach or esoph-
agus. Gastro-esophageal junction and cardia carcinomas
was coded as esophageal carcinoma if the patient under-
went a esophagectomy and coded as gastric carcinoma if
the patients underwent a gastrectomy.

Treatments were defined for both the curative and palli-
ative intent, for example, chemotherapy (either adjuvant,
neoadjuvant or palliative), (definitive) chemoradiotherapy
and resection (see Supplementary materials Table 1 for
all treatments and frequencies). Definitive chemoradiother-
apy and neoadjuvant chemoradiotherapy not followed by
resection were distinguished from each other based on the
dose of radiation. Patients with a dose of 41.4 Gy or less
not followed by resection were assumed to have been
treated with neoadjuvant chemoradiotherapy. Patients with
a dose higher than 41.4 Gy not followed by resection were
assumed to have been treated with definitive chemoradio-
therapy [15].
2.3. Real-word representativeness

We explored the real-world representativeness of the
POCOP registry using the recently developed representa-
tiveness indicators (R-indicators) [9e11]. This method
was developed by the Dutch national bureau of statistics,
Statistics Netherlands, and has attracted interest in survey
studies [16,17]. The R-indicator quantifies sample represen-
tativeness between 0 and 1, with 0 indicating that the sam-
ple is not representative at all and one that the sample is
completely representative for the reference population.
The calculation of the R-indicator is based on the variation
(i.e., standard deviation) of the propensity that patients
participate in the prospective registry cohort, conditional
on a set of covariates.

In this analysis using the POCOP registry, response pro-
pensities were estimated using a multivariable logistic
regression model with all available patient and tumor char-
acteristics as independent variables (treatment, sex, WHO
performance status, stage, morphology, age, number of co-
morbidities, and primary tumor location). In addition to the
R-indicator, the so-called partial R-indicators were calcu-
lated and reflect which variable in the model contributed
the most to the lack of representativeness. The R-indicators
and partial R-indicators of the entire POCOP sample with
95% confidence intervals (CI) and the R-indicators for all
clinically relevant groups were calculated using the R-indi-
cators code for R [18]. By stratifying the analyses of R-in-
dicators to potentially curable and palliative patients, and
treatment groups, we were able to observe if the real-
world representativeness was consistent across strata.
2.4. Adjusting for differences

In order to correct potential selection bias in the pro-
spective registry cohort and subgroups thereof, we used a
calibration weighting (hereafter referred to as calibration)
technique based on the Inverse Propensity Weight (IPW)
[19]. By calibrating the prospective registry cohort to the
target population, a pseudo-population is created from the
prospective registry cohort with which should more accu-
rately reflect the population data. In this analysis, we calcu-
lated the IPWof being included in the POCOP registry with
the same multivariable logistic model to estimate the
response propensities.

To investigate the degree to which calibration was suc-
cessful in creating a pseudo population which was better
reflective of the NCR population data, we performed a sur-
vival analysis in which we constructed Kaplan-Meier (KM)
curves of patients in the NCR, POCOP and calibrated PO-
COP registry. This was performed for the POCOP registry
as a whole, and for the subgroups based on treatment intent.
Bias was defined as the deviation between the KM curves
of POCOP vs. NCR data and calibration POCOP vs.
NCR data, which was inspected visually. Additionally, me-
dian survival and 5-year overall survival was calculated for
all analyzed groups. All missing data on variables used in
this study were imputed using the random forest imputation
implementation of the missForest package for R, and the
accompanying out-of-bag normalized root mean squared
error was reported to the imputation error [20]. Values very
close to zero indicate low imputation error. All analyses
were conducted in R version 4.1.0 and R studio version
4.0.3.
3. Results

3.1. Patient population

In total, 2,702 patients were available from POCOP and
16,856 from the NCR (which included all POCOP patients)
(Table 1); 65% of patients were treated with curative intent,
while 35% of patients were treated with palliative intent
(Table 2). The covariate balance after calibrating the PO-
COP database to the NCR can be found in Table 1. The
out-of-bag normalized root mean squared error of the impu-
tation was 9.2 � 10�10.

3.2. Real-world representativeness

Using the R-indicators, we observed that the R-indicator
of the total, nonstratified POCOP registry was 0.72 95% CI
[0.71, 0.73]. Stratified to treatment intent, the R-indicator
was 0.88 [0.86, 0.90] for patients treated with palliative
intent and 0.70 [0.68, 0.71] for patients treated with cura-
tive intent.

Among patients with esophageal cancer treated with
curative intent representativeness of the largest group, neo-
adjuvant chemoradiotherapy followed by a resection, was
0.88 [0.85, 0.92]. For patients who were treated with neo-
adjuvant chemoradiotherapy not followed by resection
representativeness was 0.80 [0.75, 0.86]. In smaller groups,
representativeness was 0.90 [0.85, 0.94] for definitive



Table 1. Descriptive statistics of the NCR population database, the POCOP database and calibrated POCOP database

Variable NCR (N [ 16,856) POCOP (N [ 2,706) Calibrated POCOP

Treatment intent

Potentially curable 10,966 (65.1%) 2,197 (81.2%) 10,907.4 (65.0%)

Palliative 5,890 (34.9%) 509 (18.8%) 5,868.5 (35.0%)

Sex

Male 11,883 (70.5%) 2,064 (76.3%) 11,626.0 (69.3%)

Female 4,973 (29.5%) 642 (23.7%) 5,149.9 (30.7%)

WHO performance status

0 5,228 (31.0%) 1,330 (49.2%) 5,289.6 (31.5%)

1 5,700 (33.8%) 989 (36.5%) 5,507.7 (32.8%)

2 1,707 (10.1%) 126 (4.7%) 2,271.2 (13.5%)

O2 656 (3.9%) 21 (0.8%) 504.2 (3.0%)

Unknown 3,565 (21.1%) 240 (8.9%) 3,203.2 (19.1%)

Stage

1 1,429 (8.5%) 139 (5.1%) 1,276.4 (7.6%)

2 2,771 (16.4%) 570 (21.1%) 2,771.9 (16.5%)

3 4,432 (26.3%) 1,145 (42.3%) 4,454.2 (26.6%)

4 6,742 (40.0%) 768 (28.4%) 6,905.7 (41.2%)

M/X 1,482 (8.8%) 84 (3.1%) 1,367.8 (8.2%)

Histology

Adenocarcinoma 13,342 (79.2%) 2,217 (81.9%) 13,231.5 (78.9%)

Squamous cell carcinoma 2,919 (17.3%) 459 (17.0%) 2,884.0 (17.2%)

Other/not microscopically verified 595 (3.5%) 30 (1.1%) 660.4 (3.9%)

Age

! 49 775 (4.6%) 119 (4.4%) 700.2 (4.2%)

50e59 2,199 (13.0%) 449 (16.6%) 2,245.3 (13.4%)

60e69 5,046 (29.9%) 1,069 (39.5%) 4,847.9 (28.%9)

70e79 5,880 (34.9%) 916 (33.9%) 6,129.7 (36.5%)

O 80 2,956 (17.5%) 153 (5.7%) 2,852.8 (17.0%)

Number of comorbidities

0 8,085 (48.0%) 1,557 (57.5%) 8,181.4 (48.8)

�1 8,771 (52.0%) 1,149 (42.5%) 8,594.5 (51.2)

Calibrated POCOP refers to the POCOP database after inverse propensity weighting calibration to the NCR population distributions
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chemoradiation; 1.00 [0.89, 1.00] for neoadjuvant chemo-
therapy followed by resection (with or without adjuvant
chemotherapy); 0.98 [0.98, 1.00] for other treatments; and
0.88 [0.85, 0.92] for endoscopic resection (Fig. 1). For pa-
tients with gastric cancer, representativeness of patients
treated with neoadjuvant chemotherapy followed by resec-
tion (with or without adjuvant chemotherapy) was 0.84
[0.79, 0.89], and 0.95 [0.89, 1.00] for patients that under-
went a resection only (Fig. 1).

Comparable representativeness estimates were found
among patients with esophageal cancer treated with pallia-
tive intent. In the largest group, patients treated with
chemotherapy or target therapy, representativeness was
0.91 [0.88, 0.94]. Patients treated with chemoradiotherapy
had a representativeness of 0.84 [0.76, 0.93]; 1.00 [0.97,
1.00] for radiotherapy; and 1.00 [0.78, 1.00] for palliative
resection þ chemo (radio)therapy or radiotherapy. Among
patient with gastric cancer, only patients treated with
chemotherapy or targeted therapy was sufficiently large to
compute representativeness which was 0.93 [0.88, 0.97].

Across the entire POCOP cohort and the curative and
palliative subgroups, the partial R-indicators showed that
treatment contributed most to the degree of nonrepresenta-
tiveness (Fig. 2).
3.3. Calibration and survival

The KM curves of all patients and conditioned on treat-
ment intent are displayed in Fig. 3. Overall survival was
higher for patients in POCOP compared to the NCR popu-
lation data. After calibration, upon visual inspection sur-
vival of patients in POCOP as a whole was more alike
the NCR population data. Survival curves of patients in
the calibrated POCOP and NCR conditioned on type of
treatment are shown in Figures 4 and 5.



Table 2. Observed frequencies of patients’ treatments in the NCR and POCOP

Treatment intent Treatment Tumor location NCR frequency POCOP frequency

Potentially curable Definitive CRT Esophagus 1,276 (11.56%) 171 (6.7%)

Endoscopic resection Esophagus 664 (6.02%) 26 (1.02%)

nCRT þ resection Esophagus 3,018 (27.34%) 1,145 (44.85%)

nCRT no resection Esophagus 892 (8.08%) 313 (12.26%)

nCT þ resection (þ- adjuvant CT) Esophagus 314 (2.84%) 78 (3.06%)

nCT þ resection (þ- adjuvant CT) Stomach 1,250 (11.32%) 288 (11.28%)

Other treatment Esophagus 1,201 (10.88%) 35 (1.37%)

Resection only Stomach 687 (6.22%) 52 (2.04%)

Palliative Chemoradiotherapy Esophagus 318 (2.88%) 56 (2.19%)

Chemotherapy or targeted therapy Esophagus 2,037 (18.45%) 249 (9.75%)

Chemotherapy or targeted therapy Stomach 876 (7.94%) 70 (2.74%)

Palliative resection þ C(R)T or RT Esophagus 97 (0.88%) 28 (1.1%)

Radiotherapy only Esophagus 962 (8.71%) 42 (1.65%)

Abbreviations: CRT, neoadjuvant chemoradiotherapy; nCT, neoadjuvant chemotherapy; CT, chemotherapy; RT, radiotherapy.
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Median survival of the NCR, POCOP and calibrated
POCOP was 19 [18, 20], 32 [31, 36], and 23 [20, 25]
months, respectively. For potentially curable patients, me-
dian survival of the NCR, POCOP and calibrated POCOP
was 32 [30, 33], 43 [40, 47], and 36 [32, 42] months,
Fig. 1. R-indicators of subgroups with curative and palliative treatment inte
reported. The dashed line indicates perfect representativeness. Horizonta
nCRT 5 neoadjuvant chemoradiotherapy, nCT 5 neoadjuvant chemotherap
respectively. For palliative patients, median survival of
the NCR, POCOP and calibrated POCOP was 9 [9, 9],
13 [11, 14], and 11 [10, 12] months. Median survival of
clinically relevant subgroups stratified to treatment can
be found in Table 3.
nt. Sample sizes of the patients in POCOP in specific subgroups are
l bars represent the 95% confidence intervals of the R-indicators.
y, CT 5 chemotherapy, RT 5 radiotherapy.



Treatment

Sex

WHO performance status

Stage

Histology

Age

Number of comorbidities

Tumor location

0.076 (0.070,0.082)

0.008 (0.003,0.013)

0.028 (0.023,0.033)

0.017 (0.011,0.023)

0.013 (0.009,0.016)

0.015 (0.010,0.019)

0.014 (0.009,0.020)

0.005 (0.000,0.010)

0.000 0.025 0.050 0.075 0.100

All patients

Treatment

Sex

WHO performance status

Stage

Histology

Age

Number of comorbidities

Tumor location

0.074 (0.067,0.081)

0.012 (0.005,0.019)

0.028 (0.021,0.035)

0.021 (0.015,0.028)

0.013 (0.008,0.019)

0.016 (0.010,0.022)

0.016 (0.008,0.024)

0.003 (0.004,0.009)

0.000 0.025 0.050 0.075 0.100

Potentially curable

Treatment

Sex

WHO performance status

Stage

Histology

Age

Number of comorbidities

Tumor location

0.038 (0.030,0.046)

0.001 (0.007,0.009)

0.024 (0.017,0.032)

0.005 (0.001,0.011)

0.011 (0.006,0.016)

0.012 (0.006,0.018)

0.009 (0.002,0.016)

0.008 (0.002,0.015)

0.000 0.025 0.050 0.075 0.100
Partial R−indicator (95%CI)

Palliative

Fig. 2. Partial R-indicators for all patients and stratified to treatment intent. Values should be interpreted relative to each other. Higher values of the
partial R-indicator correspond to a larger contribution to nonrepresentativeness due to that variable relative to the other variables.
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The 5-year overall survival rates of patients in the NCR,
POCOP and calibrated POCOP were 26%, 36%, and 27%,
respectively. For potentially curable patients in the NCR,
POCOP, and calibrated POCOP, the 5-year overall survival
rates were 36%, 42% and 37%, respectively. For palliative
treated patients in the NCR, POCOP, and calibrated PO-
COP, the 5-year overall survival rates were 4%, 8% and
6%, respectively. The 5-year overall survival of clinically
relevant subgroups stratified to treatment can be found in
Table 3.
4. Discussion

In this study we evaluated the representativeness of a
prospective registry cohort for real-world data in oncology,



Fig. 3. Kaplan-Meier curves of the NCR (population), POCOP and calibrated POCOP for all patients. (For interpretation of the references to color in
this figure legend, the reader is referred to the Web version of this article.)

Fig. 4. Kaplan-Meier curves of the NCR (population), POCOP and calibrated POCOP, of potentially curable patients conditioned on treatment. EC5

Esophageal cancer, GC: Gastric cancer, nCRT 5 Neoadjuvant chemoradiotherapy, CT 5 Chemotherapy, CRT 5 Chemoradiotherapy. (For interpre-
tation of the references to color in this figure legend, the reader is referred to the Web version of this article.)
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Fig. 5. Kaplan-Meier curves of the NCR (population), POCOP and calibrated POCOP, of palliative patients conditioned on treatment. EC 5 Esoph-
ageal cancer, GC 5 Gastric cancer. CRT 5 Chemoradiotherapy, RT 5 Radiotherapy. (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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by applying a metric to quantify representativeness called
R-indicators for the first time in medical oncology, and
the extent to which differences between the patients
included in the PROMs and population could be corrected
to produce generalizable estimates.

We found that subgroups stratified to treatment generally
had a higher real-world representativeness with respect to
their respective target populations than the complete
unstratified prospective registry cohort (POCOP). This im-
plies that accounting for the variability of included treat-
ments in the PROMs improved real-world
representativeness of the prospective registry cohort. This
pattern was also observed in survival analyses in which sur-
vival estimates from patients included in the prospective
registry cohort were more similar to the target population
in treatment-stratified samples. Therefore, although the
variability of treatment may potentially introduce selection
bias, the effects of selection bias can be mitigated by ac-
counting for treatment using stratification. This is an impor-
tant finding for other cancer types where treatment may
also be a contributing factor in the selection mechanism
that determines willingness to participate in PROMs
studies.

Another important finding from stratification of the pro-
spective registry cohort to clinically relevant groups was
that lower inclusion rates of patients did not correspond
with lower real-world representativeness. For example,
the real-world representativeness of palliative patients
was higher compared to potentially curable patients despite
the inclusion rates being lower. This implied that, insofar
included patients on average resemble patients from the
real world, the absolute number of included patients does
not matter. This confirms previous findings that lower in-
clusion rates do not necessarily cause biased samples and
is contradictory to what is speculated in published studies
using similar PROMs data [1,2,21,22].

In addition to the finding that stratification of the pro-
spective registry cohort to clinically relevant subgroups
improved representativeness, our study also showed that
calibration weighting can be used as an alternative to strat-
ification to obtain generalizable estimates from the PROMs
with respect to the population to a large extend. Stratifica-
tion in combination with calibration weighting only
marginally improved the estimates. The advantage of using
calibration weighting techniques is that it allows to control
for multiple variables without the need to creating sub-
groups, in contrast to stratification where the number of
strata increase exponentially as the number of variables to
control for increase [23]. However, a disadvantage of
weighting calibration is that is requires the population data
in addition to the prospective cohort data to be able to
perform the calibration of the PROMs data to the popula-
tion, whereas stratification does not need these population
data. Moreover, in some instances the calibrated survival
curve did not perfectly overlap with the population curve,
indicating that there still was some unobserved confound-
ing for which we did not account. Known factors that
may induce nonrepresentativeness in health related quality
of life studies are physical condition and comorbidities; pa-
tients with better physical condition and fewer comorbid-
ities are more likely to participate [7,24]. However, the
WHO performance status and the number of comorbidities



Table 3. Median overall survival (months) of patients in the NCR, POCOP and calibrated POCOP

Treatment group

NCR POCOP POCOP calibrated

Median OS
(months, 95%CI) 5-yr OS (%)

Median OS
(months, 95%CI) 5-yr OS (%)

Median OS
(months, 95%CI) 5-yr OS (%)

Potentially curable

Esophagus

nCRT þ resection 48 [44, 53] 45 53 [48, NA] 48 54 [48, NA] 49

nCRT no resection 16 [15, 17] 15 24 [20, 29] 23 23 [18, 29] 22

Other treatment 9 [8, 9] 3 14 [8, 23] - 18 [10, 23] -

Definitive CRT 23 [22, 25] 22 27 [23, 34] 18 29 [25, 36] 19

Endoscopic resection - 72 - 69 - 77

nCT þ resection (þ- adjuvant CT] 50 [40, NA] 48 - 54 - 51

Stomach

nCT þ resection (þ- adjuvant CT] 58 [51, NA] 49 55 [43, NA] 49 55 [43, NA] 49

Resection only 38 [32, 45] 39 39 [27, NA] 33 42 [27, NA] 38

Palliative

Esophagus

Radiotherapy only 5 [5, 6] - 7 [5, 10] - 6 [5, 10] -

Palliative resection þ C(R]T or RT 28 [23, 42] 30 41 [24, NA] 38 41 [26, NA] 39

Chemoradiation 15 [12, 18] 12 17 [13, 25] 10 17 [14, 28] 12

Chemotherapy or targeted therapy 10 [9, 10] 3 12 [11, 14] 5 12 [11, 14] 5

Stomach

Chemotherapy or targeted therapy 10 [9, 10] 3 11 [9, 14] - 11 [9, 14] -

- Not observed
Abbreviations: OS, overall survival; nC(R)T, neoadjuvant chemo(radio)therapy; nCT, neoadjuvant chemotherapy; CT, chemotherapy;

RT, radiotherapy.
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were included in the propensity model and are therefore un-
likely to explain the remaining noncorrectable bias.

The R-indicator has shown potential to be able to esti-
mate real-world representativeness of a prospective registry
cohort. R-indicators can be intuitively interpreted as it ex-
presses representativeness on the same scale (0e1) regard-
less of the type of variables and the set of data that is used.
It provides a good alternative to more classic methods such
as statistically testing observed frequencies of sample and
population characteristics for significance, which is influ-
enced by samples sizes and does not provide an overall
summary statistic for the samples’ representativeness [25].
4.1. Considerations

This study has a number of limitations. First, is the rela-
tively small sample size of some of the clinically relevant
subgroups that leads to large CIs of the R-indicator. Larger
samples of treatment groups are needed to be able to prove
a more precise estimate of the representativeness. A second
limitation was that we could only estimate bias and cor-
rected bias of survival analyses rather than health related
quality of life or other patient reported outcomes. Health
related quality of life measures were by definition only
available for patients actively participating in the POCOP
registry and not for patients in the NCR. However, built into
the weighting calibration is that it increases covariate
balance between the NCR and POCOP patients by creating
a pseudo population from the original POCOP with proper-
ties that resemble the population from which it borrowed
information. By analyzing this pseudo population (or cali-
brated sample) generalizability to the total population is
increased [26,27]. Therefore, an outcome such as survival
can still provide information on whether calibration can
correct existing bias.

What is more, in the computation of the R-indicators
there is an additional bias correction because the R-indica-
tor is inherently biased to be smaller than one since the
variance of the propensity scores is rarely zero. This bias
is corrected through a built-in bias correction of the soft-
ware and explains why some R-indicators are exactly one.

Major strength of this study was that used data from a
large prospective cohort study and data from the reliable
nationwide NCR which includes all diagnosed malig-
nancies and is thus a very comprehensive population data-
base, which enabled us to make comparisons between the
prospective registry cohort and the Dutch population of pa-
tients with esophageal or gastric cancer.
4.2. Future perspectives

Given the advantages of R-indicators to express repre-
sentativeness, future observational and clinical studies
could be evaluated and managed more structurally and
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more uniformly. Additionally, real-world representativeness
of PROMs registries could be improved by monitoring
characteristics of included patients and adjusting inclusion
strategies to reflect the total population. Adjusting inclusion
strategies to target such specific patient groups could
improve the real-world representativeness of PROMs regis-
tries. Finally, more research is needed in other health-care
research settings to further investigate the suitability of pro-
spective registry cohorts as real-world data.
5. Conclusion

This study demonstrated the assessment of real-world
representativeness of patients who participated in a pro-
spective registry cohort and showed that real-world repre-
sentativeness improved when the variability in treatment
was accounted for. Moreover, this study demonstrated the
utility of representativeness indicators to explore real-
world representativeness of prospective registry cohort as
well as calibration techniques and stratification to correct
for differences between the prospective registry cohort
and the population.
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