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ABSTRACT
Background: ‘Trials-within-Cohorts’ (TwiCs), previously known as ‘cohort multiple randomized con-
trolled trials’ is a pragmatic trial design, supporting an efficient and representative recruitment of
patients for (future) trials. To our knowledge, the ‘COhort for Lung cancer Outcome Reporting and trial
inclusion’ (COLOR) is the first TwiCs in lung cancer patients. In this study we aimed to assess the feasi-
bility and first year results of COLOR.
Material and Methods: All patients diagnosed with lung cancer referred to the Radiotherapy depart-
ment were eligible to participate in the ongoing prospective COLOR study. At inclusion, written
informed consent was requested for use of patient data, participation in patient-reported outcomes
(PROs), and willingness to participate in (future) trials. Feasibility was studied by assessing participation
and comparing baseline PROs to EORTC reference values. First-year results of PROs at baseline and
3months after inclusion were evaluated separately for stereotactic body radiotherapy (SBRT) and con-
ventional radiotherapy patients.
Results: Of the 338 eligible patients between July 2020 and July 2021, 169 (50%) participated. Among
these, 127 (75%) gave informed consent to PROs participation and 110 (65%) were willing to partici-
pate in (future) trials. The inclusion percentage dropped from 77% to 33% when the information pro-
cedure was switched from in-person to by phone (due to COVID-19 pandemic measures). Baseline
PROs for physical and cognitive functioning were comparable in COLOR patients compared to the
EORTC reference values. No significant changes in PROs were observed 3months after inclusion,
except for a slight increase in pain scores in the SBRT group (n¼ 97).
Conclusions: The TwiCs-design appears feasible in lung cancer patients with fair participation rates
(although negatively impacted by the COVID-19 pandemic). With a planned expansion to other centers,
the COLOR-study is expected to enable multiple (randomized) evaluations of experimental interventions
with important advantages for recruitment, generalizability, and long-term outcome data collection.
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Introduction

Lung cancer is responsible for 11.4% of all new cancer cases
worldwide [1]. In The Netherlands, annually 14,000 new
patients are diagnosed and approximately 11,000 patients
die of lung cancer [2]. New techniques and treatment strat-
egies in radiotherapy, surgery, and systemic therapy (i.e.,
chemotherapy, immunotherapy, and targeted therapy) are
continuously being developed. To implement these new
approaches in daily practice, multiple clinical trials are
needed to assess safety and efficacy and optimize protocols.
The cornerstone of evidence-based medicine before consid-
ering the implementation of novel treatments in clinical
practice is the randomized controlled trial (RCT). However,
one frequently observed issue of oncologic RCTs is the
recruitment of patients of a highly selective (generally more

fit) study population, leading to low generalizability of the
results. Secondly, RCT inclusion target rates, also in lung can-
cer, are often not reached due to slow accrual and limited
willingness in both patients and clinicians [3,4]. This delays
the assessment and implementation of innovative treatment
strategies in daily clinical practice.

To overcome these issues of RCTs, the ‘Trials-within-
Cohorts’ (TwiCs) design, formerly known as ‘cohort multiple
RCTs’ was developed [5]. This is a pragmatic trial design that
allows for more efficient and representative recruitment of
patients for trials [5,6]. TwiCs starts as an observational pro-
spective cohort containing patients with similar patient and
disease characteristics who undergo standard treatment.
During the study period, the outcomes of patients under-
going standard-of-care can be observed using predetermined
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repeated measurements of outcomes, with generally a focus
on patient-reported outcomes (PROs). Furthermore, when
researchers want to investigate a novel intervention, eligible
patients can be randomized within the TwiCs cohort, with
logistics for data collection already in place. Only patients
randomly allocated to the intervention arm are offered the
experimental intervention (which they can accept or refuse).
Patients who are randomly allocated to the control arm
receive standard care, and are not informed about serving in
the control arm. It has been demonstrated previously that
the majority of patients (93%) responds positively or neu-
trally on having served as a control without a notification at
the time of randomization [7]. After randomization, collected
outcomes can be compared with the outcomes of the repre-
sentative pool of patients in the control group receiving the
standard-of-care within the cohort. Multiple randomized trials
can be conducted simultaneously within one cohort, without
the need of asking for consent again before randomization,
as they gave broad consent to be randomly allocated to
experimental interventions. Naturally, patients allocated to
the intervention arm, will always be informed and asked for
their consent to participate in the next trial.

The described advantages of TwiCs in comparison to the
classic RCT have the potential to result in more efficient (i.e.,
faster) trial inclusion and less selection bias (i.e., better repre-
sentation of real-world practice). Another major advantage is
the reduction of disappointment bias. Patients and doctors
often have a strong preference for the experimental treat-
ment and expect it to be superior, although it has not been
proven yet. Patients allocated to the conventional arm there-
fore often show disappointment when reporting outcomes.
This is of particular concern in studies with a subjective out-
come (e.g., PROs) as a primary endpoint. By choosing the
TwiCs trial design, as control patients are unaware of being
allocated to the control arm, this disappointment bias is
overcome. In addition, the standard of care is likely to be
unaffected by treatment allocation, and will therefore better
resemble routine practice. This has convinced many investi-
gators to adopt the TwiCs design in a wide variety of fields
(e.g., breast cancer, rectal cancer, mental health, care of the
elderly, rare diseases, COVID-19) [9,10].

To the best of our knowledge, the first application of the
TwiCs design in lung cancer was initiated in The Netherlands
as the ‘Cohort for Lung cancer Outcome Reporting and trial
inclusion’ (COLOR) study. The primary aim of the current ana-
lysis was to assess the feasibility of the TwiCs design in
patients with lung cancer as determined by participation
rates and by comparing baseline PROs to European
Organization for Research and Treatment of Cancer (EORTC)
reference values. The secondary aim was to describe the first
results of COLOR in terms of the short-term quality of life
(QoL) of patients undergoing radiotherapy.

Material and methods

Study design and population

COLOR is an ongoing observational prospective cohort study,
following the TwiCs design (Figure 1), and opened to enroll

patients in July 2020. The ethical considerations of this
design were extensively discussed previously [11]. The study
was approved by the institutional review board of the UMC
Utrecht and conducted in accordance with the principles of
the Declaration of Helsinki and the Good Clinical Practice
Guidelines. The study was registered with clinicaltrials.gov
(NCT05069792).

Study population

All patients �18 years diagnosed with lung cancer referred
to the Department of Radiotherapy of the University Medical
Center Utrecht were eligible to participate. In case no histo-
logical or cytological confirmation of lung cancer was avail-
able, radiologic evidence with a lung cancer suspicion as
determined by a multidisciplinary tumor board was sufficient
for inclusion. All patients with disease stages I-IV, either with
a first diagnosis of lung cancer or with disease recurrence
(who were not previously approached for study inclusion)
were eligible. For the purpose of analyzing the PROs,
patients who did not receive radiotherapy were excluded.
Subsequently, patients were divided into a group who
received stereotactic body radiation therapy (SBRT) and a
group who received conventional (fractionated) radiotherapy.
Patients eligible for inclusion in our center’s preexisting
cohorts (–. patients with bone metastases in PRESENT [12],
brain metastases in COIMBRA [NCT05267158] and oligometa-
stases in OLYMPOS [13]) were excluded from COLOR and
asked for inclusion in these specific cohorts.

Procedures

At the first presentation of eligible patients in the depart-
ment, written informed consent was requested for the use of
patient data (as a minimum requirement for inclusion), and
they could opt-in for participation in QoL questionnaires for
the collection of PROs (optional). In a separate question, we
asked patients for their broad consent to be randomly allo-
cated to experimental interventions in the (near) future
(optional). The request for study participation was performed
by trained independent college-educated research assistants
and took place in-person at the outpatient clinic by prefer-
ence, but by phone from December 2020 to July 2021 due
to distancing measures related to the COVID-19 pandemic.
After inclusion, patient-, tumor-, and treatment-related char-
acteristics, as well as toxicity, follow-up, survival and QoL
data were registered [14]. Patients were followed-up regu-
larly by their own physician, according to national guidelines,
which includes imaging with computed tomography (CT), as
well as history and physical examination and scoring of tox-
icity (according to CTCAE version 5) every 3months.
Regarding PROs, internationally validated questionnaires
were sent out to participants at predetermined time points
to assess QoL (EORTC QLQ-C30[15], EQ5D-5L[16]), disease-
specific symptoms of lung cancer and adverse effects of
treatment (EORTC QLQ-LC13[17]), cancer-related outcomes
such as fatigue (MFI-20[18]), depression and anxiety
(HADS[19]) and -for patients aged �67 years- work-ability
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(WAI[20]). Patients were given the choice to complete ques-
tionnaires either online or on paper. For the online question-
naires, the digital patient tracking system Patient Reported
Outcomes Following Initial treatment and Long term
Evaluation of Survivorship (PROFILES) was used [21].
Reminders were sent when required both online and on
paper.

Outcomes

Regarding the primary aim of studying the feasibility of
TwiCs in lung cancer patients, studied outcomes were the
patient participation rates for inclusion in the cohort (i.e.,
consenting to use patient data) and for participating in the
QoL questionnaires, as well as the rate of patients confirming
willingness to participate in (future) trials. To assess feasibility
in terms of representativeness of the cohort, the EORTC
QLQ-C30 functioning scales of participants were compared
with the published EORTC reference values [22].

With regard to the secondary aim, the short-term results
(at baseline and 3months after inclusion) of the PROs meas-
ured with QoL questionnaires were assessed. These results
were analyzed in the SBRT and conventional radiotherapy
groups separately. PRO scores extracted from EORTC ques-
tionnaires were calculated based on EORTC scoring manuals
and ranged from 0 to 100. A higher score (0–100) on the
EORTC QLQ-C30 global health score and functional scales
signifies better health or functioning. Conversely, higher
scores (0–100) on the specific symptom scales in the EORTC-
QLQ-C30 and the EORTC-QLQ-LC13 signify a higher burden
of symptoms. With the EQ5D-5L questionnaire, participants
were asked to score 5 health dimensions on a Likert scale
from ‘no problems/complaints’ to ‘extreme problems/com-
plaints’ (1–5). MFI-20 yields a sum score from 5 to 20 with a
higher score signifying more fatigue in the specific category.
The sum scores of anxiety and depression of the HADS ques-
tionnaire were subdivided into 3 categories (0–7, normal; 8–
10, borderline abnormal; 11–21, abnormal). A sum score of

7–27 on the WAI questionnaire indicates bad work-ability,
whereas higher scores (28–36, medium; 37–43, good; 44–49,
perfect) indicate better workability.

Statistical analysis

Participation rates were calculated as proportions with 95%
confidence intervals (CIs). Baseline characteristics were pre-
sented separately for the SBRT and conventional radiother-
apy groups, as numbers with percentages or means ±
standard deviations (SDs). Baseline EORTC-QLQ-C30 scores
were compared to an EORTC reference population of unse-
lected patients with lung cancer using one-sample
T-tests [22].

All QoL scores at baseline were presented as means
(±SD). Missing outcome data were observed at 3months,
which were considered to be ‘missing at random,’ meaning
that the propensity to the outcome data point to be missing
was related to – or could be explained by – (part of) the
observed data (e.g., baseline characteristics or baseline PRO
scores). Missing PRO data 3months after inclusion was
imputed using multiple imputations (20x) [23]. The changes
at 3months compared to baseline were pooled across the
imputed datasets and expressed as means with 95% confi-
dence intervals (CIs). The mean changes in QoL from baseline
to 3months after inclusion were tested using paired T-tests
and visualized as box plots. Analyses were performed using
SPSS version 27.0 (IBM Corp, IBM SPSS Statistics for
Windows, Armonk, NY). A p-value <0.05 was considered stat-
istically significant.

Results

Of the 338 eligible patients with lung cancer who presented
between July 2020 and July 2021, 169 (50%) signed informed
consent for participating in the COLOR study. The inclusion
percentage changed from 77% (up to December 2020) to

Figure 1. Outline of COLOR following the TwiCs design.
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33% (from December 2020 to July 2021; p< 0.001) when the
in-person information procedure was switched to an informa-
tion procedure by phone due to distancing measures related
to the COVID-19 pandemic. Among these 169 patients, 127
(75%) provided informed consent to participate in the QoL
questionnaires and 110 (65%) expressed willingness to par-
ticipate in (future) trials within the cohort. For subsequent
PRO analyses, 10 patients were excluded because they did
not receive radiotherapy. Of the remaining 159 patients, 97
(61%) were treated with SBRT and 62 (39%) received conven-
tional radiotherapy.

Baseline characteristics stratified per treatment type are
presented in Table 1. The SBRT group mainly consisted of
patients with stage I disease (73%) whereas the majority of
patients in the conventional group had locally advanced
(stage III) disease (69%).

Patients’ physical and cognitive functioning scores at
baseline (according to the EORTC QLQ-C30 questionnaire)
were comparable to the EORTC reference values for patients
with lung cancer [22], whereas the mean scores for social,
role, and emotional functioning were slightly higher in the
COLOR cohort (Table 2). Among the 159 included patients
who underwent radiotherapy, 120 (75%) were willing to par-
ticipate in PRO questionnaires, of whom 97 (81%) completed
the questionnaires at baseline and 64 (53%) after 3months.
The WAI questionnaire was completed by only 10 patients
(6%) at baseline and 4 patients (3%) after 3months, mostly
due to the age restriction, and therefore WAI scores were
not analyzed.

PROs at baseline and the mean changes after 3months
within the SBRT group and conventional group are pre-
sented in Table 3. Mean changes of PROs at 3months in
both groups are visualized in Figure 2. In general, the SBRT
group scored relatively high on the functioning scales (indi-
cating better functioning), whereas the conventional group
scored relatively high on the symptom scales (indicating
more symptoms). The mean scores on the HADS question-
naire for depression and anxiety were categorized as ‘normal’
for both groups. In the SBRT group, a significant increase in
pain in the arm and shoulder (mean change þ7.7, p¼ 0.004)
was found. In the conventional radiotherapy group, none of
the PROs significantly changed from baseline to 3months
later. No other significant differences between baseline and
3months were demonstrated.

Discussion

TwiCs is a pragmatic trial design with specific benefits in
comparison to the classical RCT and here we report the
results on the feasibility of the first TwiCs study (COLOR) in
patients with lung cancer. The response rate of all lung can-
cer patients referred to our Radiotherapy department in the
first year of COLOR was 50% (n¼ 169). However, we found
that this participation rate was 77% when patients were
informed in person, compared to 33% when informed by
phone (which was imposed by distance measures imposed
by the COVID-19 pandemic). The observed participation rate
in QoL questionnaires of 75% is comparable to that found in

other TwiCs designs like PLCRC (colorectal cancer, 73%) [24]
and UMBRELLA (breast cancer, 88%) [25]. Patients’ willingness
to be contacted for participation in (future) trials within

Table 1. Baseline characteristics.

SBRT (%) Conventional (%)
p value(n¼ 97) (n¼ 62)

Age, mean (±SD) 70.4 ± 8.8 65.8 ± 8.3 0.001
Male sex 53 (55) 33 (53) 0.862
WHO performance status 0.826

0 30 (31) 18 (29)
1 43 (44) 31 (50)
2 19 (20) 12 (19)
3 1 (1) 1 (2)
Missing 4 (4) 0 (0)

Tumor type <0.001
Adenocarcinoma 26 (27) 25 (40)
Squamous cell carcinoma 7 (7) 21 (34)
Small cell carcinoma 2 (2) 9 (15)
Other 7 (7) 2 (3)
PA not available 55 (57) 5 (8)

Tumor localization 0.376
Trachea 0 (0) 1 (2)
Main bronchus 2 (2) 1 (2)
Right upper lobe 37 (38) 21 (34)
Right middle lobe 5 (5) 0 (0)
Right lower lobe 13 (14) 12 (19)
Left upper lobe 28 (29) 15 (24)
Left lower lobe 8 (8) 7 (11)
Mediastinum 1 (1) 0 (0)
Other 3 (3) 5 (8)

Clinical T-stage <0.001
T0 1 (1) 0 (0)
T1 72 (74) 14 (23)
T2 8 (8) 10 (16)
T3 9 (9) 14 (23)
T4 6 (7) 23 (37)
Tx 1 (1) 1 (1)

Clinical N-stage <0.001
N0 83 (86) 13 (21)
N1 1 (1) 7 (11)
N2 9 (9) 24 (39)
N3 4 (4) 17 (27)
Nx 0 (0) 1 (2)

Clinical M-stage 0.349
M0 85 (88) 51 (82)
M1 12 (12) 11 (18)

Overall TNM stage <0.001
Stage I 70 (73) 2 (3)
Stage II 9 (9) 5 (9)
Stage III 5 (5) 43 (69)
Stage IV 12 (12) 11 (18)
Missing 1 (1) 1 (1)

Timing 0.972
Primary tumor 80 (82) 51 (82)
Recurrence 17 (18) 11 (18)

Type of radiotherapy <0.001
Conventional – 17 (27)
Concurrent 22 (36)
Sequential 23 (37)

PA: pathology; SBRT: stereotactic body radiotherapy; SD: standard deviation.

Table 2. One sample T-test of PRO mean compared to the mean of EORTC
reference values.

COLOR (SD) EORTC (SD) p value

Global health 66.7 (23.7) 56.6 (24.3) <0.001
Physical functioning 72.4 (23.5) 71.9 (22.9) 0.835
Role functioning 67.7 (29.6) 61.5 (33.9) 0.043
Emotional functioning 79.0 (21.6) 68.9 (24.4) <0.001
Cognitive functioning 84.4 (24.5) 82.3 (22.0) 0.403
Social functioning 80.0 (25.0) 71.3 (29.4) <0.001

EORTC: European Organization for Research and Treatment of Cancer; PRO:
patient-reported outcomes; SD: standard deviation.
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COLOR (65%) was slightly lower compared with these earlier
mentioned cohorts (PLCRC >85%, UMBRELLA 87%). A pos-
sible explanation could be the higher age of patients
included in our cohort compared to PLCRC (66 years) and
UMBRELLA (59 years) or a potentially higher disease burden
in lung cancer patients.

Several RCTs conducted in lung cancer research failed due
to a lack of patients that could be recruited. For example, the
trials that aimed to compare the effects of SBRT versus lobec-
tomy in early-stage operable non-small cell lung cancer
(NSCLC) had difficulties with recruiting patients. The ROSEL trial
(which had an estimated enrollment of 960 participants in
60months), included 22 patients in 26months, and the STARS
trial included 36 patients in 49months [3,4]. Furthermore, the
ACOSOG trial (NCT01336894), a randomized phase III study of
surgery with or without brachytherapy versus SBRT in high-risk
patients with stage I NSCLC, recruited 13 patients in 23months
and was terminated early because of the disappointing accrual.

The TwiCs design can have a beneficial effect on the recruit-
ment of patients for similar research because the TwiCs
approach avoids disappointment bias in patients allocated to
the control arm (i.e., the phenomenon observed in a classical
RCT among patients randomized to the control arm, while hop-
ing to be randomized to the intervention arm) [6]. In a trial
within the cohort, only patients randomized to the intervention
arm receive information about the new intervention. As such,
patients in the control arm are not prone to disappointment
and associated reporting of more negative outcomes, which
makes the TwiCs especially attractive in trials assessing a sub-
jective outcome such as QoL.

The vision of the European Society Radiation Oncology
(ESTRO) is to create a holistic database including PROs in
radiation oncology as fundamental information in defining
and improving value-based health care [26]. The TwiCs
design can facilitate such a broad and real-world reflection
of PROs for example in lung cancer patients, because

Table 3. Within-group changes in patient reported outcome from baseline to follow-up at 3months among respondents in the lung cancer cohort.

SBRT Conventional

Baseline 3 months Baseline 3 months
Domain n Mean (±SD) Mean change (95% CI) p value n Mean (±SD) Mean change (95% CI) p value

EORTC QLQ-C30
Global health 55 70.6 ± 23.1 �0.1 (�5.9; 5.7) 0.977 41 62.4 ± 23.2 1.4 (�5.3; 8.1) 0.681
Functional scales
Physical functioning 55 73.4 ± 22.9 0.9 (�4.6; 6.4) 0.762 41 72.5 ± 22.8 �1.1 (�7.6; 5.4) 0.738
Role functioning 55 73.1 ± 27.9 0.0 (�6.8; 6.8) 0.997 41 62.3 ± 28.4 �1.1 (�11.7; 9.5) 0.842
Social functioning 55 85.2 ± 22.4 �3.8 (�10.4; 2.7) 0.255 41 73.5 ± 26.8 �1.8 (�8.8; 5.2) 0.619
Cognitive functioning 55 87.6 ± 23.2 �3.0 (�8.4; 2.3) 0.265 41 80.5 ± 25.8 �0.3 (�6.2; 5.7) 0.927
Emotional functioning 55 81.5 ± 22.5 �0.7 (�5.4; 4.0) 0.776 41 76.3 ± 19.7 1.5 (�4.8; 7.9) 0.641
Symptom scales
Fatigue 55 24.2 ± 24.5 3.7 (�1.3; 8.8) 0.149 41 41.2 ± 23.6 �1.1 (�8.8; 6.5) 0.770
Nausea and vomiting 55 3.0 ± 9.7 0.9 (�2.4; 4.1) 0.593 41 11.9 ± 17.5 �1.7 (�6.1; 2.7) 0.453
Pain 55 13.6 ± 24.2 0.5 (�3.8; 4.8) 0.821 41 21.5 ± 28.4 0.2 (�7.9; 8.4) 0.956
Dyspnoea 55 30.3 ± 27.4 5.3 (�1.4; 12.0) 0.118 41 34.9 ± 29.8 1.6 (�6.2; 9.4) 0.684
Insomnia 55 17.6 ± 27.1 0.4 (�6.1; 6.8) 0.912 41 26.5 ± 28.1 �1.2 (�9.9; 7.4) 0.779
Loss of appetite 55 6.1 ± 15.8 1.0 (�3.2; 5.3) 0.632 41 21.4 ± 23.1 �4.7 (�14.1; 4.6) 0.323
Constipation 55 6.7 ± 17.5 1.0 (�2.9; 4.9) 0.604 41 17.4 ± 26.9 �5.0 (�12.4; 2.4) 0.183
Diarrhoea 55 5.5 ± 16.7 2.9 (�2.3; 8.0) 0.278 41 8.3 ± 19.4 �0.3 (�7.3; 6.7) 0.928
Financial difficulties 55 5.5 ± 15.4 �2.2 (�7.1; 2.7) 0.378 41 7.5 ± 19.0 �0.6 (�6.6; 5.4) 0.849
EORTC QLQ-LC13
Dyspnoea 55 25.6 ± 19.6 2.6 (�2.5; 7.8) 0.326 41 30.9 ± 24.6 �1.9 (�7.7; 3.9) 0.517
Coughing 55 26.1 ± 25.5 5.4 (�1.3; 12.2) 0.111 41 32.5 ± 28.4 �0.3 (�8.9; 8.2) 0.941
Haemoptysis 55 2.4 ± 10.2 �1.3 (�4.0; 1.4) 0.351 41 4.1 ± 13.3 �3.7 (�7.8; 0.4) 0.075
Sore mouth 55 4.4 ± 17.3 �3.0 (�7.6; 1.5) 0.194 41 14.6 ± 27.9 �9.7 (�18.6; 0.8) 0.033
Dysphagia 55 2.4 ± 13.3 2.3 (�1.3; 5.8) 0.209 41 13.8 ± 23.5 �7.5 (�15.1; 0.2) 0.057
Peripheral neuropathy 55 10.3 ± 24.9 3.1 (�3.4; 9.7) 0.349 41 19.5 ± 31.6 0.3 (�8.7; 9.4) 0.942
Alopecia 55 6.1 ± 15.0 1.5 (�2.4; 5.5) 0.458 41 13.3 ± 25.6 1.8 (�8.8; 12.4) 0.739
Pain in chest 55 7.5 ± 21.2 0.8 (�4.8; 6.4) 0.787 41 16.3 ± 26.0 �4.8 (�12.9; 3.2) 0.237
Pain arm or shoulder 55 9.1 ± 20.1 7.7 (2.4; 13.1) 0.004 41 13.3 ± 23.4 7.2 (�0.8; 15.1) 0.076
Pain in other parts 55 15.5 ± 18.7 2.5 (�4.5; 9.6) 0.483 41 21.6 ± 31.2 4.5 (�5.0; 13.9) 0.354
EQ5D-5L
Mobility 55 1.84 ± 0.98 0.21 (�0.11; 0.54) 0.192 41 2.02 ± 1.08 �0.12 ± (�0.51; 0.26) 0.537
Self-care 55 1.34 ± 1.00 �0.11 (�0.41; 0.19) 0.465 41 1.38 ± 0.81 �0.12 ± (�0.36; 0.12) 0.341
Usual activities 55 1.74 ± 0.94 0.11 (�0.18; 0.41) 0.455 41 2.19 ± 1.21 �0.07 ± (�0.55; 0.42) 0.796
Pain control 55 1.64 ± 0.80 0.16 (�0.11; 0.43) 0.240 41 2.04 ± 1.09 �0.04 ± (�0.46; 0.38) 0.846
Anxiety 55 1.45 ± 0.72 0.02 (�0.22; 0.25) 0.891 41 1.63 ± 0.70 �0.04 ± (�0.25; 0.18) 0.743
MFI
General fatigue 55 11.4 ± 4.5 �0.4 (�1.6; 0.8) 0.508 41 13.7 ± 4.8 �0.4 (�2.2; 1.5) 0.701
Physical fatigue 55 11.5 ± 4.8 0.0 (�1.1; 1.2) 0.958 41 13.9 ± 4.7 �0.9 (�2.6; 0.8) 0.292
Reduced activity 55 11.9 ± 4.8 �0.3 (�1.5; 0.9) 0.657 41 13.2 ± 4.5 �0.6 (�2.3; 1.1) 0.491
Reduced motivation 55 10.1 ± 4.4 0.0 (�1.2; 1.1) 0.976 41 10.6 ± 4.5 �0.2 (�1.7; 1.3) 0.765
Mental fatigue 55 8.4 ± 4.3 0.2 (�0.9; 1.2) 0.783 41 9.2 ± 4.8 0.7 (�0.9; 2.2) 0.392
HADS
Anxiety 55 4.2 ± 3.7 �0.3 (�1.1; 0.6) 0.556 27 5.2 ± 3.6 �0.9 (�2.1; 0.3) 0.140
Depression 55 4.7 ± 3.7 �0.1 (�1.1; 0.9) 0.906 27 5.5 ± 4.0 �0.5 (�2.0; 0.9) 0.466

CI: confidence interval; EORTC: European Organization for Research and Treatment of Cancer; n: number of patients; SBRT: stereotactic body radiotherapy;
SD: standard deviation.
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patients in any stage of the disease and given treatment can
be included. On the contrary, RCTs include patients with spe-
cific patient characteristics, who are fit enough to be
randomized to either the control or intervention group.
Therefore, PROs in specific RCTs are more difficult to extrapo-
late to other lung cancer patients.

The functioning scale data of the COLOR cohort showed
good correspondence to the EORTC reference values, but
slight differences were observed [22]. However, these EORTC
reference values were published more than a decade ago
(2008), which could (in part) explain the differences. Over the
last decade, there has been a huge development in both
radiotherapy techniques and chemotherapy/immunotherapy
treatments which could have had a positive effect on the
functioning scale means of patients with lung cancer. The
short-term results of the PROs in the COLOR cohort showed
a slight increase in pain in patients who underwent SBRT. No
significant changes in PROs were observed in patients in the
conventional group.

A few limitations apply to our study. First, the sample size
was limited to what could be achieved in the first year of
the prospective study. A larger sample size could reduce the
risk of type II errors, and therefore a continuation of patients
in the study as well as expansion to other centers is planned.
Second, for this analysis, we limited inclusion eligibility to
lung cancer patients referred to the Radiotherapy depart-
ment. This could limit the generalizability of our results to
non-irradiated lung cancer patients. Our future efforts will
focus on asking all non-irradiated lung cancer patients for
participating in COLOR as well. Third, patients with bone
or brain metastases were not included in COLOR and not

Figure 2. Mean changes of PROs at 3months in the SBRT and conventional
group.

Figure 2. Continued.
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analyzed in the current study. However, these patients were
eligible for very similar TwiCs studies within our institution
and when a full picture of all lung cancer patients is desired
in the future, this could be realized by combining the stud-
ies. Fourth, PROs in the conventional group might have been
subject to a certain degree of performance bias due to the
variation in the start of chemotherapy (concurrent or sequen-
tial) in relation to PRO time points. Fifth, long-term out-
comes, such as local control and survival rates, were not
presented in the current analysis due to the immaturity of
data. Strengths of this study include the prospective observa-
tional design, standardized outcome measurements, and rep-
resentativeness for real-world clinical practice.

The introduction of future randomized trials within the
TwiCs cohort could also come with a few limitations.
Presumably, noncompliance in the intervention arm will be
higher, as patients are asked to participate after randomiza-
tion. However, this may (partly) be compensated for by the
lower (or even absent) noncompliance in the control arm.
Also, in case of substantial refusal in the interventional arm,
this can be accounted for by instrumental variable analysis
as previously described [8]. In addition, because only the
patients randomly allocated to the interventional arm are
asked for consent to participate in the trial, there might be a
risk of imbalance between comparative arms. The slightly
healthier and less frail patients may be more likely to give
consent to the interventional arm, whereas almost all
patients allocated to the conventional arm are expected to
be compliant. This could induce a bias that may diminish the
effect size of the intervention arm, but this can be partly
compensated by analyzing the data according to intention-
to-treat per-protocol principles.

In conclusion, COLOR is the first cohort of patients with
lung cancer that makes use of the TwiCs design. The TwiCs
design appears feasible in patients with lung cancer with fair
participation and response rates, although these were nega-
tively impacted by distancing measures imposed by the COVID-
19 pandemic. With continuous inclusion embedded in standard
departmental logistics and planned expansion to other centers,
the COLOR study is expected to enable multiple (randomized)
evaluations of experimental interventions with important
advantages for recruitment, generalizability, and long-term out-
come data collection for patients with lung cancer.
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