Kessels et al.
BMC Medlical Research Methodology (2023) 23:117
https://doi.org/10.1186/s12874-023-01941-5

BMC Medical Research
Methodology

The Trial within Cohorts (TwiCs) study design 1)

in oncology: experience and methodological
reflections

Rob Kessels', Anne M. May?’, Miriam Koopman? and Kit C. B. Roes*

Abstract

ATrial within Cohorts (TwiCs) study design is a trial design that uses the infrastructure of an observational cohort
study to initiate a randomized trial. Upon cohort enrollment, the participants provide consent for being randomized
in future studies without being informed. Once a new treatment is available, eligible cohort participants are randomly
assigned to the treatment or standard of care. Patients randomized to the treatment arm are offered the new treat-
ment, which they can choose to refuse. Patients who refuse will receive standard of care instead. Patients randomized
to the standard of care arm receive no information about the trial and continue receiving standard of care as part of
the cohort study. Standard cohort measures are used for outcome comparisons. The TwiCs study design aims to over-
come some issues encountered in standard Randomized Controlled Trials (RCTs). An example of an issue in standard
RCTs is the slow patient accrual. A TwiCs study aims to improve this by selecting patients using a cohort and only
offering the intervention to patients in the intervention arm. In oncology, the TwiCs study design has gained increas-
ing interest during the last decade. Despite its potential advantages over RCTs, the TwiCs study design has several
methodological challenges that need careful consideration when planning a TwiCs study. In this article, we focus on
these challenges and reflect on them using experiences from TwiCs studies initiated in oncology. Important meth-
odological challenges that are discussed are the timing of randomization, the issue of non-compliance (refusal) after
randomization in the intervention arm, and the definition of the intention-to-treat effect in a TwiCs study and how
this effect is related to its counterpart in standard RCTs.

Keywords Trials within Cohorts, TwiCs, Cohort multiple randomized controlled trial, Oncology, Non-compliance,
Efficacy estimand

Introduction

Randomized Controlled Trials (RCTs) are generally con-
sidered the golden standard in experimental design for
evaluating the efficacy of medical treatments. Random
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allocation of patients to different treatment groups is
expected to create prognostically comparable groups,
where the only difference between groups is the assigned
treatment, thus minimizing the different sources of bias.
Currently, the standard approach is to conduct separate
randomized clinical trials, each investigating the effect
of a single intervention in a single disease. However,
it has been argued that this ‘classical’ way has become
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challenging due to several reasons, such as uncompleted
trials, high drop-out rate in the control group and the
limited external validity. These three reasons will be dis-
cussed below.

First, it has been argued that standard RCTs in oncol-
ogy often remain uncompleted because they are con-
fronted with poor and slow accrual of patients, high costs,
and inadequate funding [1]. Slow accrual might be due to
the fact that only a small fraction of all cancer patients
are actually enrolled in a trial, e.g. patients refuse to be
randomized. Also, due to an increased heterogeneity in
tumor types, the number of small subgroups increases.
This leads to trials where only a small subset of patients is
eligible, making accrual even more challenging.

Second, the issue of high drop-out in the control group
might be due to the experience of disappointment of
patients who are randomized to a control treatment [2].
This is especially true for open-label trials that cannot be
performed in a blinded setting. Many oncology RCTs are
more likely to be open-label trials [3], because it is not
uncommon to compare two arms that only differ in the
way the treatment is administrated. As a consequence,
one could expect differential drop-out across the treat-
ment arms.

Third, standard RCTs have been criticized for their
limited external validity, because participants selected
in RCTs are generally not representative of the general
population [4]. Clinical trials tend to exclude elderly
patients and/or patients with common comorbidities
[5], and phase 3 clinical trials often fall short of includ-
ing a representative number of patients from diverse
racial and ethnic groups [6]. Also, RCTs generally imple-
ment many eligibility criteria which diverge from the
traditional disease definition. Hence, RCTs are prone to
selection bias. External validity is also affected if the RCT
does not mimic routine clinical practice. Participating in
a trial often involves more frequent and closer monitor-
ing of patients compared to routine clinical practice, and
this might lead to different results observed in trials com-
pared to clinical practice. For example, progression of the
disease might be detected earlier in trials or the patients
report improvement in their quality of life during trial
participation due to the close attention that is given to
them by trial staff. These external validity issues lead to
concerns regarding the generalizability of results. Prag-
matic trials aim to (partially) solve these external valid-
ity issues by retaining the randomization component and
adopting characteristics of routine clinical practice [7].
However, as pragmatic RCTs are still ‘classic’ RCTs, they
may face potential disadvantages like poor accrual and
risk of drop-outs.

The abovementioned problems of standard RCTs raised
interest for methodological innovation. The Trial within
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Cohorts (TwiCs) study design was developed to address
some of the issues encountered in standard RCTs. The
TwiCs design was originally proposed by Relton et al. [8],
who introduced it as the ‘cohort multiple randomized
controlled trial! A TwiCs study is performed within an
prospective observational cohort study. In a prospective
observational cohort study, a group of patients with the
condition of interest receiving Standard of Care (SOC),
is followed over time. In this prospective cohort, broad
eligibility criteria are often used, where all patients shar-
ing a certain disease are eligible. For example, in the
Prospective ColoRectal Cancer Cohort (PLCRC) [9, 10]
all Dutch patients diagnosed with a malignancy in the
colon and/or rectum and patients with bowel or anal
cancer are eligible and in the Utrecht cohort for multi-
ple breast cancer intervention studies and long-term
evaluation (UMBRELLA) cohort [11], all patients with
invasive breast cancer and ductal carcinoma in situ are
eligible. These broad eligibility criteria for cohort enroll-
ment ensure that the cohort study is a good representa-
tion of the population. Upon cohort enrollment, patients
give informed consent for cohort participation, after
which data on clinical and patient reported outcomes
are regularly collected at baseline and during follow-up.
Additionally, patients are asked for informed consent
to be randomized in future RCTs within the cohort.
Patients are informed that they will be offered an alter-
native treatment if they are randomly selected for the
intervention group. They are also informed that they
will not be contacted when randomly selected for the
control group and that their data will be used in a trial
context. Once an alternative treatment becomes avail-
able, an RCT is designed and eligible patients within the
cohort are identified. One of the trial eligibility criteria is
whether cohort participants provided informed consent
for randomization in future RCTs. Of these eligible par-
ticipants, a random selection will be invited to undergo
the new treatment or intervention. These participants
receive a new informed consent providing them with all
information available of the alternative treatment. Eligi-
ble participants who were not randomly selected for the
intervention group are randomly selected for the con-
trol group, receive SOC, and are not informed about the
trial (and hence receive no additional informed consent).
This informed consent procedure was introduced as
the two staged-informed consent [12]. At the end of the
trial, a third stage was proposed in which all cohort par-
ticipants, irrespective of their specific trial participation,
receive the trial results (e.g. in an annual newsletter). The
staged-informed consent overcomes that participants are
randomized without their prior consent. This mitigates
ethical concerns, however, caution is warranted due to
interpretation differences between ethics committees
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[13]. The understanding of the staged-informed consent
procedure was evaluated among patients participating
in oncology TwiCs studies and it was found that patients
did not have ethical objections to serve as control with-
out further notice [14, 15].

The rationale behind the TwiCs study design is that it
prevents (possible) patient drop-out and contamination
in the control group due to lack of information about
the trial, thus reducing patient disappointment in miss-
ing an opportunity for a new alternative treatment. This
design element also resembles more closely the informed
consent procedure used in routine clinical practice,
as patients are usually not informed about treatments
they cannot receive [8]. Moreover, because a TwiCs
study uses the infrastructure of an observational cohort
study, it can improve accrual rate and accrual speed as
eligible patients are already known and can therefore
be approached easily. In addition, the availability of an
observational cohort infrastructure makes it possible to
base eligibility on information from routine cohort meas-
urements (e.g. in the UMBRELLA Fit trial [16], patients
were invited for an exercise intervention study based on
cohort data and not based on the physicians estimation
whether the patient would be able to do the exercises).
When adopting such a selection procedure, it may ensure
that selection of patients in a TwiCs study is affected less
by the preference of a physician, thus reducing selection
bias [17]. This improves representativeness and the gen-
eralizability of the trial results. It is important to men-
tion that it is crucial that the SOC follow-up schedule
matches the purpose and the research question of the
TwiCs study, as it is undesirable or even impossible to
adapt the SOC follow-up schedule.

Because a TwiCs study is performed within an observa-
tional cohort study, it brings in another possible advan-
tage: performing multiple RCTs over time using patients
of the same cohort (from where it owes its original name
‘cohort multiple RCT’). This enables the investigation of
multiple treatments within the same patient group. This
capacity is aligned with the recent development of master
protocols to study multiple therapies for a single disease,
a single therapy for multiple diseases, or both [18], which
have been initiated for the study of cancer therapies [19].
Woodcock and LaVange [18] discuss three master pro-
tocol studies: the umbrella trial, the basket trial and the
platform trial. In an umbrella trial, multiple therapies are
tested in the context of a single disease, whereas in a bas-
ket trial, a single therapy is tested in the context of mul-
tiple diseases. In a platform trial, multiple therapies are
studied in the context of a single disease in a perpetual
manner: therapies are allowed to leave or enter the plat-
form based on a decision algorithm. Master protocol
studies were also developed to face the increasing costs
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and other challenges of standard RCTs, such as poor
accrual due to precision medicines only suited for a small
subset of patients. The availability of an observational
cohort where enrolled patients are all diagnosed with
the same disease enables the execution of an umbrella
or platform trial using a master protocol. A TwiCs study
can be placed in the context of a platform trial if multi-
ple TwiCs studies are performed to study the effect of
multiple alternative treatments for treating the disease of
interest. However, for a TwiCs study, the basis is a broad
observational cohort that can be used to initiate multi-
ple stand-alone trials each specified in a separate proto-
col, each answering a different research question and the
tested treatments are not necessarily related. Moreover,
these TwiCs studies are not known in advance when
starting the cohort study. In contrast, a platform trial
investigates the effect of multiple alternative treatments
according to a predefined plan described in one single
master protocol and these treatments are part of a series
of related treatments.

Given the assumed advantages of TwiCs studies, TwiCs
studies have gained interest in several research fields
such as psychosocial and rehabilitation interventions
[20], interventions for mental illness [21], and depression
treated by homeopaths [22]. In this article, we focus on
the application of TwiCs designs within the oncology set-
ting. Specifically, the TwiCs design is entailed with sev-
eral methodological challenges of which we discuss the
implications with respect to the applicability of TwiCs
studies for (future) oncology trials, using experiences
from previous TwiCs studies in oncology. In this discus-
sion, we pay attention to the question whether a TwiCs
study is able to answer the same research question that is
usually answered by performing a standard RCT. In addi-
tion to methodological challenges, the TwiCs design also
faces several ethical issues [13, 23]. Because the focus of
this article is on the methodological challenges, these
ethical issues are not discussed here. The article is struc-
tured as follows: in the next section, we provide an over-
view of examples of TwiCs studies within the oncology
setting. Then, we discuss the methodological challenges
faced in TwiCs studies and explain how these challenges
can be dealt with in oncology TwiCs studies. This article
ends with a discussion concerning future considerations.

Overview of (applied) TwiCs in the oncological
setting

Within the oncology setting, there are several examples
of initiated TwiCs studies. These studies are described
in Table 1. These trials were or are still conducted within
The Netherlands, with exception of the TILT trial, which
was conducted in the UK. Five trials (TILT, RECTAL
BOOST, UMBRELLA FIT, SPONGE and VERTICAL)
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Table 1 Overview of applied TwiCs studies within the oncological setting

Trial Description

Status Planned number of patients

TILT [24, 25]

Feasibility trial of an investigational medicinal product to treat mesothelioma.

Completed 45 patients

The aim of this study was to answer whether a full-scale version of the trial
is possible and whether a TwiCs study is appropriate for mesothelioma trials.
The investigational product is called OK-432 (“dead” bacteria) which is used
to stimulate immune cells to attack the mesothelioma. The trial was initiated

within the ASSESS-meso cohort [26]
RECTAL BOOST [27-29]

Randomized controlled trial for pre-operative dose-escalation BOOST in

Completed 120 patients

locally advanced rectal cancer. The trial was originally initiated within the pro-
spective data collection initiative on colorectal cancer (PICNIC) cohort, which

has been renamed to PLCRC [9, 10]
HONEY [30]

Clinical trial of assessing the effect of hyperbaric oxygen therapy in breast

Ongoing 120 patients

cancer patients with late radiation toxicity. The trial is initiated within the

UMBRELLA cohort [11]
UMBRELLA FIT[16, 17, 31]

Clinical trial investigating the effect of an exercise program on the quality of

Completed 192 patients

life of patients with breast cancer. The trial was initiated within the UMBRELLA

cohort [11]
MEDOCC-CrEATE [32]

within the PLCRC [9, 10]
SPONGE [33, 34]

Clinical trial investigating the effect of circulating tumor DNA guided adjuvant Ongoing
chemotherapy in stage Il colon cancer. The presence of circulating tumor
DNA is only assessed in the alternative treatment group. The trial is initiated

Clinical trial investigating the impact of retractor SPONGE-assisted laparo-

60 patients with circulating
tumor DNA. In total, 1320
patients

Completed 196 patients

scopic surgery on duration of hospital stay and postoperative complications
in patients with colorectal cancer. The trial is initiated within the PLCRC [9,
10] and is a follow-up trial of the RECTAL BOOST trial. Patients of the RECTAL

BOOST trial were also eligible for the SPONGE trial
Clinical trial comparing conventional radiotherapy with stereotactic body

VERTICAL [35-38]

Completed 110 patients

radiotherapy in patients with spinal metastases. The trial is initiated within
the prospective evaluation of interventional studies on bone metastases

(PRESENT) cohort [39]

are now completed, while two trials are still ongoing. The
TILT trial is the only (and first) trial that used a TwiCs
design to study the effect of an investigational medicinal
product. It is a feasibility study aiming to verify the fea-
sibility of performing a randomized trial of intra-pleural
bacterial immunotherapy using a TwiCs design with the
pre-specified recruitment, attrition, and data complete-
ness as primary outcome measures.

In all evaluated trials, the experimental group is offered
an alternative treatment/intervention, while the control
group receives SOC. In the MEDOCC-CrEATE trial, a
somewhat different study procedure is undertaken. This
trial is conducted within the PLCRC, an observational
cohort study for patients diagnosed with colorectal can-
cer. The MEDOCC-CrEATE trial investigates the willing-
ness of patients to receive adjuvant chemotherapy after
detection of circulating tumor DNA, and to assess the
effect of circulating tumor DNA guided adjuvant chemo-
therapy. More specifically, approximately one week after
surgery, eligible patients (who also provided consent to
be randomized in future trials) for the MEDOCC-CrE-
ATE trial are randomized to the intervention or control
arm. Following the TwiCs study design, only patients
randomized to the intervention arm are asked informed

consent for the immediate analysis of their circulat-
ing tumor DNA status of a post-surgery blood sample.
Patients who have detectable circulating tumor DNA in
their blood are offered adjuvant chemotherapy, which
they can either accept or refuse. The patients who refuse
receive control treatment, which consists of routine post-
surgery follow-up care. The patients without detectable
circulating tumor DNA in their blood (as well as patients
who provide no informed consent for the immediate
analysis of circulating tumor DNA) receive control treat-
ment. Patients randomized to the control group receive
no information about the trial, and their post-surgery
blood samples are not tested immediately for circulating
tumor DNA. The difference with regular TwiCs studies
is that in the MEDOCC-CrEATE trial, patients are not
directly randomized for a prospective alternative treat-
ment, but they are primarily randomized to the chance
to find out whether they have circulating tumor DNA in
their blood, which in turn determines whether they are
offered an alternative treatment.

In addition to the trials and related cohorts listed
in Table 1, more cohorts have been set-up where the
TwiCs design has been introduced. For example, in the
Netherlands cohort studies for bladder cancer [40],
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gastro-intestinal cancer [41], pancreatic cancer [42], and
prostate cancer [43] have been initiated, in which TwiCs
studies can be embedded. In the UK, bladder cancer [44]
and prostate cancer [45] cohorts have been started. In
the UK prostate cancer cohort, researchers performed a
pilot study to verify if patients are willing to participate
in a cohort study and what is their opinion on the staged-
informed consent [45]. In addition, in the prostate cancer
setting, the TwiCs design was mentioned as promising
trial design to solve recruitment issues when comparing
focal therapy to active surveillance, radical therapy, or
prostatectomy in a randomized setting [46—49].

Methodological considerations

Timing of randomization

An important element in designing a TwiCs study is
the timing of randomization, which varies according to
the intervention or treatment under study [50]. Cohort
participants can be randomized to the control or inter-
vention arm at one moment in time, which is a feasible
approach in a closed or recruiting cohort, and is referred
to as the ‘single-batch sampling approach’ An alterna-
tive to the single-batch sampling approach is the ‘mul-
tiple-batch sampling’ approach [50], where a subgroup
of cohort participants is randomized at one moment
in time. In this approach the cohort continues to rand-
omize eligible patients who are not allocated yet to the
control or intervention arm. This approach is also feasi-
ble for closed or recruiting cohorts. Multiple rounds of
randomization are conducted within the cohort. This
approach was applied in the UMBRELLA FIT trial [16,
17, 31] and is also adopted in the HONEY trial [30].

For some interventions, the single and multiple-batch
randomizations are not feasible, because screening for
trial eligibility and randomization needs to take place
within a short timeframe right after diagnosis, progres-
sion or relapse [50]. This entails that eligible patients
should be randomized as soon as they consented to the
trial, which makes it impossible to randomize all patients
at the same time. This randomization procedure is com-
parable to the way patients are randomized in stand-
ard RCTs. Within a cohort setting, the randomization
approach often requires a recruiting cohort and can be
applied shortly after the start of the cohort. The latter
implies that upon (cancer) diagnosis, patients are invited
to participate in a cohort study where a cohort con-
sent and possible consent to randomization into future
RCTs are provided (two staged-informed consent pro-
cedure). In case the intervention or treatment needs to
be administered shortly after diagnosis, eligible patients
for the trial are randomized immediately or very soon
after cohort enrollment. In these situations, it is impos-
sible to leave much time between cohort enrollment and
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the moment patients are randomized into a TwiCs study.
This procedure was applied in the RECTAL BOOST
trial [27-29], where patients provided informed consent
for cohort enrollment after being diagnosed with locally
advanced rectal cancer. Directly after cohort enrollment,
patients who consented for randomization into future
RCTs (among other trial eligibility criteria) were rand-
omized to the control arm or to the alternative treatment
arm. Patients in the control arm received standard chem-
oradiation and patients randomized to the alternative
treatment arm were offered a boost before chemoradia-
tion. By nature of the design, patients in the control arm
were not informed about this boost possibility. The same
procedure was used in the VERTICAL trial [35-38].

When randomization into a TwiCs study starts at
the same day or shortly after cohort enrollment, it is
inevitable that the ‘future’ trial is already known by
researchers upon the moment that patients sign the two
staged-informed consent. This may still lead to selection
bias in the trial, which is exactly what one wants to mini-
mize when conducting a TwiCs study. Furthermore, this
potential selection bias into the trial brings in another
possible risk—selection into the trial may trickle down
to selection for cohort enrollment and thus representa-
tiveness of the cohort. When a newly diagnosed cancer
patient is suited for cohort enrollment, but ineligible for
the TwiCs study upon diagnosis, it is highly undesirable
to exclude that patient from the cohort. In other words,
when recruiting patients for the cohort study, eligibility
criteria for future RCTs should not be considered. This
risk plays a potential role when the TwiCs study inves-
tigates the effect of (new) interventions of which it is
known that these interventions start shortly after cohort
enrollment. The advantages of TwiCs studies over stand-
ard RCTs (e.g. fast accrual) should not tempt researchers
to start a cohort study for the sake of a clinical trial as
this would slowly turn the trial into an RCT following
the controversial Zelen design, where patients are rand-
omized before consent is given [51].

Non-compliance in the alternative treatment arm

In a TwiCs study, only patients randomly selected for the
alternative treatment arm are asked to provide informed
consent after randomization (but before treatment). As
stated previously, patients randomly selected for the con-
trol arm receiving SOC are not notified about the trial,
are therefore not asked informed consent and are not
aware of the alternative intervention. As a consequence,
only patients randomized to the alternative treatment
arm can refuse this treatment (after randomization), and
patients who refuse will receive SOC. This will lead to
non-compliance in the alternative treatment arm. Since
control patients are not informed about the trial, it is
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highly unlikely that this type of non-compliance (refusal
of assigned treatment) is randomly distributed over study
arms (as opposed to standard RCTs). It is important to
consider this selected non-compliance when defining the
research question, determining the effect size and calcu-
lating the required sample size of TwiCs studies. In the
remainder of this manuscript, non-compliance is defined
as refusal of an alternative treatment or intervention (if
offered) after randomization.

Most oncology TwiCs studies presented in Table 1
anticipated on the occurrence of non-compliance in the
treatment arm during the design phase by including the
expected non-compliance rate in the sample size calcu-
lations. However, it is worth mentioning that the antici-
pated non-compliance rate might deviate from the actual
non-compliance rate. For example, in the UMBRELLA
FIT trial, the anticipated non-compliance rate was 30%,
but after 152 patients of the initially required 166 patients
were recruited, the actual non-compliance rate was 45%
[17]. In the RECTAL-BOOST trial, there was an overall
non-compliance rate of 27% compared to an expected
rate of 20% [28]. In the VERTICAL trial, the assumed
non-compliance rate was 10% while the actual rate was
27% [36]. As the TILT trial was a feasibility study, non-
compliance rate in the alternative treatment arm was
considered a primary outcome measure, but the authors
also included failure to complete follow-up in the con-
trol arm in the non-compliance definition, which is why
in the TILT trial the non-compliance rate definition was
different compared to the other trials [25]. The study was
considered feasible with respect to the non-compliance
rate if that rate was below 10%. Of the 12 randomized
patients, one patient in the alternative treatment arm
refused the treatment after randomization and one con-
trol patient did not complete the follow-up schedule,
which indicates that the 10% maximum was exceeded.

These results show that the actual non-compliance
rates deviate from the expected non-compliance rate.
The non-compliance rate in the treatment arm can be
interpreted as a methodological challenge of a TwiCs
study that requires careful consideration when defin-
ing the research question, the clinical endpoints and the
determination the required sample size. In the upcoming
subsections we will discuss the implications of non-com-
pliance for the treatment effect estimate and the statisti-
cal power. However, before these aspects are discussed,
it is necessary to first clarify which effect is estimated in
a TwiCs trial and how this is connected to the research
question. This will be the topic of the next subsection.

Defining the efficacy estimand in a TwiCs study
For this discussion we consider the guidelines outlined
in the ICH E9 (R1) draft addendum on “Estimands and
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Sensitivity Analysis in Clinical Trials” [52]. The estimand
of a clinical trial can be defined as the targeted treatment
effect that reflects the research question which is given
by the research objective. It provides a summary at the
level of the population of what the treatment effect would
be in the same patients under different treatment options
being compared. How the estimand is to be estimated
should be specified in advance of the trial and once this
is defined, the trial can be designed as such that it is pos-
sible to generate a reliable estimation of that treatment
effect. For the definition of the estimand in a clinical
trial, it is required to anticipate on so-called intercurrent
events, which are defined as events that mark a change
in the course of treatment and that influence the estima-
tion and interpretation of treatment effects. Intercurrent
events need to be addressed a-priori when describing the
clinical research question of interest. In a TwiCs trial,
non-compliance, or refusal of the alternative treatment
after randomization but before started treatment, can be
regarded as such an intercurrent event. It is obvious that
this phenomenon will alter the interpretation of the treat-
ment effect and should be considered when defining the
estimand. More specifically, we should question what is
the estimand in a TwiCs study, which effect is of interest
(what is the research question?) and how can we estimate
that effect. For the remainder of this discussion, we only
consider the refusal of an offered alternative treatment or
intervention after randomization as known intercurrent
event in a TwiCs study and therefore only discuss the
implication of that particular event.

First, it is important to assume that non-compliance
due to refusal only occurs in the alternative treatment
arm, which means that the intercurrent event is depend-
ent on the assigned treatment. Second, it is also assumed
that the occurrence of non-compliance will affect the
treatment effect indefinitely—once a patient refuses
offered treatment, the patient will receive the SOC for
the remainder of the trial duration. Finally, it is assumed
that the control patients do not have access and will not
get the alternative treatment since these patients are not
informed about the trial. In other words, there is no con-
tamination in the control group.

Treatment policy strategy

The way non-compliance is addressed in the trial
defines the research question that a TwiCs study is able
to answer. One of the strategies to address the research
question described in the ICH E9 (R1) draft guidance
document is the treatment policy strategy—the intercur-
rent event is taken to be part of the treatment regimen of
interest. The treatment effect is then estimated irrespec-
tive of the occurrence of an intercurrent event and the
estimand is a combined effect of the initial randomized
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treatment and the treatment modified by the intercurrent
event. Adopting a treatment policy approach has become
known as the “Intention-to-treat” (ITT) approach—all
patients are analyzed ‘as randomized’ regardless of the
occurrence of the intercurrent event. For a TwiCs study,
this implies that the non-compliance rate in the alterna-
tive treatment group is considered as part of the treat-
ments being compared.

What does this mean for the interpretation of the ITT
effect in a TwiCs study? This question can be answered
by first taking a closer look at the ITT definition in a
standard RCT. The ITT effect in a standard RCT is gener-
ally interpreted as the average causal effect (ACE) of the
assigned treatment. The ACE measures the difference
in the mean outcome between patients assigned to the
alternative intervention and patients assigned to SOC.
It has been argued that the ACE of a standard RCT is,
on average, an unbiased estimate of the population mean
effect of the alternative treatment compared to SOC in
patients receiving treatment, under the assumption that
treatments are randomly assigned, thereby assuming no
confounding exists [53, 54]. Assuming that all patients
also receive the assigned treatment, we refer to the ITT
effect in a standard RCT as the ACE of received treat-
ment for the remainder of this discussion. Although
this technically is not the pure ITT definition (analyzing
‘as randomized’ regardless of taking up treatment), it is
important to mention this nuance here when discuss-
ing the difference between the ITT definition of a stand-
ard RCT and a TwiCs study. In a TwiCs study, patients
are also assigned a treatment, but the difference is that
patients are offered alternative treatment when assigned
to that treatment, whereas in a standard RCT we expect
all patients to receive the assigned treatment. Therefore,
to distinguish between the ACE of a standard RCT and a
TwiCs study, we refer to received treatment and offered
treatment, respectively.

Non-compliance is known to be a methodological
problem that can lead to bias in estimating the ACE of
received treatment in randomized experiments [55].
However, in a standard RCT, the refusal of treatment
happens generally before randomization and these
patients do not enter the trial. Furthermore, (potential)
non-compliance is randomly distributed over the treat-
ment arms in a standard RCT, which avoids immediate
bias in estimating the ACE of a received treatment. In
fact, only selective non-compliance in a standard RCT
might lead to a more-or-less biased ACE of received
treatment relative to the population value of the ACE of
received treatment.

In contrast, for a TwiCs study, it is already expected
beforehand that non-compliance only occurs in the
alternative treatment arm affer randomization; the
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intercurrent event occurs by nature of the design. As
a result, non-compliance is known to be not random
(selective non-compliance) and therefore, the treat-
ment effect under the ITT-principle will be diluted when
incorporating non-compliant patients. One might argue
that non-compliance in a TwiCs study leads to a biased
ACE of received treatment, but this is incorrect, because
a TwiCs study simply adopts a different estimand com-
pared to a standard RCT. As stated earlier, the ITT effect
of a TwiCs study is the ACE of offered treatment rather
than received treatment. This also means that when we
speak of bias in a TwiCs study, it is important to refer to
bias in the estimand of a TwiCs study. In a situation where
the refusal rate of the alternative intervention in the trial
matches that of the population, the ACE in a TwiCs study
will provide an unbiased estimate of the population mean
effect of the alternative intervention compared to SOC
in patients who are offered the alternative intervention
compared to patients receiving SOC [54]. The key point
here is that a TwiCs study and a standard RCT estimate a
different ITT effect (estimand) under the treatment pol-
icy strategy and therefore answer different research ques-
tions. Bias in a standard RCT is defined as bias relative to
the effect of received treatment, whereas bias in a TwiCs
study is defined as bias relative to the effect of offered
treatment. Consequently, a TwiCs study will not provide
a biased estimate of the ACE observed in a standard RCT,
as sometimes falsely claimed (see the section on ‘Analysis
of a TwiCs study’).

In the UMBRELLA FIT-, the RECTAL BOOST-, the
VERTICAL-, and SPONGE trial, the primary analysis
was done according to the ITT principle. However, as
explained above, interpreting the ITT effect of a TwiCs
study cannot be separated from the non-compliance rate
in the alternative treatment arm. Therefore, the expres-
sion of the final results should be stated carefully. For
example, in the VERTICAL trial, the interpretation of the
results was expressed as: “we found no differences in pain
response, pain scores, and global QOL between patients
receiving cRT and those (offered to be) treated with
SBRT” (p. , [36]). The part between brackets points out
that treatment effects represent the effect of offered alter-
native treatment compared to receiving SOC rather than
a comparison of patients receiving two different treat-
ments [54]. The same phrasing with respect to the treat-
ment effect under the ITT principle was adopted when
presenting the UMBRELLA FIT trial results. In addition,
for the UMBRELLA FIT trial, results were reported for
patients offered the alternative intervention as well as
those for patients accepting the alternative intervention
[16].

Finally, analyzing a TwiCs study according to the treat-
ment policy strategy ensures that the occurrence of the
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intercurrent event is also of main interest [56], which
means that a TwiCs study can be used to gain insight in
the acceptability of an alternative treatment. This was
recognized in the VERTICAL trial, where this acceptabil-
ity was explicitly stated when discussing the results [36].
Therefore, acceptability of the alternative treatment could
be part of the research question and must be seen as part
of the treatment effect [57].

Principal stratum strategy

In addition to the treatment policy strategy, the ICH
E9(R1) guideline lists four other strategies to address the
research question. Each of these strategies approaches a
different research question. We will briefly discuss one
other strategy that plays a role in the TwiCs setting. This
strategy is the principal stratum strategy where the inter-
current event is considered a confounding factor when
estimating a treatment effect. In sum, the treatment
effect is estimated in a (target) population (“stratum”)
whose status with respect to the intercurrent event is
similar, irrespective of treatment arm. For a TwiCs study,
this means that the treatment effect is estimated in a
population that is capable and willing to accept the treat-
ment being assigned to. Using different analysis strate-
gies than the ITT approach, an estimate of the treatment
effect under perfect compliance can be generated, typi-
cally based on causal inference models [58]. An example
of such an estimate is the complier average causal effect
(CACE), which provides an unbiased treatment effect for
patients who comply with the protocol [59]. This defini-
tion diverges from the ITT definition in a TwiCs study,
which demonstrates that both estimands are concerned
with a different research question.

The remaining strategies listed in the ICH E9 (R1) may
also apply to the TwiCs design, but the treatment policy
strategy and the principal stratum strategy have been
described in publications of TwiCs trials, which is why we
limit the discussion to these two strategies. For a detailed
overview on how to define the estimand based on differ-
ence strategies with detailed examples, see [56, 60, 61].

In sum, different research questions can in principle be
addressed by a TwiCs study. The research question drives
the definition of the estimand(s) of interest in a TwiCs
study, which should be defined before the start of the
study. These definitions will then determine the primary
analysis and, importantly, power and sample size assess-
ment. It is crucial to mention that these different esti-
mands should not be interpreted as alternatives to one
another, but merely as ways to answer different research
questions.
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Analysis of a TwiCs study

The effect of the alternative treatment arm compared to
control can simply be estimated by comparing the group
of patients randomized to the alternative treatment arm
with the group of patients randomized to SOC, using
an appropriate statistical test. This approach is simi-
lar to the primary analysis strategy of most randomized
trials. However, the result of this analysis in a TwiCs
study should not be interpreted as the ACE observed
in a standard RCT, because the non-compliance rate
observed in the intervention arm dilutes this effect and
should be taken into consideration when interpreting the
results.

When the main focus is the effect of the intervention
under compliance (principal stratum strategy), the analy-
sis must be adapted accordingly. In the TwiCs literature,
instrumental variable (IV) analyses have been proposed
to accomplish this [57, 62, 63]. These IV analyses use a
two-stage least squares method to account for possible
non-compliance in the alternative intervention group
[64]. In the first stage, the effect of exposure (actual treat-
ment received) is predicted by the effect of randomiza-
tion. In the second stage, this information is used to
understand how the exposure affects the outcome. Two
different IV analyses were proposed by Pate et al. [63]
and Candlish et al. [62] to analyze TwiCs studies. In the
first IV analysis, a two-stage regression model is applied.
In the first stage, the effect of randomization on exposure
is estimated using logistic regression, which provides the
estimated exposure given the allocated treatment. Sub-
sequently, in the second stage, a regression model for
the outcome is fitted using the estimated exposure from
the previous logistic regression model as covariate. The
effect of the estimated exposure on the outcome provides
the estimated treatment effect of interest. The second IV
analysis also starts with a logistic regression model pre-
dicting exposure by randomization, but here the resid-
ual term is calculated as the difference between actual
exposure and predicted exposure. In the second regres-
sion model, the outcome is modeled as a function of the
treatment received and the residuals calculated from the
previous logistic regression where the coefficient of treat-
ment received provides the estimated treatment effect.

In two simulation studies, the performance and accu-
racy of the ITT and IV analysis in analyzing TwiCs study
results were investigated [62, 63]. The authors reveal that
the larger the refusal rate, the more bias was found in the
ITT effect as expected in a standard RCT. However, con-
sidering our arguments in the previous Section, this is a
logical finding. When acknowledging that a TwiCs study
estimates a different ITT effect compared to a standard
RCT, it is expected that the ITT effect of a TwiCs study
deviates from a (simulated) ITT effect of a standard RCT,
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but that should not be interpreted as bias. Again, bias in
the ITT effect of a TwiCs study should not be seen as bias
relative to the ITT effect of a standard RCT, but relative
to its own definition. For example, when non-compli-
ance depends on certain patient characteristics (e.g. only
male participants refuse treatment), we can expect bias
in the ACE of offered treatment relative to the popula-
tion value. Furthermore, in the same simulation studies,
it was also found that when refusal in the intervention
arm is present, the IV analyses in a TwiCs study provided
an effect estimate that was closer to the ITT effect esti-
mate of a standard RCT than the ITT effect of a TwiCs
study was to the ITT effect estimate of a standard RCT
[62, 63]. This implies that for researchers who are inter-
ested in deriving a treatment effect from a TwiCs study
that is close to the ITT of a standard RCT, IV analyses
offer this possibility. However, this does not fix the issue
of non-compliance and we believe that it is not neces-
sary to fix this as long as researchers acknowledge that a
TwiCs study estimates something different compared to a
standard RCT.

With respect to the completed TwiCs oncology stud-
ies (Table 1), only the UMBRELLA FIT trial provided
results of an ITT and IV analysis. In addition, in the
UMBRELLA FIT trial, another alternative analysis strat-
egy was used, namely a propensity score analysis by com-
paring intervention accepters to patients in the control
group who would have accepted the alternative interven-
tion if offered [16]. This propensity score analysis serves
as a sensitivity analysis to the IV analysis, because it is
unknown whether intervention refusers are influenced by
the offer of the intervention.

Statistical power

In general, sample size calculations should be based on
the anticipated treatment effect according to the ITT
definition. The anticipated ITT effect of a TwiCs study
reflects the ITT effect considering non-compliance in
the alternative treatment arm (offered treatment) and
will therefore be smaller than the ITT effect in a standard
RCT. As a result, required sample sizes for obtaining suf-
ficient power in a TwiCs study are often larger than those
of standard RCTs [62, 63].

A critical issue in TwiCs studies is that the expected
non-compliance rate may diverge from the actual non-
compliance rate, which was the case in the UMBRELLA
FIT trial, the RECTAL BOOST trial, and the VERTICAL
trial (see the Section on ‘Non-compliance in the alterna-
tive treatment arm’). Consequently, the sample size had to
be updated during the trial based on the actual non-com-
pliance rate, which was also recommended by Candlish
et al. [62]. This can have severe implications when the
observational cohort is limited in the number of available
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patients, which can be the case in a closed cohort [50].
Updating the required sample size is easier in recruiting
cohorts. Furthermore, recruiting cohorts have the advan-
tage that the non-compliance rate can be updated after
each randomization and the sample size can be adapted
until the actual non-compliance rate is reached. It has
been recommended to calculate the required sample size
under different non-compliance rate assumptions during
the design stage [50, 54] or to first perform a pilot study
before the actual TwiCs study to obtain insights in the
actual refusal rates [17].

As a final note on the sample size we would like to
point out that the discussion of the (diluted) ITT effect so
far holds for superiority trials. A diluted ITT effect makes
it easier to demonstrate non-inferiority or equivalence.
In general, the ITT effect in non-inferiority trials is anti-
conservative [65]. Therefore, in designing and analyz-
ing TwiCs non-inferiority trials, a per protocol analysis
excluding non-compliance should be considered. How-
ever, since non-compliance only occurs in the alternative
treatment arm, it is unclear how this will affect treatment
group balance and hence the interpretation of non-inferi-
ority. To our knowledge, there have been no proposed or
conducted non-inferiority TwiCs studies to date.

Multiple TwiCs studies within the same cohort
Until now, the discussion about the methodological
challenges encountered in TwiCs studies was focused
on performing only one TwiCs study within a cohort.
However, in the Introduction Section, we mentioned
the possibility of running multiple TwiCs studies within
the same cohort. A TwiCs study uses a broad prospec-
tive observational cohort study and this cohort typically
represents a broad population of interest. When running
multiple TwiCs studies within the same cohort, either
consecutively or in parallel, these studies are most often
considered separate, stand-alone trials that each answer
a different research question and that use their own con-
current control and intervention participants. They may
also target different sub populations within the cohort.
This is not any different than performing multiple stand-
ard RCTs in a general population, or in collaborative net-
works across study sites and it is therefore not required
to adjust for multiplicity or Type I error inflation when
running multiple TwiCs studies within the same cohort.
Only in the scenario where, e.g., different TwiCs studies
use a shared control group, similar to how controls can
be used in platform trials, a multiplicity correction (e.g.
controlling the family wise error rate) may be required
[66, 67].

Simulations have shown that when two TwiCs studies
share the same control group, results between the two
trials are correlated [68]. However, since the objectives of



Kessels et al. BMC Medical Research Methodology (2023) 23:117

each individual TwiCs study stands on its own, there is no
intention to investigate the effect of a series of treatments
that are linked together. The scenario of overlapping con-
trol arms is thus not likely to occur. Also confounding
between two treatment arms (control or intervention)
of two different TwiCs studies (e.g. when patients can
only receive the alternative treatment in one study) tend
to result in correlated trial results [68], but this scenario
is not very likely at all as it violates the equal treatment
assignment probability across patients [69]. Moreover,
observational cohort studies include a large number of
patients and most cohort studies are recruiting cohorts,
which also decreases the chance of overlapping treatment
arms across TwiCs studies.

In sum, overlapping treatment arms across multiple
TwiCs studies is considered a minor potential methodo-
logical challenge. However, if it does occur, the avail-
ability of a cohort study offers an important advantage,
because a patients’ treatment status in other TwiCs
studies within the same cohort is known and can thus
be taken into account when randomizing patients for
a new TwiCs study. For example, in the Dutch PLCRC,
the RECTAL BOOST [28] and SPONGE ([34] trial are
two consecutive trials and the trial status of the RECTAL
BOOST trial was used as stratification factor when rand-
omizing patients for the SPONGE trial. In contrast, when
running multiple standard RCTs within a general popula-
tion, other trial inclusions are not structurally collected
and therefore not always known.

Discussion

This article provides an overview of examples of TwiCs
studies conducted in the oncology setting, where the
TwiCs design has gained increasing popularity during
the last decade, especially in the Netherlands. The rise
in initiated and conducted TwiCs studies is associated
with several drawbacks that are encountered when per-
forming standard RCTs for which the TwiCs study design
offers possible solutions. These drawbacks are the risk of
uncompleted trials partly due to slow and difficult accrual
of patients, limited external validity in standard RCTs
and high drop-out rates in the control group. Whether
the latter is an issue in standard oncology RCTs can be
questioned, since oncology patients already receive the
best SOC and a study treatment is not commonly avail-
able (except for supportive care setting).

The main elements of a TwiCs study are that these are
conducted within an observational cohort study, that
patients which are randomized to the SOC receive no
information about the trial and that patients randomized
to the alternative treatment arm can refuse this treat-
ment after randomization. The advantage of an available
observational cohort is that patients can be found and
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contacted easily. This has been observed in two oncology
trials where they found that accrual was faster compared
to standard RCTs [17, 50]. Furthermore, another possible
advantage of the availability of an observational cohort is
that the collection of routine cohort measurements may
minimize selection bias if eligibility is based on these
measurements and the effect of selection by a physician is
decreased [17]. At the same time, it is crucial to capture
sufficient key demographics and other historical, disease
specific variables at baseline upon cohort enrollment
and that this information is regularly updated to deter-
mine eligibility for future TwiCs studies. Minimization of
selection bias will likely improve external validity. More-
over, the fact that control patients are not informed will
improve external validity, as this design element more
closely resembles clinical practice.

Despite the possible advantages of a TwiCs study, the
design is entailed with several methodological chal-
lenges that are addressed in this article. One challenge
that is discussed here is the timing of randomization and
the associated possible risk of selection bias for cohort
enrollment. Another important challenge is the antici-
pated non-compliance (refusal) rate in the alternative
treatment arm and how this non-compliance rate affects
the definition of the estimand, the related research ques-
tion, the analysis methods and the sample size calcula-
tion. It is important to emphasize that the ITT effect of a
TwiCs study has a different meaning than the ITT effect
of a standard RCT. The ITT effect of a TwiCs study esti-
mates the ACE of offered treatment, whereas the ITT
effect of a standard RCT estimates the ACE of received
treatment. Consequently, the two ITT estimates are dif-
ferent by definition and the difference between the two
estimates should not be considered bias, but merely as
two estimates that represent answers to two different
research questions. The unavoidable non-compliance in
a TwiCs study also means that not all interventions are
suitable for TwiCs study designs. Especially in situations
when there are many safety issues or many required hos-
pital visits involved, the risk of non-compliance may be
too large. Therefore, researchers should carefully con-
sider whether an intervention is suited for a TwiCs study.

An important question related to the ITT definition
in a TwiCs study is whether the results of a TwiCs study
could be accepted by regulatory authorities for approval
of a new treatment. For pivotal trials, a TwiCs study leads
to a loss of some benefits relative to a standard RCT.
However, the loss of benefits is not primarily related to
the fact that a TwiCs study provides no effect of received
treatment, since a more conservative treatment effect
estimate—the effect of offered treatment, may not nec-
essarily be an issue for regulatory authorities. A main
concern for regulatory authorities and reimbursement
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policies may be related to the fact that the population of
interest for which a treatment has a positive benefit-risk
is difficult to determine a-priori when the two treatment
arms provide non-matching safety data due to non-ran-
dom refusal across treatment arms.

The challenges faced in standard RCTs described at
the beginning of this article might motivate researchers
to conduct single-arm trials where external, historical
controls can be used for comparison purposes. How-
ever, the lack of randomization in single-arm trials can
cause serious bias and confounding and leads to difficul-
ties in quantifying a treatment effect. Although meth-
ods have been proposed to adjust for confounding, bias,
and imbalance, randomization is the only way to make
detection of imbalances possible in the first place [70].
Therefore, although a TwiCs study is faced with method-
ological challenges and may not be preferred by regula-
tory authorities over standard RCTs, it can be considered
a more suitable alternative compared to single-arm tri-
als, because patients are randomized in a TwiCs study,
thereby reducing sources of bias that are encountered
in non-randomized trials. Notably, the choice of design
in the oncology setting is dependent upon many factors.
For example, ethical aspects play an important role in
deciding whether randomization is feasible, as does the
willingness of patients to be randomized. For a very thor-
ough discussion and detailed overview of perspectives on
the use of randomization in oncology trials, see Grayling
etal. [71].

A final point of discussion is the validity of the assump-
tions stated in this article. We assumed that the occur-
rence of non-compliance (that is, refusal of assigned
treatment as intercurrent event) only occurs in the alter-
native treatment arm, which is a valid assumption by
nature of the design. However, this assumption is violated
when patients randomized to SOC refuse to be treated
with SOC. Refusing SOC is generally not very common
in oncology (see for example three studies on the pre-
dictors associated with treatment refusal in colon [72],
breast [73], and head and neck cancer [74], where small
percentages of SOC refusal were reported). However, it
cannot be ruled out. How to deal with this non-compli-
ance in the control group in a TwiCs study context with
respect to the analysis and interpretation of the results
will depend on the research question and whether this
control non-compliance will be judged as problematic.
As such, researchers could determine a-priori whether
this is likely to occur and then alter, for example, the
expected effect size. Moreover, the assumption of no
contamination in the control group may be violated
when these patients become aware of the availability of
an alternative treatment, either due to communication
with other patients in the waiting room, or due to finding
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information online as trials are prospectively registered.
In such circumstances, control patients might take the
initiative in asking their treating physician to receive the
alternative treatment. This may cause potential (ethical)
dilemmas for trial staff and possible cross-over of control
patients when these patients are already randomized to
SOC without knowing it. However, whether this is a sub-
stantial risk should be considered per trial.

Conclusion

In this article we provided an overview of potential
advantages of a TwiCs study compared to standard RCTs
and we reflected upon the most important methodologi-
cal challenges of a TwiCs study, based on experiences in
oncology. Researchers in oncology and other areas should
carefully consider these methodological challenges when
planning to initiate a TwiCs study.

Abbreviations

ACE Average causal effect

TT Intention-to-treat

% Instrumental variable

PLCRC Prospective Dutch colorectal cancer cohort

PICNIC Prospective data collection initiative in colorectal cancer

PRESENT  Prospective evaluation of interventional studies on bone
metastases

RCT Randomized controlled trial

SOC Standard of care

TwiCs Trial within cohorts study

UMBRELLA Utrecht cohort of multiple breast cancer intervention studies and
long-term evaluation

Acknowledgements
None.

Authors’ contributions

RK., AM, and KR. conceptualized the idea. RK. drafted the original manu-
script. AM,, MK, and KR. reviewed and provided feedback on all drafts. All
authors edited and reviewed the final manuscript. The author(s) read and

approved the final manuscript.

Funding
No funding was provided for this paper.

Availability of data and materials
Any materials used during this study are available from author R. Kessels upon
request via rkessels@nki.nl.

Declarations

Ethics approval and consent to participate
This manuscript does not involve the use of any animal or human data or
tissue.

Consent for publication
Not applicable.

Competing interests

AM.: Scientific advisor COMPASS pathways, paid to institution.

M.K. advisory role for Nordic Farma, Merck-Serono, Pierre Fabre, Servier.
Institutional scientific grants from Bayer, Bristol Myers Squibb, Merck, Personal



Kessels et al. BMC Medical Research Methodology

(2023) 23:117

Genome Diagnostics (PGDx), Pierre Fabre, Roch, Sirtex, Servier. RK and KR have
declared to have no competing interests.

Received: 16 June 2022 Accepted: 6 May 2023
Published online: 13 May 2023

References

1.

20.

Young RC. Cancer clinical trials—a chronic but curable crisis. N Engl J
Med. 2010;363:306-9.

Lindstrém D, Sundberg-Petersson |, Adami J, Tonnesen H. Disappoint-
ment and drop-out rate after being allocated to control group in a smok-
ing cessation trial. Contemp Clin Trials. 2010;31:22-6.

Hirsch BR, Califf RM, Cheng SK, Tasneem A, Horton J, Chiswell K, et al.
Characteristics of oncology clinical trials insights from a systematic analy-
sis of clinicaltrials.gov. JAMA Intern Med. 2013;173:972-9.
Kennedy-MartinT, Curtis S, Faries D, Robinson S, Johnston J. A literature
review on the representativeness of randomized controlled trial samples
and implications for the external validity of trial results. Trials. 2015;16:495.
Rothwell PM. Factors that can affect the external validity of randomised
controlled trials. PLOS Clin Trial. 2006;1: e9.

Blumenthal D, James CV. A data infrastructure for clinical trial diversity. N
Engl J Med. 2022,386:2355-6.

Patsopoulos NA. A pragmatic view on pragmatic trials. Dialogues Clin
Neurosci. 2011;13:217.

Relton C, Torgerson D, O'Cathain A, Nicholl J. Rethinking pragmatic ran-
domised controlled trials: introducing the “cohort multiple randomised
controlled trial” design. BMJ. 2010;340: c1066.

Burbach JPM, Kurk SA, van den Coebergh Braak RRJ, Dik VK, May AM,
Meijer GA, et al. Prospective Dutch colorectal cancer cohort: an infrastruc-
ture for long-term observational, prognostic, predictive and (randomized)
intervention research. Acta Oncol. 2016;55:1273-80.

Derksen JWG, Vink GR, Elferink MAG, Roodhart JML, Verkooijen HM, van
Grevenstein WMU, et al. The Prospective Dutch Colorectal Cancer (PLCRC)
cohort: real-world data facilitating research and clinical care. Sci Rep.
2021;11:3923.

. Young-Afat DA, Van Gils CH, Van Den Bongard HIGD, Verkooijen HM. The

Utrecht cohort for multiple BREast cancer intervention studies and Long-
term evalLuAtion (UMBRELLA): objectives, design, and baseline results.
Breast Cancer Res Treat. 2017;164:445-50.

Young-Afat DA, Verkooijen HA, van Gils CH, van der Velden JM, Burbach
JP, Elias SG, et al. brief report: staged-informed consent in the cohort mul-
tiple randomized controlled trial design. Epidemiology. 2016,27:389-92.
Kim SYH, Flory J, Relton C. Ethics and practice of trials within cohorts: an
emerging pragmatic trial design. Clin Trials. 2018;15:9-16.

Young-Afat DA, Gal R, Gerlich S, Burbach JPM, van der Velden JM, van
den Bongard DHJG, et al. Oncology patients were found to under-

stand and accept the trials within Cohorts design. J Clin Epidemiol.
2021;130:135-42.

Verweij ME, Gal R, Burbach JPM, Young-Afat DA, van der Velden JM, van
der Graaf R, et al. Most patients reported positively or neutrally of having
served as controls in the trials within cohorts design. J Clin Epidemiol.
2022;148:39-47.

Gal R, Monninkhof EM, van Gils CH, Groenwold RHH, Elias SG, van den
Bongard DHJG, et al. Effects of exercise in breast cancer patients: implica-
tions of the trials within cohorts (TwiCs) design in the UMBRELLA Fit trial.
Breast Cancer Res Treat. 2021;190:89-101.

Gal R, Monninkhof EM, van Gils CH, Groenwold RHH, van den Bon-

gard DHJG, Peeters PHM, et al. The trials within cohorts design faced
methodological advantages and disadvantages in the exercise oncology
setting. J Clin Epidemiol. 2019;113:137-46.

Woodcock J, LaVange LM. Master protocols to study multiple therapies,
multiple diseases, or both. N Engl J Med. 2017;377:62-70.

van der Velden DL, Hoes LR, Van Der Wijngaart H, van Berge Henegou-
wen JM, Van Werkhoven E, Roepman P, et al. The drug rediscovery
protocol facilitates the expanded use of existing anticancer drugs. Nature.
2019,574:127-31.

Kwakkenbos L, Jewett LR, Baron M, Bartlett SJ, Furst D, Gottesman K, et al.
The Scleroderma Patient-centered Intervention Network (SPIN) Cohort:

AR

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

Page 12 of 13

protocol for a cohort multiple randomised controlled trial (cmRCT)
design to support trials of psychosocial and rehabilitation interventions
in a rare disease context. BMJ Open. 2013;3: e003563.

Uher R, Cumby J, MacKenzie LE, Morash-Conway J, Glover JM, Aylott A,
et al. A familial risk enriched cohort as a platform for testing early inter-
ventions to prevent severe mental illness. BMC Psychiatry. 2014;14:344.
Viksveen P, Relton C. Depression treated by homeopaths: a study protocol
for a pragmatic cohort multiple randomised controlled trial. Homeopa-
thy. 2014;103:147-52.

Weijer C, Goldstein CE, Taljaard M. TwiC or treat? Are trials within cohorts
ethically defensible? Clin Trials. 2018;15:21-4.

Bibby AC, Torgerson DJ, Leach S, Lewis-White H, Maskell NA. Commen-
tary: considerations for using the ‘Trials within Cohorts'design in a clinical
trial of an investigational medicinal product. Trials. 2018;19:18.

Bibby AC, Zahan-Evans N, Keenan E, Comins C, Harvey JE, Day H, et al. A
trial of intra-pleural bacterial immunotherapy in malignant pleural meso-
thelioma (TILT)—a randomised feasibility study using the trial within a
cohort (TwiC) methodology. Pilot Feasibility Stud. 2022;8:196.

Conway RJH, Symonds J, Walton D, Probets J, Comins C, Stadon L, et al.
Protocol: Protocol for a prospective observational cohort study collecting
data on demographics, symptoms and biomarkers in people with meso-
thelioma (ASSESS-meso). BMJ Open. 2022;12: e060850.

Burbach JPM, Verkooijen HM, Intven M, Kleijnen JPJE, Bosman ME,
Raaymakers BW, et al. RandomizEd controlled trial for pre-operAtive
dose-escalation BOOST in locally advanced rectal cancer (RECTAL BOOST
study): study protocol for a randomized controlled trial. Trials. 2015;16:58.
Couwenberg AM, Burbach JPM, Berbee M, Lacle MM, Arensman R, Raicu
MG, et al. Efficacy of dose-escalated chemoradiation on complete tumor
response in patients with locally advanced rectal cancer (RECTAL-
BOOST): a phase 2 randomized controlled trial. Int J Radiat Oncol Phys.
2020;108:1008-18.

Verweij ME, Hoendervangers S, Couwenberg AM, Burbach JPM, Berbee
M, Buijsen J, et al. Impact of dose-escalated chemoradiation on quality
of life in patients with locally advanced rectal cancer: 2-year follow-

up of the randomized RECTAL-BOOST Trial. Int J Radiat Oncol Phys.
2021;112:694-703.

Batenburg MCT, van den Bongard HJGD, Kleynen CE, Maarse W, Witkamp
A, Ernst M, et al. Assessing the effect of hyperbaric oxygen therapy in
breast cancer patients with late radiation toxicity (HONEY trial): a trial
protocol using a trial within a cohort design. Trials. 2020;21:980.

Gal R, Monninkhof EM, Groenwold RHH, van Gils CH, van den Bongard
DHJG, Peeters PHM, et al. The effects of exercise on the quality of life of
patients with breast cancer (the UMBRELLA Fit study): study protocol for
a randomized controlled trial. Trials. 2017;18:504.

Schraa SJ, van Rooijen KL, van der Kruijssen DEW, Alarcon CR, Phallen J,
Sausen M, et al. Circulating tumor DNA guided adjuvant chemotherapy
in stage Il colon cancer (MEDOCC-CrEATE): study protocol for a trial
within a cohort study. BMC Cancer. 2020;20:790.

Couwenberg AM, Burbach MJP, Smits AB, Van Vulpen M, Van Grevenstein
WMU, Noordzij PG, et al. The impact of retractor SPONGE-assisted laparo-
scopic surgery on duration of hospital stay and postoperative complica-
tions in patients with colorectal cancer (SPONGE trial): study protocol for
a randomized controlled trial. Trials. 2016;17:132.

Fahim M, Couwenberg AM, Verweij ME, Dijksman LM, Verkooijen HM,
Smits AB. SPONGE-assisted versus Trendelenburg position surgery in
laparoscopic sigmoid and rectal cancer surgery (SPONGE trial): rand-
omized clinical trial. B J Surg. 2022;109:1081-6.

van der Velden JM, Verkooijen HM, Seravalli E, Hes J, Gerlich AS, Kasperts
N, et al. Comparing conVEntional RadioTherapy with stereotact|C body
radiotherapy in patients with spinAL metastases: study protocol for an
randomized controlled trial following the cohort multiple randomized
controlled trial design. BMC Cancer. 2016;16:909.

Pielkenrood BJ, van der Velden JM, van der Linden YM, Bartels MMT,
Kasperts N, Verhoeff JJC, et al. Pain response after stereotactic body radia-
tion therapy versus conventional radiation therapy in patients with bone
metastases—a phase 2 randomized controlled trial within a prospective
cohort. Int J Radiat Oncol Phys. 2021;110:358-67.

Hoskin P. Pain response after stereotactic body radiation therapy versus
conventional radiation therapy in patients with bone metastases—a
phase 2, randomized controlled trial within a prospective cohort. Int J
Radiat Oncol Phys. 2021;110:368-70.



Kessels et al. BMC Medical Research Methodology

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

57.

58.

(2023) 23:117

Pielkenrood BJ, Gal R, Kasperts N, Verhoeff JJC, Bartels MMTJ, Seravalli

E, et al. Quality of life after stereotactic body radiation therapy versus
conventional radiotherapy in patients with bone metastases. Int J Radiat
Oncol Phys. 2022;112:1203-15.

Prospective Evaluation of Interventional Studies on Bone Metastases - the
PRESENT Cohort. ClinicalTrials.gov NCT02356497. 2015. https://clinicaltr
ials.gov/ct2/show/NCT02356497.

Richters A, Meijer RP, Mehra N, Boormans JL, van der Heijden AG, van der
Heijden MS, et al. Protocol: prospective bladder cancer infrastructure

for experimental and observational research on bladder cancer: study
protocol for the 'trials within cohorts’study ProBCl. BMJ Open. 2021;11:
e047256.

Van den Coebergh Braak RRJ, van Rijsse LB, Van Klee JJ, Vink GR, Berbee
M, van Berge Henegouwe M|, et al. Nationwide comprehensive gastro-
intestinal cancer cohorts: the 3P initiative. Acta Oncol. 2018;57:195-202.
Strijker M, Mackay TM, Bonsing BA, Bruno MJ, van Eijck CHJ, de Hingh
IHJT, et al. Establishing and coordinating a nationwide multidisciplinary
study group: lessons learned by the Dutch pancreatic cancer group. Ann
Surg. 2020;271:e102-4.

Teunissen FR, Willigenburg T, Meijer RP, van Melick HHE, Verkooijen HM,
van der Voort van Zyp JRN. The first patient-reported outcomes from the
Utrecht Prostate Cohort (UPC): the first platform facilitating ‘trials within
cohorts'(TwiCs) for the evaluation of interventions for prostate cancer.
World J Urol. 2022;40:2205-12.

Wylie H, Cahill F, Santaolalla A, Moss CL, Enting D, Amery S, et al. Graham
Roberts Study protocol: first ‘trials within cohort studyfor bladder cancer.
BMJ Open. 2019;9: e029468.

Bass EJ, Klimowska-Nassar N, Sasikaran T, Day E, Fiorentino F, Sydes MR,
et al. PROState pathway embedded comparative trial: The IP3-PROSPECT
study. Contemp Clin Trials. 2021;107: 106485.

Kasivisvanathan V, Emberton M, Ahmed HU. Focal therapy for pros-

tate cancer: rationale and treatment opportunities. Clin Oncol.
2013;25:461-73.

Ahmed HU, Berge V, Bottomley D, Cross W, Heer R, Kaplan R, et al. Can we
deliver randomized trials of focal therapy in prostate cancer? Nature Rev
Clin Oncol. 2014;11:482-91.

Duijzentkunst DA, Peters M, van Zyp jVdvNRJ, Moerland MA, van

Vulpen M. Focal salvage therapy for local prostate cancer recurrences
after primary radiotherapy: a comprehensive review. World J Urol.
2016;34:1521-31.

Anastasiadis E, Ahmed HU, Relton C, Emberton M. A novel randomised
controlled trial design in prostate cancer. BJU Int. 2015;116:6-8.
Couwenberg AM, Burbach JPM, May AM, Berbee M, Intven MPW, Verkooi-
jen HM. The trials within cohorts design facilitated efficient patient
enrollment and generalizability in oncology setting. J Clin Epidemiol.
2020;120:33-9.

Zelen M. A new design for randomized clinical trials. N Engl J Med.
1979;300:1242-5.

Internationl Council on Harmonisation of Technical Requirements

for Pharmaceuticals for Human Use (ICH). ICH E9 (R1) addendum on
estimands and sensitivity analysis in clinical trials to the guideline on sta-
tistical principles for clinical trials. 2020. https://www.ema.europa.eu/en/
documents/scientific-guideline/ich-e9-r1-addendum-estimands-sensi
tivity-analysis-clinical-trials-guideline-statistical-principles_en.pdf

Rubin DB. Estimating causal effects of treatments in randomized and
nonrandomized studies. J Educ Psychol. 1974;66:688-701.

Reeves D, Howells K, Sidaway M, Blakemore A, Hann M, Panagioti M, et al.
The cohort multiple randomized controlled trial design was found to be
highly susceptible to low statistical power and internal validity biases. J
Clinic Epidemiol. 2018;95:111-9.

Herndn MA. A definition of causal effect for epidemiological research. J
Epidemiol Community Health. 2004;58:265-71.

Ratitch B, Bell J, Mallinckrodt C, Bartlett JW, Goel N, Molenberghs G, et al.
Choosing estimands in clinical trials: putting the ICH E9 (R1) into practice.
Ther Innov Regul Sci. 2020;54:324-41.

van der Velden JM, Verkooijen HM, Young-Afat DA, Burbach JPM, van
Vulpen M, Relton C, et al. The cohort multiple randomized controlled trial
design: a valid and efficient alternative to pragmatic trials? Int J Epide-
miol. 2017;46:96-102.

Hernan MA, Herndndez-Diaz S. Beyond the intention-to-treat in compara-
tive effectiveness research. Clinic Trials 2012; 9: 48-55

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71

72.

73.

74.

Page 13 of 13

Hewitt CE, Torgerson DJ, Miles JNV. Is there another way to take account
of noncompliance in randomized controlled trials? CMAJ. 2006;175:347.
Ratitch B, Goel N, Mallinckrodt CH, Bell J, Bartlett JW, Molenberghs G, et al.
Defining efficacy estimands in clinical trials: examples illustrating ICH E9
(R1) guidelines. Ther Innov Regul Sci. 2020;54:370-84.

Mallinckrodt CH, Bell J, Liu G, Ratitch B, O'Kelly M, Lipkovich |, et al. Align-
ing estimators with estimands in clinical trials: putting the ICH E9 (R1)
guidelines into practice. Ther Innov Regul Sci. 2020;54:353-64.

Candlish J, Pate A, Sperrin M, Van Staa T. Evaluation of biases present in
the cohort multiple randomised controlled trial design: a simulation
study. BMC Med Res Methodol. 2017;17:17.

Pate A, Candlish J, Sperrin M, Van Staa TP. Cohort Multiple Randomised
Controlled Trials (cmRCT) design: efficient but biased? A simulation study
to evaluate the feasibility of the Cluster cmRCT design. BMC Med Res
Methodol. 2016;16:109.

Terza JV, Basu A, Rathouz PJ. Two-stage residual inclusion estimation:
addressing endogeneity in health econometric modeling. J Health Econ.
2008;27:531-43.

Matilde Sanchez M, Chen X. Choosing the analysis population in
non-inferiority studies: per protocol or intent-to-treat. Stat Med.
2006;25:1169-81.

Stallard N, Todd S, Parashar D, Kimani PK, Renfro LA. On the need to adjust
for multiplicity in confirmatory clinical trials with master protocols. Ann
Oncol. 2019;30:506-9.

Collignon O, Gartner C, Haidich AB, James Hemmings R, Hofner B, Pétavy
F, et al. Current statistical considerations and regulatory perspectives on
the planning of confirmatory basket, umbrella, and platform trials. Clin
Pharmacol Ther. 2020;107:1059-67.

Groenwold RHH, van Smeden M. Investigation of the “m”in the cmRCT
(cohort multiple randomized controlled trial) design revealed depend-
ence between trial results. J Clin Epidemiol. 2018;101:119-23.

Verkooijen HM, Couwenberg A, May A, Thombs B, Kwakkenbos L, Zwa-
renstein M. Don't forget about the “R"in cmRCT: reply to Groenwold and
van Smeden. J Clin Epidemiol. 2019;106:143-4.

Gan HK, Grothey A, Pond GR, Moore MJ, Siu LL, Sargent D. Randomized
phase Il trials: inevitable or inadvisable? J Clin Oncol. 2010;28:2641-7.
Grayling MJ, Dimairo M, Mander AP, Jaki TF. A review of perspectives on
the use of randomization in phase Il oncology trials. J Natl Cancer Instit.
2019;111:1255-62.

Lu PW, Fields AC, Yoo J, Irani J, Goldberg JE, Bleday R, et al. Sociodemo-
graphic predictors of surgery refusal in patients with stage I-Ill colon
cancer. J Surg Oncol. 2020;121:1306-13.

Joseph K, Vrouwe S, Kamruzzaman A, Balbaid A, Fenton D, Berendt R,

et al. Outcome analysis of breast cancer patients who declined evidence-
based treatment. World J Surg Oncol. 2012;10:118.

Dronkers EAC, Mes SW, Wieringa MH, van der Schroeff MP, de Jong RJB.
Noncompliance to guidelines in head and neck cancer treatment; associ-
ated factors for both patient and physician. BMC Cancer. 2015;15:515.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://clinicaltrials.gov/ct2/show/NCT02356497
https://clinicaltrials.gov/ct2/show/NCT02356497
https://www.ema.europa.eu/en/documents/scientific-guideline/ich-e9-r1-addendum-estimands-sensitivity-analysis-clinical-trials-guideline-statistical-principles_en.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/ich-e9-r1-addendum-estimands-sensitivity-analysis-clinical-trials-guideline-statistical-principles_en.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/ich-e9-r1-addendum-estimands-sensitivity-analysis-clinical-trials-guideline-statistical-principles_en.pdf

	The Trial within Cohorts (TwiCs) study design in oncology: experience and methodological reflections
	Abstract 
	Introduction
	Overview of (applied) TwiCs in the oncological setting
	Methodological considerations
	Timing of randomization
	Non-compliance in the alternative treatment arm
	Defining the efficacy estimand in a TwiCs study
	Treatment policy strategy
	Principal stratum strategy

	Analysis of a TwiCs study
	Statistical power
	Multiple TwiCs studies within the same cohort

	Discussion
	Conclusion
	Acknowledgements
	References


