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Abstract 

Background: Clinical trials advance science, benefit society, and provide optimal care to individuals with some 
conditions, such as cancer. However, clinical trials often fail to reach their endpoints, and low participant enrollment 
remains a critical problem with trial conduct. In these ways, clinical trials can be considered beneficial evidence-
based practices suffering from poor implementation. Prior approaches to improving trials have had difficulties with 
reproducibility and limited impact, perhaps due to the lack of an underlying trial improvement framework. For these 
reasons, we propose adapting implementation science frameworks to the clinical trial context to improve the imple-
mentation of clinical trials.

Main text: We adapted an outcomes framework (Proctor’s Implementation Outcomes Framework) and a determi-
nants framework (the Consolidated Framework for Implementation Research) to the trial context. We linked these 
frameworks to ERIC-based improvement strategies and present an inferential process model for identifying and 
selecting trial improvement strategies based on the Implementation Research Logic Model. We describe example 
applications of the framework components to the trial context and present a worked example of our model applied 
to a trial with poor enrollment. We then consider the implications of this approach on improving existing trials, the 
design of future trials, and assessing trial improvement interventions. Additionally, we consider the use of implemen-
tation science in the clinical trial context, and how clinical trials can be “test cases” for implementation research.

Conclusions: Clinical trials can be considered beneficial evidence-based interventions suffering from poor imple-
mentation. Adapting implementation science approaches to the clinical trial context can provide frameworks for 
contextual assessment, outcome measurement, targeted interventions, and a shared vocabulary for clinical trial 
improvement. Additionally, exploring implementation frameworks in the trial context can advance the science of 
implementation through both “test cases” and providing fertile ground for implementation intervention design and 
testing.

Keywords: Implementation outcomes, Determinants, Implementation research logic model, Consolidated 
framework for implementation research, Implementation mapping, Clinical trials
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Contributions to the literature

– Clinical trials advance science and benefit society and 
individuals, but suffer from poor implementation.

– Existing methods to improve clinical trial conduct have 
had limited effectiveness, maybe due to the lack of a 
unifying framework.

– We address this knowledge gap by adapting implemen-
tation science frameworks to the clinical trial context.

– We provide a worked example of our proposed model 
applied to an example of poor trial enrollment to dem-
onstrate the utility of this targeted approach.

Introduction
Clinical trials are critical components of research and 
healthcare infrastructure with hundreds of thousands 
of participants enrolled and billions of dollars invested 
annually [1]. In addition to advancing science, trials can 
ensure adequate and even improved care for patients 
through a “protocol effect” by building infrastructure 
and disseminating knowledge about the standard of care 
treatments [2]. In fact, for some conditions, such as can-
cer, many consider enrollment in a clinical trial to be the 
best possible management [3]. Despite these advantages 
and investments, clinical trials frequently fail to reach 
their primary endpoints, commonly do not meet enroll-
ment goals, and often take longer than anticipated to 
enroll and complete [4–7]. In these ways, clinical trials 
can be considered complex evidence-based interventions 
with significant benefits to both individuals and society 
although suffering from poor implementation [8]. The 
clinical trials system could benefit from implementation 
science approaches to address this evidence-to-practice 
gap.

While there have been prior attempts to improve clini-
cal trials, interventions have generally not been repro-
duced, led to sustainable improvement, or been grounded 
in theory, limiting generalizability [9]. In other words, 
clinical trials have suffered from poor implementation 
and limited improvement efforts similar to other complex 
evidence-based interventions. By considering clinical tri-
als as complex interventions with poor implementation, 
the existing knowledgebase for assessing and address-
ing poor implementation of other complex interven-
tions (e.g., smoking cessation, cancer screening) can be 
applied to the clinical trial context [10, 11]. Building out 
of existing implementation work rather than establishing 
entirely de novo techniques for clinical trial implemen-
tation can facilitate the application of evidence-based 
strategies and frameworks to the trial context. Adapting 

implementation frameworks to the clinical trial context 
can also advance science via new application of a shared 
vocabulary and improvement models to generate new 
knowledge. While some frameworks have been applied 
to aspects of clinical trials, a global consideration of tri-
als as complex interventions through an implementation 
science lens could significantly advance both the science 
and practice of clinical trials and the field of implementa-
tion science [12, 13].

For these reasons, we applied implementation science 
frameworks to the clinical trial context as a worked exam-
ple of the potential opportunity to advance the practice 
and science of clinical trials and implementation. Spe-
cifically, we adapted Proctor’s implementation outcomes 
framework (IOF) to develop corresponding clinical trial 
implementation outcomes informing external validity 
(e.g., acceptability) in addition to internal validity (e.g., 
reproducibility). Next, we used the Consolidated Frame-
work for Implementation Research (CFIR) to define 
context and determinants specific to clinical trial imple-
mentation. We then mapped contextual determinants 
to possible Expert Recommendations for Implementing 
Change (ERIC) strategies to guide implementation inter-
ventions. Finally, we used the implementation research 
logic model (IRLM) as a rigorous tool to facilitate speci-
fication, reproducibility, and testable causal mechanisms 
of the interventions on implementation and clinical trial 
outcomes [14–17]. Through this worked example apply-
ing implementation science frameworks and approaches 
to the clinical trial context, we hope to bolster a founda-
tion and build capacity for rigorous, evidence-based clin-
ical trial improvement.

Considering clinical trial implementation outcomes
In the context of clinical trials, “outcomes” generally refer 
to the primary or secondary outcomes of the trial itself, 
such as overall survival for a cancer treatment trial. To 
avoid confusion within this paper, we will refer to these 
as “endpoints” rather than outcomes. While considera-
tion of trials normally focuses on reaching these end-
points, trials must meet other preconditions to facilitate 
this objective. For example, a clinical trial must enroll 
and retain enough participants to answer the trial’s ques-
tion. However, preconditions and the best ways to meet 
them to achieve trial endpoints remain poorly defined. 
Similar to a clinical setting, where client outcomes (e.g., 
satisfaction, symptomatology) and service outcomes 
(e.g., effectiveness, safety) are preceded by implementa-
tion outcomes (e.g., acceptability, adoption), we suggest 
clinical trial endpoints are based on certain necessary 
preconditions well suited as implementation outcomes 
[15]. As illustrated in Fig.  1, the endpoints of clinical 
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Fig. 1 Implementation, service, and client outcomes adapted to the clinical trial context

Table 1 Implementation outcomes framework applied to the clinical trial context

Proctor’s implementation outcome Example in the clinical trial context

Acceptability Perceived existence of equipoise between intervention arms

Anticipated or possible benefit to a participant over existing options

Acceptable anticipated side effect profile

Reasonable participant logistics (e.g., number of clinic visits, distance traveled to the trial site)

Reasonable additional clinical burden (e.g., minimal additional biopsies or other invasive procedures)

Additional direct time and financial cost to participants is acceptable to participants

Adoption Proportion of providers offering clinical trials to patients

Appropriateness Question is amenable to a clinical trial

Trial design is appropriate for the trial question

Feasibility Possible to meet enrollment goals

Timeline for enrollment and completion is reasonable

Anticipated effect size is reasonable

Fidelity Amount of intervention group crossover

Adherence to trial protocol including follow-up

Implementation cost Cost of trial administration

Cost of trial intervention vs. standard of care (during trial)

Cost of additional trial staff required

Cost of additional study components (surveys, labs, scans, biopsies)

Penetration Proportion of eligible patients being offered trial

Proportion of eligible patients offered trial who enroll in the trial

Proportion of patients in the global population represented by trial eligibility criteria

Sustainability Maintenance of accrual rates after trial opens

Sustained physician interest (i.e., physicians continue offering trial to patients throughout the trial period)

Sustained participant interest throughout the trial period

Continued provision of standard of care after the trial concludes
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trials correlate to client-side outcomes in Proctor’s imple-
mentation outcomes framework (IOF), aligning with suc-
cessful attainment of intermediate service outcomes and 
preconditioned on implementation outcomes to reach 
ultimate client-side success, i.e., reaching clinical trial 
endpoints and improving patient satisfaction, function, 
and/or symptoms.

Proctor et al. described eight implementation outcomes 
in the IOF: acceptability, adoption, appropriateness, fea-
sibility, fidelity, implementation cost, penetration, and 
sustainability [15]. Each of these implementation out-
comes aligns with important considerations for clinical 
trial design and implementation. As shown in Table  1, 
our worked example proposes measures of each of these 
outcomes in the trial context. Indeed, some measures are 
currently considered in trial design and analysis, such as 
feasibility and fidelity, though these terms are not always 
used. For example, fidelity to a trial’s intervention is 
sometimes referred to as “contamination” or “crossover.” 
Reframing these existing concepts within the implemen-
tation science context has the potential to realign the 
direction of improvement efforts towards existing, evi-
dence-based implementation strategies.

Additionally, this may shift focus from retrospective 
analyses of completed clinical trials to prospective con-
siderations and testable interventions during trial design 
and implementation, encouraging more efficient clini-
cal trial design. The outcomes serve as both a measure 
of trial implementation success and as a checklist to 
encourage consideration of multifaceted factors in trial 
design and trial site recruitment phases. Shifting assess-
ment of trial success from historical endpoints (i.e., wait-
ing for interim enrollment and endpoint analysis) to 
consideration of implementation outcomes at the time of 
trial design and in the early stages of trial implementation 
could move important assessments up front, saving time 
and resources for participants, trialists, and sponsors. In 
other words, implementation outcomes in the trial con-
text may not just measure the implementation success of 
trials, their use per se may also improve trial success.

Finally, clinical trial implementation outcomes could 
also be used as endpoints in trial improvement studies. 
For example, a trial of an intervention to improve clinical 
trial enrollment could benefit from defining the primary 
endpoints as adoption (the number of providers offer-
ing at least one patient enrollment on a clinical trial) and 
penetration (the proportion of eligible patients offered 
enrollment on a clinical trial). This would also encourage 
assessing the factors leading to successful implementa-
tion, such as acceptability to clinician trialists. By con-
sistently defining and applying these measures, the body 
of evidence for trial improvement interventions could 
be more easily generalized, compared, and consolidated 

into recommendations for optimal, evidence-based trial 
conduct.

Clinical trials as test cases of implementation outcomes
In addition to trials benefiting from the use of imple-
mentation outcomes, the trial context can contribute to 
implementation science as a helpful setting for explor-
ing nuanced outcomes and the relationships between 
them. Indeed, multi-center trials have the advantage of 
tracking what happens across different settings as every 
center implements trials somewhat differently although 
rarely is trial implementation the same across centers 
raising implementation and causality questions. Next, 
we provide more concrete examples of implementation 
outcomes and concepts in the trial context to help clarify 
these otherwise abstract concepts.

For example, there can be considerable overlap in the 
implementation outcomes of appropriateness (perceived 
fit of innovation) and acceptability (perceived palatability 
of innovation), raising the question of why distinguish-
ing between them is important [15]. For a clinical trial, 
the distinction between these concepts is both clear and 
highly impactful. A trial is appropriate if a given clini-
cal trial design is the correct way to answer a question. 
For example, testing an intervention in schools by rand-
omizing individual students to two interventions would 
not be appropriate; a better design would be a clus-
ter randomized trial. In contrast, the acceptability of a 
trial reflects the palatability of selected interventions to 
potential participants or providers. A trial may have low 
acceptability because one of the interventions is highly 
toxic, or because there are many required return visits 
making the trial logistically challenging for participants. 
A trial may also have low acceptability to providers due 
to perceived superiority of one intervention (i.e., lack of 
perceived equipoise in the trial). This may be an explana-
tion for the difficulty in enrolling participants with cancer 
in a radiation therapy versus surgery trial (appropriate 
design), as surgeons may not be willing to randomize 
patients to non-operative care and radiation oncologists 
may be unwilling to randomize patients to surgery (unac-
ceptable to providers) [18]. Similarly, though a trial of an 
antibiotic versus placebo for a blood infection may be an 
appropriate design to demonstrate the effectiveness of 
the antibiotic, this would be considered highly unethical 
and thus not an acceptable design.

Non-trial settings may also have poorly character-
ized relationships between implementation outcomes 
(e.g., relationships between acceptability and appro-
priateness) [15]. In this regard, the trial context com-
prises a contained setting facilitating the exploration 
of explicit implementation outcome trade-offs. In non-
trial interventions, a trade-off may only be about the 
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implementation cost, i.e., if more resources are available, 
problems with feasibility or penetration may be easily 
addressed. However, other trial implementation outcome 
trade-offs are more complex. To make a trial more fea-
sible, trial eligibility criteria could be expanded, but this 
may require larger sample sizes to meet the efficacy end-
point of the trial. As a result, the trial may take longer 
to enroll, and sustainability may suffer as providers lose 
interest in the trial resulting in waning adoption and 
penetration. Alternatively, decreasing the number of fol-
low-up visits in a trial may enhance acceptability to par-
ticipants and decrease implementation cost, but the trial 
results may be less useful or reliable, reflecting a lower 
appropriateness of the trial. While these tradeoffs likely 
exist in other implementation settings, they are often not 
as visible or immediate as in clinical trials. Studying these 
relationships and tradeoffs between outcomes within the 
clinical trials setting could allow for more rapid study 
and development of frameworks that could then be high-
lighted and addressed in the implementation of other evi-
dence-based practices and the field more broadly.

Applying a determinants framework to the trial 
context
Optimizing trial success through these implementation 
outcomes requires the identification of implementa-
tion determinants. This can aid in identifying barriers 
and facilitators to trial success and lead to selecting trial 
improvement interventions in a rigorous, theory-based 
way to enable testable causal hypotheses advancing 
implementation science.

The Consolidated Framework for Implementation 
Research (CFIR) is a robust, frequently used determi-
nants framework [16]. Its 37 constructs across 5 domains 
represent key components of clinical trials as complex 
interventions likely influencing implementation success. 
Our suggested adaptation of each construct is shown in 
Table 2. The overarching CFIR domains containing these 
constructs reflect multiple levels of trial implementation 
and connect to the adapted Proctor outcomes described 
above. We propose considering these domains as follows.

Intervention characteristics
The “intervention characteristics” domain applies to both 
the interventions tested in the trial and the development 
of the trial protocol itself. The tested intervention, such as 
an experimental drug, has accompanying characteristics 
such as the evidence strength for the drug. For example, 
a drug with proven efficacy in the metastatic cancer set-
ting may be more acceptable as the intervention in a trial 
in the locally advanced cancer setting. Additionally, the 
trial itself is an intervention with its own characteristics 

potentially affecting implementation success. These fac-
tors include the selection of a comparison arm, the qual-
ity of trial materials and advertising, and how adaptable a 
trial protocol is for each trial site.

Outer setting
The outer setting is highly important in exerting pres-
sure on trial-side stakeholders. These factors include rela-
tionships with other institutions, clinical trial networks 
(e.g., the cancer clinical trial cooperative group SWOG), 
and industry groups such as pharmaceutical companies. 
These determinants apply on an institutional basis (e.g., 
institutional incentives for trial enrollment) and to indi-
vidual providers (e.g., pressure to compete with peers and 
advance careers through international reputation).

Inner setting
In addition to relationships between institutions, char-
acteristics within institutions may factor heavily in the 
successful implementation of trials. This domain is of 
particular importance, as there may be more variability 
between institutions with respect to support of trials. 
It also may be easier to adapt aspects such as organiza-
tional incentives or available resources at the local level 
to improve the success of trials. The inner setting can be 
conceptualized as applying to the institution itself (e.g., 
an academic medical center), or for larger institutions a 
department within the system (e.g., the department of 
urology).

Characteristics of individuals
The characteristics of trialists, their teams, and individ-
ual providers may influence trial success. These include 
personal characteristics (e.g., beliefs about specific inter-
ventions and enthusiasm for clinical trials) and relational 
aspects (e.g., identification with the organization or indi-
vidual sponsoring a given trial).

The characteristics of individual potential trial par-
ticipants are also highly important. Most important may 
be potential participants’ beliefs about intervention with 
respect to their belief about the likelihood of benefit, the 
merits of clinical trials, and familiarity with research. 
Other personal attributes, such as value placed on sci-
ence, trust in the medical field and institutions, and cul-
tural influences likely largely impact the likelihood of an 
individual enrolling in a trial.

Process
The process domain may be most important to improv-
ing the success of clinical trials, as it incorporates 
mechanisms for improvement and consolidates impor-
tant factors from other domains. Constructs from this 
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domain are more likely to be adaptable and may be modi-
fied through tailored trial improvement strategies.

Implementation strategies to foster trial 
implementation and success
Once barriers to trial success are identified, trial 
improvement strategies should be purposefully selected 
to optimize effectiveness. The Expert Recommendations 
for Implementing Change (ERIC) presents 73 implemen-
tation strategies that can be adapted to the clinical trial 
context [17]. These strategies have been linked to spe-
cific CFIR determinants, permitting the identification 
of potential high-yield implementation strategies for a 
given context [19]. Linking these strategies to determi-
nants, and creating actionable interventions based on 
the strategies, has the potential to target improvement 
interventions to each trial’s context, as opposed to relying 
on generic strategies that may not address the true root 
causes of trial problems.

Linking determinants, outcomes, and strategies 
in a process model for trials
While these frameworks have implied connections, 
explicitly linking them together can organize the frame-
works, identify targeted mechanisms, and suggest solu-
tions in pursuit of trial improvement. For this purpose, 
the final step of our worked example applies the imple-
mentation research logic model (IRLM) as a process 
model [14]. A process model can “provide practical guid-
ance in the planning and execution of implementation 
endeavors and/or implementation strategies to facilitate 
implementation,” in this case supporting and framing 
trial improvement efforts [20]. For our application of the 
IRLM, we link trial outcomes with our adapted Proctor’s 
outcomes and CFIR determinants and identify possi-
ble implementation strategies to address these from the 
ERIC compilation [15–17]. Because we evaluate trial-
side outcomes (analogous to clinical/patient outcomes 
in the original IRLM) such as poor enrollment first, we 
have arranged our IRLM to begin with the trial outcome, 
followed by the cause of this outcome (mechanism), the 
implementation outcome, the CFIR construct, and then 
a potential implementation strategy to address these bar-
riers (Fig. 2).

Our proposed model serves to both explain the connec-
tion between the frameworks as they apply to issues with 
trials and makes the causal mechanism for these explicit, 
leading to questions that can be answered in specific tar-
geted studies. In many ways, trial coordinating centers 
and site teams are constantly “solving problems” like poor 
enrollment and adapting to improve trial implementa-
tion. Reframing and documenting this already existing 
behavior more intentionally to track what worked to 

solve these problems (i.e., implementation strategies) and 
how the protocol was adapted to improve implementa-
tion outcomes (i.e., adaptation) would be enabled using 
our approach, promoting generalizability and broaden-
ing clinical trial practice. To demonstrate how this model 
may be applied, we consider worked examples of trial 
assessment and improvement.

Sample use cases
Designing a trial for successful implementation
First, the implementation of a trial should be considered 
while a trial is designed and the protocol is written. In a 
hypothetical trial for a new cancer drug, for example, the 
acceptability to providers and potential participants of 
both the new drug and the comparison (including the rel-
ative advantage of the new drug in terms of expected effi-
cacy and toxicity) could be formally assessed, for example 
through surveys, interviews, or focus groups. This could 
both help predict adoption of the trial by providers and 
penetration to patients and may also directly increase 
participation in trials by improving the perception of 
involvement by both providers and patients in the design 
of the trial (i.e., the CFIR’s intervention source construct).

The acceptability of logistical components could also 
be considered. Limiting the number of visits (e.g., for lab 
draws or additional imaging) may improve the recruit-
ment (i.e., penetration) and retention (i.e., fidelity) to tri-
als, but how this affects the ability to assess endpoints 
and estimate efficacy of interventions (i.e., appropriate-
ness) must be considered. While some of these issues may 
be indirectly addressed in trial design already, explicitly 
considering these concepts allows them to be measured 
and evaluated so ideal tradeoffs for different contexts can 
be developed.

Struggling enrollment
Next, we consider a prostate cancer trial suffering from 
low enrollment. This low enrollment could be due to 
multiple root causes (Fig.  2). For our hypothetical trial, 
say we query our trial records and find only 2 out of 10 
oncologists are enrolling patients onto trials (i.e., low 
adoption by providers). We conduct a survey or inter-
views and find providers are largely unaware of existing 
trials at our institution, and how many of their patients 
are eligible for these trials, indicating an issue of reflect-
ing and evaluating. These providers may also be sensitive 
to peer pressure in comparing to their peers within the 
institution or at other sites. A reasonable ERIC strategy 
in this case may be to audit and provide feedback, per-
haps by sending monthly emails to oncologists detailing 
how many participants they enrolled in trials as well as 
their peers’ performance. We could then evaluate how 
many providers are offering the trials (adoption) and the 
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proportion of eligible patients enrolling (penetration) 
after the rollout of audit and feedback.

In this example, we identified and targeted the root 
cause of poor enrollment. If we identified other issues, 
we would likely have selected other strategies. An impor-
tant first step, for example, would be to assess if our trial 
enrollment goal is feasible. If there are few cases of pros-
tate cancer in the area (i.e., a CFIR outer setting barrier 
reflecting low feasibility), we could consider broadening 
eligibility criteria (ERIC strategy of promote adaptability) 
or adding more trial sites (change service sites). Alterna-
tively, if provider adoption is high but penetration is low 
due to difficulties identifying eligible patients (CFIR Pro-
cess: Executing), developing an electronic medical record 
patient screening system (ERIC: facilitate relay of clinical 
data to providers and remind clinicians) or hiring staff 
to help with trial pre-screening (ERIC: create new clini-
cal teams) may be better suited interventions to improve 
enrollment.

The deliberate directionality of assessing root causes 
first is key to optimizing the successful design and tar-
geting of interventions. If we started by designing an 
intervention without assessing determinants, for exam-
ple, one targeted at increasing acceptability to patients 
(e.g., patient-designed information brochures), we would 
not be directly addressing the root cause of low pro-
vider adoption. As a result, we may not be optimizing 
trial enrollment and may not see a maximal return on 
investment.

Implications for trial improvement research
This potential mistargeting may also explain why some 
prior trial improvement interventions may seem ineffec-
tive: they may not be asking the right questions or solving 
the right problems. Mistargeting an improvement inter-
vention for a single trial may result in wasted resources, 
but when developing generalizable interventions for trial 

improvement, this mistargeting may bias the estimates of 
trial improvement efficacy towards the null, inappropri-
ately suggesting interventions are ineffective when really 
they just are not addressing the right problems.

For example, consider a randomized study-within-a-
trial (SWAT) where trial sites are randomized to receive 
supplemental research staff or usual research staff, aim-
ing to increase trial enrollment [21]. Such a study may 
show no beneficial effect of hiring additional study staff, 
suggesting that hiring staff is not effective at improving 
enrollment. However, this may be because some of the 
trial sites may have already reached full penetration, i.e., 
the trial sites may already reach a high proportion of eli-
gible patients. If this trial included only trial sites with 
low adoption, especially if this is due to few available 
resources at trial sites, more trial staff may be highly ben-
eficial. However, because these contextual elements are 
not assessed, the transferability of these study findings is 
limited. By specifying the characteristics of trial sites and 
“diagnosing” determinants of trial success, we can design 
and evaluate trial improvement interventions for various 
contexts to maximize value.

In addition to informing quality improvement and pro-
spective trial improvement studies, our worked exam-
ple and proposed model can also serve as a roadmap for 
data-driven health services research relevant to trials. For 
example, understanding the interplay between cancer 
incidence and trial availability can inform projections of 
trial feasibility through the outer setting for prostate can-
cer trials. This approach could both inform the feasibility 
of opening a trial at a given site and highlight areas that 
may be scientifically underserved (i.e., with a high disease 
burden but few trials) where trials may thrive [22].

Practical application of the frameworks
Applying these frameworks to diagnose trial prob-
lems and design improvements will likely require a 

Fig. 2 Adapted implementation research logic model (IRLM) applied to the clinical trial-side outcome of poor enrollment. *Note: arrows indicate 
inferential flow, not causal representations
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multi-pronged approach. Context-specific determinants 
of trial success could be assessed through a mix of quan-
titative and qualitative assessment of trial site character-
istics, staffing, regional and national policy, investigator, 
and patient characteristics tailored to specific contexts. 
For example, assessing acceptability or relative priority of 
a trial intervention may be best explored through inter-
views with patients and providers. Assessing trial adop-
tion and penetration would be better assessed using trial 
management software and facility medical records. Many 
components of the process domain would likely require 
interviews with trialists and trial staff and direct obser-
vation of the trial setting, including the planning and 
enrollment phases. Some assessments of trial determi-
nants may be limited by the generally poor granularity of 
historical trial data, rapid turnover of trial staff, and the 
high time and resource cost of developing and adminis-
tering interviews and surveys to trial staff and patients. 
Developing methods to apply these frameworks to trials 
efficiently and expeditiously could allow for streamlined 
assessment and rapid cycle improvement of trial conduct.

Value to implementation science
Considering clinical trials in the context of implemen-
tation science could both improve trials and advance 
the science of implementation. In addition to providing 
concrete examples of abstract framework constructs as 
noted above, the clinical trial context has components 
and characteristics serving as a real-world laboratory for 
implementation research.

First, clinical trials have multiple modifiable levels suit-
able for implementation interventions that may be altered 
more easily than other contexts. Clinical trials already 
require involvement and review at micro (patient-pro-
vider trial review), meso (e.g., institutional review board), 
and macro (e.g., national trial cooperative group) levels, 
providing opportunities for changes and comparisons 
among and between these levels. For example, imple-
mentation scientists studying adaptation could compare 
different sites implementing the same clinical trial [23]. 
Modifications could be made and evaluated at multiple 
levels with relative ease to compare strategies targeted at 
different levels, for example altering macro factors (e.g., 
specifying implementation factors in a trial protocol) ver-
sus micro-level factors (e.g., comparing two methods of 
identifying potential trial participants).

Additionally, clinical trials can support efficient imple-
mentation research through existing processes, quan-
tity of trials, and speed of outcome generation. Since 
the same trial protocol (evidence-based intervention) 
is being implemented at each site, departures from pro-
tocols (fidelity) are already documented for data safety 
monitoring boards, and a key endpoint (enrollment) is 

already recorded; testing implementation in trials may 
be more efficient than in other contexts. Trial protocols 
already incorporate differences from trial to trial, expert 
trial staff are employed at many trial sites, and modifica-
tions to trial processes are expected, making targeted and 
measured variation in trial implementation a logical next 
step. Further, iterative design for implementation is made 
easier by the number of trials. There are thousands of tri-
als opened annually, with over 4700 trials registered on 
ClinicalTrials.gov opening after January 1, 2022, in oncol-
ogy alone. Strategies developed as one trial is launched 
could be incorporated into upcoming trials, with an array 
of characteristics and settings to choose from result-
ing in rich inference for implementation research. The 
speed of some trial endpoints and outcomes also could 
permit rapid inference and iteration for implementation 
research. For example, trial enrollment is a continuously 
recorded leading indicator of trial success. Outcomes like 
adoption and penetration could be measured continu-
ously while trial implementation studies are conducted, 
also allowing for advanced implementation trial designs 
with potentially enhanced inference and efficiency (e.g., 
crossover, sequential multiple assignment randomized 
trials (SMART)) [24].

In all, the clinical trial context could likely benefit 
from implementation science approaches, but also has 
great potential as an efficient laboratory for imple-
mentation research. These refined approaches and 
frameworks could then be transferred to other evi-
dence-based practice settings.

Conclusion
Clinical trials are complex interventions with evi-
dence-based benefits but frequently suffer from poor 
implementation. Adapting implementation science 
frameworks to the clinical trial context can foster 
shared vocabulary improving the design, implementa-
tion, testing, science, and practice of clinical trials. A 
consolidated, systematic, logical approach to clinical 
trial improvement appears warranted to address return 
on investment concerns for the clinical trials enter-
prise and deliver on the promises of advancing science, 
patient care, and fostering public health.
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