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A Primer on Effectiveness and Efficacy Trials

Amit G. Singal, MD, MS'?, Peter D.R. Higgins, MD, PhD? and Akbar K. Waljee, MD, MS3*

Although efficacy and effectiveness studies are both important when evaluating interventions, they serve distinct purposes and
have different study designs. Unfortunately, the distinction between these two types of trials is often poorly understood. In this
primer, we highlight several differences between these two types of trials including study design, patient populations,

intervention design, data analysis, and result reporting.
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INTRODUCTION

Intervention studies can be placed on a continuum, with a
progression from efficacy trials to effectiveness trials. Efficacy
can be defined as the performance of an intervention under
ideal and controlled circumstances, whereas effectiveness
refers to its performance under ‘real-world’ conditions.’
However, the distinction between the two types of trial is a
continuum rather than a dichotomy, as it is likely impossible to
perform a pure efficacy study or pure effectiveness study.?

There are several steps that must occur for an efficacious
intervention to be effective in clinical practice; therefore, an
efficacy trial can often overestimate an intervention’s effect
when implemented in clinical practice. An efficacious inter-
vention must be readily available, providers must identify the
target population and recommend the intervention, and
patients must accept and adhere to the intervention.® For
example, several studies highlight how underutilization of
colorectal cancer and hepatocellular carcinoma screening
contribute to poor effectiveness in clinical practice.* In fact,
poor access, recommendation, acceptance, and adherence
rates can lead to highly efficacious interventions being less
effective in practice than less-efficacious interventions. For
example, ultrasound has a sensitivity of 63% for detecting
hepatocellular carcinoma at an early stage in prospective
efficacy studies and is regarded as being more efficacious that
alpha fetoprotein. However, in a recent effectiveness study,
ultrasound only had a sensitivity of 32%, comparable to that of
alpha fetoprotein (sensitivity 46%).°'° This gap was related to
the low utilization rates of ultrasound and its operator-
dependent nature. Similarly, hepatitis C and hepatocellular
carcinoma therapy can also be highly efficacious in reducing
morbidity and mortality but are limited by low rates of access,
recommendation, and acceptance.'=*

Although efficacy research maximizes the likelihood of
observing an intervention effect if one exists, effectiveness
research accounts for external patient-, provider-, and

system-level factors that may moderate an intervention’s
effect. Therefore, effectiveness research can be more rele-
vant for health-care decisions by both providers in practice
and policy-makers.'® The distinction between these two types
of trials is important but often poorly understood. In fact, an
analysis of product evaluations for Health Technology
Assessments found that efficacy data is often assumed to
be effectiveness data.'® The aim of this primer is to highlight
differences between these two types of trials (Table 1) and
how these differences affect study design.

STUDY DESIGN

Efficacy studies investigate the benefits and harms of an
intervention under highly controlled conditions. Although this
has multiple methodologic advantages and creates high
internal validity, it requires substantial deviations from clinical
practice, including restrictions on the patient sample, control
of the provider skill set and limitations on provider actions,
and elimination of multimodal treatments.?> A placebo-
controlled randomized controlled trial (RCT) design is ideal
for efficacy evaluation because it minimizes bias through
multiple mechanisms, such as standardization of the inter-
vention and double blinding. RCTs generally eliminate issues
of access (intervention is provided free), provider recommen-
dation, and patient acceptance and adherence.
Effectiveness studies (also known as pragmatic studies)
examine interventions under circumstances that more closely
approach real-world practice, with more heterogeneous
patient populations, less-standardized treatment protocols,
and delivery in routine clinical settings. Effectiveness studies
may also use a RCT design; however, the intervention is more
often compared with usual care, rather than placebo. Minimal
restrictions are placed on the provider actions in modifying
dose, the dosing regimen, or co-therapy, allowing tailored
therapy for each subject. Although effectiveness studies
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sacrifice some internal validity, they have higher external
validity than efficacy studies.? Effectiveness trials without a
witnessed effect may be related to one of several factors
including an ineffective intervention, poor implementation,
lack of provider acceptance, or lack of patient acceptance and
adherence.

PATIENT POPULATION

Efficacy trials use strict inclusion and exclusion criteria to enroll
a defined, homogenous patient population. Inclusion criteria
confirm that patients truly have the disease of interest, whereas
exclusion criteria exclude those who are unlikely to respond to
the intervention. For example, efficacy studies may exclude
patients who are at low risk for the primary outcome, those who
are deemed likely to be non-compliant, or those with significant
comorbid medical conditions. However, these strict inclusion
and exclusion criteria can limit the generalizability of the results
to patients seen in clinical practice. Effectiveness trials typically
have limited exclusion criteria and involve a more hetero-
geneous population, including higher rates of non-compliant
patients and more subjects with significant comorbid condi-
tions." However, effectiveness trials can still exclude
patients for safety concerns, as these patients would not be
expected to get the intervention in usual practice.'® For
example, a recent RCT demonstrated that rectal indomethacin
significantly reduced the risk of post-endoscopic retrograde
cholangiopancreatography (ERCP) pancreatitis; however,
only high-risk patients, such as those with sphincter of
Oddi dysfunction, were included.’® Effectiveness studies
would help clarify if these results can be generalized to low-
risk and medium-risk patients undergoing ERCP in everyday
practice.

THE INTERVENTION

In efficacy trials, interventions are delivered in a highly
standardized way, including timing and dosage of medications
and perhaps even the associated patient education. The use
of concurrent medications or interventions is often restricted,
so any witnessed effect can be attributed to the intervention of
interest. Furthermore, efficacy trials are conducted with top-
quality equipment and highly experienced providers, who are
often provided training in the intervention and measurement of
outcomes prior to the study. Finally, intensive resources are
often dedicated to maximize provider uptake and patient

Table 1 Differences between efficacy and effectiveness studies

compliance with the intervention.’” Research assistants can
provide intense counseling, education, and even reminders
for scheduled medications or clinic appointments. This
intensive attention can in part explain the high placebo effect
seen in some trials, such as those in irritable bowel syndrome
and inflammatory bowel disease.2%2

Effectiveness trials standardize the availability of the
intervention in the study sample but do not go to extremes
to reinforce implementation by providers or participation by
patients. There are no requirements regarding provider
expertise, and equipment quality may be variable. Similarly,
providers are not restricted in terms of offering concurrent
therapies or crossing over patients on-and-off therapy, which
can lead to higher rates of drug—drug interactions and make it
less clear if any effect was truly related to the intervention of
interest. Finally, additional study resources, such as reminder
phone calls or study coordinators, are not available to
augment provider and/or patient compliance.

ANALYSIS

Both efficacy and effectiveness trials typically use an intention-
to-treat approach for statistical analysis. However, given that
efficacy trials aim to address if interventions work under ideal
circumstances, secondary analyses using a per-protocol
approach may be informative. Alternative techniques that have
been proposed to account for differences between efficacy and
effectiveness include contaminated adjustment intention to
treat and voting with their feet analyses.???* Effectiveness
trials often have higher rates of missing data than efficacy
trials.’”'® There are several methods for handing missing data,
with details beyond the scope of this primer.2527

REPORTING DATA

The applicability of results from both efficacy and effective-
ness studies depend on the context of the trial and the
situation to which the data are being applied. It is crucial for
any study to provide sufficient data regarding the trial’'s
setting, participants, and intervention. A trial with an insuffi-
cient description regarding the intervention is effectively
rendered useless, as external implementation and validation
is impossible. Guidelines for reporting results of efficacy and
effectiveness studies should be followed to standardize
reporting of results.?2°

Effectiveness study

Efficacy study
Question Does the intervention work under ideal circumstance?
Setting Resource-intensive ‘ideal setting’

Study population Highly selected, homogenous population

Several exclusion criteria

Providers Highly experienced and trained

Intervention Strictly enforced and standardized

No concurrent interventions

Does the intervention work in real-world practice?
Real-world everyday clinical setting

Heterogeneous population
Few to no exclusion criteria

Representative usual providers

Applied with flexibility
Concurrent interventions and cross-over permitted
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COMPARATIVE EFFECTIVENESS RESEARCH

Clinicians have historically been frustrated by the lack of
consideration of external validity in RCTs, other efficacy
studies, and guidelines.®® Accordingly, there has been a call
for studies whose results can be more readily applied to
everyday clinical practice.'® This culminated in the American
Recovery and Reinvestment Act, which allotted more than $1
billion to support comparative effectiveness research (CER).
The Institute of Medicine has defined CER as “the generation
and synthesis of evidence that compares the benefits and
harms of alternative methods to prevent, diagnose, treat, and
monitor a clinical condition, or to improve the delivery of
care.”®" The purpose of CER is to assist patients, providers,
and policy-makers in making informed decisions that can
improve health care both at the individual and population
levels. As suggested by the name, CER places an emphasis
on effectiveness studies, conducted in settings similar to real-
world clinical practice, to maximize external validity of any
results. With increased funding support for effectiveness
research, the number of effectiveness studies will likely
increase over the next several years.

CONCLUSION

An understanding of the distinction between efficacy and
effectiveness research is not only crucial when conducting
research but also interpreting results from studies and
deciding how applicable it may be to clinical practice and
patients who may have less access and less adherence to
medications. Given a growing focus on evidence-based
medicine and pay-for-performance measures, providers must
base clinical decisions on the best available evidence.
However, defining the best available evidence may not
always be clear. Although some prioritize efficacy data from
RCTs, others view effectiveness data as more pertinent to
real-world clinical practice decisions.? There are at least two
tools, which can help clinicians judge where a trial may lie on
the efficacy—effectiveness continuum.'®32 Gartlehner and
colleagues identified criteria to distinguish efficacy and
effectiveness studies, with a sensitivity and specificity of
72% and 83%, respectively. Similarly, PRECIS is a tool with
10 domains (for example, sample exclusion criteria, interven-
tion flexibility, and follow-up intensity) that can help categorize
studies as efficacy or effectiveness trials. Although both types
of studies are important when evaluating interventions, they
serve different purposes and provide different data.
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Study Highlights

WHAT IS CURRENT KNOWLEDGE

1~ Although efficacy and effectiveness studies are both
important when evaluating interventions, they serve
distinct purposes and provide different data.

WHAT IS NEW HERE

v Efficacy research maximizes the likelihood of observing an
intervention effect, whereas effectiveness research better
accounts for external patient-, provider-, and system-level
factors that may moderate an intervention’s effect in
clinical practice.

1 Tools exist to help clinicians judge where a trial may lie on
the efficacy—effectiveness continuum.
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