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andomized, controlled trials

(RCTs) are the standard for
evaluating the relative safety and
efficacy of medical interventions.
Although analyses of observation-
al data from epidemiologic stud-
ies and health care databases,
including electronic health rec-
ords (EHRs) and medical claims
data, offer benefits that include
large sample sizes, timely avail-
ability of data, and the ability to
assess “real world” effectiveness,
they are vulnerable to biases that
diminish the strength of the evi-
dence they can generate. Design-
ing observational studies accord-
ing to the principles of RCTs has
long been proposed as a way of
improving the validity of these
studies’ findings. Though many
methodologic approaches seek to
draw causal inferences from ob-
servational data, investigators are
increasingly modeling the design
of observational studies on hypo-
thetical RCTs, under the rubric
“target trial emulation.”

The target trial emulation
framework entails design and
analysis of an observational study
in alignment with a hypothetical
RCT that addresses the same
study question. Although this ap-
proach has the potential to im-
prove the quality of observational
studies by providing a structured
method for design, analysis, and
reporting, investigations conducted
in this manner remain vulnerable
to many sources of bias, includ-
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ing confounding by unobserved
covariates. Such studies require
careful specification of design
elements, analytic methods for
addressing confounding, and re-
porting of sensitivity analyses.

In a study that uses the target
trial emulation approach, investi-
gators specify the hypothetical
RCT that would ideally be con-
ducted to address a given study
question and then specify the
design elements of an observa-
tional study aligned with the
elements of that “target” RCT.
Necessary design elements include
eligibility criteria, participant se-
lection, treatment strategies, treat-
ment assignment, start and end of
follow-up, outcome measure, ef-
ficacy assessment, and statistical
analysis plan (SAP).}? For exam-
ple, Dickerman et al. used the
target trial emulation framework
to assess the comparative effec-
tiveness of the BNT162b2 and
mRNA-1273 vaccines in prevent-
ing SARS-CoV-2 infection, hospi-
talization, and death with the use
of EHR data from the Depart-
ment of Veterans Affairs (VA).?

A key aspect of target trial em-
ulation is specification of “time
zero,” the point at which partici-
pant eligibility is assessed, treat-
ment assignment is made, and fol-
low-up begins. In the VA Covid-19
vaccine study, time zero was de-
fined as the date when the first
dose of vaccine was administered.
Alignment of eligibility determi-
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nation, treatment assignment, and
the beginning of follow-up at time
zero reduces important sources
of bias — in particular, immor-
tal time bias, which arises when
treatment strategies are defined
after the start of follow-up, and
selection bias, which arises when
follow-up starts after treatment
assignment. In the VA Covid-19
vaccine study, assigning partici-
pants to treatment groups for
analyses on the basis of receipt
of the second vaccine dose while
starting follow-up at the time of
administration of the first dose
would result in immortal time
bias; assigning treatment group
at the time of the first dose but
starting follow-up at the time of
the second would result in selec-
tion bias, since only people re-
ceiving both doses would be in-
cluded.

Target trial emulation can also
help avert lack of clarity in the
treatment-effect definition, a com-
mon challenge in observational
studies. In the VA Covid-19 vaccine
study, participants were matched
according to baseline character-
istics, and treatment effectiveness
was assessed on the basis of dif-
ferences in risk of the outcomes
at 24 weeks. This approach clearly
defines the effectiveness estimate
as the difference in Covid-19 out-
comes between vaccinated popula-
tions that are otherwise balanced
with respect to baseline charac-
teristics — similar to the efficacy
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estimate in an RCT with respect
to the same question. As the au-
thors of that study note, compar-
ing two similar vaccines is prob-
ably much less susceptible to
confounding than comparing out-
comes in people who received a
vaccine with those who did not.

Even with successful align-
ment, the validity of a study that
uses the target trial emulation
framework rests on various as-
sumptions, choices about design
and analysis, and the quality of
the underlying data. Though the
validity of RCT results also de-
pends on the quality of design
and analysis, results from obser-
vational studies are additionally
threatened by confounding. As
nonrandomized studies, they lack
RCTs’ protection against confound-
ing, and lack of blinding among
participants and clinicians could
influence outcome assessment and
study results. In the VA Covid-19
vaccine study, matching was used
to balance the distribution of
baseline participant characteris-
tics including age, sex, race, and
urbanicity of residence between
groups. Differences in the distribu-
tion of additional characteristics,
such as occupation, that might
also be associated with Covid-19
infection risk, would cause residu-
al confounding.

Many studies using the target
trial emulation approach use “real
world data” (RWD) such as those
from EHRs. The advantages of
RWD, including timeliness, gen-
eralizability, and capture of treat-
ment patterns as they occur in
routine practice, must be balanced
against problems stemming from
data quality, including missing
data, inaccuracies and inconsis-
tencies in ascertainment and def-
inition of participant character-
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istics and outcomes, lack of
uniformity in application or ad-
ministration of therapies, differ-
ential frequency of follow-up as-
sessment, and missing data and
loss to follow-up as the result
of participants moving between
health systems.* Use of data from
a single EHR limits concerns
about data inconsistency in the
VA study. However, incomplete
ascertainment and recording of
variables including coexisting con-
ditions and outcomes remained
a risk.

The selection of participants
into the analysis sample is typi-
cally based on retrospective data,
which may result in selection
bias caused by excluding people
with missing baseline informa-
tion. Though these problems are
not unique to observational stud-
ies, they constitute residual sources
of bias that are not directly ad-
dressed by target trial emulation.
In addition, observational studies
typically are not preregistered,
which exacerbates problems of
design sensitivity and publication
bias. Because results may vary
dramatically among data sources
and design and analytic ap-
proaches, prespecification of the
study design, analysis, and ra-
tionale for the choice of data
source is essential.

Several best practices for con-
ducting and reporting studies
using the target trial emulation
framework can strengthen their
quality and ensure that they are
reported in adequate detail to sup-
port rigorous evaluation by read-
ers. To begin with, a protocol
and SAP should be prespecified
before data analysis. The SAP
should include details of the sta-
tistical approach that will be used
to address bias due to confound-
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ing and sensitivity analyses to
evaluate the robustness of results
to key sources of bias, including
confounding and missing data.

The title, abstract, and meth-
ods section should clearly identi-
fy the study design as observa-
tional to avoid confusion with
RCTs and distinguish between
the observational study that has
been conducted and the hypothet-
ical trial it seeks to emulate. In-
vestigators should provide thor-
ough descriptions of their data
source, quality metrics such as
reliability and validity of data el-
ements, and if possible, refer-
ences to other published studies
using the data source. They should
also include a table outlining the
design elements of the target tri-
al and its observational emula-
tion, and should clearly specify
the time at which eligibility is
determined, follow-up starts, and
treatment assignment is deter-
mined.

Studies using target trial emu-
lation should incorporate meth-
ods for addressing immortal time
bias in cases in which treatment
strategies cannot be defined at
baseline (e.g., studies of treatment
duration or use of combination
therapies).” Researchers should re-
port meaningful sensitivity analy-
ses investigating results’ robust-
ness to key sources of bias,
including analyses quantifying the
potential effect of unobserved con-
founding and exploring variability
in results with alternative speci-
fications of key design elements.
Use of negative control outcomes
— outcomes strongly believed to
have no association with the expo-
sure of interest — may also be use-
ful for quantifying residual bias.

Although observational studies
permit investigation of questions
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that may be infeasible to study
using RCTs and leverage the
strengths of RWD, they have many
potential sources of bias. The tar-
get trial emulation framework at-
tempts to address some of these
biases, but emulations must be
undertaken and reported with
care. Because of the risk of bias
due to confounding, sensitivity
analyses evaluating robustness of
results to unobserved confound-
ing are essential, and variability
of results across alternative as-
sumptions about confounding
must be considered when interpret-
ing results. When rigorously im-
plemented, the target trial emula-
tion framework provides a useful
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method for systematic specifica-
tion of the design of observational
studies, but is not a panacea.
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A Good Day

Kieran L. Quinn, M.D., Ph.D., and Allan S. Detsky, M.D., Ph.D.

CCTf we could help you with

only one thing today, what
would you want it to be?” we
asked Mr. D. one morning 10 years
ago as he lay in his hospital bed.
We were following our standard
routine: after reviewing the over-
night admissions with the on-call
residents and setting the daily
objectives, we moved to the bed-
sides of our patients to talk with
and examine them. The goal was
to get to know them better. Mr. D.
was a frail man in his 80s who
had been readmitted for heart
failure with severe shortness of
breath. He had a very long prob-
lem list that included physical
symptoms such as weakness and
fatigue, medical diagnoses such
as renal failure and peripheral vas-
cular disease, a precarious living
situation, and polypharmacy. Even
the attending physician who had
many years of experience caring for
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people with similarly complex
conditions was overwhelmed, not
knowing where to begin. So as
the encounter was winding down,
he attempted to achieve one win
for the day, one way to make Mr.
D. better off. We expected a re-
sponse about one of his many clin-
ical problems, perhaps something
like “Please make my breathing
better.” Instead, Mr. D. answered,
“Could you find my teeth? They
lost them in the emergency de-
partment.”

Medical care has become much
more complex in the past 20 years,
but its goals remain the same.
People come to clinicians with
problems related to their health,
and we provide diagnoses, treat-
ments, and advice; we want to
help make them feel better. Much
of the time, patients can tell us
what’s bothering them, but an
asymmetry of information leaves
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them at the mercy of the medical
team to decide what to do about it.
When a patient has multiple com-
plex problems, such decisions can
be overwhelming for physicians.
Sometimes we don’t even know
where to begin: Which of the
many problems should be tackled
first?

In recent years, the concepts
of shared decision making and
patient centeredness have become
popular, yet our ability to trans-
late these ideals into practice re-
mains elusive. Often, their im-
plementation amounts to little
more than an illusion — mere
hand-waving at the bedside of an
overwhelmed patient.! Although
true shared decision making and
patient centeredness involve trans-
mitting knowledge, being careful
to avoid bias, and communicat-
ing in language that people can
understand, the key step in this
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