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Nonrandomized observational analyses of large
electronic patient databases are being promoted
as an alternative to randomized clinical trials as
a source of “real-world evidence” about the effi-
cacy and safety of new and existing treatments.*?
For drugs or procedures that are already being
used widely, such observational studies may in-
volve exposure of large numbers of patients.
Consequently, they have the potential to detect
rare adverse effects that cannot plausibly be at-
tributed to bias, generally because the relative
risk is large (e.g., Reye’s syndrome associated
with the use of aspirin, or rhabdomyolysis as-
sociated with the use of statin therapy).* Non-
randomized clinical observation may also suf-
fice to detect large beneficial effects when good
outcomes would not otherwise be expected (e.g.,
control of diabetic ketoacidosis with insulin treat-
ment, or the rapid shrinking of tumors with
chemotherapy).

However, because of the potential biases in-
herent in observational studies, such studies can-
not generally be trusted when — as is often the
case — the effects of the treatment of interest
are actually null or only moderate (i.e., less than
a twofold difference in the incidence of the
health outcome between using and not using the
treatment).*¢ In those circumstances, large obser-
vational studies may yield misleading associa-
tions of a treatment with health outcomes that
are statistically significant but noncausal, or that
are mistakenly null when the treatment really
does have clinically important effects. Instead,
randomized, controlled trials of adequate size
are generally required to ensure that any moder-
ate benefits or moderate harms of a treatment are
assessed reliably enough to guide patient care
appropriately (Box 1).>7

Reliance on nonrandomized observational
studies risks inadequate assessments of both

safety and efficacy because the potential biases
with respect to both can be appreciable. For ex-
ample, the treatment that is being assessed may
well have been provided more or less often to
patients who had an increased or decreased risk
of various health outcomes. Indeed, that is what
would be expected in medical practice, since both
the severity of the disease being treated and the
presence of other conditions may well affect the
choice of treatment (often in ways that cannot be
reliably quantified). Even when associations of
various health outcomes with a particular treat-
ment remain statistically significant after adjust-
ment for all the known differences between pa-
tients who received it and those who did not
receive it, these adjusted associations may still
reflect residual confounding because of differ-
ences in factors that were assessed only incom-
pletely or not at all (and therefore could not be
taken fully into account in adjusted analyses).
Modeling studies indicate that potential biases
in observational studies may well be large enough
to lead to the false conclusion that a treatment
produces benefit or harm, with none of a range
of statistical strategies capable of adjusting with
certainty for bias. Those findings are consistent
with findings from reviews that compared esti-
mates of treatment effects from observational
studies with estimates from randomized trials,
with examples in which results for the same in-
tervention were similar but also many in which
the results were importantly different.?12

Such discrepancies are illustrated by a data-
base analysis involving the entire Danish popu-
lation that found that the relative risk of death
from cancer was 15% lower (95% confidence
interval, 13 to 18) among patients who had
taken statin therapy for only a few years than
among those who had not taken statin therapy,
even after statistical adjustment for what was
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Box 1. Facilitation of Randomization to Enhance Patient Care and Protect Public Health.

complexity and cost of trials.

assessment of existing treatments.

Randomization Provides Evidence about Treatment Effects That Can Be Trusted
Randomization results in groups of patients that are balanced (give or take the play of chance) with respect to their risks of all types of health
outcomes. Consequently, in sufficiently large randomized trials, the effects of a treatment can be reliably assessed.
Nonrandomized observational studies may be able to detect large treatment effects. However, the potential biases can be appreciable, so
such studies cannot be trusted when the benefits or harms of a treatment are actually null or only moderate.

Obstacles to Randomized Trials Should be Removed to Protect Patients
Increased focus on adherence to rules rather than on the scientific principles that underlie randomized trials has substantially increased the

Promotion of nonrandomized analyses of databases as a rapid source of “real-world evidence” about the effects of treatments is a false solu-
tion to the problems caused by the bureaucratic burdens imposed on randomized trials.
Instead, obstacles to randomized trials should be removed to allow more new treatments to become available and to facilitate the reliable

known about potential confounding factors."
Likewise, in some other nonrandomized studies,
statin therapy has been associated with a reduced
incidence of cancer (e.g., in one such study, the
incidence of colon cancer was about half as high
as the incidence among patients not taking a
statin).’ In contrast, in a meta-analysis of indi-
vidual patient data from randomized trials in-
volving more than 10,000 cases of incident can-
cer, there were no apparent effects of statins on
the incidence of cancer or death from cancer
— either overall or at any particular trial site —
during an average of 5 years of statin therapy
(longer exposure than in the observational stud-
ies) or during prolonged follow-up thereafter.>
Conversely, in contrast to the compelling evi-
dence for the beneficial effects of statins on
cardiovascular mortality observed in randomized
trials, the incidence of death from cardiovascu-
lar causes in the Danish study was approximately
one quarter higher among the patients who had
taken a statin than among those who had not
(presumably because increased risk had led to
statin therapy being prescribed). Although this
increased incidence of death was reduced after
various statistical adjustments were made, the
study was still not able to detect the reduction in
cardiovascular risk that is known to be produced
by statin use.

The “magic” of randomization is that it is
guaranteed to result in groups of patients that
are balanced (give or take the play of chance)
with respect to both known and unknown risk
factors (regardless of whether those risk factors
have been assessed) and, hence, with respect to
their risks of any type of health outcome.” Un-
biased assessment of the effects of the trial
treatment can then be obtained by ensuring that
health outcomes are ascertained similarly among

the patients randomly assigned to the treatment
under investigation and among those who are
not. For subjective health outcomes (such as
symptoms or mood), this process often needs to
be enhanced by masking the treatment assign-
ment (which is not possible in observational
studies that make use of clinical databases).
Continued follow-up of all the patients included
in a randomized trial (even if some of them stop
their assigned treatment) maintains the like-with-
like comparison produced by randomization (even
if the characteristics of the patients who do not
adhere to their assigned treatment differ between
the randomized groups). Consequently, differences
in the incidence of health outcomes between the
treatment groups in a randomized trial based on
intention-to-treat comparisons can be attributed
as causal to the treatment being evaluated (sub-
ject to statistical tests that indicate the differ-
ences are not likely to be due to chance and the
avoidance of unduly data-dependent emphasis
on results in selected trials or subgroups within
trials').

In generalizing the results of a randomized
trial, the assumption is not that the patient popu-
lation studied is representative of all patients but
rather that the proportional effects of the treat-
ment studied on each specific health outcome
should be similar in different circumstances,
unless there is good reason to expect other-
wise.’> Consequently, valid estimates of the ab-
solute benefits and harms of a treatment can be
obtained by applying reliable randomized evi-
dence for its separate proportional effects on
each outcome of interest to the absolute inci-
dence of these outcomes in observational studies
conducted within a particular population. For
example, information from randomized trials of
secondary prevention strategies involving patients
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Box 2. Opportunities to Improve the Quality and Efficiency of Randomized Trials of New and Existing Interventions.

Appropriate trial guidelines

Based on scientific principles: Focus on issues that can materially affect the reliability of the results (including randomization with concealed
assignment, adherence to trial intervention, completeness of follow-up, and intention-to-treat analyses).

Developed in partnership: Create new guidelines that can be adapted for many different types of trials through a collaboration of regulators,
investigators, patients, and funders.

Enhanced recruitment

Faster and more predictable: Access electronic health care record systems and specialized registries to identify large numbers of potentially
eligible patients.

Broader and more generalizable: Avoid unduly restrictive inclusion and exclusion criteria so that the results are relevant to a wide range of
patients.

Improved quality

Better adherence: Implement interactive electronic case-report forms to help ensure complete and consistent data collection and to enhance
adherence to the protocol and safety procedures.

Centralized monitoring: Improve patient safety and trial performance through real-time monitoring and analysis of electronic data from local
trial sites.

Effective follow-up

Complete and comprehensive: Minimize loss to follow-up and facilitate prolonged follow-up of health outcomes by linkage to electronic health
record systems.

Extended range of outcomes: Enhance the assessment of the safety and efficacy of treatment by incorporating technological advances (e.g.,
smartphones and digital sensors).
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at high risk for occlusive vascular events can use-
fully inform estimates of the effects of primary
prevention in a lower-risk general population.®

Part of the drive toward using nonrandom-
ized observational studies to assess the effects
of treatment comes from the current costs and
complexity of conducting randomized trials.’>"
During the past 25 years, there has been an enor-
mous increase in the rules and related bureau-
cracy governing clinical trials, with the intention
of improving the safety of the participants in
trials and the reliability of the results. However,
undue focus on adherence to rules (exacerbated
by overinterpretation of those rules) rather than
on the scientific principles that underlie random-
ized trials does not necessarily improve either a
trial’s quality or the patients’ safety, but it does
increase complexity.’® As a consequence, pharma-
ceutical companies have become far more de-
pendent for the conduct of their clinical trials
on the contract research organization industry,
which has grown exponentially from an annual
revenue of approximately $2 billion in the early
1990s to $40 billion in 2019.° In parallel, the
scientific contribution of academic researchers
to industry-funded trials has been reduced, with
the previous model of creative partnerships
largely replaced by service contracts involving
a burgeoning academic research organization
industry.

Moreover, the direction of drug development
has changed in ways that may adversely affect

public health. For example, in the past decade,
the revenue from the 10 top-selling drugs in the
United States increased by a factor of 2.5, but the
patient population that those medications target
decreased by a factor of 7.5 (Meanwell C: per-
sonal communication). This trend may reflect
the current high costs of conducting large ran-
domized trials to detect important incremental
effects in common conditions,”'*” leading to a
shift toward seeking treatments with larger ef-
fects in less common conditions that could be
detected in smaller trials. There is also evidence
that eligibility criteria are being made more re-
strictive and the durations of trials are being
abbreviated in order to contain costs; both these
factors reduce the generalizability and reliability
of the evidence about efficacy and safety.?* How-
ever, the solution to the problems caused by the
bureaucratic burdens that have been increasingly
imposed on randomized trials during the past
25 years is not to replace randomization with
unreliable nonrandomized database analyses. In-
stead, unnecessary obstacles to the reliable as-
sessment of the efficacy and safety of treatments
in randomized trials of appropriate size should
be removed (Box 2).

One consequence of this bureaucratic burden
has been increasing difficulty in recruiting pa-
tients into trials, which has resulted in a trend
toward small numbers of patients being enrolled
at each of hundreds of sites in many countries.?*
As a better alternative, rapid recruitment can be
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achieved at far fewer sites (with consequent cost
reductions and enhanced trial quality) by using
electronic patient records, which are increasingly
widely available, to identify large numbers of eli-
gible patients. For example, nationwide searches
of hospital records in the United Kingdom have
been used effectively to identify and recruit eli-
gible patients into a series of randomized trials
of cholesterol-modifying treatments,** and sev-
eral studies have been conducted within a Swed-
ish registry of patients with heart disease that is
now being extended across Europe.? In addition,
recruitment can be facilitated by avoidance of
unduly restrictive or specific eligibility criteria
(which often require costly and time-consuming
collection and verification of qualifying infor-
mation); this approach also helps to ensure that
results from randomized trials are more widely
generalizable to relevant patient populations.”

Expensive but relatively ineffective trial moni-
toring strategies (such as checking source docu-
ments and making frequent site visits) are es-
poused by regulatory guidelines and enforced by
many research funders, auditors, and regulatory
inspectors. However, rather than focusing on the
detection of problems after they have occurred
(when it is often too late to rectify them), sys-
tems that prevent material deviations should be
built into the design of trials.?® For example, the
use of interactive electronic case-report forms can
not only help to ensure the collection of all the
required data (because items cannot be missed
and additional data can be sought when required)
and to improve the consistency of the data col-
lected, but also enhance adherence to the trial
protocol (e.g., through built-in eligibility checks
and prompts when particular actions, such as
laboratory safety assays, are required).?® In addi-
tion, real-time electronic transfer of data allows
efficient centralized monitoring of patient safety
and site performance, with rapid feedback help-
ing to improve performance.””

Linkage to centralized record systems can be
used to enhance the detection of various types
of health outcomes, not only during the treat-
ment period of the trial but also in the longer
term, yielding a more complete evaluation of a
treatment. Assessment of the effects of the trial
treatment on these outcomes can often be based
directly on the record systems, since the reliabil-
ity of comparisons between randomized groups
is generally not materially improved by adjudica-

tion of the recorded health outcomes (which
typically involves time-consuming data collection
and assessment based on unduly specific defi-
nitions).>33 For example, in one trial of statin
therapy, the randomized comparisons based on
outcomes identified retrospectively through health
record systems were not materially different from
those based on adjudicated outcomes recorded
during the trial treatment period; moreover,
these comparisons were able to show additional
benefits during a prolonged follow-up period.**
Technological advances are also allowing assess-
ment of an extended range of health outcomes
(e.g., smartphone-supported evaluations of qual-
ity of life, mood, and cognition, and digital sen-
sors to monitor functional measures).®®

In summary, the replacement of randomized
trials with nonrandomized observational analy-
ses is a false solution to the serious problem of
ensuring that patients receive treatments that
are both safe and effective. The Clinical Trials
Transformation Initiative, which is supported by
the Food and Drug Administration, has shown
that it is possible to develop guidance that can
help improve specific aspects of the design and
conduct of randomized trials.?**° There is now
an urgent need to develop comprehensive guide-
lines based on the scientific principles underly-
ing randomized, controlled trials that focus on
those aspects that really matter for both generat-
ing reliable findings and ensuring patient safety,
and that take advantage of technological advances
to increase the scope of randomized evidence.
Such guidelines would be relevant not only for
the various phases of clinical development that
lead to regulatory approval of new interventions
(since reduction of wasteful practices could allow
more new treatments to become available) but
also for noncommercial randomized trials of
existing treatments (since making more such
trials affordable could lead to better patient care
and improved public health).>

Disclosure forms provided by the authors are available with
the full text of this article at NEJM.org.

From the Clinical Trial Service Unit and Epidemiological Stud-
ies Unit, Nuffield Department of Population Health, University
of Oxford, Oxford, United Kingdom.
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