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Finding evidence for treatment decisions in
a pandemic
Highlights
During pandemics, health care and
public health professionals rarely have
all the information required for decision-
making. Randomized trials are the key
source of regulatory decisions and clini-
cal recommendations, but they can be
misleading, especially when conducted
under pandemic conditions. Problems
include the high likelihood of false-
negative trials, lack of generalizability,
and trial interruptions because of
pandemic waning of cases.
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The randomized controlled trial (RCT) is the mainstay of treatment evidence in
medicine because it is the most rigorously conducted and analyzed form of
human research. Yet, the intense and detailed methodology that has evolved
to implement RCTs has reduced their value in providing timely and useful
evidence of the effectiveness of medical or public health interventions in
pandemic conditions. The crisis conditions of a pandemic illustrate the need
for medicine to take a broader view of the evidentiary landscape to include
evidence from sources other than conventional RCTs. Such sources include
analyses of vital data, observational research, quasi-experiments, and flexible
RCTs carefully designed to address underlying biological and clinical realities
and to avoid unnecessary rigidity.
Some authors have recommended that
more attention be paid in decision-
making to ‘real-world evidence’, includ-
ing vital data, propensity-matched cohort
studies, some forms of administrative
data, and quasi-experiments. In addition,
trials can be improved by taking a fuller
account of the pathophysiology of the
condition under investigation and its rela-
tion to the agent studied. More use can
be made of adaptive trials that can flexi-
bly be modified to changing circum-
stances. Pandemic conditions reveal the
need to broaden the evidentiary base be-
yond the conventional randomized trial.
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Sources of evidence for treatment decisions
The RCT has become firmly established as the most important source of evidence in medicine for
the evaluation of treatments. Guidance panels, specialty society recommendations, and,
most important, federal regulators nearly always require one or more RCTs to support a
treatment endorsement. In recent years, voices have been raised suggesting that reliance
on RCTs alone is not ideal and that a broader evidentiary base should be considered in eval-
uating therapies [1–4]. Concerns have been raised about the generalizability of RCTs, about
the length of time required to complete them, the regulatory burden, and much else. Even
the FDA has noted the need for real-world evidence and data, though most FDA treatment
approvals still require RCT evidence (https://www.fda.gov/science-research/science-and-
research-special-topics/real-world-evidence). However, RCTs cannot guarantee the safety of
approved drugs [5], nor can they always assure effectiveness in the real world [6]. It has been argued
that nonrandomized observational studies frequently [7], though not always [8], have results nearly
identical to trials. In this opinion article, we argue that pandemic circumstances point out the limitations
of over-reliance on the RCT and the need for medicine to broaden its evidentiary base for choosing
therapies.

The conventional RCT in ordinary times
The preparation required for developing an RCT is substantial. The specification of a clear and
measurable hypothesis is critical because it determines the population in which to undertake
the trial, the outcome of interest, and the exclusion and inclusion criteria. Power must be esti-
mated, and sources of qualified participants must be sought. A randomization scheme that
cannot be apparent to participant, investigator, or data analyst [so-called triple masking (see
Glossary)] is usually developed, and a placebo may need to be synthesized. The protocol must
include an analysis plan, including stopping rules. The overview functions of an institutional
review board, a data safety committee, and sometimes a clinical monitormust be employed.
Partnerships must be sought if the trial is to be multicenter. Funding must be obtained to staff a
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Glossary
Clinical monitor: clinician who
ascertains adverse events during a trial.
Hydroxychloroquine: antimalarial
drug used to treat COVID-19.
Inpatient: hospitalized patient.
Institutional review board: the body
responsible for ethical research conduct.
Ivermectin: antiparasitic drug used to
treat COVID-19.
Masking: concealing the trial
assignment.
Medicaid: US federal medical
insurance for patients with low incomes.
Outpatients: patients treated outside
the hospital.
Remdesivir: antiviral drug used to treat
COVID-19.
team of clinicians, research scientists, trained nursing staff, research coordinators, statisticians,
laboratory personnel, and more.

The model RCT, pioneered in the study of streptomycin in tuberculosis [9], is of a hospital-
administered drug to treat a well-defined disease where signs of improvement are likely to be
clear, if not unmistakable. Another model, pioneered for polio [10], was the vaccine trial,
conducted in outpatients and in very large numbers, but again with the advantage of a single
administration of the agent under clinical supervision.

The further one moves away from those models, the more complex the design, execution, and
analysis of the trial. Trials of oral drug regimens to outpatients cannot easily assure compliance with
the intervention. Trials that require testing of participants after randomization (e.g., when administering
blood products) create a time lag referred to as ‘immortal time bias’ [11]. Trials aiming to prevent
rather than to treat disease require much larger sample sizes and longer time horizons. Interventions
other than drugs – nutritional/dietary interventions, surgical procedures, education programs – raise
greater possibilities of noncompliance, crossover, and difficulties in masking.

The time from trial conception to first enrollment is usually at least 1 year, and in one study of
109 trials with a substantial follow-up period, the lag from first enrollment to publication of findings
was more than 5 years [12]. Further years elapse before a positive trial finding is adopted by
the medical community, in part because of conflicting trial findings [13] and uncertainty about
generalizability [14].

The conventional RCT during a pandemic
Epidemic circumstances create several tensions that can further limit the value of RCTs. Because
proven treatments cannot be available at the onset of a pandemic, repurposed drugs with little
pathophysiologic rationale, such as hydroxychloroquine and ivermectin, may become the
subjects of trials. It is difficult to specify trial outcomes when the clinical course of a new disease
is not yet fully understood, and this uncertainty complicates estimation of the number of partici-
pants needed and calculation of statistical power. Epidemics often come in waves, and the
waxing and waning of eligibles can wreak havoc in even the best planned trial, as seen in some
coronavirus disease 2019 (COVID-19) trials stopped for lack of participants [15].

In the first major published COVID-19 RCT of remdesivir, the authors commented:

The trial was implemented during a time of restricted travel, and hospitals restricted the
entrance of nonessential personnel. Training, site initiation visits, andmonitoring visits often
were performed remotely. Research staff were often assigned other clinical duties, and
staff illnesses strained research resources. Many sites did not have adequate supplies of
personal protective equipment and trial-related supplies, such as swabs [16].

During an epidemic, the highest priority is given, understandably, to the sickest patients. More-
over, hospitalized patients are the most accessible to the specialty clinicians who conduct trials
and have the most adverse outcomes to study. Not surprisingly, then, the sickest patients
often become the focus of trials, thoughwhen antivirals are needed – as in the COVID-19 pandemic –
early treatment is critical. The traditional preference of themedical community for cure over prevention
is amplified during an epidemic.

This inpatient bias can be seen in nearly all RCTs of therapies for COVID-19. In trials of steroids
[17], the severely ill inpatient was the appropriate target. In fact, in the largest trial, mechanically
Trends in Molecular Medicine, July 2022, Vol. 28, No. 7 537

CellPress logo


Trends in Molecular Medicine
ventilated patients benefited more from steroids than did patients not receiving oxygen [17]. But it
was inappropriate to study remdesivir [16] and convalescent plasma [18] – both antivirals – largely
in hospitalized patients. The few trials of these antivirals conducted in outpatients showed far
greater effectiveness [19–21].

By contrast, pharmaceutical companies tested their two major products – vaccines and monoclonal
antibodies – nearly entirely outside of the hospital. Vaccines were, of course, studied in unaffected
individuals, whereas most monoclonal antibody trials were conducted in outpatients, where a
striking difference was seen: success in outpatients [22] but ineffectiveness with inpatients [23], as
predicted for an antiviral therapy.

In summary, several RCTs conducted during the COVID-19 epidemic had difficulty achieving their
goals and were often flawed by selection of the wrong populations to study. Although negative
RCTs were useful in stemming the use of ineffective drugs such as hydroxychloroquine and
ivermectin and demonstrated the value of steroids in very sick patients, antivirals such as
remdesivir and convalescent plasma found themselves being misapplied in both trials and in
practice by being given too late in the disease course.

Alternative sources of evidence
Numerous forms of data exist from which observations may be gleaned that should be incorpo-
rated into thinking about clinical policy and treatment decisions, not to replace but to supplement
RCT data. These include both observational and experimental findings.

Observational data
Vital data and registries
Wemust recognize that many important components of the population – prisoners, the institutionally
disabled, those in military service, the uninsured – are weakly represented in many forms of ‘big data’.
Data systems that are independent of individual medical care providers, however, and that exist by
virtue of legal mandates (vital data, state disease registries) have the powerful advantage of including
disease and mortality data from virtually the entire population. Yet, the value of vital data in showing
trends in mortality supporting or opposing the value of widely used interventions is often overlooked.

The best evidence for the value of cancer screening comes from the remarkable declines in mortality
for screened cancers. Where screening is for early disease (breast and prostate cancer), declines in
age-specific mortality independent of patterns of incidence shown in state and national registry
data parallel the onset of screening [24,25]. Where screening is for precancerous lesions (cervical
and colon cancer), declines in both incidence and mortality have been documented [26,27].

Population-wide declines in mortality from leukemia in childhood likewise parallel the revolutionary
developments in chemotherapy for this disorder beginning in the 1950s and 1960s [28].
Newborn intensive care as a whole has never been studied via RCT, but unprecedented declines
in mortality for low birthweight infants became apparent in vital data as early as the 1970s [29].
The failure to pay attention to vital data trends is a weakness of many high-level clinical policy
recommendations and may be linked to the recent increase in prostate cancer mortality and in
metastasis at presentation [30].

During the recent epidemic, vital data were the best source for understanding the impact of the
epidemic on overall mortality in the USA and also showed that areas with COVID-19-related
mask mandates had lower age-specific COVID-19 mortality rates than areas that did not [31].
It was also possible to show, by linking hospitalization data, mortality data from vital records,
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and blood bank data, a powerful inverse correlation between convalescent plasma use and mor-
tality between September 2020 and March 2021 [32].

Cohort studies with propensity matching
Comparisons of recipients and nonrecipients of treatments are fraught with difficulties, not the
least of which is confounding by indication [33], meaning that choice of treatment is dependent
on disease severity and comorbidities. Nonetheless, such comparisons are frequently made in
medicine. During the epidemic, several hospitals designed cohort studies within their institutions
to examine whether convalescent plasma was helpful or not in COVID-19 patients, doing their
best to match recipients and nonrecipients on a variety of factors affecting the risk of adverse
outcomes. Studies from Houston Methodist Hospital [34] and New York’s Mount Sinai Hospital
[35] were good examples of the careful propensity-matched cohort study, and they revealed
that, as expected, benefit was found only in patients treated early.

Administrative data and electronic medical records
The use of large administrative databases that cross hospital boundaries or are based on other
sources such as Medicaid files are single-hospital cohort studies writ large but generally with
less ability to control for confounding. They also frequently encounter difficulties with the lack of
comparability of recorded items across the entire data file. Historically, the most productive
forms of administrative data analysis of treatments have come from large medical care systems,
such as Kaiser Permanente or the Henry Ford Health System, which use a single format for all
components of the system and have research offices to curate the data and understand their
limitations. Data from heterogeneous hospital sources using different medical record systems
and amalgamated by convenience have been less successful in providing convincing evidence
of treatment effectiveness. During the current epidemic, the Hospital Corporation of America,
which uses a uniform data system and has a sophisticated research office, was able to provide
very convincing evidence of the value of convalescent plasma, again showing the value of early
treatment and its uselessness in advanced disease [36].

Experimental evidence
Quasi-experiments
It may not be widely appreciated that historically important health policy decisions were made on
the basis of experiments that were not randomized, but that instead introduced an intervention to
one population while not introducing it to another, examining health states of interest in both
populations before and after the time of the intervention, so-called quasi-experiments. A good
example is water fluoridation, adopted nationally after quasi-experiments in Michigan [37] and
New York [38] showed dramatic improvements in childhood caries prevalence in towns receiving
water fluoridation while control towns showed no such difference.

Natural experiments
A natural experiment refers to environmental circumstances that assign individuals in a
process that seems largely random to receive or not to receive an intervention. Perhaps
the best-known example is from an epidemic: John Snow’s comparison of epidemic
cholera deaths in houses in London that received their water from a company that had
moved its supply upstream in the Thames well before the epidemic to one that was sup-
plied from water in London below the sewer outflow. Snow imagined the experiment to
be the equivalent of an RCT:

No experiment could have been devised which would more thoroughly test the effect of
water supply on the progress of cholera.… No fewer than 300,000 people, of both sexes,
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Outstanding questions
How can medicine increase its use of
adaptive randomized trials?

How can randomized trials be made
more generalizable to the whole
population?

Do the human subject protection
rules around randomized trials reduce
participation by some population
groups?

Should meta-analyses formally consider
the match of therapy to disease patho-
physiology as a criterion for judging
randomized trials?

Why do task force and professional
society recommendations rely entirely
on randomized trial data?

How can trends in vital data and registry
data, which are population-wide sources
of information, be made better use of in
policy recommendations?

How can our education systems
inculcate in trainees and students
greater use of judgment and avoid the
rigidity produced by insistence on one
form of evidence?
of every age and occupation, and of every rank and station … were divided into two
groups, … one group being supplied with water containing the sewage of London, and
amongst it, whatevermight have come from a cholera patient, the other havingwater quite free
from such impurity [39].

The 14-fold difference in death rates found was unlikely due to confounding and provided a key
rationale for investing in clean water supply systems in the industrialized world.

More sensible trials
A critical element of RCT design is to match the treatment with understanding of disease patho-
physiology. During the COVID-19 pandemic, steroids were tested as anti-inflammatories in
patients who were likely suffering from cytokine storm, and they worked. Antivirals used in
patients in the same pathophysiologic state were ineffective, which would have been no surprise
to clinicians active in the heyday of antiserum therapy [40].

Epidemic RCTs need to be able to adapt to changing information. While the strength of an RCT is
consistency in application, if a trial cannot learn from developments revealed by the trial or from
changing circumstances in the world in which the participants live, it cannot be helpful during a
pandemic. None of the RCTs launched in 2020 adapted to information either from their own trials
or from other information.

Adaptive or Bayesian RCTs allow changes in study design resulting from findings – either from the
trial itself or from outside the trial – that suggest that the trial should be modified. Accrual
processes can be adapted to increase or decrease enrollment in some study arms to favor
therapies that seem better or even to omit some treatment arms [41]. During this recent
pandemic, RCTs of antibody therapies that inadvisably enrolled very sick patients with advanced
disease in studies [42] could have focused their attention earlier on disease after a study of more
than 3000 plasma recipients showed a dose–response relationship to antibody content
of infused convalescent plasma, but only in patients treated early who were not mechanically
ventilated [43].

Concluding remarks
The evidence-based movement, which has done so much to sensitize clinicians to the need
for firmer foundations for treatment decisions, has inadvertently created a world in which the
broader tool kit of evidence is too often ignored (see Outstanding questions). The RCT is an
especially effective tool in studying well-understood pharmaceutical treatments in conditions
where the agent is likely to be effective, but the negative RCT is far less informative than the
positive RCT because of the many ways in which a trial can fail to be a fair test of the under-
lying hypothesis.

The pandemic has illustrated the pressing need to integrate data from different sources to
make the wisest decisions. Judicious consideration of all available evidence is likely to lead to
better policies than reliance in simple yes-or-no fashion on methodologically correct but
pathophysiologically flawed or underpowered RCTs [4]. As has been emphasized in observa-
tional research in epidemiology, focusing on consistency of findings, the coherence of findings
with basic pathophysiology, and the value of observing dose–response relationships can help
guide clinical policies [44].
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