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Key messages
o Asreported elsewhere, Medical Reversals are not a rare phenomenon.
o In 408 trials relevant to primary care, we found a low rate of reversal.

o A low rate of reversal is good news for clinical decision-making.



Structured abstract

Background

Evidence-Based Medicine is built on the premise that clinicians can be more confident when
their decisions are grounded in high quality evidence. Furthermore, evidence from studies
involving patient-oriented outcomes is preferred when making decisions about tests or
treatments. Ideally, the findings of relevant and valid trials should be stable over time, that is,

unlikely to be reversed in subsequent research.

Objective
To evaluate the stability of evidence from trials relevant to primary healthcare and to identify

study characteristics associated with their reversal.

Method

We studied synopses of randomized controlled trials (RCTs) published from 2002 to 2005 as
“Daily POEMs” (Patient Oriented Evidence that Matters). The initial evidence (E1) from
these POEMs (2002 to 2005) was compared with the updated evidence (E2) on that same
topic in a summary resource (DynaMed 2019). Two physician-raters independently
categorized each POEM-RCT as (1) reversed when E1# E, or as (2) not reversed, when
Ei=E. For all ‘Evidence Reversals’ (Ei1# E2), we assessed the direction of change in the

evidence.

Results
We evaluated 408 POEMs on RCTs. Of those, 35 (9%; 95% CI [6 to 12]) were identified as
reversed, 359 (88%) were identified as not reversed, and 14 (3%) were indeterminate. On

average, this represents about two evidence reversals per annum for POEMs about RCTs.



Conclusion
Over 12-17 years, 9% of RCTs summarized as POEMs are reversed. Information alerting
services that apply strict criteria for relevance and validity of clinical information are likely to

identify RCTs whose findings are stable over time.

Keywords
Contradicted findings; "Evidence-Based Medicine/trends"; evidence-based practice; evidence

reversal; primary care; randomized controlled trials.

Lay summary
We studied the extent to which evidence from RCTs relevant to primary care is contradicted
in subsequent research. When it was, we identified this event as an evidence reversal. In

addition, we sought to identify characteristics of RCTs associated with their reversal.

From 408 RCTs published during the period 2002 to 2005, study characteristics such as
sample size were identified and extracted. Subsequently, we compared the evidence reported
in each of these RCTs with the evidence on that same topic in an online summary resource in
2019. This allowed us to classify each RCT in one of the following three categories; evidence

confirmed, reversed or uncertain if this evidence is confirmed or reversed.

Over 12-17 years of follow up time, the findings of about 9 in ten RCTs summarized as
POEMs are stable. We found no statistically significant associations between trial
characteristics and their subsequent reversal. This low rate of evidence reversal is good news

for the RCTs that are used to inform decision-making.



Introduction

Concerns about the reliability of evidence, especially in terms of its trustworthiness are
nothing new.' Even high-quality randomized controlled trials (RCTs) supported by robust
evidence can be reversed, further proving the fluidity of evidence.’ For example, although
aspirin (ASA) is widely prescribed for the primary prevention of cardiovascular disease, &’
interpretations of the ARRIVE trial® (and other recently published RCTs) suggest this
practice is no longer justified. This shift in the evidence is associated not with ASA itself, but
with changed external factors, such as a reduction of the risk for cardiovascular disease in the

general population.

In seminal work, Ioannidis identified research studies that were cited more than 1000 times
and compared their results to subsequent studies that were either larger or conducted with a
lower risk of bias.? In the subsequent studies, similar results were reported 44% of the time
along with results that contradicted the earlier research 16% of the time. One-quarter (24%)

of the original studies had not been repeated in the subsequent one to four years.

In the context of Internal Medicine practice, Prasad and colleagues reported 11-13% of
original research articles concerning any medical practice and 24-46% of original studies on
already adopted medical practices were subject to a reversal or shift in evidence of effect.!%!
Prasad and colleagues then coined the term “medical reversal”!® - when subsequent research
such as that from a newer RCT presents findings to contradict a practice that had been

adopted in the absence of good quality evidence.



In contrast to “medical reversal” is the broader concept of “evidence reversal”. In the latter,
an initial claim derived from research-based evidence is subsequently contradicted (or

reversed) in a newer research study deemed to be of higher quality.'*

Objectives

We sought to evaluate the frequency of Evidence Reversal in the context of Family Medicine
by scrutinizing RCTs, summarized as POEMs (Patient Oriented Evidence that Matters). In
addition, we sought to identify the characteristics of RCTs associated with Evidence
Reversal. To our knowledge, there are no studies of the reliability (or stability) of the findings

of RCTs chosen for their relevance to primary care.

Methods
Study design
This was a study of RCTs summarized as POEMs to determine whether they were reversed in

subsequent research.

Sampling

POEMs are summaries of newly published research that meet criteria for low risk of bias
(validity) and demonstrate an impact on patient-level clinical outcomes (relevance), which
can lead to a change in practice (importance). Each POEM consists of a title and a clinical
question followed by a ‘bottom line’ statement. Following this statement is further
information on study design, setting, and study findings.!> Studies that become POEMs are
found in a monthly scan of 102 journals.!® Each month, about 25 POEMs are delivered to
subscribers. Once delivered, each new POEM is included in the Essential Evidence resource

for retrieval.!” In 2020, Essential Evidence contained more than 6500 POEMs. From this



resource, in September 2017, we extracted all POEMs about RCTs published from 2002 to

2007 (n=960) (see Figure 1).

Of these 960 POEM-RCTs, we selected the oldest 408 entries, published between 2002 and

2007, to maximize our opportunity to detect the occurrence of a reversal.

Variables

Our main outcome of interest, an Evidence Reversal, was deemed to occur in two situations:
1.  When an initial positive RCT result (e.g., in which one intervention was shown to be
better than another) was contradicted in subsequent research by findings going from positive
to negative;

2. When an initial negative RCT result (e.g., one intervention was no better than the other)

was contradicted in subsequent research by findings going from negative to positive.

Initial RCT results (E1) were contained in the summary statement of each POEM we
scrutinized. Thus, the variable (E1) defined the original evidence from 2002-2007. Then, one
of us (CR) extracted updated evidence from DynaMed (a summary resource), in 2019. This
updated evidence was termed E». In all situations when Ei#E>, an Evidence Reversal was

1dentified.

To find all occurrences of Evidence Reversal, two raters independently compared E; and Es.
We recruited nine raters for this task. Raters had between 3 and 35 years of clinical
experience in Medicine and Pharmacy. Disagreements as to the occurrence of an Evidence

Reversal were resolved, when possible, by a third party (RG).



To train the raters, we conducted a pilot test with four raters and 10 POEMs. This pilot test
revealed the need for a codebook of definitions for the concept of Evidence Reversal and its
types. Further, we learned that raters needed E; presented to them as a summary of the
evidence. This summary included whether the intervention described in E; was mentioned in
DynaMed and if it was, whether DynaMed evidence (E2) was consistent with E; in the

opinion of the first author (CR).

Statistical analyses

POEMs were classified as reversed or not, then analyzed to identify characteristics associated
with their reversal, using four statistical modeling approaches. These four approaches were a
multiple logistic regression analysis, a least absolute shrinkage and selection operator, a
classification tree, and a random forest analysis. For this analysis, we excluded POEMs
whose Evidence Reversal status was classified as ‘uncertain’ (meaning raters could not
decide if it was reversed) or ‘cannot be resolved and not reversed’ (meaning raters could not
determine if the intervention was reversed, e.g. when the drug was removed from the market

after the publication of E1).

Several variables were transformed to facilitate the interpretation of model outputs. Total
sample size and the sample size of the intervention group were combined into a single
variable, the sample size ratio. The rationale for the sample size ratio was to facilitate the
interpretation of the output of statistical models. The higher the ratio, the closer the size of
the intervention group to the total sample size. Sample size was divided into 4 categories,
informed by the quartiles of the distribution of this variable: 0 to 99, 100 to 249, 250 to 499,

and 500 to 39,999 participants. The number of trial arms was summarized in 3 groups: two-



arm trial; three-arm trial; and trials with more than three arms. Finally, a ‘Level of evidence”
assigned to each POEM-RCT in line with the Oxford Centre for Evidence-Based Medicine

rating scale was transformed into a binary variable: (1) 1b and 1b-; or (2) 2b, 2b- and 2c.

Results

Of the 408 double-blind POEM-RCTs that we assessed, published from 2002 to 2005, we
found 35 occurrences (9%; 95% CI 6 - 12%) of an Evidence Reversal (Figure 1). The
characteristics of these 408 RCTs are summarized in Table 1. Most RCTs studied an adult
population (76%) in an outpatient setting (74%). These RCTs used a parallel design with
two-arms (74%); three-arms (11%), or four-arms (11%). In our statistical modeling, we found
no relationship between groups based on reversal status and the index study in terms of level

of evidence, sample size, or use of concealed allocation (see supplementary material).

Of the 35 reversed POEM-RCTs, 31 (89%) studied a drug treatment while 4 (11%) studied
devices. Observing 35 evidence reversals over 17-years of follow up time represents a rate of
about 2 reversals per year for these primary care relevant RCTs. Eighteen of 35 reversals
failed to confirm the superiority of the intervention as demonstrated in the index study (i.e.,
direction of effect from positive to negative). Another 17 reversals were in the opposite
direction, where one treatment was later found to be superior to the other in a subsequent

RCT (negative to positive) (Figure 3).

In total, 14 POEM-RCTs (3%) were rated as ‘not reversed and cannot be resolved or
uncertain’ (Figure 2). For example, one of these involved a drug which was subsequently

withdrawn from the market and therefore could not be re-evaluated for any reversal of

effect.!®



As an example of one Evidence Reversal, we offer the following. In 2003, a double-blind
placebo-controlled trial of dexamethasone 0.6 mg/kg in children (n=184) aged 5 to 16 years
in the emergency department with acute pharyngitis found no clinically important effect for
the outcome of time to onset of pain relief.!” In 2009, evidence from a systematic review and
meta-analysis suggested a reversal with respect to the effect of dexamethasone. This updated
evidence included eight trials, and 369 children.?’ For the outcome of time to onset of pain
relief, this occurred on average 6.3 hours earlier with corticosteroids than without. In the

supplementary material, we list all 35 Evidence Reversals.

Discussion

In a consecutive sample of 408 RCTs summarized as POEMs, 9% were reversed in
subsequent research when scrutinized from 12 to 17 years later. In other words, RCTs with
good internal validity, focusing on relevant and important outcomes for primary care produce

findings that are relatively stable over time.

Of the Evidence Reversals we identified, one-half suggested a practice should be stopped, as
the change in direction of effect went from positive (in favour of a practice) to negative
(against that practice). We found 18 reversals of this type, for an estimated rate of one
POEM-RCT per year among the 250 or so POEMs published annually. This finding supports
physicians who wish to implement a new intervention in their practice, even when this
intervention is supported by one RCT summarized as a POEM. These findings also have
implications for editors of knowledge resources. As an updating task, editors should consider
flagging studies in their summary resource that have been identified as reversed. In addition,

physicians should be aware of the phenomenon of Evidence Reversal, as they attempt to
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make sense of new evidence that contradicts the findings of earlier research. In the same vein,
teachers of evidence-based medicine may want to update their curricula to raise awareness of

this phenomenon.

That just 9% of 408 POEM-RCTs were reversed in our study should be considered in light of
the findings of others. For example, Prasad found that 24-46% of original studies on already
adopted medical practices were reversed over time. There are two differences between our
work and that of Prasad. First, POEM-RCTs are selected after an assessment of their validity
and relevance using established criteria.'” For example, POEM synopses on hypertension
must include studies in which outcomes were patient-oriented, such as effects on mortality or
morbidity. Second, Prasad studied the reversal of medical practices (‘Medical Reversal’)

which had been implemented in the absence of high-quality evidence.

A recent editorial in this journal defined meta-research as a new discipline that aims to
understand what makes research trustworthy and what can be done to strengthen both
research methods and the evidence they generate.?! More specifically, the authors alluded to
the importance of subjecting RCTs to empirical evaluation and improvement. As pillars of
evidence, RCTs are considered the best test of the effect of a new intervention.?>* For this
reason, we conducted this empirical evaluation of RCTs summarized as POEMs for primary

carc.

Limitations
For reasons of feasibility, we analyzed the first 408 POEMs in our data set. It is unclear
whether random sampling of all POEMs would have resulted in a different rate of reversal.

However, the ability to identify an Evidence Reversal likely increases with time, and we
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evaluated the earliest POEM-RCTs in our sample. According to Donald T. Campbell’s
evolutionary perspective on science, evidence is evolving over time, and reproducing this
study at a later time with the same subset of POEM-RCTs may result in slightly different
estimates of reversal.?* In the same vein, we did not distinguish POEM-RCTs that were not
reversed (when E> confirmed E1) from POEM-RCTs on topics where new evidence has not

yet emerged (no E»).

Finally, we cannot say whether any single reversal was due to the particular characteristics of
interventions tested in that RCT, given the limited number of reversals we identified.
Innovation in science and technology create external factors that affect the outcomes of
clinical research, unrelated to trial design. For example, for decades ASA was recommended
for the primary prevention of cardiovascular disease. Subsequently, we observed a decline in
the population risk for cardiovascular disease due to external factors such as a reduced
prevalence of smoking. Concurrent to this, we see an Evidence Reversal with respect to the
use of ASA in primary prevention, as the gastrointestinal harms are now perceived to
outweigh the potential to prevent cardiovascular events.? In future research, it would be of
interest to develop and test a model to predict the probability of Evidence Reversal. Such a
tool could help to improve healthcare delivery and medical education. Indeed, if a clinician
knew the probability of reversal associated with any single RCT, then s/he could consider this

issue as a metric of uncertainty in a shared decision-making context.

Conclusion

Findings of RCTs fitting criteria for relevance and validity of clinical information have a high

likelihood of being stable over time. Information alerting services that apply strict criteria for
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relevance and validity of clinical information are likely to identify RCTs whose findings are

stable over time.
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Tables
Table 1. Characteristics of 394 Patient Oriented Evidence that Matters - Randomized
Controlled Trials (POEM-RCTs) from 2002 to 2005*

Reversed Not Reversed
POEM-RCT 35 359

N (%) N (%)
Publication Year
2002 2 (6%) 112 (31%)
2003 12 (34%) 101 (28%)
2004 11 (31%) 77 (21%)
2005 10 (29%) 69 (19%)
RCT characteristics
Total Sample Size
Mean 1831 2417
Standard Deviation 6714 5809
Median 275 326
Range [39 ;39,876] [12;39,876]
Intervention Group Size
Mean 870 1084
Standard Deviation 3354 2642
Median 122 139
Range [13;19,934] [6;19,937]
Setting
Outpatient 26 (74%) 260 (72%)
Inpatient 3 (9%) 60 (17%)
Emergency department 3 (9%) 14 (4%)
Population-based 3 (9%) 18 (5%)
Other 0 7 (2%)
Age group
Adults 27 (77%) 272 (76%)
Children 5 (14%) 39 (11%)
Both adults and children 3 (9%) 48 (13%)
Allocation Concealment
Concealed 25 (71%) 229 (64%)
Uncertain 10 (29%) 130 (36%)

*Excluding 14 POEMs: 11 where Evidence Reversal was uncertain and 3 that were not
reversed and cannot be resolved



Figures

Figure 1. Flow Chart — Selection of POEM-RCTs for analysis of evidence reversal

POEMs extracted from POEM
Database (n=5810)
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Figure 2. Distribution of disagreements per group
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Figure 3. Direction of shift in the evidence
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