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Abstract

Objectives: We examined systematic adverse events (AEs) in Part 1 (of 2) of a study describing the assessment and reporting of AEs in
clinical trials.

Study Design and Setting: We examined 52 public and nonpublic data sources about trials of quetiapine for bipolar depression using
data from the Multiple Data Sources study. We extracted and compared information about systematic AEs (i.e., AEs assessed for all par-
ticipants) in six prespecified domains: cardiovascular, cholesterol, endocrine, extrapyramidal symptoms, mania, and weight.

Results: Eligible trials did not assess and report the same systematic AEs, and most results were not available in public sources. Over-
all, public sources reported 159 results, of which 92 of 159 (58%) included sufficient statistical information to calculate the treatment effect
and its precision. Nonpublic sources reported 636 results; 630 of 636 (99%) reported sufficient statistical information.

Conclusion: Systematic AEs were defined and analyzed in many ways, which led to many numerical results. Most systematic AEs were
not mentioned in public sources. To minimize bias, methods for defining and analyzing potential AEs should be prespecified in trial reg-
isters and protocols. All trial results should be publicly available so that stakeholders can compare benefits and AEs. Trials could report core
sets of AEs to facilitate decision-making. © 2019 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-
NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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What is new?

e Adverse events (AEs) can be assessed systemati-
cally in clinical trials by collecting information
for all participants using clinical examinations,
questionnaires, and medical instruments.

e Systematic AEs can be defined using the five ele-
ments of an outcome: (1) domain, (2) specific mea-
surement, (3) specific metric, (4) method of
aggregation, and (5) time-point.

e Multiple outcome definitions and multiple methods
of analysis create opportunities to ‘“‘cherry pick”
systematic AE results, consistent with previous
studies about potential benefits of treatments.

e To prevent reporting bias, systematic AEs should
be prespecified in trial registrations, protocols,
and statistical analysis plans. All adverse events
that occur in clinical trials should be reported pub-
licly (e.g., on www.ClinicalTrials.gov).

e Core outcome sets should identify AEs that are
important to patients and recommend that those
AEs be assessed systematically.

1. Introduction

To make informed decisions about health interventions,
patients and other stakeholders need accurate and complete
information about potential benefits and adverse events
(AEs). Investigators assess potential benefits systematically
in clinical trials; that is, investigators assess potential ben-
efits for all participants using standardized approaches such
as clinical examinations, questionnaires, and medical in-
struments. Likewise, investigators may assess AEs system-
atically, especially when AEs are anticipated because of
preclinical studies or because of evidence from related clin-
ical trials (Table 1) [1]. By contrast, nonsystematic AEs are
not assessed for every participant; instead, participants
report nonsystematic AEs in response to questions like
“Have you noticed any symptoms since your last examina-
tion?” [2]. Previous studies have described nonsystematic
AEs as ““passively collected” and systematic AEs as “‘pro-
actively collected™ [3].

Previous studies show that potential benefits can be re-
ported in ways that are misleading. That is, multiple
outcome definitions and multiple methods of analysis
allow investigators to ‘““cherry pick” results [4—6]. If sys-
tematic AEs are defined and analyzed similar to potential
benefits, then cherry-picking results for systematic AEs
could lead to incorrect estimates of their likelihood and
severity.

Part 1 and Part 2 of this study about AEs are substudies of
the Multiple Data Sources (MUDS) study, which followed a

published protocol [7] and protocol amendments [4]. Our ob-
jectives were to (1) describe the assessment and reporting of
systematic AEs in eligible clinical trials and (2) compare re-
porting of AEs in public and nonpublic sources. We assessed
systematic AEs (Part 1) apart from nonsystematic AEs (Part
2) because differences in data collection and analysis might
contribute to differences in reporting.

2. Methods
2.1. Eligible trials and sources

Eligible studies were parallel, randomized clinical trials
that evaluated either gabapentin for neuropathic pain or que-
tiapine for bipolar depression, compared with placebo. We
selected these case studies because we had access to both
public and nonpublic sources for some of the eligible trials.
We searched for public and nonpublic sources (Table 1)
and requested additional information from manufacturers
of gabapentin and quetiapine [15]. Here, we describe the
seven quetiapine trials (52 sources); no gabapentin studies
were included in this substudy because gabapentin trials
did not report any systematic AEs. The 52 eligible sources
for quetiapine trials include individual patient data (IPD)
for two trials; we found systematic AE data in one dataset
but not in the other dataset; therefore, 51 sources (including
one IPD) were analyzed for this substudy.

2.2. Data extraction

From each source of each eligible trial, two investigators
independently extracted data using the open access System-
atic Review Data Repository (http://srdr.ahrq.gov/) and
resolved differences by discussion. We classified each AE
as ‘“‘systematic” if its presence or absence was recorded
for every participant and assessed using specific measure-
ment tools (e.g., questionnaires, checklists, laboratory tests,
or clinical examinations); we classified all other AEs as
“nonsystematic”’ (Table 1). For the time point closest to
8 weeks, we extracted all systematic AE definitions and re-
sults (Table 1) for six prespecified AE domains that patient
and clinician coinvestigators confirmed are important to
people with bipolar disorder: cardiovascular, cholesterol,
endocrine, extrapyramidal symptoms, mania, and weight.

Just as investigators define potential benefits using five el-
ements [4,6,13,16,17], we defined systematic AEs using five
elements: (1) domain (e.g., mania); (2) specific measurement
(e.g., Young Mania Rating Scale); (3) metric (e.g., change
from baseline); (4) method of data aggregation (e.g., mean);
and (5) time point at which the AE was assessed.

We extracted results that were reported separately for
each trial; we did not extract results of analyses that pooled
multiple trials.

For each reported result, we assessed whether we could
estimate the size of the difference between intervention
arms and the precision of that estimate (Table 1).


http://www.ClinicalTrials.gov
http://srdr.ahrq.gov/
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Table 1. Glossary of terms

Term Definition/example
Terms related to adverse events (AEs)

Adverse event (AE)* The International Conference on Harmonisation (ICH) defines an ‘‘adverse event” as *‘any untoward medical
occurrence in a patient or clinical investigation subject administered a pharmaceutical product and which
does not necessarily have to have a causal relationship with this treatment’ [8]. The U.S. Food and Drug
Administration (FDA) and other regulators use this definition [9,10].

Nonsystematic adverse events According to The Final Rule [11,12], “‘non-systematic assessment’ relies on the spontaneous reporting of
adverse events, such as unprompted self-reporting by participants.” Non-systematic adverse events may
be collected by asking questions like ““Have you noticed any symptoms since your last examination?”’

Non-unique AE In the Multiple Data Sources (MUDS) study, a “‘non-unique’” AE is an AE counted for each source in which it
appears.
Result In the MUDS study, a “result’’ is a numerical contrast between a treatment and comparison arm (e.g.,

relative risk, mean difference).

Systematic adverse events According to The Final Rule [11,12], “*‘systematic assessment’ involves the use of a specific method of
ascertaining the presence of an adverse event (e.g., the use of checklists, questionnaires, specific
laboratory tests at regular intervals)’. Like a potential benefit of treatment, a systematic AE can be defined
using five elements: (1) domain, (2) specific measurement, (3) specific metric, (4) method of aggregation,
and (5) time-point [13]. For example, “proportion of participants with 50% change from baseline to
8 weeks on the Young Mania Rating Scale total score.”

Unique AE In the MUDS study, a “unique’ AE is a defined AE counted only once, regardless of how many times it
appeared in all sources.
Terms related to sources
Clinical study report (CSR) A comprehensive document, often created by a pharmaceutical manufacturer for submission to a regulator,
detailing the design, methods, analyses, and results of a study. Appendices sometimes contain tables of
individual patient data, also called “‘patient data listings,” and study protocols [14].

Clinical study report-synopsis A document that summarizes the information contained in a clinical study report. Clinical study report-
(CSR-synopsis) synopses are much shorter than clinical study reports; the two clinical study report-synopses we examined
were each 13 pages in length.
Individual participant A table or database in which each record contains data for a single participant [14].
data (IPD)
Non-public sources In the MUDS study, non-public sources include individual patient data, clinical study reports, and clinical

study report-synopses.

Public sources In the MUDS study, public sources include journal articles, conference abstracts, commentaries, posters,
trial registrations and associated results, and Medical Reviews and Statistical Reviews written by the FDA.

2.3. Reanalysis of IPD corresponding CSRs. We performed all analyses in

Stata 14 [18].
For continuous AEs included in IPD, we calculated ata [18]

the mean change from baseline. For dichotomous
AEs, we calculated the proportion of participants
who experienced the AE. We replicated the methods We compared the following information in public and
for handling missing data that were described in nonpublic sources:

2.4. Comparison of reporting across multiple sources

Table 2. Trials reported different adverse event domains

Prespecified AE domains

Trial identifier Cardiovascular Cholesterol Endocrine Extrapyramidal symptoms Mania Weight
Calabrese, 2004 el i o
Gao, 2014 P o

Li, 2014 ,,

McElroy 2010 . e e I el
Suppes, 2010 . e P .
Thase, 2006 . o o
Young, 2008 e 7% 74 7 v

v represents at least one public source reported at least one result.
v represents at least one public source reported at least one result for which we could calculate the between-arm effect and its precision.
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Fig. 1. Multiple outcome definitions for systematic adverse events. Outcomes available in public sources only or in both public and nonpublic sour-
ces are in green, whereas outcomes available only in nonpublic sources are in black. Although the total number of unique outcomes was not sen-
sitive to the way we classified domains and measures, the number of domains and measures were related to the way we classified measures. For
example, we treated LDL and HDL as separate measures; if we had treated LDL and HDL as subscales of total cholesterol, we would find different
numbers of measures and subscales but the same number of unique outcomes. Barnes, Barnes Akathisia Rating Scale; BMI, body mass index;
Cardio, cardiovascular; Cat, categorical; Change, change from baseline; Cont, continuous; DBP, diastolic blood pressure; dec, decrease; EPS, extra-
pyramidal symptoms; HDL, high-density lipoprotein; High labs, elevated laboratory values; High labs (imp), elevated laboratory values, but
improved since beginning of study; inc, increase; LDL, low-density lipoprotein; Low labs, laboratory values below normal range; Low labs (imp),
laboratory values below normal range, but improved since beginning of study; (M), men; NR, not reported; QT int, QT interval; QTc int, QTc interval;
SAS, Simpson-Angus Scale; SBP, systolic blood pressure; Sup to stand, moving from supine to standing; Tot chol, total cholesterol; Trt emerg,
treatment emergent; TG, triglycerides; Value, value at a time point; (W), women; YMRS, Young's Mania Rating Scale. (For interpretation of the
references to color in this figure legend, the reader is referred to the Web version of this article.)

(1) The number of defined systematic AEs (i.e., an AE (2) The number of unique systematic AEs (i.e., we counted
was defined if all five elements of the outcome were “unique” systematic AEs once regardless of how many
reported, Table 1); times they appeared across sources, Table 1);
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Fig. 2. Systematic adverse events in public and nonpublic sources for two trials: (A) Calabrese 2004. (B) Thase 2006. This figure includes the two
trials that reported meta-analyzable results in both public and nonpublic sources. Nonpublic sources about each trial included hundreds of results;
by contrast, public sources included fewer than 10 results and omitted AE domains that were included in nonpublic sources. EPS, extrapyramidal
symptoms; RD, risk difference (used for dichotomous outcomes); SMD, standardized mean difference (used for continuous outcomes).

(3) The number of nonunique systematic AEs (i.e., sys-

tematic AEs that we counted each time they ap-
peared, Table 1); and

(4) The proportion of results for which we could calcu-

late the between-arm effect (e.g., mean difference be-

tween arms,
(Table 1).

risk difference) and its precision

Finally, we plotted the results we extracted from public

and nonpublic sources. For continuous AEs, we plotted the
standardized mean difference. For dichotomous AEs, we

plotted the risk difference and conducted a sensitivity anal-
ysis plotting the risk ratio.

3. Results

3.1. Trials of the same drug and condition did not assess
the same AEs

Eligible trials did not assess the same systematic
AEs. We were able to determine which AEs were assessed
systematically in two trials for which we had CSRs. For the
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Table 3. More outcomes and results were reported in nonpublic sources compared with public sources

Public sources n (%) Nonpublic sources 1 (%) All sources n
Number of sources 46 6 52°
Number of outcomes
Prespecified AE domains 5 (83) 5 (83) 6
Unique AEs 38 (30) 113 (89) 127
Number of results
Nonunique results 159 (20) 636 (80) 795

Abbreviation: AE, adverse events.

@ The 52 sources include individual participant data for two trials, of which only one included systematic AEs.
Public sources: Journal articles, conference abstracts, commentaries, posters, trial registrations and associated results, and medical and statistical reviews
created by the Food and Drug Administration; Nonpublic sources: Individual patient data, clinical study reports, and clinical study report-synopses.

five trials for which we could not obtain CSRs, we were un-
able to differentiate between (1) systematic AEs that were
not assessed and (2) systematic AEs that were assessed
but not reported.

All seven trials assessed mania; however, only three of
seven (43%) trials publicly reported results for which we
could calculate the between-arm effect and its precision
(Table 2). Six (86%) trials publicly reported extrapyramidal
symptoms; because we did not have nonpublic sources, it
was unclear whether the seventh trial assessed extrapyra-
midal symptoms. For the weight and cholesterol domains,
five of seven (71%) trials reported at least one result for
which we could calculate the between-arm effect and its
precision; however, only three of seven (43%) trials pub-
licly reported effects on cholesterol. The two trials for
which we had CSRs did not assess endocrine effects, but
two other trials assessed this domain. The two trials for
which we had CSRs assessed cardiovascular effects, but
no trial publicly reported cardiovascular effects.

3.2. Public sources reported AEs inadequately

Within each domain, trials used multiple specific mea-
surements, metrics, and methods of aggregation. For
example, the domain ‘“‘extrapyramidal symptoms” was
measured using both the Barnes Akathisia Rating Scale
and the Simpson-Angus Scale (Fig. 1, Appendix 1).

In addition, multiple results were sometimes associated
with the same AE because of variations in the methods of
analysis [6]. Within each domain, results in nonpublic sour-
ces varied in both magnitude and direction; that is, some re-
sults favored quetiapine, and some results favored placebo
(Fig. 2). We found few results in public sources, and there
was little variation among them (Fig. 2). Findings from
Figure 2 were substantially unchanged when we analyzed
the data using the risk ratio rather than the risk difference
(Appendix 2).

We found 127 unique systematic AEs in all sources, of
which 38 of 127 (30%) were reported in public sources,
and 113 of 127 (89%) were reported in nonpublic sources
(Table 3).

Compared with results in nonpublic sources, results in
public sources were incomplete. Of the nonunique results
in public and nonpublic sources, 92 of 159 (58%) and
630 of 636 (99%) included sufficient information to calcu-
late the between-arm effect and its precision, respectively.

4. Discussion

In Part 1 of this study, we found that trials of the same
intervention for the same health problem did not collect
and report the same systematic AEs. Moreover, investiga-
tors could make a drug that actually increases risk of harm
appear to reduce risk of harm by changing the outcome
definition. The ability to manipulate results within prespe-
cified outcome domains is concerning because most infor-
mation about systematic AEs is not available to decision-
makers. Although our analysis focused on a single interven-
tion, our findings are consistent with previous studies about
AE assessment and reporting [4,6,19—21]. Furthermore,
multiplicity of systematic AE definitions and analyses,
and the underreporting of associated results, mirror the

Box 1 Recommendations for adverse event
assessment and reporting

1. Use preclinical studies, trials of other drugs in the
same class, and observational studies to anticipate
adverse events (AEs) that might occur in a clinical
trial;

2. Collect data on anticipated AEs systematically in
clinical trials;

3. For each systematically collected AE, prespecify
in protocols and statistical analysis plans all five
elements of the outcome, the methods of analysis,
and the methods for data collection;

4. Develop and use core outcome sets for AEs for in-
terventions or classes of interventions (e.g., drug
class);

5. Make all results publicly available.
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ways in which potential benefits are assessed and reported
[4,6]. Our study identified several ways to improve the
collection and reporting of AEs in clinical trials (Box 1).

AEs can be assessed systematically in clinical trials.
Although many AEs are assessed nonsystematically as
described in Part 2 of this study [2], anticipated AEs can
be assessed by recording information for all participants us-
ing prespecified methods. Systematically assessing AEs that
matter to patients could improve the accuracy of estimates
within trials, and systematically assessing the severity and
duration of AEs would be more informative than nonsyste-
matically recording the mere occurrence of events [22].
For example, a patient who wants to use the antipsychotic
associated with the least weight gain needs systematic infor-
mation about weight gain in clinical trials, not merely evi-
dence that several antipsychotics are associated with
weight gain. Just as clinical trials provide trustworthy infor-
mation about which interventions are most effective for
reducing symptoms of disease (e.g., reducing depression),
assessing AEs systematically would provide trustworthy ev-
idence about which interventions cause the most harm. Sys-
tematic collection might even prevent nonserious AEs from
becoming serious; for example, better monitoring the effects
of interventions that cause dizziness or increase blood
glucose could help patients and clinicians discontinue those
interventions before they cause injurious falls and diabetes.
Systematic AEs could be selected based on existing evidence
about AEs that are most likely to occur, and they could be
selected based on patient preferences [2]. Over time, trials
might include more or different systematic AEs as investiga-
tors learn about the effects of interventions.

Systematic AEs can be defined using five elements,
which should be prespecified [13,16]. We found that results
in a trial for a single AE domain could differ in both magni-
tude and direction, which is consistent with previous evi-
dence about potential benefits [6]. If the five elements of
each outcome and the methods of analysis are not prespe-
cified in protocols and statistical analysis plans, then tria-
lists and systematic reviewers can ‘‘cherry-pick”
systematic AEs based on their results [5,6,23].

Systematic assessment of AEs would improve system-
atic reviews and clinical guidelines. It may be inappropriate
to synthesize nonsystematic AEs across trials (e.g., using
meta-analysis) because nonsystematic AEs are reported
selectively depending on post-hoc selection criteria [2].
Furthermore, systematic and nonsystematic methods to
assess AEs can lead to different results [24—26]; therefore,
it may be inappropriate to synthesize AEs that have been
defined, collected, and analyzed using different methods.
Information about AEs will be most useful if AEs are as-
sessed systematically and consistently across trials of the
same interventions and conditions [22].

Including systematic AEs in core outcome sets, which
are the minimum sets of outcomes to include in trials of in-
terventions or conditions [27,28], could improve consis-
tency across trials and improve healthcare decisions. Core

outcome sets for particular diseases or conditions often
focus on potential benefits, yet the same principles used
to identify core benefits could be extended to identify core
harms [22]. Because different types of interventions for the
same condition might cause different AEs (e.g., depression
might be treated using psychological or pharmacologic in-
terventions, which are associated with qualitatively
different harms) and because a single intervention can be
used to treat several conditions (e.g., quetiapine is used to
treat bipolar depression and schizophrenia), it might be
appropriate to have core sets of AEs for interventions or
classes of interventions (e.g., drug classes) rather than core
sets of AEs for health conditions.

Information about the collection of AEs and the results
of all AE analyses should be publicly accessible. The
Consolidated Standards of Reporting Trials extension for
harms provides some reporting standards [29], and other re-
porting guidelines have suggested that AEs be prespecified
[3]. When clinical trials do not assess the same outcomes or
do not report their results completely, systematic reviewers
and health care decision-makers must rely on subsets of the
available trials, the results of which might not represent the
true benefits and harms of interventions [5,30].
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