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Abstract

Background/Aims—Tragedies suggest that phase I trials in healthy participants may be highly
risky. This possibility raises concern that phase | trials may exploit healthy participants to develop
new therapies, making the translation of scientific discoveries ethically worrisome. Yet, few
systematic data evaluate this concern. The present paper systematically reviews the risks of
published phase I trials in healthy participants and evaluates trial features associated with
increased risks.

Methods—Data on adverse events and trial characteristics were extracted from all phase | trials
published in PubMed, Embase, Cochrane, Scopus, and PsycINFO (1 January 2008 through 1
October 2012). Inclusion criteria were phase | studies that enrolled healthy participants of any age,
provided quantitative adverse event (AE) data, and documented the number of participants
enrolled. Exclusion criteria included 1) AE data not in English, 2) a “challenge” study in which
participants were administered a pathogen, and 3) no quantitative information about serious AE’s.
Data on the incidence of adverse events, duration of AE monitoring, trial agent tested, participant
demographics, and trial location were extracted.

Results—In 475 trials enrolling 27,185 participants, there was a median of zero serious adverse
events (interquartile range, 0-0) and a median of zero severe adverse events (interquartile range,
0-0) per 1000 treatment group participants/day of monitoring. The rate of mild and moderate
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adverse events was a median of 1147.19 per 1000 participants (interquartile range, 651.52 —
1730.9) and 46.07 per 1000 participants/AE monitoring day (interquartile range, 17.80 — 77.19).

Conclusions—We conclude that phase | trials do cause mild and moderate harms but pose low
risks of severe harm. To ensure that this conclusion also applies to unpublished trials, it is
important to increase trial transparency.
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Introduction

Phase | studies with healthy participants are a vital step in translating scientific discoveries
into clinical therapies. Yet some worry that phase I studies expose healthy participants to
high risks. First, unlike phase | oncology trials that enroll persons with cancer or later phase
disease studies that enroll patients, phase | studies in healthy participants offer no potential
for clinical benefit, raising concerns about exploitation.12 Second, payments may lead
healthy participants in phase | studies to underestimate the risks they face.3 Third,
payments may result in some individuals regarding repeated research participation as a full-
time occupation that might pose high risks and offers few rewards.>6 Fourth, some express
concern that phase | trials enroll low-income participants who endure high trial risks but
have limited access to the medical products they help develop.6-2

Momentous tragedies, such as the TeGenero case in which six healthy participants
experienced life-threatening reactions to a monoclonal antibody or the death of a healthy
volunteer in a John Hopkins asthma study, seem to support the view that phase I trials are
very risky.10:11 Yet there are few systematic data on the harms experienced by healthy
participants in phase | research. This lack of systematic data raises the need for reviews
“documenting the prevalence, nature, and severity of risks among healthy volunteers” in
phase | studies to assess their ethical appropriateness.®

Extant studies on the risks of phase | studies with healthy participants suffer from important
shortcomings. First, the data come from trials conducted in a single country or at a single
clinical research unit.12-16 Second, most enroll a narrow ethnic or national population such
as Japanese men or French medical students.12:13.17 Third, existing studies often rely on
surveys of investigators, which may lead to recollection biases.1218 Fourth, most reviews
include fewer than 10,000 participants,1416-18 thus undermining their ability to detect rare
but serious harms. A recent review also addresses these shortcomings, using published and
unpublished data from Pfizer-sponsored trials conducted at trial centers located in different
continents to assess the risks of phase | trials for healthy participants.1® The present review
has the advantage of examining data from a range of trial sponsors, while the other review
has the advantage over the present paper of including both published and unpublished trial
data. The two reviews complement each other by each providing substantial data
improvements over past reviews, serving as important first steps in building a more robust
body of research on the risks of phase | trials.
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We followed the Preferred Reporting Items for Systematic Reviews and Meta-Analysis
(PRISMA) guidelines in reporting the results of our review.

Data sources and searches

The present paper searched the following databases for dates of coverage ranging from 1
January, 2008 through 1 October, 2012: PUBMED, EMBASE, COCHRANE CENTRAL
REGISTER OF CONTROLLED TRIALS, SCOPUS, and PSYCINFO using terms
describing the phase of trial, health of participants, and AE’s (Figure S1). The most rare
adverse events in past research were one drug-related, clinically serious adverse event per
5,000 participants.13 Therefore, the almost five year coverage period was intended to
capture a sufficient number of trials to detect rare but serious harms.

Criteria for selecting studies

Studies were included in the analysis if they: 1) were described as phase I; 2) enrolled
healthy participants of any age, which meant trials enrolling not only adult but also pediatric
and infant participants; 3) provided quantitative serious AE data; and 4) detailed the number
of enrolled participants. Exclusion criteria were: 1) AE data not in English (we included
articles where the rest of the text was in a non-English language as long as AE information
was reported in English), 2) a “challenge” study in which participants were administered a
pathogen, and 3) no quantitative information about serious AE’s. Challenge studies were
excluded because we were interested in phase | trials that test the toxicity of an active
investigational agent, rather than trials where adverse events stem from both the agent and
the challenge period infection.

Study selection process

Two of the authors (R.J., D.W.) first independently performed a title screen on the 1,523
identified articles and then an abstract screen, classifying articles as ineligible, unclear
eligibility, possibly eligible, or probably eligible. Any disagreements were resolved by
consensus, after which ineligible articles were excluded. One author (R.J.) read each of the
567 articles and excluded 174 articles that did not meet the inclusion/exclusion criteria,
leaving 393 eligible articles (Figure 1, Figure S2). The primary reasons for exclusion were
that the trial did not provide any adverse event information or that the trial did not specify
the number of serious AE’s, instead only stating that serious adverse events were “rare.”
Multiple phase I trials in the same published article were coded separately, yielding 475
trials for analysis.

Data extraction

One author (R.J.) extracted the data on trial features and adverse events depicted in Tables
1-3. In addition, one physician (A.R) coded each trial’s target disease area using
clinicaltrials.gov categories of conditions.2% Only some of the eligible trials explicitly
indicated the system used to classify AE severity, including the National Cancer Institute
(NCI’s) Common Terminology Criteria for Adverse Events (CTCAE) or the Food and Drug
Administration (FDA’s) COSTART.21:22 Because the trials did not provide sufficient detail
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to recode the findings on a common scale, our analysis reports the AE severity, type, and
relatedness used in the published articles. Trials did generally adhere to the distinction
between severe versus serious adverse events.23

To assess the accuracy of the data extraction, a research assistant independently extracted
data from a random sample of 27 trials (5.7%) and compared the results with those of the
primary extractor. The primary extractor’s error rate of 1.8% (19 errors out of 1,066 data
points) was deemed acceptable, especially since the errors primarily concerned aspects of a
trial, such as inpatient versus outpatient setting (7 errors), that were not used in final
analyses. There was only one error in extracting adverse events out of a total of 162 AE data
points, the main variable of interest.

Data quality assessment

To confirm that published articles offer the best publicly available source of phase | safety
data, we searched clinicaltrials.gov (keywords: normal; healthy) for phase I trials in healthy
participants that were completed during 01/01/2006 to 10/01/2010. This window allows for
a roughly two-year lag between completion of the trial and publication of the trial results.24
We found 3,851 registered phase I trials, suggesting that our sample reflects fewer than 12%
of phase | trials with healthy participants conducted during a 5-year period.2> However, only
380 of these 3,851 registered trials (9.9%) reported study results on clinicaltrials.gov.
Furthermore, the published trials offered more adverse event details than clinicaltrials.gov
results.

We also compared data quality in our sample to New Drug Application (NDA) review
documents available through the Food and Drug Administration’s (FDA) database
Drugs@FDA for specific drugs and disease areas.26 However, the FDA does not guarantee
that phase | results are posted for all approved therapies, review documents may not contain
safety outcomes for each phase I trial of an approved therapy, and the database does not
include information on phase | studies of drugs for which U.S. approval was never
sought.27-29 Therefore, the present paper uses the most comprehensive, publicly available
data source.

Data synthesis and analysis

We used SPSS Version 21.0 (SPSS, Chicago, Illinois) to perform descriptive analyses. We
then used STATA Version 13.1 (STATA, College Station, Texas) to fit the Poisson
regression model. For this model, the dependent variable was the number of severe adverse
events in the treatment group and we used STATA’s exposure command to adjust this count
for a trial’s number of treatment group participants at risk for an event by taking the natural
log of this variable. Predictors were chosen based trial features that others have argued
predict higher risk: income level of trial host country,30 trials conducted in CRO’s as
opposed to academic sites,31:32 agent type (e.g. biologic v. small molecule),33 sponsorship
source,3* mean BMI of participants,1” percentage of female participants,1’ and approval
status of agent under study. Factor variables were recoded into 1 = yes; 0 = no dummy
indicators, with one category left out of the regression specification.
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Results

Trial characteristics

A total of 475 trials, enrolling 27,185 participants, satisfied the inclusion/exclusion criteria
(Figure 1, Table 1). The median study enrollment was 30 participants (interquartile range,
18-51 participants).

Over half of the trials tested small, chemically manufactured molecule agents (251 trials). A
total of 331 trials (69.7%) tested agents that were not approved by the FDA, EMEA, or other
regulatory agency in the trial country. Conversely, 94 trials (19.8%) tested agents that were
approved at the time of study, with approximately one third of these testing interactions
between two approved therapies. Approval status was coded based on the sponsor’s
reporting, so the classification should reflect the agent’s status at the time the trial was
conducted rather than at the time of publication. Most trials reported a target disease area
despite enrolling healthy participants, likely due to the fact that Investigational New Drug
applications required to begin phase | testing inquire about a therapy’s proposed disease
indication.3® Viral diseases were the most common disease under study (14.3% of the
sample). The median duration of AE monitoring was 16 days (interquartile range, 7-42
days). This duration reflects AE monitoring both during drug administration/exposure and
monitoring that occurs in the days after this administration/exposure.

Pharmaceutical, biotechnology, or medical device companies exclusively funded the
majority of the trials (60.8%); government funded the next highest proportion: 76 trials
(16.0%). Contract research organizations were the most frequent trial site (30.3%), although
161 trials (33.9%) did not report where the trial was conducted and did not have a
clinicaltrials.org or EudraCT registration with this information.

North America hosted 169 trials (35.6%), with Europe next with 131 trials (27.6%). Using
the World Bank classification of countries based on 2010 GDP data (the midpoint year of
our sample),36 70.4% of the eligible trials took place in high-income countries (e.g. U.S.,
France), 12.6% took place in upper-middle-income countries (e.g. Romania, China), 2.3%
took place in lower-middle income countries (e.g. Ukraine, India), 2.3% took place in low-
income countries (e.g. Kenya, Tanzania), and 12.4% did not indicate the trial country.

Participant characteristics

Overall, 91.9% of participants received an active agent and 10.8% received a placebo, with
some participants taking part in both an active arm and placebo arm as part of a crossover
study (Table 2). There were more male (49.9%) than female participants (39.4%), with
10.7% participating in trials that did not provide a sex breakdown. The most frequent racial/
ethnic group was Caucasian (49.8%), representing a significantly more ethnically diverse
sample than past reviews that often feature solely Caucasian or solely Asian ethnicities. The
mean age was 31.2 years (SD = 10.0), mean weight 71.2 kg (SD = 16.2), and mean BMI was
24.8 (SD = 4.0). These means were calculated by taking the overall, unweighted mean of the
trial-level means, rather than a mean weighted by trial size.
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Adverse events

All of the 475 eligible trials reported the rate of serious adverse events (SAE) and deaths,
since we specified numerical SAE data as an inclusion criteria. There were a total of 284
serious AE’s (0.5% of the total AE’s) in the 27,185 participants (Table 3). Only 15 of the
serious AE’s were deemed possibly related to the investigational agent, typically by the
investigator or trial sponsor; the remaining 269 were deemed unrelated to the investigational
agent. There were 5 deaths among the 27,185 trial participants, such as a traffic accident and
cocaine overdose, all of which were classified by the investigator or trial sponsor as
unrelated to the investigational agent. Of the 52,798 adverse events (Table 3), 3.7% were
severe and 95.8% were mild or moderate, with the numbers adding up to less than 100%
because some trials reported the number of non-serious AEs but not a breakdown of their
severity levels. With 27,185 participants and zero deaths, assuming a binomial distribution
of adverse events and using the Clopper Pearson exact method of calculating binomial
proportion confidence intervals, the study excludes a death rate above 0.14 deaths per 1,000
participants at the 95% confidence level. With 15 serious adverse events and 27,185
participants, the study excludes a serious adverse event rate above 0.91 serious adverse
events per 1,000 participants.

Severe adverse events

A total of 48 trials enrolling 2,884 participants 1) had both a treatment and placebo group
(and no participants in both groups as in a crossover design), 2) reported the sample size and
the number of mild-severe AE’s for each group, 3) separated events into mild/moderate
versus severe categories, and 4) reported duration of adverse event monitoring, allowing us
to compare AE incidence rates between the two groups (Table 3). Since a large nhumber of
trials had zero severe events, thus violating parametric assumptions, we performed a
Wilcoxon signed-rank test that examined the magnitude and sign of the difference between
severe AE incidence in the treatment versus placebo arms of a trial, treating each trial as an
observation. This revealed that the treatment groups in trials displayed a significantly higher
incidence of severe adverse events per 1000 participants (median = 0, interquartile range, 0
—12.96) than the placebo groups (median = 0, interquartile range, 0-0) (Z =-2.471,p =
0.013). While the test discards all trial pairs where there is zero difference between the
treatment and placebo groups, thus discarding trials where there were zero severe adverse
events in each group, this works against the test showing significant differences in the
incidence rates and makes it more noteworthy that we found a significant result.

The median number of severe adverse events in trial treatment groups was zero, but there
could be a small fraction of trials on the upper end of the risk distribution where participants
face high risks of harm. Among the trials that have some severe adverse events rather than
the median of zero, is there a high incidence rate of severe events? To address this question,
we re-examined the median and ranges to only look at trials with more than zero severe
adverse events. The median rate of severe adverse events in these trials was 111.92 events/
1000 treatment group participants (interquartile range, 63.54-189.28), which, when adjusted
for days of AE monitoring, falls to a median of 1.66 events/1000 participants/monitoring
day (interquartile range, 0.46-4.15).

Clin Trials. Author manuscript; available in PMC 2017 April 01.
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Analyzing mild and moderate adverse events using a Wilcoxon signed-rank test, the
treatment group had a significantly higher median incidence of events per 1000 participants
(median = 1147.19 interquartile range, 651.52-1730.90) than the placebo group (median =
701.39, interquartile range, 184.52 — 1175.00)(Z = —-4.646, p = 0.000).

Trial features associated with increased risk

We operationalized trial risk as incidence of severe events/participant in the treatment group.
The data was highly skewed towards zero, with 67% of trials reporting zero severe adverse
events, so we determined that a Poisson regression model would best account for this large
proportion of zero outcomes. We used a dependent variable of the number of severe adverse
events in the treatment group and included an adjustment for the number of treatment group
participants to control for trials that had a larger number of participants who are “at risk” for
a severe event. In addition, since there were several predictors that others have argued
contribute to trial risk—testing a vaccine or biologic associated with higher risk than small
molecules; pharmaceutical funding associated with higher risk compared to government or
academic funding; trials hosted in low or middle-income countries facing higher risk than
trials hosted by higher-income countries; trials where participants have a lower mean BMI
experience higher rates of adverse events; trials testing previously unapproved agents rather
than drug-drug interactions between approved agents facing higher risk—we fit the model
using a forward stepwise regression with a p value to enter of 0.05, and a p value to remove
of 0.10.

The model as a whole was statistically significant (p < 0.001). Overall, trials that tested
vaccines had significantly higher incidences of severe adverse events per treatment group
participant compared to all other agent types (incidence rate ratio = 6.21, 95% CI = 3.71,
10.37). The remaining results are summarized in Table 4, and illustrate that a large number
of variables were excluded during the stepwise regression because, when other significant
predictors of risk were included, they neither significantly increased a trial’s risk level nor
significantly decreased its risk level. To examine the sensitivity of these results to our choice
of stepwise modeling, we specified a Poisson regression without using a stepwise procedure.
The results are substantively equivalent: vaccines remain a significant predictor of higher
risk at the p < 0.001 level; small molecules remain a significant predictor of lower risk at the
p < 0.001 level; funded by government, nonprofit or academic funding is a significant
predictor of lower risk at the p < 0.001 level; hosted by academic or nonprofit trial site is a
significant predictor of higher risk at the p < 0.01 level. Conducted in a low or middle
income country is no longer a significant predictor of lower risk. This suggests that while
some hypothesized features of a trial significantly increase its risk—for example, it testing a
vaccine—others are not significant contributors to risk.

Discussion

This systematic review of 475 trials published from 2008 to 2012, involving 27,185
participants, finds that healthy participants in phase I trials do not experience high rates of
significant harm. Participants in over 98% of the trials experienced no drug-related serious
adverse events. There were 5 deaths, none of which were deemed related to the study drug.
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Participants in trial treatment groups faced higher mild and moderate adverse events than
those in the placebo groups, yet the median rate of severe adverse events per treatment
group was zero. In sum, mild harms were prevalent across trials, while serious harms were
confined to a small subset of trials. In this small subset, rates of adverse events do not
support the premise that risks of phase I trials are extremely high, with a median of 1.66
severe adverse events/1000 participants/day of AE monitoring. Though some healthy
participants have referred to phase | research as a “mild torture economy,”3” our review
suggests that the risks of phase I research in healthy participants are not dramatically high.
Yet the importance of ensuring that drug translation does not exploit healthy participants
suggests that further research should address possible publication biases in safety outcomes.

One concern expressed regarding phase | trials involves possible “off-shoring™ to lower-
income countries with more vulnerable participants and less stringent review and safety
monitoring.39 However, in the present data, the majority of trials (70.4%) took place in high-
income countries and there was no significant increase in risk for trials in lower or middle-
income countries compared to trials in high-income countries. While this suggests that trials
appear to remain in higher-income countries, we lacked participant-level demographic data
that could tell us whether trials within these countries disproportionately enroll vulnerable
populations such as those in poverty. Similarly, it has been argued that studies conducted in
contract research organization or pharmaceutical-owned clinics may be riskier than studies
conducted in academic centers or hospitals.31:32 This trial feature also was not associated
with increased risk after controlling for the agent type tested by the trial.

Our findings about the relative frequency of mild versus serious harm are in line with results
of past reviews of phase | research. The median of mild adverse events in our sample
(38.37/1000 treatment group participants/day) is lower than past estimates that range from
76.7 events/1000 participants/day to 124.8 events/1000 participants/day.1417 The overall
rate of related and unrelated serious adverse events per 100 participants/day (0.025) (as
opposed to the median across trials, which equals zero) is within the range of past research,
which reports rates ranging from 0.020 to 0.074.14.17 This comparison with other reviews
suggests that our results are roughly in line with the findings of past reviews of phase |
research. The study also improves upon limitations of previous reviews, such as small
sample sizes inadequately powered to detect rare but serious harms, data confined to a single
country or single clinical research unit, homogeneous trial populations (e.g. Japanese men),
and no statistical analysis of features associated with an increased risk of harm.

This review has several limitations. First, the analyzed data are limited to published studies,
creating three shortcomings. First, sponsors and investigators may only publish studies with
sufficiently low rates of adverse events to progress to later stages of testing or to receive
regulatory approval.38:3% Compounds tested in phase | trials have roughly a 70% chance of
progressing to the next phase of testing, but only a 19% chance of eventual approval.*? And
a general analysis of publication rates for drugs that fail to reach the licensing stage of drug
development suggests that fewer than 50% of these “stalled” drugs have a full journal
publication for any of the drug’s trials.*! Therefore, if sponsors only publish phase I results
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from approved compounds, the resulting sample of phase | trials would not represent all
trials conducted. This is especially the case since phase | trials may experience especially
low rates of publication: one study of French clinical trials shows a 17% publication rate for
phase | trials compared to an average of 43% for the other phases.*? Second, for the 19% of
compounds that are approved, sponsors may withhold publication of unfavorable results.
Third, for trials that are published, the published article may present the trial data in a way
that minimizes harms. These data reporting issues may mean our sample underreports the
harms of phase | trials. While these publication biases are important limitations, the present
review makes substantial data advances over past phase | reviews of small, homogeneous
participant populations.

As our data quality assessment in the methods section underscores, other sources of publicly
available trial data—clinicaltrials.gov, FDA New Drug Application review documents—
contain both similar biases towards safer trials and less detailed adverse event and trial
characteristics data than the present sample of published articles. These biases in current,
publicly available trial data highlight the importance of initiatives, such as the AllTrials
campaign, to systematically collect the outcomes of all clinical trials for both approved and
non-approved therapies.*3-47 Our results highlight that these campaigns should focus on
both improving whether phase I results are published and the quality of data reporting, as a
non-negligible proportion of the trials we reviewed lacked basic information such as mean
BMI and the racial/ethnic breakdown of participants.

Second, though we used a comprehensive set of search terms that incorporated both the
phase of the trial and the health status of the participants, it is possible that our search
missed some published phase | trials—for instance, those that did not specify the trial phase
in the title or in the full text. We tried to minimize this limitation through strategies such as
allowing trials to qualify by either mentioning enrollment of healthy participants or
mentioning a vaccine trial where the participants are healthy but may be less likely to be
referred to that way in the trial title (Figure S1).

Third, there was not sufficient information to score the severity of the AEs from the
different studies on a common scale and trials varied in how they graded outcomes; for
instance, few investigators used uniform systems like the Food and Drug Administration
(FDA’s) Coding Symbols for a Thesaurus of Adverse Reaction Terms (COSTART). This
limitation affects the interpretation of our regression findings on features of a trial that
predict higher risk, since sponsors might have used different thresholds for what counts as a
severe adverse event. For instance, some vaccine trials reported vaccine site irritation above
a certain circumference as a severe adverse event, a classification that may not have
occurred in other trial types. Future trial transparency efforts should emphasize adoption of a
uniform severity rating system. Fourth, qualitative data show that participants may find the
logistical elements of study participation—fixed meals, confinement to a study unit—more
unpleasant than the side effects of trial agents.3”48 Adverse events reporting also focuses
more on harms associated with the investigational agent rather than harms and burdens
associated with study procedures such as biopsies, venipuncture, and other procedures.
Therefore, certain harms salient to participants are not documented in reviews such as the
present study that analyze clinical adverse events largely stemming from the investigational
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drug. However, because the risks stemming from drug exposure, rather than the risks from
study procedures, are thought to be a risk particularly high for phase I trials, the present
review focused on the trial component that provokes the most ethical concern. Fifth, we
relied on the sponsors’, investigators’, and safety monitors’ assessments of the relatedness of
serious adverse events. These assessments classified the majority of serious adverse events
as unrelated to the investigative agents. The present study did not have sufficient detail
about the adverse events and surrounding circumstances to make independent relatedness
judgments. Sixth, the lack of detailed participant data, such as income data, information on
repeat trial participation, or insurance status, prevented us from addressing concerns about
trials recruiting low-income persons who participate in repeated phase | studies.

Phase I research in healthy participants raises important ethical concerns about exploiting
healthy participants by exposing them to high risks that then benefit medical patients. Our
review of published phase I trials shows the rarity of severe harm. In particular, though
participants face a higher likelihood of mild harms than they might face in daily life,
participants face a low risk of severe harm. In arriving at these results, the present review
makes important advances over past reviews of phase | research, which are outdated, cover
small samples, analyze single study unit or single country data, and do not examine features
of a trial that predict higher risk. However, the discrepancy between our findings and the
perception of phase | research as highly risky highlights two points: first, some critics of
phase | trials may have overstated the risk the trials pose to the average participant. Second,
given limitations of published data sources, the present review should serve as a first step in
trial transparency efforts that can help measure the risks of unpublished trials. The need for
this robust literature underscores the importance of current trial data transparency
initiatives.*3-47 It also suggests that the initiatives should expand their mandate from making
data available to ensuring the comparability of adverse events across trials, providing more
detailed participant characteristics, and other features crucial for accurately assessing the
risks that phase | research poses to healthy participants.
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Figure 1.
Summary of literature search and selection

Clin Trials. Author manuscript; available in PMC 2017 April 01.




1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Johnson et al.

Table 1
Trial characteristics
N =475 trials N (%)
Investigational agent under study
Non-antibiotic small molecule (e.g. Abiretone acetate, an orally 251 (52.8)
administered enzyme inhibitor) ’
Vaccine (e.g. Inactivated whole-virus Ross River virus vaccine) 124 (26.1)

Biologic (e.g. TB-403, a humanized recombinant immunoglobulin (1g)G1

monoclonal antibody) 40(8.4)
Antibiotic (e.g. Telavancin, a lipoglycopeptide that inhibits cell wall 16 (3.4)
synthesis in Gram-positive bacteria)
Other or unclear 44 (9.3)
Approval status of investigational agent
Not approved 331 (69.7)
Previously approved, now testing: 94 (19.8)
Drug-drug interactions 31 (6.5)
Different formulation or addition of adjuvant 23 (4.8)
Substantially different dosing 6 (1.3)
Different population (e.g. infants; the elderly) 8(1.7)
Different disease indication 2(0.4)
Other 24 (5.1)
Mixed (e.g. one drug approved; other not approved) 29 (6.1)
Not approved but already widely used” 5(10)
Other/unclear 16 (3.4)
Disease area under study'r
Viral diseases 68 (14.3)
Immune system diseases 62 (13.1)
Heart and blood diseases 51 (10.7)
Bacterial and fungal diseases 50 (10.5)
Nervous system diseases 35(7.4)
Symptoms and general pathology 24 (5.1)
Parasitic diseases 22 (4.6)
Gland and hormone related diseases 21 (4.9)
Cancers and other neoplasms 21 (4.4)
Urinary tract, sexual organs, and pregnancy conditions 19 (4.0)
Digestive systems diseases 17 (3.6)
Respiratory tract (lung and bronchial) diseases 17 (3.6)
Blood and lymph conditions 14 (2.9)
Behaviors and mental disorders 11 (2.3)
Muscle, bone, and cartilage diseases 11(2.3)
Eye diseases 9(1.9
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N =475 trials N (%)
Nutritional and metabolic diseases 4(0.8)
Skin and connective tissue disorders 3(0.6)
Ear, nose, and throat diseases 2(0.9)
Wounds and injuries 1(0.2)
Not classifiable 20 (4.2)
Funding source

Pharmaceutical/biotech/medical device industry 289 (60.8)
Government 76 (16.0)
Government + pharmaceutical/biotech/medical device industry 24 (5.1)
Non-profittNGO 15(3.2)
Academic + government 4(0.8)
Academic 4(0.8)
Academic + pharmaceutical/ biotech/medical device industry 1(0.2)
Other/unclear 62 (13.1)
Trial unit type

Contract research organization (CRO) 144 (30.3)
Hospital 53(11.2)
Academic or nonprofit research unit? 49 (10.3)
Pharmaceutical company owned research unit 30 (6.3)
Government or army-owned testing site 10 (2.1)
Mixed$ 28 (5.9)
Other or unclear 161 (33.9)
Location

North America 169 (35.6)
Europe 131 (27.6)
Asia 83 (17.5)
Africa 14 (2.9)
Australia 10 (2.1)
Multiple continents 7(1.5)
Central or South America 4(0.8)
Not given 57 (12.0)

*
Article explicitly states agent has been in use for many years (e.g. piperaquine phosphate tested before EMEA approval)

TTotaI percentage > 100 because some trials tested drugs aimed at multiple target disease areas.

¢Not otherwise specified as hospital.

§Multiple units falling under multiple categories.
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Table 2
Participant characteristics (total n=27185)

N (%) Observed N Missing N
Study arm”
Treatment arm 24988 (91.9)
Placebo arm 2947 (10.8) 27026 (99.4) 159 (0.6)
Sex
Male 13573 (49.9)
Female 10696 (39.4) 24269 (89.3) 2916 (10.7)
Race/ethnicity
Caucasian 13550 (49.8)
Asian 2877 (10.6)
Black/African-
American/African 2821 (10.4)
Hispanic/Latino 1063 (3.9)
Other 739(2.7) 21050 (77.4) 6135 (22.6)
Mean age 31.2(SD=10.0) 20925 (77.0) 6260 (23.0)
Mean weight 712(SD=16.2)  8782(32.3) 18403 (67.7)
Mean BMI 248 (SD=4.0) 7079 (26.04) 20106 (74.0)

Page 16

*
Study arms total to >100% and >27,185 participants because of crossover studies that have the same participant crossover to both the treatment

and placebo group.
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Table 4

Features of a trial that predict increased risk

(reference category: conducted in high-income
country)

Severe adverse event incidence rate | P
ratio (95% CI)
Characteristic
Vaccine agent type (reference category: 6.21(3.71, 10.37) <0.001
other/unclear agent type)
Small molecule agent type (reference category: | 0.33 (0.19, 0.57) <0.001
other/unclear agent type)
Funded by government, nonprofit, or academic | 0.08 (0.03, 0.20) <0.001
source (reference category: funded by
pharmaceutical or biotech company)
Hosted by academic or nonprofit trial site 5.06 (2.25, 11.40) <0.001
(reference category: hosted at non-university
and non-government hospital)
Conducted in low or middle income country 0.32 (0.18, 0.56) <0.001

Page 20

Variables excluded during forward stepwise regression: biologic agent type (reference category: other/unclear agent type); antibiotic agent type
(reference category: other/unclear agent type); held at contract research organization or pharmaceutical owned site (reference category: non-

university and non-government hospital); held at government or army-owned site (reference category: non-university and non-government
hospital); not previously approved (reference category: previously approved); mean BMI; percentage of female participants
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