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Adaptive platform trials were implemented during the coronavirus disease 2019 (COVID-19) pandemic to rapidly evaluate
therapeutics, including the placebo-controlled phase 2/3 ACTIV-2 trial, which studied 7 investigational agents with diverse
routes of administration. For each agent, safety and efficacy outcomes were compared to a pooled placebo control group, which
included participants who received a placebo for that agent or for other agents in concurrent evaluation. A 2-step
randomization framework was implemented to facilitate this. Over the study duration, the pooled placebo design achieved a
reduction in sample size of 6% versus a trial involving distinct placebo control groups for evaluating each agent. However, a
26% reduction was achieved during the period when multiple agents were in parallel phase 2 evaluation. We discuss some of
the complexities implementing the pooled placebo design versus a design involving nonoverlapping control groups, with the

aim of informing the design of future platform trials.
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Adaptive platform trials are randomized clinical trial designs
that enable the evaluation of multiple interventions in a single,
standardized trial framework [1-4]. Compared with a tradi-
tional randomized clinical trial, adaptive clinical trials have
preplanned changes or adaptations. Examples of planned adap-
tations include dropping arms for futility or efficacy, changing
allocation ratios across randomized arms, seamless phase 2 to 3
transitions, and sample size reestimation [5, 6]. A fundamental
adaptation is the allowance for interventions to be added,
dropped, or modified while the study is ongoing [1].
Adaptive platform trials have been used in diverse diseases
including infections and cancers [7-10]. To address the coro-
navirus disease 2019 (COVID-19) pandemic, several adaptive
platform studies were deployed to evaluate potential treatments
[11-16], including the ACTIV-2 trial. The ACTIV-2 trial is a
phase 2/3 adaptive platform trial for the evaluation of novel
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therapeutics for COVID-19 treatment in nonhospitalized
adults (NCT04518410). ACTIV-2 was developed by the AIDS
Clinical Trials Group as one of several trials under the umbrella
of the Accelerating COVID-19 Therapeutic Interventions and
Vaccines (ACTIV) initiative, a public-private partnership be-
tween the United States National Institutes of Health and other
government agencies with pharmaceutical collaborators [17]. A
key aim of the trial was to rapidly undertake placebo-controlled
evaluations of multiple novel investigational agents, with
agents being added and dropped during the study. To allow
for efficient evaluation of agents in parallel by reducing overall
sample size requirements, there was sharing of a concurrent
pooled placebo control group that included participants who
received placebos for different agents. The aim of this report
is to describe our experience using a pooled placebo control
group in the ACTIV-2 trial, with the goal of informing use of
such control groups in future trials.

METHODS

Overview of the ACTIV-2 Study

ACTIV-2 was designed to evaluate the safety and efficacy of
monoclonal antibodies and other antiviral therapies, with di-
verse modes of administration, for the treatment of nonhospi-
talized adults with documented acute severe acute respiratory
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syndrome coronavirus 2 (SARS-CoV-2) infection and symp-
toms of mild-to-moderate COVID-19. The study included a
phase 2 evaluation with transition into a larger phase 3 evalua-
tion for promising agents. To promote collaboration with in-
dustry partners in the early stages of product development
and expedite phase 2/3 evaluation of multiple agents, the study
was designed to evaluate each agent versus placebo and not to
compare agents with each other. Details on study objectives
in the
Supplementary Material, with full details of the initial design
available [18].

and sample size considerations are provided

Choice of Control Group
A key principle in designing ACTIV-2 was to use a concurrent-
ly randomized control group for evaluating each agent and not
to include previously enrolled participants as historic controls
[19]. The pooled placebo control group for evaluating an agent
was composed of participants who could have been random-
ized to receive that agent, but were instead randomized to re-
ceive either the placebo for that agent or a placebo for
another investigational agent enrolling concurrently. The deci-
sion not to use historic controls reflected concerns about poten-
tial bias in the face of a rapidly evolving emergent pandemic,
including possible changes to at-risk populations; access to,
type of, and timing of diagnostic testing; management of per-
sons with COVID-19; vaccine availability; and viral evolution.
There was also a strong desire to use a blinded placebo-
controlled design rather than an open-label design, in particu-
lar to reduce potential bias in evaluating agents regarding sub-
jectively assessing outcomes,

including safety profiles,

COVID-19 symptoms, and need for hospitalization.

Randomization Framework With a Pooled Placebo Control Group

In ACTIV-2, the type-I error rate was controlled separately for
each agent, rather than controlling the family-wise error rate
control across all agents, which has sometimes been advocated

for in platform trials [19, 20]. Separate error rate control for
each agent is considered acceptable in guidance from the US
Food and Drug Administration [21]. Thus, a randomization
framework designed to have an equal number of participants as-
signed to an active agent as to its pooled placebo control group is
optimal in terms of power. With this principle in mind,
ACTIV-2 implemented the blinded design using 2 randomiza-
tion steps within strata defined by the set of agents that a partic-
ipant was eligible to receive. For a stratum involving r agents, the
first step involved unblinded randomization to each of r groups,
corresponding to the r agents, with equal probability. In the
study’s protocol we referred to these groups as agent groups,
but here we call them subprotocols as in another COVID-19
platform trial [14]. This reflects the fact that all participants in
a subprotocol received the same agent or its placebo, and may
have had agent-specific assessments (eg, for adherence or safety
issues) besides the standard set of assessments. As an example
(Figure 1), in a stratum where participants were eligible to re-
ceive any of the 3 agents A, B, and C, randomization was 1:1:1
to subprotocol A, subprotocol B, and subprotocol C.

The second randomization step was blinded and occurred
within subprotocol, where participants were randomized at a ra-
tio of r-to-1 to active agent or its placebo (eg, agent A or the pla-
cebo for agent A, within subprotocol A). Using the r-to-1 ratio
gave approximately the same number of participants on a specif-
ic agent as in the group of participants who received any of the r
placebos (see illustrative example in the Supplementary
Material). Statistical analysis of a specific agent would then
pool from all strata involving that agent. Outcomes among par-
ticipants assigned that agent would then be compared to out-
comes among participants concurrently randomized to
placebo, irrespective of which agent’s placebo they were assigned
(Figure 1). This 2-step randomization results in approximately
equal size comparison groups, which maximizes statistical power
when the type-I error rate is controlled separately for each agent,
irrespective of the number of subprotocols.

Randomization Step 1

1 !

Subprotocol A

Ratio
1:1:1

Participants eligible for

> Subprotocol B
Agents A, B,and C

Subprotocol C

Figure 1.

Randomization Step 2

Contribution to Analysis

Ratio
- Agent A
3:1
* Placebo for A

Agent A vs Combined
“Placebo for A” and
“Placebo for B” and
“Placebo for C”

» Agent B Agent B vs Combined
£ b | “Placebo for A” and

> Placebo for B “Placebo for B” and
“Placebo for C”

» Agent C Agent C vs Combined
3:1 “Placebo for A” and

* Placebo for C “Placebo for B” and
“Placebo for C”

lllustrative example of randomization scheme for a stratum of participants eligible for 3 agents, A, B, and C.
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Adaptation of the Randomization for Different Schedules of Assessments
in Phase 2 Versus Phase 3

The ACTIV-2 randomization had an additional complexity as
the schedule of assessments was more intensive in phase 2 than
phase 3, with more frequent visits and sample collection for as-
sessing biomarkers. Thus, participants who were randomized
to placebo for an agent in phase 3 evaluation did not have all
necessary assessments to be included in the pooled placebo
group for an agent in phase 2 evaluation. The randomization
system therefore had an additional restriction to account for
study phase. In the first step, if a participant was assigned to
a subprotocol for an agent under phase 2 evaluation, then the
second randomization would occur at a ratio of r,:1, where r,
was the number of agents the participant was eligible for that
were in phase 2 evaluation. Similarly, if a participant was as-
signed to a subprotocol for an agent in phase 3 evaluation,
the second randomization would occur at a ratio of r3:1, where
r3 was the number of agents the participant was eligible to re-
ceive that were in phase 3 evaluation. The pooled placebo con-
trol group for an agent was then composed of participants
eligible to receive that agent, who were randomized to receive
a placebo for any agent in the same phase of evaluation.

RESULTS

Participants were enrolled between August 2020 and
September 2021 to the placebo-controlled evaluations of 7

agents, including 2 evaluated at 2 doses, and 1 evaluated using
2 modes of administration (Table 1, Figure 2, and Figure 3).
The modes of administration and frequency of dosing were di-
verse, affirming the decision not to pursue a stricter, double-
blind double-dummy design (see Supplementary Material for
additional discussion on this decision). Agents given by intra-
venous infusion or injection were administered at study entry;
however, 2 agents had multiday dosing. Only 1 agent, amubar-
vimab/romlusevimab, underwent placebo-controlled evalua-
tion in both study phases [22]. In terms of enrollment, 2
agents had longer enrollment periods during phase 2 evalua-
tion compared to other agents: for SNG001, this was primarily
because of limitations on product availability, and for SAB-185,
because enrollment was initially limited to only participants at
higher risk of severe COVID-19 progression. Ultimately, the
successful development of several very effective agents outside
of ACTIV-2 led to ending further placebo-controlled evalua-
tion in our study [23-26]. A more detailed summary of the pro-
gression of agents through ACTIV-2 is provided in the
Supplementary Material.

The number of subprotocols available for enrollment varied
over time (Figure 2 and Figure 3). This also varied among sites
due to product availability of some agents and ethical/regulato-
ry approval timelines. A total of 2231 participants from 138
sites were randomized to between 1 and 7 subprotocols during
placebo-controlled enrollment (Table 2). Of these, 57% could
only have been randomized to 1 subprotocol. There were 4

Table 1. Investigational Agents Evaluated in Placebo-Controlled Comparisons ACTIV-2

Total Randomized to

Subprotocol LTFU Prior to
Investigational Route of Risk Group for Severe Protocol Version (Total Initiated Agent/ day 28
Agent Subprotocol Administration COVID-19 Progression Introducing Agent Placebo) No. (%)
Bamlanivimab Bam 7000mg® % H+L 1 94 (94) 4(4)
Bam 700mg v H+L 1 (LOA) 225 (223) 6 (3)
Amubarvimab/ A/R (phase 2 v H 2 222 (220) 9 (4)
romlusevimab assessments)®
A/R (phase 3 \Y H 2 624 (617) 13 (2)
assessments)®
SNGOO01 SNGO01 Inhaled Initially H + L® 3 163 (162) 7 (4)
(14 d of dosing)
Camostat Camostat Oral Initially H + L° 3 167 (160) 11(7)
(7 d of dosing)
Tixagevimab/ T/CIM IM injection Initially H + L° 3 164 (160) 9 (6)
cilgavimab
T/C Ve \Y Initially H® 3 94 (91) 5 (5)
SAB-185 SAB high dose \% Initially H® 4 156 (151) 6 (4)
SAB low dose \% Initially H® 4 149 (142) 2(1)
BMS-986414 + BMS SC injection Initially H + L° 5 173 (169) 11(7)

BMS-986413

Abbreviations: A/R, amubarvimab/romlusevimab; BMS, Bristol Myers Squibb; H, higher risk; IM, intramuscular injection; IV, intravenous infusion; L, lower risk; LOA, letter of amendment;
LTFU, lost to follow-up; SC, subcutaneous injection; T/C, tixagevimab/cilgavimab.

#Subprotocols for which phase 2 enrollment was terminated early for administrative reasons.

PA/R was the only agent with placebo-controlled evaluation in both phase 2 and phase 3.

CInitially, agents administered IV were restricted to higher-risk individuals; however, protocol version 6.0 changed inclusion criteria to restrict phase 2 enroliment to only those at lower risk for

progression to severe COVID-19, regardless of the route of administration.
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Figure 2.

Enrollment timelines for placebo-controlled evaluation of agents in ACTIV-2. Dashed arrow perimeters indicate agents for which phase 2 enrollment was ter-

minated early for administrative reasons. Enrollment shown is for placebo-controlled phase 2 evaluation for all agents and placebo-controlled phase 3 evaluation of A/R (the
only agent that underwent placebo-controlled phase 3 evaluation in ACTIV-2). Abbreviations: A/R, amubarvimab/romlusevimab; Bam, bamlanivimab; IM, intramuscular in-

jection; 1V, intravenous infusion; Ph, phase; T/C, tixagevimab/cilgavimab.

major reasons for this. First, between August 2020 and January
2021, only a single subprotocol was available for enrollment at
any point (accounting for 24% of the 2231). Second, enrollment
at non-US sites was limited to the phase 3 evaluation of 1 agent
and hence to enrollment to a single subprotocol (13% of 2231).
Third, the evolving treatment landscape for nonhospitalized
persons with COVID-19 impacted eligibility of participants
at lower and higher risk of COVID-19 progression. Agents en-
tering the study later were restricted in the phase 2 evaluation to
lower-risk participants and in the phase 3 evaluation of amu-
barvimab/romlusevimab to higher-risk participants (11% of
2231). The fourth reflects factors such as product availability
and differences in eligibility requirements (including that ini-
tially only participants at higher risk of severe COVID-19 could
be randomized to an infused agent because the logistical de-
mands of infusions were unlikely to be worthwhile in clinical
practice for lower-risk individuals; 9% of 2231).

The efficiency of using a pooled placebo control group in
terms of sample size reduction is difficult to exactly determine
due to early termination of 2 subprotocols for administrative
reasons; however, we can calculate an approximate value by
focusing on the remaining 9 subprotocols that fully accrued.

If each of these subprotocols had enrolled their own distinct pla-
cebo control groups, the total sample size would have been 2382
participants (220 per agent evaluated in phase 2, plus 622 for the
phase 3 evaluation of amubarvimab/romlusevimab). The actual
total of 2231 participants therefore achieved a 6% reduction by
using pooled placebo controls. This modest reduction largely re-
flects the large proportion of participants described above who
could be randomized to only 1 subprotocol. If we focus only
on agents in phase 2 evaluation during the period of parallel eval-
uation, from 10 February 2021 onwards, using pooled placebo
controls achieved a 26% reduction in sample size, from the
1320 participants required if distinct placebo groups had been
used, to the 972 participants actually enrolled. This contrasts
with the maximum reduction that could have been achieved in
the idealistic situation in which all participants were eligible
for all these agents and enrollment was completely concurrent,
where a 42% reduction in sample size could be achieved.

As there was no blinding of subprotocol, a potential concern
was there might be differential uptake of study intervention or
rate of loss to follow-up of participants according to the sub-
protocol to which they were randomized. Table 1 includes a
summary of these parameters by subprotocol suggesting there
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Figure 3.

Enrollment over time for the placebo-controlled evaluation of agents in ACTIV-2. Abbreviations: A/R-Ph2, amubarvimab/romlusevimab phase 2; A/R-Ph3,

amubarvimab/romlusevimab phase 3; Bam-700 mg, bamlanivimab 700 mg; Bam-7000 mg, bamlanivimab 7000 mg; BMS, BMS-986414 + BMS-986413; SAB-185-high,
SAB-185 high dose; SAB-185-low, SAB-185 low dose; T/C IV, tixagevimab/cilgavimab by intravenous infusion; T/C-IM, tixagevimab/cilgavimab by intramuscular injection.

was no notable concern in ACTIV-2 (see Supplementary
Material for additional details).

DISCUSSION

Adaptive platform trials offer the opportunity to study multiple
investigational agents in a standardized protocol using the
same infrastructure (eg, sites, laboratories, data management,
and monitoring), which may be attractive during emergent
pandemics when new therapies are being rapidly developed
and require expedited evaluation. Utilizing pooled placebo
control groups can improve efficiency by reducing the total
number of trial participants required to evaluate a set of agents,

Table2. Number of Subprotocols for Which Participants Were Eligible at
the Time of Randomization

Number of Subprotocols for Which a Participant Was
Eligible

No. (%) of
Participants

1262 (57)
294 (13)
344 (15)
253 (11)

74 (3)
1 (<0.5)
3 (<0.5)

N o o N =

with greater reductions in sample size as the number of agents
evaluated in parallel increases. This can accelerate evaluation of
safety and clinical efficacy of a set of agents compared to a trial
that required distinct placebo control groups for each agent. In
addition, the favorable ratio for receiving a potentially active
agent versus placebo may be attractive to potential participants
(as we observed anecdotally), and possibly enhance the rate of
enrollment.

In ACTIV-2, the estimated reduction in sample size overall
was small, only 6%, due to the availability of only a single agent
for evaluation due to different facets of the trial. However, for 5
agents evaluated in phase 2 (including 1 evaluated at 2 doses)
with substantial overlapping periods of evaluation, a larger
26% reduction in sample size was achieved (requiring 348 fewer
participants), facilitating earlier decision making about wheth-
er to further evaluate these agents.

It is possible, however, that alternative designs might have
achieved earlier decisions for the phase 2 evaluation of these
5 agents, although perhaps requiring larger enrollment num-
bers. For example, ACTIV-2 required participants to be willing
to be randomized to any agent available at the site where they
enrolled. This was done in part to provide equal opportunity
across agents, potentially important for collaborating compa-
nies. However, a design allowing participants to choose among
modes of administration of agents might have increased the
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number of interested participants. Similarly, sites might have
been able to enroll more participants on a given day if they
had flexibility as to what agents could be offered. For example,
many agents evaluated in ACTIV-2 were infused and so a po-
tential limiting factor for enrollment might have been infusion
capacity and time.

ACTIV-2 was designed to undertake phase 2 evaluation of
agents followed by phase 3 evaluation with a reduced schedule
of assessments for promising agents. A consequence of the re-
duced schedule is that recipients of a placebo for an agent being
evaluated in phase 3 could not be included as part of the pooled
placebo control group for the phase 2 evaluation of another
agent (and therefore reduce sample size requirements for the
whole trial even further). The differences in assessments be-
tween phase 2 and phase 3 corresponded with the differing ob-
jectives of the 2 phases. The phase 2 evaluation included a
virologic outcome, requiring frequent nasopharyngeal sam-
pling, and more frequent safety and pharmacokinetic assess-
ments that would have been burdensome, and costly, to
include in a large phase 3 evaluation focused on determining
efficacy for reducing hospitalizations and deaths. It would
have been possible to construct a pooled placebo group for
an agent in phase 3 that also included participants concurrently
randomized to receive placebos for agents in phase 2 evalua-
tion, but this was not undertaken in ACTIV-2. The value of
this approach may deserve consideration in other phase 2/3
platform trials, but such a design would likely require a more
complex statistical analysis approach to handle time-varying
probability of assignment to a specific agent versus pooled pla-
cebo group based on the varying number of agents in phase 2
versus phase 3 evaluation.

From a site perspective, implementing and running a plat-
form trial can be complex, although running multiple separate
trials to evaluate a similar number of agents in parallel can also
be difficult. Compared with using distinct placebo control
groups for evaluating each agent, a significant complexity of
randomizing to multiple subprotocols with a shared placebo
group is that the informed consent process becomes more
onerous, requiring information to be provided to participants
for each agent/placebo to which they might be assigned. In
ACTIV-2, this also involved review of both phase 2 and phase
3 procedures, as not only were multiple agents and placebos
possible, but randomization into either a phase 2 or phase 3
evaluation was also possible. Packaging the information and
consent forms is further complicated by variation in the set
of agents evaluated over time. Even though a substantial effort
was made in ACTIV-2 to limit eligibility criteria specific to in-
dividual agents, some agent-specific criteria were needed, fur-
ther complicating the informed consent process. Ultimately,
the complexity for sites, and other aspects of the trial infrastruc-
ture required to randomize participants among a large number
of agents needs to be balanced against the sample size

reductions that might be achieved. Although there is not a max-
imum number of agents a trial could consider, based on our ex-
perience, concurrent enrollment to 4 agents is likely an upper
bound on the complexity that could be reasonably handled.

A study design complexity that arose in ACTIV-2 was a need
to monitor the long-term safety of some antibody treatments to
72 weeks after administration because of their long half-lives.
To maintain blinded follow-up and precision in evaluating
these outcomes, this required following all participants for 72
weeks to maintain the pooled placebo control groups for eval-
uating these agents. This included participants randomized to
subprotocols for agents with relatively short half-lives, which
otherwise would not have required such extended follow-up,
potentially increasing costs relative to what might have been
needed if a distinct placebo control group was used for each
agent. However, in ACTIV-2, the longer-term follow-up for
all agents provided the benefit of being able to evaluate so-
called long COVID outcomes across the platform. In future
studies, such long-term safety follow-up might be restricted
to certain subprotocols and so the randomized comparison
would be for a specific agent versus its own placebo control
with the caveat this would have reduced statistical precision.

An additional limitation of using a pooled placebo group is
when protocol objectives are introduced that are specific to a
given agent (such as related to the mechanism of action or ad-
ministration) and thus require agent-specific assessments. For
these analyses, the active agent could be compared to partici-
pants randomized to the placebo group for that subprotocol
only, or perhaps among placebo recipients in the subset of sub-
protocols involving agents with the same mechanism of action
or mode of administration. A decrease in precision in estimat-
ing the effects would be expected by restricting the control
group in these ways, but may be necessary depending on the
outcome of interest. Similarly, an important assumption in us-
ing a pooled placebo is that a participant’s outcomes would not
differ based on the specific placebo received. If this assumption
is not valid, such that a control group for a particular agent
needs to be restricted to recipients who received the placebo
for that agent, then this will also result in loss in precision
when evaluating effects of the agent.

When evaluating multiple agents using overlapping pooled
placebo control groups, maintaining blinding for evaluating
each agent is more complex than in trials with distinct placebo
control groups, increasing the potential for bias in randomized
comparisons [27, 28]. This complexity arises when collating in-
formation about the study population to evaluate a specific
agent. In ACTIV-2, it was potentially a more significant issue
than it might be in some platform trials as the primary out-
comes were evaluated after 28 days of follow-up, but there
was blinded long-term follow for 72 weeks. As a simple illustra-
tive example, consider a participant with a particular baseline

If this

characteristic or an uncommon adverse event.
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participant appears in a table of baseline characteristics or ad-
verse events summarizing 1 specific agent (even if this table
only shows results pooled over arms), then the blind of inves-
tigators at their site could be broken if they recognize this par-
ticipant was actually randomized to the subprotocol for a
different agent. In addition, if this participant appeared in sum-
mary tables for other agents, or conversely if they did not ap-
pear in other tables this could inadvertently reveal if this
participant was on a placebo or not, which has broad implica-
tions for trial conduct and analysis. Thus, in ACTIV-2, accrual
monitoring for an agent was done by unblinded personnel who
controlled the released information about reaching a particular
target to avoid incidental unblinding for participants who most
recently enrolled, and quality assurance of data for interim and
primary analyses for a specific agent was performed in a blind-
ed manner where groups of participants who could have poten-
tially been assigned to the agent were determined based on
calendar time of enrollment. For interim reviews of a specific
agent by a data monitoring committee, so-called open reports
did not include baseline characteristics for that agent, and the
results of primary analyses provided to blinded personnel
and disseminated publicly were summarized in a manner that
minimized the possible risk of unblinding.

CONCLUSION

Despite the challenges, ACTIV-2 succeeded in implementing
phase 2/3 evaluations of multiple novel agents with different
routes of administration, mechanisms and durations of action,
and toxicity profiles, employing a pooled placebo design that
provided for reductions in sample size requirements. This al-
lowed for rapid evaluation of a broad spectrum of investiga-
tional agents.

Based on our experience, the gains in efficiency from using
pooled placebo control groups in an adaptive platform trial is
likely most valuable in settings where multiple agents with
good product availability can be introduced simultaneously
across all study sites, with minimal differences in eligibility re-
quirements and study assessments across agents. Even with ad-
ditional complexities in the informed consent process, more
rapid accrual (and attendant cost savings) and hence more rap-
id evaluation of agents may be achieved if there is increased ap-
peal to participants due to higher probability of receiving a
potentially active agent than a placebo, compared with studies
evaluating agents with unique placebo control groups.
However, as the number of agents being evaluated in parallel
increases, so does the complexity of implementing the study,
and the potential benefits of using pooled placebo control
groups are reduced. Distinct placebo control groups for each
agent may then be preferred and, if implemented within a plat-
form trial rather than separate trials for each agent, can still le-
verage the efficiencies and cost savings achieved through use of

a highly standardized trial infrastructure and established net-
work of clinical sites.

Supplementary Data

Supplementary materials are available at The Journal of
Infectious Diseases online. Consisting of data provided by the
authors to benefit the reader, the posted materials are not copy-
edited and are the sole responsibility of the authors, so ques-
tions or comments should be addressed to the corresponding
author.
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