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ARTICLE INFO ABSTRACT

Keywords: More than 3000 clinical trials related to COVID-19 have been registered through clinicaltrials.gov. With so many
COVID-19 trials, there is a risk that many will be inconclusive due to being underpowered or due to an inability to recruit
SARS-CoV-2 patients. At academic medical centers, multiple trials are competing for the same resources; the success of one
3:::"1 may come at the expense of another.

Adaptive The COVID-19 Outpatient Pragmatic Protocol Study (COPPS) is a flexible phase 2, multi-site, randomized,

Phase 2 blinded trial based at Stanford University designed to overcome these issues by simultaneously evaluating
multiple COVID-19 treatments in the outpatient setting in one common platform with shared controls. This
approach reduces the overall number of patients required for statistical power, while improving the likelihood
that any enrolled patient receives active treatment.

The platform study has two main domains designed to evaluate COVID-19 treatments by assessing their ability
to reduce viral shedding (Viral Domain), measured with self-collected nasal swabs, or improve clinical outcomes
(Clinical Domain), measured through self-reported symptomology data. Data are collected on both domains for
all participants enrolled. Participants are followed over a 28-day period.

COPPS has the advantage of pragmatism created around its workflow that is also appealing to potential
participants because of a lower probability of inactive treatment. At the conclusion of this clinical trial we expect
to have identified potentially effective therapeutic strategy/ies for treating COVID-19 in the outpatient setting,
which will have a transformative impact on medicine and public health.

1. Introduction therapeutic agent for active COVID-19 in the outpatient setting to
improve outcomes. This massive response from researchers worldwide

The response to solving the COVID-19 crisis has been unprecedented has pushed the existing clinical trial infrastructure to its limits and re-
[1]. 2020 included over 3000 registered COVID-19 trials on clinicalt quires changes to the existing clinical trial system [3]. At Stanford
rials.gov [2]. However, we currently lack a robust standard of care University alone, 40 trials — including 10 for the outpatient population —

* Corresponding author at: Quantitative Sciences Unit, Department of Medicine, Stanford School of Medicine, Stanford University, 1701 Page Mill Road, Palo Alto,
CA 94304, USA.
E-mail address: manishad@stanford.edu (M. Desai).
1 Indicates co-first authorship.

https://doi.org/10.1016/j.cct.2021.106509

Received 5 February 2021; Received in revised form 11 June 2021; Accepted 13 July 2021
Available online 16 July 2021

1551-7144/© 2021 Elsevier Inc. All rights reserved.


http://clinicaltrials.gov
http://clinicaltrials.gov
http://clinicaltrials.gov
mailto:manishad@stanford.edu
www.sciencedirect.com/science/journal/15517144
https://www.elsevier.com/locate/conclintrial
https://doi.org/10.1016/j.cct.2021.106509
https://doi.org/10.1016/j.cct.2021.106509
https://doi.org/10.1016/j.cct.2021.106509
http://crossmark.crossref.org/dialog/?doi=10.1016/j.cct.2021.106509&domain=pdf

B. Bunning et al.

have begun or are pending launch.

With so many trials being launched, however, there is much at stake.
At academic medical centers, multiple trials compete against one
another for the same resources, where the success of one may come at
the cost of the other. The thin spread of resources over multiple trials
increases the risk launched trials will not be successful in addressing
their objectives. Factors leading to possible failure include reduced
enrollment, missing data (e.g., through attrition of participants), data
integrity issues, or poor study design. We addressed several of these
issues by creating a streamlined infrastructure within our Data Coordi-
nating Center [4]; however, more is needed.

The need to consolidate effort has been recognized by several na-
tional entities, resulting in the ACTIV and ACTT trials in the US, and
RECOVERY in the UK [5]. These trials are examples of a type of efficient
study design known as a master, platform, or umbrella design, common
in the oncology field, to which the Food and Drug Administration (FDA)
is receptive and for which they have developed guidelines [6,7]. We also
identified a platform protocol as a key element of our shared infra-
structure that we established to streamline processes [4]. Specifically,
the design allows for the simultaneous study of multiple agents and often
includes flexible features to adapt given rapidly changing internal or
external evidence [8]. Early in the pandemic (April 2020), Dean and
authors — members of the WHO-sponsored R&D Blueprint or plan to
design trials during public health emergencies [9] - raised the concept of
such a protocol to address the virus [10].

The objective of this paper is to describe a platform protocol that
provides a framework around multiple single trials to gain efficiency and
increase flexibility thus mitigating some of the problems raised by the
statistical and medical community for the proper conduct of trials during
a pandemic. The COVID-19 Outpatient Pragmatic Protocol Study
(COPPS) is a flexible, multi-site, randomized, blinded study based at
Stanford University designed to evaluate COVID-19 treatments by
assessing their ability to either reduce viral load or improve clinical
outcomes. There are numerous strengths to the study that we describe
here, including a shared control group that increases efficiency, a shared
database, and pragmatic engagement with other sites. At the conclusion
of this clinical trial we expect to have identified potentially effective
therapeutic strategy/ies for treating COVID-19 that will have a trans-
formative impact on precision medicine and public health.

2. Materials and methods
2.1. Trial design

COPPS is a multi-site adaptive platform protocol designed to eval-
uate COVID-19 treatments by assessing their ability to reduce viral
shedding (Viral Domain) or improve clinical outcomes (Clinical
Domain) across multiple sites. Treatment arms may be dropped or added
during the trial period. For an investigational product to be included in
the platform, data are collected on both Domains, with granular details
on the evaluation of each treatment arm provided in a separate sub-
protocol.

Overall, the study is designed to primarily evaluate efficacy. The
platform trial allows one of two primary objectives when evaluating a
treatment arm: one evaluating viral shedding (A. Viral Domain); and
another evaluating clinical outcomes (B. Clinical Domain). The inves-
tigational product of interest, likely anti-viral or anti-inflammatory in
nature, and its mechanism of action and scientific rationale will dictate
which objective is primary under its sub-protocol (i.e., either A. Viral
Domain or B. Clinical Domain) with the non-assigned Domain serving as
a secondary objective. The platform trial will include a common control
arm that will be used as a comparator for all arms in both Domains thus
reducing the proportion of subjects not on an active agent and expe-
diting recruitment for simultaneously run trials. Investigational prod-
ucts will not be compared to each other.
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2.2. Primary, secondary, and exploratory objectives

The platform study allows objectives either evaluating viral shedding
(Virology Domain) or COVID-19 related Clinical Outcomes (Clinical
Domain).

The primary objective for investigational products within the Viral
Domain is:

A. To evaluate the efficacy of each therapeutic intervention in addition
to standard supportive care compared with standard supportive care
in reducing viral shedding of SARS-CoV-2 virus in outpatients with
COVID-19 disease.

The primary objective for investigational products within for the
Clinical Domain is:

B. To evaluate the efficacy of each therapeutic intervention in addition
to standard supportive care as compared to standard supportive care
in improving clinical outcomes in outpatients with COVID-19
disease.

Secondary objectives are:

1) The primary objective of the non-assigned domain

2) To evaluate the efficacy of each therapeutic intervention in reducing
SARS-CoV-2 related hospitalizations, Emergency Department (ED)
visits, or death in outpatients with COVID-19 disease

3) To assess the development of antibodies against SARS-CoV-2

4) To evaluate the safety and tolerability of each therapeutic inter-
vention compared with placebo plus supportive care.

Exploratory objectives are specific to each sub-protocol and are
specified in their respective statistical analysis plans.

2.3. Eligibility criteria and exclusions

COPPS is designed to study adults with COVID-19 diagnosed as
outpatients. Specifically, adults 18 through 80 years of age, with an
initial diagnosis of COVID-19 as defined by an FDA-cleared molecular
diagnostic assay based on reverse transcription polymerase chain reac-
tion that provides evidence the patient is positive for SARS-CoV-2 within
72 h from initial swab from the time of informed consent, with onset of
symptoms no more than 7 days at time of enrollment are potentially
eligible for participation. Patients are not considered eligible if they
need to be admitted to the hospital or are being evaluated for potential
admission at enrollment. Exclusion criteria are tailored to each inves-
tigational drug. However, some exclusion criteria are shared among all
arms in the platform in both domains. The general exclusion criteria for
the platform protocol is as follows:

1. Atscreening, the subject needs to be admitted to the hospital or is
being evaluated for potential admission.

2. Previous use of drugs that may be active against COVID-19 in the
eyes of the investigators. Subject is using adrenocorticosteroids
(except topical or inhaled preparations or oral preparations
equivalent to or less than 10 mg of oral prednisone) or immu-
nosuppressive or immunomodulatory drugs (e.g., immunosup-
pressants, anticancer drugs, interleukins, interleukin antagonists
or interleukin receptor blockers).

3. At screening, subject tests positive by a urine pregnancy test.

4. Subject has a serious chronic disease (e.g., uncontrolled human
immunodeficiency virus [HIV], cancer requiring chemotherapy
within the preceding 6 months, and/or moderate or severe he-
patic insufficiency).

5. Has renal insufficiency requiring hemodialysis or continuous
ambulatory peritoneal dialysis (CAPD).
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6. Has liver impairment greater than Child Pugh A.
. Has a history of alcohol or drug abuse in the previous 6 months.
8. Has a psychiatric disease that is not well controlled where
controlled is defined as: stable on a regimen for more than one
year.
9. Has taken another investigational drug within the past 30 days.
10. Is deemed by the Investigator to be ineligible for any reason.

N

2.4. Randomization and blinding

Patients will be randomized to one of the investigational therapies
that are available at the time of the enrollment and for which the pa-
tients are eligible or to the control arm (See Fig. 1). A biased coin
randomization using age and sex as strata will be used to balance the mix
of older/younger (stratified by 50 years of age) and female/male ran-
domized to each arm. Patients randomized to the control arm will be
further randomized to a sub-protocol (among the set of sub-protocols
currently available and for which that patient is eligible) that will
determine the type of placebo treatment the patient receives and study
procedures for any minor processes that may differ across sub-protocols
to maintain blinding. Specifically, each investigational therapy will have
a corresponding matching placebo that will mimic the active therapy.
For example, if the drug is to be taken orally, the tablets will look similar
to the investigational therapy for the assigned sub-protocol and intended
to be taken on the same schedule as the active therapy. If delivered
subcutaneously, the placebo will be a saline injection. Thus, as study
arms are added, placebos that look like that study arm will also be
added. Patients and investigators will be blinded to whether a patient
receives an active or placebo version of the treatment, although study
investigators will know which sub-protocol a patient is randomized to.
In this manner, all sub-protocols will be double-blinded.

2.5. Initial drugs of interest and common control arm

COPPS will be initiated with two candidate therapies: one under
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each Domain. Camostat/foipan will be studied under the Viral Domain,
and acebilustat will be studied under the Clinical Domain.

Camostat/foipan has been extensively used to treat pancreatitis pa-
tients for more than 20 years in Japan and was based on evidence from
multiple clinical trials. In brief, the hypothesis is that the trans-
membrane serine protease, TMPRSS2, plays a critical role in the life
cycle of SARS-CoV-2. Using a panel of established human cell lines,
Matsuyama et al. (2020) showed that SARS-CoV-2 infection is enhanced
by TMPRSS2 expression in a host cell[15]. Independently, Hoffmann
et al. (2021) demonstrated that SARS-CoV-2 cell entry depends on the
angiotensin converting enzyme II receptor and TMPRSS2 activity, the
latter resulting from the ability of the protease to prime the viral spike
protein[16]. The authors further observed that camostat could block
viral entry in vitro.

Acebilustat (CTX-4430) is a novel, synthetic, small molecule devel-
oped for the treatment of inflammatory conditions with potential to
reduce the morbidity and mortality associated with COVID-19. It is a
potent inhibitor of leukotriene A4 hydrolase (LTA4H), the rate-limiting
enzyme in the production of LTB4. In cystic fibrosis patients, a 100 mg
once-daily oral dose of acebilustat reduced white blood cell counts in the
lungs by up to 65% and reduced the occurrence of pulmonary exacer-
bations that frequently lead to hospitalization by up to 48% in patients
with early stage lung disease. The safety of 100 mg once daily oral
acebilustat has been profiled in over 321 human adults (3 Phase 1
studies and 2 Phase 2 studies), including over 100 cystic fibrosis patients
receiving 50 mg or 100 mg once daily oral acebilustat for 48 weeks. No
suspected unexpected serious adverse reactions (SUSARs) have been
reported in healthy volunteer studies to date.

To address primary objectives, a control arm will be included. The
control arm is referred to as a common control arm because the partic-
ipants in this arm will be shared to address objectives across multiple
sub-protocols. More specifically, a subset of the common control arm
will be used as the comparator for each individual treatment, where the
subset of participants is defined by those participants in a control arm
who could have been randomized to the active treatment at the time of

1) Randomization Scheme

1. Age 2 18 years and < 80 years at the time of the

assessment
N7 2.
Exclude 3.
from study

4. Symptom onset within 7 days of randomization

Able and willing to understand the study, adhere to all
study procedures, and provide written informed
consent

Initial diagnosis of COVID-19 disease as defined by an
FDA-cleared molecular diagnostic assay positive for
SARS-CoV-2, with result obtained no more than 48
hours prior, and within 72 hours from initial swab

i Yes

Randomize patients with with equal probability

2) Implementation Scheme

Sub-protocol Sub-protocol Sub-protocol
Al A2 B2 Double-

Blind

A1 Control A2 Control B2 Control

3) Analysis Scheme

Viral Domain A:

Viral load AUC

Shared Controls

to all drugs including control at time of Sub-protocol Sub-protocol Sub-protocol
patient’s enrollment . Control patients further Al A2 B2

randomized to a sub-protocol P Al Controls A1 Controls

Eligible for A2 Eligible for B2
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Fig. 1. Schema for study inclusion.
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randomization (i.e., the patient was eligible for the active treatment and
the drug was being studied at the time of randomization). Similar to
other platform trials including the United Kingdom-based RECOVERY
trial, patients in the common control arm will be included in the com-
parison group of any treatment that the patient could have been ran-
domized to at the time of randomization, regardless of the patient's
assigned sub-protocol [11]. This maintains comparability between the
study arm of interest and the controls used as comparators with respect
to secular time and eligibility criteria.

2.6. Participant timelines, assessments, and measures

Under each Domain, a set of assessments will be performed (Table 1).
Assessments can be specific to a sub-protocol, with the exception of the
assessments required to evaluate the Viral and Clinical Domain primary
endpoints. Both primary assessments are required to be collected for
each sub-protocol in the platform in order to share controls across the
sub-protocols.

The primary outcome for the Viral Domain is the AUC of viral load
over a 10-day period. AUC of shedding of SARS-CoV-2 virus will be
defined using the linear trapezoidal method through day 10 from self-
collected nasal swab RT-PCR data. Mean AUC levels will be compared
between groups using a linear regression model regressing log(AUC) on
treatment arm, age, and sex.

The primary outcome measure for the Clinical Domain is time from
randomization to sustained resolution of symptoms resolution, defined
as absence of self-reported symptoms for at least 48 h not including
sense of taste or smell, and defining recovery for fatigue and cough as
mild or none [12]. Data are based on the COVID-19 Outpatient Symptom
Survey (COSS) (See Appendix) and are considered right-censored. Spe-
cifically, if data on symptoms are only partially completed, resolution is
undetermined and considered censored. For situations where the
symptom survey indicates resolution, but the participant skips one or
more surveys prior to a survey that indicates sustained resolution, we
will employ multiple imputation techniques that assume a missing at
random (MAR) mechanism to fill in the data. Any participant who drops
out prior to having one survey indicating mild to no symptoms will be
censored at Day 28. Death prior to providing evidence of resolution will
be considered a competing risk.

Secondary outcomes include the primary outcome measure for the
non-assigned Domain, as well as:

1) An indicator for whether the patient was evaluated in either the
Urgent Care setting or the ED for a SARS-CoV-2-related complication

2) An indicator for whether the patient was admitted for a SARS-CoV-2-
related complication

3) An indicator for whether the patient was admitted to the ICU

4) An indicator for whether the patient died due to a SARS-CoV-2-
related complication

5) Antibody titers

Table 1
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6) The occurrence of adverse events during the study period
3. Statistical considerations

The analytic approach described below describes how we will
address the primary and secondary objectives of each specific sub-
protocol and will be performed at pre-specified timepoints listed in
the Statistical Analysis Plan (e.g., at interim and final analyses).

3.1. Descriptive analyses

Descriptive statistics (proportions for categorical variables, means,
medians, standard deviations and interquartile ranges for continuous
variables) will be reported for all key patient characteristics, including
baseline and demographic characteristics, use of medications, compli-
ance, and study completion status. Data that are missing on key patient
characteristics and the outcome will be fully described, including any
patterns of missingness (i.e., any relationships between missingness of a
variable and patient characteristics). A CONSORT diagram displaying
the number of patients screened, eligible, and consented along with
reasons for ineligibility will be provided for the overall trial as well as for
the specific sub-protocol of interest. Graphical tools such as histograms,
boxplots, and scatterplots will be created to assess quality of data and to
display patterns over time.

3.2. Primary analyses

We rely on intention-to-treat (ITT) principles when addressing the
primary objective. Specifically, we will address the primary objective of
a given sub-protocol using the ITT population. The ITT population in-
cludes all patients randomized to that treatment and all control patients
that could have been randomized to the treatment and that were eligible
for the active treatment at the time of the patients' randomization. Pa-
tients will be analyzed according to their assigned treatment arm. All
efficacy analyses will be completed in the ITT population. The per-
protocol (PP) population will include all randomized patients who
completed follow-up and adhered to study procedures. All efficacy an-
alyses will be also be completed in the PP population as supportive ev-
idence for the primary efficacy analysis.

For sub-protocols in the Viral Domain, the AUC SARS-CoV2 viral
RNA levels during follow-up will be estimated using the linear trape-
zoidal method, and mean AUC levels compared between groups using a
linear regression model regressing log(AUC) on treatment arm, age, and
sex. We assess significance of differences using a two-sided Wald test.

For sub-protocols in the Clinical Domain, if no deaths are observed as
anticipated, time to sustained symptom resolution will be compared
between the treatment and control arms using a two-sided Wald test
derived from a Cox proportional hazards model adjusted for age and sex.
The hazard ratio for symptom resolution will be estimated, along with
its 95% confidence interval, from a Cox proportional hazards model. If

Domain assessments (X is all domains, O is viral domain only, & is clinical domain only).
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the proportional hazards assumption is not met, we will consider an
extended Cox model that relaxes the proportional hazards assumption.
The distribution of symptom resolution will be estimated using the
Kaplan-Meier method, and Kaplan-Meier curves will be presented for
each treatment arm. Median time to symptom resolution at the end of
the study period along with 95% confidence intervals will be presented
for each treatment arm. In the presence of any deaths, a Fine-Gray model
will be used to compare symptom resolution between arms with death
considered a competing risk using a subdistribution hazard ratio. [13]

3.3. Interim efficacy and futility analyses

There will be interim analyses for efficacy and futility based on the
primary outcome measure in each experimental arm after 50% of the
patients have initiated treated. An arm will stop early for superior effi-
cacy if the two-sided Wald test using the investigational therapy and
control arms is less than alpha = 0.00001, where a low level of signif-
icance was intentionally chosen to set the bar high for stopping. This
decision was motivated by the low probability of mortality in this
outpatient population and the critical need to learn about the full tra-
jectory of virology and symptomatology in this low-risk population. The
test will be performed using the same methods as described above for the
primary endpoint at the final analysis (performed at alpha = 0.04999). A
futility analysis that evaluates conditional power will indicate whether
the study should be stopped early for futility, where a sub-protocol will
be terminated if the conditional power is less than 0.25.

3.4. The handling of missing data

Our analyses will assume data are missing at random. Area under the
curve (AUC) will be defined by a single participant's logarithmic base 10
viral load from self-collected nasal swab tests collected on days 1
through 10. AUC will be calculated by the trapezoidal rule, using exact
times of collection of each nasal swab. Multiple imputation using
chained equations will be used to impute missing viral load data prior to
AUC calculation. Five data sets will be imputed, and imputed values will
be calculated using non-missing viral load on each of the 13 sample
collection days (days 1:10,14,21,28), treatment arm, age, sex, vaccina-
tion status, and whether or not a participant was hospitalized. A pooled
linear regression model will be fit to log-transformed AUC as a function
of treatment, age, and sex using the 5 imputed data sets. Difference in
AUC by treatment arm and corresponding 95% confidence intervals will
be reported using Rubin's Rules. The difference in AUC by treatment arm
will also be done after refitting the model without participants who were
hospitalized to assess sensitivity of results.

For the primary endpoint of time to sustained symptom resolution
(Clinical Domain), data are considered right-censored. Specifically, if
data on symptoms are only partially completed, resolution is undeter-
mined and considered censored. For situations where the symptom
survey indicates resolution, but the participant skips one or more sur-
veys prior to a survey that indicates sustained resolution, we will employ
multiple imputation techniques that assume a missing at random (MAR)
mechanism to fill in the data. Any participant who drops out prior to
having one survey indicating mild to no symptoms will be censored at
Day 28. Sensitivity to assumptions regarding missingness will be
addressed through sensitivity analyses. Deaths that occur prior to evi-
dence of symptom resolution will not be censored and instead be
considered a competing risk.

If more than 5% of participants are missing data on 20% of the
measures required to derive their primary endpoint, we will perform a
sensitivity analysis to evaluate the robustness of our findings to missing
data assumptions. In the sensitivity analysis, among those missing
timing of resolution, we will assume varying proportions (e.g. 25%,
50%) of participants in each arm who would have resolved symptoms by
Day 28. The proportions will differ by arm so we can evaluate whether
our findings stand if it were true that people who dropped out had
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symptom resolution earlier in the placebo arm vs the active arm.
Additionally we will employ sensitivity analyses for the worst case
scenario (not MAR or NMAR mechanism) where those under treatment
are assumed to not have resolved symptoms, while those under the
control arm follow a MAR assumption.

3.5. Operating characteristics

For a given sub-protocol under the Viral Domain, a two-sided Wald
test at the alpha = 0.04999 level of significance will be utilized for the
final analysis. 120 patients (60 per arm) will provide 80% power to
detect an effect size of 0.5 (Cohen's D). This leaves alpha = 0.00001 to
check for overwhelming efficacy after 50% of participants have
completed 24 h of follow-up.

For a given sub-protocol under the Clinical Domain, A two-sided
Wald test of the hazard ratio from a Cox proportional hazards model
with 60 in the control group and 60 in the treatment group, achieves
80% power at a 5% significance level, to detect a hazard ratio of 1.9
when the control group median time-to-resolution is 10 days. This as-
sumes the study lasts for 118 days for which subject accrual occurs in the
first 90 days. For calculations, the accrual pattern across time periods is
assumed to be uniform (all periods equal) and the proportion dropping
out for each the control and treatment groups is assumed to be 5%.

Operating characteristics were further explored through simulation
to provide insight into the impact of sharing a control group across sub-
protocols on inferential errors (Tables 2 and 3). For simplicity we
focused on only one outcome type — time to symptom resolution — where
four sub-protocols or treatments were considered. Time-to-resolution
was generated from an exponential distribution assuming an underly-
ing hazard rate of 0.05. The simulation study further assumed one
interim and one final analysis, a 10% censoring rate, and 5000 iterations
per scenario. Two scenarios were considered: none of the four treat-
ments were effective in Scenario A (HR = 1 for all drugs) (Table 2), and 2
of the 4 treatments were effective in Scenario B (HR = 2 for 2 drugs and
HR = 1 for 2 drugs) (Table 3). Type I error and power were evaluated
using Scenarios A and B, respectively, when a low (3.3%), medium
(50%), and high (96.6%) proportion of the controls were shared. The
conditions where the proportion of shared controls were low should
closely mimic conditions of 4 independently run trials where only the
joint infrastructure (e.g., database, electronic case report forms, type
and timing of measurements, standard operating procedures) — and not
controls — were shared. In this situation, our simulations showed that the
type I error rate or probability that at least 1 drug was identified as
interesting when none of the drugs were effective was 0.184 (close to the
theoretical value of 0.187). The type I error rate decreased as the pro-
portion of shared controls increased (from 0.184 when 3.3% were
shared to 0.159 when 96.6% of the controls were shared). Not surpris-
ingly, however, the probability that at least 2 drugs were incorrectly
identified as effective increased as the proportion of shared controls
increased. This phenomena has been described previously in the liter-
ature [14] and makes intuitive sense as the correlation increases with

Table 2

Operating characteristics for Scenario A when 4 drugs are assessed and none are
effective: Prob 1 (probability that at least 1 drug incorrectly identified as
effective) and Prob 2 (probability that at least 2 drugs incorrectly identified as
effective) by proportion of shared controls under COPPS (estimated from
simulation) relative to 4 independently run trials with no shared controls
(theoretically derived probabilities).

COPPS Four independent trials
No shared controls

Proportion of shared controls Prob 1 Prob 2 Prob 1 Prob 2

3.3% (2/60) 0.184 0.013 0.188 0.013

50% (30/60) 0.178 0.017

96.6% (58/60) 0.159 0.033
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Table 3

Operating characteristics for Scenario B when 4 drugs are assessed and two are
effective: Power 1 (probability that at least 1 of the 2 drugs correctly identified
as effective) and Power 2 (probability that both drugs correctly identified as
effective) by proportion of shared controls under COPPS (estimated from
simulation) relative to 4 independently run trials with no shared controls
(theoretically derived probabilities).

COPPS Four independent trials

No Shared Controls

Proportion of shared controls Power 1 Power 2 Power 1 Power 2
3% (2/60) 0.993 0.839 0.993 0.836
50% (30/60) 0.986 0.849

96.6% (58/60) 0.974 0.858

the proportion of shared controls, which would imply that errors of this
type would also increase. While sharing the controls at a level of 96.6%
led to a 3-fold increase in probability that at least 2 drugs were incor-
rectly identified as effective, the absolute probability of such an error
remained low (0.033). Power (Table 3), i.e. the probability of correctly
identifying the two effective drugs, is as expected (0.839 in simulations
when sharing a low proportion of controls and 0.836 when conducting 4
independent trials with no shared controls). The power of correctly
identifying the two effective drugs increased as the proportion of shared
controls increased (from 0.836 to 0.858).

3.6. Data management and monitoring

Any paper data (e.g. informed consent documents, screening, and
contact information) will be maintained in a research chart. The
remaining clinical data- daily questionnaires, case record forms (CRFs),
and laboratory results-will be entered and maintained in Stanford's
REDCap database (https://www.project-redcap.org/) using the mini-
mum number of personal identifiers (date of birth, dates of visit).
Physical copies of laboratory data from point of care devices will be
stored in a file. Specimen containers and blood tubes will be labeled by
the clinical research coordinator only with study ID and date. Virologic
measurements will be entered into a database stored on secured servers
and provided from the clinical laboratory to the study team. Biobanked
specimens (e.g. PaxGene, plasma, peripheral blood mononuclear cells
(PBMC)) will be entered into the Stanford Biobank database stored on
secure servers.

All subjects will be given a study ID. Symptom questionnaires and
case report forms used at clinic visits will be completed by subjects and
or study personnel using only study ID. Specimen containers will be
labeled by the Clinical Research Coordinator (CRC) only with study ID
and date, time of collection. Virologic measurements and other bio-
markers will be provided back to the study team electronically once
available, and entered into the database. In order to ensure data quality,
the study CRC will perform a regular data quality audit. For this audit all
study forms entered into the data management system will be assessed
for accuracy with source documents. In addition, the study Data Man-
ager will perform weekly reviews of the checks described in the data
management plan to identify potential data quality issues. The data will
be owned by Stanford University.

Electronic data including all study databases and supporting elec-
tronic documentation will be archived to cloud-based servers on a daily
basis. All data will be kept in secured REDCap and Box servers. Only the
research team will have access to the data.

4. Governance

The trial will be governed by an Executive Committee (EC) that will
drive operational and scientific decisions and a larger Steering Com-
mittee (SC) — comprised of the EC and other members including the sub-
protocol principal investigators — who will meet on a quarterly basis and
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advise on key scientific decisions (Fig. 2). A subset of the SC will form
the Drug Working Group that will advise the SC on drugs for consider-
ation. An independent data and safety monitoring board (DSMB) will
serve as advisory to the EC on issues regarding safety, ethical issues, and
prompt dissemination of information important to the public. A Statis-
tical Analysis Committee (SAC) of key unblinded members from the
study team will support and inform the DSMB.

The EC will be the primary decision-making body for day-to-day
operations of COPPS. The EC will meet weekly in order to review and
have final sign-off on the trial protocol, manual of operations, risk-based
monitoring plan, data management plan, and statistical analysis plan.
The SC will advise on key scientific decisions and meet quarterly to
address high-level trial policy, protocol and operational issues, and
dissemination of findings. In particular, the SC will be responsible for
introducing additional treatment arms for inclusion in the protocol and
successful study completion.

5. Discussion

Coordinated effort is needed to address the COVID-19 pandemic.
Initiatives by the NIH and the WHO to do so will ensure that findings
from resulting efforts will be complementary and conclusive. We
recognize the importance of such principles and our own institution's
participation in these studies demonstrates its enthusiasm for contrib-
uting to such solutions. Even at the institutional level, however,
consolidated effort is needed.

The COVID-19 Outpatient Pragmatic Platform Study (COPPS) is a
flexible platform trial aligned with such principles and includes impor-
tant goals to provide a shared infrastructure for leveraging resources
across individual trials initiated at Stanford. Indeed, the motivation
behind COPPS was the independent launch of numerous trials targeting
similar populations. COPPS can therefore serve as a blueprint for other
academic medical centers facing similar demands.

There are numerous strengths to the platform protocol that we
describe here, including efficiency of shared controls, a shared database,
and engagement with other sites that can benefit the objectives of
multiple sub-protocols within the platform, to name a few. Having a
common control group is more efficient and allows each primary
objective of a sub-protocol to be addressed faster and with fewer par-
ticipants. The benefits of the common control group go beyond effi-
ciency. The sharing of the controls makes participation more appealing
to a potential participant because assignment to a placebo arm has a
probability less than 0.50 (typical of an individual trial), thus increasing
the probability of participation in the trial. This is particularly relevant
in an outpatient trial where patients may be less motivated to join a trial
than in the hospitalized setting where the situation is known to be more
dire. Finally, the platform provides a mechanism for introducing arms
that is far more efficient than starting an entirely new trial.

The shared infrastructure of COPPS eliminates competition of indi-
vidual trials launched at the same institution that require access to the
same population. For this purpose, most academic medical centers have
established committees to prioritize which trials can proceed given the
demand to launch trials in the same space and their promise. A study like
COPPS helps to solve this issue by randomizing across all potential
therapies being evaluated on the same patient population. Indeed, with
a unified study team, we can ensure that the quality of data to study each
agent of interest is consistently high. In addition, long-term benefits that
include one large cohort of outpatients with COVID-19 with common
measures can be used to address many secondary analyses that can give
further insight into the disease beyond the primary and secondary ob-
jectives listed here.

COPPS was designed to accommodate a busy workflow amidst
launch of numerous trials in the face of a pandemic where answers were
needed quickly, and therefore much flexibility has been allowed. For
example, sub-protocols can derive a primary outcome under one of two
Domains: Viral or Clinical using the required data. An important
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Executive Committee

Subset of steering committee that drives key day-to-day operational and scientific decisions

|
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Drug Working Group
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interventions to investigate

Data & Safety
Monitoring Board

Advisory to EC

]
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analysis of ongoing data who are unblinded and can
inform the DSMB

Fig. 2. Governance structure for COPPS.

restriction is that the virology and symptomology data be collected for
every sub-protocol in the platform. This allows investigators freedom to
tailor the outcome to their specific question but also allows for sec-
ondary analyses that potentially pool across all sub-protocols made
possible by the common measures. It is conceivable that we may add
additional domains in the future; the only requirement is that the pri-
mary endpoint for the domain's objectives be consistent with the study's
assessment schedule to make the sharing of controls possible.

There are some weaknesses to the COPPS design, primarily stemming
from the pragmatic nature of its design. For example, the operating
characteristics are only modestly improved with the sharing of controls
relative to conducting multiple independent trials. Further, there is an
increase in probability of falsely identifying multiple treatments as
effective due to the correlation induced by the shared controls. We note,
however, that the probability of such an error still remains small. The
benefit of the shared controls in increasing operational efficiency and in
obtaining an answer faster and with fewer resources outweighed this
negative characteristic. In addition, the assessment schedules differ
between the domains because the platform trial is designed to study a
broad range of interventions. The flexibility of the design, however,
allows tailored primary endpoints that may differ across sub-protocols.
While this flexibility enhances inclusion of multiple types of in-
terventions, it may compromise comparability across published study
findings. However, the possibility of pooling across sub-protocols is
enabled through the common collection of variables. Because COPPS
was designed to incorporate multiple individual trials, a more compre-
hensive strategy as to which drugs and therapies to include along with a
Bayesian approach to leverage information across trials was not taken.
The established governance structure we established, however, will
consider individual outpatient trials for eligibility based on the com-
plementary nature of the agent being considered. However, we antici-
pate that some monotherapies that are studied within COPPS may
present opportunities to investigate their activity in a combination
therapy within COPPS. Blinding with respect to sub-protocol was not
possible in COPPS overall, although double-blinding is present within
each sub-protocol. Because each placebo generated by the company was
designed to look like the drug of interest, we decided to randomly select
a placebo type for those assigned to the placebo arm. Thus, the sub-
protocol to which a participant was assigned (although not active or
placebo) will be known. Each therapeutic agent is assigned to only one
domain even though data are collected for both domains, as only one
primary endpoint is assumed for each sub-protocol in this phase 2 study.
However, it is possible for a sub-protocol to opt for multiple primary

endpoints. Such a decision would require adjustments to the analysis
plan that appropriately controls for the type I error. While the common
control arm increases efficiency, it may bias our estimates of treatment
toward the null. For example, if Al is an oral drug and A2 is a drug
administered through injection, it is likely that A2 will have higher
placebo effect than Al. Including A2 controls eligible for A1 may bias
our estimates of the treatment effect toward the null. However, we as-
sume in general that the placebo effects are homogenous across treat-
ment strategies and therefore the impact of this bias is likely negligible.

There were considerable challenges in establishing a platform pro-
tocol during a pandemic. One issue is the fast-changing landscape of
therapeutics. For example, ongoing trials external to ours may provide
sufficient evidence to warrant changes to standard of care for the
outpatient. We have observed this with the recent Emergency Use
Authorization for monoclonal antibodies for a subset of outpatients
deemed at higher risk of mortality. For drugs where it makes sense to
combine the experimental therapy with a monoclonal antibody treat-
ment, participants may still be eligible for study under that drug's sub-
protocol, but for others, such high-risk patients may be excluded. In
cases, where such participants are included, they can serve as shared
controls only among those sub-protocols for which they could be
eligible. This exemplifies the additional rationale behind sharing con-
trols across sub-protocols enrolled during contemporaneous time pe-
riods and only for those drugs for which they could have been eligible at
the time of study entry. In addition, it is logistically easier to plan the
study of one experimental therapy with one study team than to join
multiple study teams already in motion and get consensus on primary
and secondary outcomes, sample types, timing of measurements, follow-
up period, in-clinic visits, biomarkers, and monitoring procedures. In
addition to gaining consensus among study investigators, regulatory
approval must be obtained from the FDA and IRB, here with the added
complexity of multiple drugs that may deviate from shared inclusion/
exclusion criteria or that may come with a unique set of contraindica-
tions that need to be considered. However, once established, the plat-
form protocol can greatly facilitate entry and regulatory clearance of
additional sub-protocols. Finally, the pharmaceutical company spon-
soring the study of the drug must embrace participation in the platform.
COPPS is designed such that there are no head-to-head comparisons
between drugs and such that each pharmaceutical company can have
access to the data needed to address their set of objectives only and not
the data to study the other agents. We believe from this standpoint there
is no downside from the company's standpoint to joining COPPS.

As Dean and others advocated [10], such a platform can be extended
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to accommodate the study of COVID-19 in the future as well as other
types of disease outbreaks. We therefore see this platform as a longer-
term investment of critical infrastructure that extends beyond COVID-
19.
Funding

This work was partially supported by the National Institutes of
Health Grant UL1-TR003142, Grant P30-CA124435, and Grant P30-
DK116074.

Declaration of Competing Interest

Eric Springman: Dr. Springman is a paid consultant for Celltaxis LLC.

Appendix A. COVID Outpatient Symptom Score (COSS)

Contemporary Clinical Trials 108 (2021) 106509

Yvonne Maldonado: Stanford University School of Medicine has
received funds from an anonymous donor for Dr. Maldonado to conduct
a Phase 2 favipiravir study which should be completed by spring 2021.

No disclosure from other authors.

Acknowledgement

The Stanford REDCap platform (http://redcap.stanford.edu) is
developed and operated by Stanford Medicine Research IT team. The
REDCap platform services at Stanford are subsidized by a) Stanford
School of Medicine Research Office, and b) the National Center for
Research Resources and the National Center for Advancing Translational
Sciences, National Institutes of Health, through grant UL1TR001085.

Please take your oral temperature and assess your oxygen saturation with ~ Oral temperature. ___F
your pulse oximeter. Time temperature was obtained. AW/
PM
Blood oxygen saturation. %
Did you take a nasal swab today (study day 1-10,14,21,28)? Yes / No
Have you taken your study drug as prescribed in the last 24 h? (study day 1-10) Yes / No
If it is written on your schedule (clinic visit day 3, 14, 28): did you collect your stool Yes / No

sample for your next visit?

COVID-19 Outcome Symptom Scale (COSS) Daily Questionnaire

The following questions are about how you feel and how things have been during the past 24 h compared to your typical health. Give the one
answer that comes closest to the way you have been feeling. Select “None” if you have not had this symptom.

How do you feel compared to yesterday? [ I feel better than yesterday
[ I feel the same as yesterday
[ I feel worse than yesterday
How do you feel compared to last week? [ I feel better than last week
[ I feel the same as last week
[ I feel worse than last week
Cough?
[0 None [0 Mild; just a few coughs per day O Mild/ [0 Moderate; frequent but I can [0 Moderate/ [0 Severe; I am very uncomfortable
Moderate tolerate it Severe
Shortness of breath (difficulty breathing)?
[J None [0 Mild; just short of breath with 0 Mild/ [0 Moderate; I get short of breath [0 Moderate/ [ Severe; I feel I can't get enough air even at
exercise Moderate doing daily activities Severe rest
Fatigue (low energy)?
[0 None [J Mild; I go about my day normally O Mild/ [0 Moderate; I rest more and [0 Moderate/ [0 Severe; I am staying in bed I'm so tired
Moderate restrict activity Severe
Headache?
[J None [ Mild; I can ignore it O Mild/ [0 Moderate; I need to take [0 Moderate/ [0 Severe; it is markedly limiting my life
Moderate medication Severe
Body ache?
[0 None [0 Mild; I can ignore them O Mild/ [0 Moderate; I need to restrict [0 Moderate/ [0 Severe; they are markedly limiting my life
Moderate some activities Severe
Joint pain?
[ None [J Mild; I can ignore them O Mild/ [0 Moderate; I need to restrict [0 Moderate/ [0 Severe; they are markedly limiting my life
Moderate some activities Severe
Chest pressure?
[0 None [0 Mild; I feel it occasionally but can O Mild/ [0 Moderate; I notice it a lot and it [0 Moderate/ [0 Severe; I have bad pain and pressure that
ignore it most of the time Moderate limits my activity Severe bothers me most of the time
Abdominal pain?
[0 None [0 Mild; I can ignore it O Mild/ [0 Moderate; it is limiting my [0 Moderate/ [0 Severe; it hurts a lot. I may need to see a
Moderate activities Severe doctor

(continued on next page)
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(continued)
Sore throat?
[0 None [0 Mild; I can ignore it O Mild/ [0 Moderate; it is painful to [0 Moderate/ [ Severe; it is limiting my ability to swallow
Moderate swallow and speak Severe or speak

Nasal congestion?

[0 None [0 Mild; I can ignore it O Mild/ [0 Moderate; I notice it a lot [0 Moderate/ [ Severe; it is markedly limiting my life
Moderate Severe

Chills?

[ None [] Mild; I can ignore it O Mild/ [0 Moderate; I notice it a lot [0 Moderate/ [ Severe; I am very uncomfortable
Moderate Severe

Feeling hot or feverish?

[0 None [0 Mild; I can ignore it O Mild/ [0 Moderate; I notice it a lot [0 Moderate/ [ Severe; I am very uncomfortable
Moderate Severe

Runny nose?

[0 None [0 Mild; I can ignore it O Mild/ [0 Moderate; frequent but I can [0 Moderate/ [ Severe; I am very uncomfortable
Moderate tolerate it Severe

Taste?

[0 None [0 Mild; tastes aren't as strong as usual O Mild/ [0 Moderate; I've noticed I can't [0 Moderate/ [ Severe; I cannot taste my food at all
Moderate taste certain foods Severe

Smell?

[0 None [J Mild; smells aren't as strong as usual O Mild/ [0 Moderate; I've noticed I can't [0 Moderate/ [ Severe; I cannot smell anything at all
Moderate smell certain odors Severe

Diarrhea? (loose or watery stools in 24 h)

[0 None O Mild; less than 3 times O Mild/ [ Moderate; 3-6 times [0 Moderate/ [ Severe; more than 6 times

Moderate

Nausea (feeling like you want to throw up)?

Severe

[0 None [] Mild; I'm eating and ignoring it O Mild/ [0 Moderate; I don't want to eat [0 Moderate/ [ Severe; I am feeling quite uncomfortable
Moderate and can't ignore it Severe

Vomiting?

[0 None [] Mild; only once or occasionally O Mild/ [0 Moderate; 3-4 times per day [0 Moderate/ [ Severe; I am having trouble keeping food
Moderate Severe down

How many times have you vomited today? -

Do you have a rash? Yes / No

The rash is (check all that apply): [ No rash

In the past 24 h, have you returned to your usual health (before your COVID-19 illness)?

[0 Covering a small amount of my body

[0 Extensive covering of my body

[ Involving the inside of my mouth or lips
O Itchy

[ Itchy with hives

Yes / No
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