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ABSTRACT
Introduction  The COVID-19 pandemic brought an urgent 
need to discover novel effective therapeutics for patients 
hospitalised with severe COVID-19. The Investigation of 
Serial studies to Predict Your Therapeutic Response with 
Imaging And moLecular Analysis (ISPY COVID-19 trial) 
was designed and implemented in early 2020 to evaluate 
investigational agents rapidly and simultaneously on a 
phase 2 adaptive platform. This manuscript outlines the 
design, rationale, implementation and challenges of the 
ISPY COVID-19 trial during the first phase of trial activity 
from April 2020 until December 2021.
Methods and analysis  The ISPY COVID-19 Trial is a 
multicentre open-label phase 2 platform trial in the USA 
designed to evaluate therapeutics that may have a large 
effect on improving outcomes from severe COVID-19. 
The ISPY COVID-19 Trial network includes academic and 
community hospitals with significant geographical diversity 
across the country. Enrolled patients are randomised to 
receive one of up to four investigational agents or a control 
and are evaluated for a family of two primary outcomes—
time to recovery and mortality. The statistical design uses 
a Bayesian model with ‘stopping’ and ‘graduation’ criteria 
designed to efficiently discard ineffective therapies and 
graduate promising agents for definitive efficacy trials. 
Each investigational agent arm enrols to a maximum of 
125 patients per arm and is compared with concurrent 
controls. As of December 2021, 11 investigational agent 
arms had been activated, and 8 arms were complete. 
Enrolment and adaptation of the trial design are ongoing.
Ethics and dissemination  ISPY COVID-19 operates under 
a central institutional review board via Wake Forest School 
of Medicine IRB00066805. Data generated from this trial 
will be reported in peer-reviewed medical journals.
Trial registration number  NCT04488081.

INTRODUCTION
Despite decades of promising preclin-
ical studies and large well-organised 
clinical trials, the discovery of effective 

pharmacotherapeutics in critically ill patients 
has been exceedingly rare. The COVID-19 
pandemic brought an unprecedented level of 
attention and urgency to uncover therapies 
for severe acute respiratory failure and acute 
respiratory distress syndrome (ARDS) related 
to COVID-19. New approaches to critical care 
clinical trials that may rapidly screen poten-
tially effective therapies are urgently needed.1 
In the early phase of the pandemic, in the 
winter of 2019–2020, global efforts were made 
to establish clinical trials and trial networks 
to investigate therapies for COVID-19. In this 
report, we describe the I-SPY COVID-19 Trial, 
a phase 2 adaptive platform randomised trial 
in the USA designed to test and identify drugs 
with a large impact on improving recovery of 
hospitalised patients with severe COVID-19. 
This report focuses on the (1) trial ratio-
nale and background, (2) design, (3) oper-
ations, (4) statistical plan, (5) challenges and 

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ The ISPY COVID-19 Trial was developed in early 
2020 to rapidly and simultaneously evaluate ther-
apeutics for severe COVID-19 on an adaptive open-
label phase 2 platform.

	⇒ The ISPY COVID Adaptive Platform Trial Network is 
an academic-industry partnership that includes ac-
ademic and community hospitals spanning a wide 
geographical area across the United States.

	⇒ Of December 2021, 11 investigational agent arms 
have been activated on the ISPY COVID-19 Trial 
Platform.

	⇒ The ISPY COVID-19 Trial was designed to identify 
therapeutic agents with a large clinical effect for fur-
ther testing in definitive efficacy trials—limitations 
to this approach include the risk of a type 2 error.
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limitations of this approach in the context of the evolving 
COVID-19 pandemic during 2020–2021. This report 
focuses on the initial design of the ISPY COVID-19 Trial 
and reflects the study protocol conduct from initial imple-
mentation in April 2020 through 31 December 2021.

METHODS AND ANALYSIS
Design: rationale, background, eligibility criteria and 
exclusions
The I-SPY COVID-19 Trial was inspired in large part by 
the I-SPY 2 Trial, a phase 2 adaptive platform clinical trial 
designed to discover novel treatments for patients with 
early-stage breast cancer with high risk for early recur-
rence.2 The I-SPY COVID-19 Trial is a phase 2, multi-
centre, multiarm, adaptive, open-label, randomised 
controlled trial designed to rapidly screen agents to 
identify those with potential impact to meaningfully 
improve outcomes for patients with severe COVID-19 
(figure  1). Patients with confirmed COVID-19 and a 
modified WHO COVID-19 level of ≥5 (defined here as 
requiring  ≥6 L/min nasal oxygen) who meet none of 
the exclusion criteria are eligible for the interventional 
and observational arms of the trial (Box 1 & figure 2). 
Initially, time to recovery (defined as reaching COVID-19 
level ≤4 for at least two consecutive days) was the primary 
endpoint, and overall mortality a key secondary endpoint 
(online supplemental file table 1). Following discussions 
with the Data Monitoring Committee and the Food and 

Figure 1  ISPY COVID-19 Trial design. Hospitalised patients with COVID-19 who require ≥6 L/min nasal oxygen or more 
(COVID-19 status ≥5) are eligible for the trial. Patients or surrogates that meet master protocol inclusion/exclusion are 
approached for willingness to participate in the randomised cohort of the trial. Those that voice interest are randomised, and 
then approached with the agent specific consent. All patients in the randomised cohort receive backbone therapy with or 
without an additional investigational agent. Enrolled participants are followed for the assessment of the primary outcomes of 
resolution of severe COVID-19 and mortality. Patients that are either not approached for the randomised cohort of the trial or 
decline individual investigation agent consent are tracked in the observational cohort.

Box 1  Master inclusion exclusion criteria of the ISPY 
COVID-19 platform trial

Inclusion (must meet all)
	⇒ Age≥18 years of age
	⇒ Admitted to the hospital and treated with high flow oxygen (≥6 L 
nasal cannula or mask delivery) or intubated and mechanically ven-
tilated for the treatment of established or presumed COVID-19

	⇒ Informed consent signed by patient or proxy
	⇒ Confirmation of SARS-CoV-2 infection by PCR or antigen testing pri-
or to randomisation

Exclusion (any single excludes patient from trial)
	⇒ Pregnant or breast feeding
	⇒ History of allergic reactions attributed to compounds of similar 
chemical or biological composition to study agent based on review 
of medical record and patient history

	⇒ Comfort measures only
	⇒ Acute or chronic liver disease with a Child-Pugh score >11
	⇒ Resident for more than 6 months at a skilled nursing facility
	⇒ Estimated mortality greater than 50% over the next 6 months from 
underlying chronic conditions

	⇒ Time since requirement for high flow oxygen or mechanical ventila-
tion greater than 5 days

	⇒ Anticipated transfer to another hospital which is not a study site 
expected within 72 hours

	⇒ End-stage kidney disease or acute kidney injury requiring dialysis
	⇒ Coenrolled in another clinical trial of a pharmacological agent with 
an Investigational New Drug (IND) assignment

https://dx.doi.org/10.1136/bmjopen-2021-060664
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Drug Administration, mortality was combined with time 
to recovery as a family of two primary endpoints on 15 
January 2021.

Design: study backbone and investigational agent selection
Patients who meet inclusion/exclusion criteria are 
randomised to backbone therapy alone (the control arm) 
or backbone therapy plus 1 of up to 4 investigational 
agents or agent combinations. The initial backbone treat-
ment for the trial was assigned following review of data 
that emerged in mid 2020 on the use of remdesivir and 
dexamethasone for COVID-19 from separate clinical 
trials.3 4 During the conduct of the trial, the investigators 
have regularly re-evaluated the selection and dosing of 
dexamethasone, remdesivir and other potential thera-
pies as new data has become available. As new therapies 
became available for COVID-19 (eg, baricitinib and tocili-
zumab) during the conduct of the trial, the case report 
forms were modified to capture the clinical use of these 
concomitant medications.

The I-SPY COVID-19 Agents Committee was formed to 
develop a process for evaluation of potential agents into 
the I-SPY COVID-19 Trial. Overall agent prioritisation is 
based on the estimated assessment of likelihood to reduce 
mortality and time to recovery. More specific rank criteria 
include a range of biological, logistical and safety consid-
erations as well as manufacturing supply chain capability 
(box  2). In addition to these characteristics, practical 
considerations relate to the adaptive trial design, avail-
able resources for funding the testing of the therapy, and 
an accelerated timeline of the public health crisis. These 
selection criteria include a requirement for minimal 
drug-specific patient exclusions and low risk for drug–
drug interactions in critically ill patients. High priority is 

assigned to the presence of a sufficient drug supply and 
mechanism to rapidly scale up drug production to reach 
a large population if treatment efficacy is established. 
When agents with overlapping mechanisms of action are 
considered, priority is assigned to one agent in that class 
that ranks higher in other rank criteria in order to avoid 
testing multiple agents within a single biological pathway.

Members of the Agents Committee with complementary 
expertise in acute lung injury, critical illness, and phar-
macology evaluate each potential agent and present the 
higher priority candidate agents to the entire investigator 
group. In some instances, staff from the manufacturing 
company of potential agents are invited to present data 
directly to the investigators. However, company represen-
tatives are excluded from all follow-up deliberations and 
decisions on inclusion of the agent in the trial. In these 
subsequent discussions, proargument and con arguments 
are developed and priorities for additional background 
research established. In twice-monthly follow-up reviews, 

Figure 2  Patient enrolment flow into the ISPY COVID-19 platform trial.

Box 2  Agent selection criteria

	⇒ Mechanism of action and biological plausibility
	⇒ Approved drug indications and dosing
	⇒ Safety and efficacy in established use and approved indications
	⇒ Expected safety and toxicity in patients with critical illness and 
hypoxaemia

	⇒ Adverse events of special interest
	⇒ Drug-specific exclusion criteria
	⇒ Drug–drug interactions
	⇒ Proposed trial dose, route of administration, duration of treatment
	⇒ Dose adjustment requirements and drug discontinuation criteria
	⇒ Available drug supply and production capacity
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the investigator group reaches consensus-based decisions 
on whether or not the agent should be included in the 
trial.

Throughout the agent review process, individual inves-
tigators voluntarily identify agents to support in the trial 
and serve as agent ‘chaperones’ for the duration of the 
trial. Each agent is assigned two to three investigator chap-
erones. If the agent is selected for inclusion, the chap-
erones prepare the materials necessary for IRB approval 
and implementation, including agent-specific appendices 
to the master protocol, informed consent documents and 
technical guides on dosing and administration. Chap-
erones work closely with the clinical trial operations 
group to nest the agent appropriately in the context of 
the I-SPY Trial platform. Chaperones remain available to 
study site personnel throughout the treatment period to 
provide assistance on dosing, side effects and technical 
issues. The common inclusion/exclusion criteria of the 
platform necessitate minimising agent-specific exclusion 
criteria. Therefore, significant efforts are made by chap-
erones and agent sponsors to streamline and eliminate 
as many as possible agent-specific exclusions. In instances 
where agent-specific exclusions become numerous, thus 
limiting the generalisability of the agent, the proposed 
agent is not selected for placement on the platform.

Investigative agents were initially identified through 
partnership with COVID-19 Research and Development 
Alliance (COVID-19 R&D),5 a consortium of research 
and development leaders in industry formed to accelerate 
new COVID-19 therapies and vaccines. These initially 
proposed agents were identified by COVID-19 R&D as 
having high probability of becoming successfully repur-
posed for COVID-19 treatment. Of the 11 agents initially 
identified in this process, three were selected for trial inclu-
sion (apremilast, icatibant and cenicriviroc). Subsequent 
agents were brought forward for consideration through 
direct communication to the Agents Committee by trial 
investigators with expertise with a particular repurposed 
agent, by pharmaceutical companies responding to the 
opening of the trial, the United States government as well 
as informal contacts in academia. Between April 2020 and 
November 2021, over 70 individual agents were reviewed 
in detail, including 12 that were included in 11 trial arms 
(one arm was a combination of famotidine and cele-
coxib). Of the eight completed arms, five were solicited 
by the pharmaceutical industry and the remainder were 
nominated the US government and by trial investigators. 
A figure of the activated arms on the ISPY COVID-19 trial 
from August 2020 through December 2021 is provided in 
online supplemental figure 2.

Design: patient and public involvement
The primary outcomes of the ISPY COVID-19 Trial 
were designed to focus on patient-centred outcomes. 
Both recovery of respiratory function and mortality are 
patient-centred endpoints. Due to the urgent nature of 
the pandemic, no patients with COVID-19 were included 
in the development of the ISPY COVID-19 Trial Protocol. 

The randomisation followed by consent process outlined 
in this manuscript was developed using the process 
employed in the ISPY 2 Trial6 to reduce burden on partic-
ipants and surrogates. During the development of the 
ISPY COVID-19 Trial, this method was presented to the 
ISPY IRB Working group, which includes a patient advo-
cate. The ISPY IRB Working group found this method to 
be more patient-centred and supported this method to be 
used in the ISPY COVID-19 trial.

Operations: randomisation and consent
Up to four investigational agents can be active in I-SPY 
COVID-19 at any given time. Patients are randomly 
assigned with equal probability to receive any of the 
investigational agents, while a higher proportion of 
participants are assigned to the backbone control arm. 
For instance, the ratio of randomisation is 1.4:1:1:1:1 
for the control arm to the four investigational arms (the 
ratios of control to interventional changes depending 
on the number of active agents in the study, with ratios 
1:1 with one active agent, 1.2:1:1 with two active agents, 
and 1.3:1:1:1 with three active agents). Randomisation is 
performed centrally and is stratified by site and modified 
WHO COVID-19 status at study enrolment.

To facilitate a patient-centred consent process, rando-
misation is performed prior to consent. This order of 
the randomization and consent process has worked well 
in I-SPY 2 and has the advantages of avoiding a two-step 
consent process and simplifying patient information.6 7 
That is, an individual patient interested in the trial only 
receives information about the one investigational agent 
that they are randomised to receive (which could also 
be the control arm). The disadvantage of this consent 
approach is that there is a risk of generating different 
accrual patterns across the trial arms, due to different 
perceived risks by participants during consent. There-
fore, accrual across arms must be closely monitored. 
Patients who do not consent to be randomised enter an 
observational cohort (using an IRB-approved waiver of 
consent mechanism), where disease outcomes and other 
endpoints are tracked. Patients with an agent-specific 
exclusion to a study drug on randomisation move into the 
backbone control arm. The study screening, randomisa-
tion and consent process in relation to investigational 
drug arm, control arm or observational arm is shown in 
figure 2.

Rationale: the I-SPY COVID-19 trial-endpoints and open-label 
design
We explicitly decided to focus on severe COVID-19, 
defined by clinical and physiological criteria. This ratio-
nale is reflected in the choice of the primary endpoints 
of the trial. Time to recovery and mortality were thought 
to be important outcomes for managing the health crisis 
created by the global pandemic; faster time to recovery 
helps to increase hospital bed availability and to avoid 
hospital strain—a key objective during the pandemic. 
Mortality remains the optimal primary outcome in the 

https://dx.doi.org/10.1136/bmjopen-2021-060664
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field of critical care; while modification of mortality 
is challenging to achieve, it is still the most important 
patient-centred outcome.

Multiple reasons exist for the open label design for 
a phase 2 trial during the pandemic. Rapidly devel-
oping and executing a platform trial, whereby multiple 
agents are tested simultaneously, and new agents replace 
outgoing agents in succession, requires flexible study 
operations. Because different agents in the platform will 
have different routes of administration, dosing sched-
ules, and durations, the use of placebos for each agent 
was deemed complex and unwieldy, resulting in testing 
fewer active agents for COVID-19. Some platform trials 
have used a pooled placebo concept, though this option 
remained impractical given the number of agents that 
were planned to be rapidly tested during the pandemic. 
While the open-label approach does potentially allow for 
investigator bias, a similar open-label approach has also 
been used successfully in the RECOVERY Platform for 
COVID-19 in the UK.8

Ultimately, the open-label design of the I-SPY 
COVID-19 trial was deemed to be the most efficient 
approach to rapidly and safely evaluate novel therapeu-
tics for severe COVID-19, with the goal that promising 
agents could be further tested in a closed, double blinded 
placebo-controlled format on trial graduation. Lastly, 
we chose to include a parallel observational cohort that 
could be included to better understand demographics 
and outcomes of patients with COVID-19 with rapidly 
changing therapeutic standards and to provide general-
isability against a non-study population.

Design: biomarkers and biospecimen collections
Severe COVID-19 is characterised by an inflammatory host 
response to the SARS-CoV-2 virus; however, even within 
the group of patients with severe and critical COVID-
19, there is potentially important biological heteroge-
neity that may influence treatment response.9 The I-SPY 
COVID-19 trial was designed to collect key biospecimens 
from enrolled patients in order to permit subsequent 
analyses of heterogenous treatment effect, to identify 
potentially important mechanisms that relate to clinical 
outcomes, and enable pharmacokinetic evaluations of 
the novel therapies being tested. Biospecimens include 
plasma and whole blood RNA (days 1, 3 and 7), serum 
and peripheral blood mononuclear cells (days 1 and 7), 
urine (days 1 and 3), and DNA (day 1 only). Examples of 
the type of analyses that will be conducted include testing 
whether previously identified phenotypes of ARDS are 
relevant in COVID-19,9 replicating innovative analyses 
of immunotypes within severe COVID-19,10 testing for 
anti-type I interferon antibodies in serum from enrolled 
patients,11 and measuring plasma viral antigen levels and 
SARS-CoV-2 endogenous antibody levels. In addition 
to these exploratory biomarker analyses, biomarkers 
measured in clinical labs at enrolling sites such as D-di-
mers, CRP, and the absolute neutrophil count/absolute 

lymphocyte ratio are being recorded in order to test for 
prognostic and/or predictive enrichment value.

Design: statistical analysis plan
Bayesian survival regression models are used to model 
the hazard functions for the two events of interest: (1) 
recovery (treating death as a competing event); and (2) 
overall death. We used Bayesian proportional-hazard 
Weibull models with weakly informative priors to model 
the cause-specific hazard function for recovery (treating 
death prior to recovery as a competing event) as a func-
tion of study arm, adjusting for baseline COVID-19 level. 
Similarly, Bayesian proportional-hazard Weibull models 
were used to model the hazard function for all-cause 
mortality. Importantly, concurrent controls are used so 
that the control group is chosen from the same popula-
tion as the investigational agent group over time given the 
potential of changing background recovery and mortality 
rates in an evolving pandemic. The primary analyses are 
performed on the intention-to-treat (ITT) population, 
which includes those randomised patients who signed the 
informed consent.

Due to the randomisation followed by consent process 
in this trial, the a priori analyses also include a super ITT 
population. This population consists of all randomised 
patients, regardless of whether they consented to receive 
the investigational agents or declined, thereby entering 
the observational cohort. The super ITT population 
will thus not be impacted by the potential effect of the 
randomisation-consent process on the patient population 
in the different trial arms.

Design: agent graduation and futility boundaries
During the course of the trial, the effect of the treatments 
is evaluated every 2 weeks by the DMC. At these evalua-
tions, treatments may ‘graduate’ for superiority or be 
dropped for futility according to the following criteria:

	► If at least 50 patients have been randomised and 
consented to a treatment arm and the posterior 
probability is at least 0.975 that the cause-specific HR 
(csHR) for recovery (investigational agent vs control) 
is greater than one OR if the posterior probability is at 
least 90% that the HR for overall mortality is smaller 
than one, the treatment is evaluated by the DMC for 
graduation.

	► If at least 40 patients have been randomised and 
consented to a treatment arm and the posterior prob-
ability is at least 0.9 that the csHR for recovery is less 
than 1.5 AND the posterior probability is at least 50% 
that the HR for overall mortality is greater than one, 
a treatment is evaluated by the DMC to be dropped 
for futility.

If the maximum sample size of 125 participants in a 
treatment arm is reached, assignments to that arm will 
end. If an investigational agent reaches a threshold for 
graduation or futility, the DMC reviews the findings and 
make a recommendation to study principal investigators 
(PIs) for final approval. In addition to examining HRs for 
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recovery and overall mortality, the DMC also reviews and 
evaluates cumulative incidence functions (figure 3).

Design: operating characteristics—type 1 and type 2 errors
Prior to beginning the trial, study statisticians tested 
the trial’s operating characteristics by simulating a large 
number of virtual trials under multiple scenarios. The type 
I error rate for an individual Investigative Agent (proba-
bility to graduate a specific Investigational Agent despite 
no effect on reducing recovery or mortality rate) was esti-
mated to be 4%–5% when time to recovery was used a 
single primary endpoint. After adding overall mortality to 
the primary endpoint definition (to form a family of two 
primary endpoints, recovery and overall mortality), the 
type 1 error rate was estimated to up to 17% depending 
on simulated scenario, which was deemed acceptable for 
a phase 2 signal seeking trial. The power to graduate an 
individual agent was above 85% in scenarios where the 
csHR for recovery was set to 1.75. Similarly, the power for 
a given individual investigational agent arm was greater 
than 85% if the HR for overall mortality was below 0.5. 
Investigational agents with more moderate effect sizes for 
recovery (csHRs of 1.5 or less or a HR for overall mortality 
of 0.7 or higher) graduated at lower rates (about 65% or 
less).

Overall, these simulations indicate that the current 
graduation and futility rules may control reasonably 
well the false graduation rates, while at the same time 
they might provide sufficient power to graduate highly 

effective investigational agents. However, there are 
important limitations to this approach including the risk 
of a type 2 error, due to small sample sizes, giving limited 
power for smaller effect sizes. The design to use 40–125 
patients in each group runs the risk of discarding a poten-
tially effective agent, that is, a type 2 error. In prior phase 
2 trials, wide confidence intervals illustrate the potential 
for a type 2 error with a restricted number of patients, as 
discussed by Abraham and Rubenfeld regarding a phase 2 
trial of sepsis.12 With wide confidence intervals and small 
numbers of patients, it is challenging to exclude harm 
or benefit. Another example is the Brower trial of lung 
protective ventilation in 52 patients which showed no 
benefit,13 but then the properly powered ARMA trial with 
861 patients showed a major reduction in mortality.14

The I-SPY COVID-19 Trial was designed early in the 
pandemic, and given the singular aetiology of lung injury 
in patients with severe COVID-19, many investigators 
anticipated that ARDS from COVID-19 would exhibit less 
heterogeneity than ‘traditional’ ARDS.15 While it remains 
unclear whether severe COVID-19 ARDS exhibits the 
degree of heterogeneity of ARDS in the pre-COVID-19 
era,9 16 further biological and clinical phenotyping may 
be necessary to find effective targeted therapies in a 
screening trial of this size and potentially re-evaluating 
the number of patients needed to evaluate candidate 
agents.

Operations: real-time data entry and reporting
A minimal set of key clinical and research outcome 
data elements was defined as part of the daily checklist 
for enrolled participants (figure  4). The ‘checklist’ was 
implemented in OpenClinica (Waltham, MA) Electronic 
Data Capture (EDC) system to support data entry for 
subjects randomised to investigational agent arms or the 
observational cohort. Daily eCRFs are completed from 
enrolment until discharge, with additional follow-up 
consisting of electronic Patient Reported Outcome 
survey questionnaires using HealthMeasures PROMIS 
and Patient-Reported Outcomes version of the Common 
Terminology Criteria for Adverse Events validated instru-
ments at days 28, 60 and 120.

Despite streamlining the data collection in I-SPY 
COVID-19, the pandemic strains on clinical and research 
staff sometimes led to delays in data entry that were 
addressed on a site-specific basis using remote staffing 
models (see ‘Novel Implementation Challenges’ section 
below). Limitations to a streamlined dataset include 
reduced granularity of exploring important physiologic 
variables such as oxygenation index or plateau pressures, 
or the FiO2 or flow rates on patients enrolled being treated 
with high-flow nasal oxygen, which have important clin-
ical implications for patients with acute respiratory failure 
from severe lung injuries.

Operations: safety
Clinical trials in critically ill patients share unique 
challenges for safety monitoring. Specifically, study 

Figure 3  Modelling Recovery in the ISPY COVID-19 Trial. 
The figure shows examples of trial data based on simulations. 
Top panel: posterior cumulative incidence and survival 
functions (solid lines) and 95% quantile credible intervals 
(shaded area between dotted lines). Bottom panel: medians 
(solid lines) and 95% quantile credible intervals (shaded 
area between dotted lines) for the posterior distribution 
of the difference in the cumulative Incidence functions 
(investigational arm vs control).
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participants often possess significant comorbidities (ie, 
chronic organ dysfunction, immune suppression, and 
malignancy), receive numerous concomitant medica-
tions with potential for interactions, and experience 
marked derangements in baseline physiology (ie, vital 
sign and laboratory abnormalities) relative to popula-
tions in which potential investigational agents have previ-
ously been studied. These challenges are amplified for 
COVID-19 patients where multisystem organ involvement 
is common but accurate baseline rates of complications 
such as stroke, thrombosis and cardiac dysfunction are yet 
to be established, and may vary over time. Additionally, 
the usual care of these patients is a rapidly moving target. 
This topic is particularly challenging for phase 2 trials in 
which there may be limited clinical experience for investi-
gational agents and even FDA-approved medications may 
be used at higher doses and in combinations not previ-
ously studied. The open-label and shared control struc-
ture of the I-SPY COVID-19 platform trial is designed to 
allow for monitoring for known side effects and rapid 
testing of multiple agents, but also creates potential for 
bias in adverse event reporting due to differential scru-
tiny applied to study arms (ie, monitoring for secondary 
infections in patients randomised to an immunomodula-
tory agent or kidney injury for a potentially nephrotoxic 
agent relative to shared controls). The I-SPY COVID-19 

platform has used several strategies to overcome these 
challenges.

First, laboratory assessment of vital signs and organ 
dysfunction are collected daily and clinically important 
events (ie, pulmonary embolism, deep venous throm-
bosis, and kidney injury) are systemically collected on 
daily report forms. This approach allows for systematic 
comparisons across therapy arms of event rates and organ 
failures rather than relying on investigator recognition 
and capture of these events (figures  4 and 5). Second, 
I-SPY COVID-19 has constituted a Safety Working Group 
(SWG) to provide an additional layer of structured safety 
monitoring across all trials within the platform. The 
SWG provides real-time monitoring of adverse events 
and provides guidance to the DMC on adverse event 
reporting. The SWG is led by two critical care physi-
cians not otherwise part of the clinical trial and also 
includes the drug chaperones, study PIs and operations 
committee chairs. This group meets on a regular basis to 
review adverse events and to determine potential attribu-
tion to COVID-19 and/or to investigational agents. The 
SWG chairs also provide external review of severe adverse 
events and other safety events that might require expe-
dited reporting. Finally, the drug chaperones serve as 
internal content experts for a given agent and are avail-
able to investigators on a 24/7 basis to review potential 

Figure 4  Daily clinically important events systematically captured in participants. Daily forms are completed in ISPY 
participants relating to clinically important events occurring in the context of severe COVID-19. These events are then 
systematically reported across arms of the study for safety reports to the Data Monitoring Committee.
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events related to the investigational agent regardless of 
expectedness. Reporting of potential events is encour-
aged so that these can be formally reviewed by the SWG. 
Every death, AE, AESIs and SAE is reviewed by the SWG 
to evaluate if the adverse event is expected for the investi-
gational agent, if expected with COVID-19 or ARDS, and 
likelihood of being caused by the investigational agent. 
Adverse event reporting is configured using the Shiny R 
Studio. Lastly, site conduct is audited by Quantum Leap 
Healthcare Collaborative and trial conduct by other study 
sponsors.

Operations: pharmacy
The investigational drug services (IDS) pharmacy plays a 
pivotal role in the ability to deploy agents safely and rapidly 
into a continuously running adaptive platform trial, such 
as I-SPY COVID-19. Careful planning and strong commu-
nication are paramount, but several additional key issues 
must be addressed to accomplish this efficiently. First, 
participating sites typically designate one lead and at least 
one back-up pharmacist at each site. Second, a consis-
tent workflow (standard operating procedure) for the 
implementation of each new agent is established. This 
workflow includes centralised delivery of drug and trial 
arm-related information, personnel training documenta-
tion procedures, and drug storage provisions. Third, IDS 

pharmacists implement drug ordersets into the clinical 
workflows at each site.

Given the rapidity with which new agents enter the 
trial, pharmacy lead time and preparedness is important. 
Adequate lead time is required to allow for the prepa-
rations mentioned above to be safely and smoothly 
executed. As such, for a trial of this nature in which study 
arms may drop out without warning and new arms quickly 
advance in the priority list, the coordinating centre must 
ensure that all affiliated pharmacies are prepared for 
future agents before they are added to the trial.

For study sites that do not already have an IDS Phar-
macy, the aforementioned recommendations are even 
more critical. In addition to those, it is also vital to iden-
tify a pharmacist (and back-up) committed to overseeing 
the pharmaceutical aspects of the study at both the 
community partner site and the supervising site. An elec-
tronic drug accountability system that meets FDA require-
ments for investigational drugs is necessary to allow for 
ease of monitoring for drug usage and storage. A remote 
(or in-person) visit from the partnering IDS pharmacy 
can help ensure that drug storage conditions are appro-
priate and that evaluation as well as documentation (eg, 
of temperature controls) can be appropriately conducted 
and any gaps in training, equipment, space, or hours of 

Figure 5  Severe laboratory abnormalities systematically captured in participants. Potentially significant daily laboratory 
data entered by study coordinators is systematically captured, graded and reported back to the Data Monitoring Committee 
to evaluate safety. In this simulated example, agent C appears to be associated with increased creatinine, suggesting renal 
toxicity.
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site pharmacy coverage or expertise can be identified and 
addressed.

Additional considerations: no established network or funding, 
contracting
To rapidly meet the short timeline of the pandemic, I-SPY 
COVID-19 leveraged the efficiency and infrastructure 
of the I-SPY 2 Trial, partnering with the not-for-profit 
sponsor, Quantum Leap Healthcare Collaborative. One 
of the solutions to drive efficiency was to first activate sites 
that already had existing I SPY 2 contracts. As well, we 
used the same contract for every site. All pharma compa-
nies also agree to a single contract. The prior experience 
with many of the companies sped the process of working 
with companies. As well, the initial partnership with the 
COVID-19 R&D consortium established an example for 
how companies could work collaboratively and quickly 
in a pandemic. Some sites (primarily those not familiar 
with I SPY 2) had longer delays with contracting and 
site activation. Establishing a central IRB was essential 
for this process. The ISPY COVID-19 trial is composed 
primarily of academic medical centres with experience 
conducting critical care clinical trials. However, the 
group felt it important to also include community sites, 
where most patients across the country receive care for 
COVID-19. The group used hybrid approaches to activate 
and support community sites without significant research 
infrastructure using different site involvement paradigms 
(table 1).

Additional considerations: novel implementation challenges 
during the pandemic
The alarming pace of the COVID-19 pandemic has placed 
substantial time pressure on therapeutic trials.17 Hospi-
tals surging with patients with with COVID-19 have poten-
tial to be the largest contributors to trials. Yet, frequently, 
they are also the most resource strained. Shortages of 
such basic necessities as personal protective equipment 
(PPE), medications and personnel have occurred often.18 
In many hospitals, investigators and clinical research 
staff with relevant skills were reassigned to clinical duties. 
Several hospitals and universities, concerned for antici-
pated revenue losses, instituted broad hiring freezes or 

required new arduous administrative approvals to hire 
staff, which in some cases unintentionally impeded timely 
scaling up of trial personnel.

To address these issues, I-SPY COVID-19 took several 
innovative steps. The trial secured PPE for shipment to 
sites as needed, helping ensure trial procedures would 
not deplete PPE in hospitals facing extreme scarcity. 
To address potential medication shortages, the trial 
committed to providing an independent supply of back-
bone therapies received by all patients, which included 
remdesivir at the time of initial trial design.

Staffing shortages have been addressed in part by part-
nering with a healthcare staffing company to hire off-
site data entry specialists, freeing on-site staff to focus 
on patient accrual and in-person study procedures 
during surges. This ‘rapid response’ staffing model has 
the added benefit of being able to reassign data entry 
specialists already familiar with the protocol and case 
report forms to new locations as surges wax and wane 
among sites over time. To overcome in-person research 
staff shortages, high-enrolling sites have engaged 
qualified, approved clinical staff in the recruitment 
and consent process—embracing a shared mission of 
expanding access to promising therapeutics and acceler-
ating discovery, overcoming the conventional clinical/
research divide.

Each of the above sections includes comments on 
the challenges for the design and conduct of this 
I-SPY COVID-19 platform trial during the COVID-19 
pandemic. The investigators will consider future modifi-
cations to the protocol, including moving consent prior 
to randomisation, decreasing the number of agents to 
be tested at the same time, reviewing the graduation and 
futility criteria, and the sample size as well as increasing 
the granularity of baseline systemic and respiratory data 
collection. The strengths and weaknesses of the open-
label vs a placebo-controlled design will also be eval-
uated. We now know that many factors contribute to 
heterogeneity of COVID-19 disease severity in hospital-
ised patients so further consideration of ways to enhance 
the database but maintain reasonable feasibility and effi-
ciency will be evaluated.

Table 1  Community site infrastructure paradigms in ISPY COVID-19

Types of hospitals Status Pharmacy Coordinators Compensation Geographic

Academic or community 
centres with research 
capacity and experience

I-SPY COVID site Investigational 
Pharmacy

I-SPY COVID site Full NA

Academic or community 
centres with ICU care 
but limited research 
infrastructure

Partnership with 
one of the I SPY 
COVID sites

Clinical pharmacist 
trained by 
investigational 
pharmacy partner

In partnership with one 
of the I-SPY COVID 
sites

Shared No

Community hospitals 
without sufficient ICU care 
for severe COVID-19

Transfer patients 
to nearby I SPY 
COVID site

Transfer to I-SPY 
site

Partner with I-SPY site. 
Work to identify eligible 
patients and coordinate 
transfer

Shared Yes
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ETHICS AND DISSEMINATION
The trial procedures and protocols are regulated under a 
central IRB structure at the Wake Forest School of Medi-
cine. All patients (or designated surrogate) entering the 
portion of the trial that receive an investigational agent 
undergo patient level consent by study staff and/or study 
investigators. Protocol revisions are announced at weekly 
investigator and coordinator meetings and are submitted 
to the FDA and IRB. No patient level data will be released, 
and all personal information will remain confidential and 
deidentified. Results of the agents completing the ISPY 
COVID-19 Trial will be reported in press releases, scien-
tific abstracts and manuscripts.
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