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Commentary

In early 2020, the contagious and deadly virus, SARS-CoV-2, was identified. The virus spread 
rapidly worldwide and was declared a pandemic by the World Health Organization (WHO) in 
March of 2020 [1]. While many who became infected remained asymptomatic, an alarming number 
of infected individuals developed severe symptoms, often requiring hospitalization and intensive care, 
or resulting in death. 

Many challenges of conducting clinical trials during a major infectious disease outbreak have 
been discussed [2-8]. For Covid-19, clinical trials were launched quickly to test repurposed drugs 
with some biological plausibility for effectiveness against this new virus. Many were relatively small 
single-site studies, but some were quite large randomized trials and global in nature, allowing reliable 
and generalizable estimates of efficacy [9-12]. At the same time, government and industry initiated 
major collaborations to develop and evaluate vaccines to reduce the risk of virologically confirmed 
symptomatic disease, and to prevent occurrence of severe and fatal illness. Fortunately, several of the 
vaccines have been shown to be effective receiving regulatory authorization by the Food and Drug 
Administration [FDA] and the European Medical Agency (EMA), moving us forward toward control 
of the pandemic [13-15]. Some therapeutics and vaccine studies were done through a clinical trials 
network, either using an existing infrastructure or by rapidly creating a new one. Whether evaluating 
a single intervention or using a platform trial design to assess multiple interventions [16], these 
trials were carefully monitored using independent Data Monitoring Committees (DMCs). In this 
commentary, we extend the insights and lessons learned for DMCs since an earlier discussion of these 
issues [8]. 

The fundamental structure, organization and process for randomized clinical trials (RCTs) and 
DMCs have been well established for decades. Components of multicenter RCTs typically include 
a sponsor, a steering committee providing trial leadership, a data coordinating center, a statistical 
analysis center and a network of clinical sites for participant recruitment. Each component is critical 
to the success of the trial. Another necessary component of any major Phase III trial is an independent 
DMC that evaluates emerging data for early safety signals or convincing evidence of benefit [17,18] 
and the quality of trial conduct, particularly as it would affect trial integrity. These evaluations are 
guided by the basic ethical principle that trials should not continue longer than necessary to evaluate 
the new intervention compared to a standard-of-care control [17,18]. In particular, trials can be 
terminated early due to overwhelming evidence of benefit, a clear lack of benefit, convincing evidence 
of harm, or logistical issues such as poor accrual leaving little hope of achieving an adequate sample 
size. DMCs typically operate according to a Charter that outlines responsibilities and operations, 
its independent and multidisciplinary membership, the need for DMC access on an ongoing basis 
to emerging data on key efficacy measures as well as safety data, the importance of maintaining 
confidentiality of emerging data, even of pooled outcome data, [19], to reduce risk of prejudgment, 
and an interim statistical analysis plan. However, not all contingencies can be anticipated and 
described in a simple algorithm. Thus, the DMC must have the expertise, wisdom, and experience to 
adapt to the unexpected [20]. 
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Considerable insights about DMC best practices have been 
gained from clinical trials conducted since the mid-1980s to 
address the HIV/AIDS epidemic [21-25] and are relevant to the 
current Covid-19 pandemic. One such lesson was how to manage 
the conduct of several simultaneous trials testing multiple potential 
treatments for HIV-infected patients [26]. Two networks, the AIDS 
Clinical Trial Group, (ACTG) and the Terry Beirn Community 
Program for Clinical Research in AIDS, (CPCRA), conducted trials 
involving multiple sponsors, both federal and industry, with each 
network using its own data coordinating center and statistical center, 
but with both networks sharing a common DMC. This single DMC 
needed to review and evaluate an analysis report for each of the 
multiple ongoing trials. DMC reports had to be well organized and 
structured similarly from trial to trial for efficiency and clarity. 

The DMC meetings also had to be time-managed carefully to 
efficiently achieve sufficient discussion of each trial report. While 
the DMC needed to maintain confidentiality of emerging data, 
presented in an unblinded manner in their DMC reports during 
a closed session with only DMC members and the independent 
statistician in attendance, they also needed direct access to insights 
from the investigators and sponsors. To accommodate these needs, 
a major contribution to DMC processes was the creation of open 
sessions at DMC meetings, where all necessary parties could 
exchange information about trial design, conduct issues and relevant 
information external to the trial without sharing any unblinded 
information about emerging efficacy and safety data [26]. The 
DMC meetings were structured with a closed session for preliminary 
unblinded data review, an open session, a second closed session for 
final unblinded data review and formulation of recommendations 
for trial continuation, modification or termination and then a final 
open session for the DMC to relay its recommendations to sponsors 
and investigators. This was an innovative structure that served the 
ACTG/CPCRA well; similar structures soon became the de facto 
standard for most major clinical trials [21-25].

The Covid-19 treatment and vaccine trials were quickly launched 
with independent DMCs, using the well-established model just 
described, to review emerging measures of safety and efficacy and to 
provide oversight on trial progress. Networks, or platform trials, for 
therapeutics included the ACTT-1 [9], RECOVERY [10], REMAP-
CAP [11] and WHO SOLIDARITY Therapeutics Trial [12]. The 
WHO SOLIDARITY Vaccines Trial, due to open in spring 2021, 
is the only network trial planned to evaluate vaccine candidates 
[27]. Other large non-network trials of Covid-19 vaccines have also 
been conducted [13-15]. Each trial/network has a single DMC to 
monitor all interventions being studied by the network or platform 
trial. Over the past year, the experience with Covid-19 treatment 
and vaccine clinical trials has yielded new insights into DMC best 
practice, particularly as related to research during disease outbreaks. 

Recruitment of participants traditionally has been a challenge 
for clinical trials, sometimes requiring years to achieve the target 
sample size, but this has not been the case for most Covid-19 trials. 
The therapeutic networks recruited thousands of patients for their 
trials in a few weeks due to the very rapid spread of the pandemic, 
resulting in large numbers of Covid-19-positive patients eligible for 
these trials. As was the case in the early days of AIDS trials, when few 
proven treatments were available, Covid-19 patients were generally 
eager to participate in trials. Additionally, the unprecedented impact 
of the pandemic on daily lives resulted in extremely rapid enrollment 

in vaccine trials, with sample sizes of 30,000-40,000 participants 
entered within weeks. This speed of recruitment places extreme 
demands on the components of the trial structure starting with the 
clinic staff treating or vaccinating subjects, the data collection and 
analysis staff, as well as the DMC. In some cases, the DMC needed 
to review detailed DMC reports every few weeks rather than the 
more traditional frequency of 1-3 times each year per trial. 

 Large simple trials having minimal data collection, while 
focusing on the critical data for evaluation of safety and efficacy, is 
not a new concept [28]. However, for Covid-19 trials, simplifying 
the traditional data collection was mandatory given the urgent 
need to evaluate treatments and vaccines. In some instances, data 
from electronic health records, national registries of mortality and 
morbidity or insurance reimbursement databases have been used 
[10]. The large simple trial approach not only has had great utility 
for registrational trials of Covid-19 therapeutics and vaccines, but 
also may be valuable for studying remaining safety and efficacy 
questions for authorized vaccines. For example, in settings where 
vaccine demand exceeds supply, one might randomize individuals 
between accelerated vs standard timing of access, or between time 
of second doses, or between different vaccines, in each instance 
assessing the influence of viral variants of concern [29,30].

While electronic health records enable rapid collection of efficacy 
and safety data, the sponsor and DMC must have confidence in the 
reliability of this source of information. Traditionally, many clinical 
outcome trials have conducted on-site visits, auditing form by form, 
item by item to validate the collected data. Often an adjudication 
committee also will review clinical records to validate the investigator-
reported outcome, but this process requires access to clinical records 
and time for committee review. In the Covid-19 pandemic, delays 
caused by onsite inspection or event classification are not acceptable. 
Nevertheless, the DMC must be confident that the data provided 
for review are sufficiently reliable to justify its recommendations, 
especially those for trial termination that cannot be reversed. The 
experience in the GUSTO trial of fibrinolytic treatment in emergent 
heart attack patients provides some reassurance in this regard. That 
trial was initially conducted without onsite data verification but 
later onsite inspection of records found few discrepancies, none of 
which changed conclusions [31]. This experience suggests that the 
National Institutes of Health traditional quality assurance strategy of 
centralized computer editing for implausible values, inconsistencies 
and problematic patterns of missing data, with “for cause” audits 
conducted as necessary, may be quite adequate and affords a 
substantial reduced cost in trial conduct as well as allowing for rapid 
data flow and the DMC review of very current safety and efficacy 
data. The FDA has sanctioned such approaches in a recent guidance 
document [32] However, attention must still be afforded to the 
discovery of serious data errors or biases and the lack of transparency 
which have already been experienced in a Covid-19 registry 
observational study such that publications had to be retracted [33]. 

Another challenge that DMCs face is how to conduct their 
meetings. During the Covid-19 pandemic physical travel has not 
been possible. Telephone-based DMC meetings can be effective if 
DMC members previously had established an effective working 
relationship. Fortunately, commonly used communication software 
such as Zoom [34], BlueJeans [35], Cisco Webex [36] or Microsoft 
Teams [37] have become a standard approach for DMC meetings 
during the pandemic. DMC members are able to conduct their 
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meetings more effectively and efficiently when they can see each 
other and the DMC reports are presented on a shared screen.

Despite the urgent need for treatments and vaccines to deal 
with Covid-19, all involved in the research efforts—trial sponsors, 
regulators, investigators and the medical community at large—have 
strongly supported the conduct of large and rigorously designed and 
conducted trials of Covid-19 treatments and vaccines, with careful 
monitoring by DMCs. Although the role of the DMC in the clinical 
trials process is not well understood, or even recognized, by the 
general public, the intense interest in the development of treatments 
and vaccines for Covid19 has led to intense scrutiny of the data 
monitoring process by many, including the financial and political 
worlds and the press. For example, during the past year, the DMC 
for a Covid-19 vaccine trial recommended a pause in recruitment 
related to a potential safety issue. While that issue was addressed 
and the trial resumed, the announcement of the pause generated 
considerable confusion and concern as to the circumstances related 
to that pause, what that meant regarding the potential for success of 
the trial, and the identity and role of the “secret committee” called 
the DMC [38]. This experience illustrates the need for the public to 
better understand the role of the DMC in the clinical trials process. 
Perhaps articles in major media explaining the role of DMCs would 
reach the public most effectively [39].

The HIV/AIDS clinical trial experiences beginning more than 
3 decades ago offer another lesson on the importance of broader 
education about the clinical trials process, including DMCs [26]. In 
the early years of the ACTG/CPCRA trials, many of the interested 
parties, including sponsors, investigators, investors and the HIV/
AIDS community itself, were not aware of the importance of 
evidence from randomized clinical trials. Many in the HIV/AIDS 
community pushed for access to proposed treatments before their 
true benefits and risks had been reliably evaluated. In time, the HIV/
AIDS community became educated about the value of evidence from 
RCTs and became the strongest proponents of rigorous research 
methods in evaluating new AIDS/HIV treatments, calling for a focus 
on important clinical outcomes such as survival and symptomatic 
progression of disease rather than relying on intermediate or 
surrogate endpoints. They also recognized the importance of the 
DMC and the process of interim review. This experience motivates 
the need for education about clinical trials and DMC processes 
during the current and any future pandemics. 

Despite the morbidity and mortality from the SARS-CoV-2 
virus, short cuts in the evaluation of Covid-19 therapeutics and 
vaccines can result in considerably more harm than good. The DMC 
has a primary responsibility for safeguarding interests of participants 
while protecting trial integrity, through monitoring trial progress, 
evaluating benefit-to-risk considerations, and recommending 
release of trial results when they become convincing and ready for 
regulatory review. 

Another lesson, while not new, is the value of commonality 
across data collection and data bases from the multiple trials. Efforts 
by the Clinical Data Interchange Standards Consortium (CDISC) 
to develop common data elements has enabled major progress in this 
regard [40]. Such commonality can be useful to DMCs monitoring 
trials of Covid-19 treatments and vaccines, since they might wish 
to probe results from completed trials addressing related questions. 
The need for commonality is even more critical in a pandemic where 
time is of the essence. 

In rare instances, DMCs from similar ongoing trials have shared 
limited data to evaluate emerging safety issues [26]. Additionally, 
DMCs overseeing data from ongoing trials should have timely access 
to source data from related clinical trials soon after their completion 
and publication if such data could inform recommendations about 
the ongoing trial [41,42].

DMCs monitoring treatment and vaccine trials must always 
operate within the guidance of the ethical principles put forward 
by documents such as the Declaration of Helsinki and national 
regulations regarding the conduct of clinical research [43]. DMCs 
also should be conscious that ethical perspectives vary across the 
world. Thus, membership of the DMC should reflect the diversity 
of the patient populations being recruited in both the treatment and 
vaccine settings. With DMC meetings being held virtually using 
current communication technology, such diversity of membership 
can more easily be achieved.

Conclusions

Substantial progress has been achieved with remarkable speed 
in the evaluation of treatments and vaccines in the battle against 
the SARS-CoV-2 virus. Yet considerable needs remain, including 
pursuit of therapeutics providing greater reductions in the risks 
of severe disease and mortality, and pursuit of additional vaccines, 
especially those that would be broadly effective against emerging 
viral variants and have characteristics that would facilitate mass 
vaccination campaigns to better address worldwide needs [30]. 

The lessons learned over this past year need to be carried forward 
to the generation of new Covid-19 trials. Looking beyond the 
current Covid-19 challenges, we unfortunately can expect more 
infectious disease epidemics in coming years. The experience gained 
in the current pandemic, including best practices for DMCs in 
public health emergencies, will be extremely valuable in enhancing 
our ability to achieve timely and reliable results in future trials 
conducted in such settings.
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