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ARTICLE INFO ABSTRACT

Keywords: Importance: The COVID-19 pandemic has impacted clinical research due to safety measures such as social
COVID-19 distancing and lockdowns. However, developing treatments for COVID-19 relies on conducting clinical trials.
Clinical Trials Using telemedicine or virtual methods may support ongoing trials and limit the pandemic’s impact on clinical
V1rtuahz:c1t.10n research.

Telemedicine

Objective: To examine the use of virtual methods among ongoing and discontinued COVID-19 clinical trials.
Design: In this cross-sectional analysis, we performed a systematic search of ClinicalTrials.gov for COVID-19
related trials registered since the pandemic began. In masked, duplicate fashion, authors extracted data from
included studies, noting whether trialists reported using telecommunication, virtualization, or remote data
collection to deliver interventions and monitor outcome measures. The authors also coded the use of virtual
methods for recruitment, enrollment, or follow-up visits. Chi-square tests and Kruskal-Wallis tests were used to
assess differences in the use of virtual methods between ongoing and discontinued studies and differences be-
tween intervention types.

Results: Our search returned 2549 clinical trials, of which 2383 were included. Of included studies, 2109 (88.5%)
were ongoing and 274 (11.5%) were discontinued. Overall, 519 (24.6%) ongoing COVID-19 trials reported using
virtual methods for trial conduct and 43 (15.7%) discontinued trials reported using virtual methods. There was a
statistically significant difference in the rate of reporting virtual methods between discontinued and ongoing
trials (X21 = 27.2, P < .001). Studies listed as Behavioral or Other were more likely to report using virtual
methods for delivering interventions compared to other intervention types (X?; = 751.88, P < .001).
Conclusions and relevance: The COVID-19 pandemic has presented an unprecedented need for safe and efficient
clinical trial conduct. Nearly a quarter of ongoing COVID-19 clinical trials in our sample reported using virtual
methods for supporting trial progress. Ongoing trials were more likely to report virtual methods compared to
discontinued trials. Developing strategies that allow for continuing trials during emergencies may limit trial
disruption. Exploring and developing remote trial methods may continue to be valuable in light of emerging
COVID-19 variants and may persist beyond the pandemic.

Remote Data Collection

1. Introduction primary reason for discontinuation. [5] McDermott and Newman sus-

pect that ongoing trials, having not been suspended, are likely to face

The COVID-19 pandemic has disrupted clinical trial (CT) conduct
due to public safety measures such as lockdowns and mandatory clo-
sures [1-4]. However, developing effective interventions for COVID-19
paradoxically depends on findings from CTs. Many trials have been
suspended during the pandemic, often citing the pandemic as the

challenges with aspects of protocols requiring in-person contact in the
absence of remote research methods. [5] Moreover, the United States
Food and Drug Administration updated guidance on CT conduct during
the pandemic focusing on ensuring participant safety and maintaining
trial integrity, including using virtual visits, telecommunication, remote
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monitoring, and alternative methods of intervention delivery wherever
possible. [6] Many trialists were able to quickly adapt trial protocols to
include using telehealth and remote methods. For example, an Alz-
heimer’s disease trial constructed networks to support remote moni-
toring for using tele-neuropsychiatric platforms during the pandemic.
[7]1 In another case, a CT evaluating fluvoxamine and improved out-
comes in COVID-19 patients was conducted using entirely remote
methods. The study randomized participants via phone, delivered
medical supplies for data collection by mail, and gathered data via
manual input into electronic surveys by participants. [5] As the focus of
clinical research has shifted toward COVID-19, and with new variants of
concern arising, finding alternative ways to continue CTs remains an
important objective, [8,9] but the prevalence of using virtual methods
among ongoing COVID-19 CTs remains unknown. Thus, the primary
objective of this study was to assess the use of virtualization, telecom-
munication, and remote monitoring among ongoing and discontinued
COVID-19 CTs.

2. Methods
2.1. Systematic search

On August 7, 2021, we used the link provided on the ClinicalTrials.
gov homepage to access all registered COVID-19 related trials. We used
the “download” function to extract all available variables for all regis-
tered ongoing trials (Active, not recruiting, Recruiting, or Enrolling by
invitation) and discontinued trials (Suspended, Withdrawn, or Terminated)
in a CSV file.

2.2. Sampling procedure

To obtain our sample, authors MG, NS, and BR screened each trial for
relevance to COVID-19 and excluded trials which were not explicitly
studying COVID-19, its complications, or its sequelae. We included only
interventional trials in any phase and from any location.

2.3. Data extraction

Authors MG, NS, and BR used a pilot-tested Google form to extract
information from each trial’s respective registry page by searching the
NCT number on ClinicalTrials.gov. For this study, any mention of the
following modalities was coded as being virtual or remote: mobile apps,
YouTube videos, social media platforms such as Facebook, Twitter, or
Instagram, SMS text messaging, email, Zoom or other video confer-
encing, telephone contact, postal services, online streaming services,

Table 1

Rates of discontinuation of trials during COVID-19 pandemic and intervention type.
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online surveys, and any mention of telemonitoring. The authors
extracted whether trials reported using telecommunication, virtualiza-
tion, or remote data collection to deliver the primary intervention or
monitor its outcomes. If trials did not report using virtual methods for
those purposes but reported using them for recruitment, enrollment, or
follow-up visits, these studies were coded as such. If trials did not report
virtual measures, they were coded as such. Data extraction was per-
formed in masked duplicate fashion with discrepancies resolved by
group discussion after unmasking.

2.4. Data analysis

Chi-squared tests were used to examine associations between the
intervention type (Table 1) and whether a trial reported using virtual
methods. If multiple intervention types were reported, the first type
listed was coded. Chi-square tests were used to estimate relationships
between using virtual methods and trial status. Median and interquartile
range was calculated for enrollment among trials 1) overall, 2) by trial
status, 3) and whether the primary method for data collection was vir-
tual. Kruskal-Wallis non-parametric tests were used to determine dif-
ferences in enrollment among these categories. Statistical analyses were
performed using Stata 16.1 (StataCorp, College Station, TX). The Okla-
homa State University Center for Health Science Institutional Review
Board determined that this project did not qualify as human subject
research as defined in 45 CFR 46.102(d) and (f).

3. Results

ClinicalTrials.gov listed 2549 ongoing or discontinued COVID-19
CTs at the time of our extraction. Of these, 2383 were included for
data extraction, of which 2109 (88.5%) were ongoing trials and 274
(11.5%) were discontinued trials. Composition of trials by intervention
types is found in Table 1. Overall, 344 (16.3%) ongoing COVID-19 trials
reported using telecommunication, virtualization, or remote data
collection for delivering the primary intervention or monitoring out-
comes. An additional 175 ongoing studies (8.3%) reported using virtual
methods for recruitment, enrollment, or follow-up visits. Together,
24.6% (519) of ongoing COVID-19 CTs in our sample reported using
virtual methods. Among the 274 discontinued studies, 12 (4.4%) re-
ported using virtual methods for the primary intervention, and an
additional 31 (11.3%) trials reported using virtual methods for
recruitment, enrollment, or follow up visits. Together, 43 (15.7%) dis-
continued studies reported virtual methods. There was a statistically
significant difference in the rate of reporting virtual methods between
discontinued and ongoing trials, with discontinued studies being less

Total Ongoing Discontinued Total trials using any virtual Primary use of virtual Secondary use of virtual
n = 2383 n = 2109 n=274(11.5%) methods methods methods
(88.5%) n = 562 n = 356 (63.35%) n = 206 (36.65%)
n (%) n (%) n (%) n (%) n (%) n (%)
Intervention type
Behavioral 241 (10.11) 229 (10.86) 12 (4.86) 206 (36.65) 182 (51.12) 24 (11.65)
Biological 468 (19.64) 436 (20.67) 32 (12.96) 59 (10.5) 1 (0.28) 58 (28.16)
Combination 17 (0.71) 14 (0.66) 3(1.21) 0 (0) 0 (0) 0 (0)
Device 150 (6.29) 140 (6.64) 10 (4.05) 50 (8.9) 45 (12.64) 5(2.43)
Diagnostic Test 82 (3.44) 78 (3.7) 4 (1.62) 7 (1.25) 5(1.4) 2(0.97)
Dietary 78 (3.27) 73 (3.46) 5(2.02) 13 (231) 1(0.28) 12(583)
Intervention
Drug 1017 (42.68) 828 (39.26) 189 (76.52) 116 (20.64) 18 (5.06) 98 (47.57)
Other 275 (11.54) 260 (12.33) 15 (6.07) 110 (19.57) 103 (28.93) 7 (3.4)
Procedure 40 (1.68) 37 (1.75) 3(1.21) 1(0.18) 1 (0.28) 0 (0)
Radiation 15 (0.63) 14 (0.66) 1(0.49) 0 (0) 0(0) 0 (0)
Enrollment
Median (IQR) 5:_ 400) 140 (59-471) 0.5 (0-54) 150 (60-600) 50 (120-368) 271.5 (60-1000)
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likely to report using virtual methods (X?; = 27.2, P < .001’ Table 2).
There were no significant differences between discontinued and ongoing
studies in reporting the use of virtual measures for recruitment, enroll-
ment, and follow-up (le =0.92, P = .34). Studies listed as Behavioral or
Other were more likely to report using virtual methods as a primary
intervention compared to other intervention types (x? =751.88,P <
.001).

4. Discussion

We found that nearly a quarter of ongoing COVID-19 CTs registered
on ClinicalTrials.gov at the time of our search reported using telecom-
munication, virtualization, or distancing for trial conduct. Mitigating
the risk of infection via telecommunication or virtualization is key in
protecting trial participant safety. [10] Additionally, telecommunica-
tion may increase efficiency within health care systems, allowing for
smoother clinical trial conduct, [11] especially among trials without
clinical sites. [12] Many clinical trial inefficiencies and design flaws
were exposed by the urgent need for COVID-19 trials, and van Dorn
asserts that virtual remedies will persist in trial conduct following the
pandemic. [10] While many aspects of CTs are better suited for virtual
adaptation, others are not easily transitioned and have inherent limi-
tations. [13] For example, specimen collection and “bench work” are
important aspects of clinical research that are less amenable to virtual-
ization. [13] Our results possibly reflect these limitations — behavioral
and ‘other’ interventions were significantly more likely than drug,
procedural, and biological trials to report using virtualization. Many
trials labeled as ‘other’ were entirely virtual and were likely labeled as
such because ClinicalTrials.gov does not yet have ‘telemedicine’ as an
intervention type. Interestingly, Cortez et al. found behavioral treat-
ments to be more commonly delivered via virtual methods compared to
other treatment types in office-based settings during the pandemic— a
clinical equivalent of our findings. [14] Despite the limitations of vir-
tualizing trials, the increased demand for virtualization may drive
innovation and development of remote protocols and monitoring tools
for use in clinical trials that will outlast the COVID-19 pandemic. [13]
Even among inherently harder-to-virtualize interventions, such as sur-
gery, the need for virtual adaptation secondary to the pandemic allowed
for continual healthcare delivery, which will serve as a nidus for
implementing virtual measures in the future. [15]

We found that discontinued studies were less likely to report using
virtual methods than ongoing studies, and while we cannot claim cau-
sality, we assert that virtualization may prevent premature trial
disruption. It may also be that earlier studies were focused on in-
terventions that are difficult to virtualize, such as drugs, and thus,
discontinuation was difficult to avoid. While certain aspects of clinical
trials are inherently more difficult to convert to remote methods, rapid
innovation and adaptation of certain aspects of clinical trials during the
COVID-19 pandemic may persist. For example, remote methods used
during the pandemic may promote trial participation for individuals
with comorbid medical conditions or travel restrictions that would
otherwise be unable to participate [5]. Adapting trial methods to include
the use of portable medical devices, mobile monitoring clinics, and
video-administered testing may increase trial participation in the post-
pandemic era. While virtualization has been crucial in supporting trial
progress during the COVID-19 pandemic, the safety and accuracy of
remotely obtaining other data— usually collected in person— remains
uncertain. [5] However, the importance of exploring and developing
remote methods may continue to be valuable in light of continuously
emerging COVID-19 variants.

4.1. Limitations
The evolving verbiage used to describe virtual methods may mean

that our results underestimate the prevalence of these platforms among
COVID-19 trials. Further, we only extracted what was explicitly listed on
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Table 2
Association of trial status and intervention type with reporting use of virtual
methods

Characteristic Primary Virtual Total Statistical Test
Trial Status No Yes
Discontinued 262 12 274 X2(1) = 27.1667, P < .001
Ongoing 1765 344 2109
Intervention No Yes
Behavioral/Other 70 186 256 X2(1) = 751.8822, P < .001
All else 1957 170 2127
Secondary Virtual
Trial Status No Yes
Discontinued 231 31 262 X2(1) = 0.9183, P = .338
Ongoing 1590 175 1765

ClinicalTrials.gov to assess for the use of virtual methods, and trialists
may not have listed the use of virtual methods. Therefore, the actual
prevalence of virtual methods may be underrepresented in our sample.
Additionally, we searched for CTs within a limited time period, limiting
generalizability. There are many reasons for discontinuing a trial
including safety concerns, futility, drop outs or too frequent protocol
violations, and failure to recruit. Only some of these reasons may be
mitigated by remote methods, and the relationship between trial status
and use of remote methods is purely correlational. Our study cannot
establish any causal relationships, and our results should be interpreted
accordingly. Lastly, while we reported the overall rate of using remote
methods for secondary purposes such as recruitment and follow-up, we
did not present an itemized list of the exact purposes used. Future studies
are needed to determine the usage rates of individual purposes and to
determine if the use of these methods in clinical trials differs before,
during, and after the pandemic.

5. Conclusions

The COVID-19 pandemic has presented an unprecedented need for
safe and efficient clinical trial conduct. [10] Ensuring safe continuation
of COVID-19-related CTs remains important for establishing novel
therapeutics and treatments amid an ongoing pandemic. Although our
study demonstrates significant findings regarding virtualization among
ongoing COVID-19 CTs compared to discontinued trials, the pandemic
and subsequent public safety measures continue to be a major contrib-
utor to halted trials globally. [8] Therefore, we encourage the incorpo-
ration of virtual methods into clinical trial conduct during the current
pandemic and beyond. Future works are needed to document the chal-
lenges of implementing virtual methods into clinical trials of various
types, the strategies used to overcome said challenges, and the use of
virtual methods in clinical trials persisting after the COVID-19
pandemic.

Key points

Question: Are COVID-19 clinical trials using virtual methods to
support trial progress amid lockdowns and distancing measures?

Findings: In this cross sectional-analysis of registered COVID-19
clinical trials, we found that 24.6% of ongoing trials reported using
virtual methods compared to 15.7% of discontinued trials, a statistically
significant difference.

Meaning: Many ongoing COVID-19 clinical trials are using virtual
methods in keeping with recommendations set forth by the FDA and trial
experts.
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