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Abstract
Background: Globally, healthcare has shouldered much of the socioeconomic brunt of the COVID-19
pandemic. In the area of clinical research, reports indicate that numerous clinical trials have had to be
suspended or discontinued. However, these reports have been either qualitative in nature or limited in
quantitative scope. The aim of the present analysis was to quantitatively estimate the impact of COVID-
19 on the number of clinical trials worldwide.

Methods: Data deposited by 219 countries in the ClinicalTrials.gov database between 2007 and 2020
were interrogated using targeted queries. A time series model was �tted to the data for studies ongoing,
initiated, or ended between 2007 Quarter (Q) 1 and 2019 Q4 to predict the expected number of trials in
2020 in the absence of COVID-19. The predicted values were compared with the actual 2020 data to
quantify the impact of the pandemic.

Results: The number of ongoing registered trials showed continuous growth from 2007 Q1 to 2019 Q4
(from 33,739 to 80,319 trials). By contrast, there were markedly fewer ongoing trials in all four quarters of
2020 compared with forecasted values (1.6%–2.8% decrease). When excluding COVID-19-related studies,
this disparity grew further (3.4%–5.8% decrease), to a peak of almost 5,000 fewer ongoing trials than
estimated for 2020 Q2. Promisingly, however, the number of newly initiated non-COVID-19 trials was
higher than predicted in 2020 Q4 (by 9.9%).

Conclusions: This quantitative analysis con�rmed that the pandemic has had an appreciable impact on
clinical trials. Provided that current trends persist, clinical trial activities may soon recover to at least pre-
COVID-19 levels.

1. Introduction
The COVID-19 pandemic has had devastating consequences on nearly all societies and economies
worldwide (1). Healthcare systems are at the forefront of �ghting COVID-19 and have had to bear much
of this burden. Since clinical trial research and healthcare are highly interconnected, one would expect the
current pandemic to have had a similarly marked impact on clinical trial programs. Indeed, there have
been several reports on the unprecedented challenges associated with factors such as patient accrual
(2–4), follow-up and data collection (4, 5), protocol adherence (4, 5), logistics (6), and resource allocation
(7), which have resulted in the temporary suspension or even permanent discontinuation of many clinical
research and clinical trial programs (2–4, 8, 9).

To date, the impact of the COVID-19 pandemic on clinical trials has been described in either a qualitative
manner (i.e., the identi�cation of problems without quantitative measures) or with a limited quantitative
scope. For example, previous reports have focused on individual centers or selected geographic regions
(10–12), surveys or case studies that were inherently limited in participant numbers (11, 13, 14), speci�c
disease areas (10, 11) (12), and/or a relatively recent time span (10), (15, 16).



Page 3/19

In September 2007, the U.S. Food and Drug Administration Amendments Act made clinical trial
registration with the ClinicalTrials.gov database (CTDB) a statutory requirement (17). The CTDB has
since undergone steady expansion, and it is currently one of the largest clinical trial databases in the
world (18). Now comprising studies from 220 countries, this database has greatly exceeded its initial aim
of serving the U.S. market (19). This renders the CTDB a vital source of information for the study of
worldwide trends in the development of new therapeutic technologies.

The aim of the present analysis was to quantitatively estimate the global impact of the COVID-19
pandemic on clinical trial programs based on the actual number of trials registered in the CTDB between
2007 and 2020 compared with predicted 2020 values forecasted from pre-COVID-19 data.

2. Methods

2.1. Data source
All analyses were performed based on information stored in the ClinicalTrials.gov database (19) and the
recommendations released by the Clinical Trials Transformation Initiative (20). The studies table is a
CTDB key table holding basic information about each registered study; any study-related information
provided in other tables can be directly accessed via the studies primary key (the national clinical trial
[NCT] number) that uniquely identi�es each study. Additional information on the medical subject
headings (MeSH) hierarchy used to group the clinical trials into speci�c health domains was obtained
from the mesh_terms table retrieved from the CTDB by remote SQL query (at the time of analysis, this
table was present in the CTDB but could not be obtained from the monthly SQL pipe-delimited CTDB
snapshot).

2.2. De�nition of outcome variables
The numbers of clinical trials that were ongoing, started, or ended between 2007 and 2020 were
aggregated into quarterly data using the values for the date variables (‘start_date’,
‘study_�rst_submitted_date’, ‘completion_date’) and the auxiliary information about study status from the
‘overall_status’ variable. All the information needed for study aggregation was included in the studies
dataset.

A total of 852 trials were identi�ed in the studies table as being associated with a clinical device that has
not been approved or cleared by the U.S. Food and Drug Administration. These trials were excluded from
the analysis, as under U.S. legislation, details regarding these studies are not made publicly available.

Studies containing any of the following prespeci�ed terms in the study keywords, title, summary,
description, conditions, interventions, groups, results, or participant data were labeled as COVID-19-related
studies: ‘COVID-19’, ‘Coronavirus Disease 2019’, ‘SARS-CoV-2’, ‘SARSr-CoV’, ‘COVID19’, ‘NCoV-2019’,
‘severe acute respiratory syndrome coronavirus 2’, ‘2019-nCoV’, ‘2019 novel coronavirus’, and ‘Wuhan
coronavirus’.
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Using the study keywords, the identi�ed studies were then assigned with at least one of the 4,031 unique
MeSH terms (21) grouped into 56 MeSH top-level categories corresponding to the highest levels of the
MeSH tree structure. Among these, 20 MeSH categories comprise health conditions or disease domains,
which, in this analysis, have been referred to using the same term: “health domains”. Each study could
have one or more MeSH terms assigned, thus studies could potentially be classi�ed as falling within
more than one health domain. The remaining 36 MeSH categories concerned areas other than health
domains and were not used in this analysis. For 62,369 studies (17%), no MeSH term could be assigned;
thus, these studies could not be classi�ed into any of the top-level MeSH categories.

2.3. Statistical analysis
Visual inspection of the data indicated a long-term trend of increasing study numbers with each
consecutive quarter. Thus, time series analyses were performed using an ETS model to quantitatively
estimate the impact of the COVID-19 pandemic on the number of clinical trials being undertaken. More
speci�cally, an ETS model implementation from the CRAN fable library (22) (23) was used, which allowed
for automatic model �tting based on the time series trend and seasonality, along with �exible additive,
multiplicative, or damped trend components. The model structure was selected from potential candidates
based on the Akaike’s Information Criterion corrected for small sample bias (AICc), and the Bayesian
Information Criterion (BIC). Both criteria consist of a term related to goodness-of-�t and a penalty for
complexity, thus allowing a trade-off between model �t and parsimony (24).

The ETS model was �tted to data for the quarterly aggregated number of trials before the outbreak of the
pandemic, covering CTDB records for studies ongoing, started, or ended between 2007 quarter (Q) 1 and
2019 Q4. This model was used to predict what the expected number of trials would have been during
2020 Q1–Q4 in the absence of the pandemic. The impact of the COVID-19 pandemic on the number of
clinical trials in 2020 was then assessed by comparing the number of trials predicted by the time series
model with the actual number of trials observed based on the CTDB records.

Separate forecasts were generated for studies ongoing, started, or ended, as well as for all studies overall
and those grouped by health domain. Absolute and relative differences between the actual numbers of
studies estimated from the CTDB records and the number of studies predicted by the ETS model were
calculated for all studies and the non-COVID-19 subset of studies. Since the COVID-19 pandemic is a
recent phenomenon, a forecast for the subset of COVID-19 studies was not feasible because of a lack of
data that could be used to �t the ETS model; instead, the number of COVID-19 studies was based on a
count of the studies classi�ed as COVID-19-related (as described in Sect. 2.2), and the proportion of
COVID-19-related studies was calculated relative to the total number of studies registered in the CTDB.

All analyses were performed using the R software environment for statistical computing (25).

3. Results

3.1. Overall characteristics of registered trials
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In this analysis, the CTDB was interrogated to assess the impact of the COVID-19 pandemic outbreak on
the dynamics of clinical trials during 2020. The analysis included 361,706 clinical trials registered in
CTDB from the beginning of 2007 until the end of 2020, of which 4,842 (1.3%) were classi�ed as COVID-
19-related studies according to the criteria described in the Methods. All other trials were classi�ed as
‘non-COVID-19 studies’ (n = 356,864). Since the COVID-19 studies were all relatively new, 79.5% of these
trials had the status of ‘recruiting’, ‘not yet recruiting’, or ‘active, not recruiting’, compared with 24.5% of
non-COVID-19 studies with a similar status. There were also marked differences between COVID-19-
related and unrelated trials regarding the proportion of observational studies (including patient registries)
contained within these subgroups (COVID-19: 40%; non-COVID-19: 21%) and the main intervention types
included (diagnostic tests: 8.7% and 1.9%; biologics: 10% and 5.6%; and nonbiologic drugs: 29.8% and
41.1% for COVID-19 and non-COVID-19 studies, respectively; see Table 1). Interestingly, when comparing
the proportions of intervention types included in the non-COVID-19 and COVID-19 trials, there appears to
have been a shift toward biologics in the COVID-19 studies (from 5.6–10%) at the expense of nonbiologic
drugs (from 41.1–29.8%). The characteristics of the studies analyzed in this paper are summarized in
Table 1.
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Table 1
Characteristics of studies registered in the ClinicalTrials.gov database between 2007 and 2020

  Non-COVID-19 studies, n
(%)

COVID-19 studies, n
(%)

Total, N (%)

N 356864 4842 361706

Status      

Active not recruiting 17345 (4.9%) 404 (8.3%) 17749 (4.9%)

Approved for marketing 153 (0%) 2 (0%) 155 (0%)

Available 221 (0.1%) 24 (0.5%) 245 (0.1%)

Completed 193902 (54.3%) 641 (13.2%) 194543
(53.8%)

Enrolling by invitation 3230 (0.9%) 163 (3.4%) 3393 (0.9%)

No longer available 291 (0.1%) 5 (0.1%) 296 (0.1%)

Not yet recruiting 16841 (4.7%) 1015 (21%) 17856 (4.9%)

Recruiting 53136 (14.9%) 2429 (50.2%) 55565 (15.4%)

Suspended 1802 (0.5%) 27 (0.6%) 1829 (0.5%)

Temporarily unavailable 19 (0%) 0 (0%) 19 (0%)

Terminated 20472 (5.7%) 53 (1.1%) 20525 (5.7%)

Unknown last known status:      

Active not recruiting 7706 (2.2%) 0 (0%) 7706 (2.1%)

Enrolling by invitation 1587 (0.4%) 0 (0%) 1587 (0.4%)

Not yet recruiting 8051 (2.3%) 0 (0%) 8051 (2.2%)

Recruiting 22771 (6.4%) 0 (0%) 22771 (6.3%)

Withdrawn 9337 (2.6%) 79 (1.6%) 9416 (2.6%)

Phase      

Early Phase 1 3403 (1%) 42 (0.9%) 3445 (1%)

Phase 1 33710 (9.4%) 206 (4.3%) 33916 (9.4%)

Phase 1/Phase 2 11363 (3.2%) 154 (3.2%) 11517 (3.2%)

aNot available.

bStudies were classi�ed based on intervention type when at least one study arm listed the speci�c
category.
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  Non-COVID-19 studies, n
(%)

COVID-19 studies, n
(%)

Total, N (%)

Phase 2 46507 (13%) 607 (12.5%) 47114 (13%)

Phase 2/Phase 3 5424 (1.5%) 173 (3.6%) 5597 (1.5%)

Phase 3 32169 (9%) 407 (8.4%) 32576 (9%)

Phase 4 27464 (7.7%) 131 (2.7%) 27595 (7.6%)

Not applicable 120360 (33.7%) 1144 (23.6%) 121504
(33.6%)

NAa 76464 (21.4%) 1978 (40.9%) 78442 (21.7%)

Type      

Expanded Access 684 (0.2%) 31 (0.6%) 715 (0.2%)

Interventional 280402 (78.6%) 2864 (59.1%) 283266
(78.3%)

Observational 69017 (19.3%) 1681 (34.7%) 70698 (19.5%)

Observational [Patient
Registry]

6761 (1.9%) 266 (5.5%) 7027 (1.9%)

Intervention typeb      

Behavioral 33564 (9.4%) 477 (9.9%) 34041 (9.4%)

Biologic 20060 (5.6%) 486 (10%) 20546 (5.7%)

Combination Product 1121 (0.3%) 41 (0.8%) 1162 (0.3%)

Device 42805 (12%) 282 (5.8%) 43087 (11.9%)

Diagnostic Test 6774 (1.9%) 421 (8.7%) 7195 (2%)

Dietary Supplement 10647 (3%) 104 (2.1%) 10751 (3%)

Nonbiologic Drug 146718 (41.1%) 1444 (29.8%) 148162 (41%)

Gene Therapy 1897 (0.5%) 13 (0.3%) 1910 (0.5%)

Procedure 35684 (10%) 129 (2.7%) 35813 (9.9%)

Radiation 7327 (2.1%) 25 (0.5%) 7352 (2%)

Other 63195 (17.7%) 1327 (27.4%) 64522 (17.8%)

aNot available.

bStudies were classi�ed based on intervention type when at least one study arm listed the speci�c
category.
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  Non-COVID-19 studies, n
(%)

COVID-19 studies, n
(%)

Total, N (%)

NAa 36616 (10.3%) 709 (14.6%) 37325 (10.3%)

aNot available.

bStudies were classi�ed based on intervention type when at least one study arm listed the speci�c
category.

3.2. Trends in clinical trials in the pre-COVID-19 and COVID-
19 eras
Continuous growth was observed in the number of registered clinical trials with ‘ongoing’ status from
33,739 trials at the beginning of 2007 to 80,319 trials at the end of 2019 (Fig. 1). The year 2020 clearly
deviated from this long-term trend: for the �rst time during the period analyzed, the number of ongoing
trials was lower compared with that of the previous year. This drop spanned all quarters of 2020, with the
�rst two quarters being the most affected. There were 631 fewer ongoing studies in 2020 Q1 compared
with 2019 Q1, and 1,099 fewer ongoing studies in 2020 Q2 compared with 2019 Q2.

When comparing the actual numbers of ongoing clinical trials with the numbers forecasted by the ETS
model, the estimated number of “missing” ongoing trials was − 1,890, − 2,286, − 1,557, and − 1,311 for
each of the consecutive four quarters of 2020, which corresponded to a 1.6–2.8% decrease vs. the
predicted values (Fig. 2). This disparity further increased to 5.4–5.8% between 2020 Q2 and Q4 when
COVID-19-related studies were excluded (see also Additional �le 1).

Analysis of the quarterly trends in 2020 indicated that the observed decreases in the number of ongoing
clinical trials during this year were mostly attributable to the lower-than-expected number of studies
initiated in Q1 (− 13.6%) and Q2 (− 10.5%) and the higher-than-expected termination rate in Q1 (7.7%) and
Q4 (41.3%) (Fig. 2). Further, the number of non-COVID-19 studies initiated in Q1 and Q2 of 2020 dropped
by 20.4% and 38.2%, respectively, relative to the forecasted values, and this drop was not fully
compensated for by the upsurge in new COVID-19 studies. In the second half of 2020, an excess of
initiated studies was observed over predictions, which would have helped to mitigate the lower number of
ongoing studies observed during the �rst half of the year. Lastly, 2020 Q4 presented a markedly higher
proportion of terminated trials than predicted (41%), by contrast with the relatively small disparities
between the forecasted and actual number of trials ended during 2020 Q1–Q3.

3.3. Trends in clinical trials across different health domains
Of the 361,706 trials identi�ed during 2007–2020, 299,337 (82.8%) trials could be assigned to ≥ 1 of the
20 health domains according to their associated MeSH terms. The ETS model was applied to each of
these health domains to evaluate the impact of the pandemic on clinical trials within speci�c areas of
therapeutic research. Detailed results for all 20 health domains are presented in Additional �le 2.
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3.3.1 Trends in clinical trials on infectious diseases
Comparisons of the predicted versus actual numbers of clinical trials indicated that the area of infectious
diseases encompassed the health domains most affected by the COVID-19 pandemic, namely viral
diseases, respiratory tract diseases, and bacterial infections and mycoses (Fig. 3). These 3 health
domains shared a distinct trend in the number of ongoing trials in 2020 that was opposite to that
observed for clinical trials overall, in that the observed number of ongoing trials in these domains during
2020 Q2–Q4 was larger than the predicted values.

This disparity between the predicted and actual number of trials was greatest in the domain of viral
diseases, reaching 21.0–24.2% more ongoing trials than the forecasted values during 2020 Q2–Q4
(Fig. 3). This dynamic was associated with a staggering increase in the number of new studies initiated
throughout 2020, reaching 234% and 98% more new studies than forecasted for Q2 and Q3, respectively.
The domain of respiratory tract diseases was the second-most impacted, peaking at 7.2% more ongoing
studies (Q3) and 74% more new studies (Q2) than forecasted for 2020. Lastly, the bacterial infections and
mycoses health domain had an initial 2.7% decrease in the number of ongoing studies in Q1, followed by
an increase to a peak of 3.5% in Q3. The number of new studies in this domain jumped from 4.5–48.3%
above the forecast in the �rst half of 2020 and stabilized to almost 30% above the forecast during the
last two quarters of the year.

When excluding all COVID-19-related studies from the analysis, the numbers of ongoing and initiated
studies were lower in 2020 than predicted (Fig. 3), which suggests that studies initiated in response to the
COVID-19 outbreak (see Additional �le 3) were responsible for the observed increases in the total number
of ongoing and initiated trials on infectious diseases during 2020.

3.3.2 Trends in clinical trials on noninfectious diseases
By contrast with the area of infectious disease, decreasing trends were observed for most of 2020 in the
total numbers of ongoing and initiated trials in domains related to noncommunicable diseases. These
domains included cardiovascular diseases, neoplasms, mental disorders, and diseases of the
musculoskeletal and nervous systems (Fig. 4). The numbers of ongoing trials in these 5 domains
remained below the forecasted values throughout 2020, and this trend was associated with a marked
decrease in the number of studies initiated within the �rst half of 2020. Notably, however, the number of
studies initiated in 2020 Q4 within these domains exceeded the forecasts (indeed, this was the case for
all 20 health domains; see Additional �le 2). This increase compensated at least in part for the Q1–Q3
reduction in ongoing trials within the domains associated with cardiovascular diseases, neoplasms, and
mental disorders. As expected, the disparities between the predicted and actual number of trials overall
versus that of the non-COVID-19 subset of studies were much smaller than those observed for the
infectious disease domains.

4. Discussion
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This report describes the application of a well-established time series model to ClinicalTrials.gov registry
data to quantitatively estimate the effect of the COVID-19 pandemic on the number of clinical trials in
2020. The approach described here is unique, given that 13 years of pre-COVID-19 clinical trial registry
data were included in the model (previous analyses have relied on more recent data, with the earliest data
being from 2015 (26)). This facilitated the observation of both seasonal and long-term trends, and it
further allowed robust forecasts of what the dynamics might have been in the absence of COVID-19.

The COVID-19 pandemic is an unprecedented event that continues to leave its mark on all areas of
socioeconomic functioning. This analysis has con�rmed that the pandemic led to the widespread
suspension of ongoing trials and postponement of planned studies. Based on the ETS model, the number
of ongoing trials in 2020 Q2 would have been higher by approximately 2,300 trials if the pandemic had
not occurred. This gap decreased later during the year, partly because of an increase in new studies
related to COVID-19, but the number of ongoing trials in 2020 Q4 remained lower than expected by
approximately 1,300 trials. If studies related to COVID-19 are excluded, this gap increases to a peak of
almost 5,000 in 2020 Q2.

Besides the pronounced drop in clinical trial numbers in 2020, there was also a slight but noticeable
decrease in 2019 when considering the long-term trend observed over the period of 2007–2018. The
reasons for this are unclear, but this decrease might have been related to 2019 being the year of the
lowest world economic growth since the �nancial crisis of 2008–2009 (27). This makes 2019 a poor
reference for year-to-year comparisons, as it would lead to underestimation of the impact of COVID-19 on
the dynamics of clinical trials during 2020. To overcome the limitations of such an approach, we based
our analysis on a comparison of the actual number of trials in 2020 Q1–Q4 in the CTDB with those
forecasted by an ETS model �tted to data from the entire available historical pre-COVID-19 timespan
(2007–2019) (23).

The �eld of clinical research has shown great �exibility and the ability to accommodate completely new
conditions. This was illustrated by the upsurge in new experimental trials related to COVID-19 that were
registered in Q2—relatively soon after the outbreak began. One consequence of which, was that the
number of ongoing trials in the area of infectious diseases noticeably exceeded predictions based on
data from previous years. This implies that less than a quarter was required to design, prepare, and
initiate these new clinical trials. Secondly, a re-emergence of non-COVID-19 trials was observed in the
second half of 2020, such that the number of trials registered in 2020 Q4 exceeded the predictions for all
20 of the health domains. Lastly, the observed shift from traditional drugs to biologics in COVID-19
studies may re�ect the recent advancements in bioinformatics and molecular biology that have
accelerated the development pathway for new therapies (including vaccines) compared with the
traditional research approaches applied to small molecules (28).

Despite the increase in new trials in 2020 Q4, the overall number of ongoing studies at the end of 2020
remained lower than expected based on trends over the pre-COVID-19 era. However, looking at the recent
upward trend in new trials, there is a chance that the expected level of active trials will soon be attained.



Page 11/19

This is of paramount importance to the pharmaceutical industry, clinicians, and patients, since drugs
undergoing clinical trials have the potential to increase the spectrum of available therapies for a variety
of diseases, and any delays in clinical trials may translate into a loss of clinical bene�t (29). The higher-
than-forecasted proportions of trials ended in 2020 Q4 might have also been associated with the
�nancial closure of projects at the end of the year, due to the postponement of di�cult �nancial decisions
regarding trial closure to the end of the annual �nancial cycle (for many companies, this coincides with
the end of the calendar year).

Several risk mitigation measures have been implemented to reduce the likelihood of SARS-CoV-2
transmission and lessen the impact of the pandemic on clinical trial programs (3, 4, 10, 11, 14, 30, 31).
These measures have included staggering staff shifts, prioritizing speci�c trials and canceling or
postponing others, pausing patient recruitment for ongoing trials, substituting in-person site monitoring
visits and patient visits with technology-based solutions wherever feasible (e.g., using e-consent methods,
telemedicine consults, remote electronic medical record access, and virtual monitoring of data), extending
patient study visit windows, and shipping oral drugs directly to patients. Regulatory agencies such as the
U.S. Food and Drug Administration (32) and the European Medicines Agency (33), as well as various
research, philanthropic, and advocacy organizations, have issued guidance to help address the
challenges inherent in conducting clinical trials in the pandemic era (11).

Although the pandemic has been disruptive to clinical programs worldwide, experts believe that many of
the adaptations made to mitigate this impact and rapidly generate high-quality evidence in COVID-19-
related trials are bene�cial outside of this context, offering long-term opportunities to transform the
clinical trial landscape (4, 9, 11, 34–37). Several of these improvements are considered long overdue even
in the absence of COVID-19, such as more streamlined trial designs and the widespread adoption of
digital and remote technologies.

The approach used in this study has several limitations. First, not all clinical trials are registered in the
CTDB. Second, since all studies with keywords related to COVID-19 were classi�ed as COVID-19-related, it
is possible that the proportion of COVID-19 trials was overestimated by including studies amended,
suspended, terminated, or withdrawn for any reason related to the COVID-19 outbreak. To estimate the
extent of this overestimation, we re-ran the analysis with COVID-19-related studies rede�ned as only those
with COVID-19-related keywords in the study title. We found that 84% of studies with a keyword related to
COVID-19 in any �eld also had such a keyword in the title; these studies were, therefore, highly likely to
actually comprise COVID-19-related trials. Thus, we concluded that the approach used to classify studies
in this analysis provided a good trade-off between sensitivity and speci�city and did not lead to
substantial overestimation of the proportion of studies related to COVID-19 therapies. Third, this analysis
was based on a “snapshot” of the data published by the CTDB on January 1, 2021, and this dataset
might not have contained updates of the CTDB records from 2020 that were delayed. Fourth, although
study records submitted to the CTDB are subject to quality control and the Posting Procedures guidelines
(38), users have substantial freedom to enter customized records. Thus, inconsistencies, inaccuracies,
and de�ciencies in the entered information (including dates) are unavoidable.
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5. Conclusions
This report describes the application of an established forecasting model to global clinical trial data from
2007 to 2020 to quantitatively evaluate the impact of the COVID-19 pandemic. Although the �ndings
con�rm that COVID-19 has had an appreciable impact, the data suggest that clinical trial activities may
soon recover to at least pre-COVID-19 levels if current trends persist. Although the negative effect of
COVID-19 on clinical trials appears to be lessening, it remains important for study sponsors, contract
research organizations, and regulatory agencies to continue to monitor this highly dynamic situation.
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Figure 1

Dynamics of the number of ongoing trials between 2007 and 2020. The red line represents the ETS model
�tted to data from the ClinicalTrials.gov database for the number of ongoing clinical trials during the pre-
COVID-19 period (2007–2019), and the forecasted numbers for the four quarters of 2020 predicted by the
ETS model.

Figure 2

Differences between the actual and predicted number of clinical trials in 2020 Q1–Q4. Values represent
the difference between the actual numbers of registered clinical trials in 2020 and the forecasted values
based on the ETS model �tted to data from 2007 to 2019. Colored bars, all studies; empty bars, non-
COVID-19 studies only. The proportions (%) in the bottom panel were calculated relative to the number of
predicted studies for each quarter.
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Figure 3

Differences between the actual and predicted number of clinical trials on infectious diseases. Values
represent the difference between the actual numbers of registered clinical trials in 2020 and the
forecasted values based on the ETS model �tted to data from 2007 to 2019. Colored bars, all studies;
empty bars, non-COVID-19 studies only. The proportions (%) in the bottom panel were calculated relative
to the number of predicted studies for each quarter.
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Figure 4

Differences between the actual and predicted number of clinical trials on noncommunicable diseases.
Values represent the difference between the actual numbers of registered clinical trials in 2020 and the
forecasted values based on the ETS model �tted to data from 2007 to 2019. Colored bars, all studies;
empty bars, non-COVID-19 studies only. The proportions (%) in the bottom panel were calculated relative
to the number of predicted studies for each quarter.
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