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Coronaviruses primarily target the human respiratory
system. Over the past two decades, these viruses were
responsible for three epidemics. Prior to 2019, the two
coronavirus public health threats were caused by the Severe
Acute Respiratory Syndrome (SARS-CoV) and Middle East
Respiratory Syndrome (MERS-CoV) coronaviruses (1). In
December 2019, an outbreak of a novel coronavirus was
reported in Wuhan, China (2) with subsequent rapid spread
around the world. On March 12, 2020, the World Health
Organization (WHO) officially declared COVID-19 a
pandemic. At the time of this writing in July 2020, there
have been over 617,000 deaths worldwide (3), and the virus
has required a significant role from palliative medicine
providers to provide supportive care to patients and families
impacted by COVID-19.

Although the scientific community is racing to find
possible active agents for COVID-19, there currently is
no effective treatment (4). With no effective treatment,
supportive care is the only option for patients, caregivers
and family; as COVID-19 is known to produce significant
symptom burden across multiple organ systems,
multidisciplinary care will need to be expended while a
treatment is being developed. Dexamethasone may be
effective, but only in a subset of hospitalized patients (5).
Remdesivir, which was developed to treat other viral diseases
including Ebola, may also be effective. One of the first
purportedly positive trials was published by Gautret ez 4l. (6),
a small, single-arm study reporting hydroxychloroquine
to be a potentially-promising treatment to significantly
reduce the viral carriage. Earlier versions of the results were
released previously due to the urgent need to provide data
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to health care providers as the virus was spreading rapidly
across continents. This includes the publication in medRxiv,
which had slightly different results denoted; as these were
not peer reviewed, we only considered the data from the
final peer reviewed publication in the International Fournal of
Antimicrobial Agents (6). Gautret et al. treated 20 cases with
hydroxychloroquine in Marseille as the first large surge
of cases reached the critical care departments of Europe;
this study found that the drug was significantly associated
with viral load reduction in COVID-19 patients (6).
After 6 days of treatment, 100%, 57.1% and 12.5%
of the hydroxychloroquine plus azithromycin group,
hydroxychloroquine alone group, and control group had
negative viral reverse transcriptase-PCR (RT-PCR) tests,
respectively. This observation was statistically significant at
P<0.01.

The dissemination of early positive findings is especially
important during a public health crisis, where scientific
discoveries need to be timely. Positive trial results could
motivate the scientific community to use the agents in
infected patients, or commit fast-track funding and clinical
resources to explore this drug regimen further. However,
it is important to pause for a moment to ensure that
the purportedly positive trial results are indeed robust
enough to pursue further. Making inferences about this
regimen without robust results may take precious time
and resources away from pursuing other promising
therapies. Furthermore, the benefits of a new regimen
need to be weighed against its potential harms; therefore,
hydroxychloroquine use needs to be carefully weighed
against its potential harms such as prolonging of the QTc
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Table 1 FI example

3717

Study Experimental arm Control arm P
Original study 0.033
Number of events 0
Total number of patients 10
Fragile study 0.141
Number of events 0+1
Total number of patients 10

Fl, fragility index.

interval that can be life threatening.

Today, the U.S. Food and Drug Administration
has released cautionary statements around the use of
hydroxychloroquine for the treatment of COVID-19,
warning about the risk of heart rhythm problems (7). In
hindsight, subsequent trial resources used to investigate the
efficacy and safety of hydroxychloroquine might have been
more prudently diverted to other treatment possibilities.

Therefore, it is important to assess if the first positive
trial results of hydroxychloroquine by Gautret ez a/. were
robust enough to warrant further investigation. There have
been several critical appraisals of this trial, but appraisals
are in many ways subjective with no rigorous assessment
performed to date. Therefore, in this urgent and grave
subject, we sought to more quantitatively assess the value
of this trial. A fragility index (FI) was employed to assess
for robustness of this positive trial. As described by Walsh
et al. (8), this index complements the P value by informing
the robustness of results. The index was developed by
leaders in the field of evidence-based medicine, including
Guyatt and Sackett, to provide information beyond the
much criticized, but commonly reported P value. The FI is
most applicable and useful in trials with small numbers of
events where the P values can often erroneously suggest that
a trial is positive; this may be the case for the small-sample
trial published by Gautret et 4/. The index adds information
beyond that provided by historically used measures such as
P value, number of events, confidence interval and sample
size. The aim of this editorial is to quantitatively assess
the first positive trial reporting on hydroxychloroquine for
COVID-19 to serve as a model for rigorous assessments
that can be performed for future COVID-19 research
involving small sample sizes of promising treatment options.

The FI is the minimum number of patients that needs to
change from a negative to a positive event, counterfactually,

© Annals of Palliative Medicine. All rights reserved.

in the non-favored group for a study’s positive result to
become negative/non-significant. The higher the FI, the
more robust a positive trial’s results. The median FI of
published positive trials is reported to be between 2 and 3
9-12).

For example, in a trial where there are 10 patients in each
of the control and experimental arms and five patients with
a positive event in the experimental arm, the results of one
patient in the control arm needs to change from a negative
to a positive event for a non-significant difference (7able I).
As the number of events that needs to be changed is 1, the
FI is therefore 1.

For the Gautret et 4l. trial, the number of patients with
negative nasopharyngeal RT-PCR COVID-19 results
among the number of patients per hydroxychloroquine
and control arms, per day, were analyzed. To calculate
the FI, the event number was incrementally increased
by positive integer values until there was no statistical
difference between the two trial arms. Fisher’s exact test was
calculated for each counterfactual simulation, using Stata 15
(StataCorp, College Station, TX, USA).

At day 3, 10 of 20 hydroxychloroquine patients had a
virological cure, compared to 1 of 16 patients receiving
placebo. A minimum of 2 additional control patients
theoretically needed to have a virological cure in order to
observe a nonsignificant difference. As such, the FI for day 3
was 2, increasing the P value from 0.009 to 0.083 (Table 2).
The FI for virological cure is 1 for day 4, 2 for day 5, and 4
for day 6.

This analysis demonstrates that the FI in the study by
Gautret et al. ranged from 1 to 4 across its study duration.
This would suggest that if as little as one event changed, the
hydroxychloroquine trial would have become statistically
non-significant. Though the Gautret ez a/. study has
low indices, these indices are comparable to many other
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Table 2 Fl—virological cure (RT-PCR-negativity) by day 3

Chow et al. The importance of scrutiny of positive trials

Study Hydroxychloroquine treated patients Control patients P
Original study 0.009
Number of patients with virological cure 10 1
Total number of patients 20 16
Fragile study 0.083
Number of patients with virological cure 10 1+2
Total number of patients 20 16

Fl, fragility index; RT-PCR, reverse transcriptase-PCR.

published trials. Evaniew ez 4/. reviewed 40 orthopedic spine
surgery trials and reported a median FI of 2 (9). Pediatric
orthopedic trials have a median FI of 3, as reported in a
review of 17 trials by Khormaee ez 4. (12). In the field
of ophthalmology, the median index was 2 across 156
published trials (11). Oncology trials are reported to have
a median index of 2, according to a 36-trial review by Del
Paggio and Tannock (13). Perhaps the most pertinent
assessment with respect to the COVID-19 trial by Gautret
et al. is a calculation of the FI in 57 critical care trials by
Ridgeon et 4l. that found a median FI of 2 (9). The results of
Gautret ef al. are as robust, statistically, as half of published
trials, and therefore did warrant further trial resources.

As a result of this promising first study, many trials
were subsequently initiated. Serious adverse events were
noted in the hydroxychloroquine arm, and currently the
United States Food and Drug Administration urges caution
around using hydroxychloroquine (13). Such significant
reversals unfortunately confirm that a better allocation
of study resources could have been employed, but it does
not mean that conducted trials were unwarranted. In this
setting of hydroxychloroquine, the Gautret er 4/. trial
provided statistical evidence as robust as the majority of
the published literature to encourage the investigation of
hydroxychloroquine.

In this case, methodological concerns may be a reason
for significant reversal on the view of hydroxychloroquine.
Gautret ez a/. published essentially preliminary data from a
practical and ongoing trial as they treated their first patients
in Marseille, France. Thirty-six hospitalized patients with
positive nasopharyngeal sample positive PCR results were
included (20 treatment group and 16 untreated controls).
Patients received hydroxychloroquine sulfate 200 mg three
times per day for 10 days, while six patients in the treatment
group also received azithromycin. A comparison group was
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collected primarily from patients in Marseille, Avignon,
Briancon, and Nice. The primary endpoint was clearance of
the virus on RT-PCR analysis of nasopharyngeal specimens
on day 6. Six patients were not included as they were lost to
follow-up. This is pertinent given that the FI indicates that
the number of patients required to change the conclusion
is 4. However, Walsh et 4/. in their review of randomized
trials published in high impact journals found that 52.9% of
trials had higher loss to follow-up levels than their Fragility
Indices. The results of Gautret et 4/. in this respect are
similar to other published trials.

Also of note is the lack of systematic RT-PCR testing
between the groups, which represents a time bias. The
hydroxychloroquine group was, on average, more severely
ill with COVID-19. It is possible that their RT-PCR tests
would become negative quicker, even without treatment,
due to a time bias. Furthermore, RT-PCR cannot even be
used as a test of virological cure, as it measures viral RNA
rather than the live virus. Given this methodological flaw,
more trials are required to verify this purportedly positive
trial.

While this analysis adds quantification to study
assessment, with the FI providing insight into the value
of a trial, its use is not without limitations. In fact, its
application to non-randomized trials may be more limited,
as there is limited control of confounding variables. To
further understand the results of Gautret ez 4/. and its
applicability to future research and practice, the calculation
of the FI should ideally be conducted alongside appraisals
on epidemiological aspects (i.e., trial design to control for
confounder, inclusion/exclusion criteria, and choice of
outcome), such as the appraisal by Kim ez a/. (14).

In conclusion, the FI may be a simple tool to assess
trials, particularly when the issue may be clouded by non-
clinical or political agendas. For the first positive trial result
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by Gautret ez 4l., the FI calculations indicated that the data
were not robust, but they did have sufficient evidence to
support the subsequent level of investigation and resource
utilization that occurred worldwide. Fortunately, in this
scenario, the indices support the past course of action. FIs
should be used more routinely and considered a priori,
in the interest of preserving scarce clinical trial resources
and to provide greater clarity in determining which agents
warrant additional investigation.
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