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Abstract 

Rationale, aims, and objectives

The current strategy of searching for an effective drug to treat COVID-19 relies mainly on 

repurposing existing therapies developed to target other diseases. There are currently more than 

four thousand active studies assessing the efficacy of existing drugs as therapies for COVID-19. The 

number of ongoing trials and the urgent need for a treatment poses the risk that false-positive 

results will be incorrectly interpreted as evidence for treatments’ efficacy and a ground for drug 

approval. Our purpose is to assess the risk of false-positive outcomes by analyzing the mechanistic 

evidence for the efficacy of exemplary candidates for repurposing, estimate false discovery rate, and 

discuss solutions to the problem of excessive hypothesis testing.

Methods

We estimate the expected number of false-positive results and probability of at least one false-

positive result under the assumption that all tested compounds have no effect on the course of the 

disease. Later, we relax this assumption and analyze the sensitivity of the expected number of true-

positive results to changes in the prior probability (π ¿ that tested compounds are effective. Finally, 

we calculate False Positive Report Probability and expected numbers of false-positive and true-

positive results for different thresholds of statistical significance, power of studies, and ratios of 

effective to non-effective compounds. We also review mechanistic evidence for the efficacy of two 
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exemplary repurposing candidates (hydroxychloroquine and ACE2 inhibitors) and assess its quality to

choose the plausible values of the prior probability (π) that tested compounds are effective against 

COVID-19.

Results

Our analysis shows that, due to the excessive number of statistical tests in the field of drug 

repurposing for COVID-19 and low prior probability (π ¿ of the efficacy of tested compounds,  

positive results are far more likely to result from type-I error than reflect the effects of 

pharmaceutical interventions.

Key-words: prior probability, mechanistic evidence, EBM+, excessive hypothesis testing, false 

positives, covid-19
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Drug repurposing for COVID-19: the problem of excessive hypothesis testing

1. Introduction

SARS-CoV-2 belongs to a family of human coronaviruses that cause common cold and more severe 

conditions such as breathing difficulty and acute respiratory distress syndrome (ARDS)1. Direct 

mortality of COVID-19, the disease caused by SARS-CoV-2, is not the only reason for why the 

pandemic creates an unprecedented threat to the healthcare systems. Some patients require 

hospitalization (oxygen therapy and Intensive care, in particular) 2 and the patients who recovered 

from COVID-19 might experience long-term cardiovascular and neurological consequences3. As 

SARS-CoV-2 pandemic is a global threat that affects millions of people, medical researchers are 

trying to rapidly develop a therapy for COVID-19. Their efforts rely primarily on drug repurposing, 

i.e., identifying those existing or investigational drugs that are effective for COVID-194,5. The primary 

advantages of drug repurposing (as opposed to developing new compounds) are shorter time of the 

process and known risk profile of the existing drugs6. 

The hope of this strategy is to find a therapy lowering mortality, alleviating symptoms, and/or 

shortening the course of the disease. Within the first hundred days of the pandemic, 689 

randomized controlled trials (RCTs) have been conducted, ongoing, or in preparation (of which more 

than a hundred tested the efficacy of antimalarial drugs)7. The number of the trials is steadily 

growing. At the time when the manuscript is being prepared (December 23rd, 2020), Clinicaltrials.gov

lists as much as 4’118 active studies targeting COVID-19, including 2’302 randomized controlled trials

(RCTs). Among over two thousand RCTs, 168 active or planned trials tests the efficacy of 

hydroxychloroquine (HXQ) and 55 – remdesivir. We excluded the studies that are terminated, 

suspended or withdrawn. 

The current strategy of drug repurposing is clearly very tempting as it might accelerate the process 

of getting the cure. However, we are concerned that, as we delineate below, it is likely to result in 

many false-positive results (i.e., reports showing statistically significant difference between the 

treatment and control arms due to chance alone). In effect, several small studies of the same 

compound are likely to deliver inconsistent results. Conflicting evidence has already emerged in 

regard to the efficacy of remdesivir8, hydroxychloroquine9, and convalescent plasma10. The 

chronological order of results, where (false) positive results were followed by negative outcomes 

(e.g., WHO Solidarity Trial Consortium 2020), has driven changes in treatment recommendations
11,12. 

We argue that the false-positive results emerge due to the problem of multiple comparisons. It 

denotes a situation when one conducts more than one statistical inference from the same or 

dependent datasets. It is well known that, in such situations, p-values are underestimated and type-I

errors (rejecting the null hypothesis of no effect  when it is true) happen more often than it could be 

expected13,14. Still, it has only recently been recognized that false positive results can emerge in cases

when several research teams address the same research question15,16 . In unfavorable circumstances,

multiple comparisons can drastically impede true inferences. For example, Colhoun et al.17 estimate 

that as much as 95% of genome-wide research report false-positive results. False-positive results are

also more frequent than expected in clinical trials18 what impedes the process of drug approval19. 

Ioannidis20 shows that false discovery rate (the ratio of false-positive to all positive results) depends 
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positively on the number of tested relationships and negatively on the prior probability of tested 

hypotheses and the number of effective therapies. Unfortunately, the field of drug repurposing for 

COVID-19 is populated by numerous trials (¼ include less than 1’000 participants) that are too small 

to report significant differences in mortality21. Underpowered RCTs are more likely to report false 

positive findings22. 

Our purpose is to show that false positive results are very likely to be obtained in the field of drug 

repurposing for COVID-19 and discuss some approaches regarding how to evaluate the results. First, 

we show that conducting that many clinical trials negatively influences false discovery rate and 

impedes making reliable inferences (section 2). Second, we argue, using hydroxychloroquine and 

ACE2 inhibitors as examples, that the mechanistic evidence for the efficacy of repurposing 

candidates is weak what justifies the assumptions endorsed in the analysis (section 3). We end up 

with discussing the implications of high false discovery rate for evaluating the results of drug-

repurposing studies (section 4).

2. The problem of excessive hypothesis testing

False positive findings can emerge due to random allocation of patients to treatment and control 

arms and individual differences in disease progression. Unwarranted claims regarding treatment 

efficacy are most likely to emerge in cases when the natural course of disease is such that the health 

of a majority of patients improves over time23. In that cases, observing the improvements of patients

in the treatment group can erroneously be ascribed to treatment if the control group accidently 

includes a larger proportion of cases that deteriorate. A majority of COVID-19 cases are moderate. 

About 10-20% develop into a severe disease requiring hospitalization2. Therefore, researchers 

conducting RCTs can ascribe random differences in outcomes between treatment and control arms 

arising from sampling to the intervention despite the treatment has no effect on the course of the 

disease. 

To account for the random changes in outcomes, only statistically significant results (i.e., unlikely to 

emerge by chance alone) are taken as evidence for treatment’s efficacy. The threshold of statistical 

significance α  is usually set at the level of 0.05 (more conservative thresholds of 0.01 or 0.001 are 

sometimes employed). Under normal circumstances, not only statistical significance but also clinical 

relevance of the size of treatment effect is taken into account24. However, the case of COVID-19 is 

exceptional in the lack of any treatments with the exception for drugs that are known to alleviate 

certain symptoms (e.g., fever or inflammation). Therefore, any reduction in mortality or disease 

progression would be considered as a clinically useful effect and hence we can focus exclusively on 

the problem of statistical hypothesis testing. 

The threshold of statistical significance α  denotes also the probability of type-I error (false-positive 

result). In case α=0.05, (on average) one in twenty RCTs can be expected to report a false-positive 

result. This allows for estimating the mathematical expectancy of the number of false-positive 

results for a group of studies. Assuming that the drug repurposing for COVID-19 is the null field (i.e., 

no tested compounds make any difference in comparison to their controls), the number of false 

positives (FP) is given by16: 

FP=n∗α

Where:
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n - number of null studies;

α  – the threshold of statistical significance/type-I error probability α=Pr (rejecting H 0|H0 is true ).

If this pessimistic scenario is true and none of the candidates for repurposing tested in more than 

two thousand active RCTs is effective, then the number of false positives can be expected to be as 

high as 100 (for α=0.05). In a similar vein, one can estimate the expected number of false-positive 

results for the studies of individual drugs and for different thresholds α , see Fig. 1. 

[Figure 1 should be put somewhere here]

In addition, one can calculate the probability of obtaining at least one false-positive result14:

P(FP≥1)=1−(1−α )n

The formula shows that for little as 283 trials (in comparison to the number of studies in the field of 

drug repurposing for COVID-19) the chances of not obtaining at least one false positive result are 

one to billion (1:1’000’000) when α=0.05, see Fig. 2.

[Figure 2 should be put somewhere here]

Still, it is possible that some treatments will turn out to be genuinely effective and some RCTs will 

report true positive (TP) results. In that case, to calculate the False Positive Probability Report (

FPRP), i.e., the probability that a positive result is a false positive, the number of true positive 

results needs to be extracted from the number of all studies:

n=N−N∗π

Where:

N  – number of all studies;

π  – the ratio of genuinely effective therapies to all tested therapies.

Assuming that the power of each study equals 1, i.e., the probability of accepting the null hypothesis

when it is in fact true (type-II error)  equals zero (β=0), one can calculate FPRP (this idealizing 

assumption will be lifted later):

FPRP=n∗α /N∗π

Assessing the number of true positive results proves difficult, but a range of plausible values for π  

can be indicated. As we argue below, it is rational to expect that the number of existing drugs 

effective for COVID-19 is low. We estimate the expected number of true-positive results for the 

several plausible values of π: 0.00025; 0.001; 0.005; 0.03, see Fig. 3. Considering the overall number 

of clinical studies N , these values can be interpreted as assumptions that there are, respectively, 0-

1; 2-4; 10-20; 60-120 effective treatments under investigation. The lower bounds of the intervals are 

calculated by multiplying the number of RCTs assessing the efficacy of repurposed drugs against 

COVID-19 by π and the upper bounds are estimated for all clinical trials, including non-interventional

studies.

[Figure 3 should be put somewhere here]
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Finally, we one analyze FPRP under the assumption that some studies testing genuinely effective 

drugs will report (false) negative results. In that case, the probability that a positive result has been 

obtained despite ineffective treatment is higher and given by the following formula25:

FPRP=
α (1−π )

α (1−π )+π (1−β )

Where:

π  – prior probability that H1
 is true/the ratio of effective to non-effective drugs;

1−β  – statistical power; 1−β=Pr (rejecting H0|H 1 istrue );

FPRP – False Positive Report Probability Pr (H 0is true|H0was rejected ).

The sensitivity analysis (Fig. 4) shows that for the values of π  meaningful in the context of drug 

repurposing for COVID-19, the statistical-significance threshold values standardly used in clinical 

research, and the range of expected power of studies, false-positive results dominate positive 

outcomes. In particular, the results show that the studies in the field of drug repurposing for COVID-

19 are more likely to report false-positive results than true-positive findings. This conclusion has 

been obtained even though we exclude from our analysis such factors as poor research design, bias, 

and questionable research practices that may additionally raise the number of false-positive reports.

[Figure 4 should be put somewhere here]

3.The poor quality of mechanistic evidence for drug repurposing candidates 

Above, we have shown that false discovery rate of the field of studies repurposing drugs for COVID-

19 is worryingly high due to the excessive number of ongoing trials and the low prior probability of 

the candidates’ efficacy for COVID-19. In this section, we delineate the reasons for why it is rational 

to expect that there are only few (if any) effective drugs among the candidates for repurposing. In 

other words, we argue that the prior probability (π ¿ of tested drugs’ efficacy is low.

Despite some spectacular examples of successful repurposing attempts such as Viagra26,27, most 

compounds target very specific biological processes and are ineffective beyond their domain. This 

makes the process of drug repurposing marked with failure. For example, amantadine targets only 

influenzavirus A and is ineffective for influenzavirus B28 despite a high degree of similarity between 

the two pathogens. Neuberg et al.26 analyzed the complete clinical development history of 834 drug 

candidates that entered clinical trials between 1980 and 2012. They discovered that less than 2% of 

them were ultimately launched in a therapeutic area other than the one for which they were 

developed. The success rate is higher for drugs repurposed within the same therapeutic area, e.g., 

the drugs developed for breast cancer have been successfully repurposed for ovarian cancer . The 

low success rate of the repurposing studies has been observed under the ordinary circumstances, 

when the process of selecting candidates for repurposing lasts, on average, about two years27. In the 

case of drug repurposing for COVID-19, this process has been accelerated and many trials had been 

started before convincing mechanistic evidence for drugs’ efficacy was available. 

Limiting the efforts to gather extensive evidence from in vitro and animal studies seems justified 

from the perspective of evidence-based medicine (EBM), the leading approach to assessing the 
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quality of evidence for clinical decisions29,30. This view has led to developing evidence hierarchies 

(e.g., The Oxford Centre for Evidence Based Medicine31) that prioritize RCTs and systematic reviews 

of RCTs over observational human studies, animal and in vitro research, and theories and expert 

opinion. Despite mechanistic evidence enters the EBM hierarchy informally, at the stage of 

developing new drugs and designing clinical trials32,33, mechanisms are not considered explicitly 

when efficacy claims are evaluated and if they are, mechanistic evidence is believed to be of lower 

quality in comparison to associational studies. This view results from the prioritization of those 

research methods that deliver evidence less susceptible to bias or confounding34,35. From that 

perspective, limiting the efforts to produce high-quality mechanistic evidence are warranted 

considering the extraordinary context of the pandemic. According to EBM, RCTs and, subsequently, 

non-interventional studies deliver more trustworthy evidence and mechanistic research may seem 

to be excessively time consuming in case of a public health emergency such as the pandemic of 

SARS-CoV-2. 

The voices advising expanding the evidentiary base of the EBM movement36–39 and developing the 

epistemic theory of causality requiring both difference-making and mechanistic evidence for 

establishing causal claims40 have motivated the emergence of the EBM+ movement41. According to 

EBM+, “[a] well-established mechanism of action can support the efficacy claim, while a 

hypothesized mechanism that has little evidence or contrary evidence (ie, lack of biological 

plausibility) can undermine the efficacy claim”42. The EBM+ position can be fruitfully applied to 

assessing the plausibility of efficacy claims arising from drug repurposing clinical trials. We analyze 

the mechanistic evidence for the efficacy of hydroxychloroquine (HXC) and angiotensin-converting 

enzyme 2 (ACE2) inhibitors, to assess the chances for repurposing candidates to be effective 

treatments for COVID-19.

We start with HXC, which was suggested as one of the early candidates for treating COVID-19 

patients 43,44. HXC is a widely used and relatively safe anti-malaria drug. Hydroxychloroquine is an 

analog of chloroquine that is safe and more popular because it is less likely to interact with other 

drugs. In recent years, Chloroquine and HCX has been shown in vitro to have antiviral, anticancer, 

and antifungal properties 45,46. Therefore, it is not surprising that COVID-19 was suggested as another

potential target. The suggestion results from a laboratory research whereby HXC and chloroquine 

was shown to inhibit the ability of SARS-CoV-2 to infect African green monkey kidney Vero cells 43,44. 

These results have been used as a reason for starting more than 200 clinical studies, some of which 

have been prematurely terminated.  

Despite some positive outcomes that, in the light of our analysis, can be interpreted as false 

positives, the larger and more conclusive studies have reported insignificant effect of 

hydroxychloroquine on the course of COVID-1947,48. This might be surprising considering that the 

mechanistic evidence from the in vitro research supporting the efficacy of HXC is considerably well 

justified. However, new negative mechanistic evidence has emerged recently. Hoffman et al.49  

discovered the exact mechanism blocking the replication of SARS-CoV-2 in African green monkey 

kidney Vero cells. This mechanism remained unknown at the time when clinical trials of HXC were 

started. Sars-CoV-2 can enter cells by two different mechanisms. First, SARS-CoV-2 spike protein 

attaches to the ACE2 receptor and inserts its genetic material into the cell. Second, the virus is 

absorbed into endosomes (a part of endocytic membrane transport pathway). Depending on the cell

type, the enzymes involved in these mechanisms might be different. Some, like kidney cells, need an 
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enzyme called cathepsin L for the virus to successfully infect them. Others, like lung cells, need an 

enzyme called TMPRSS2 (on the cell surface). Cathepsin L requires an acidic environment to function

and allow the virus to infect the cell while TMPRSS2 does not. HXC increases the endosomal pH of 

cells and inhibits viruses that depend on low pH for cell entry 45. Hoffman et al. 49 showed that in the 

green monkey kidney cells, HXC decreases the acidity, what disables the cathepsin L enzyme, 

blocking the virus from infecting the kidney cells. In human lung cells, which have very low levels of 

cathepsin L enzyme, the virus uses the enzyme TMPRSS2 to infect the cells. Given that the enzyme is 

not controlled by acidity, HXC is unable to block SARS-CoV-2 from infecting the lung cells or stop the 

virus from replicating. 

This shows that the clinical studies testing the efficacy of HXC for COVID-19 had been started 

without sufficient evidence for how the compound interferes with SARS-CoV-2 replication process in 

African green monkey kidney Vero cells. The in vitro research was used as difference-making 

evidence and was directly extrapolated into humans. HXC is a perfect example that the endeavor of 

drug repurposing for COVID-19 was not relying on high-quality mechanistic evidence. Clinical trials 

had been started because some compounds were effective in the tube with disregard for why they 

were effective. If mechanistic evidence that explains why HXC was that effective in the case of green 

African green monkey kidney Vero cells were available, then the extraordinary number of clinical 

trials of HXC would not be started and the emergence of false-positive findings and subsequent hype

for HXC as an effective treatment could be prevented. Hoffman et al.49 delivered negative 

mechanistic evidence that explains why HXC is unlikely to be effective for COVID-19. As one of the 

authors, Stefan Pöhlmann, pointed out in the  press release discussing their results50: “[t]his means 

that in future tests of potential COVID-19 drugs, care should be taken that relevant cell lines are 

used for the investigations in order not to waste unnecessary time and resources in our search for 

effective COVID-19 therapeutics” 

Another promising approach is to utilize the knowledge on the cell receptors that SARS-COV-2 uses 

to enter the host cells. SARS-CoV-2 uses the membrane protein angiotensin two converting enzyme 

(ACE2) as an entry receptor similarly to SARS-CoV49,51. It was quickly realized that a potential way to 

cure or prevent people from contracting SARS-COV-2 is to focus on the drugs that target ACE2 

receptors such as ACE2 inhibitors (a group of antihypertensive drugs)52,53. However, these drugs can 

affect the course of COVID-19 in two opposite ways. On one hand, the increased expression of ACE2 

that comes with taking these drugs protects against lung injury by regulating concentrations of 

angiotensin II, which is vasoconstrictive, pro inflammatory, and pro oxidative ‐ ‐ 52 . It has been 

suggested that increased expression of ACE2, as a consequence of ACE2 inhibitors, might reduce the 

intensity of COVID 19‐ 53. On the other hand, these antihypertensive drugs can possibly worsen the 

course of COVID 19 by providing a greater opportunity for SARS CoV 2 to enter host cells by ‐ ‐ ‐
upregulating ACE2 receptors 52,54. Furthermore, Aronson et al. 42 note these pros and cons of the 

antihypertensive drugs are not mutually exclusive and should be taken into account. In vivo, the 

interactions between the two mechanisms might differ from what is observed in separate 

experiments that model just one mechanism isolated from in vivo interactions.  So far, the clinical 

studies provide conflicting results 55,56.

Additionally, it is not clear whether the protection against lung injury would be as well relevant in 

the case of SARS CoV 2 as the mechanism that drives this process is poorly understood. For ‐ ‐
instance, Monteili et al. 57 show that clinical-grade human recombinant soluble ACE2 (hrsACE2) really
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reduces the growth of SARS CoV 2 in African green monkey kidney Vero cells and as well that it can‐ ‐
significantly inhibit the infection of human blood vessel organoids and kidney organoids. At the same

time, Monteili et al.57 highlight that they have not demonstrated that hrsACE2 makes the same effect

in the later stages of the disease or that it inhibits the growth of SARS CoV 2 in lung organoids. ‐ ‐
Considering that lungs are the major target organ for SARS-CoV-2, a clear mechanistic rationale to 

extrapolate the results to lung cells is missing. And, as the example of HXC shows, one should be 

extraordinarily careful in regard to such extrapolations. 

The two examples show that the quality of existing mechanistic evidence for the repurposing 

candidates was, at most, moderate when clinical trials had been started. Even though our discussion 

focuses on HXC and ACE2 inhibitors, the conclusion applies to other existing drugs that have been 

and are tested as potential treatments for COVID-19. These drugs have been developed biological 

processes that differ from those driving SARS-CoV-2 replication58. For instance, the attempt at 

repurposing lopinavir-ritonavir developed for HIV/AIDS target HIV-1 protease, missing from SARS-

CoV-259. Some clinical trials have been started without sufficient understanding of exact molecular 

mechanisms, based on direct extrapolation of in vitro results obtained on cell lines and 

pharmacokinetics analysis. All in all, mechanistic evidence for the efficacy of candidates for 

repurposing to treat COVID-19 is weak. This supports what is implicated by our analysis of the field 

of COVID-19 drug repurposing studies (section 2): considering the number of clinical trials and weak 

mechanistic evidence in favor of their efficacy, dozens of false-positive findings are likely to emerge. 

In the light of our analysis, new false-positive results can be expected.

4. Discussion and Recommendations

We have shown that False Positive Report Probability for studies repurposing existing drugs for 

COVID-19 can be expected to be extraordinarily high due to the number of clinical trials in the field 

and weak mechanistic evidence for the efficacy of tested compounds. In response to the public 

health emergency, the pace of research and policy decisions has sped up what resulted in concerns 

regarding the quality of evidence and policy decisions60,61. Drug repurposing is the strategy that, in 

comparison to developing new compounds, allows for speeding up the process of drug developing4 

and even limited mechanistic evidence may justify starting clinical trials considering the context of 

public health emergency. However, the number of potential candidates needs to be taken into 

account when the results are interpreted in order to limit the chances for repurposed drugs to enter 

clinical practice on the ground of false-positive results. 

Unfortunately, drug agencies have endorsed treatments based on positive results of clinical trials 

that were subsequently contradicted by more decisive RCTs11,12. The emergence of conflicting 

evidence has led to reversals in clinical recommendations what may undermine trust in drug 

agencies. Food and Drug Administration (FDA) has revoked the emergency use authorization for HXC

on June, 1562. Remdesivir alone and joined with baricitinib was endorsed by FDA63 despite clinically-

insignificant effect size: the combination therapy reduced the duration of hospitalization or oxygen 

therapy by just one day. These examples suggest that a change is needed in the way how evidence 

from the drug repurposing trials is evaluated.

Statisticians have developed many methods of controlling for multiple comparisons and false 

discovery rate in a field64,65. These approaches rely on adjusting the level of p-value threshold (α ) to 

reduce the probability of type-I error. For instance, the simplest approach (Bonferroni correction) 
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relies on dividing the p-value threshold by the number of statistical tests (α=p/n). They should be 

applied to limit the probability of type-I error and retrieve the interpretability of reported statistical 

inferences in all cases when multiple statistical tests are conducted on the same population or 

random samples of the same population. We believe that accounting for false discovery rate is 

especially needed in cases when compounds are tested without strong mechanistic evidence for 

their efficacy. Positive results need to be considered in the context of the field where they emerged, 

i.e., they need to be compared to the number of negative trials testing the same compounds or 

assessing the efficacy of different drugs for the same disease. Otherwise, obviously ineffective 

therapies can show statistically significant effects, e.g.66. Drug endorsement should not be based on 

positive results of limited clinical value just because no other therapies are available. 

Applying the methods of correcting the level of statistical significance threshold (α ) to account for 

multiple comparisons may be problematic due to the file drawer problem, the risk of p-hacking and 

other questionable research practices that may additionally influence false discovery rate. 

Considering vested interests related to finding new therapeutic areas for existing drugs67, one can 

expect that the actual number of false-positive results in the field of drug repurposing for COVID-19 

may exceed what is implicated by our analysis. Still, even underestimated correction (in the sense 

that the actual number of conducted statistical tests is higher than expected) improves the quality of

conclusions in comparison to the situation when the reported p-values are taken as true likelihoods 

of type-I error. Alternatively, the field of drug repurposing studies can be considered as exploratory 

science that aims at generating hypotheses for further research. In that case, positive results should 

not be taken as evidence for approving COVID-19 treatments. Furthermore, false-positive results can

be differentiated from true positive findings by analyzing effect sizes. For example, a reduction of 

hospitalization duration by just one day can be considered as a clinically insignificant effect that may 

have arisen by chance alone, especially if no change in mortality is observed. In contrast, if a tested 

compound would drastically reduce mortality, then it could be considered as genuinely positive 

result. Extraordinary effect sizes have previously been observed in cases when effective treatments 

targeting virus’ molecular mechanisms were developed. For example, antiretroviral therapy is 

considered as one of the greatest achievements of modern medicine68. The notion of fragility 69 can 

also be useful to interpret the results of several small trials testing the same compound. According 

to their view, only results of clinical trials agreeing in effect size and direction should be considered 

as evidence for clinical decisions, while fragile outcomes that are not replicated by similar RCTs can 

be expected to emerge by chance.

All in all, the field of drug repurposing for COVID-19 clearly shows that mechanistic and difference-

making evidence should go hand in hand particularly in cases when no high-quality RCT results are 

available. On one side, if false-positive results are expected because of the number of trials, negative

mechanistic evidence for drugs’ efficacy can impede hopes and influence the inferences drawn from 

positive results. On the other, strong mechanistic evidence for drug efficacy can motivate starting 

clinical trials or therapeutic decisions and drug approval in cases when difference-making evidence is

of low quality because of multiple comparisons.
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