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Introduction
Coronavirus disease 2019 (COVID-19) is a novel corona-
virus that originated in China’s Hubei region and spread 
throughout the world in late 2019 [1–3]. On March 
11th, 2020, the WHO classified COVID-19 as a pan-
demic. COVID-19 is extremely contagious and has put 
an enormous burden on healthcare systems around the 
world. Pharmacological treatment of infected patients 
is required until herd immunity is acquired by extensive 
viral outbreaks or an effective prophylactic vaccination, 
since social distance is not an effective long-term stand-
alone method.
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Abstract
Background  Camostat mesylate, an oral serine protease inhibitor, is a powerful TMPRSS2 inhibitor and has been 
reported as a possible antiviral treatment against COVID-19. Therefore, we aim to assess the safety and efficacy of 
camostat mesylate for COVID-19 treatment.

Methods  A systematic review and meta-analysis synthesizing randomized controlled trials from PubMed, Scopus, 
Embase, Cochrane, Web of Science, clinical trials.gov, and medrxiv until June 2023. The outcomes were pooled 
using Mean difference (MD) for continuous outcomes and risk ratio (RR) for dichotomous outcomes. The protocol is 
registered in PROSPERO with ID CRD42023439633.

Results  Nine RCTs, including 1,623 patients, were included in this analysis. There was no difference between 
camostat mesylate and placebo in producing negative PCR test results at 1–7 days (RR: 0.76, 95% CI: [0.54, 1.06] 
P = 0.1), 8–14 days (RR: 1.02, 95% CI: [0.84, 1.23] P = 0.87), or 15–21 days (RR: 0.99, 95% CI: [0.82, 1.19] P = 0.90); clinical 
resolution of symptoms at 1–7 days (RR: 0.94 (95% CI: 0.58, 1.53) P = 0.81), 8–14 days (RR: 0.91, 95% CI: [0.74, 1.11] 
P = 0.33, ), or 15–21 days (RR: 0.77, 95% CI: [0.40, 1.51] P = 0.45); and time to symptom improvement (MD:-0.38 weeks 
(95% CI: [-1.42, 0.66] P = 0.47, I2 = 85%).

Conclusion  Camostat mesylate did not improve clinical outcomes in patients with COVID-19, compared to placebo.
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Current treatment of COVID-19 is primarily hospital-
based and directed at advanced disease, for example with 
remdesivir with FDA approval based on three pivotal tri-
als [4–7], and corticosteroids such as dexamethasone [8, 
9]. Furthermore, Monoclonal antibodies can be used in 
the outpatient setting but they are expensive, logistically 
challenging to administer, and have variable degrees of 
efficacy due to viral variants [9].

Despite the recent progress of antiviral drugs, further 
therapeutic alternatives are still required, especially for 
post-exposure prophylaxis and COVID-19 early treat-
ment in outpatient settings. New pharmaceutical targets 
have been suggested as viable options for antiviral drugs 
against COVID-19. To clarify, viral replication and dis-
ease progression can be effectively stopped by blocking 
viral host cell entry. Previous experimental data [10–12] 
show that the SARS-CoV-2 spike (S) protein binds to 
target cells via the host cell factors angiotensin-convert-
ing enzyme 2 (ACE-2) and that S protein cleavage by 
the host cell surface trans-membrane protease serine 2 
(TMPRSS2) allow entry into target cells.

Camostat mesylate has been used in clinical settings 
to treat pancreatitis and reflux esophagitis for over two 
decades [11–13]. Camostat mesylate molecules inhibit 
TMPRSS2 priming of S protein, a process that has been 
demonstrated to be both essential and sufficient for 
viral entry into respiratory epithelial cells [11, 12]. Also, 
COVID-19 infection of primary human lung epithe-
lial cells was demonstrated to be inhibited by camostat 
mesylate. Camostat mesylate is a prodrug that, upon 
entering the bloodstream, rapidly converts to the phar-
macologically active metabolite FOY-251, which inhib-
its TMPRSS2. FOY-251 has an EC50 of 178 nM against 
SARS-CoV-2 infection in Calu-3 lung cell culture [11]. 
Moreover, even at high dosages, it has few, mild adverse 
effects and is readily produced at low costs. Hence, 
camostat mesylate was predicted to be a good candidate 
for the treatment of COVID-19. This systematic review 
and meta-analysis aims to synthesize evidence from 
randomized controlled trials (RCTs), investigating the 
efficacy and safety of camostat mesylate for COVID-19 
treatment.

Methodology
Protocol Registration
The Preferred Reporting Items for Meta-Analyses 
according to (PRISMA) guidelines [14] were followed for 
this meta-analysis. Our protocol was prospectively regis-
tered in the International Prospective Register of System-
atic Reviews (PROSPERO) with ID CRD42023439633.

Data source and search strategy
An electronic search of PubMed, Scopus, Embase, 
Cochrane, Web of Science, clinical trials.gov, and 

medrxiv was conducted from inception to June 2023 
without any search restrictions. In addition, references 
from any retrieved trials were screened manually to iden-
tify potentially relevant articles. Further details regarding 
data source and search strategy are given in (Table S1).

Eligibility criteria
A PICO criterion was used to include RCTs: population 
(P): patients with COVID-19 regardless of the disease 
severity; intervention (I): camostat mesylate; control (C): 
placebo with or without the standard of care; and out-
comes (O): primary outcomes of this review were the effi-
cacy outcomes: all-cause mortality, PCR negative, clinical 
resolution of symptoms, time to symptom improvement, 
hospitalization duration, and intensive care unit (ICU) 
admission or mechanical ventilation. The secondary 
outcomes included safety outcomes: any adverse events, 
any serious adverse, elevated liver enzymes, and specific 
safety events.

Study selection
Three reviewers (A.I., S.R., & M.M.) independently 
screened the studies using Covidence [15] after dupli-
cates were screened and removed automatically. The 
remaining studies were carefully assessed in accordance 
with the eligibility criteria. All studies were initially 
short-listed based on title and abstract, and subsequently, 
full-length articles were reviewed. Any discrepancies and 
conflicts between the selected studies were resolved by a 
U.K.

Data extraction
Four reviewers (A.I., S.R., M.M., & M.M.N.) extracted 
data independently, including baseline, efficacy, and 
safety data. Baseline data included number of partici-
pants in each, mean age, gender, mean body mass index 
(BMI), mean duration of symptoms, ordinal severity 
score, and comorbidity data. Efficacy data was recorded 
in terms of number of patients with negative PCR (at 1–7 
days, 8–14 days, and 15–21 days or more), clinical reso-
lution of symptoms (at 1–7 days, 8–14 days, and 15–21 
days or more), time to improvement in symptoms, viral 
load at the end of follow up, duration of hospitalization, 
all-cause mortality, and ICU admission or mechanical 
ventilation. Safety data included the incidence of any 
adverse event, any serious adverse event, and specific 
adverse events. Conflicts were solved by mutual discus-
sion between reviewers.

Risk of Bias and Certainty of evidence
Four reviewers (A.I., S.R., M.M., & F.S) independently 
assessed the quality of included studies using the modi-
fied Cochrane Collaboration’s risk of bias tool for 
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randomized controlled trials [16] Conflicts were solved 
by mutual discussion between reviewers.

To appraise the quality of evidence, two reviewers 
(M.A. and U.K.) utilized the Grading of Recommen-
dations Assessment, Development, and Evaluation 
(GRADE) guidelines [17, 18]. We considered inconsis-
tency, imprecision, indirectness, publication bias, and 
risk of bias. The evaluation was carried out for each 
outcome, and the decisions made were justified and 
documented. Any discrepancies were settled through 
discussion.

We followed the confidence interval cutoffs provided 
by Cochrane consumers and communication “how to 
grade?” guidelines [19].

Statistical analysis
RevMan (version 5.3; Copenhagen: The Nordic Cochrane 
Centre, The Cochrane Collaboration, 2014) was used for 
all statistical analyses [20]. The results from trials were 
presented as risk ratios (RR) for dichotomous outcomes 
and mean difference (MD) for continuous outcomes 
with a 95% confidence interval (CI) and were pooled 
using a fixed-effects model in case of homogenous data 
and random effects model in case of heterogeneous data. 
According to the Cochrane Handbook (chapter nine) 
[21]., heterogeneity was considered significant if the 
alpha value of the Chi-square test is below 0.1, while the 
interpretation of the I-square test is as follows: (0–40%) 
not significant, (30–60%) moderate heterogeneity, (50–
90%) substantial heterogeneity, and (75–100%) consider-
able heterogeneity.

Results
Search results and study characteristics
The initial literature search yielded 816 studies after 
the removal of duplicate (n = 151) and irrelevant stud-
ies (n = 656), leaving nine RCTs for inclusion in the final 
quantitative and qualitative analysis. Out of total, 63 
studies were excluded in full text screening with reason 
of exclusion mentioned in (Table S2). Finally, nine studies 
were included in the final analysis. Further details can be 
obtained from the PRISMA flowchart in (Fig. 1).

Included studies characteristics
Nine RCTs [22–30] were included in the final analysis 
with a total of 1,623 participants (n = 912 in the camo-
stat mesylate group and n = 711 in the placebo group), 
with 52.7% of the patients being male. Most of the studies 
were conducted in the USA (n = 4), followed by an equal 
number of trials from Sweden, Austria, Japan, Denmark, 
Belgium, and South Korea. Camostat mesylate and pla-
cebo were given as oral tablets. The mean duration of 
follow-up was 2.8 weeks. The definition and criteria for 
serious adverse events were different in each article so 

we have explained it in Table S3 to make it clear. Further 
information about baseline study and patient characteris-
tics are available in (Tables 1, 2), respectively.

Risk of Bias and Certainty of evidence
After a careful assessment using the Cochrane ROB 2.0 
tool, six RCTs were concluded as having a low risk of 
bias [22–27], two showing some concerns [28, 30], and 
one with a high risk of bias [29].(Fig. 2). Certainty of evi-
dence is demonstrated in detail in a GRADE evidence 
profile (Table 3). The details of all the domains which are 
assessed are mentioned in (Table S4-S12).

Efficacy outcomes
All-cause mortality
The analysis showed an insignificant difference between 
camostat mesylate and the placebo groups, and no sig-
nificant heterogeneity was observed (RR: 0.55, 95% CI: 
[0.27, 1.10] P = 0.09, I2 = 31%) (Fig. 3-A).

Negative PCR
There was no difference between both groups at 1–7 days 
(RR: 0.77, 95% CI: [0.55, 1.07] P = 0.12, I2 = 0%), 8–14 days 
(RR: 1.03, 95% CI: [0.85, 1.24] P = 0.80, I2 = 0%), and 15–21 
days (RR: 1.04, 95% CI: [0.91, 1.20] P = 0.52, I2 = 33%), 
without any observed significant heterogeneity (Fig. 3-B).

Clinical resolution of symptoms
There was no difference between both groups at 1–7 days 
(RR: 1.02, 95% CI: [0.78, 1.34] P = 0.87, I2 = 49%), 8–14 
days (RR: 0.90, 95% CI: [0.73, 1.10] P = 0.30, I2 = 0%), and 
15–21 days (RR: 0.77, 95% CI: [0.40, 1.50] P = 0.45, I2 = 0%) 
without any observed significant heterogeneity (Fig. 4-A).

Time to Symptom Improvement
There was no difference between both groups (MD: -0.38 
weeks, 95% CI: [-1.42, 0.66] P = 0.47, I2 = 85%) (Fig. 4-B). 
Significantly high heterogeneity was observed (I2 = 85%, 
P = 0.0002) which was resolved by removing Karolyi et 
al. by leave-one-out sensitivity analysis (I2 = 0%, P = 0.88) 
(Table S13).

ICU admission or mechanical ventilation
There was no difference between both groups (RR: 0.55, 
95% CI: [0.20, 1.53] P = 0.25, I2 = 57%) (Fig.  4-C). Sig-
nificant heterogeneity was observed which could not be 
resolved by a sensitivity analysis (Table S13).

Safety outcomes
There was no difference between both groups regarding 
the incidence of any adverse events (RR: 0.93, 95% CI: 
[0.67, 1.29] P = 0.66, I2 = 80%), elevated liver enzymes (RR: 
0.30, 95% CI: [0.07, 1.30] P = 0.12, I2 = 0%), abdominal 
pain (RR: 0.57, 95% CI: [0.19, 1.73] P = 0.32, I2 = 0%), and 
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pruritis (RR: 1.76, 95% CI: [0.43, 7.11] P = 0.43, I2 = 0%). 
However, compared to the placebo group, the camo-
stat mesylate group showed a significantly higher risk of 
any serious adverse events (RR: 1.77, 95% CI: [1.1, 2.83] 
P = 0.02, I2 = 35%), and a lower risk of diarrhea (RR: 0.35, 

95% CI: [0.18, 0.67] P = 0.002, I2 = 41%) (Fig.  5). More 
details about serious adverse events in each study are 
given in table S13.

Statistically significant heterogeneity was observed 
in any adverse events outcome (I2 = 80%, p < 0.0001). A 

Fig. 1  PRISMA flow chart of the screening process
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leave-one-out sensitivity analysis was conducted; how-
ever, no single study could be found responsible for it 
(Table S13).

Discussion
The present systematic review and meta-analysis showed 
that camostat mesylate is overall ineffective in improv-
ing the clinical outcomes of COVID-19 patients while 
increasing the risk of any serious adverse events. Hence, 
camostat mesylate exhibited no superiority to placebo 
in reducing the risk of mortality and ICU admission or 
mechanical ventilation events. Similarly, it did not accel-
erate either the clinical recovery (clinical resolution of 
symptoms and time to symptom improvement) or the 
viral clearance (time for PCR negativation). Therefore, 
the current RCTs-based evidence suggests that camo-
stat mesylate when given as monoantiviral therapy 
for COVID-19 patients may have no particular utility 
whether in mild, moderate, or severe forms.

Death in patients with acute SARS-CoV-2 infection 
results from several causes, including multiple organ dys-
function syndrome, nosocomial superinfection (mainly 
ventilator-associated pneumonia), refractory hypoxemia/
pulmonary fibrosis (secondary to extensive lung dam-
age), and fatal ischemic events affecting venous (e.g., 
pulmonary embolism) or arterial (e.g., stroke and myo-
cardial infarction) circulation [31]. For an antiviral drug 
to reduce the risk of these events it should prevent the 
progression to severe COVID-19 and hospitalization by 
early eradication of infection such as the FDA-approved 
drugs’ combination nirmatrelvir/ritonavir (Paxlovid) 
which is also based on anti-protease activity [32, 33].

Since the use of camostat mesylate did not affect the 
features of disease progression (infection’s clinical evo-
lution, viral load kinetics, ICU admission, and mechani-
cal ventilation) reduction in mortality rates is unlikely 
to be achieved. Additionally, the absence of a significant 
decrease in hospitalization rates signifies that camostat 
mesylate has low benefits in patients at risk for severe 
COVID-19. Furthermore, the no change in time for 
clinical recovery among camostat-treated groups indi-
cates that this drug may be a non-useful strategy to treat 
COVID-19 outpatients with both moderate and mild 
forms.

Moreover, the earlier control of viral replication is 
essential for an antiviral drug to be effective in COVID-
19 patients [34]. On one hand, this would prevent the 
tissular injury induced by either SARS-CoV-2 or its asso-
ciated inflammation, and on the other hand, it would 
decrease the infectivity of patients, thereby minimizing 
disease transmission. The anti-SARS-CoV-2 activity of 
camostat mesylate was speculated from its potential to 
block TMPRSS2-mediated viral fusion; thus, inhibiting 
viral replication in host cells, as shown by in vitro human 

cell and animal studies [35, 36]. The fact that camostat 
mesylate did not induce significant acceleration in PCR 
negativation time likely reflects its failure to effectively 
contribute to viral clearance and replication arrest/
prevention.

Mechanistically, this seems to be due to two main rea-
sons: (i) the non-pharmacological effectiveness of camo-
stat mesylate as a TMPRSS2 inhibitor administered in 
monotherapy, or (ii) the non-utility of TMPRSS2 inhibi-
tion as an exclusive strategy to prevent viral invasion (the 
most likely probability). Hence, studies on the molecu-
lar pharmacology of camostat mesylate indicated that it 
may not be the optimal ligand to block TMPRSS2 activ-
ity [37–39]. Notably, it has been revealed that camostat 
has lesser inhibition potential compared to a similar 
TMPRSS2 blocker nafamostat as the latter forms signifi-
cantly higher amounts of enzyme-substrate stable com-
plexes [39]. Remarkably, the pharmacological potency of 
camostat mesylate was shown to be 10-fold less than that 
of nafamostat mesylate [2]. Further results from animal 
studies concluded that nafamostat is a better candidate 
for the prevention of SARS-CoV-2 TMPRSS2-mediated 
entry compared to camostat [40]. Simultaneously, it has 
been recently demonstrated that SARS-CoV-2 can enter 
target cells without the need for ACE2 and TMPRSS2 
participation through “cell-to-cell fusion” mechanism. 
Notably, the involvement of TMPRSS2 in this mecha-
nism was found to be dispensable suggesting that SARS-
CoV-2 exhibits TMPRSS2-independent cellular invasion 
strategies [41].

Moreover, even in the absence of TMPRSS2, SARS-
CoV-2 has an alternative route of entry by endocyto-
sis and transportation into endolysosomes where it is 
released to the cytosol via the action of acid-activated 
cathepsin L protease [42]. Therefore, SARS-CoV-2 can 
use these pathways to escape from camostat mesylate 
and other specific inhibitors of TMPRSS2. This possibil-
ity is more pronounced with the novel SARS-CoV-2 vari-
ants (i.e., Omicron) which no longer rely on TMPRSS-2 
as a fusogenicity factor [43]. Consequently, targeting 
TMPRSS2 alone is not sufficient to fully prevent pen-
etration of SARS-CoV-2 to host cells. Another potential 
disadvantage of targeting TMPRSS2 is that this protein 
displays an interindividual structural variability with 
some functional variants being expressed at relatively 
high frequencies among many human populations [44]. 
There are also interindividual quantitative variations in 
TMPRSS2 levels secondary to genetic polymorphisms 
across populations [45]. Both qualitative and quanti-
tative variations in TMPRSS2 may alter the individu-
als’ response to camostat mesylate and similar drugs by 
potentially decreasing ligand potency and efficiency.

Besides the low efficacy profile, analysis of the safety 
profile indicated some concerns with camostat mesylate 
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due to a higher risk of any serious adverse events in the 
treated groups compared to controls. The mechanisms 
of this molecule’s toxicity are unclear; however, since 
TMPRSS2 is ubiquitously expressed in the human body 
its inhibition may result in systemic undesirable effects. 
Additionally, camostat mesylate has a broad action on 
other proteases involved in multiple functions such as 
blood pressure control and renal function, inflammation, 

and coagulation [46]; which when inhibited in COVID-
19 patients (especially those with severe forms) may 
lead to more harms than goods. Worth mentioning that 
camostat mesylate has anti-diarrheic effects as it was 
shown to normalize intestinal hyperpermeability in rats 
which could explain the lower susceptibility to diarrhea 
in COVID-19 patients compared to placebo [43].

Fig. 2  Quality assessment of risk of bias in the included trials. The upper panel presents a schematic representation of risks (low = red, unclear = yellow, 
and high = red) for specific types of biases of each of the studies in the review. The lower panel presents risks (low = red, unclear = yellow, and high = red) 
for the subtypes of biases of the combination of studies included in this review
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Strengths and limitations
To the best of our knowledge, this is the first meta-
analysis that assesses the safety and efficacy of camostat 
mesylate in COVID-19 patients. Therefore, this paper 
presents the gold-standard evidence on this topic includ-
ing all available RCTs that met our criteria to reach the 
highest accessible quality of evidence. We analyzed data 

from a large number (n = 1,623) of patients and provided 
key findings. However our paper is undermined by the 
following: first, we included three non-peer-reviewed 
reports, including a preprint ref and two unpublished 
RCTs data [27, 30]. Second, the included studies suf-
fered from significant heterogeneity in the camostat dos-
ing regimen, which can affect our findings. Third, all the 

Fig. 3  Forest plots of the primary efficacy outcome, RR: risk ratio, MD: mean difference, CI: confidence interval
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Fig. 4  Forest plots of the secondary efficacy outcomes, RR: risk ratio, MD: mean difference, CI: confidence interval
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Fig. 5  Forest plot of the safety outcomes, RR: risk ratio, CI: confidence interval
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included studies recruited patients with mild to moder-
ate COVID-19, with only Gunst et al. and Karolyi et al. 
[26, 29], recruiting hospitalized patients with moderate 
to severe disease; therefore, our results may not be gener-
alizable for severe COVID-19.

Implications and future perspectives
Targeting viral entry is a well-established strategy to fight 
viral diseases such as HIV and influenza virus infections; 
however, its benefit in COVID-19 remains questionable 
and is not yet supported by robust quality of evidence. 
Until full data becomes available, the results in this study 
do not exclude the usefulness of camostat mesylate in the 
context of COVID-19 infection as co-administration with 
other synergistic antiviral drugs may boost its efficacy 
profile. Since furin, another transmembranous enzyme 
involved in the proteolytic processing of SARS-CoV-2 is 
necessary for TMPRSS2-independent fusion (i.e., cell-
to-cell fusion), the combination of furin and TMPRSS2 
inhibitors may enhance the overall preventive effects on 
viral entry and infectivity [13, 38]. Nevertheless, the con-
stant changes in SARS-CoV-2 cellular invasion pathways 
may not facilitate the development of the most adequate 
combination for viral entry inhibitors. Importantly, the 
presence of safety concerns with camostat mesylate use 
among COVID-19 patients should justify more caution 
and strict patient monitoring in future evaluations. Based 
on these concerns and the lack of proof of effectiveness, 
current guidelines should recommend against the use 
of camostat mesylate in COVID-19 patients outside the 
context of clinical trials.

Conclusion
The current evidence does not support the efficacy of 
camostat mesylate in treating COVID-19 infection. 
Rather, it indicates some safety concerns that should be 
considered before further testing this drug in large-scale 
trials. Nevertheless, since the available data is incomplete 
more RCTs are still required to conclude the therapeutic 
benefit of camostat mesylate in COVID-19. At the same 
time, it might also be worthy to continue investigating 
the utility of viral entry inhibitors as potential treatment 
for COVID-19 by focusing on other TMPRSS2 inhibi-
tors with greater pharmacological potency, agents with 
TMPRSS2-independent activity, or effective synergistic 
combinations of both.
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