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One Week of Oral Camostat Versus Placebo in 
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Coronavirus Disease 2019: A Randomized Controlled 
Phase 2 Trial
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Background. Camostat inhibits severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection in vitro. We studied 
the safety and efficacy of camostat in ACTIV-2/A5401, a phase 2/3 platform trial of therapeutics for COVID-19 in nonhospitalized 
adults.

Methods. We conducted a phase 2 study in adults with mild-to-moderate COVID-19 randomized to oral camostat for 7 days or 
a pooled placebo arm. Primary outcomes were time to improvement in COVID-19 symptoms through day 28, proportion of 
participants with SARS-CoV-2 RNA below the lower limit of quantification (LLoQ) from nasopharyngeal swabs through day 
14, and grade ≥3 treatment-emergent adverse events (TEAEs) through day 28.

Results. Of 216 participants (109 randomized to camostat, 107 to placebo) who initiated study intervention, 45% reported 
≤5 days of symptoms at study entry and 26% met the protocol definition of higher risk of progression to severe COVID-19. 
Median age was 37 years. Median time to symptom improvement was 9 days in both arms (P = .99). There were no significant 
differences in the proportion of participants with SARS-CoV-2 RNA <LLoQ on days 3, 7, and 14. Through day 28, 6 (5.6%) 
participants in the camostat arm and 5 (4.7%) in the placebo arm were hospitalized; 1 participant in the camostat arm 
subsequently died. Grade ≥3 TEAEs occurred in 10.1% of camostat versus 6.5% of placebo participants (P = .35).

Conclusions. In a phase 2 study of nonhospitalized adults with mild-to-moderate COVID-19, oral camostat did not accelerate 
viral clearance or time to symptom improvement, or reduce hospitalizations or deaths.

Clinical Trials Registration. ClinicalTrials.gov identifier: NCT 04518410.
Keywords. camostat; COVID-19; SARS-CoV-2; outpatient; phase 2.
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Coronavirus disease 2019 (COVID-19), caused by infection 
with severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2), continues to exert a heavy toll on individuals 
and societies worldwide [1, 2].

Antiviral strategies, including monoclonal antibodies, remde
sivir, and the oral antivirals molnupiravir and ritonavir-boosted 

nirmatrelvir, have demonstrated efficacy for reducing 
COVID-19–related hospitalizations and deaths in patients with 
mild-to-moderate COVID-19 and high risk of clinical progres
sion [3–5]. However, widespread implementation of the avail
able treatment options has been hampered by (1) the need for 
parenteral administration for some agents, (2) emergence of re
sistance to monoclonal antibodies [6, 7], (3) drug–drug interac
tions for nirmatrelvir/ritonavir, (4) modest efficacy for 
molnupiravir [4], and (5) limited global availability. 
Medications with proven efficacy against COVID-19 are cur
rently only recommended for persons at high risk of progression 
to severe disease and are not accessible for most of the world’s 
population. Hence, there is an ongoing need for easily adminis
tered therapies that are safe, affordable, and globally available.

Camostat, an oral serine protease inhibitor, blocks trans
membrane serine protease 2 (TMPRSS2), a host factor for 
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SARS-CoV-2 entry [8]. Camostat’s inhibition of infection with 
SARS-CoV-2 and related coronaviruses was described in silico 
[9, 10], and found to be effective in vitro [8, 11, 12]. In a mouse 
model of SARS using a higher dose of camostat, 60% of mice fed 
oral camostat (30 mg/kg twice daily) survived a challenge with 
SARS-CoV-1 that was 100% lethal in the untreated controls 
[13]. It has been safe in clinical trials and post-marketing sur
veillance in Japan and South Korea, where it is available as a rel
atively inexpensive medication for chronic pancreatitis and 
postoperative reflux esophagitis [14]. Similar to other antiviral 
strategies, including monoclonal antibody–based treatments 
and others [15–17], camostat did not show clinical efficacy in 
the treatment of COVID-19 in hospitalized individuals in ran
domized double-blind controlled trials [18, 19]. Nevertheless, 
several of these therapies have subsequently demonstrated clin
ical benefit in nonhospitalized patients, which could be due to 
treatment earlier in the course of disease compared with hospi
talized persons. Several trials of camostat for COVID-19 in 
nonhospitalized individuals, however, were challenged by in
sufficient enrollment. An interim analysis of a planned phase 
2 trial in outpatients performed after recruitment had stalled 
did not show an effect of camostat on viral clearance or clinical 
improvement [20]. Another single-center trial was terminated 
early for futility by the Data Safety and Monitoring Board, 
yet a preprint reports potential beneficial treatment effects 
based on a small number of participants [21]. One recently 
published phase 2 trial did not find clinical benefit for camostat, 
but, according to the authors, was “insufficiently powered for 
the primary endpoint” [22]. Hence, there is a need for informa
tive results on the efficacy of camostat in outpatients from an 
adequately powered, randomized controlled trial.

Due to its mechanism of action and in vitro activity against 
SARS-CoV-2, camostat is an attractive candidate for the treat
ment of COVID-19. Hence, we studied the safety and antiviral 
and clinical efficacy of orally administered camostat in nonhos
pitalized adults with mild-to-moderate COVID-19 within the 
Accelerating COVID-19 Therapeutic Interventions and 
Vaccines (ACTIV)-2/A5401 platform trial.

METHODS

Trial Design

ACTIV-2/A5401 is a randomized, controlled, multicenter plat
form trial for efficient, concurrent testing of multiple agents for 
the treatment of mild-to-moderate COVID-19 within a com
mon trial infrastructure. It entails an initial placebo-controlled 
phase 2 study and, if predefined safety and efficacy criteria are 
met, a subsequent phase 3 evaluation. The protocol was ap
proved by a central institutional review board (IRB), Advarra 
(Pro00045266), with additional local IRB review and approval 
as required by participating sites. All participants provided 
written informed consent.

Study Population

The study population consisted of nonhospitalized adults 
(≥18 y of age) with a positive SARS-CoV-2 antigen or nucleic 
acid test on an upper respiratory sample collected within 10 
days prior to study entry. Participants were required to have 
ongoing COVID-19 symptoms within 24 hours prior to study 
entry and began study intervention within 10 days after 
self-reported onset of COVID-19 symptoms. Pregnancy, 
breastfeeding, and severe chronic liver or kidney disease were ex
clusionary. Full eligibility criteria are provided in the ACTIV-2 
protocol (available at: https://www.nih.gov/research-training/ 
medical-research-initiatives/activ/covid-19-therapeutics- 
prioritized-testing-clinical-trials; accessed 24 January 2023).

Randomization and Study Intervention

All participants underwent a 2-step randomization: the first oc
curred with equal probability to one of however many agent 
groups were open to enrollment at the site and for which a par
ticipant was eligible. Subsequently, within each agent group, 
there was an immediate second randomization to active treat
ment or placebo with a randomization ratio of r:1, where r was 
the number of agents in the same phase of evaluation (phase 2 
or phase 3) that a participant was eligible to receive. 
Randomization was stratified on time from symptom onset at 
study entry (≤5 d vs >5 d) and risk of COVID-19 progression 
(higher vs lower) (criteria described in the (Supplementary 
Methods).

A pooled placebo control group was constructed including 
all participants who were eligible for randomization to the ca
mostat group and were randomized to placebo for camostat or 
placebo for another agent in phase 2 evaluation. Thereby, all 
placebo participants who contributed to this trial were enrolled 
during the same period as participants receiving camostat.

Participants randomized to the camostat group received 
200 mg oral camostat (2 tablets, 100 mg each) or matching pla
cebo every 6 hours for 7 days.

Study Procedures

Clinical assessments included safety evaluations and site collec
tion of nasopharyngeal (NP) swabs on study days 0 (start of 
treatment), 3, 7, 14, and 28. Participants completed a daily 
symptom diary (Supplementary Figure 1) from day 0 through 
day 28, including a daily global assessment question of whether 
they had returned to their usual (pre–COVID-19) health and 
grading of 13 targeted COVID-19 symptoms as absent, mild, 
moderate, and severe by self-assessment. A total symptom 
score was calculated for each day by assigning “absent” a score 
of 0, “mild” 1, “moderate” 2, and “severe” 3, and summing 
scores for all symptoms (range of 0–39). Quantitative NP 
SARS-CoV-2 RNA levels were determined as previously de
scribed [23]. The assay limit of detection (LoD) was 1.4 log10 

copies/mL, the lower limit of quantification (LLoQ) was 2 
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log10 copies/mL, and the upper limit of quantification (ULoQ) 
was initially 7, then 8 log10 copies/mL. Assays were rerun with 
dilution for samples with RNA greater than the ULoQ.

Outcome Measures

Primary outcome measures were as follows: (1) NP SARS-CoV-2 
RNA level below the LLoQ at days 3, 7, and 14; (2) time to im
provement of all 13 targeted COVID-19 symptoms through day 
28 from the start of investigational treatment (day 0) to the first 
of 2 consecutive days when all symptoms scored as moderate or 
severe at day 0 were scored as mild or absent, and all targeted 
symptoms scored as mild or absent at day 0 were scored as absent; 
and (3) development of a grade 3 or higher treatment-emergent 
adverse event (TEAE) through 28 days.

Secondary outcome measures included all-cause hospitaliza
tion and death through day 28, quantitative levels of 
SARS-CoV-2 RNA from NP swabs, time to the first of 4 consec
utive days when all symptoms were absent, time to return to 
usual (pre–COVID-19) health for 2 consecutive days, time to 
return to usual health for 4 consecutive days, time-averaged to
tal daily symptom score, and progression of 1 or more targeted 
COVID-19 symptoms to a worse status than at day 0.

Study medication adherence over the 7-day treatment period 
was evaluated by the percentage of the 28 doses of camostat or 
matching placebo that were missed by self-report and tablet 
count.

Statistical Analysis

The primary analysis population included all participants ran
domized to camostat and the pooled placebo group for camo
stat who started treatment (modified intent-to-treat [mITT] 
population). The safety population only included participants 
who received at least 1 dose of the study drug.

The planned sample size of 220 participants (∼110 each re
ceiving camostat or pooled placebo) was chosen to provide at 
least 82% power to detect a 20% absolute difference in the per
centage less than the LLoQ for SARS-CoV-2 at any time point 
with a 2-sided α = 0.05.

Proportions of participants with SARS-CoV-2 RNA less than 
the LLoQ were compared between arms across measurement 
times using Poisson regression adjusted for day 0 log10
-transformed SARS-CoV-2 RNA level (the fitting of the 
planned log-binomial model failed because of numerical con
vergence issues) and summarized with a risk ratio (RR) and 
95% confidence interval (CI) at each time. Missing data were 
assumed to be missing completely at random and were ignored. 
A joint test across multiple time points was assessed using a 
2-sided Wald test. SARS-CoV-2 RNA levels were compared us
ing Wilcoxon rank-sum tests for each post-entry study visit.

Time to symptom improvement and return to usual pre– 
COVID-19 health were compared between arms using 
Wilcoxon’s test adapted for handling censored data 

(Gehan-Wilcoxon test). The time-averaged total daily symp
tom score was compared using a 2-sided Wilcoxon test. The 
proportion of participants with symptom progression was 
compared using log-binomial regression and summarized 
with an RR and 95% CI.

Proportions of participants experiencing a grade 3 or higher 
TEAE through study day 28 were compared between arms using 
log-binomial regression and summarized with an RR, 95% CI, 
and P value based on a Wald test. The cumulative proportion of 
participants hospitalized or who died was estimated using 
Kaplan-Meier methods and compared using a ratio of proportions.

All comparisons used a 2-sided 5% type I error rate without 
adjustment for multiple comparisons. Statistical analyses were 
conducted in SAS version 9.4 (SAS Institute). See the 
Supplementary Methods for additional details regarding statis
tical methods.

RESULTS

Characteristics of the Participants

Between February 10 and 26 April 2021, a total of 224 partici
pants were randomized at 54 US sites, 113 to camostat and 
111 to placebo (Figure 1). After exclusion of 8 participants 
who did not initiate the study intervention, the mITT population 
included 216 participants (109 randomized to camostat, 107 to 
placebo). Among the 107 participants in the pooled placebo 
arm, 51 (48%) were randomized to the placebo for camostat 
and 56 (52%) to the placebo for a different agent (Table 1). 
Eighteen participants discontinued the study before day 28, 
and 198 (92%) were still in follow-up at day 28 (Figure 1). 
Fifty-nine percent in both arms reported no missed doses 
(Supplementary Table 1). The proportion with at least 4 missed 
doses was 19.3% for the active camostat arm and 23.5% for those 
receiving placebo for camostat (RR: .82: 95% CI: .44, 1.53).

Baseline characteristics were similar across arms (Table 1). 
The median age was 37 years, 55% were female sex at birth, 
85% identified as White, 9% as Black, and 51% as Hispanic or 
Latinx. Forty-five percent reported 5 or fewer days of symp
toms at study entry (median of 6 days since symptom onset 
in both arms), and 56 (26%) were at higher risk of progression 
to severe COVID-19. Symptoms reported by more than half of 
participants at enrollment were cough (85%), fatigue (85%), 
body/muscle pains/aches (71%), nasal obstruction/congestion 
(70%), headaches (70%), nasal discharge (55%), shortness of 
breath (51%), and chills (51%) (Supplementary Figure 2). The 
predominant SARS-CoV-2 variant was Alpha in 55% of the 
participants with available variant sequencing data.

Antiviral Efficacy

The proportion of participants with SARS-CoV-2 RNA less 
than the LLoQ from NP swabs increased across study visits, 
ranging from 18% with RNA less than the LLoQ at day 0 to 

Camostat in Outpatients With COVID-19 • CID 2023:77 (1 October) • 943

http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciad342#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciad342#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciad342#supplementary-data


96% at day 28 (Figure 2A), and with nonsignificant differences 
favoring placebo at day 3 (camostat vs placebo: 32% vs 40%; 
RR [95% CI]: .76 [.51, 1.13]), day 7 (64% vs 68%; .97 [.79, 
1.19]), and day 14 (87% vs 88%; 1.05 [.90, 1.22]) and overall 
(P = .56) across all visits (Supplementary Table 2). 
Distributions of SARS-CoV-2 RNA levels did not differ signifi
cantly between arms at any study visit (Figure 2B). At day 3, 
median (quartile [Q] 1, Q3) NP SARS-CoV-2 RNA levels 
were 3.2 (LoD to <LLoQ, 5.0) log10 copies/mL in the camostat 
arm and 2.7 (<LoD, 3.9) log10 copies/mL in the placebo arm 
(P = .10) (Supplementary Table 3). On days 7, 14, and 28, the 
median SARS-CoV-2 RNA levels were less than the LLoQ for 
both arms. In sensitivity analyses limited to participants with 
quantifiable RNA on day 0, camostat did not lead to higher 
proportions of participants with NP SARS-CoV-2 RNA less 
than the LLoQ or lower viral loads (Supplementary Tables 4 
and 5). Among participants who initiated study intervention 
5 days or fewer from symptom onset, the median (Q1, Q3) 
SARS-CoV-2 RNA level at day 3 was 4.4 (2.9, 5.6) log10 cop
ies/mL in the camostat arm and 3.1 (LoD to <LLoQ, 6.1) log10 

copies/mL in the placebo arm.

Clinical Efficacy

The median (Q1, Q3) time to 2 consecutive days of improve
ment in all targeted symptoms (primary outcome) was similar 

in both arms: 9 (5, 19) days with camostat and 9 (6, 19) days 
with placebo (P = .99) (Figure 3A). The estimated proportion 
of participants who did not meet the definition of symptom im
provement through day 28 was 14% in the camostat arm and 
16% in the placebo arm. Time to symptom improvement was 
also similar between camostat and placebo in subgroup analy
ses by sex, age, race, ethnicity, risk for progression to severe dis
ease, and time from symptom onset to randomization 
(Supplementary Figure 3). Eleven participants were hospital
ized through day 28, 6 (5.6%) in the camostat arm (4 diagnosed 
with COVID-19 pneumonia, 1 with appendicitis, 1 with psy
chotic disorder) and 5 (4.7%) in the placebo arm (all 5 with 
COVID-19 pneumonia) (Figure 3B) (RR: 1.2; 95% CI: .4, 
3.8). There was 1 death in the camostat arm due to complica
tions of COVID-19.

There were no differences in other secondary outcomes, includ
ing time to all targeted symptoms being absent for 4 consecutive 
days, time to return to usual health for 2 and for 4 consecutive 
days, time-averaged total symptom score, or progression of 1 or 
more COVID-19–associated symptoms to a worse status than at 
day 0 (Supplementary Figure 4, Supplementary Table 6).

Safety

Eighteen participants reported a grade 3 or higher TEAE 
through day 28 (Table 2), including 11 (10.1%) in the camostat 

Figure 1. Enrollment and randomization. Participants were recruited between 10 February and 26 April 2021. Of 422 participants who were eligible to receive camostat in 
the study, 167 were allocated to the camostat agent group; 113 of those were randomized to camostat and 54 to oral placebo matching camostat. Of 255 allocated to the 
other agent groups, 57 participants who had been randomized to placebo from another phase 2 agent group, together with the 54 participants who received placebo matching 
camostat, formed the pooled placebo group for the primary analysis. The participants who received at least 1 dose of study treatment (109 in the camostat and 107 in the 
placebo arms) formed the mITT population. Abbreviation: mITT, modified intent-to-treat.
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arm and 7 (6.5%) in the placebo arm (RR: 1.54; 95% CI: .62, 
3.83; P = .35). Six participants in the camostat arm and 5 in 
the placebo arm experienced a serious adverse event through 
day 28.

DISCUSSION

We explored a drug-repurposing strategy for COVID-19 treat
ment after in vitro data suggested that camostat interfered with 
cell entry and replication of SARS-CoV, SARS-CoV-2, and 
Middle East respiratory syndrome coronavirus (MERS-CoV) 
and reduced mortality in a mouse model of SARS-CoV infec
tion [8, 13].

In this randomized, placebo-controlled phase 2 study of 216 
nonhospitalized adults with mild-to-moderate COVID-19, ca
mostat was safe but no different than placebo in reducing de
tection rates or quantitative levels of NP SARS-CoV-2 RNA 
or symptom duration. No signal of clinical efficacy was ob
served in any subgroup, including those treated earlier in the 
disease course and those at higher risk for progression to severe 
COVID-19.

Consistent with our results, in another recently completed 
randomized controlled trial of 295 outpatients with a high 
risk of progression to severe COVID-19 who were enrolled 
within 72 hours from receiving a positive test result, there 
was no reduction in hospitalizations or deaths with camostat 

Table 1. Demographic and Clinical Characteristics

Characteristics
Camostat 
(n = 109)

Placebo 
(n = 107)

Total 
(N = 216)

Age

Median age (Q1, Q3), y 37 (29, 49) 39 (29, 48) 37 (29, 48)

≥ 60 y, n (%) 3 (3) 8 (7) 11 (5)

Female sex, n (%) 63 (58) 55 (51) 118 (55)

Transgender spectrum, n (%) 1 (1) 1 (1) 2 (1)

Race,a n (%)

Asian 3 (3) 2 (2) 5 (2)

Black 4 (4) 15 (14) 19 (9)

Multiple 1 (1) 1 (1) 2 (1)

Other 3 (3) 4 (4) 7 (3)

White 98 (90) 85 (79) 183 (85)

Hispanic or Latinx,a n (%) 61 (56) 49 (46) 110 (51)

Time from symptom onset

Median (Q1, Q3), d 6 (4, 7) 6 (3, 7) 6 (4, 7)

≤ 5 days, n (%) 51 (47) 46 (43) 97 (45)

Days from positive COVID-19 test to randomization, median (Q1, Q3) 3 (2, 6) 3 (2, 6) 3 (2, 6)

Higher risk for progression to severe COVID-19, n (%) 30 (28) 26 (24) 56 (26)

BMI, median (Q1, Q3), kg/m2 28.2 (24.0, 31.0) 27.7 (24.4, 31.8) 28.2 (24.2, 31.5)

Vaccinated against COVID-19, n (%) 6 (6) 5 (5) 11 (5)

Agent group,b n (%)

Camostat 200 mg 109 (100) 51 (48) 160 (74)

AZD7442 300 mg intravenous 0 (0) 8 (7) 8 (4)

AZD7442 600 mg intramuscular 0 (0) 36 (34) 36 (17)

SNG001 (inhaled IFN-β1a) 0 (0) 12 (11) 12 (6)

SARS-CoV-2 variant data,c n 95 89 184

Alpha, n (%) 48 (51) 53 (60) 101 (55)

Beta, n (%) 1 (1) 3 (3) 4 (2)

Gamma, n (%) 11 (12) 5 (6) 16 (9)

Delta, n (%) 1 (1) 0 (0) 1 (1)

Epsilon, n (%) 8 (8) 4 (4) 12 (7)

Iota, n (%) 13 (14) 11 (12) 24 (13)

Lambda, n (%) 0 (0) 1 (1) 1 (1)

Mu, n (%) 1 (1) 0 (0) 1 (1)

Other, n (%) 12 (13) 12 (13) 24 (13)

Percentages may not total 100 because of rounding.  

Abbreviations: BMI, body mass index; COVID-19, coronavirus disease 2019; Q, quartile; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.  
aRace and ethnicity were self-reported by the participants.  
bIncluding participants in the camostat treatment and placebo arms, and from the placebo arms for 3 other investigational agents. The pooled placebo arm included participants who received 
placebo from the camostat agent group and from 3 other agent groups, AZD7442 intravenous administration (AZD7442 300 mg IV), AZD 7442 intramuscular administration (AZD7442 600 mg 
IM), and SNG001 (inhaled IFN-β1a).  
cPercentages for SARS-CoV-2 variant data are given as percentages of those samples available for sequencing.
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200 mg 4 times daily for 14 days [24]. Additionally, a random
ized controlled trial in 205 hospitalized patients with 
COVID-19 found no advantage of camostat treatment for clin
ical improvement and time to discharge [19].

Several other agents including hydroxychloroquine [25–27] 
and nitazoxanide [28] eventually failed to demonstrate clinical 
efficacy after promising in vitro results and despite anecdotal 

clinical benefit, underlining the critical role of rigorous clinical 
trials.

Possible explanations why the antiviral activity of camostat 
observed in preclinical studies did not translate to clinical effi
cacy are as follows. First, most antiviral medications for acute 
infections must be administered early during infection, and 
55% of the participants on camostat were enrolled more than 

Figure 2. Nasopharyngeal SARS-CoV-2 RNA levels by study visit. Panel A shows the percentages with SARS-CoV-2 RNA less than the LLoQ by day of study visit in the 
camostat and placebo arms. Panel B summarizes quantitative RNA levels by day of study visit in the camostat and placebo arms—boxes represent interquartile ranges, 
horizontal lines represent medians, and bars represent minimum and maximum values. Abbreviations: LLoQ, lower limit of quantification (2 log10 copies/mL); LoD, limit 
of detection (1.4 log10 copies/mL); NP, nasopharyngeal; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.
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5 days from symptom onset. While we cannot exclude that ca
mostat would be effective if given considerably earlier, this ap
pears unlikely as subgroup analyses even in the participants 
who were enrolled at 5 days or fewer failed to produce any no
ticeable signal. Similarly, a trial enrolling outpatients within 3 
days from a positive test result (albeit irrespective of the pres
ence of symptoms) did not show efficacy of camostat in pre
venting hospitalizations, but substantially fewer participants 
than anticipated reached this endpoint [24]. Second, blocking 
the TMPRSS-2–dependent pathway for infection may not be 
sufficient as there are alternative routes of viral entry: 

SARS-CoV-2 spike can alternatively be primed by cathepsin 
B/L in endolysosomes, although TMPRSS-2–mediated entry 
via the cell surface was identified as the predominant entry 
mechanism [13, 29, 30]. More recent in vitro results suggest 
that the use of TMPRSS-2 as an entry factor may change as 
SARS-CoV-2 evolves and may be less important for entry of 
the Omicron versus the Delta variant, but the participants of 
our trial were enrolled before the emergence of Omicron 
[31]. Strategies to specifically inhibit the endosomal pathway 
of SARS-CoV-2, which is TMPRSS-2–independent, eg, with 
hydroxychloroquine, did not prove effective in clinical trials 

Figure 3. Clinical efficacy. A, Kaplan-Meier curves for improvement in all targeted symptoms for 2 consecutive days in the camostat and placebo arms. B, Kaplan-Meier 
curves for hospitalization and death by treatment arm through day 28.
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for COVID-19 [25, 26]. Blocking both endosomal and cell sur
face–based entry via a combination of camostat with a cathep
sin B/L inhibitor failed to increase survival compared with 
camostat alone in a mouse model of lethal SARS-CoV infection 
but was not adequately tested in humans [13]. Third, oral dos
ing of camostat in our trial may not achieve concentrations suf
ficient for viral inhibition in the target respiratory epithelia; a 
recent study demonstrated that topical application of camostat 
inhibits viral infection on human airway cells, reaching consid
erably higher local concentrations than with systemic treat
ment [32]. Moreover, while overall self-reported adherence 
appeared adequate, some participants may have had lower 
drug exposure due to suboptimal adherence.

Among the strengths of our trial are the placebo-controlled, 
double-blinded, multicenter study design, a diverse population 
of participants from 54 centers across the United States, inten
sive monitoring with rigorous biomarker sampling, and symp
tom measures well suited to accurately reflect the course of 
illness and viral parameters.

There are several limitations. Only symptomatic individuals 
were included; hence, our data are not applicable to people with 
asymptomatic COVID-19. As enrollment occurred in the first 
half of 2021, most participants were unvaccinated, and it is un
clear how well our results represent the potential activity of ca
mostat on more recently emerging SARS-CoV-2 variants [31]. 
The study allowed enrollment for 10 days after diagnosis and 
symptom onset, a relatively long time compared with other 
studies, which could skew the results to individuals who are al
ready improving.

In summary, while camostat was safe, it did not demonstrate 
any virological or clinical efficacy in symptomatic, nonhospital
ized adults with mild-to-moderate COVID-19. Based on these 
outcomes, the agent did not qualify for advancement to a phase 

3 trial within ACTIV-2/A5401. These results highlight the 
critical importance of randomized controlled trials in the 
evaluation of therapies with promising preclinical efficacy, 
even during a global public health emergency.
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