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Dear Editor,

Camostat mesylate inhibits several serine proteases
implicated in SARSCoV and SARS-CoV-2 virus-to-host
cell membrane fusion, such as transmembrane serine
protease (TMPRSS) 2, —13, and — 11D/E/F [1-3]. In par-
ticular, inhibition of the SARS-CoV-2-activating host cell
TMPRSS2 have been shown to block SARS-CoV-2 entry
into the lung cells and represents, therefore, a possible
therapeutic option in patients with coronavirus disease
2019 (COVID-19) [4]. A preliminary observation sug-
gested that camostat mesylate may be also effective to
treat the most advanced cases of COVID-19 with organ
dysfunction [5]; however, randomized clinical trials are
ongoing.

In a retrospective analysis of 371 adult patients
(>18 years) admitted to the intensive care unit (ICU)
of Al Ain Hospital, Abu Dhabi, United Arabs Emirates
between March 16 and July 19, 2020 with COVID-19
pneumonia, we assessed whether treatment with camo-
stat mesylate is associated with an improved outcome
(Figure S1-2, Supplementary material). Details of data
collection, patients’ management, and statistical methods
are presented in appendix S1 of the supplementary mate-
rial. Off-label camostat mesylate (Foipan®, Osaka, Japan)
was given to 141 (38%) patients on admission to the ICU
(200 mg po TID) for 7 days (Table 1 and table S1-2 of the
Supplementary material). The overall ICU and hospital

*Correspondence: yasser.sakr@med.uni-jena.de

! Department of Anesthesiology and Intensive Care Medicine, Jena
University Hospital, Am Klinikum 1,07743 Jena, Germany

Full author information is available at the end of the article

The members of UAE-Jena Research Group are listed in the
acknowledgements.

@ Springer

lengths of stay were 9 (25-75% interquartile range 5-17)
and 18 (25-75% interquartile range 13—29) days, respec-
tively, and ICU and hospital mortality rates were both
20.2% (n=75). ICU/hospital mortality rate were lower
(9.9 vs. 26.5, p<0.001); whereas, the hospital length
of stay was longer in patients who received camostat
mesylate than who did not (Table 1).

In a propensity score-adjusted multivariable Cox pro-
portional hazard analysis in the whole cohort, camostat
mesylate therapy was independently associated with a
lower risk of in-hospital death, right censored at 60 days
(relative hazard 0.31, 95% confidence interval 0.15-0.60,
p=0.001; table S3 and figure S3 of the supplementary
material). Moreover, after inversed propensity treatment
weight (IPTW)-adjustment and robust estimation using
generalized estimating equations, camostat mesylate
therapy was found to be independently associated with a
lower risk of in-hospital death (odds ratio 0.254; 95% con-
fidence interval 0.108—0.595, p <0.001). In 122 propensity
score-matched patients (61 pairs), ICU/hospital mortal-
ity rates (9.8 vs. 29.5, p=10.006), the need for vasopressor
therapy (45.9 vs. 67.2%, p=0.018) or invasive mechanical
ventilation (47.5 vs. 67.2%, p=0.045) during the ICU stay
were lower; whereas, 60-day survival was higher (log rank
Chi>*=18.6, p<0.001) in patients treated with camostat
mesylate than those who were not (Table 1, tables S1-3
and figure S4 of the supplementary material). None-
theless, despite of the observed therapeutic benefit of
camostat mesylate in these patients, our analysis may be
limited by the specific case-mix, the residual confound-
ing effect due to unmeasured variables, and the influence
of concomitant therapies.
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In summary: in this cohort, a therapeutic benefit of control trials should identify target populations for
camostat mesylate therapy was observed in critically ill ~ this promising therapy throughout COVID-19 disease
patients with COVID-19 pneumonia using several pro-  trajectory.
pensity score-based statistical techniques. Randomized

Table 1 Characteristics of the study groups on admission to the ICU

The whole cohort (n=371) Propensity score-matched cohort (n=122)
Camostat No camostat Camostat No camostat
N 141 230 61 61
Age, years, mean £ SD 53+13 53+14 0.672 52412 55414 0.140
Gender, male (%) 119 (84.4) 195 (84.8) 0.920 55(90.2) 48 (78.7) 0.081
BMI, kg/m? mean % SD 3144217 3154244 0374 3354319 3314223 0.684
Referring facility, n (%) 0.032 0.866
Other hospital, same city 76 (53.9) 91 (39.6) 31(50.8) 30(49.2)
Primary admission 47 (33.3) 102 (44.3) 23(37.7) 24(39.3)
Hospital ward? 11(7.8) 19 (8.3) 5(8.2) 5(8.2)
Other hospital, another city 7 (5) 18(7.8) 2(23) 2(33)
Ethnicity, n (%) 0.087 0.652
South Asian 81(57.4) 150 (65.2) 34 (55.7) 33(54.1)
Arab 51(362) 65 (28.3) 22 (36.1) 24(39.3)
Asian, others 7 (5) 12(5.2) 3(4.9) 3(4.9)
Other 2(14) 3(1.3) 2(33) 1(1.6)
APACHE Il score, mean 4= SD M+£7 11+£9 0.795 11+£8 12£10 0454
Comorbid conditions, n (%)
Diabetes mellitus 66 (46.8) 98 (42.6) 0429 30(49.2) 31(50.8) 0.856
Systemic hypertension 70 (49.6) 90 (39.1) 0.047 28 (45.9) 29 (47.5) 0.856
Cardiovascular disease, any 27(19.1) 36 (15.7) 0.384 8(13.1) 12(19.7) 0.328
Ischemic heart disease 17 .(12.1) 23(10) 0.535 4 (6.6) 8(13.1) 0.224
Congestive heart failure 6(4.3) 6(2.6) 0.384 2(33) 1(1.6) 1.000
Atrial fibrillation/flutter 2(14) 522 0.714 1(1.6) 3(4.9) 0619
Valvular heart disease - 2(0.9) 0.528 - - -
Peripheral vascular disease 1(0.7) - 0.380 - - -
Chronic renal disease, any 17.(12.1) 33(14.3) 0.530 6(9.8) 8(13.1) 0.570
End stage renal disease 4(28) 3(1.3) 0434 3(4.9) - 0.244
Comorbidities, n 0.180 0.549
None 49 (34.8) 96 (41.7) 25 (41) 20(328)
1 35(24.8) 56 (24.3) 11(18) 17 (27.9)
2 33(234) 42(183) 16 (26.2) 13(213)
3 17.(12.1) 27 (11.7) 7(11.5) 7(11.5)
>4 7 (4.9) 9(3.9) 2(33) 4(6.6)
Procedures on admission to the ICU, n (%)
Invasive mechanical ventilation 13(9.2) 41(17.8) <0.001 9(14.8) 10 (16.4) 0.803
Renal replacement therapy 6(4.3) 15 (6.5) 0489 4(6.6) 2(33) 0.680
ICU/hospital mortality, n (%) 14 (9.9) 61(26.5) <0.001 6(9.8) 18(29.5) 0.006
ICU LOS, median (IQR) 10 (6-23) 9(5-16) 0.069 11(6-28) 11(6-298) 0.864
Hospital LOS, median (IQR) 19 (13-32) 17 (11-25) 0.011 21 (14-37) 18 (12-41) 0.351

APACHE Il acute physiologic and chronic health evaluation score, BMI body mass index, ICU intensive care unit, IQR 25-75% interquartile range, LOS length of stay, SD
standard deviation

Missing values (whole cohort: camostat/no camostat: weight: 3 (2/1), BMI: 3 (2/1), APACHE II: 10 (9/1)

2 30 patients were referred from the hospital ward to the ICU after a range of 3-9 days; 11 have received camostat mesylate (prehospital stay; range 3-7 days) and 19
patients did not (prehospital stay; range 3-9 days)
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