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Background. Plitidepsin has shown potent preclinical activity against severe acute respiratory syndrome coronavirus 2 and was
generally well tolerated in a phase I trial of hospitalized patients with coronavirus disease 2019 (COVID-19). NEPTUNO, a phase
III, multicenter, randomized, controlled trial, was designed to evaluate the efficacy and safety of plitidepsin in the management of
moderate COVID-19 in hospitalized adult patients.

Methods. Included patients had documented severe acute respiratory syndrome coronavirus 2 infection, required oxygen
therapy, and had adequate organ function. The planned sample size was 609 patients. Patients were randomized 1:1:1 to at least
3 days of dexamethasone plus either plitidepsin (1.5 mg/day or 2.5 mg/day, for 3 days) or standard of care (control). The
primary endpoint was the time to sustained withdrawal of supplemental oxygen. Secondary endpoints included time to
sustained hospital discharge, clinical status, duration of oxygen support, percentage of patients requiring admission to the
intensive care unit, and safety.

Results.  After randomizing 205 patients, NEPTUNO was discontinued due to a notable drop in COVID-19-related
hospitalizations. Available data suggest a 2-day improvement in the median time to sustained oxygen therapy discontinuation
(5 vs 7 days) favoring both plitidepsin arms (hazard ratio, 1.37; 95% confidence interval, .96-1.96; P = .08 for plitidepsin 1.5 mg
vs control; hazard ratio, 1.06; 95% confidence interval, .73-1.53; P=.78 for plitidepsin 2.5 mg vs control). Plitidepsin was
generally well tolerated.
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Conclusions.

Despite the trial limitations, these results suggest that plitidepsin may have a positive benefit-risk ratio in the

management of patients requiring oxygen therapy. Further studies with plitidepsin, including those in immunosuppressed

patients, are warranted.

Results from this phase III trial suggest that plitidepsin, a first-in-class antiviral, may have a positive benefit-risk ratio in the
management of hospitalized patients requiring oxygen therapy for moderate COVID-19.
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Plitidepsin, a cyclic depsipeptide derived from the
Mediterranean tunicate Aplidium albicans that targets host
elongation factor la [1], has shown potent antiviral activity
against severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), preventing assembly of viral structures in in-
fected cells, and reducing viral load of several variants of con-
cern in mouse models [2-5]. The phase I APLICOV-PC trial
subsequently showed that plitidepsin was generally well tolerat-
ed in hospitalized adult patients with coronavirus disease 2019
(COVID-19) [2]. Importantly, plitidepsin’s antiviral effects
were underscored by an average 3.25-log;, reduction in base-
line viral load and a high hospital discharge rate (82%) by
day 15 [2]. Together, these data justified the initiation of the
NEPTUNO trial (NCT04784559, EudraCT 2020-005951-19),
described here, which was designed to assess the efficacy and
tolerability of 2 dose levels of plitidepsin versus local standard
of care in adults with moderate COVID-19 requiring hospital-

ization and oxygen supplementation.

METHODS

Study Design

This multicenter, open-label, controlled phase III trial
(EudraCT Number: 2020-005951-19; NCT04784559) involved
patients enrolled between June 2021 and January 2023 at 28
sites in 8 countries (Supplementary Table 1). The protocol
and amendments (see Supplementary Material) were approved
by the ethics committees or institutional review boards at each
participating site. The trial was designed and conducted in ac-
cordance with the Declaration of Helsinki and its most recent
update and the International Council for Harmonization E6
Good Clinical Practices guideline. All participants provided
written informed consent before initiating protocol-specific
procedures.

Participants

Hospitalized patients older than age 18 years were eligible for
inclusion if they had documented SARS-CoV-2 infection by ei-
ther qualitative polymerase chain reaction (PCR) or antigen
test from samples collected no more than 72 hours before study
treatment on day 1; a maximum of 14 days from symptom on-
set; requirement for oxygen therapy (category 5 on the 11-point
World Health Organization [WHO] Clinical Progression
Scale) [6]; and adequate bone marrow, liver, kidney, and met-
abolic function. Patients could be included in this trial having

had already received a small molecule treatment (eg, remdesi-
vir, molnupiravir, nirmatrelvir/ritonavir) if said treatment was
given at least 24 hours previously, outside a clinical trial, and
there was documentation of objective clinical deterioration
plus evidence of persisting positivity for SARS-CoV-2 in appro-
priate biological samples. Key exclusion criteria included hav-
ing prebaseline (ie, in the month that preceded the current
SARS-CoV-2 infection) impairment in general health condi-
tion for whatever reason except COVID-19; requiring severe
dependency for daily living activities (Barthel index <60/100)
[7] or chronic oxygen therapy; evidence of respiratory failure
at the time of randomization; severe COVID-19 (>category 5
on the 11-point WHO Clinical Progression Scale) [6]; or con-
comitant antiviral, immunomodulatory, or immunosuppres-
sive therapies at the time of randomization, except for
glucocorticoids for a maximum of 72 hours. A complete de-
scription of the inclusion and exclusion criteria are provided
in the Supplementary Material.

Randomization and Trial Regimens

Eligible patients were randomly assigned 1:1:1 to receive pliti-
depsin 1.5 mg/day intravenously (IV), plitidepsin 2.5 mg/day
IV, or standard of care. Central randomization was implement-
ed on days 0 to 1 before the first infusion of study drug using
stratified permuted blocks to balance groups for stratification
factors. Plitidepsin was administered as 1-hour IV infusions
on days 1-3 of the trial. Patients in the control group, in accor-
dance with local treatment guidelines, could have received a
regulatory-approved antiviral treatment such as remdesivir
(200 mg IV on day 1 followed by 100 mg/day IV on days 2-
5) or favipiravir (1600 mg twice daily orally on day 1, followed
by 600 mg twice daily orally daily for 2-5 days). Randomization
was stratified for geographical region (Europe vs rest of the
world); age-adjusted Charlson Comorbidity Index (0 to 1 vs
>1) [8]; and Barthel Index (>90 vs <90). (7)

All patients received dexamethasone phosphate 8 mg/day IV
(equivalent to a 6.6-mg dexamethasone base) on days 1-3 (ad-
ministered as a premedication in the plitidepsin arms), fol-
lowed by dexamethasone base 6 mg/day orally/IV from day 4
and up to a total cumulative dose of 60 mg of dexamethasone
base as per physician judgment.

To prevent plitidepsin-induced infusion reactions and eme-
sis, patients received the following premedications: palonose-
tron 0.25 mg IV; diphenhydramine hydrochloride 25 mg IV
(or equivalent such as dexchlorpheniramine maleate 5 mg);
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and ranitidine 50 mg IV (or equivalent, such as famotidine
20 mg IV).

From treatment initiation on day 1, patients were followed in
the hospital for at least 4 days and then through day 31 (+3
days) or resolution/stabilization of treatment-related adverse
events (TEAEs), treatment-emergent adverse events of special
interest (AESIs), and serious adverse events (SAEs). Patients
discharged from the hospital before day 8 returned to an outpa-
tient clinic for assessments on days 8 (+1 day) and 31 (+3 days).
On day 15, patients were followed up in remote or onsite visits.

Trial Endpoints

The primary efficacy endpoint was the time to sustained with-
drawal of supplementary oxygen (<category 4 on the 11-point
WHO Clinical Progression Scale) with no subsequent reutiliza-
tion during remaining study period. The original primary effi-
cacy endpoint of this trial was the complete recovery rate by day
8, defined as meeting categories 0-2 on the 11-point WHO
Clinical Progression Scale, having a Barthel index >90/100 at
the time of discharge, and not being readmitted to hospital
for COVID-19-related signs or symptoms through day 31.

To optimize accrual, the protocol was amended to allow the
inclusion of patients with preexisting moderate physical depen-
dence (Barthel score > 60). This necessitated the previously
mentioned modification of the primary efficacy endpoint.
The sponsor was blinded to the data and the protocol was
amended before any data analysis was performed.

The key secondary efficacy endpoint was time to sustained (ie,
with no subsequent readmission to day 31) hospital discharge.
Other secondary efficacy endpoints included clinical status, as as-
sessed by the 11-category WHO Clinical Progression Scale, at day
8; total duration of advanced oxygen support (high-flow nasal
oxygen, extracorporeal membrane oxygenation, noninvasive
ventilation or mechanical ventilation); percentage of patients re-
quiring admission to intensive care unit by days 4, 8, 15, and 31;
change in the SARS-CoV-2 viral load from day 1 before admin-
istration of the study drug until day 8; and percentage of patients
with undetectable viral load of SARS-CoV-2 on day 8. Viral load
from nasopharyngeal samples was assessed at a central laborato-
ry, using an approved reverse transcriptase-PCR assay.

Safety endpoints included the frequency of TEAEs, frequency
of TEAEs of > grade 3 according to National Cancer Institute
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Table 1. Baseline Patient and Disease Characteristics of the Intention-to-Treat Population

Plitidepsin Plitidepsin Control
2.5mg 1.5mg Arm Total

Characteristic Statistics (N=68) (N=70) (N=67) (N =205)
Age (y)

n 68 70 67 205

Mean (SD) 58.9 (13.3) 58.1 (14.8) 59.3 (15.0) 58.7 (14.3)
Age group (y), n (%)

>181to0 64 45 (66.2) 43 (61.5) 38 (66.7) 126 (61.5)

>65-74 17 (25.0) 19 (27.1) 15 (22.4) 51 (24.8)

>75 6 (8.8) 8(11.5) 14 (20.9) 28 (13.7)
Sex, n (%)

Male 43 (63.2) 44 (62.9) 42 (62.7) 129 (62.9)

Female 25 (36.8) 26 (37.1) 25 (37.3) 76 (37.1)
Race, n (%)’

Asian 1(1.5) 3(4.3) 0 4(2.0)

White 63 (92.6) 62 (88.6) 64 (95.5) 189 (92.2)

Multiple 4 (5.9) 5(7.1) 3 (4.5) 12 (5.9)
Body mass index at screening (kg/m?)°

N 66 67 65 198

Mean (SD) 29.5 (4.6) 29.7 (5.6) 30.3 (6.1) 29.8 (6.4)
Body mass index group at screening (kg/m?)® n (%)

>18.5and <25 10 (14.7) 10 (14.3) 10 (14.9) 30 (14.6)

>25 and <30 31 (45.6) 35 (50.0) 26 (38.8) 92 (44.9)

>30 and <35 15 (22.1) 13 (18.6) 17 (25.4) 45 (22.0)

>35 and <40 9(13.2) 4(5.7) 8(11.9 21(10.2)

>40 1(1.5) 5(7.1) 4(6.0) 10 (4.9)

Missing 2(2.9 3(4.3) 2 (3.0) 7 (3.4)
Chest imaging at enrollment, n (%)

Pulmonary infiltrates 49 (72.1) 44 (62.9) 43 (64.2) 136 (66.3)

Bilateral pneumonia 20 (29.4) 26 (37.1) 19 (28.4) 65 (31.7)
Periods of inclusion, n (%)

Beginning of accrual—August 2021 2(2.9) 1(1.4) 2(3.0) 5(2.4)

September 2021-March 2022 56 (82.4) 55 (78.6) 51 (76.1) 162 (79.0)

April 2022-end of accrual 10 (14.7) 14 (20.0) 14 (20.9) 38 (18.5)
Time from symptom onset to treatment initiation

N 62 66 65 193

Mean (SD) 5.3(2.2) 5.3 (2.1) 5.6 (2.3) 5.4 (2.2)
Respiration rate (breaths/min) at screening

N 68 69 65 202

Mean (SD) 19.5 (3.5) 19.0 (3.4) 19.9 (3.3) 19.4 (3.4)
Oxygen saturation (%) at screening®

N 68 69 67 204

Mean (SD) 96.3 (1.8) 96.3 (1.7) 96.4 (1.7) 96.3 (1.7)
Fraction of inspired oxygen (%) at screening

N 68 70 67 205

Mean (SD) 26.9 (3.9 26.9 (3.4) 27.9(9.5) 27.3(6.2)
Vaccination status, n (%)

Fully vaccinated 35 (51.5) 36 (51.4) 32 (47.8) 103 (60.2)

Non-fully vaccinated 6 (8.8) 3(4.3) 4 (6.0) 13 (6.3)

Not vaccinated 27 (39.7) 31 (44.3) 31 (46.3) 89 (43.4)
S1 spike protein IgG at day 1

N b5 60 59 174

Negative 19 (34.5) 19 (31.7) 24 (40.7) 62 (35.6)

Positive 36 (65.5) 40 (66.7) 35 (69.3) 111 (63.8)

Borderline 0 1(1.7) 0 1(0.6)
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Table 1. Continued
Plitidepsin Plitidepsin Control
2.5mg 1.5mg Arm Total
Characteristic Statistics (N=68) (N=70) (N=67) (N =205)
SARS-CoV-2 viral load at day 1 (log;, copies/mL)?
N 47 56 55)
Mean (SD) 5.02 (1.88) 4.97 (1.99) 5.06 (2.25)

Abbreviations: IgG, immunoglobulin G; n, number of patients with data available; N, number of patients in analysis set; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2;

SD, standard deviation; %, percentages are calculated based on N as the denominator.
#Patients with more than 1 race reported were included in the multiple categories.
“Body mass index (kg/m?) = weight (kg)/height (m?).

°0, at baseline estimated at ambient air with a correction for altitude. The specific modality (mask or nasal prongs) was not collected.

dSummary was based on full analysis set.

Common Terminology Criteria for Adverse Events (version
5.0), AESIs, SAEs, drug-related SAEs (ie, serious adverse reac-
tions), adverse events leading to treatment discontinuation,
deaths, change from baseline in individual trial-defined labora-
tory parameters, change from baseline in individual vital signs,
and change from baseline in individual trial-defined electrocar-
diogram parameters.

Statistical Analysis

This trial was designed to provide at least 80% power to detect a
hazard ratio (HR) of 1.4 in the time to sustained withdrawal of
supplementary oxygen, equivalent to a decrease in the median
time to the event from 8 days (control arm) to 5.7 days (pliti-
depsin), based on a 1-sided type I error rate of 1.25%. For the
trial to have 80% power, a total sample size of 609 patients
(203 in each arm) were needed with a minimum of 530 primary
endpoint events required to have occurred. Sample size was cal-
culated using a Bonferroni correction for the multiple compar-
isons of each plitidepsin arm with control arm, although the
Hochberg step-up procedure was used for the main analysis,
increasing the power of the tests. At the final analysis, if an ob-
served critical HR was >1.27, in favor of any plitidepsin arm
(equivalent to a decrease in the median time to sustained with-
drawal of supplementary oxygen of >1.7 days), it was expected
that the null hypothesis (ie, HR <1) was rejected.

Continuous variables were summarized in terms of number
of patients/observations with nonmissing data (n), mean, stan-
dard deviation, median, interquartile range (25th and 75th per-
centiles), and range (minimum and maximum). Categorical
variables were summarized as frequency counts and associated
percentages or difference in percentages. All significance tests
were 2-sided and used a 0.05 a-level unless specified otherwise.

Analysis of the primary and other time-to-event efficacy end-
points were performed in the intention-to-treat population.
Other secondary efficacy endpoints were based on the full anal-
ysis set population, defined as the set of all randomized patients
who received >1 dose of any study treatment during the trial and
had >1 postbaseline clinical status collected. Safety analyses were
performed on the “as treated” population (patients who received

any exposure to study treatments, according to the therapy they
actually received). The full statistical analysis plan can be found
in section 8 of the trial protocol (see Supplementary Material).
Data processing, summarization, and analyses were performed
using SAS Environment/version 9.

RESULTS

Premature Termination of the Trial

In January 2023, the sponsor made the decision to prematurely
terminate enrollment into the NEPTUNO trial after randomi-
zation of 205 patients. Patient accrual was negatively impacted
by the reduced need for hospitalization and oxygen support,
stemming from the emergence of novel variants, increased vac-
cine penetrance, and approval of therapies for high-risk
populations.

Patient and Disease Characteristics

At the time of trial termination, a total of 235 patients had been
screened for this trial across 8 countries (Supplementary
Table 1). Of these, 205 patients were randomized to 1 of the 3
treatment arms: 68 to the plitidepsin 2.5-mg arm, 70 to the pli-
tidepsin 1.5-mg arm, and 67 to the control arm. Among these,
10 patients did not receive study treatment (Figure 1).
Approximately 90% of randomized patients completed the trial
in each arm. Baseline patient and disease characteristics are
shown in Table 1. Overall, 164 patients (80.0%) had at least 1 co-
morbid condition; details can be found in Supplementary
Table 2. Details of concomitant COVID-19 medications admin-
istered during the trial can be found in the Supplementary
Materials, and baseline characteristics by need for concomitant
medications are shown in Supplementary Table 3.

Primary Efficacy Endpoint

The total number of patients who had sustained withdrawal of
oxygen supplementation in the treatment arms were 54
(79.4%), 63 (90.0%), and 59 (88.1%) for patients in the plitidep-
sin 2.5-mg, plitidepsin 1.5-mg, and control arms, respectively.
The Kaplan-Meier estimates of median time to sustained
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Figure 2. Time to sustained withdrawal of oxygen supplementation for (A) plitidepsin 1.5 mg versus control and (B) plitidepsin 2.5 mg versus control. Sustained withdrawal
of oxygen supplementation (in days) with no subsequent reutilization during remaining study period is defined as the first day, from randomization through completion of the
trial, on which a patient satisfies categories 0—4 on the 11-point World Health Organization (WHO) Clinical Progression Scale and has no subsequent reutilization of oxygen
supplementation (510 on the 11-point WHO Clinical Progression Scale). If the patient is discontinued between day 15 and day 31 visits, and there is an attempt of contact
and trial discontinuation on or after the day 31 visit due date, the patient is censored at day 31.

withdrawal of oxygen supplementation were 5 days (95% con-
fidence interval [CI], 4-7), 5 days (95% CI, 4-6) and 7 days
(95% CI, 6-8) for the plitidepsin 2.5-mg, plitidepsin 1.5-mg,
and control arms, respectively (Figure 2). Stratified log-rank
test P values for the comparison of time to sustained withdraw-
al of oxygen supplementation were calculated for plitidepsin

2.5 mg versus control (P =.88) and plitidepsin 1.5 mg versus
control (P =.063), with respective multiplicity-adjusted 2-sid-
ed P values of P=.88 and P = .13, respectively.

Point estimated HRs by stratified Cox proportional hazards re-
gression model analysis were >1 for both plitidepsin arms (HR =
1.06 [95% CI, .727-1.53], 2-sided P = .78 for plitidepsin 2.5 mg vs
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Table 2. Summary of Adverse Events With >10% Incidence in any Treatment arm

Plitidepsin Plitidepsin
2.5mg Plitidepsin 1.5 mg Total Control Arm

Adverse Events Category (N=63) (N=67) (N=130) (N=65)

Adverse Events Type n (%) n (%) n (%) n (%)

Any TEAE 45 (71.4) 44 (65.7) 89 (68.5) 40 (61.5)
Grade >3 22 (34.9) 17 (25.4) 39 (30.0) 11 (16.9)

Any treatment-related TEAE to any study treatment® 34 (54.0) 30 (44.8) 64 (49.2) 24 (36.9)
Grade >3 7(11.1) 6(9.0) 13(10.0) 3(4.6)

Any serious TEAE 11 (17.5) 6 (9.0) 17 (13.1) 5(7.7)
Grade >3 10 (15.9) 6 (9.0) 16 (12.3) 5(7.7)

System organ class grouped preferred term? (any-cause, all-grade TEAEs)

Gastrointestinal disorders 26 (41.3) 20 (29.9) 46 (35.4) 12 (18.5)
Constipation 11 (17.5) 10 (14.9) 21(16.2) 4(6.2)
Nausea 9 (14.3) 8(11.9) 17 (13.1) 1(1.5)
Diarrhea 9(14.3) 3(4.5) 12 (9.2) 3(4.6)

General disorders and administration site conditions 11 (17.5) 10 (14.9) 21(16.2) 13 (20.0)

Investigations 23 (36.5) 27 (40.3) 50 (38.5) 19 (29.2)
Serum ferritin abnormal 15 (23.8) 13 (19.4) 28 (21.5) 4(6.2)
C-reactive protein increased 11 (17.5) 7 (10.4) 18 (13.8) 5(7.7)
Alanine aminotransferase increased 4(6.3) 7 (10.4) 11 (8.5) 5(7.7)
Gamma-glutamyltransferase increased 5(7.9) 8(11.9 13(10.0) 3 (4.6)

Metabolism and nutrition disorders 22 (34.9) 17 (25.4) 39 (30.0) 12 (18.5)
Hyperglycemia® 18 (28.6) 15(22.3) 33 (25.4) 10 (15.4)

Musculoskeletal and connective tissue disorders 7(11.1) 6(9.0) 13(10.0) 4(6.2)

Nervous system disorders 8(12.7) 9(13.4) 17 (13.1) 6(9.2)
Headache 6 (9.5) 7 (10.4) 13 (10.0) 5(7.7)

Psychiatric disorders 13 (20.6) 6 (9.0) 19 (14.6) 5(7.7)
Sleep disorder 7 (11.1) 6(9.0) 13 (10.0) 5(7.7)

Respiratory, thoracic, and mediastinal disorders 17 (27.0) 13 (19.4) 30 (23.1) 13 (20.0)
Acute respiratory distress syndrome 9(14.3) 8(11.9) 17 (13.1) 6(9.2)

Vascular disorders 14 (22.2) 12(17.9) 26 (20.0) 6(9.2)
Phlebitis 11 (17.5) 9(13.4) 20 (15.4) 2 (3.1)

Abbreviations: n, number of patients with the reported adverse event; N, number of patients in analysis set; TEAE, treatment-emergent adverse event; %, percentages are calculated based on

N as the denominator.

@Within a system organ class, patients could have reported more than 1 grouped preferred term. Patients were counted once for each grouped preferred term and each system organ class.

PHyperglycemia (system organ class = Metabolism and nutrition disorders) also includes Blood glucose increased (system organ class = Investigations).

control; HR = 1.37 [95% CI, .960-1.96], 2-sided P =.082 for pli-
tidepsin 1.5 mg vs control), directionally favoring plitidepsin
treatment. Details of a bootstrap analysis providing estimates of
the HR and CI from a simulation of the originally planned sample
size can be found in the Supplementary Materials.

Secondary Efficacy Endpoints

The total number of patients reporting sustained hospital dis-
charge was 55 (80.9%), 61 (87.1%), and 59 (88.1%) for patients
in the plitidepsin 2.5-mg, plitidepsin 1.5-mg, and control arms,
respectively. The Kaplan-Meier estimates of median time to
sustained hospital discharge were 7 days (95% CI, 7-9), 7
days (95% CI, not estimated), and 7 days (95% CI, 7-9) for
the plitidepsin 2.5-mg, plitidepsin 1.5-mg, and control arms,
respectively (Supplementary Figure 1). Stratified log-rank test
P values for the comparison of time to sustained hospital dis-
charge were calculated for plitidepsin 2.5 mg versus control
(P=.59) and plitidepsin 1.5 mg versus control (P =.34).

For the comparison of plitidepsin 2.5 mg versus control, the
stratified Cox proportional hazards regression model estimated
an HR = 0.948 (95% CI, .655-1.37) with a 2-sided P value of .78.
For the comparison of plitidepsin 1.5 mg versus control, an HR
=1.18 (95% CI, .827-1.70) with a 2-sided P value of .35. Other
secondary endpoints are summarized in Supplementary
Table 4.

Safety and Tolerability

Patients in the plitidepsin 2.5-mg arm (71.4%) had a numerical-
ly higher incidence of TEAEs from any cause than patients in
the plitidepsin 1.5-mg (65.7%) and control arms (61.5%).
Similar observations were noted for incidence of grade >3
TEAEs (34.9%, 25.4%, and 16.9% for plitidepsin 2.5 mg, pliti-
depsin 1.5mg, and control, respectively) and any-grade
treatment-related TEAEs (54.0%, 44.8%, and 36.9% for pliti-
depsin 2.5 mg, plitidepsin 1.5 mg, and control, respectively)
(Table 2; Supplementary Table 5). Hyperglycemia was the
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Table 3. Summary of Treatment-Related Adverse Events Reported in > 1 Patient or as Grade >3

Plitidepsin 2.5 mg Plitidepsin 1.5 mg Control Arm
(N=63) (N=67) (N=65)
All Grade >3 All Grade >3 All Grade >3

System Organ Class Preferred Term? n % n % n % n % n % n %
Gastrointestinal disorders Abdominal pain 1 1.6 2 3.0 1 1.5

Constipation 3 4.8 1 1.5

Diarrhea 4 6.3 2 3.0

Nausea B) 7.9 6 9.0
General disorders Asthenia 1 1.6 2 3.0
Infections and infestations Cellulitis 1 1.5 1 1.5
Investigations Adjusted calcium decreased 1 1.6 1 1.6 2 3.0 1 15

ALT increased 2 3.2 3 4.5 3 4.6

AST increased 3 4.8 1 1.5 4 6.2

CPKincreased 2 3.1

Blood LDH increased 3 4.6

v-GT increased 3 4.8 3 4.5 1 1.5

Lipase increased 1 1.6 1 1.6 1 1.5

Serum ferritin abnormal 3.2 2 3.0
Metabolism and nutrition disorders Hyperglycemia® 15 23.8 5 7.0 14 20.9 4 6.0 8 12.3 3 4.6
Vascular disorders Hypertension 2 3.0 2 3.1

Phlebitis 3 4.8 1 1.5

Abbreviations: y-GT, gamma transaminases; ALT, alanine liver transaminase; AST, aspartate aminotrasnferase; CPK, creatine phosphokinase; LDH, lactate dehydrogenase; n, number of
patients with the reported adverse event; N, number of patients in analysis set; %, percentages are calculated based on N as the denominator.

@Within a system organ class, patients could have reported more than 1 grouped preferred term. Patients were counted once for each grouped preferred term and each system organ class.

PHyperglycemia (system organ class = Metabolism and nutrition disorders) also includes Blood glucose increased (system organ class = Investigations).

most frequent in all arms (Table 3; Supplementary Table 6),
and in all cases it was related to dexamethasone. The most fre-
quent treatment-related TEAE reported in the plitidepsin arms
was nausea (8%-9%), which was generally of low intensity, con-
trolled by medication, and of short duration.

The incidence of treatment-emergent AESIs of any cause were
34.9%, 37.3%, and 27.7% for plitidepsin 2.5-mg, plitidepsin
1.5-mg, and control groups, respectively. The incidence of
SAEs was 17.5%, 9.0%, and 7.7% in the plitidepsin 2.5-mg, pliti-
depsin 1.5-mg, and control arms, respectively. Fewer than 2% of
patients had drug-related SAEs considered to be related to pliti-
depsin; 1 patient in the 2.5-mg arm had a grade 2 hypersensitivity
reaction and 1 patient in the 1.5-mg arm had grade 3 cellulitis.

Fewer than 2% of patients in the treatment arms discontin-
ued any study treatment because of AEs (1 patient in each pli-
tidepsin arm, Figure 1). Five patients died during the trial: 2
each in the plitidepsin 2.5-mg and control arms and 1 in pliti-
depsin 1.5-mg arm. No fatal events were considered by the in-
vestigator as related to study treatment.

DISCUSSION

Although the trial was terminated early because challenges in
accrual, protocol-defined analysis of the available data suggests
that plitidepsin may have a positive benefit-risk ratio in the
management of patients with COVID-19 who require oxygen
therapy.

Across treatment arms, approximately 80% of patients had
sustained withdrawal of oxygen supplementation. Although
no statistically significant difference between plitidepsin and
control arms was observed, the point estimated HRs direction-
ally favored plitidepsin treatment, indicating the potential of a
shorter time to sustained withdrawal of oxygen supplementa-
tion than the control arm. Notably, for plitidepsin 1.5 mg, the
HR of point estimate 1.37 was in line with the targeted HR of
the original trial design. The trend toward benefit is corroborat-
ed by other endpoints, such as the evaluation of patients’ WHO
Clinical Progression Scale, which showed that patients in the
plitidepsin arms had numerically lower rates of remaining at
a score of 5 by day 8 and were more likely to achieve scores
of 0 to 2 versus the control arm. Similarly, patients treated in
the plitidepsin arms received a shorter mean duration of corti-
coid therapy, with a greater number of those on plitidepsin dis-
continuing corticoids by day 9 compared with the control arm.

Because the trial was ended prematurely, conclusive benefit
of plitidepsin could not be confirmed. Accrual for this trial
was hindered by several factors related to the evolution of the
pandemic. In December 2021, about 6 months after trial initi-
ation, the circulating Delta variant was largely displaced by
Omicron [9]. Though Omicron proved more likely to cause
breakthrough infections, hospital admissions were less fre-
quent, making recruitment for the trial challenging [9].
Additionally, approval of new antivirals, including nirmatrel-
vir/ritonavir in the European Union in January 2022, further
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reduced the pool of high-risk patients infected with
SARS-CoV-2  who
Considering how these developments could be used to mitigate

would need hospitalization [10].
the risk of early trial termination for potential future respirato-
ry pandemics, 1 idea would be to expand the inclusion criteria
(eg, to all hospitalized patients requiring supplemental oxygen,
regardless of their disease severity) to enlarge the potential pool
of participants.

Despite the limited sample size, this trial further supports the
tolerability of plitidepsin in patients with moderate COVID-19.
As in the previous proof-of-concept trial, most adverse events
occurring in this trial were mild and transient in nature [2].

We note that the control arm had a greater proportion of pa-
tients who were aged >75 years, which is a known risk factor for
poorer outcomes and survival [11, 12]. Though considered as a
potential covariate that could have influenced the results of the
multivariate analysis, Cox regression and random forest mod-
els did not find age to be an independent contributor of the
time to sustained O, withdrawal. Nevertheless, future studies
should consider stratifying by age to ensure equal distributions
of this risk factor. Another limitation is that the relative repre-
sentation of each trial arm per site was not controlled by ran-
domization, and a balanced distribution of the arms locally
was limited by the early trial termination and evolution of
the pandemic among the different countries. Finally, this trial
was not able to identify differences in the kinetics of viral clear-
ance between arms because of the limited number of sampling
timepoints and relatively high quantitation limit of the reverse
transcriptase-PCR test.

This trial, albeit compromised by the early trial termination,
provides important insights on safety and pharmacological im-
pact that makes plitidepsin a rational candidate agent for future
pandemics. Ongoing studies are further characterizing the mo-
lar potency of plitidepsin to inhibit replication, at noncytotoxic
concentrations, in other RNA viruses. The data gathered in
dose ranging studies in SARS-CoV-2—particularly the results
on safety and posology—will provide a useful foundation for
designing future clinical trials.

Given that there remains an unmet need to identify
direct-acting antivirals that markedly reduce SARS-CoV-2 repli-
cation, plitidepsin could be considered as a candidate therapy for
COVID-19 and further studies are warranted. This is particularly
important in immunosuppressed patients, in whom compassion-
ate use of plitidepsin has already been shown to be well tolerated
with potential clinical and antiviral efficacy [13]. The ongoing
phase 2 NEREIDA trial (NCT05705167) will evaluate the efficacy
of plitidepsin in prespecified groups of immunocompromised pa-
tients with symptomatic COVID-19 requiring hospitalization.

Supplementary Data

Supplementary materials are available at Clinical Infectious Diseases online.
Consisting of data provided by the authors to benefit the reader, the posted

materials are not copyedited and are the sole responsibility of the authors, so
questions or comments should be addressed to the corresponding author.
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