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Current standard treatment of COVID-19 lacks in effective antiviral options. Plitidepsin, a cyclic depsipeptide authorized in
Australia for patients with refractory multiple myeloma, has recently emerged as a candidate anti-SARS-CoV-2 agent.
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| 1. Introduction

As of March 2020, the World Health Organization (WHO) stressed the need for coordination and direction of global
research work towards the development of treatment strategies for coronavirus disease 2019 (COVID-19) .
Subsequently, many large clinical trials were carried out, aiming to identify and test the safety and effectiveness of
potential therapeutics against the virus [EIBIAIEIE  pespite the substantial efforts, only a few drugs, such as
dexamethasone (an agent with anti-inflammatory rather than antiviral properties) and remdesivir, have been associated
with a more favourable disease trajectory AMIEIE Fyrthermore, a recently published, international randomized trial by
the WHO reported that the most widely proposed drugs have had little or no effect on overall mortality of hospitalized
patients with COVID-19 201,

Plitidepsin, a marine cyclic depsipeptide investigated more for its anti-tumour rather than antiviral activity, lately emerged
amongst many other candidates as a new therapeutic option for COVID-19 11221,

| 2. Mechanisms of Action
2.1. Cancer

Plitidepsin is an agent initially studied for its anti-tumour properties (i.e., cell cycle arrest, apoptosis and growth inhibition)
13 |ts antineoplastic activity emerges not only from antiproliferative but also from antiangiogenic (i.e., inhibition of
vascular endothelial growth factor secretion) effects [L3Il14I15116] The primary intracellular target of plitidepsin seems to be
eukaryotic translation elongation factor 1 alpha 2 (eEF1A2), one of two different isoforms of eukaryotic translation
elongation factor 1 (eEF1A). eEF1A2 is responsible for the enzymatic delivery of aminoacyl tRNAs to the ribosome, but
also has noncanonical pro-oncogenic activities. Via its inhibition, the drug is engaged in numerous cell actions, such us
regulation of oxidative stress, control of unfolded protein degradation by the proteasome, heat shock response and actin
building and cytoskeleton reorganization 18 Concerning plitidepsin’s impact on the cell cycle, Alonso et al. [
presented a dual effect in human melanoma cells, with it being cytostatic at low concentrations and cytotoxic at higher
concentrations.

2.2. SARS-CoV-2

Ex vivo studies of SARS-CoV-2 and pancoronaviral interactomes identified 332 host proteins interacting with the virus at
crucial stages of its life cycle 2921 Existent drugs were investigated as “host-directed agents”, targeting these host
proteins 2. Examples include ralimetinib (a p38/MAPK inhibitor) and drugs targeting the eukaryotic translation
machinery, like zotatifin (an inhibitor of eukaryotic initiation factor eEIF4A, the partner of eEIF4H that interacts with SARS-
CoV-2 Nsp9), plitidepsin and its molecular derivative, ternatin-4 (an eEF1A inhibitor) [221123],

With regard to plitidepsin, which belongs to the above analysed drug category, White et al. 23] demonstrated that it
possesses antiviral activity against SARS-CoV-2 by inhibiting the activity of eEF1A. They proved that the expected anti-
SARS-CoV-2 activity of plitidepsin could be mitigated when using a mutated version of eEF1A in 293T cells (A399V
mutation), suggesting the factor as a druggable target (23, eEF1A is used by RNA viruses for mRNA translation by being
involved in both the enzymatic delivery of aminoacyl tRNAs to the ribosome and the aminoacylation-dependent tRNA
export pathway 24, |t has also been previously identified as an important host factor for the replication of the single-
stranded RNA influenza virus, respiratory syncytial virus and certain transmittable coronaviruses [22[2811271[28] | the case



of SARS-CoV-2, and through targeting eEF1A, plitidepsin inhibits the translation of the open reading frames (ORF)
ORF1A and ORF1B, leading to reduced production of polyproteins (pp) ppla and pplab, hence conducing to a decreased
quantity of replicative non-structural proteins, such as RNA-dependent-RNA-polymerase 22, |t also inhibits the translation
of different subgenomic mRNAs, resulting in insufficient production of viral structural and accessory proteins 22, The lack
of necessary viral proteins, such as RNA-dependent-RNA-polymerase, as well as structural proteins simultaneously
prevents the virus from generating copies. Figure 1 illustrates the exact mechanism of the drug’s integration into the
SARS-CoV-2- host cell interactions [24139131],
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Figure 1. Plitidepsin’s host-directed anti-SARS-CoV-2 action mechanisms.SARS-CoV-2 possesses a single-stranded
RNA (ssRNA) genome. The angiotensin converting enzyme-2 (ACE2) receptor is identified as the cell-surface receptor of
SARS-CoV-2. Specific spike protein interactions with ACE2 receptors promote viral fusion with the cellular membrane.
After entry, uncoating of the viral genomic RNA is followed by the translation of two large open reading frames (ORF),
ORF1A and ORF1B. The resulting polyproteins, ppla and pplab, are proteolyzed into non-structural proteins (nsps) that
form the viral replication and transcription complex. This complex includes, amongst others, RNA-processing and RNA-
modifying enzymes, such as RNA-dependent-RNA-polymerase, and drives the production of negative-sense RNAs ((-)
RNAs). In general, the positive-sense genome can act as messenger RNA (mMRNA) and can be directly translated into
viral proteins, whereas negative-sense RNA is converted (via RNA-dependent-RNA-polymerase) into positive-sense RNA
in order to be translated. Genomic RNA contains the necessary RNA regions required for genome replication and
translation. During replication, full-length (=) RNA copies of the genome (genomic (=) RNAs) are used as templates for
genomic (+) RNAs. During transcription, various subgenomic RNAs are produced through discontinuous transcription,
where subgenomic (=) RNAs are synthesized by combining varying lengths of the 3' end of the genome with the 5’ leader
sequence necessary for translation. Subgenomic (=) RNAs are then transcribed into subgenomic (+) mRNAs. Resulting
structural and accessory viral proteins are combined with genomic (+) RNAs to produce new viral particles, which will be
secreted from the infected pneumonocyte by exocytosis. Through targeting the host cell's eukaryotic translation
elongation factor (eEF1A), plitidepsin inhibits the host-mediated translation of ORF1A, ORF1B and subgenomic mRNAs,
leading to decreased production of viral ppla and pplab andnsps, including RNA-dependent-RNA-polymerase, as well as
structural and accessory proteins. Abbreviations: SARS-CoV-2, severe acute respiratory syndrome coronavirus-2; sSRNA,
single-stranded RNA; ACE2, angiotensin converting enzyme-2; ORF, open reading frame; mRNA, messenger ribonucleic
acid; tRNA, transfer ribonucleic acid; eEF1A, eukaryotic translation elongation factor 1; GTP, guanosine triphosphate; pp,
polyprotein.

| 3. Current Uses and Authorization
3.1. Multiple Myeloma (MM)

To date, relapsed/refractory MM constitutes the main indication for plitidepsin’s use. Preclinical evidence has suggested
that the drug has both in vivo and in vitro anti-MM properties B2, This activity of plitidepsin was further investigated by



clinical trials, solely or in combination with established anti-MM agents, including dexamethasone, in patients with
relapsed/refractory MM [331[341[35]

Due to its limited benefit, several concerns were raised as to whether the drug should be authorized; thus, plitidepsin was
not universally approved. To date, the combination of plitidepsin with dexamethasone is authorized only in Australia and
solely for patients with relapsed/refractory MM after a minimum of three prior treatment regimens 8. On the contrary, the
European Medicines Agency's (EMA) Committee for Medicinal Products for Human Use refused the authorization of
Aplidin® (plitidepsin’s trademark) even for this subset of patients 24, Nevertheless, as of October 2020, EMA returned the
marketing authorization application for Aplidin®, and further evaluation of the drug will follow 8],

3.2. Leukemia and Lymphomas

Due to its antiproliferative and selective cytotoxic properties in experimental models of human leukaemia cell lines and
fresh leukaemia cells, as of 2003, plitidepsin was granted orphan designation by the European Commission for treatment
of acute lymphoblastic leukaemia B9, In this case, the drug should be reassessed in clinical trials before receiving
marketing authorization.

Several phase | and Il clinical studies have also evaluated plitidepsin in patients with lymphomas; these have estimated
safe doses of the drug, also confirming feasibility of its combination with other anti-tumour agents 22411142,

3.3. Melanoma

According to preclinical evidence, plitidepsinappears to act as an antiproliferative agent in melanoma cell lines while
presenting synergistic activity with dacarbazine, a drug used for treating metastatic melanoma 12, Nevertheless, studies
carried out to evaluate the efficacy and safety of plitidepsin in patients with locally advanced or metastatic malignant
melanoma revealed only a limited clinical benefit 2344l On this basis, the drug was not included in 2019 European
Society for Medical Oncology (ESMO) Clinical Practice Guidelines for treatment of this malignancy 2!,

| 4. Safety Profile

Plitidepsin’s safety profile has been extensively studied over both phase | and Il/ll trials, with the drug presenting mostly
transient and tolerated adverse events. Myalgia, alanine aminotransferase/aspartate aminotransferase and creatine
phosphokinase increase, as well as fatigue, nausea and vomiting, constituted the most common dose-limiting toxicities in
phase | studies B4BUMGI47E8] Regarding phase I/l studies, the same adverse events were reported, along with mild to
moderate hematologic abnormalities, such as anaemia and thrombocytopenia 231331431 A hypersensitivity reaction was
also observed; the event was well-tolerated with the exception of one patient that was withdrawn from a trial due to a
grade 4 hypersensitivity reaction and hypotension 43!,

A particularly well-studied drug combination among patients with relapsed and refractory multiple myeloma consisted of
plitidepsin with dexamethasone 3134351 Even though the combination was associated with a mildly increased incidence
of muscular events and creatine phosphokinase elevations, the safety profile is altogether acceptable 3. Notably,
plitidepsin with dexamethasone was related to less hepatic enzymes abnormalities compared to plitidepsin alone 23],
while a study assessing the combination of plitidepsin with dexamethasone and bortezomib reported no dose-limiting
adverse events 24, Consequently, the drug is considered safe and well-tolerated, both as a monotherapy and as a
combination with dexamethasone; hence, it is already authorized for use in patients with relapsed/refractory MM in
Australia 28],

| 5. Implications for COVID-19 Treatment

Both ex vivo and in vivo preclinical data on plitidepsin’s antiviral activity against SARS-CoV-2 have recently emerged 23],
Its antiviral effect in infected Vero E6 cells has surpassed that of other currently studied host-directed agents (i.e.,
termatin-4, zotatifin) 22 Compared to the current standard of care, remdesivir, plitidepsin has been proven more potent in
reducing the expression of the viral structural protein N in Vero E6 cells and 27.5 times more powerful in inhibiting SARS-
CoV-2 replication in the hACE2-293T human cell line 28, Among 72 in vitro tested potentially antiviral drugs, plitidepsin
was the only clinically approved drug exhibiting nanomolar efficacy (expressed as IC50) against SARS-CoV-2 replication
and subsequent cytopathic effects 2. In vivo, the drug has decreased lung virus titres and lung pathology of infected
mice to a comparable extent to remdesivir 22, Considering that emerging (and potentially remdesivir-resistant) variants
may outweigh earlier strains, an advantage of plitidepsin is that it appears to preserve its antiviral activity against the more
transmittable and likely more deadly (though data on increase in severity or death are contradictory) B.1.1.7 variant, as



demonstrated by the results of a preprint study [22BABLUEAG3 This property may be attributed to the drug targeting host's
proteins vital for the virus life cycle, yet less amenable to mutations than viral proteins, as described above 22, Similar
host's mechanisms have been located as essential for replication of other respiratory viruses, including influenza,
respiratory syncytial virus and other transmittable coronaviruses, implying a potent utility of such agents for combating
future coronavirus or other viral outbreaks [251[261[27](28]

What currently further distinguishes plitidepsin from other candidate host-directed anti-SARS-CoV-2 therapies is the more
adequate comprehension of its bioavailability and safety profiles, even in cases of co-administration with dexamethasone,
which is part of the current standard of care of hospitalized patients with COVID-19, primarily through available MM trials
[33]1341135] ' sych knowledge will greatly accelerate the drug's testing in infected hospitalized patients requiring oxygen
supplementation or invasive mechanical ventilation ¥. The drug's safety and efficacy have also been preliminarily
evaluated in the specific setting of COVID-19 patients needing hospital admission B4, In this proof-of-concept trial, three
cohorts of patients intravenously (IV) received three different doses (1.5 mg, 2.0 mg or 2.5 mg per day) of plitidepsin over
three consecutive days post-admission 4. The protocol further predefined an obligatory minimum of hospitalization for 7
days and surveillance for adverse events for a timeframe of 31 days after admission 24, Except being well-tolerated and
without any serious adverse events being observed, plitidepsin reduced participants’ viral load by 50% and 70% on
hospitalization days 7 and 15, respectively, and it concomitantly led to 38% and 81% of patients being discharged by days
8 and 15, respectively 541351, viral load reduction was significantly associated with clinical resolution of pneumonia and
decrease in C-reactive protein levels B4I55]. On their visit on day 30, no patients presented with symptoms compatible with
COVID-19 [B4I55],

When the drug’s characteristics are carefully examined, certain deficits might be identified. Since plitidepsin’s marketing
authorization is so far limited to the narrow clinical setting of patients with relapsed/refractory MM and only in Australia, the
drug is not widely incorporated into daily clinical practice and is therefore not broadly known by clinicians.Affecting
multiple cell cycle-related molecular pathways is accompanied by a specific toxicity profile B3IB3143] This toxicity profile
encompasses more common dose-limiting adverse events, such as fatigue, nausea, vomiting, anemia and
thrombocytopenia, to rare cases of hypersensitivity 23331431 |nterestingly, the administered IV antitumor doses of the
drug (including the dose authorized for administration in Australia) (5 mg/m2) were higher than the ones planned for
hospitalized COVID-19 patients (a maximum of 2.5 mg per day for three days post-admission) 2135143154 Following the
examples of hydroxychloroquine, lopinavir—ritonavir and remdesivir, plitidepsin remains a repurposed drug with its
mechanisms being studied chiefly in the context of its anti-tumour properties B8, Therefore, plitidepsin’s specificity against
SARS-CoV-2, as well as the exact host—virus interactive mechanisms with which the agent interferes, should be further
elucidated. To facilitate this purpose, Martinez suggested the generation of tissue cultures resistant to the drug 3.
Although the drug’s host-directed mechanisms may also imply activity against different SARS-CoV-2 variants, current
evidence supporting such an effect derives only from a preprint preclinical study and should therefore be considered
anecdotal 24, Accounting for its intravenous route of administration, the drug is also excluded from a community
prophylactic use in mildly affected individuals, a setting for which beneficial antiviral options have not been discovered yet
B3l Though several steps are required before developing oral analogues, plitidepsin is currently clearly purposed for
hospitalized patients with moderate severity of infection B4EZ,

Although encouraging enough, current evidence on plitidepsin’s utility for treating SARS-CoV-2 infection has been
obtained by preclinical in vivo or ex vivo studies and a single multicentre phase /1l trial with 46 participants, designed and
conducted by the PharmaMar company. In absence of remarkable antiviral weapons for the fight against SARS-CoV-2,
current limited evidence definitely merits further carefully designed, multicentre, randomized controlled trials that will either
establish or disprove the safety and efficacy of plitidepsin, also in comparison with the standard of care. As the landscape
of dominant strains is constantly changing, it would be prudent to later enrol individuals infected by the emerging variants
and separately study the drug's activity also in these population subgroups B9, In the context of all these evolutions and in
order to examine whether the drug possesses a true therapeutic benefit for hospitalized patients with COVID-19 of
moderate severity, the PharmaMar company is planning to initiate the multicentre, phase 1l NEPTUNO trial
(NCT04784559) 1. According to the trial's protocol, participants will be randomized in a 1:1:1 ratio to receive either IV
plitidepsin at 1.5 mg per day combined with dexamethasone, IV plitidepsin at 2.5 mg per day combined with
dexamethasone or dexamethasone alone, with remdesivir being contextually added to the regimen (as per local treatment
guidelines) at IV 200 mg on day 1 followed by IV 100 mg per day on days 2 to 5 after admission B2, In the first two arms,
and in adherence to the previous phase I/l trial's protocol, plitidepsin will be administered in two of the formerly tested
dosages and only over the first three consecutive hospitalization days 2437, Dexamethasone in these arms will also be
given at 8 mg per day IV on days 1 to 3, followed by 6 mg per day orally or IV (depending on the physician’s judgment of
patient’s condition) from day 4 and up to day 10 7. Due to the mandatory need for direct antiviral options, as well as the
drug'’s preclinical efficacy and host-directed mechanisms analysed above, the results of the trial are anticipated with great



scientific interest and may form an entirely different approach in the treatment of COVID-19 patients. However, the trial’'s
design reinforces the assumption that the drug is aimed at hospitalized patients and only those with disease of moderate
severity. Such a design excludes, at this point, severely affected individuals, a population for which effective antiviral
options may be of considerable benefit. Therefore, more research is needed as this trial, even in case it demonstrates
significant clinical efficacy against the enrolled group of patients, constitutes just the first “crash-test” for plitidepsin.

Despite plitidepsin’s preclinical efficacy against SARS-CoV-2, clinical evidence is currently inadequate for its registration in
COVID-19 patients. Even in case clinical efficacy of the drug against moderately affected COVID-19 patients is
demonstrated by the NEPTUNO trial, many issues remain to be addressed in the future, including the drug’s effectiveness
against different SARS-CoV-2 variants and its efficacy when administered in severely affected hospitalized patients.As the
crucial research for antiviral options against SARS-CoV-2 is progressing, evidence on all emerging and promising
candidate agents should be carefully and constantly assessed and updated. Moreover, as SARS-CoV-2 may be part of
our daily routine the following years, it is desirable to have pharmaceutical options for all patients and variants and for all
levels of severity of the disease. In this light, plitidepsin is likely to gain a foothold in patients of moderate severity and in
some SARS-CoV-2 strains.

| 6. Conclusions

Plitidepsin, a drug currently authorized only in Australia for patients with refractory multiple myeloma, has exhibited anti-
SARS-CoV-2 properties, through inhibiting the elongation factor eEF1A, a component of the eukaryotic host cell's
translation machinery. On the basis of accumulating preclinical and only preliminary clinical data, plitidepsin currently
represents a promising repurposed candidate drug against COVID-19 requiring hospitalization. However, current clinical
evidence is inadequate for plitidepsin’s use in COVID-19 patients, while several issues, such as its efficacy against
variants and its purposing only for moderately affected hospitalized patients, remain to be addressed. In an urgent
necessity for more antiviral agents, that also retain activity against the constantly spreading SARS-CoV-2 variants and as
pandemic conditions are changing, carefully designed, multicentrerandomized controlled trials, potentially further studying
separate subgroups of patients infected by new strains, are warranted. Thus, plitidepsin’s role may be readdressed in a
subcategory of COVID-19 patients that might benefit from the drug, satisfying a personalized approach of these patients
in the future.

References

1. World Health Organization. A Coordinated Global Research Roadmap. Available online: (accessed on 19 March 2021).

2. Beigel, J.H.; Tomashek, K.M.; Dodd, L.E.; Mehta, A.K.; Zingman, B.S.; Kalil, A.C.; Hohmann, E.; Chu, H.Y.;
Luetkemeyer, A.; Kline, S. Remdesivir for the treatment of COVID-19—preliminary report. N. Engl. J. Med. 2020, 383,
1813-1836.

3. RECOVERY Collaborative Group. Effect of hydroxychloroquine in hospitalized patients with COVID-19. N. Engl. J.
Med. 2020, 383, 2030—-2040.

4. RECOVERY Collaborative Group. Dexamethasone in hospitalized patients with COVID-19—preliminary report. N.
Engl. J. Med. 2020, 384, 693-704.

5. Horby, P.W.; Mafham, M.; Bell, J.L.; Linsell, L.; Staplin, N.; Emberson, J.; Palfreeman, A.; Raw, J.; ElImahi, E.; Prudon,
B. Lopinavir—ritonavir in patients admitted to hospital with COVID-19 (RECOVERY): A randomised, controlled, open-
label, platform trial. Lancet 2020, 396, 1345-1352.

6. Lundgren, J.D.; Grund, B.; Barkauskas, C.E.; Holland, T.L.; Gottlieb, R.L.; Sandkovsky, U.; Brown, S.M.; Knowlton,
K.U.; Self, W.H.; Files, D.C. A Neutralizing Monoclonal Antibody for Hospitalized Patients with COVID-19. N. Engl. J.
Med. 2020, 384, 905-914.

7. Butler, C.C.; Dorward, J.; Yu, L.-M.; Gbinigie, O.; Hayward, G.; Saville, B.R.; Van Hecke, O.; Berry, N.; Detry, M.;
Saunders, C. Azithromycin for community treatment of suspected COVID-19 in people at increased risk of an adverse
clinical course in the UK (PRINCIPLE): A randomised, controlled, open-label, adaptive platform trial. Lancet 2021, 397,
1063-1074.

8. Kalil, A.C.; Patterson, T.F.; Mehta, A.K.; Tomashek, K.M.; Wolfe, C.R.; Ghazaryan, V.; Marconi, V.C.; Ruiz-Palacios,
G.M.; Hsieh, L.; Kline, S. Baricitinib plus remdesivir for hospitalized adults with COVID-19. N. Engl. J. Med. 2021, 384,
795-807.



10.

11.

12.
13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

. Siemieniuk, R.A.; Bartoszko, J.J.; Ge, L.; Zeraatkar, D.; Izcovich, A.; Kum, E.; Pardo-Hernandez, H.; Rochwerg, B.;

Lamontagne, F.; Han, M.A. Drug treatments for COVID-19: Living systematic review and network meta-analysis. BMJ
2020, 370, m2980.

WHO Solidarity Trial Consortium. Repurposed antiviral drugs for COVID-19—interim WHO SOLIDARITY trial results.
N. Engl. J. Med. 2020, 384, 497-511.

Kalhotra, P.; Chittepu, V.C.; Osorio-Revilla, G.; Gallardo-Velazquez, T. Field-Template, QSAR, Ensemble Molecular
Docking, and 3D-RISM Solvation Studies Expose Potential of FDA-Approved Marine Drugs as SARS-CoVID-2 Main
Protease Inhibitors. Molecules 2021, 26, 936.

Taglialatela-Scafati, O. New Hopes for Drugs against COVID-19 Come from the Sea. Mar. Drugs 2021, 19, 104.

Broggini, M.; Marchini, S.; Galliera, E.; Borsotti, P.; Taraboletti, G.; Erba, E.; Sironi, M.; Jimeno, J.; Faircloth, G.;
Giavazzi, R. Aplidine, a new anticancer agent of marine origin, inhibits vascular endothelial growth factor (VEGF)
secretion and blocks VEGF-VEGFR-1 (flt-1) autocrine loop in human leukemia cells MOLT-4. Leukemia 2003, 17, 52—
59.

Biscardi, M.; Caporale, R.; Balestri, F.; Gavazzi, S.; Jimeno, J.; Grossi, A. VEGF inhibition and cytotoxic effect of aplidin
in leukemia cell lines and cells from acute myeloid leukemia. Ann. Oncol. 2005, 16, 1667-1674.

Bresters, D.; Broekhuizen, A.; Kaaijk, P.; Faircloth, G.; Jimeno, J.; Kaspers, G. In vitro cytotoxicity of aplidin and
crossresistance with other cytotoxic drugs in childhood leukemic and normal bone marrow and blood samples: A
rational basis for clinical development. Leukemia 2003, 17, 1338-1343.

Erba, E.; Serafini, M.; Gaipa, G.; Tognon, G.; Marchini, S.; Celli, N.; Rotilio, D.; Broggini, M.; Jimeno, J.; Faircloth, G.
Effect of Aplidin in acute lymphoblastic leukaemia cells. Br. J. Cancer 2003, 89, 763—-773.

Leisch, M.; Egle, A.; Greil, R. Plitidepsin: A potential new treatment for relapsed/refractory multiple myeloma. Future
Oncol. 2019, 15, 109-120.

Losada, A.; Mufioz-Alonso, M.J.; Garcia, C.; Sanchez-Murcia, P.A.; Martinez-Leal, J.F.; Dominguez, J.M.; Lillo, M.P;;
Gago, F.; Galmarini, C.M. Translation elongation factor eEF1A2 is a novel anticancer target for the marine natural
product plitidepsin. Sci. Rep. 2016, 6, 35100.

Mufioz-Alonso, M.J.; Gonzdalez-Santiago, L.; Zarich, N.; Martinez, T.; Alvarez, E.; Rojas, J.M.; Mufioz, A. Plitidepsin has
a dual effect inhibiting cell cycle and inducing apoptosis via Racl/c-Jun NH2-terminal kinase activation in human
melanoma cells. J. Pharmacol. Exp. Ther. 2008, 324, 1093-1101.

Gordon, D.E.; Hiatt, J.; Bouhaddou, M.; Rezelj, V.V.; Ulferts, S.; Braberg, H.; Jureka, A.S.; Obernier, K.; Guo, J.Z.;
Batra, J. Comparative host-coronavirus protein interaction networks reveal pan-viral disease mechanisms. Science
2020, 370, eabe9403.

Gordon, D.E.; Jang, G.M.; Bouhaddou, M.; Xu, J.; Obernier, K.; White, K.M.; O’'Meara, M.J.; Rezelj, V.V.; Guo, J.Z.;
Swaney, D.L. A SARS-CoV-2 protein interaction map reveals targets for drug repurposing. Nature 2020, 583, 459-468.

Reuschl, A.-K.; Thorne, L.; Alvarez, L.Z.; Bouhaddou, M.; Obernier, K.; Soucheray, M.; Turner, J.; Fabius, J.; Nguyen,
G.T.; Swaney, D. Host-directed therapies against early-lineage SARS-CoV-2 retain efficacy against B. 1.1. 7 variant.
bioRxiv 2021.

White, K.M.; Rosales, R.; Yildiz, S.; Kehrer, T.; Miorin, L.; Moreno, E.; Jangra, S.; Uccellini, M.B.; Rathnasinghe, R.;
Coughlan, L. Plitidepsin has potent preclinical efficacy against SARS-CoV-2 by targeting the host protein eEF1A.
Science 2021, 371, 926-931.

Li, D.; Wei, T.; Abbott, C.M.; Harrich, D. The unexpected roles of eukaryotic translation elongation factors in RNA virus
replication and pathogenesis. Microbiol. Mol. Biol. Rev. 2013, 77, 253-266.

Neuman, B.W.; Joseph, J.S.; Saikatendu, K.S.; Serrano, P.; Chatterjee, A.; Johnson, M.A,; Liao, L.; Klaus, J.P.; Yates,
J.R.; Wuthrich, K. Proteomics analysis unravels the functional repertoire of coronavirus nonstructural protein 3. J. Virol.
2008, 82, 5279-5294.

Sammaibashi, S.; Yamayoshi, S.; Kawaoka, Y. Strain-specific contribution of eukaryotic elongation factor 1 gamma to
the translation of influenza A virus proteins. Front. Microbiol. 2018, 9, 1446.

Wei, T.; Li, D.; Marcial, D.; Khan, M.; Lin, M.-H.; Snape, N.; Ghildyal, R.; Harrich, D.; Spann, K. The eukaryotic
elongation factor 1A is critical for genome replication of the paramyxovirus respiratory syncytial virus. PLoS ONE 2014,
9, €114447.

Zhang, X.; Shi, H.; Chen, J.; Shi, D.; Li, C.; Feng, L. EF1A interacting with nucleocapsid protein of transmissible
gastroenteritis coronavirus and plays a role in virus replication. Vet. Microbiol. 2014, 172, 443-448.

Wong, J.P.; Damania, B. SARS-CoV-2 dependence on host pathways. Science 2021, 371, 884—885.



30.

31.

32.

33.

34.

35.

36.

37.

38.
39.

40.

41.

42.

43.

44,

45.

46

47.

48.

49.

De Wit, E.; Van Doremalen, N.; Falzarano, D.; Munster, V.J. SARS and MERS: Recent insights into emerging
coronaviruses. Nat. Rev. Microbiol. 2016, 14, 523.

V’kovski, P.; Kratzel, A.; Steiner, S.; Stalder, H.; Thiel, V. Coronavirus biology and replication: Implications for SARS-
CoV-2. Nat. Rev. Microbiol. 2020, 19, 155-170.

Mitsiades, C.S.; Ocio, E.M.; Pandiella, A.; Maiso, P.; Gajate, C.; Garayoa, M.; Vilanova, D.; Montero, J.C.; Mitsiades,
N.; McMullan, C.J. Aplidin, a marine organism—derived compound with potent antimyeloma activity in vitro and in vivo.
Cancer Res. 2008, 68, 5216-5225.

Mateos, M.V.; Cibeira, M.T.; Richardson, P.G.; Prosper, F.; Oriol, A.; de la Rubia, J.; Lahuerta, J.J.; Garcia-Sanz, R.;
Extremera, S.; Szyldergemajn, S. Phase Il clinical and pharmacokinetic study of plitidepsin 3-hour infusion every two
weeks alone or with dexamethasone in relapsed and refractory multiple myeloma. Clin. Cancer Res. 2010, 16, 3260—
3269.

Ocio, E.M.; Mateos, M.-V.; Prosper, F.; Martin, J.; Rocafiguera, A.O.; Jarque, l.; Iglesias, R.; Moatlloo, C.; Sole, M.;
Rodriguez-Otero, P. Phase | study of plitidepsin in combination with bortezomib and dexamethasone in patients with
relapsed and/or refractory multiple myeloma. J. Clin. Oncol. 2016, 34 (Suppl. 15), 8006.

Spicka, I.; Ocio, E.M.; Oakervee, H.E.; Greil, R.; Banh, R.H.; Huang, S.-Y.; D’'Rozario, J.M.; Dimopoulos, M.A.;
Martinez, S.; Extremera, S. Randomized phase Il study (ADMYRE) of plitidepsin in combination with dexamethasone
vs. dexamethasone alone in patients with relapsed/refractory multiple myeloma. Ann. Hematol. 2019, 98, 2139-2150.

Therapeutic Goods Administration. Australian Public Assessment Report for Plitidepsin. Available online: (accessed on
22 March 2021).

European Medicines Agency. Meeting highlights from the Committee for Medicinal Products for Human Use (CHMP)
19-22 March 2018. Available online: (accessed on 22 March 2021).

European Medicines Agency. Aplidin. Available online: (accessed on 22 March 2021).

European Medicines Agency. Public Summary of Opinion on Orphan Designation: Aplidine for the Treatment of Acute
Lymphoblastic Leukaemia. Available online: (accessed on 24 March 2021).

Aspeslagh, S.; Stein, M.; Bahleda, R.; Hollebecque, A.; Salles, G.; Gyan, E.; Fudio, S.; Extremera, S.; Alfaro, V.; Soto-
Matos, A. Phase | dose-escalation study of plitidepsin in combination with sorafenib or gemcitabine in patients with
refractory solid tumors or lymphomas. Anti-Cancer Drugs 2017, 28, 341-349.

Salazar, R.; Plummer, R.; Oaknin, A.; Robinson, A.; Pardo, B.; Soto-Matos, A.; Yovine, A.; Szyldergemajn, S.; Calvert,
A.H. Phase | study of weekly plitidepsin as 1-hour infusion combined with carboplatin in patients with advanced solid
tumors or lymphomas. Investig. New Drugs 2011, 29, 1406-1413.

Ribrag, V.; Caballero, D.; Fermé, C.; Zucca, E.; Arranz, R.; Briones, J.; Gisselbrecht, C.; Salles, G.; Gianni, A.M.;
Gomez, H. Multicenter phase Il study of plitidepsin in patients with relapsed/refractory non-Hodgkin’'s lymphoma.
Haematologica 2013, 98, 357.

Eisen, T.; Thomas, J.; Miller Jr, W.H.; Gore, M.; Wolter, P.; Kavan, P.; Martin, J.A.L.; Lardelli, P. Phase Il study of
biweekly plitidepsin as second-line therapy in patients with advanced malignant melanoma. Melanoma Res. 2009, 19,
185-192.

Plummer, R.; Lorigan, P.; Brown, E.; Zaucha, R.; Moiseyenko, V.; Demidov, L.; Soriano, V.; Chmielowska, E.; Andrés,
R.; Kudryavtseva, G. Phase |-Il study of plitidepsin and dacarbazine as first-line therapy for advanced melanoma. Br. J.
Cancer 2013, 109, 1451-1459.

Michielin, O.; Van Akkooi, A.; Ascierto, P.; Dummer, R.; Keilholz, U. Cutaneous melanoma: ESMO Clinical Practice
Guidelines for diagnosis, treatment and follow-up. Ann. Oncol. 2019, 30, 1884-1901.

. Geoerger, B.; Estlin, E.J.; Aerts, |.; Kearns, P.; Gibson, B.; Corradini, N.; Doz, F.; Lardelli, P.; De Miguel, B.; Soto, A. A

phase | and pharmacokinetic study of plitidepsin in children with advanced solid tumours: An Innovative Therapies for
Children with Cancer (ITCC) study. Eur. J. Cancer 2012, 48, 289-296.

Izquierdo, M.A.; Bowman, A.; Garcia, M.; Jodrell, D.; Martinez, M.; Pardo, B.; Gbmez, J.; Lépez-Martin, J.A.; Jimeno,
J.; Germa, J.R. Phase I clinical and pharmacokinetic study of plitidepsin as a 1-hour weekly intravenous infusion in
patients with advanced solid tumors. Clin. Cancer Res. 2008, 14, 3105-3112.

Maroun, J.; Belanger, K.; Seymour, L.; Matthews, S.; Roach, J.; Dionne, J.; Soulieres, D.; Stewart, D.; Goel, R.;
Charpentier, D. Phase | study of Aplidine in a dailyx 5 one-hour infusion every 3 weeks in patients with solid tumors
refractory to standard therapy. A National Cancer Institute of Canada Clinical Trials Group study: NCIC CTG IND 115.
Ann. Oncol. 2006, 17, 1371-1378.

Rodon, J.; Mufioz-Basagoiti, J.; Perez-Zsolt, D.; Noguera-Julian, M.; Paredes, R.; Mateu, L.; Quifiones, C.; Perez, C.;
Erkizia, I.; Blanco, |.; et al. Identification of Plitidepsin as Potent Inhibitor of SARS-CoV-2-Induced Cytopathic Effect



50.

51.

52.

53.

54.

55.

56.

57.

After a Drug Repurposing Screen. Front. Pharmacol. 2021, 12, 646676.

Centers for Disease Control and Prevention. SARS-CoV-2 Variant Classifications and Definitions. Available online:
(accessed on 26 March 2021).

Davies, N.G.; Jarvis, C.1.; van Zandvoort, K.; Clifford, S.; Sun, FY.; Funk, S.; Medley, G.; Jafari, Y.; Meakin, S.R.; Lowe,
R.; et al. Increased mortality in community-tested cases of SARS-CoV-2 lineage B.1.1.7. Nature 2021.

Frampton, D.; Rampling, T.; Cross, A.; Bailey, H.; Heaney, J.; Byott, M.; Scott, R.; Sconza, R.; Price, J.; Margaritis, M.;
et al. Genomic characteristics and clinical effect of the emergent SARS-CoV-2 B.1.1.7 lineage in London, UK: A whole-
genome sequencing and hospital-based cohort study. Lancet Infect. Dis. 2021.

Graham, M.S.; Sudre, C.H.; May, A.; Antonelli, M.; Murray, B.; Varsavsky, T.; Klaser, K.; Canas, L.S.; Molteni, E.;
Modat, M.; et al. Changes in symptomatology, reinfection, and transmissibility associated with the SARS-CoV-2 variant
B.1.1.7: An ecological study. Lancet Public Health 2021, 6, e335-e345.

Proof of Concept Study to Evaluate the Safety Profile of Plitidepsin in Patients with COVID-19 (APLICOV-PC).
Available online: (accessed on 26 March 2021).

Martinez, M.A. Plitidepsin: A Repurposed Drug for the Treatment of COVID-19. Antimicrob. Agents Chemother. 2021,
65, e00200-21.

World Health Organization. WHO Discontinues Hydroxychloroquine and Lopinavir/Ritonavir Treatment Arms for
COVID-19. Available online: (accessed on 26 March 2021).

Trial to Determine the Efficacy/Safety of Plitidepsin vs Control in Patients with Moderate COVID-19 Infection (Neptuno).
Available online: (accessed on 26 March 2021).

Retrieved from https://encyclopedia.pub/entry/history/show/30237



