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The field of marine bioactive compounds (marine drugs) has evolved significantly in
recent years. By the end of 2022, we will have seventeen marine-derived drugs approved
for clinical use. Twelve of them (71%) are approved for the treatment of various types of
cancer. This fact underlines the antitumor efficacy of many molecules produced by marine
organisms. The high antineoplastic activity of several of these metabolites is regularly
reported in the literature. Biological effects can often be explained by their unique chemical
structure and primary natural defensive or allelochemical function, i.e., the impact of one
species on the survival and growth of other species by producing specific mediators.

The field of marine anticancer compounds is currently growing exponentially (Figure 1).
Since 2020, when we published our previous editorial [1], two new marine-derived anti-
cancer medications have been approved. Both drugs are so-called antibody-drug conjugates
(ADC) that are constructed using an antibody specific to a cell surface protein overexpressed
by cancer cells and a cytotoxic “warhead” represented in both cases by monomethyl au-
ristatin E (MMAE), which acts via inhibition of tubulin polymerization [2]. MMAE is a
synthetic derivative of the tetrapeptide dolastatin-10, which was initially isolated from
Dolabella auricularia but is produced by symbiotic cyanobacteria [3,4]. Six ADC drugs now
possess monomethyl auristatin E or F (MMAE or MMAF) as a cytotoxic moiety (Figure 1).
Moreover, many more related ADCs are at various stages of clinical trials [5] and, therefore,
might be expected to enter the clinical routine before too long.
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Figure 1. (A) The timeline represents marine-derived anticancer drugs approved in the indicated
year. (B) The total number of marine-derived anticancer drugs approved.

Thus, the complete list of the twelve currently approved marine-derived anticancer
drugs, which is represented in Figure 1, is as follows:
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Cytarabine (Cytosar-U®), Trabectidine (Yondelis®), Eribulin mesylate (Halaven®),
Brentuximab vedotin (Adcetris®), Panobinostat (Farydak®), Plitidepsin (Aplidin®), Po-
latuzumab vedotin (PolivyTM), Enfortumab vedotin (PADCEVTM), Belantamab mafodotin
(BlenrepTM), Lurbinectedin (ZepzelcaTM), Tisotumab vedotin-tftv (TIVDAKTM), and Disita-
mab vedotin (Aidixi™). The first ten of this list have been previously reviewed by us and
others elsewhere [1,2,6–9]. The two new drugs approved in the period from 2020 until the
end of 2022 are

• Tisotumab vedotin-tftv (TIVDAKTM, produced and sold by Seagen), an ADC consist-
ing of MMAE conjugated with a monoclonal antibody tisotumab specific to tissue
factor (factor III, CD142). The FDA approved the drug in 2021 to treat metastatic
cervical cancer [10].

• Disitamab vedotin (RC-48, Aidixi™, produced and sold by Remegen Biosciences),
an ADC consisting of MMAE conjugated with a monoclonal antibody disitamab
specific to HER2. The Chinese Center for Drug Evaluation (CDE) approved the drug
in China in 2021 for the treatment of HER2-expressing gastric cancer and is currently
undergoing clinical trials in the US [11].

A paramount contribution to the systemic review of recent progress and updates on
marine-derived drug discovery and development has been made by Prof. Alejandro M. S.
Mayer and his team. They maintain and support the Marine Pharmacology web page (https:
//www.marinepharmacology.org, accessed on 24 November 2022) and regularly publish
critical reviews on marine pharmacology, which we highly recommend reading [12–15].

To keep track of this dynamic area, as well as to offer a platform to publish and share
the recent results, we started the Topical Collection “Marine Compounds and Cancer” (http:
//www.mdpi.com/journal/marinedrugs/special_issues/marine-compounds-cancer, ac-
cessed on 24 November 2022) in 2015 [6]. Many authors have contributed to this Topical
Collection in the last two years, which we would like to acknowledge here.

The group of Fagon reported the chemopreventive activity of the phlorotannin-rich
fraction of the brown algae Ascophyllum nodosum and Fucus vesiculosus in the models of
benzo[a]pyrene-induced carcinoma in vitro. The mechanism of this activity was identified
as the inhibition of carcinogen-induced activation of P2X7 [16]. Hernández-Balmaseda and
colleagues showed the ability of extracts of the marine alga Thalassia testudinum to suppress
the growth and progression of colon cancer in vivo. The mechanisms of this effect were
identified as the inhibition of angiogenesis, induction of autophagy, and stimulation of
anticancer immunity [17]. Zhang et al. reported the anticancer and antimetastatic activity
of the marine compound penisuloxazin A in a breast cancer model in vitro. The mechanism
of this effect was described as C-terminal inhibition of the heat shock protein Hsp90 and
turnover of epithelial-mesenchymal transition (EMT) [18]. Spirin and colleagues described
the effect of the synthetic marine alkaloid 3,10-dibromofascaplysin on leukemia cells. The
authors found that this alkaloid can induce apoptosis and activate an E2F1 transcriptional
factor. Additionally, a synergistic effect of 3,10-dibromofascaplysin in combination with
cytarabine was reported [19]. A review article by Dyshlovoy represents an overview of
the literature published within the last 8 years and is mainly devoted to marine cancer-
preventive compounds [20]. The group of Li studied the activity of actinomycin V in
human colorectal carcinoma models. The authors reported the anticancer activity of this
marine compound that is executed via targeting mitochondrial apoptotic and PI3K/AKT
pathways [21]. Bjerknes and colleagues characterized a salmon protein hydrolysate and
showed its synergistic effect in combination with bicalutamide in human prostate cancer
cells. The mechanism of this phenomenon was described as the modulation of iron home-
ostasis [22]. The group of von Amsberg investigated the cytotoxic anticancer activity of
N-methylpretrichodermamide B in drug-resistant prostate cancer cells in vitro. The authors
reported that the compound showed no cross-resistance with docetaxel. Additionally, it
was demonstrated that N-methylpretrichodermamide B could synergize with docetaxel,
which was explained by p-glycoprotein inhibitory activity [23]. Finally, Tiasto et al. re-
ported an isolation of κ- and λ-carrageenans from the marine alga Chondrus armatus. They
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characterized its anticancer activity and partial mode of action using several models of
human gastrointestinal [24].

With this, we would like to thank all the colleagues who have chosen our Topical
Collection “Marine Compounds and Cancer” as a platform for publishing their research!
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Conflicts of Interest: The authors declare no conflict of interest.

References
1. Dyshlovoy, S.A.; Honecker, F. Marine Compounds and Cancer: Updates 2020. Mar. Drugs 2020, 18, 643. [CrossRef] [PubMed]
2. Cappello, E.; Nieri, P. From Life in the Sea to the Clinic: The Marine Drugs Approved and under Clinical Trial. Life 2021, 11, 1390.

[CrossRef] [PubMed]
3. Pettit, G.R.; Kamano, Y.; Herald, C.L.; Tuinman, A.A.; Boettner, F.E.; Kizu, H.; Schmidt, J.M.; Baczynskyj, L.; Tomer, K.B.; Bontems,

R.J. The isolation and structure of a remarkable marine animal antineoplastic constituent: Dolastatin 10. J. Am. Chem. Soc. 1987,
109, 6883–6885. [CrossRef]

4. Luesch, H.; Moore, R.E.; Paul, V.J.; Mooberry, S.L.; Corbett, T.H. Isolation of Dolastatin 10 from the Marine Cyanobacterium
Symploca Species VP642 and Total Stereochemistry and Biological Evaluation of Its Analogue Symplostatin 1. J. Nat. Prod. 2001,
64, 907–910. [CrossRef] [PubMed]

5. Mayer, A. Marine Pharmacology: Phase 1 Clinical Status; Phase 2 Clinical Status; Phase 3 Clinical Status. Available online:
https://www.marinepharmacology.org (accessed on 24 November 2022).

6. Dyshlovoy, S.A.; Honecker, F. Marine Compounds and Cancer: Where Do We Stand? Mar. Drugs 2015, 13, 5657–5665. [CrossRef]
[PubMed]

7. Dyshlovoy, S.A.; Honecker, F. Marine Compounds and Cancer: 2017 Updates. Mar. Drugs 2018, 16, 41. [CrossRef]
8. Dyshlovoy, S.A.; Honecker, F. Marine Compounds and Cancer: The First Two Decades of XXI Century. Mar. Drugs 2019, 18, 20.

[CrossRef]
9. Stonik, V. Marine natural products: A way to new drugs. Acta Nat. 2009, 2, 15–25. [CrossRef]
10. Markham, A. Tisotumab Vedotin: First Approval. Drugs 2021, 81, 2141–2147. [CrossRef] [PubMed]
11. Deeks, E.D. Disitamab Vedotin: First Approval. Drugs 2021, 81, 1929–1935. [CrossRef]
12. Mayer, A.M.S.; Pierce, M.L.; Howe, K.; Rodríguez, A.D.; Taglialatela-Scafati, O.; Nakamura, F.; Fusetani, N. Marine pharmacology

in 2018: Marine compounds with antibacterial, antidiabetic, antifungal, anti-inflammatory, antiprotozoal, antituberculosis and
antiviral activities; affecting the immune and nervous systems, and other miscellaneous mechanisms of action. Pharmacol. Res.
2022, 183, 106391. [CrossRef] [PubMed]

13. Mayer, A.M.S.; Guerrero, A.J.; Rodríguez, A.D.; Taglialatela-Scafati, O.; Nakamura, F.; Fusetani, N. Marine Pharmacology in
2016–2017: Marine Compounds with Antibacterial, Antidiabetic, Antifungal, Anti-Inflammatory, Antiprotozoal, Antituberculosis
and Antiviral Activities; Affecting the Immune and Nervous Systems, and Other Miscellaneous Mechanisms of Action. Mar.
Drugs 2021, 19, 49. [PubMed]

14. Mayer, A.M.S.; Guerrero, A.J.; Rodríguez, A.D.; Taglialatela-Scafati, O.; Nakamura, F.; Fusetani, N. Marine Pharmacology in
2014–2015: Marine Compounds with Antibacterial, Antidiabetic, Antifungal, Anti-Inflammatory, Antiprotozoal, Antituberculosis,
Antiviral, and Anthelmintic Activities; Affecting the Immune and Nervous Systems, and Other Miscellaneous Mechanisms of
Action. Mar. Drugs 2020, 18, 5.

15. Mayer, A.M.S.; Rodríguez, A.D.; Taglialatela-Scafati, O.; Fusetani, N. Marine Pharmacology in 2012–2013: Marine Compounds
with Antibacterial, Antidiabetic, Antifungal, Anti-Inflammatory, Antiprotozoal, Antituberculosis, and Antiviral Activities;
Affecting the Immune and Nervous Systems, and Other Miscellaneous Mechanisms of Action. Mar. Drugs 2017, 15, 273.

16. Dutot, M.; Olivier, E.; Fouyet, S.; Magny, R.; Hammad, K.; Roulland, E.; Rat, P.; Fagon, R. In Vitro Chemopreventive Potential of
Phlorotannins-Rich Extract from Brown Algae by Inhibition of Benzo[a]pyrene-Induced P2X7 Activation and Toxic Effects. Mar.
Drugs 2021, 19, 34. [CrossRef]

17. Hernández-Balmaseda, I.; Guerra, I.R.; Declerck, K.; Herrera Isidrón, J.A.; Pérez-Novo, C.; Van Camp, G.; De Wever, O.; González,
K.; Labrada, M.; Carr, A.; et al. Marine Seagrass Extract of Thalassia testudinum Suppresses Colorectal Tumor Growth, Motility
and Angiogenesis by Autophagic Stress and Immunogenic Cell Death Pathways. Mar. Drugs 2021, 19, 52. [CrossRef] [PubMed]

18. Zhang, A.; Qi, X.; Du, F.; Zhang, G.; Li, D.; Li, J. PNSA, a Novel C-Terminal Inhibitor of HSP90, Reverses Epithelial–Mesenchymal
Transition and Suppresses Metastasis of Breast Cancer Cells In Vitro. Mar. Drugs 2021, 19, 117. [CrossRef]

19. Spirin, P.; Shyrokova, E.; Lebedev, T.; Vagapova, E.; Smirnova, P.; Kantemirov, A.; Dyshlovoy, S.A.; Amsberg, G.v.; Zhidkov, M.;
Prassolov, V. Cytotoxic Marine Alkaloid 3,10-Dibromofascaplysin Induces Apoptosis and Synergizes with Cytarabine Resulting
in Leukemia Cell Death. Mar. Drugs 2021, 19, 489. [CrossRef] [PubMed]

20. Dyshlovoy, S.A. Recent Updates on Marine Cancer-Preventive Compounds. Mar. Drugs 2021, 19, 558. [CrossRef]
21. Jiang, S.; Zhang, E.; Ruan, H.; Ma, J.; Zhao, X.; Zhu, Y.; Xie, X.; Han, N.; Li, J.; Zhang, H.; et al. Actinomycin V Induces Apoptosis

Associated with Mitochondrial and PI3K/AKT Pathways in Human CRC Cells. Mar. Drugs 2021, 19, 599. [CrossRef]

http://doi.org/10.3390/md18120643
http://www.ncbi.nlm.nih.gov/pubmed/33333876
http://doi.org/10.3390/life11121390
http://www.ncbi.nlm.nih.gov/pubmed/34947921
http://doi.org/10.1021/ja00256a070
http://doi.org/10.1021/np010049y
http://www.ncbi.nlm.nih.gov/pubmed/11473421
https://www.marinepharmacology.org
http://doi.org/10.3390/md13095657
http://www.ncbi.nlm.nih.gov/pubmed/26540740
http://doi.org/10.3390/md16020041
http://doi.org/10.3390/md18010020
http://doi.org/10.32607/20758251-2009-1-2-15-25
http://doi.org/10.1007/s40265-021-01633-8
http://www.ncbi.nlm.nih.gov/pubmed/34748188
http://doi.org/10.1007/s40265-021-01614-x
http://doi.org/10.1016/j.phrs.2022.106391
http://www.ncbi.nlm.nih.gov/pubmed/35944805
http://www.ncbi.nlm.nih.gov/pubmed/33494402
http://doi.org/10.3390/md19010034
http://doi.org/10.3390/md19020052
http://www.ncbi.nlm.nih.gov/pubmed/33499163
http://doi.org/10.3390/md19020117
http://doi.org/10.3390/md19090489
http://www.ncbi.nlm.nih.gov/pubmed/34564151
http://doi.org/10.3390/md19100558
http://doi.org/10.3390/md19110599


Mar. Drugs 2022, 20, 759 4 of 4

22. Bjerknes, C.; Framroze, B.; Currie, C.; Pettersen, C.H.H.; Axcrona, K.; Hermansen, E. Salmon Protein Hydrolysate Potentiates the
Growth Inhibitory Effect of Bicalutamide on Human Prostate Cancer Cell Lines LNCaP and PC3 by Modulating Iron Homeostasis.
Mar. Drugs 2022, 20, 228. [CrossRef] [PubMed]

23. Dyshlovoy, S.A.; Busenbender, T.; Hauschild, J.; Girich, E.V.; Kriegs, M.; Hoffer, K.; Graefen, M.; Yurchenko, A.N.; Bokemeyer,
C.; von Amsberg, G. Cytotoxic N-Methylpretrichodermamide B Reveals Anticancer Activity and Inhibits P-Glycoprotein in
Drug-Resistant Prostate Cancer Cells. Mar. Drugs 2022, 20, 597. [CrossRef] [PubMed]

24. Tiasto, V.A.; Goncharov, N.V.; Romanishin, A.O.; Zhidkov, M.E.; Khotimchenko, Y.S. κ- and λ-carrageenans from Marine Alga
Chondrus armatus Exhibit Anticancer In Vitro Activity in Human Gastrointestinal Cancers Models. Mar. Drugs 2022, 20, 741.
[CrossRef]

http://doi.org/10.3390/md20040228
http://www.ncbi.nlm.nih.gov/pubmed/35447901
http://doi.org/10.3390/md20100597
http://www.ncbi.nlm.nih.gov/pubmed/36286421
http://doi.org/10.3390/md20120741

	References

