Specific virus families Picornaviridae, Caliciviridae,
Astroviridae, Bunyaviridae, Filoviridae, Hepeviridae
(HEV), Coronaviridae (SARS), Togaviridae, Flaviridae
(HCV), Rabdoviridae, Paramyxoviridae,
Orthomyxoviridae, Arenaviridae, Reoviridae
Retroviridae  (HIV, HTLV-1), Polyomaviridae
Papillomaviridae, Adenoviridae, Parvoviridae (B19),
Herpesviridae, Hepadnaviridae (HBV), Viroids (HDV),

Prions




ANTIVIRAL CHEMOTHERAPY




Any antiviral compound must possess

a good selectivity index

TOXIC CONCENTRATION

SELECTIVITY INDEX=

ACTIVE CONCENTRATION
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MILESTONES IN ANTIVIRAL DRUG
DEVELOPMENT

DISCOVERY ( years) COMPOUND ACTIVITY VS

Hamre et al. (1950) Thiosemicarbazone Poxvirus
Davies et al.(1964) Amantadine Orthomixovirus
Isaacs et al.(1957) Interferon Many viruses
Prusof, (1959) lododeoxyuridine Herpesvirus
Kaufman, (1964) Trifluorothymidine Herpesvirus

Elion et al.(1971) Acyclovir Herpesvirus




30 FDA-Approved Antiretroviral Drugs

Saquinavir Indinavir  Emtricitabine

Stavudine Ritonavir Amprenavir Enfuvirtide (T-20) Maraviroc

Zidovudine Didanosine Nelfinavir / Tenofovir Darunavir |Etravirine

— \

1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008

— N Y

Lamivudine |Delavirdine | Abacavir | Atazanavir| Tipranavir

NRTIs (8)
NNRTIs (4) Zalcitabine  Nevirapine Efavirenz Fosamprenavir ~ Raltegravir
Protease Inhibitors (10)
Fusion Inhibitor (1)

Integrase Inhibitor (1)

Entry Inhibitor (1)
Combinations (5) - not shown

Lopinavir + Ritonavir



Antivirals on hepatitis C virus

Interferon and ribavirin

Interferon |

Direct acting antivirals on hepatitis C virus

Table 1: Timeline

for DAA approval

Date of approval

Drug

On May 13th, 2011
On May 23th, 2011
In November, 2013
In December, 2013

In October, 2014
In December, 2014

In July, 2015

In January, 2016

In July, 2016

Boceprevir was approved by the FDA for the treatment of chronic HCV to be used, in combination with
peginterferon alfa and ribavirin, in adult patients.

Telaprevir was approved by the FDA to be used in combination with peginterferon alfa and ribavirin for the
treatment of HCV infection in adults.

Simeprevir was approved by the FDA to be used in combination with peginterferon alfa and ribavirin or in
combination with sofosbuvir.

Sofosbuvir was approved to be used in combination with ribavirin or with pegylated interferon and
ribavirin.

(Ledipasvir/Sofosbuvir) were approved by the FDA in one tablet.

FDA approved a combination (ombitasvir/paritaprevir/ritonavir and dasabuvir) for the treatment of patients
with genotype 1.

Daclatasvir was approved to be used with sofosbuvir.

A combination (ombitasvir, paritaprevir and ritonavir) in one tablet to be used in combination with ribavirin
for the treatment of HCV genotype 4 infections.

On January 28" FDA approved a combination of elbasvir and grazoprevir, with or without ribavirin for
treating patients with genotype 4.

A combination of sofosbuvir plus velpatasvir were approved with or without ribavirin for treating adult
patients in all genotypes.

DDA: direct acting antiviral agent; HCV: hepatitis C virus.



B Interferons
I Ribavirin analogs

N53 Protease Inhibitors

NS5A inhibitors

M55B Muc. Polymerase Inhibitors
B MS5B Non-nuc. Polymerase Inhibitors
B Cyclophilininhibitors
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APPROVED
ANTIVIRAL
DRUGS (2019)

Main Approved Antiviral Drugs and Their Mechanism of Action**

Anti-HIV Mechanism of action (Main)

Entry inhibitors

Enfuvirtide It interferes with glycoprotein 41-dependent membrane fusion
blocking virus entry.

Ibalizumab It binds CD4 extracellular domain, preventing conformational
changes in the CD4—gp120 complex essential for viral entry.

Maraviroc Negative allosteric modulator of the CCRS receptor that is an

essential co-receptor for the entry process of HIV.

Reverse transcriptase inhibifors

Nucleoside analogs

Abacavir

Emtricitabine

Lamivudine

Stavudine

Zidovudine

Nucleotide analog

Tenofovir

Active as triphosphate derivates which prematurely terminate
DNA synthesis.

Non-nucleoside inhibitors

Doravirine

Efavirenz

Etravirine

Nevirapine

Rilpivirine

They bind to a hydrophobic pocket of HIV-1 reverse
transcriptase, blocking polymerization of viral DNA.

Protease inhibitors

Atazanavir

Fosamprenavir

Lopinavir

They bind to the active site of viral protease.

Darunavir

Tipranavir
p

They bind strongly and selectively to the HIV-1 protease.

Pharmacodynamic enhancer

Cobicistat

These drugs inhibit CYP3A4 leading to higher drug exposure

Ritonavir

Integrase inhibitor

Dolutegravir They bind viral integrase inhibiting the strand transfer step of
Bictegravir® HIV-1 integration

Elvitegravir®

Raltegravir




Anti-Herpes viruses

DNA polymerase inhibitors

Niucleoside analogs

Aciclovir

Brivudine®

Famciclovir

Ganciclovir

Valaciclovir

G R [ -

Active as triphosphate derivates, which prematurely terminate
DNA synthesis.

It selectively inhibits the pyrophosphate binding site on viral
DNA polymerases.

DNA maturation and packaging inhibitor

[Letermovir

It nhibits CMV replication by binding to components of the
terminase complex

Anti HBV

Reverse transcriptase inhibitors

Nucleoside analogs

Entecavir

Telbivudine

Lamivudine

Nucleotide analog

Tenofovir

Active as triphosphate derivates, which prematurely terminate
viral DNA synthesis

APPROVED
ANTIVIRAL
DRUGS (2019)




Anti-HCV

NS5B RNA polimerase inhibitor

Non nucleoside inhibitor

Dasabuvir

It binds HCV NS5B polymerase and blocks viral RNA synthesis
and replication.

Nucleotide analog

Sofosbuvir

Potent inhibitor of the NS5B polymerase. It blocks viral RNA
synthesis and replication.

Nucleoside analog

Ribavirin

Active as triphosphate derivates, which prematurely terminate
viral nucleic acid synthesis®

NS54 protein inhibitor

Elbasvir

Ledipasvir

Ombaitasvir

Pibrentasvir

Velpatasvir

They bind to the replication complex protein NS5A, disrupting
HCV RNA replication and virion assembly

NS3/44 protease inhibitor

Glecaprevir

Grazoprevir

Paritaprevir

Voxilaprevir

They prevent viral replication by inhibiting the NS3/4A serine
protease of HCV

APPROVED
ANTIVIRAL
DRUGS (2019)




HCV RNA

< Region encoding polyprotein precursors >

5_

/ Structural proteins Nonstructural proteins

Boceprevir Daclatasvir

Telaprevir Ledipasvir

Simeprevir Ombitasvir

Asunaprevir Elbasvir

Paritaprevir Velpatasvir

Grazoprevir —

NSSA

Protease inhibitors
inhibitors

Figure 1: Proteins encoded by the hepatitis C virus genome as targets for direct acting antiviral agents.

Sofosbuvir

Dasabuvir

Polymerase
inhibitors
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Anti-influenza virus

Encoating inhibitor

Amantadine

Rimantadine

Inhibitors of the viral M2 channel. The activity of channel 1s
required for uncoating

Neuraminidase inhibitors

Oseltamivir

Peramivir

Zanamivir

Block influenza neuraminidase and prevent the cleavage of sialic
acid residues, thus interfering with progeny virus release

Endonuclease inhibitor

Baloxavir marboxil

It inhibits cap-dependent endonuclease, a key enzyme involved in
the initiation of influenza virus mRNA synthesis.

Anti-RSV

Entry inhibitors

Palivizumab*®

[t Binds to RSV F protein, which plays a role in virus attachment
and fusion.

RNA inhibitor

Ribavirine

It interferes with viral RNA synthesis®




Inibitori dell’entrata

x3 Inibitori della sintesi
e degli acidi nucleici
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Traduzione d acidi nucleici

Proteolisi Inibitori della proteasi

Inibitori del rilascio
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Principali tappe del ciclo di replicazione dei virus bersaglio dei farmaci antivirali.
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