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FEATUREFEATURE

TRAVELLING 
THE WORLD
The hepatitis C virus (HCV) is 
bloodborne and in developed 
countries is most commonly 
transmitted by sharing 
needles or other 
drug-injecting equipment. 
Acute infection is usually 
asymptomatic, but around 
75–85% of people go on to 
develop chronic infection 
and, if left untreated or if 
treatment fails, 5–20% 
develop cirrhosis within 
20–30 years and 1–5% die 
from cirrhosis or liver cancer.

VIRAL REPLICATION AND DRUG TARGETS
HCV is a single stranded RNA flavivirus, which constantly mutates, enabling it to escape attack by the immune system. The HCV genome is 
translated to produce a polyprotein, which is further processed by host and viral proteases to produce three structural and seven non-structural 
proteins. A greater understanding of the HCV genome and proteins has enabled the development of direct-acting antivirals.

BALANCING COSTS WITH BENEFITS
For more than a decade, standard therapy was pegylated interferon and ribavirin, which had severe side effects and was only effective in around 50% of 
genotype 1 and 75% of genotype 2/3 patients. Boceprevir and telaprevir, which target HCV specific proteins, improved cure rates to about 70% in genotype 1 
patients, but worsened side effects. Simpler and shorter interferon-free regimens have now been approved by the National Institute for Health and Clinical 
Excellence (NICE), with higher cure rates (most >90%) and fewer side effects. Regimen choice and length depends on several factors, including genotype, 
presence of cirrhosis, treatment history, potential drug interactions, HIV or hepatitis B co-infection, NICE guidance, and commissioning arrangements.
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In the UK, 90% of the 
214,000 people 
diagnosed with chronic 
hepatitis C are infected 
with genotype 1 or 3. 
Prevalence and 
disease burden 
are increasing.

46. 2 %

HCV genotype 1 
is the most 
prevalent 
worldwide, 
accounting
for 46.2% of all 
HCV cases.

At least six 
genotypes and 
more than 60 
subtypes of HCV 
have been 
identified. 

Least prevalent 
are genotypes 
2, 4, 6 (22.8%), 
and 5 (<1%), 
which is most 
common in 
Africa.

6
Genotype 3 is 
the second 
most prevalent 
(30.1%) and is 
most common 
in Scandinavia 
and South Asia.
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p7 ion channel 
inhibitors are 
the most 
advanced class 
of assembly- 
targeting DAAs, 
with BIT225 in 
phase II trials.

*Undetectable viral load 12 weeks after stopping therapy.

Pegylated interferon-α 
switches on the host cell 
defence mechanisms that 
block HCV replication.
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INFOGRAPHIC
KEY:

D I R ECT-A CT I N G  
A N T I V I R A L  D R U G S Ribavirin possesses broad-spectrum antiviral activity against 

several RNA and DNA viruses. It is ineffective alone but works 
synergistically with pegylated interferon and direct-acting 
antivirals. Its exact mechanism of action is not well established, 
but it probably acts at different levels of viral replication.

Cyclophilin inhibitors, such as pipeline 
drug alisporivir, inhibit cyclophilin A, which is 
an essential host factor in the HCV life cycle.

January 2004Peginterferon & ribavirin6665554443332221

April 2012Telaprevir (Incivo), peginterferon & ribavirin1

April 2012Boceprevir (Victrelis), peginterferon & ribavirin1

February 2015Sofosbuvir & ribavirin3332

November 2015Daclatasvir, ribavirin & peginterferon4

February 2015Simeprevir (Olysio), ribavirin & peginterferon4441

3331

Daclatasvir (Daklinza) & sofosbuvir (Sovaldi) November 20154443331

November 2015Ledipasvir–sofosbuvir (Harvoni)44441

November 2015Ombitasvir–paritaprevir–ritonavir (Viekirax) & dasabuvir (Exviera)1

November 2015Daclatasvir, sofosbuvir & ribavirin4443331

November 2015Ombitasvir–paritaprevir–ritonavir & ribavirin4
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Pipeline vaccines induce T-cell responses by targeting non-structural 
proteins, or induce neutralising antibodies by targeting E1 and E2.
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miRNA-122 
inhibitors, such 
as pipeline drug 
miravirsen, which 
acts by inhibiting 
a liver-specific 
micro-RNA that 
is necessary for 
HCV replication.

RNA polymerase makes 
copies of viral RNA.

Replicated RNA is transferred to sites of virus 
assembly where it engages with structural proteins.

80–100% of people 
who took Viekirax 
and Exviera, with or 
without ribavirin, in 
trials were cured*.

P O LY P R OT E I N

P7 ion 
channel is 
located in the 
endoplasmic 
reticulum and 
is essential for 
production 
of infectious 
virus.

NS2 is a 
transmem-
brane protein 
with protease 
activity, which 
also plays an 
essential role 
in HCV 
assembly.

C is the core 
protein that 
encloses the 
viral RNA 
to form a 
nucleocapsid 
and promotes 
virion budding.

E1 is an 
envelope 
glycoprotein 
that facilitates 
HCV fusion 
during entry 
into host 
cells.

E2 is an 
envelope 
glycoprotein 
that acts as 
the receptor 
binding protein 
during HCV 
entry into 
host cells.

NS3 has serine 
protease and 
RNA helicase 
activity, 
required for 
maturation of 
non-structural 
proteins and 
genome 
replication.

NS4A is a 
polypeptide 
that forms an 
integral part 
of the NS3 
serine 
protease.

NS4B is a 
highly hydro-
phobic protein, 
the driving 
force behind 
the membra-
nous web, 
the site of RNA 
replication.

NS5A is a 
phosphopro-
tein that is 
essential for 
HCV RNA 
replication 
and infectious 
virus 
production.

NS5B is 
an RNA-
dependent 
RNA polym-
erase that 
replicates 
the viral RNA.

NS3 NS4A NS4B NS5A NS5BE1C E2 P7 NS2

ST R U CT U R A L  P R OT E I N S N O N - ST R U CT U R A L  P R OT E I N S

NS3/4A protease inhibitors are 
classed as first generation, including 
telaprevir and boceprevir, or second 
generation, including simeprevir and 
paritaprevir, which have fewer side 
effects. Pipeline drugs include 
grazoprevir, asunaprevir, sovaprevir, 
glecaprevir and GS-9857.

NS4B-targeting 
molecules that 
display potent, 
pan-genotypic 
antiviral activity 
have been 
identified in 
preclinical studies.

NS5A inhibitors include 
daclatasvir, ledipasvir and 
ombitasvir, which are 
active against a range of 
HCV genotypes. Pipeline 
drugs include elbasvir, 
velpatasvir, pibrentasvir 
and JNJ-56914845.

NS5B polymerase inhibitors 
include nonnucleoside analogue 
dasabuvir and nucleotide analogue 
sofosbuvir, which displays 
pan-genotypic activity and has a high 
barrier to resistance. Pipeline drugs 
include beclabuvir, odalasvir, MK-8408, 
MK-3682 and TMC647055.

GOLGI 
APPARATUS Virus buds from the cell 

bound to lipoprotein.

Virus binds to liver 
cell receptors and is 
engulfed by the cell.

Virus particle is broken 
down and RNA is 
released into the cell.

Polyprotein is cleaved into 
mature viral proteins.

Viral RNA is translated 
into a polyprotein.

5

5

SINGLE STRANDED RNA

CLEAVAGE SITES

LIVER CELL

INTERFERON RECEPTOR

H C V  L I F ECYC L E

TARGETING HEPATITIS C: 
HOW NEW TREATMENTS WORK
There are >185 million people with Hepatitis C infection worldwide but new treatments 
mean that most people with access to therapy can now be cured. By Dawn Connelly.
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ANTIBODIES
T-CELLS

86–100% of people 
who took Harvoni in 
trials were cured*.

58–100% of 
people who took 
Daklinza and 
Sovaldi in trials 
were cured*.

November 2015Ombitasvir–paritaprevir–ritonavir, dasabuvir & ribavirin1

19–100% of people 
who took Sovaldi 
and ribavirin in 
trials were cured*.

February 2015Sofosbuvir, ribavirin & peginterferon6665554443331

H C V  V I R U S

Signal peptidase cleavage sites NS2/NS3 protease cleavage sites NS3/NS4A protease cleavage sites


