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BACKGROUND

Global Burden of Hepatitis C

= Hepatitis C is an inflammation of the liver caused by the hepatitis C virus (HCV)".
= Globally, 50 million people have chronic HCV infection, with 1million new infections per year”.

HCV Genotype 3 Difficult to Treat

= Genotype 3 (GT3) second most prevalent worldwide, accounting for 30% of all HCV cases’.
» GT3is linked to faster fibrosis progression, and less responsive to therapys3.
= Pakistan harbors the largest HCV-infected population worldwide (=9.8 million; 4.3%), with GT3 as the dominant type>.

Resistance-Driven Treatment Failure
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METHODS

MULTICENTER RETROSPECTIVE COHORT (PAKISTAN, 2022-2024)
HCV Patients with DAA Failure (n = 153)

INCLUSION CRITERIA: EXCLUSION CRITERIA:
e Age> 18 years e Received non-DAA therapy

e Diagnosed as chronic HCV patients with GT3 e Patients with pregnancy

STUDY DESIGN
& SETTING

e (Cirrhosis status, Prior DAA exposure status e Patients with active HIV/HBV co-infection
e DAA treatment failure patients e Patients with incomplete profile

= Direct-acting antivirals (DAAs) target viral proteins (NS3/4A, NSSA, NS5B). Treatment failure is often driven by
resistance-associated substitutions (RASs), amino-acid changes that reduce drug bindings.

= RASSs in the NS5A region of HCV contribute significantly to DAA failuress. The role of liver cirrhosis and GT3

subtypes (3a vs 3b) in shaping resistance patterns not fully understood.
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OBJECTIVE

Antiviral therapy eliminates
sensitive variants

Resistant variants expand

\)
GT3 SUBTYPING

1. Serum Collection & Viral RNA Extraction 2. Reverse Transcription (RT)
3. PCR Amplification 4. Sanger Sequencing 5. Phylogenetic Analysis
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GT3a (n=107) GT3b (n=46)
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e With Cirrhosis (n= 68) e With Cirrhosis (n= 30)
e Without Cirrhosis (n=39) e Without Cirrhosis (n= 16)
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CONFIRMATION
OF GENOTYPE 3

Resistant variants are present before and can be selected during treatment

N v

NS5A RESISTANCE-ASSOCIATED SUBSTITUTION IDENTIFICATION

6. Sequence Alighment and NS5A Mutation Detection (Y93H, A30K, L31M )
RAS Positive GT3a RAS Positive GT3b
e  With Cirrhosis (n= 47/68) e With Cirrhosis (n= 25/30)
e Without Cirrhosis (n= 12/39) e Without Cirrhosis (n= 5/16)

NS5A RAS
ANALYSIS

To determine the prevalence and
predictors of NS5A RASs among HCV
GT3 DAA-failing patients and to

® Sensitive virus Antiviral therapy
® Resistant virus

evaluate the influence of cirrhosis and

GT3 subtype on resistance patterns.

Discontinue

Drugs select existing resistant virus; they do not create resistant virus

Comparison of NS5A Y93H

QUANTITATIVE VARIABLES
e Outcome: NS5A RAS prevalence overall and by key subgroups
¢ Main exposures: cirrhosis (yes/no), subtype (3a vs 3b)
¢ Confounders: age, sex, regimen (SOF/VEL vs SOF/DCV), baseline viral load, prior therapy
1. Primary analysis: RAS prevalence; group comparisons (x2/Fisher)
2. Multivariate logistic regression: RAS presence ~ cirrhosis + subtype + confounders

STATISTICAL

VARIABILITY | ANALYSIS

* Errors during Replication

* Lack of “Proofreading” Activity
Mutant Selection:
1. At the level of populations of infected individuals: Genotypes and subtypes
2. At the level of an infected individual: Viral quasispecies

HCV
GENETIC

RAS Frequency by DAA
Regimen

Table 1. Distribution of NS5A RASs by cirrhosis status in GT3 subtypes

Cirrhosis Distribution by e
HCV Genotype (3a vs. 3b) mmm Non-Cirrhotic

39 (36.4%)

Frequency of Y93H RAS (%)

Number of Patients (n)

16 (34.8%)
68 (63.6%)

30 (65.2%)

GT3a

RAS-Positive Patients by Cirrhosis
Status Across HCV GT3a and GT3b

B Cirrhotic
B Non-Cirrhotic
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47/68 (69.1%)
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25/30 (83.3%)

RAS-Positive Patients (n)
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12/39 (30.8%)
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5/16 (31.2%)

HCV Genotype 3 remains predominant in Pakistan and
represents a major obstacle to HCV elimination efforts.

GT3 Subtype

GT3a

Cirrhosis
IS

Cirrhotic

RAS

Total (n)  RAS Positive (n) Prevalence (%)

63 47

GT3a

Non-Cirrhotic

39 12

73% (n=112)

52% (n=80)

GT3b

Cirrhotic

30 25

GT3b

Non-Cirrhotic

16 5

Total Cirrhotic

98 72

VEL/SOF DCV/SOF

Total Non-Cirrhotic

55 17

Overall Total

153 89

Table 2. Multivariate Analysis of Predictors for NS5A RASs Among DAA Failures

Predictor Variable

Cirrhosis (Yes vs No)

95%
Confidence
Interval (Cl)

P value

Interpretation

Cirrhosis independently increases the odds of resistance

Subtype (3b vs 3a)
Age (per 10-year increase)

Subtype 3b infection strongly predicts resistance
Not significantly associated with resistance

Sex (Male vs Female)

No significant difference by sex

DAA Treatment Regimen
(DCV/SOF vs VEL/SOF)

Trend toward higher resistance with DCV/SOF

and pose challenges for effective retreatment.

@ NS5A RASs are a key determinant of DAA treatment failure

Cirrhosis is strongly associated with NSS5A RASs
selection (68.8% vs. 31.2%).

GT3b showed the highest resistance rate in cirrhosis
(83.3%), emphasizing the need for subtype-guided

therapy.
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