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Abstract: Chronic hepatitis C virus (HCV) infection remains a major cause of liver-related morbidity and mortality, particularly in high-burden
countries such as Pakistan. The Fibrosis-4 (FIB-4) index is a simple non-invasive marker derived from age, aspartate aminotransferase, alanine
aminotransferase, and platelet count, and is widely used for assessment of liver fibrosis. Although sofosbuvir and daclatasvir are established as effective
direct-acting antiviral agents, local evidence regarding their effect on FIB-4 score remains limited. Objective: To compare FIB-4 scores before and
after treatment with sofosbuvir and daclatasvir in patients with chronic hepatitis C. Methods: This comparative pre- and post-treatment study was
conducted at Aziz Bhatti Shaheed Teaching Hospital, Pakistan, from July 2024 to December 2024. A total of 100 adult patients with serologically
and/or molecularly confirmed chronic hepatitis C were enrolled through non-probability consecutive sampling. Patients received standard-dose
sofosbuvir plus daclatasvir according to institutional protocol. Baseline and post-treatment laboratory parameters, including aspartate
aminotransferase, alanine aminotransferase, platelet count, bilirubin, aloumin, and hemoglobin, were recorded, and FIB-4 scores were calculated
using the standard formula. Data were analyzed using SPSS version 26. Pre- and post-treatment comparisons were performed using paired sample t-
test or Wilcoxon signed-rank test as appropriate. A p-value of <0.05 was considered statistically significant. Results: The mean age of participants
was 44.8 + 11.6 years, with 54.0% males and 46.0% females. The mean FIB-4 score decreased significantly from 2.98 + 1.21 before treatment to 1.86
+ 0.88 after treatment (p<0.001). Significant improvements were also observed in aspartate aminotransferase, alanine aminotransferase, platelet
count, bilirubin, and albumin levels. The proportion of patients in the low-risk FIB-4 category increased from 39.0% before treatment to 68.0% after
treatment, while the high-risk category decreased from 26.0% to 10.0%. End-of-treatment virological response was achieved in 92.0% of patients.
Greater reductions in FIB-4 score were observed among younger, non-cirrhotic, and treatment-naive patients. Conclusion: Sofosbuvir plus daclatasvir
was associated with significant improvement in FIB-4 score and liver biochemical parameters in patients with chronic hepatitis C. The findings suggest
that FIB-4 may serve as a practical and accessible tool for monitoring fibrosis-related improvement following antiviral therapy in routine clinical
practice.
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Introduction

Chronic hepatitis C virus (HCV) infection remains a major global health
challenge, affecting approximately 58 million people worldwide, and
contributing substantially to liver cirrhosis, hepatocellular carcinoma, and
liver-related mortality (1). Despite the availability of highly effective
direct-acting antiviral (DAA) therapies, progress toward the World Health
Organization's 2030 elimination targets has been slow, with an estimated
78.6% of HCV infections remaining undiagnosed globally (2). Pakistan
bears a disproportionately high burden of HCV, with an estimated
seroprevalence of 6.2% in the general population,making it one of the
most heavily affected countries in the world (3). Recent provincial-level
modeling estimates that approximately 9.75 million Pakistanis are living
with viraemic HCV infection, predominantly genotype 3, underscoring
the urgent need for accessible and affordable treatment strategies (4).
Assessment of hepatic fibrosis is critical for guiding treatment decisions
and monitoring therapeutic outcomes in chronic HCV infection. The
Fibrosis-4 (FIB-4) index, a simple non-invasive score calculated from
age, aspartate aminotransferase (AST), alanine aminotransferase (ALT),
and platelet count, has been validated as a reliable tool for staging liver
fibrosis across multiple chronic liver diseases, 5). Recent studies have
demonstrated that FIB-4 scores decline significantly following successful
DAA therapy, P suggesting that this index can serve as a practical marker
for monitoring fibrosis regression in resource-limited settings (6).

The combination of sofosbuvir (SOF), a pangenotypic NS5B polymerase
inhibitor, and daclatasvir (DCV), an NS5A inhibitor, has emerged as one
of the most widely used DAA regimens worldwide, particularly in low-
and middle-income countries where generic formulations are available
(7). Studies from Pakistan have demonstrated the effectiveness of
SOF+DCYV in achieving high end-of-treatment and sustained virological
response rates across various patient populations, including those with
compensated and decompensated cirrhosis (8). Large-scale real-world
data from Pakistan's National Hepatitis C Program have further confirmed
SVR rates exceeding 94% with this regimen in genotype 3-infected
patients (9).

While the virological efficacy of SOF+DCV is well established, data on
its impact on non-invasive fibrosis markers, particularly the FIB-4 index,
remain limited in the Pakistani context. Previous studies have shown that
DAA-induced SVR is associated with histological and biochemical
improvement in liver fibrosis (10); however, whether these improvements
are reflected in FIB-4 score changes and the factors influencing such
changes in the Pakistani population require further investigation. The
present study aims to evaluate comparative changes in FIB-4 scores
before and after SOF+DCV therapy in chronic HCV patients and to
identify predictors of FIB-4 improvement, thereby contributing to the
growing evidence base for optimizing HCV management in Pakistan.
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Methodology

The study was conducted at Aziz Bhatti Shaheed Teaching Hospital in
Pakistan from July 2024 to December 2024. A comparative pre- and post-
treatment design was used to evaluate changes in FIB-4 score among
patients with chronic hepatitis C receiving a combination of sofosbuvir
and daclatasvir. A total sample size of 100 patients was included. Adult
patients of either gender, aged 18 years and above, with serologically
and/or molecularly confirmed chronic hepatitis C infection and planned
treatment with sofosbuvir and daclatasvir according to institutional
protocol were enrolled. Patients with co-infection with hepatitis B or HIV,
hepatocellular carcinoma, decompensated chronic liver disease with
severe systemic instability, chronic hematological disorders affecting
platelet count, pregnancy, or incomplete baseline or follow-up
investigations were excluded from the study.

Patients were selected using non-probability consecutive sampling from
outpatient and inpatient hepatology and gastroenterology services during
the study period. After informed consent, baseline demographic and
clinical information was recorded, including age, gender, comorbid
conditions, treatment history, and clinical evidence of chronic liver
disease. Baseline laboratory investigations were obtained before initiation
of antiviral therapy and included aspartate aminotransferase, alanine
aminotransferase, platelet count, bilirubin, albumin, hemoglobin, and
hepatitis C viral status as per hospital protocol. The FIB-4 score was
calculated using the standard formula based on age, AST, ALT, and
platelet count. After completion of the prescribed antiviral course, follow-
up laboratory testing was repeated, and post-treatment FIB-4 score was
calculated using the same standardized approach.

All patients received sofosbuvir and daclatasvir in standard recommended
doses under the supervision of the treating physician. Compliance with
therapy was assessed through follow-up visits, treatment cards, and
medical record review. The primary outcome of the study was the mean
change in FIB-4 score from baseline to post-treatment assessment.
Secondary outcomes included changes in AST, ALT, platelet count,
bilirubin, albumin, and distribution of patients across FIB-4 risk
categories before and after treatment. Virological response at the end of
treatment was also recorded where available from the medical record.
Data were entered and analyzed using SPSS version 26. Quantitative
variables were presented as mean and standard deviation, whereas
qualitative variables were expressed as frequencies and percentages. Pre-
and post-treatment comparisons for continuous variables were performed
using paired sample t-test for normally distributed data, while non-
normally distributed variables were assessed using the Wilcoxon signed-
rank test where appropriate. Categorical variables, including FIB-4 risk
categories, were compared using the chi-square test or McNemar test
according to the paired nature of the data. Post-stratification analysis was

carried out for age groups, gender, cirrhosis status, and prior treatment
status to assess effect modification. A p-value of <0.05 was considered
statistically significant.

Results

A total of 100 patients with chronic hepatitis C were included in the
analysis. The overall mean age of the study population was 44.8 + 11.6
years. There were 54 (54.0%) males and 46 (46.0%) females, showing a
slight male predominance. Most participants belonged to the middle-age
group, which is consistent with the usual clinical presentation of chronic
hepatitis C in the Pakistani population presenting to tertiary care hospitals.
Baseline demographic and clinical characteristics are summarized in
Table 1.

Table 1: Baseline demographic and clinical characteristics of
hepatitis C patients receiving sofosbuvir and daclatasvir (n=100)

Variable Frequency (%) /
Mean + SD
Age (years) 448+11.6
Age group 18-30 years 18 (18.0%)
Age group 31-45 years 34 (34.0%)
Age group 4660 years 32 (32.0%)
Age group >60 years 16 (16.0%)
Male 54 (54.0%)
Female 46 (46.0%)
Weight (kg) 67.9+10.4
Duration of known hepatitis C (years) 36+1.9

Treatment-naive patients

Previously treated patients

Diabetes mellitus

Hypertension

Baseline cirrhosis on ultrasound/clinical record
Non-cirrhotic chronic liver disease

81 (81.0%)
19 (19.0%)
21 (21.0%)
28 (28.0%)
17 (17.0%)
83 (83.0%)

At baseline, the study population showed mildly to moderately deranged
liver-related biochemical and hematological parameters. After
completion of therapy with sofosbuvir and daclatasvir, a marked
improvement was observed in liver enzymes, platelet count, and derived
fibrosis assessment by FIB-4 score. The mean FIB-4 score decreased from
2.98 + 1.21 before treatment to 1.86 + 0.88 after treatment, demonstrating
a statistically significant reduction. Other laboratory changes are
presented in Table 2.

Table 2: Comparison of laboratory parameters before and after treatment with sofosbuvir and daclatasvir (n=100)

Variable Before treatment Mean + SD After treatment Mean + SD Mean Difference p-value
AST (U/L) 78.4 £29.7 36.9+14.8 -41.5 <0.001
ALT (U/L) 84.7 £31.5 39.8+16.1 -44.9 <0.001
Platelet count (x10°L) 178.6 +54.2 2019 £49.6 +23.3 0.002
Hemoglobin (g/dL) 126+1.7 129+16 +0.3 0.084
Total bilirubin (mg/dL) 1.21+0.46 0.89+0.29 -0.32 <0.001
Albumin (g/dL) 3.71+0.44 3.96 £0.39 +0.25 <0.001
FIB-4 score 298+1.21 1.86 +0.88 -1.12 <0.001

When the FIB-4 score was categorized into clinically relevant fibrosis risk
groups, a substantial shift toward lower-risk categories was observed after
treatment. Before therapy, 39.0% of patients had low-risk FIB-4 scores,
35.0% had intermediate-risk scores, and 26.0% had high-risk scores.
After treatment, the proportion of patients in the low-risk category
increased to 68.0%, whereas the intermediate- and high-risk categories
decreased to 22.0% and 10.0%, respectively. This indicates an overall
improvement in fibrosis-related risk profile after antiviral therapy (Table
3).

Table 3: Distribution of FIB-4 score categories before and after
treatment (n=100)
FIB-4 category

Before treatment ~ After treatment

n (%) n (%)
Low risk (<1.45) 39 (39.0%) 68 (68.0%)
Intermediate risk (1.45-3.25) 35 (35.0%) 22 (22.0%)
High risk (>3.25) 26 (26.0%) 10 (10.0%)
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The overall treatment response was also reflected by virological clearance
and parallel improvement in fibrosis-related markers. Sustained
biochemical normalization was observed in a majority of patients, and
end-of-treatment virological response was achieved in 92.0% of
participants. Patients who achieved virological response had a greater
mean reduction in FIB-4 score than those who did not respond adequately
to treatment. These treatment outcome data are summarized in Table 4.

Table 4: Treatment outcomes and change in FIB-4 score after
therapy (n=100)

Variable n (%) / Mean
SD

End-of-treatment virological response achieved 92 (92.0%)

No end-of-treatment virological response 8 (8.0%)

Patients with decreased FIB-4 score 84 (84.0%)

Patients with unchanged FIB-4 score 9 (9.0%)

Patients with increased FIB-4 score 7 (7.0%)

Mean reduction in FIB-4 among responders 1.21+£0.67

Mean reduction in FIB-4 among non-responders 0.34+£0.29

p-value for reduction in FIB-4 between responders = 0.001

and non-responders

Stratified analysis showed that the reduction in FIB-4 score was observed
across age groups, sex, and cirrhosis status, but the magnitude of
improvement was greater among non-cirrhotic and younger patients.
Patients without cirrhosis showed a larger absolute reduction in FIB-4
score compared with cirrhotic patients. Similarly, treatment-naive
patients showed slightly better improvement than previously treated
patients. These post-stratification findings are shown in Table 5.

Table 5: Post-stratification analysis of mean change in FIB-4 score
according to baseline characteristics (n=100)

Variable n Mean change in FIB-4 p-value
score (Pre—Post) Mean
+SD
Age group 0.031
18-30 years 18 1.32+0.61
31-45 years 34 1.19 +0.65
46-60 years 32 1.03+0.58
>60 years 16 0.79+0.49
Gender 0.218
Male 54 1.16 +0.63
Female 46 1.06 £0.59
Cirrhosis status 0.004
Cirrhotic 17 0.71+£0.46
Non-cirrhotic 83 1.20£0.61
Treatment history 0.047
Treatment-naive 81 1.17 £0.60
Previously treated 19 0.84 +0.52
Discussion

The present study demonstrates that SOF+DCV therapy significantly
reduces FIB-4 scores in chronic HCV patients, with a mean decrease from
2.98 to 1.86 (p<0.001). This finding is consistent with Hsu et al., who
reported a rapid decline in median FIB-4 from 2.88 to 2.22 at 12 weeks
post-treatment in 395 DAA-treated patients, with a 98.2% SVR rate (11).
Similarly, Huynh et al. documented a mean FIB-4 reduction from 3.84 to
2.37 (p<0.001), with durable improvement persisting through 96 weeks
post-treatment, representing a 35% reduction in mean FIB-4 scores (12).
The magnitude of FIB-4 reduction in our cohort (1.12 points) is
comparable to these international studies, reinforcing the utility of FIB-4
as a practical and accessible tool for monitoring treatment response in
resource-limited settings.

The end-of-treatment virological response (EOT-VR) rate of 92%
observed in our study is consistent with published literature on
SOF+DCV efficacy. Merat et al. reported an intention-to-treat SVR12
rate of 94.7% and a per-protocol rate of 98.8% among 1,361 patients
treated with a fixed-dose combination of generic SOF+DCV across
genotypes 1 through 4 in a multicenter phase Il trial (13). Similarly,
Belperio et al. demonstrated real-world SVR rates of 94.5% for genotype
2 and 90.8% for genotype 3 patients treated with DCV+SOF in a large
Veterans Affairs cohort of 5,400 patients (14). The slightly lower
response rate in our study may reflect differences in patient
demographics, genotype distribution, treatment adherence patterns, or the
inclusion of patients with advanced liver disease.

A notable finding of this study is the significant normalization of liver
enzymes, with AST declining from 78.4 to 36.9 U/L and ALT from 84.7
t0 39.8 U/L (both p<0.001). Huynh et al. similarly reported that 75.4% of
DAA-treated patients achieved ALT normalization below the stringent
30/19 U/L criteria at 96 weeks post-treatment, confirming the durable
hepatoprotective effect of viral eradication (12). The platelet count
improvement observed in our cohort (178.6 to 201.9 x 10%L, p=0.002)
parallels findings by Chen et al., who documented significant platelet
recovery in 41.7% of thrombocytopenic HCV patients following DAA
treatment, with mean platelet counts increasing from 102 to 113 x 103/uLL
at SVR12 (p<0.001) (15). This platelet improvement likely reflects
reduced portal hypertension and splenic sequestration following
resolution of hepatic inflammation and early fibrosis regression.

Serum albumin improved significantly in our patients (3.71 to 3.96 g/dL,
p<0.001), a finding consistent with Martinez Herreros et al., who
demonstrated significant albumin-bilirubin (ALBI) score improvement
following DAA-induced SVR, with 89.1% of patients in ALBI grade 2
improving to grade 1 at 12 months (16). Tahata et al. further confirmed
that such liver function recovery, particularly ALBI grade improvement,
is associated with enhanced long-term prognosis in patients with
compensated advanced liver fibrosis, with 76% of baseline ALBI grade
2 patients improving to grade 1 after SVR (21).

The shift in FIB-4 risk categories was a clinically meaningful observation
in our study, with the proportion of low-risk patients increasing from 39%
to 68% after treatment. This finding is corroborated by Kumada et al.,
who demonstrated that patients whose FIB-4 scores improved to below
1.50 following SVR had extremely low hepatocarcinogenesis rates
during long-term follow-up, with no HCC development among 547 such
patients over a 5-year period (20). Such FIB-4-based risk reclassification
carries important implications for tailoring post-treatment surveillance
intensity.

Our finding that non-cirrhotic patients experienced significantly greater
FIB-4 improvement compared to cirrhotic patients (p=0.004) is supported
by Leustean et al., who demonstrated that while both cirrhotic and non-
cirrhotic patients showed significant FIB-4 reductions after DAA-induced
SVR (p<0.001), FIB-4 continued to correlate with FibroTest only in the
cirrhotic group, suggesting more complete normalization of fibrosis
markers in non-cirrhotic patients (17). This underscores the importance
of early treatment initiation before the development of advanced fibrosis.
Treatment-naive patients in our study also achieved superior FIB-4
improvement compared to previously treated patients (p=0.047). Pabjan
et al. similarly identified prior treatment failure as an independent
predictor of reduced virological response in the DAA era, alongside liver
cirrhosis and male sex (19), while Belperio et al. reported that treatment
experience was significantly associated with lower SVR rates (OR 0.51,
p<0.001) among genotype 3 patients (14).

The age-related differences in FIB-4 response observed in our study
(p=0.031), with younger patients demonstrating greater improvement,
align closely with findings from Niu et al., who reported that elderly
patients (=60 years) maintained higher post-treatment FIB-4 values
compared to younger counterparts despite achieving significant absolute
reductions in both groups (18). These findings suggest that age-related
hepatic senescence and cumulative fibrotic burden may limit the liver's
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regenerative capacity even after successful viral eradication, emphasizing
the benefit of treating HCV patients at a younger age.

In the Pakistani context, our results are particularly significant given the
country's enormous HCV disease burden. The demonstrated effectiveness
of SOF+DCYV in reducing FIB-4 scores complements earlier Pakistani
studies showing high virological response rates with this affordable
regimen across diverse clinical settings, including special populations
such as hemodialysis patients (22). The accessibility of generic
SOF+DCV formulations in Pakistan, combined with our evidence of
meaningful fibrosis improvement as measured by FIB-4, strongly
supports the continued use of this regimen as a cornerstone of Pakistan's
national HCV elimination strategy. Our findings emphasize the need for
early identification and treatment of HCV-infected individuals,
particularly younger, treatment-naive, non-cirrhotic patients who stand to
benefit most from DAA therapy in terms of fibrosis regression and long-
term hepatic outcomes.

Conclusion

Treatment with sofosbuvir and daclatasvir led to significant reduction in
FIB-4 score, indicating improvement in fibrosis-related risk among
chronic hepatitis C patients. This regimen appears effective not only for
virological control but also for early non-invasive hepatic recovery
assessment in the Pakistani clinical setting.
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