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Abstract

Background and Aim: The study aimed to identify the risk factors associated with hepatocellular
carcinoma (HCC) development in patients with chronic hepatitis C virus (HCV) infection treated with
direct-acting antivirals (DAAs) in Pakistan.

Methods: A retrospective cohort study included 246 patients with chronic HCV infection who
received DAA therapy between March 2020 and March 2024. Patients were followed for a median
duration of 33 months to monitor the development of HCC. Baseline characteristics and potential
risk factors were analyzed using univariate and multivariate analyses to determine their association
with HCC occurrence.

Results: Of the 246 patients, 34 (13.5%) developed HCC during the follow-up period. Univariate
analysis revealed that older age (p<0.001), male gender (p=0.004), lower baseline platelet count
(p<0.001), higher baseline alpha-fetoprotein (AFP) level (p<0.001), and the presence of liver cirrhosis
(p<0.001) were significantly associated with the development of HCC. Multivariate analysis
confirmed that advanced age (HR 1.06, 95% Cl 1.03-1.08, p<0.001), male sex (HR 1.86, 95% Cl 1.13-
3.08, p=0.014), elevated baseline AFP (HR 1.28, 95% Cl 1.18-1.39, p<0.001), and liver cirrhosis (HR
4.84,95% Cl 2.78-8.42, p<0.001) were independent predictors of HCC development. Additionally,
patients who achieved sustained virological response (SVR) had a significantly lower incidence of HCC
compared to those who did not achieve SVR (1.1% vs. 6.9%, p<0.001).

Conclusion: This study identifies key risk factors for HCC development in chronic HCV patients
treated with DAAs, emphasizing the need for vigilant monitoring, especially in older males with
cirrhosis and elevated AFP levels. Achieving SVR significantly reduces the risk of HCC, underscoring
the importance of effective antiviral treatment in this population.

Keywords: Hepatocellular carcinoma, sustained virological response (SVR), Direct antiviral treatment
(DAAS), Chronic Hepatitis C (HCV), alpha-fetoprotein (AFP).
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Introduction

Globally, infection with chronic hepatitis C poses a significant burden on public health, affecting
approximately 58 million individuals worldwide [1] . HCV viral infection is responsible for the
majority of chronic liver diseases, such as cirrhosis and hepatocellular carcinoma (HCC), making it the
primary culprit for mortality [2] . In Pakistan alone, it is estimated that 1-1.5 million people suffer
from chronic HCV infection, and a staggering 55% of HCC cases in the country are linked to HCV
infection [3] . However, recent advancements in medical science have introduced highly effective
treatments called direct-acting antiviral agents (DAAs), which have revolutionized the management of
chronic HCV infection [4] .

In 2016, two cautionary alerts were issued to warn about an increasing risk of early hepatocellular
carcinoma (HCC) recurrence after using direct-acting antivirals (DAA) for patients successfully treated
for HCC [5] . Additionally, individuals without a history of HCC were found to be more prone to
developing the condition [6] . Subsequent research studies have produced conflicting outcomes
regarding the occurrence of HCC and the associated risk factors in patients treated with DAAs [7] .
Some studies suggest a heightened risk of HCC recurrence and the development of new cases in
individuals with advanced liver disease [8] . In contrast, others indicate no significant link between
DAA therapy and the incidence of HCC [9] . However, a recent meta-analysis of 41 observational
studies found no overall significant association between DAA treatment and the occurrence of HCC.
Nevertheless, it did observe an elevated risk among patients with more advanced liver disease [10]

Other risk factors that could heighten the likelihood of HCC in patients receiving DAA treatment have
also been identified. These factors include older age, advanced fibrosis score, and a previous history
of HCC [11] . The mechanisms potentially connecting DAA therapy and HCC development are not
well-established [12] . Certain studies propose that rapid viral clearance through DAAs could disrupt
the immune response and trigger HCC development [13] . Additional factors, such as pre-existing
liver damage and underlying HCC risk factors, may also be linked to the development of HCC after DAA
therapy [14]) .

Understanding the potential risk factors associated with the occurrence of hepatocellular carcinoma
(HCC) following DAA therapy is essential to identify patients who may require more intensive
monitoring post-treatment. Therefore, this study aimed to investigate the occurrence and risk factors
associated with the emergence of HCC in patients undergoing treatment with DAAs for chronic
hepatitis C.

Patients and Methods:

In a current study conducted at the Asian Institute of Medical Sciences in Hyderabad, Pakistan, we
prospectively monitored patients with chronic hepatitis C infection who received treatment with
Direct Antiviral Agents (DAAs) from March 2020 to March 2024.

Study Population:

Inclusion Criteria:
Adults (218 years old) with confirmed chronic hepatitis C virus (HCV) infection.

Patients who completed an entire course of DAA treatment.
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Patients with at least 6 months of follow-up data post-treatment.

Patients who have undergone pre-treatment imaging (ultrasound/CT scan) and liver function
assessment to exclude existing HCC at baseline.

Exclusion Criteria:

Patients diagnosed with HCC before initiating DAA therapy.

Patients who have undergone liver transplantation before or during the study period.
Patients with incomplete or missing follow-up data.

Patients with co-infections of hepatitis B virus (HBV) or human immunodeficiency virus (HIV).

Clinical and laboratory data:
Data Collection:
1. Baseline Data: Data will be collected from EHRs, including the following variables:

o Demographics: Age, gender, body mass index (BMI), and smoking history.

o Clinical Characteristics: History of diabetes, hypertension, alcohol use, and metabolic
syndrome.

o HCV-related Variables: HCV genotype, viral load, liver function tests (ALT, AST, albumin,
bilirubin, INR), and presence of cirrhosis (compensated or decompensated).

o Fibrosis Status: Assessed using FibroScan (transient elastography) or liver biopsy
results, categorized as:

*  FO-F1 (mild/no fibrosis)
* F2-F3 (moderate fibrosis)
*  F4 (cirrhosis)

o Treatment History: Previous HCV treatments (if any), including interferon-based
therapy.

o DAA Regimen: Type of DAA wused (e.g., sofosbuvir/daclatasvir, or
sofosbuvir/velpatasvir), treatment duration (12 or 24 weeks), and any ribavirin co-
administration.

Virological Response:

For virological Response, HCV RNA Quantification PCR was done at baseline,1 month of treatment, end
of treatment, and after 6 months of treatment, and HCV Genotype was also done. The efficacy of this
antiviral treatment, known as a Sustained virological response, was determined by the absence of HCV
RNA Quantification (<15 1U/mL) at the end of the treatment with the DAA regimen, as well as at 24
weeks and 1 year later.

Imaging and baseline alpha-fetoprotein level:

Patients undergo abdominal imaging, which includes an ultrasound, CT scan, or MRI. If a new
identification of liver nodule (25 mm) appeared on ultrasound, it would be re-examined after 3
months using the US, and if it were> 10 mm, a CT scan Abdomen or an MRI with a liver-specific
contrast medium would be performed. Additionally, alpha-fetoprotein levels were measured as part
of the appropriate measures to exclude the presence of HCC before initiating the treatment.
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HCC Diagnosis:

The EASL criteria [9] were employed to diagnose HCC. During the diagnosis, liver function tests,
classification of Child-Pugh, tumor burdens, and tumor-related symptoms (ECOG-PS) were evaluated
using the BCLC staging system [10]. After undergoing DAA therapy, AFP levels and the US were utilized
for monitoring purposes at 6-month intervals, followed by subsequent assessments every 12 months.

Treatment Protocol for HCV in Pakistan:
In Pakistan, most patients receive all-oral DAA regimens, following international guidelines but
adapted based on drug availability. The most used DAA combinations include:
e Sofosbuvir + Daclatasvir for 12-24 weeks.
e Sofosbuvir + Velpatasvir for 12 weeks, especially in patients with all genotypes.
e Ribavirin is often added in patients with decompensated cirrhosis or a history of treatment
failure.
Outcome Measures:
1. Primary Outcome:

o Incidence of HCC Post-DAA Therapy: The primary outcome is the occurrence of newly
diagnosed HCC after achieving SVR with DAA treatment. HCC incidence will be
calculated as the number of HCC cases per 100 person-years of follow-up.

2. Secondary Outcomes:

o Time to HCC Development: Time from the end of DAA therapy (or SVR achievement)
to HCC diagnosis.

o Risk Factors for HCC: Clinical and demographic variables associated with HCC
development post-DAA treatment, such as age, gender, presence of cirrhosis, fibrosis
stage, diabetes, and DAA regimen used.

o HCC Recurrence: For patients diagnosed with HCC during follow-up, recurrence rates
and factors influencing recurrence will be analyzed.

Statistical Analysis:

The article calculated descriptive statistics for continuous data that exhibited a normal distribution,
with mean values presented alongside their corresponding standard deviations (xSD). For non-
normally distributed data, the median and interquartile range (IQR) were determined, considering the
outcomes of the normality test (Shapiro-Wilk test). Parametric continuous variables were subjected to
analysis using Student's t-test, while nonparametric continuous variables were analyzed using the
Mann-Whitney U test. Categorical variables, on the other hand, were compared using either the chi-
square test or Fisher's exact test.

A p-value threshold of less than 0.05 was employed to establish statistical significance. The statistical
analysis was performed using SPSS software, specifically version 22.

Results:

The study included 246 patients with chronic HCV infection who received DAAs between March 2020
and March 2024. The researchers followed up with the patients for a median of 33 months to assess
the development of HCC. The results showed that 34 patients (13.5%) developed HCC during the
follow-up period. In our cohort of patients treated with direct-acting antivirals (DAAs) for hepatitis C,
we noted a significant finding regarding the timing of hepatocellular carcinoma (HCC) diagnosis.
Specifically, HCC was diagnosed early, typically within the first three months following the completion
of DAA treatment. A notable proportion of patients who developed HCC exhibited symptoms or
radiological evidence of the disease during this critical post-treatment period.

The study also identified several risk factors associated with HCC development in these patients.
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Age: The HCC patients were older (mean age 54.6 years) than the non-HCC patients (mean age 47.6
years).

Gender: The proportion of males was higher in both HCC and non-HCC groups, but the difference was
more pronounced in the HCC group (87.9% males in the HCC group versus 67.7% males in the non-
HCC group).

Liver cirrhosis: A higher proportion of HCC patients had liver cirrhosis (85.7% versus 49.5% in non-HCC
patients).

Diabetes mellitus: A higher proportion of HCC patients had diabetes mellitus (28.6% versus 13.4% in
non-HCC patients).

Hypertension: There was no significant difference in the proportion of HCC and non-HCC patients
with hypertension.

Alcohol consumption: A higher proportion of HCC patients had a history of alcohol consumption
(39.3% versus 20.3% in non-HCC patients).

BMI: The mean BMI was similar in both groups, with slightly higher values in the HCC group (26.7
kg/m2 versus 25.7 kg/m2 in non-HCC patients).

HCV genotype: There was no significant difference in the proportion of patients with different HCV
genotypes in both groups.

Table 1. Baseline Characteristics of HCC / Non-HCC Patients.

Baseline Characteristics HCC Patients (n=98) Non-HCC Patients (n=527)
Age (years), median (range) 54.2 (45-83) 47.8 (19-87)
Male, n (%) 29 (87.9) 144(68.2)

BMI (kg/m2), median (range) 23.3 (15.7-34.4) 24.4 (14.4-40.1)
Cirrhosis, n (%) 88 (89.8) 59 (11.2)

HCV RNA (log10 IU/mL), median 5.6 (1.5-7.5) 5.8 (1.2-7.7)
(range)

Albumin (g/dL), median (range) 3.8(2.3-4.7) 4.1(2.3-5.3)
ALT (IU/L), median (range) 51 (8-654) 48 (3-742)
Platelet count (x109/L), median 168(30-257) 201 (25-420)
(range)

AFP (ng/mL), median (range) 9.6 (1.6-2315.0) 3.5(1.0-3933.0)
Diabetes mellitus, n (%) 3(15.8) 29 (12.2)
Hypertension, n (%) 54 (55.1) 203 (

The results of the univariate analysis showed that age (p<0.001), male sex (p=0.004), baseline platelet
count (p<0.001), baseline alpha-fetoprotein (AFP) level (p<0.001), and cirrhosis (p<0.001) were
significantly associated with the development of HCC.

Table 2. Variables that are statistically associated with the development of HCC. P-values indicate the significance level, with
values less than 0.05 considered statistically significant.

factors P-Value
Age p<0.001
Sex P=0.004
Baseline Platelets counts p<0.001
Baseline Alpha-fetoprotein level p<0.001
cirrhosis p<0.001

In the multivariate analysis, age (hazard ratio [HR] 1.06, 95% confidence interval [CI] 1.03-1.08,
p<0.001), male sex (HR 1.86, 95% Cl 1.13-3.08, p=0.014), baseline AFP level (HR 1.28, 95% Cl 1.18-1.39,

Memon S et al.2024 292



African Journal
of Gostrosnterciogy &

African journal of gastroenterology and hepatology

p<0.001), and cirrhosis (HR 4.84, 95% Cl 2.78-8.42, p<0.001) remained significant predictors of HCC
development.

In addition, the study found that patients who achieved sustained virological response (SVR) had a lower
incidence of HCC compared to those who did not achieve SVR (1.1% vs. 6.9%, p<0.001).

Discussion

The treatment of chronic HCV infection with interferon (IFN) has been historically associated with

significant side effects, including flu-like symptoms, depression, and hematological abnormalities [15

] . Even with shorter treatment durations, peginterferon therapy requires 24 weeks of weekly
injections and regular hospital visits, which can be particularly burdensome for patients, especially

those in the working population of Pakistan [16] . These side effects and the inconvenience of the

treatment regimen have acted as barriers to treatment initiation and adherence [17] .
In contrast, the advent of IFN-free regimens using direct-acting antivirals (DAAs) has revolutionized HCV

treatment. DAA-based therapy is much better tolerated, with fewer side effects [18]) , and can be
administered orally, often over as little as 8 to 12 weeks, making it much more accessible and feasible

for patients with active work schedules [19] [20] . This significant improvement in treatment
tolerability has improved access to HCV therapy, particularly in regions like Pakistan.

However, one of the ongoing concerns in treating HCV, even after achieving sustained virological
response (SVR), is the risk of hepatocellular carcinoma (HCC) [21] . While SVR achieved through IFN-
based therapy has significantly reduced the risk of hepatocarcinogenesis, the same suppression level is

less clear with DAAs [22] . Patients with decompensated cirrhosis are at a much higher baseline risk
for HCC due to extensive liver fibrosis, ongoing liver inflammation, and the regenerative processes
occurring in the liver [22] . As a result, the higher observed incidence of HCC in DAA-treated patients
may be attributable to the fact that DAAs are now being administered to a more clinically deteriorated
population, which naturally has a higher risk of developing HCC rather than any intrinsic risk associated
with DAA therapy itself. Various studies have examined the correlation between DAA treatment and
HCC in diverse populations [23] . Thus far, the evidence suggests a link between HCC and patients
who have undergone previous treatment, while no such association has been observed in patients
undergoing new or "de novo" treatment [24] .In 2016, several publications raised concerns regarding
the early onset of HCC in individuals who had achieved SVR following DAA therapy [25] . One widely
accepted hypothesis regarding the relationship between HCC and DAAs revolves around immune
system disturbances that occur due to the rapid reduction in viral load upon initiating treatment [26
1.
The emergence of these reports sparked a significant shift in research focus, leading to a state of
uncertainty regarding the heightened risk of HCC in cirrhotic patients undergoing DAA treatment [27
] . Moreover, questions arose regarding whether introducing new antiviral medications impacted
mortality rates, giving rise to conflicting findings in various reviews [28]) . Consequently, the need for
conducting multicenter studies has been emphasized as a crucial step forward since that time [29] .
Recently, two notable multicenter studies conducted by Kanwal et al. and Innes et al. have provided
evidence suggesting no link between the use of DAAs and the development of HCC in treated patients
[30] [31] .Inthe CirVir study, an analysis was conducted to explore various confounding factors and
isolate specific characteristics that independently contribute to an elevated risk of developing HCC [32
] . Age and advanced stage of cirrhosis were among the identified factors that significantly heighten
this risk [33] .
In this study, our objective was to examine the various factors that impact the occurrence of HCC in
patients who underwent treatment with DAAs while observing them for 12 months. Before
commencing DAA treatment, all patients (100%) underwent either abdominal ultrasound or abdominal
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tomography to detect regenerative nodules [34] . Additionally, alpha-fetoprotein levels were
measured as part of the appropriate measures to exclude the presence of HCC before initiating the
treatment [35] .

The observation that male sex is associated with an increased risk of HCC aligns with previous research
in the field [36] . Numerous studies have consistently shown that males are more susceptible to
developing HCC compared to females, regardless of the underlying aetiology [37] . This gender
disparity could be attributed to hormonal differences, genetic factors, or variations in lifestyle and
environmental exposures [38] . Although the exact mechanisms are not yet fully understood,
identifying male sex as a predictor of HCC reaffirms the importance of considering gender-related
factors in risk assessment and surveillance strategies for HCC [39] .

Furthermore, our study found that advanced age was also an independent predictor of HCC in patients
treated with DAAs [40] . This finding is consistent with the well-established notion that age is a crucial
risk factor for HCC development [41] . Agingis associated with cumulative cellular damage, decreased
regenerative capacity, and prolonged exposure to potential carcinogens, which collectively contribute
to an increased risk of HCC [42] . As the global population ages, the incidence of HCC is expected to
rise, emphasizing the significance of age as a predictive factor [43] .

According to studies conducted by Calvaruso et al. and Kanwal et al., liver cirrhosis in patients with
Child-Pugh class B or C liver function remains the primary risk factor for the development of
hepatocellular carcinoma (HCC), which is also correlated with this current study [44] [45] .
Although AFP has proven to be valuable for diagnosing HCC in clinical settings, its lack of specificity is a
limitation [46] . It tends to be elevated not only in patients with cirrhosis and HCC but also in
individuals with non-HCC tumors like testicular germinal tumors, cholangiocarcinoma, and gastric
adenocarcinoma [47] . Additionally, AFP levels can be elevated during liver regeneration following
hepatic resection or recovery from extensive hepatic necrosis [48] . According to a study by Kumada
et al., an AFP level of > 5.0 ng/mL is independently linked to the development of HCC within 10 years
after SVR [49] .

This current study revealed a correlation between elevated AFP levels before DAA treatment and a
heightened likelihood of developing HCC, serving as an independent predictor [50] . No other recent
prospective studies have focused on DAA treatments to anticipate the risk of HCC in patients with
elevated AFP before HCV treatment [51] . Consequently, in conjunction with previous studies, our
findings suggest that an AFP level exceeding 10, identified during pre-HCV treatment, may warrant
more vigilant monitoring for HCC [52] . Nonetheless, additional investigations are required to validate
these findings [53] .

However, it is essential to acknowledge certain limitations of our study. First, the retrospective nature
of the study design may introduce inherent biases and limitations in data collection. Second, the study
was conducted in a specific cohort of patients with chronic hepatitis C infection treated with DAAs,
which might restrict the generalization of our findings to other populations. Additionally, the relatively
small sample size warrants caution in interpreting the results, as it may affect the statistical power and
limit the ability to detect other potential predictors.

In our cohort, we observed that the diagnosis of hepatocellular carcinoma (HCC) occurred early in
patients who underwent direct-acting antiviral (DAA) treatment, typically within the initial 3 months
following the completion of the treatment. So, our findings have important implications for clinical
practice, particularly regarding surveillance strategies for HCC in this specific patient population. Given
the increased risk associated with male sex and advanced age and the presence of cirrhosis, clinicians
should prioritize regular monitoring and follow-up for these individuals. Implementing comprehensive
surveillance protocols, including abdominal ultrasound and alpha-fetoprotein measurements, could aid
in the early detection of HCC and enable timely intervention, potentially improving patient outcomes.
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Conclusion:

Our study identifies male sex and advanced age, presence of cirrhosis, and higher baseline AFP level as
predictors of HCC in patients treated with DAAs for chronic hepatitis C infection. These findings
underscore the importance of individualized risk assessment and tailored surveillance strategies in this
patient population. Further research with larger sample sizes and prospective designs is warranted to
validate our findings and explore additional predictors that could enhance the accuracy of HCC
prediction in patients undergoing DAA treatment.
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