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Abstract: Earlier treatment plans based on the use of interferon (IFN) were characterized by a sustained 

virological response (SVR) of 40–50%.However, Since direct acting anti-viral therapy (DAAs) was 

introduced to treat chronic hepatitis (C) patients, there was a high rate of sustained virologic response (SVR) 

by 95% with a good safety profile and reduction in death rate as well as hepatocellular carcinoma (HCC). 

Despite this high rate of SVR, the risk of (HCC) was not eliminated. The data  published in 2016 after DAAs 

therapy ,  were a source of worry regarding the appearance of  HCC in the post treatment period whether as 

de novo or recurrence , in addition tumor characteristic after DAAs is more aggressive compared to post INF 

therapy  ,  previous studies discovered that following DAAs tumors displayed aggressive  behavior, had a 

larger number of nodules, and had extra hepatic metastases, demonstrating that cancer growth is faster than 

expected in these patients, this is because the use of powerful  DAAs treatments may result in rapid viral 

clearance and reduce inflammatory cytokine responses . 
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1. HCV infection 

Hepatitis C virus (HCV) is closely related to 

flaviviruses and pestiviruses. Its genetic organization 

and protein products classify it in the Flaviviridae 

family, although its diversity is great enough for it to 

be classified as a separate genus  1. HCV is classified 

into eleven genotypes (designated as 1-11) differing 

in their nucleotide sequence by 30%-50%, six of 

them are the major ones (genotypes 1 to 6) 2. 

Infection with HCV accounts for 

approximately 15%-20% cases of acute hepatitis. 

After acute infection, around 50% to 80% of HCV 

patients will develop chronic infection. 

Approximately, HCV infects 170 million individuals 

worldwide 3.  

HCV occurs in all world health organization 

(WHO) regions. The highest burden of disease is in 

the Eastern Mediterranean Region and European 

Region, with 12 million people chronically infected  

 

 

 

in each region. In the South-East Asia Region and the 

Western Pacific Region, an estimated 10 million 

people in each region are chronically infected. Nine 

million people are chronically infected in the African 

Region and 5 million the Region of the Americas4. 

Hepatitis C virus constitutes an epidemic in 

Egypt having the highest prevalence in the world of 

13.9% among healthy populations and 78.5% among 

HCC cases, with 70,000 up to 140,000 newly 

reported cases annually. The Demographic National 

survey in Egypt in 2015 reported that people who 

aged (1-59 Y) had prevalence of anti-HCV antibody 

was 6.3% but the positive PCR HCV RNA was 4.4% 
5. With the introduction of effective direct-acting 

antiviral agents in 2014 to treat HCV infection, the 

National Committee for Control of Viral Hepatitis 

(NCCVH) set a national strategy to make treatment 

paid for by the Egyptian government available for all 
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and to scale up treatment to millions, as described 

previously 6. More than 2 million patients were 

treated by 2018 (representing 40% of the total HCV-

infected population), with cure rates above 90%. 

However, most infected persons remained 

unidentified. By late 2017, the number of persons 

with new cases who presented for treatment 

decreased to less than 5000 a month, whereas the 

model to eliminate the disease by 2030 required 

diagnosing and treating 360,000 cases a year 7. 

The economic burden of HCV infection in 

Egypt has been calculated previously, and it was 

estimated that the lifetime direct medical cost and 

indirect cost of disability and early death for a patient 

with HCV infection was in excess of $100,000 (in 

U.S. dollars) 8. The cost of identifying and curing a 

patient in the current campaign was $131, which 

clearly shows the magnitude of cost saving by 

population screening 9. 

The current screening program has shown 

that, although Egypt had treated more than 2 million 

patients since 2014, HCV infection was still a major 

problem by the start of this program in 2018, with 

4.6% of the previously untreated adult population 

seropositive 9. 

 

1.2 Development of hepatocellular carcinoma 

(HCC) : 

 Hepatocellular carcinoma (HCC) is the 

most common type of primary liver cancer in adults, 

and is the most common cause of death in people 

with cirrhosis. Hepatocellular carcinoma (HCC) is 

the fifth most common cancer and the second leading 

cause of cancer-related deaths 10. 

Primary liver cancer is the seventh-most 

frequently occurring cancer in the world and the 

second-most common cause of cancer mortality 11. 

The highest incidence rates in the world are found in 

Asia and Africa 12.  Globally, hepatocellular 

carcinoma (HCC) is the dominant type of liver 

cancer, accounting for ~75% of all liver cancers 12. 

Incidence rates of HCC have been decreasing in 

some high-rate areas, but increasing in many low-

rate areas 13. 

Liver cancer accounts for 11.75 % of all 

digestive organ cancers and for 1.68 % of all cancers 

in Egypt. In the Egyptian population, HCC represent 

70.48 percent of all hepatic tumours. HCC is the most 

common cirrhosis consequence, and its frequency is 

increasing in Egypt 14. Hepatocellular 

carcinoma (HCC) mostly occurs in people 

with cirrhosis of the liver, and so risk factors 

generally include factors which cause chronic liver 

disease that may lead to cirrhosis include hepatitis B 

viral (HBV) infection , chronic hepatitis C viral 

(HCV) infection, hereditary hemochromatosis  and 

alcohol 15. 

A strong association between chronic HCV infection 

and HCC has been observed, but the mechanisms 

involved in carcinogenesis remain unclear 16. The 

suggested association is caused by indirect pathway 

by causing chronic inflammation, cell death, 

proliferation, and cirrhosis. HCV genomes can be 

detected in the tumor and surrounding liver tissues 

for an association with the genotype of HCV and 

HCC, the incidence of genotype 1b is markedly high 

among the patients where it is associated with a more 

rapid deterioration of the liver histology in chronic 

hepatitis 17. 

 By interacting to retinoblastoma protein, 

which controls cell division and promotes its 

breakdown, NS5B leads to cell cycle disruption and 

therefore HCC formation. By altering RAF/mitogen-

activated protein kinase/extracellular signal-

regulated kinase-regulated pathways, the additional 

products E2, NS3, and NS5A promote aggressive 

HCC growth. NS2, NS3, and NS5A are examples of 

products that block p53, resulting in an aberrant cell 

cycle and death 18. 

DAAs therapy targeting viral proteins such 

as NS3/4A protease, NS5B polymerase, as well as 

the NS5A replication complex accomplishing SVR 

in more than 95 percent of patients also keeping a 

consistent safety profile as well as excellent 

tolerability. 19-21.  Despite evidence that SVR 

protects against HCC development, a number of 

studies published between 2016 and 2021 revealed a 

surprising rise in occurrence, recurrence, and 

severity of HCC in cirrhotic HCV patients after 

DAAs treatment 22-26. Other studies have not 

consistently verified comparable results. The 

controversy concerning the danger of developing 

HCC following HCV clearance by DAAs as well as 

DAAs' possible role in hepatic carcinogenesis has 

aroused intense discussion 27, 28. Table 1 shows 

denovo occurrence of hepatocellular carcinoma in 

patient treated with DAAs 

 2. Drugs used in treatment of HCV: 

Prior to 2014, Peg-interferon and ribavirin 

were used in conjunction to treat HCV, with one 

injection per week and Ribavirin doses ranging from 

1,000 to 1,200 mg per day for forty-eight weeks. 

Despite its potent antiviral activity, interferon has 

low specificity against HCV and a low sustained 

virologic response  29. Interferon (IFN)-based 

therapy tends to decrease hepatocellular carcinoma 

(HCC) in chronic HCV infection patients who 

achieve SVR even though IFN-based therapy is 

restricted by its multiple negative effects, non-oral 

administration, and unsatisfying SVR rate 30. 
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When compared with patients lacking SVR or with 

untreated patients, IFN-based therapy offered a 

therapeutic advantage in CHC virus patients  who 

achieved SVR, with a substantial delay of disease 

progression and comorbidities, including HCC 31. In 

IFN-treated patients who achieve SVR, the presence 

of HCC is associated with advanced age, male 

gender, advanced liver fibrosis, fatty liver, and a high 

level of AFP in the blood following treatment 32. 

IFN-based therapy was not really a suitable 

therapeutic option for people with chronic HCV 

related liver cirrhosis infection due to its limited   

inclusion requirements, minimal SVR rates, and 

extensive treatment-related toxicity. The remarkable 

cure rates of DAAs regimens since their introduction 

have generated wish that the natural advancement of  

 

 

 

 

 

 

HCV-related cirrhosis may be improved, including a 

decline in the rate of HCC 33. 

DAAs are molecules that target specific 

nonstructural proteins of the virus and results in 

disruption of viral replication and infection. There 

are four classes of DAAs, which are defined by their 

mechanism of action and therapeutic target. The four 

classes are nonstructural 

proteins 3/4A (NS3/4A) protease inhibitors (PIs), 

NS5B nucleoside polymerase inhibitors (NPIs), 

NS5B non-nucleoside polymerase inhibitors 

(NNPIs), and NS5A inhibitors. Direct-acting 

antivirals are inhibitors of the NS3/4A protease, the 

NS5A protein, and the NS5B polymerase 34. 

NS3/4A protease inhibitors are inhibitors of 

the NS3/4A serine protease, an enzyme involved in 

post-translational processing and replication of 

Table 1. Studies show de novo hepatocellular carcinoma occurrence. 

 

REFERENCES Study type Patient 

characteristic 

Follow up 

period 

 incidence of 

Newley 

developed 

HCC  

Singer et al  

(2018) 48 

Retrospective DAAs treated  12 months 1.18% 

Nahoon et al 

(2018) 47 

Retrospective  Compensate 

cirrhotic patient 

take DAAS 

21.2 months 2.6% 

Waizary et al 

(2017) 50 

Meta analysis  Patient treated 

with DAAs  

12 months 2.96% 

Ravi et al 

(2017)  24 

Retrospective  Cirrhotic 

patient treated 

with DAAs n= 

66 

6 months 9% 

Cardoso et al. 

(2016)54  

Prospective   Cirrhotic HCV 

patient treated 

with DAAs 

12 months  7.4% 

Conti et al 

(2016) 45 

Retrospective Cirrhotic HCV 

patient treated 

with DAAs 

5.6 months 3.16 % 

Calvarsu et al. 

(2018)56  

Prospective  Cirrhotic HCV 

patient treated 

with DAAs 

16 months 3.5% 

Kanwal et al. 

(2017) 52 

Retrospective  Cirrhotic HCV 

patient treated 

with DAAs 

12 months 1.82 % 

Shiha et al 

(2020) 53 

Prospective  Cirrhotic HCV 

patient treated 

with DAAs 

12months 2.3% 

Pinaro et al. 

(2019) 33 

Prospective  Cirrhotic and 

non cirrhotic  

HCV patient 

treated with 

DAAs . 

16 months  3% 
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HCV. Protease inhibitors disrupt HCV by blocking 

the NS3 catalytic site or 

the NS3/NS4A interaction 35. The first generation 

protease inhibitors telaprevir and boceprevir were 

the first direct-acting antivirals available for the 

treatment of HCV, and were used in conjunction with 

peginterferon and ribavirin for the treatment of 

genotype 1 infection 36. Other drugs in this category 

include glecaprevir, grazoprevir, paritaprevir, 

simeprevir and  voxilaprevir 37. 

The NS5A protein plays a role in both viral 

replication and the assembly of the HCV.  They also 

result in very high SVR rates among patients with 

genotype 1 infection when given in combination with 

other direct-acting antivirals with or without 

ribavirin 38. This class includes Daclatasvir, 

elbasvir, ledipasvir. ombitasvir, pibrentasvir: and 

velpatasvir 39.  

NS5B is an RNA-dependent RNA 

polymerase involved in post-translational processing 

that is necessary for replication of HCV. The enzyme 

has a catalytic site for nucleoside binding and at least 

four other sites at which a non-nucleoside compound 

can bind and cause allosteric alteration. The 

enzyme’s structure is highly conserved across all 

HCV genotypes, giving agents that inhibit NS5B 

efficacy against all six genotypes 35 . 

There are two classes of polymerase 

inhibitors:  NPIs and non-nucleoside analogues 

(NNPIs). The NPIs target the catalytic site of NS5B 

and result in chain termination, while NNPIs act as 

allosteric inhibitors 40. 

Nucleot(s)ide polymerase inhibitors 

(NPIs) are activated within the hepatocyte through 

phosphorylation to nucleoside triphosphate, which 

competes with nucleotides, resulting in chain 

termination during RNA replication of the viral 

genome 41 

Sofosbuvir is the first NS5B NPIs to be 

available in the United States. Sofosbuvir is used in 

various combinations with other antivirals for 

different indications 40. 

The objective of treatment is to cure HCV, 

decrease or stop fibrosis advancement and prevent 

cirrhosis development, allowing patients to live 

longer, symptom-free lives. Most studies use 

persistent virologic response as a surrogate 

parameter to evaluate treatment success, therefore 

DAAs is associated with better outcomes; such as a 

reduced chance of viral recurrence, lower mortality 

and decreased incidence of cirrhosis and 

hepatocellular carcinoma 42. 

All-oral direct antivirals produce SVR in 

more than 95 percent of patients while maintaining a 

good safety profile and tolerance, and targeting viral 

proteins such as NS3/4A protease, NS5B 

polymerase, and NS5A replication complex. 19-21. 

Despite the fact that DAAs has provided 

chronic HCV patients with a safe and effective 

treatment option, there are still challenges to face. 

These challenges include the presence of resistant 

variations as well as reduced efficacy in persons with 

cirrhosis 43.  However, outcomes from two studies 

published in 2016 raised issues regarding the high 

risk of hepatocellular carcinoma and recurrence after 

the use of DAAs 44, 45. Conflicting findings extended 

the debate and cast doubt on the connection between 

DAAs therapy and HCC 46 . 

 3. DAAs and the risk of HCC development 

The majority of research found that DAAs 

treatment can lower the chance of developing HCC. 

From 2006 to 2012, a comprehensive prospective 

research including 1270 CHC patients with hepatitis 

C infection was conducted at 35 locations in France 

and found that DAAs were not associated with a 

significant increase in the probability of HCC growth 
47. In another large retrospective cohort study, at 

baseline, DAAs-treated patients were older, mostly 

males, and had more cirrhosis than untreated CHC 

patients comparing 30,183 DAAs-treated patients to 

137,502 untreated patients. The research revealed 

that DAAs treatment was linked to a substantially 

decrease incidence of HCC when  it became in 

comparison to no treatment after being adjusted for 

age, gender, co-morbidities, and medication usage 48.  

A prospective multicenter cohort trial in 

Latin America comprised 1400 F1-F4 patients 

treated with DAAs. The median time of follow-up 

from the start of DAAs therapy was 16 months and 

reaching SVR with DAAs protocols was linked with 

a 73% decrease in the relative risk for newly 

diagnosed HCC 33, 49. 

Waziry et al., (2017) reported that 

according to a meta-analysis of 26 trials, DAAs 

medication is not associated with a higher risk of 

HCC in individuals with chronic HCV and cirrhosis. 

Despite certain methodological constraints, the 

authors reach the conclusion that there is no proof to 

support the theory that DAAs therapy raises the risk 

of HCC 50. 

 Ioannou et al., (2018) conducted a study 

that included almost 60,000 CHC patients who began 

antiviral medication with  DAAs-only regimens. 

DAAs-induced SVR was linked to a 71% decrease in 

the prevalence of recently diagnosed HCC 51. 

Kanwal et al., (2017) examined a retrospective 

https://uptodatefree.ir/topic.htm?path=telaprevir-united-states-not-available-drug-information
https://uptodatefree.ir/topic.htm?path=boceprevir-united-states-not-available-drug-information
https://uptodatefree.ir/topic.htm?path=ribavirin-drug-information
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group of DAA-treated HCV patients.  And found 

that Individuals who had an SVR had a considerably 

reduced incidence of HCC than those who did not 52. 
Shiha et al., (2020) evaluated 2400 patients 

in Egypt with advanced fibrosis to determine the 

prevalence of HCC in chronic hepatitis C patients' 

genotype 4 with liver cirrhosis and extensive hepatic 

fibrosis after achieving SVR with DAAs (F3-F4). He 

discovered that chronic hepatitis C genotype 4 

patients with liver cirrhosis (F4) and severe hepatic 

fibrosis (F3) who achieved SVR with DAAs had a 

lower risk of HCC 53. 

On the other hand, in two distinct research 

studies, DAAs were shown to increase the risk of 

hepatocellular cancer 54, 55. Authors, one from 

Portugal and the other from Austria, reported an 

exceptionally high prevalence of HCC after DAAs-

based HCV eradication. Cardoso et al. (2016) found 

that 7.4 percent of patients developed HCC after a 

year of viral clearance 54. Kozbial et al. (2016) 

showed that 5.2 percent of patients developed de 

novo HCC after SVR with DAAs during a 48-week 

follow-up 55.  

Calvaruso et al. (2018) who conducted his 

study on cirrhotic patients with HCV showed that 

(3.5 percent) had HCC over a 14-month average 

follow-up. In this cohort, a lack of SVR was 

associated with an increased risk of HCC 56. In the 

research done by Conti et al. (2016) the potential for 

HCC risk was assessed in 285 cirrhotic individuals 

who had no history of HCC and who were treated 

with DAAs. Regardless of the fact that DAAs 

achieve SVR in 91% of patients, the researchers note 

that DAAs-induced SVR did not diminish the risk of 

HCC in the near run 45. According, Huang et al. 

(2018) exposed the density of HCC formation and 

recurrence with DAAs and showed a higher risk of 

HCC incidence or recurring following DAAs 

treatments  57 

  Hassany et al. (2020) reported that the 

incidence of HCC is considerably greater in patients 

with non-SVR (23.8 percent) and (6.7 percent) in 

patients having SVR in a sample of 350 HCV-related 

liver cirrhosis (LC) patients treated with DAAs  58 

 

4. Characteristics of tumour after DAAs therapy 

 

Romano et al. (2015) found that, following 

DAAs, the tumour became more aggressive and was 

accompanied by a rise in the number of focal lesions 

and extrahepatic metastases, indicating the tumour 

growth is more rapid than normal in these patients 59. 

Furthermore, Renzulli et al. (2018) discovered that 

HCC occurred at greater incidence after DAAs 

therapy and that microvascular invasion was 

aggressive in individuals with HCV-related cirrhosis 
60

. 

Another study, conducted by Faillaci et al. 

(2018) showed that DAAs were linked to elevated 

levels of aggressiveness and tumour recurrence 61. 

In their study, Reig et al. (2016) discovered 

the increased aggressiveness of HCC in individuals 

with HCV infection and a history of successfully 

treated HCC were included in the trial, who achieved 

full response and lacked 'non-characterized nodules' 

at the time of starting all-oral direct acting antiviral 

medication for their HCV infection 44. 

In addition, Khalid et al., (2020) in their 

study, which was conducted on 234 HCC patients, 

the final analysis included 171 HCV-related HCC 

patients labelled as "TN" (HCV Treatment Naïve) 

without a history of therapy or health file prior to 

HCC diagnosis) (n = 120) and "TH" (HCV infection 

was treated with a DAAs-based strategy) (n = 51) 

using Aggressiveness Index termed AgI score.  

According to the findings of the study, patients over 

the age of 55 in the TH group exhibited tumor 

aggressiveness (AgI score > 4) with proportion more 

than the TN group (57.7 vs. 42.3 percent) 62  

Abdelaziz et al. (2019) found that in 

patients who received DAAs, the pattern of tumor 

formation or recurrence was characterized by greater 

AFP levels and is more infiltrative, suggesting the 

presence of substantial lymphadenopathy and 

malignant PVT 63. 

Fouad et al. (2019) conducted a study which 

comprised of two groups: group I (HCC patients with 

a DAAs history) and group II (HCC patients who 

never had DAAs treatment). The data demonstrated 

that HCC was much more multifocal in group I 

patients than in group II patients individuals. 

Furthermore, at the time of diagnosis, the tumour 

diameters of HCCs in group I patients were larger 

than those of HCCs in group II patients. More 

specifically, although less than 1% of patients in 

Group I had tumors smaller than 2 cm, more than 

15% of patients in Group II had tumors less than 2 

cm (P value 0.001), demonstrating more aggressive 

tumor behavior linked with a DAAs history. In both 

cases, the right lobe was the principal sufferer. 

Radiology found portal vein thrombosis (PVT) in 45 

percent of group I patients in comparison to only 21 

percent of group II patients (P value 0.001)  64. 

Some studies have connected the beginning 

of HCC to underlying abnormalities like high levels 

of fibrosis, HBV co - infection, or old age. 65. 

Another viewpoint suggests that DAAs cause 

immune surveillance mechanisms to become 

dysregulated as a result of the rapid clearance of viral 

particles, and this behavior has been confirmed by a 

number of investigations 66,67.  
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This dysregulation may lead to the 

restoration of innate immunity as a consequence of 

the down regulation of type II and III IFNs, their 

receptors, and IFN-stimulated genes. A reduction in 

IFN activation may promote the proliferation of 

malignant cells because IFN possesses the ability to 

inhibit angiogenesis and cell proliferation, whereas 

DAAs do not. In addition, after HCV eradication, one 

of the changes that is observed in the immune system 

is a decrease in the number of cytotoxic activity of 

natural killer cells in the liver, which favors a faster 

progression of HCC foci. This is one of the 

alterations that has been observed.65, 68. 

 5. Limitations: 

The main limitations of the included studies 

is that they didn’t include all the types of available 

DAAs, as the studies followed in most cases a certain 

protocol applied in the institution or the country 

where the study was performed. This could lead to 

inconclusive results due to difference in the virus 

genotypes that could affect the process of HCC 

development. Some of the studies didn’t illustrate the 

effect of long term follow up that couldn’t reflect the 

effect of DAAs on development of HCC along more 

prolonged period. The results of most of these studies 

couldn’t be generalized due to inclusion of a single 

race only in the analysis. The racial variations could 

also affect the development of HCC.  

 

6. Conclusion:  
 

The study finds that DAAs therapy does not 

increase the risk of de novo HCC following SVR 

However, patients with HCV cirrhosis who achieve 

SVR with DAAs, are still at risk of developing de 

novo HCC. HCC which occurs after DAAs therapy 

seem to be more aggressive and it’s growth is faster 

than usual. 

A Follow-up strategy must tackle these 

uncertainties concerning DAAs. Therefore, there 

should be careful monitoring of cirrhotic patients 

taking DAAs. In addition, future studies should be 

conducted to find ways of preventing HCC after 

DAAs. 

 

 Data collection: The following databases were 

searched: PubMed, Web of Science and Scopus. The 

search included all the papers published since 2010 

and later on. The following keywords were during 

the search process “HCC”, “DAAs”, “HCV”, “De 

novo”. The systematic reviews and meta-analyses 

were excluded. The search included cases series and 

case control studies.  

Funding: “This research received no external 

funding”. 

Acknowledgments: We sincerely thank  Dr .EL- 

Sayed Abd Elmaqsoud Khalil  Professor of internal 

medicine ( hepatogastrointrology) Mansoura 

univeristy faculty of medicine  for assisting with 

case selection., and Dr.  Zeinab Al Kasaby for her 

scientific support, we are grateful to the Mansoura 

University IRB Research Unit for providing ethical 

approval under code number :MS.19.04.560 

Conflicts of Interest “The authors declare no 

conflict of interest.”  

 

Ethical Statement: institutional review board 

Mansoura faculty of medicine Mansoura  

universityunder code number :MS.19.04.560 . 

Author Contribution:  the authors developed the 

theoretical formalism and contributed to the final 

version of the manuscript . 

List of Abbreviations: interferon(IFN), sustained 

virological response (SVR) , direct acting anti-viral 

therapy (DAAs) hepatocellular carcinoma (HCC), 

Hepatitis C virus (HCV), National Committee for 

Control of Viral Hepatitis (NCCVH), world health 

organization (WHO), hepatitis B viral (HBV), alpha 

fetoprotein (AFP), protease inhibitors (PIs), 

nucleoside polymerase inhibitors (NPIs), non-

nucleoside polymerase inhibitors (NNPIs), liver 

cirrhosis (LC) , portal vein thrombosis (PVT) 

  

REFERENCES 

1. Kapoor A, Simmonds P, Gerold G, Qaisar 

N, Jain K, Henriquez J A, et al. Characterization 

of a canine homolog of hepatitis C virus. 

Proceedings of the National Academy of 

Sciences. 2011;108(28):11608-13. 

2. Wang Y. Scotomas in molecular virology 

and epidemiology of hepatitis C virus. World 

Journal of Gastroenterology: WJG. 

2013;19(44):7910. 

3. Abdelwahab K M H, Saleh S A B, Ahmed 

G A and Gomaa Mady A M. Changes in Serum 

Level of Autotaxin with Direct-Acting Antiviral 

Therapy in Patients with Chronic Hepatitis C. 

QJM: An International Journal of Medicine. 

2021;114(Supplement_1):hcab100. 040. 

4. Jefferies M, Rauff B, Rashid H, Lam T 

and Rafiq S. Update on global epidemiology of 

viral hepatitis and preventive strategies. World 

journal of clinical cases. 2018;6(13):589. 

5. Seida Y A M, Moemen M M H, Moustafa 

M S A, Raouf M M E M and Elshaer N S M. 

Hepatitis-C virus infection and exposure to 



 

Occurrence of HCC in patient treated with DAAs  

23 

https://aijpms.journals.ekb.eg/ 

 

blood and body fluids among nurses and 

paramedical personnel at the Alexandria 

University Hospitals, Egypt. Alexandria Journal 

of Medicine. 2018;54(3):265-71. 

6. Elsharkawy A, El-Raziky M, El-Akel W, 

El-Saeed K, Eletreby R, Hassany M, et al. 

Planning and prioritizing direct-acting antivirals 

treatment for HCV patients in countries with 

limited resources: lessons from the Egyptian 

experience. Journal of hepatology. 

2018;68(4):691-8. 

7. Waked I, Doss W, El-Sayed M H, Estes C, 

Razavi H, Shiha G, et al. The current and future 

disease burden of chronic hepatitis C virus 

infection in Egypt. Arab J Gastroenterol. 

2014;15(2):45-52. 

8. Estes C, Abdel‐Kareem M, Abdel‐Razek 

W, Abdel‐Sameea E, Abuzeid M, Gomaa A, et 

al. Economic burden of hepatitis C in Egypt: the 

future impact of highly effective therapies. 

Alimentary pharmacology & therapeutics. 

2015;42(6):696-706. 

9. Waked I, Esmat G, Elsharkawy A, El-

Serafy M, Abdel-Razek W, Ghalab R, et al. 

Screening and treatment program to eliminate 

hepatitis C in Egypt. New England Journal of 

Medicine. 2020;382(12):1166-74. 

10. Jaffari H A and Mazhar S. Virus induced 

hepatocellular carcinoma (HCC) and protein 

biomarkers. Pakistan BioMedical Journal. 2021. 

11. Bray F, Ferlay J, Soerjomataram I, Siegel 

R L, Torre L A and Jemal A. Global cancer 

statistics 2018: GLOBOCAN estimates of 

incidence and mortality worldwide for 36 

cancers in 185 countries. CA: a cancer journal 

for clinicians. 2018;68(6):394-424. 

12. Petrick J L, Florio A A, Znaor A, Ruggieri 

D, Laversanne M, Alvarez C S, et al. 

International trends in hepatocellular carcinoma 

incidence, 1978–2012. International journal of 

cancer. 2020;147(2):317-30. 

13. Valery P C, Laversanne M, Clark P J, 

Petrick J L, McGlynn K A and Bray F. 

Projections of primary liver cancer to 2030 in 30 

countries worldwide. Hepatology. 

2018;67(2):600-11. 

14. Holah N S, El-Azab D S, Aiad H A and 

Sweed D M. Hepatocellular carcinoma in Egypt: 

epidemiological and histopathological 

properties. Menoufia Medical Journal. 

2015;28(3):718. 

15. Lo E C, Rucker A N and Federle M P, 

editors. Hepatocellular carcinoma and 

intrahepatic cholangiocarcinoma: imaging for 

diagnosis, tumor response to treatment and liver 

response to radiation. Seminars in radiation 

oncology; 2018: Elsevier. 

16. Ghouri Y A, Mian I and Rowe J H. 

Review of hepatocellular carcinoma: 

Epidemiology, etiology, and carcinogenesis. 

Journal of carcinogenesis. 2017;16. 

17. Bertino G, Malaguarnera G, Frazzetto E, 

Sciuto A, Inserra G, Zanghì G N, et al. 

Responsibility of hepatitis C virus in the 

development of hepatocellular carcinoma: From 

molecular alterations to possible solutions. 

World journal of hepatology. 2018;10(6):448. 

18. Vescovo T, Refolo G, Vitagliano G, Fimia 

G M and Piacentini M. Molecular mechanisms 

of hepatitis C virus-induced hepatocellular 

carcinoma. Clin Microbiol Infect. 

2016;22(10):853-61. 

19. Bourlière M, Bronowicki J-P, De 

Ledinghen V, Hézode C, Zoulim F, Mathurin P, 

et al. Ledipasvir-sofosbuvir with or without 

ribavirin to treat patients with HCV genotype 1 

infection and cirrhosis non-responsive to 

previous protease-inhibitor therapy: a 

randomised, double-blind, phase 2 trial 

(SIRIUS). The Lancet Infectious Diseases. 

2015;15(4):397-404. 

20. Charlton M, Everson G T, Flamm S L, 

Kumar P, Landis C, Brown Jr R S, et al. 

Ledipasvir and sofosbuvir plus ribavirin for 

treatment of HCV infection in patients with 

advanced liver disease. Gastroenterology. 

2015;149(3):649-59. 

21. Leroy V, Angus P, Bronowicki J P, Dore 

G J, Hezode C, Pianko S, et al. Daclatasvir, 

sofosbuvir, and ribavirin for hepatitis C virus 

genotype 3 and advanced liver disease: a 

randomized phase III study (ALLY‐3+). 

Hepatology. 2016;63(5):1430-41. 

22. Reig M, Mariño Z, Perelló C, 

Iñarrairaegui M, Ribeiro A, Lens S, et al. 

Unexpected high rate of early tumor recurrence 

in patients with HCV-related HCC undergoing 

interferon-free therapy. J Hepatol. 

2016;65(4):719-26. 



 

 

 

 

Fekry et al, Azhar Int J Pharm Med Sci 2025; Vol 1 (5):17-26. 

24 

https://aijpms.journals.ekb.eg/ 

23. Conti F, Buonfiglioli F, Scuteri A, Crespi 

C, Bolondi L, Caraceni P, et al. Early occurrence 

and recurrence of hepatocellular carcinoma in 

HCV-related cirrhosis treated with direct-acting 

antivirals. J Hepatol. 2016;65(4):727-33. 

24. Ravi S, Axley P, Jones D, Kodali S, 

Simpson H, McGuire B M, et al. Unusually High 

Rates of Hepatocellular Carcinoma After 

Treatment With Direct-Acting Antiviral 

Therapy for Hepatitis C Related Cirrhosis. 

Gastroenterology. 2017;152(4):911-2. 

25. Fouad M, El Kassas M, Ahmed E and El 

Sheemy R. Tumor characteristics of 

hepatocellular carcinoma after direct-acting 

antiviral treatment for hepatitis C: Comparative 

analysis with antiviral therapy-naive patients. 

World J Hepatol. 2021;13(11):1743-52. 

26. Muzica C M, Stanciu C, Huiban L, 

Singeap A M, Sfarti C, Zenovia S, et al. 

Hepatocellular carcinoma after direct-acting 

antiviral hepatitis C virus therapy: A debate near 

the end. World J Gastroenterol. 

2020;26(43):6770-81. 

27. Alberti A and Piovesan S. Increased 

incidence of liver cancer after successful DAA 

treatment of chronic hepatitis C: Fact or fiction? 

Liver Int. 2017;37(6):802-8. 

28. Perrella A, Rinaldi L, Galeota-Lanza A 

and Izzi A. DAAs and long-term clinical 

outcome in hepatitis C: the panacea for all 

diseases still does not exist. Am J Gastroenterol. 

2018;113(8):1251. 

29. Aghemo A and De Francesco R. New 

horizons in hepatitis C antiviral therapy with 

direct‐acting antivirals. Hepatology. 

2013;58(1):428-38. 

30. Hsu S-J, Yang S-S and Kao J-H. Risk of 

hepatocellular carcinoma development after 

hepatitis C virus eradicated by direct-acting 

antivirals: Fact or fiction? Journal of the 

Formosan Medical Association. 2020;119(1):3-

11. 

31. Tada T, Kumada T, Toyoda H, Kiriyama 

S, Tanikawa M, Hisanaga Y, et al. Viral 

eradication reduces all‐cause mortality in 

patients with chronic hepatitis C virus infection: 

a propensity score analysis. Liver international. 

2016;36(6):817-26. 

32. El-Serag H B, Kanwal F, Richardson P 

and Kramer J. Risk of hepatocellular carcinoma 

after sustained virological response in Veterans 

with hepatitis C virus infection. Hepatology. 

2016;64(1):130-7. 

33. Piñero F, Mendizabal M, Ridruejo E, Herz 

Wolff F, Ameigeiras B, Anders M, et al. 

Treatment with direct-acting antivirals for HCV 

decreases but does not eliminate the risk of 

hepatocellular carcinoma. Liver Int. 

2019;39(6):1033-43. 

34. Poordad F and Dieterich D. Treating 

hepatitis C: current standard of care and 

emerging direct‐acting antiviral agents. Journal 

of viral hepatitis. 2012;19(7):449-64. 

35. Pockros P J. New direct-acting antivirals 

in the development for hepatitis C virus 

infection. Therapeutic advances in 

gastroenterology. 2010;3(3):191-202. 

36. Pockros P J. Direct-acting antivirals for 

the treatment of hepatitis C virus infection. 

UpToDate Waltham, MA: UpToDate Inc 

http://www.uptodate.com (Accessed on 

February 02, 2017). 2015. 

37. Pockros P J. Advances in newly 

developing therapy for chronic hepatitis C virus 

infection. Frontiers of Medicine. 2014;8(2):166-

74. 

38. Kowdley K V, Gordon S C, Reddy K R, 

Rossaro L, Bernstein D E, Lawitz E, et al. 

Ledipasvir and sofosbuvir for 8 or 12 weeks for 

chronic HCV without cirrhosis. New England 

Journal of Medicine. 2014;370(20):1879-88. 

39. Zając M, Muszalska I, Sobczak A, Dadej 

A, Tomczak S and Jelińska A. Hepatitis C–New 

drugs and treatment prospects. European journal 

of medicinal chemistry. 2019;165:225-49. 

40. Bertino G, Ardiri A, Proiti M, Rigano G, 

Frazzetto E, Demma S, et al. Chronic hepatitis 

C: This and the new era of treatment. World 

journal of hepatology. 2016;8(2):92. 

41. Au J and Pockros P. Novel therapeutic 

approaches for hepatitis C. Clinical 

Pharmacology & Therapeutics. 2014;95(1):78-

88. 

42. EASL Recommendations on Treatment of 

Hepatitis C 2015. J Hepatol. 2015;63(1):199-

236. 

43. Gallay P A, Chatterji U, Bobardt M D, 

Long Z, Zhang S and Su Z. Characterization of 

http://www/


 

Occurrence of HCC in patient treated with DAAs  

25 

https://aijpms.journals.ekb.eg/ 

 

the Anti-HCV Activities of the New Cyclophilin 

Inhibitor STG-175. PLoS One. 

2016;11(4):e0152036. 

44. Reig M, Mariño Z, Perelló C, 

Iñarrairaegui M, Ribeiro A, Lens S, et al. 

Unexpected high rate of early tumor recurrence 

in patients with HCV-related HCC undergoing 

interferon-free therapy. Journal of hepatology. 

2016;65(4):719-26. 

45. Conti F, Buonfiglioli F, Scuteri A, Crespi 

C, Bolondi L, Caraceni P, et al. Early occurrence 

and recurrence of hepatocellular carcinoma in 

HCV-related cirrhosis treated with direct-acting 

antivirals. Journal of hepatology. 

2016;65(4):727-33. 

46. Kamal A, Elsheaita A and Abdelnabi M. 

Association between direct-acting antiviral 

agents in hepatitis C virus treatment and 

hepatocellular carcinoma occurrence and 

recurrence: The endless debate. World Journal 

of Clinical Cases. 2022;10(6):1764. 

47. Nahon P, Layese R, Bourcier V, Cagnot C, 

Marcellin P, Guyader D, et al. Incidence of 

Hepatocellular Carcinoma After Direct Antiviral 

Therapy for HCV in Patients With Cirrhosis 

Included in Surveillance Programs. 

Gastroenterology. 2018;155(5):1436-50.e6. 

48. Singer A W, Reddy K R, Telep L E, 

Osinusi A O, Brainard D M, Buti M, et al. 

Direct-acting antiviral treatment for hepatitis C 

virus infection and risk of incident liver cancer: 

a retrospective cohort study. Aliment Pharmacol 

Ther. 2018;47(9):1278-87. 

49. Roche B, Coilly A, Duclos-Vallee J C and 

Samuel D. The impact of treatment of hepatitis 

C with DAAs on the occurrence of HCC. Liver 

Int. 2018;38 Suppl 1:139-45. 

50. Waziry R, Hajarizadeh B, Grebely J, 

Amin J, Law M, Danta M, et al. Hepatocellular 

carcinoma risk following direct-acting antiviral 

HCV therapy: A systematic review, meta-

analyses, and meta-regression. J Hepatol. 

2017;67(6):1204-12. 

51. Ioannou G N, Green P K and Berry K. 

HCV eradication induced by direct-acting 

antiviral agents reduces the risk of 

hepatocellular carcinoma. J Hepatol. 2017. 

52. Kanwal F, Kramer J R, Asch S M, Cao Y, 

Li L and El-Serag H B. Long-Term Risk of 

Hepatocellular Carcinoma in HCV Patients 

Treated With Direct Acting Antiviral Agents. 

Hepatology. 2020;71(1):44-55. 

53. Shiha G, Soliman R, Mikhail N N and 

Easterbrook P. An educate, test and treat model 

towards elimination of hepatitis C infection in 

Egypt: Feasibility and effectiveness in 73 

villages. Journal of Hepatology. 

2020;72(4):658-69. 

54. Cardoso H, Vale A M, Rodrigues S, 

Gonçalves R, Albuquerque A, Pereira P, et al. 

High incidence of hepatocellular carcinoma 

following successful interferon-free antiviral 

therapy for hepatitis C associated cirrhosis. J 

Hepatol. 2016;65(5):1070-1. 

55. Kozbial K, Moser S, Schwarzer R, Laferl 

H, Al-Zoairy R, Stauber R, et al. Unexpected 

high incidence of hepatocellular carcinoma in 

cirrhotic patients with sustained virologic 

response following interferon-free direct-acting 

antiviral treatment. J Hepatol. 2016;65(4):856-8. 

56. Calvaruso V, Cabibbo G, Cacciola I, Petta 

S, Madonia S, Bellia A, et al. Incidence of 

Hepatocellular Carcinoma in Patients With 

HCV-Associated Cirrhosis Treated With Direct-

Acting Antiviral Agents. Gastroenterology. 

2018;155(2):411-21.e4. 

57. Hung T H, Liang C M, Hsu C N, Tai W C, 

Tsai K L, Ku M K, et al. Association between 

complicated liver cirrhosis and the risk of 

hepatocellular carcinoma in Taiwan. PLoS One. 

2017;12(7):e0181858. 

58. Hassany S M, Hassan W, Abo-Alam H, 

Khalaf M, Nafeh A M, Nasr-Eldin E, et al. 

Direct-Acting Antiviral Drugs and Occurrence 

of Hepatocellular Carcinoma: Unjust or 

Oppressed. Infect Drug Resist. 2020;13:1873-

80. 

59. Romano M, De Francesco F, Pirozzi G, 

Gringeri E, Boetto R, Di Domenico M, et al. 

Expression of cancer stem cell biomarkers as a 

tool for a correct therapeutic approach to 

hepatocellular carcinoma. Oncoscience. 

2015;2(5):443-56. 

60. Renzulli M, Buonfiglioli F, Conti F, 

Brocchi S, Serio I, Foschi F G, et al. Imaging 

features of microvascular invasion in 

hepatocellular carcinoma developed after direct-

acting antiviral therapy in HCV-related 

cirrhosis. Eur Radiol. 2018;28(2):506-13. 



 

 

 

 

Fekry et al, Azhar Int J Pharm Med Sci 2025; Vol 1 (5):17-26. 

26 

https://aijpms.journals.ekb.eg/ 

61. Faillaci F, Marzi L, Critelli R, Milosa F, 

Schepis F, Turola E, et al. Liver Angiopoietin-2 

Is a Key Predictor of De Novo or Recurrent 

Hepatocellular Cancer After Hepatitis C Virus 

Direct-Acting Antivirals. Hepatology. 

2018;68(3):1010-24. 

62. Khalid J, Umar M, Ur-Rehman T, Ali M 

and Khan G M. Tumor aggression among 

hepatitis-C related hepatocellular carcinoma 

patients: an observational study regarding the 

impact of anti-HCV therapy. Infect Agent 

Cancer. 2020;15:35. 

63. Abdelaziz A O, Nabil M M, 

Abdelmaksoud A H, Shousha H I, Hashem M B, 

Hassan E M, et al. Tumor behavior of 

hepatocellular carcinoma after hepatitis C 

treatment by direct-acting antivirals: 

comparative analysis with non-direct-acting 

antivirals-treated patients. Eur J Gastroenterol 

Hepatol. 2019;31(1):75-9. 

64. Fouad M, El Kassas M, Ahmed E and El 

Sheemy R. Tumor characteristics of 

hepatocellular carcinoma after direct-acting 

antiviral treatment for hepatitis C: Comparative 

analysis with antiviral therapy-naive patients. 

World Journal of Hepatology. 

2021;13(11):1743. 

 

 

 

 

 

 

 

 

 

 

 

 

 

65. El Kassas M, Elbaz T, Salaheldin M, 

Abdelsalam L, Kaseb A and Esmat G. Impact of 

treating chronic hepatitis C infection with direct-

acting antivirals on the risk of hepatocellular 

carcinoma: The debate continues–A mini-

review. Journal of Advanced Research. 

2019;17:43-8. 

66. Brown Robert S J. The possible 

association between DAA treatment for HCV 

infection and HCC recurrence. Gastroenterology 

& Hepatology. 2016;12(12):776. 

67. Abdelaziz A O, Nabil M M, 

Abdelmaksoud A H, Shousha H I, Hashem M B, 

Hassan E M, et al. Tumor behavior of 

hepatocellular carcinoma after hepatitis C 

treatment by direct-acting antivirals: 

comparative analysis with non-direct-acting 

antivirals-treated patients. European Journal of 

Gastroenterology & Hepatology. 

2019;31(1):75-9. 

68. Innes H, Barclay S T, Hayes P C, Fraser 

A, Dillon J F, Stanley A, et al. The risk of 

hepatocellular carcinoma in cirrhotic patients 

with hepatitis C and sustained viral response: 

role of the treatment regimen. Journal of 

hepatology. 2018;68(4):646-54. 

 

 


