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A B S T R A C T

Introduction and objectives: Hepatitis C virus (HCV) infections in patients with hemophilia lead to the devel-

opment of hepatocellular carcinoma (HCC) at a relatively younger age than that in patients without hemo-

philia. Although recent progress in direct-acting-antivirals has facilitated a high rate of sustained virological

response (SVR), the clinical influence of HCV eradication in hemophilia patients remains unclear. This study

aimed to compare the clinical outcomes of SVR against HCV in patients with and without hemophilia.

Patients and methods: The study enrolled 699 patients who achieved SVR after HCV antiviral treatment.

Patients were divided into two groups: 78 patients with hemophilia (H group) and 621 patients without

hemophilia (NH group). We evaluated patient characteristics, clinical outcomes, and the cumulative inci-

dence of HCC after SVR.

Results: Compared with the NH group, patients in the H-group were significantly younger and had a lower

hepatic fibrosis score. No difference was found in the incidence of liver-related disease or overall death

between the two groups over a mean follow-up period of 7 years.

Four patients in the H group and 36 patients in the NH group were diagnosed with HCC after SVR. Multivari-

ate analysis showed that male sex, age, and cirrhosis were significant risk factors for HCC incidence. There

was no significant difference in the cumulative incidence of HCC after propensity-score matching adjusting

for the risk factors of HCC between the two groups.

Conclusion: Hemophilia is not a significant risk factor for hepatocarcinogenesis after SVR against HCV.

© 2021 Fundación Clínica Médica Sur, A.C. Published by Elsevier España, S.L.U. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)
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1. Introduction

Hemophilia is a rare congenital bleeding disorder associated with

abnormalities in blood coagulation in approximately 1 in 10,000 indi-

viduals [1]. Clotting factor replacement is essential to treat patients

with hemophilia. Before introducing testing for anti-HCV antibodies

and heat inactivation, most patients with hemophilia were infected

with hepatitis C virus (HCV) because of the use of clotting factor con-

centrates contaminated with HCV[ 2, 3]. In comparison with patients

with chronic HCV infection without hemophilia, those with chronic

HCV infection and hemophilia are known to show the following clini-

cal differences: (1) the duration of infection can be estimated from

blood transfusion records; (2) a greater proportion of cases show co-

infection of hepatitis B virus (HBV) or human immunodeficiency virus

(HIV); (3) a greater proportion of cases show mixed HCV genotype

infection and (4) the patients may show a higher HCV viral load[ 4,5].

Elisabeth et al. reported that patients with hemophilia developed cir-

rhosis at an average age of 49 years and hepatocellular carcinoma

(HCC) at an average age of 57 years [6], while patients who showed

HCV infection without hemophilia are known to develop cirrhosis or

HCC at a relatively older age [7]. Although recent advances in HCV

Abbreviations: HCV, Hepatitis C virus; HCC, Hepatocellular carcinoma; SVR, Sustained

virological response; HBV, Hepatitis B virus; HIV, Human immunodeficiency virus;

DAAs, Direct acting antivirals; IFN, Interferon; BMI, Body mass index; FIB-4, Fibrosis

index based on four factors; AST, Aspartate aminotransferase; ALT, Alanine amino-

transferase; APRI, The aspartate aminotransferase to platelet ratio index; AFP, a-feto-

protein; DCP, Des-gamma-carboxyprothrombin; CT, Computed tomography; MRI,

Magnetic resonance imaging

* Corresponding author.

E-mail address: norihiro.imai@gmail.com (N. Imai).

https://doi.org/10.1016/j.aohep.2021.100545

1665-2681/© 2021 Fundación Clínica Médica Sur, A.C. Published by Elsevier España, S.L.U. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Annals of Hepatology 27 (2022) 100545

Contents lists available at ScienceDirect

Annals of Hepatology

journa l homepage : www.e lsev ie r .es /anna lso fhepato logy

http://crossmark.crossref.org/dialog/?doi=10.1016/j.aohep.2021.100545&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:norihiro.imai@gmail.com
https://doi.org/10.1016/j.aohep.2021.100545
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.aohep.2021.100545
http://www.ScienceDirect.com
http://www.elsevier.es/annalsofhepatology


treatment with the introduction of direct-acting antivirals (DAAs)

have enabled a high rate of sustained virological response (SVR) [8

−12], the clinical outcomes after SVR in patients with hemophilia

remain unclear. The aim of this study was to clarify liver carcinogene-

sis and clinical outcomes after SVR in patients with hemophilia.

2. Patients and methods

2.1. Study population

From January 2005 to December 2020, 850 patients with HCV

who achieved SVR by antiviral therapy with interferon (IFN) or DAA

were enrolled in this study. Patients were divided into two groups:

those with hemophilia (H group) and those without hemophilia

(NH group). Patients who met any of the following criteria were

excluded from the study: (1) HCC before antiviral treatment and (2)

less than one year of follow-up. Based on these criteria, 699 patients

(78 hemophilia patients, including 59 hemophilia type A and 19

hemophilia type B patients, and 621 non-hemophilia patients) were

analyzed retrospectively. The follow-up period was defined as the

duration from the confirmation of SVR to HCC development or the

last visit for HCC surveillance. SVR was defined as persistently nega-

tive results for serum HCV RNA at 6 months after treatment. This

study was approved by the ethics committee of Nagoya University

Hospital (2020-0479).

2.2. Clinical and laboratory data

Age, sex, body mass index (BMI), hemophilia status (hemophilia A

or B and severity: mild, moderate, or severe), alcohol consumption,

smoking history, and blood data of eligible patients at the time of

starting antiviral treatment were collected from the electronic medi-

cal record system. Liver fibrosis was assessed using the fibrosis index

based on four factors (FIB-4 score): age (years) £ aspartate amino-

transferase (AST) level (IU/L)/platelet count (£ 109/L) £ (alanine ami-

notransferase (ALT) level (IU/L)1/2) [13]. In addition, the aspartate

aminotransferase to platelet ratio index (APRI) was calculated as fol-

lows: 100 £ (AST level/upper limit of normal)/platelet count (£ 109

/L) [14]. Diabetes mellitus was diagnosed according to the American

Diabetes Association criteria [15]: (1) blood glucose ≥ 200 mg/dL at

any time, (2) fasting blood glucose ≥ 126 mg/dL, or (3) anti-diabetes

medication. Dyslipidemia was diagnosed as triglyceride ≥ 150 mg/dL,

high-density lipoprotein cholesterol < 40 mg/dL, low-density lipo-

protein cholesterol ≥ 140 mg/dL, or antilipidemic medication. Alcohol

consumption of more than 80 g/day was considered heavy drinking

[16]. The diagnosis of cirrhosis was determined by liver biopsy, imag-

ing, presence of varices, or fluid overload such as presence of edema

or ascites.

2.3. Treatment

A total of 327 patients treated before 2014 were mainly adminis-

tered a combination therapy of peg-interferon and ribavirin-based

regimen (peg-interferon and ribavirin: 271 patients; peg-interferon

and ribavirin with protease inhibitor, 56 patients). The treatment reg-

imen was decided according to the genotype of the virus and the viral

load. After DAAs became available in 2014, 372 patients were treated

with oral interferon-free DAA administration.

2.4. Hepatocellular carcinoma surveillance after sustained virological

response

After confirming SVR in the first 6 months, patients were followed

up periodically at an interval of at least 6 months. The levels of tumor

markers, a-fetoprotein (AFP), des-gamma-carboxyprothrombin

(DCP), and liver enzymes were evaluated at every visit. Imaging

examinations, such as abdominal ultrasonography, computed tomog-

raphy (CT), or magnetic resonance imaging (MRI) was performed

every 6 months for HCC surveillance. When HCC was suspected,

dynamic contrast-enhanced CT, dynamic contrast-enhanced MRI,

and contrast-enhanced ultrasonography were performed to confirm

the diagnosis. The diagnosis of HCC was mainly based on typical

imaging features (presence of arterial enhancement and washout on

portal phase).

2.5. Statistical analysis

Continuous variables were expressed as medians (interquartile

range) and analyzed using the Mann−Whitney U-test. Categorical

variables were analyzed using the chi-squared test or Fisher’s exact

test. The cumulative incidence of HCC was determined by the Kaplan

−Meier method, and differences between the H and NH groups were

assessed by the log-rank test. Cox proportional hazard models were

used to determine the risk factors for HCC after SVR. First, we per-

formed univariate analysis, followed by multivariate analysis includ-

ing hemophilia and the following variables, which had P values less

than 0.1 in the univariate analysis and were associated with HCC:

age, male sex, liver cirrhosis, and use of DAAs. Propensity-score

matching was performed to minimize the differences in baseline

characteristics between the H and NH groups. The following variables

were included in a multiple logistic regression to derive propensity

scores: age, sex, alcohol consumption, HBV infection, use of DAAs,

liver cirrhosis, APRI, and HCV genotype 1b. One-to-one propensity-

score matching was performed by nearest-neighbor matching with a

caliper width of 0.2, multiplied by the SD of the linearly transformed

propensity scores. Statistical significance was set at P < 0.05.

All statistical analyses were performed using EZR (Saitama

Medical Center, Jichi Medical University, Saitama, Japan), a graphical

user interface for R (The R Foundation for Statistical Computing,

Vienna, Austria).

3. Results

The study design is illustrated in Fig. 1. Analyses were performed

on 78 patients in the H group and 621 patients in the NH group.

A comparison of patient characteristics is shown in Table 1. All

patients in the H group were men. The patients in the H group were

significantly younger at the start of antiviral treatment, showed more

co-infection with HIV and HBV, and had a lower FIB-4 score than

those in the NH group; however, there was no intergroup difference

in the rate of APRI or cirrhosis, suggesting that younger age deter-

mined lower FIB-4 score. IFN-based therapy was administered more

frequently in the H group. At the start of antiviral treatment, the H

group showed higher ALT levels, creatinine, albumin, and lower pro-

thrombin time.

Although patients in the H group were 16 years younger than

those in the NH group, there was no intergroup difference in overall

survival after achieving SVR (Fig. 2). In the H group, the cause of death

was liver failure in one case, cancer of other organs in two cases (one

had colon cancer, the other had lung cancer), and bleeding events in

three cases (one had cerebral hemorrhage and two had hemothorax).

In the NH group, four patients died of HCC, five of cancer of other

organs (two had intrahepatic cholangiocarcinoma, one had colon

cancer, one had pancreatic cancer, and one had lung cancer), three

had pneumonia, three of vascular events, and three of unknown

causes.

The cumulative incidence of HCC after SVR in the two groups is

shown in Fig. 3. HCC developed within 10 years after SVR in 8% of

patients in the H group and 6% in the NH group. Comparing the

patient backgrounds at the time of starting antiviral treatment

showed that the H group had a relatively younger age at the time of

antiviral treatment, a lower FIB-4 score, and a significantly longer
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time to liver carcinogenesis than the NH group (Supplementary

Table 1).

The Cox proportional hazard model was employed, adding varia-

bles with P values < 0.1 in univariate analysis and were associated

with HCC (age, male sex, liver cirrhosis, and DAA) (Supplementary

Table 2). Age, male sex, and liver cirrhosis were selected as risk fac-

tors (P < 0.05); however, the presence of hemophilia was not identi-

fied as a significant risk factor for HCC after SVR (Table 2). Regarding

the genetic factors relating to HCC occurrence [17,18,19], host genetic

variants in IL28B, TLL1, and PNPLA3 were measured in 226, 223, and

420 patients, respectively. However, these variants were not selected

as independent risk factors for HCC development after SVR in our

cohort (data not shown).

Since the H group in this study was significantly younger and all

patients were male (Table 1), there are some possible biases in the

two factors contributing to liver carcinogenesis. For a more detailed

analysis of the risk of HCC after SVR in patients with hemophilia, we

conducted propensity-score matching for the factors involved

in liver carcinogenesis. We thereafter compared the cumulative

incidence of HCC after SVR between the H and NH groups

Fig. 1. Study design. HCV, hepatitis C virus; SVR, sustained virological response; HCC, hepatocellular carcinoma

Table 1

Patient characteristics

Patients with hemophilia (n = 78) Patients without hemophilia (n = 621) P value

Age (years)y 44 (36-53) 60 (50-70) <0.001

Sex (male/female) 78/0 294/327 <0.001

Body mass index (kg/m2)y 21.65 (20.10-23.52) 21.90 (19.80-24.10) 0.713

AST (IU/L)y 38 (29-54) 35 (26-53) 0.383

ALT (IU/L)y 46 (32-64) 37 (23-63) <0.001

Albumin (g/dL)y 4.3 (4.1-4.5) 4.1 (3.8-4.3) <0.001

Total bilirubin (mg/dL)y 0.8 (0.6-1.0) 0.8 (0.6-1.0) 0.332

Creatinine (mg/dL)y 0.7 (0.6-0.9) 0.7 (0.6-0.8) 0.022

Platelet count (£ 104/mm3)y 17.8 (13.5-22.4) 16.9 (12.8-20.8) 0.279

Prothrombin time (%)y 94.3 (84.9-100.8) 97.2 (89.6-106.0) 0.022

a-Fetoprotein (ng/mL)y 4.0 (3.0-6.3) 5.0 (3.0-8.0) 0.794

Des-g-carboxyprothrombin (mAU/ml)y 20.5 (17.3-26.0) 19.0 (15.0-25.0) 0.337

FIB-4y 1.44 (0.93-1.98) 2.21 (1.35-3.60) <0.001

APRIy 0.55 (0.37-0.95) 0.54 (0.34-0.96) 0.963

HBV coinfection (yes/no) 4/71 1/479 0.001

HIV coinfection (yes/no) 14/55 0/243 <0.001

HCV RNA (log IU/mL)y 6.5 (6.0-6.9) 6.4 (5.9-6.8) 0.414

Genotype (1/1a/1b/1b+2b/2/2a/2b/3a/4) 7/19/23/1/0/6/2/7/2 22/3/390/0/7/118/44/0/0 >0.999

Liver cirrhosis (yes/no) 4/74 44/577 0.640

HCC after eradication of HCV (yes/no) 4/74 36/585 >0.999

DAA/IFN 35/43 337/284 0.120

History of IFN treatment before DAAs (yes/no) 19/16 121/216 0.196

Dyslipidemia (yes/no) 1/63 46/536 0.074

Diabetes mellitus (yes/no) 4/60 74/509 0.159

Alcohol abuse (yes/no) 11/43 97/408 0.856

Smoking (yes/no) 19/33 121/377 0.065

Follow-up period (day)y 1855 (1554-4770) 1827 (1393-3563) 0.070

AST, aspartate aminotransferase; ALT, alanine aminotransferase; FIB-4, fibrosis-4 score; APRI, aspartate aminotransferase-to-platelet ratio

index; HBV, hepatitis B virus; HIV, human immunodeficiency virus; HCC, hepatocellular carcinoma; HCV, hepatitis C virus; DAA, direct-acting

antiviral; IFN, interferon

* Values are expressed as median (interquartile range).
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(Supplementary Table 3). Notably, there was no significant differ-

ence in the cumulative incidence of HCC after SVR between the two

groups (Fig. 4).

4. Discussion

This study investigated liver carcinogenesis and the long-term

patients’ prognosis with and without hemophilia after HCV

eradication. There was no difference in the overall survival after SVR

or in the cumulative incidence of HCC in the H and NH groups. Thus,

hemophilia was not an independent risk factor for HCC development

after SVR.

HCC development in patients with HCV is strongly associated with

an increased risk of advanced fibrosis and cirrhosis, with HCC occur-

ring in 1%-2% of patients with mild fibrosis (F2), 5% of those with F3

fibrosis, and 7%-8% of those with cirrhosis (F4) per year [20].

Although lower hepatocarcinogenesis rates after HCV eradication

have been widely reported, [21,22] liver carcinogenesis does occur

after HCV eradication, albeit in a low proportion. Male sex, older age,

alcohol abuse, HBV co-infection, cirrhosis, and HCV genotypes are

known HCC occurrence risk factors [23,24,25]. Especially after HCV

eradication, the risk factors for HCC development were reported as

cirrhosis, alcohol use, older age, and HCV genotypes 3 [26]. In this

study, the risk factors for HCC were male sex, older age, HBV infec-

tion, and cirrhosis.

Patients with hemophilia have been shown to develop cirrhosis

and HCC at a relatively younger age than those without hemophilia

[6,7,27]. A cohort study of 4,865 patients with hemophilia in the UK

showed a 5.6-fold higher risk of HCC-related death and 16.7-fold

higher risk of death due to liver disease than the general population

[28]. Dirk et al. reported that HIV co-infection, older age at HCV infec-

tion, alcohol abuse, and the presence of genotype 1 were

Fig. 2. Comparison of overall survival between the two groups. The graph shows a

comparison of overall survival in hemophilia and non-hemophilia groups after achiev-

ing SVR. There was no difference between the two groups with the log-rank test. The

numbers below show the number of patients at risk in each group. H group, hemo-

philia group; NH group, non-hemophilia group

Fig. 3. Comparison of cumulative incidence of HCC after achieving SVR between the

two groups. The graph compares the cumulative incidence of HCC after achieving SVR

in hemophilia and non-hemophilia groups. The two groups showed no difference with

the log-rank test. The numbers below show the number of patients at risk in each

group. HCC, hepatocellular carcinoma; SVR, sustained virological response; H group,

hemophilia group; NH group, non-hemophilia group

Table 2

Multivariate analysis of risk factors for HCC after SVR in

the Cox proportional hazard model

HR 95% CI P value

Age 1.095 1.056-1.136 <0.001

Male 4.309 1.995-9.307 <0.001

Liver cirrhosis 8.773 4.186-18.390 <0.001

DAA 1.099 0.430-2.809 0.843

Hemophilia 1.407 0.471-4.201 0.541

HCC, hepatocellular carcinoma; SVR, sustained virologi-

cal response; HR, hazard ratio; CI, confidence interval;

DAA, direct-acting antiviral

Fig. 4. Cumulative incidence of HCC after propensity-score matching. The graph shows

a comparison of hemophilia and non-hemophilia groups for the cumulative incidence

of HCC after propensity-score matching. There was no difference between the H and

NH groups with the log-rank test. The numbers below show the number of patients at

risk in each group. H-group, hemophilia group; NH group, non-hemophilia group;

HCC, hepatocellular carcinoma.
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independent risk factors for progression to end-stage liver disease in

patients with hemophilia [29]. These facts suggest that hemophilia

may be a risk factor for liver carcinogenesis; however, the present

results showed that hemophilia is not a risk factor for HCC carcino-

genesis, at least after SVR.

In recent years, the use of DAAs has allowed the eradication of

HCV with a high probability without causing severe adverse events

[8−12]. Therefore, the management of cirrhosis and surveillance of

HCC after SVR has become more important. Achievement of SVR has

been widely recognized to improve the prognosis of non-hemophilic

patients with HCV [30,31]. Among patients with hemophilia, the

safety and efficacy of antiviral treatment for HCV by IFN or DAAs

have also been reported [32]. However, Maor et al. reported that

achievement of SVR with IFN therapy did not affect overall survival

in patients with hemophilia [33]. For these reasons, the treatment

course and clinical outcomes after SVR in hemophilia patients with

HCV remain controversial.

In this study, we found no significant difference in the cumulative

incidence of HCC after SVR or the long-term prognosis in patients

with and without hemophilia, suggesting that SVR could reduce the

rates of liver carcinogenesis and liver disease-related mortality in

both groups of patients.

HCV−HIV co-infection is associated with increased rates of fibro-

sis and cirrhosis, [34−36] and this co-infection has a major adverse

effect on the long-term prognosis of patients with hemophilia

[37,38]. However, in our cohort, we found no incidence of HCC in

patients with HCV-HIV co-infection. This might be because all

patients with HIV co-infection were adequately treated for HIV and

had undetectable levels of HIV.

In this study, the cumulative incidence of HCC after SVR with DAA

treatment was significantly higher than that after IFN treatment

(Supplementary Figure 1). This may have been due to the higher pro-

portion of older patients and patients with liver cirrhosis in the DAA

treatment group (Supplementary Table 4). Of the 372 patients treated

with DAA, 140 had previously received IFN. HCC was observed in six

patients treated with IFN and 15 patients without IFN treatment.

There was no relationship between previous IFN treatment and HCC

development in our DAA cohort. A greater proportion of patients

with hemophilia received IFN, and the treatment course might have

influenced a lower cumulative incidence of HCC in these patients;

however, multivariate analysis in the Cox proportional hazard model

showed that DAA treatment was not a significant risk factor for HCC

(Table 2). Moreover, propensity-score matching showed no differ-

ence in the cumulative incidence of HCC in the H group (Fig. 4), indi-

cating that hemophilia was not a risk factor for hepatocarcinogenesis.

This may be partly due to the small number of cases in the H group

and the small number of HCCs. Of note, four patients with HCC in the

hemophilia group had no liver cirrhosis, which might suggest HCC

development risk factors in hemophilia irrespective of liver cirrhosis.

Due to the limited number of HCC patients in the hemophilia group,

further study is needed to clarify this concern.

Although there were no differences in overall survival, deaths

from liver failure (n = 1) and bleeding events (n = 3) were observed in

patients with hemophilia during the study period. Since the age in

the H group at the time of starting antiviral treatment was 16 years

younger than that in the NH group, careful observation is needed in

patients with hemophilia even after eradication of HCV.

5. Limitations

This study had some limitations. First, this was a single-center ret-

rospective study. Second, only patients who achieved SVR were

enrolled in this study, which might have led to a selection bias.

Therefore, it remains unclear whether the eradication of HCV directly

improves the prognosis of hemophilia patients. Third, viral and host

factors were not considered.

6. Conclusion

Hemophilia was not a risk factor for HCC after SVR. The eradica-

tion of HCV could decrease liver-related diseases, including HCC, in

patients with and without hemophilia.

Author contributions

Conceptualization: N.I. Data curation: N.I, Y.I, K.Y, T.I. Formal anal-

ysis: N.I, Y.I, Y.I, T.H. Methodology: N.I, S.O, T.K. Project administra-

tion: N.S, T.M, M.I, M.F. Visualization: Y.I, N.I. Writing − original draft:

Y.I. Writing − review, and editing: N.I, Y.I. Approval of final manu-

script: all authors.

Conflicts of interest

The authors have no conflicts of interest associated with this

manuscript.

Acknowledgments

The authors thank Dr. Satoshi Yasuda (Ogaki Municipal Hospital,

Gifu, Japan) for assistance with data collection.

Supplementary materials

Supplementary material associated with this article can be found,

in the online version, at doi:10.1016/j.aohep.2021.100545.

References

[1] Carcao M. The diagnosis and management of congenital hemophilia. Semin
Thromb Hemost 2012;38:727–34. https://doi.org/10.1055/s-0032-1326786.

[2] Papadopoulos N, Argiana V, Deutsch M. Hepatitis C infection in patients with
hereditary bleeding disorders: epidemiology, natural history, and management.
Ann Gastroenterol 2018;31:35–41. https://doi.org/10.20524/aog.2017.0204.

[3] Laurian Y, Blanc A, Delaney SR, Allain J-P. All hemophiliacs have markers of HCV.
Vox Sang 1992;62:55–6 Exposed -0410.1992.tb01170.x. https://doi.org/10.1111/
j.1423.

[4] Fujimura Y, Ishimoto S, Shimoyama T, Narita N, Kuze Y, Yoshioka A, et al. Geno-
types and multiple infections with hepatitis C virus in patients with haemophilia
A in Japan. J Viral Hepat 1996;3:79–84. https://doi.org/10.1111/j.1365-2893.1996.
tb00085.x.

[5] Eyster M, Fried M, Di Bisceglie A, Goedert J. Increasing hepatitis C virus RNA levels
in hemophiliacs: relationship to human immunodeficiency virus infection and
liver disease. Multicenter Hemophilia Cohort Study. Blood 1994;84:1020–3.
https://doi.org/10.1182/blood.V84.4.1020.1020.

[6] Elisabeth D, Van De Putte F, Makris M, Fischer K, Yee TT, Kirk L, et al. Long-term
follow-up of hepatitis C infection in a large cohort of patients with inherited
bleeding disorders. J Hepatol 2014;60:39–45. https://doi.org/10.1016/j.jhep.2013.
08.010.

[7] McGlynn KA, Petrick JL, El-Serag HB. Epidemiology of Hepatocellular Carcinoma.
Hepatology 2021;73:4–13. https://doi.org/10.1002/hep.31288.

[8] Lawitz E, Sulkowski MS, Ghalib R, Rodriguez-Torres M, Younossi ZM, Corregidor
A, et al. Simeprevir plus sofosbuvir, with or without ribavirin, to treat chronic
infection with hepatitis C virus genotype 1 in non-responders to pegylated inter-
feron and ribavirin and treatment-naive patients: the COSMOS randomised study.
Lancet 2014;384:1756–65. https://doi.org/10.1016/S0140-6736(14)61036-9.

[9] Sulkowski MS, Gardiner DF, Rodriguez-Torres M, Reddy KR, Hassanein T, Jacobson
I, et al. Daclatasvir plus Sofosbuvir for Previously Treated or Untreated Chronic
HCV Infection. N Engl J Med 2014;370:211–32. https://doi.org/10.1056/NEJ-
Moa1306218.

[10] Ferenci P, Bernstein D, Lalezari J, Cohen D, Luo Y, Cooper C, et al. ABT-450/r-Ombi-
tasvir and Dasabuvir with or without Ribavirin for HCV. N Engl J Med
2014;21:1983–92. https://doi.org/10.1056/NEJMoa1402338.

[11] Sulkowski M, Hezode C, Gerstoft J, Vierling JM, Mallolas J, Pol S, et al. Efficacy and
safety of 8 weeks versus 12 weeks of treatment with grazoprevir (MK-5172) and
elbasvir (MK-8742) with or without ribavirin in patients with hepatitis C virus
genotype 1 mono-infection and HIV/hepatitis C virus co-infection (C-WORTHY):a
tandomised, open-label phase 2 trial. Lancet 2015;385:1087–97.

[12] Kowdley K V, Gordon SC, Reddy KR, Rossaro L, Bernstein DE, Lawitz E, et al. Ledi-
pasvir and Sofosbuvir for 8 or 12 Weeks for Chronic HCV without Cirrhosis. N
Engl J Med 2014;370:1879–88. https://doi.org/10.1056/NEJMoa1402355.

[13] Sterling RK, Lissen E, Clumeck N, Sola R, Correa MC, Montaner J, et al. Develop-
ment of a simple noninvasive index to predict significant fibrosis in patients with
HIV/HCV coinfection. Hepatology 2006;43:1317–25.

Y. Inukai, N. Imai, K. Yamamoto et al. Annals of Hepatology 27 (2022) 100545

5

https://doi.org/10.1016/j.aohep.2021.100545
https://doi.org/10.1055/s-0032-1326786
https://doi.org/10.20524/aog.2017.0204
https://doi.org/10.1111/j.1423
https://doi.org/10.1111/j.1423
https://doi.org/10.1111/j.1365-2893.1996.<?A3B2 re3j?>tb00085.x
https://doi.org/10.1111/j.1365-2893.1996.<?A3B2 re3j?>tb00085.x
https://doi.org/10.1182/blood.V84.4.1020.1020
https://doi.org/10.1016/j.jhep.2013.<?A3B2 re3j?>08.010
https://doi.org/10.1016/j.jhep.2013.<?A3B2 re3j?>08.010
https://doi.org/10.1002/hep.31288
https://doi.org/10.1016/S0140-6736(14)61036-9
https://doi.org/10.1056/NEJMoa1306218
https://doi.org/10.1056/NEJMoa1306218
https://doi.org/10.1056/NEJMoa1402338
http://refhub.elsevier.com/S1665-2681(21)00244-1/sbref0011
http://refhub.elsevier.com/S1665-2681(21)00244-1/sbref0011
http://refhub.elsevier.com/S1665-2681(21)00244-1/sbref0011
http://refhub.elsevier.com/S1665-2681(21)00244-1/sbref0011
http://refhub.elsevier.com/S1665-2681(21)00244-1/sbref0011
https://doi.org/10.1056/NEJMoa1402355
http://refhub.elsevier.com/S1665-2681(21)00244-1/sbref0013
http://refhub.elsevier.com/S1665-2681(21)00244-1/sbref0013
http://refhub.elsevier.com/S1665-2681(21)00244-1/sbref0013


[14] Wai CT, Greenson JK, Fontana RJ, Kalbfleisch JD, Marrero JA, Conjeevaram HS,
et al. A simple noninvasive index can predict both significant fibrosis and cirrho-
sis in patients with chronic hepatitis C. Hepatology 2003;38:518–26. https://doi.
org/10.1053/jhep.2003.50346.

[15] American Diabetes Association. Diagnosis and classification of diabetes mellitus.
Diabetes Care 2014;37:S81–90. https://doi.org/10.2337/dc14-S081.

[16] Crabb DW, Im GY, Szabo G, Mellinger JL, Lucey MR. Diagnosis and Treatment of
Alcohol-Associated Liver Diseases: 2019 Practice Guidance From the American
Association for the Study of Liver Diseases. Hepatology 2020;71:306–33. https://
doi.org/10.1002/hep.30866.

[17] Joshita S, Umemura T, Katsuyama Y, Ichikawa Y, Kimura T, Morita S, et al. Associa-
tion of IL28B gene polymorphism with development of hepatocellular carcinoma
in Japanese patients with chronic hepatitis C virus infection. Hum Immunol
2012;73:298–300. https://doi.org/10.1016/j.humimm.2011.12.021.

[18] Iio E, Matsuura K, Shimada N, Atsukawa M, Itokawa N, Abe H, et al. TLL1 variant
associated with development of hepatocellular carcinoma after eradication of
hepatitis C virus by interferon-free therapy. J Gastroenterol 2019;54:339–46.
https://doi.org/10.1007/s00535-018-1526-3.

[19] Miki D, Akita T, Kurisu A, Kawaoka T, Nakajima T, Hige S, et al. PNPLA3 and HLA-
DQB1 polymorphisms are associated with hepatocellular carcinoma after hepati-
tis C virus eradication. J Gastroenterol 2020;55:1162–70. https://doi.org/10.1007/
s00535-020-01731-6.

[20] Yoshida H, Shiratori Y, Moriyama M, Arakawa Y, Ide T, Sata M, et al. Interferon
therapy reduces the risk for hepatocellular carcinoma: National surveillance
program of cirrhotic and noncirrhotic patients with chronic hepatitis C in Japan.
Ann Intern Med 1999;131:174–81. https://doi.org/10.7326/0003-4819-131-3-
199908030-00003.

[21] Hiramatsu N, Oze T, Takehara T. Suppression of hepatocellular carcinoma devel-
opment in hepatitis C patients given interferon-based antiviral therapy. Hepatol
Res 2015;45:152–61. https://doi.org/10.1111/hepr.12393.

[22] Morgan RL, Baack B, Smith BD, Yartel A, Pitasi M, Falck-Ytter Y. Eradication of
Hepatitis C Virus Infection and the Development of Hepatocellular Carcinoma.
Ann Intern Med 2013;158:329–37. https://doi.org/10.7326/0003-4819-158-5-
201303050-00005.

[23] El-Serag HB. Epidemiology of viral hepatitis and hepatocellular carcinoma. Gas-
troenterology 2012;142 1264-73.el. https://doi.org/10.1053/j.gastro.2011.12.061.

[24] Lee MH, Hsiao TI, Subramaniam SR, Le AK, Vu VD, Trinh HN, et al. HCV Genotype 6
Increased the Risk for Hepatocellular Carcinoma among Asian Patients with Liver
Cirrhosis. Am J Gastroenterol 2017;112:1111–9 Epub 2017 Apr 25. https://doi.
org/10.1038/ajg.2017.123.

[25] Ampuero J, Romero-G~omez M, Reddy KR. Review article: HCV genotype 3 - The
new treatment challenge [Internet]. Aliment Pharmacol Ther 2014;39:686–98.
https://doi.org/10.1111/apt.12646.

[26] Kanwal F, Kramer JR, Asch SM, Cao Y, Li L, El-Serag HB. Long-Term Risk of Hepato-
cellular Carcinoma in HCV Patients Treated With Direct Acting Antiviral Agents.
Hepatology 2020;71:44–55. https://doi.org/10.1002/hep.30823.

[27] Yamamoto T, Imai N, Yamamoto K, Ito T, Ishizu Y, Honda T, et al. Safety and effi-
cacy of percutaneous radiofrequency ablation for hepatocellular carcinoma
patients with haemophilia. Haemophilia 2021;27:100–7. https://doi.org/10.1111/
hae.14220.

[28] Darby SC, SauWK, Spooner RJ, Giangrande PLF, Hill FGH, Hay CRM, et al. Mortality
rates, life expectancy, and causes of death in people with hemophilia A or B in the
United Kingdom who were not infected with HIV. Blood 2007;110:815–25.
https://doi.org/10.1182/blood-2006-10-050435.

[29] Posthouwer D, Makris M, Yee TT, Fischer K, Van Veen JJ, Griffioen A, et al. Progres-
sion to end-stage liver disease in patients with inherited bleeding disorders and
hepatitis C: An international, multicenter cohort study. Blood 2007;109:3667–71.
https://doi.org/10.1182/blood-2006-08-038349.

[30] Van Der Meer AJ, Veldt BJ, Feld JJ, Wedemeyer H, Dufour JF, Lammert F, et al.
Association between sustained virological response and all-cause mortality
among patients with chronic hepatitis C and advanced hepatic fibrosis. JAMA
2012;308:2584–93. https://doi.org/10.1001/jama.2012.144878.

[31] Morgan TR, Ghany MG, Kim HY, Snow KK, Shiffman ML, De Santo JL, et al.
Outcome of sustained virological responders with histologically advanced
chronic hepatitis C. Hepatology 2010;52:833–44. https://doi.org/10.1002/
hep.23744.

[32] Walsh CE, Workowski K, Terrault NA, Sax PE, Cohen A, Bowlus CL, et al. Ledipas-
vir-sofosbuvir and sofosbuvir plus ribavirin in patients with chronic hepatitis C
and bleeding disorders. Haemophilia 2017;23:198–206. https://doi.org/10.1111/
hae.13178.

[33] Maor Y, Schapiro JM, Bashari D, Martinowitz U. Survival of hepatitis C-infected
haemophilia patients is predicted by presence of cirrhosis but not by anti-viral
treatment. Ann Hepatol 2014;13:753–61.

[34] Benhamou Y, Bochet M, Di Martino V, Charlotte F, Azria F, Coutellier A, et al.
Liver fibrosis progression in human immunodeficiency virus and hepatitis C virus
coinfected patients. Hepatology 1999;30:1054–8. https://doi.org/10.1002/hep.
510300409.

[35] Thein H-H, Yi Q, Dore GJ, Krahn MD. Natural history of hepatitis C virus infection
in HIV-infected individuals and the impact of HIV in the era of highly active anti-
retroviral therapy: a meta-analysis. AIDS 2008;22:1979–91.

[36] de L�edinghen V, Barreiro P, Foucher J, Labarga P, Cast�era L, Vispo ME, et al. Liver
fibrosis on account of chronic hepatitis C is more severe in HIV-positive than HIV-
negative patients despite antiretroviral therapy. J Viral Hepat 2008;15:427–33.
https://doi.org/10.1093/ofid/ofv214.

[37] Darby SC, Ewart DW, Giangrande PLF, Spooner RJD, Rizza CR, Dusheiko GM, et al.
Mortality from liver cancer and liver disease in haemophilic men and boys in UK
given blood products contaminated with hepatitis C. Lancet 1997;350:1425–31.
https://doi.org/10.1016/s0140-6736(97)05413-5.

[38] Franchini M, Rossetti G, Tagliaferri A, Capra F, De Maria E, Pattacini C, et al. The
natural history of chronic hepatitis C in a cohort of HIV-negative Italian patients
with hereditary bleeding disorders. Blood 2001;98:1836–41. https://doi.org/
10.1182/blood.V98.6.1836.

Y. Inukai, N. Imai, K. Yamamoto et al. Annals of Hepatology 27 (2022) 100545

6

https://doi.org/10.1053/jhep.2003.50346
https://doi.org/10.1053/jhep.2003.50346
https://doi.org/10.2337/dc14-S081
https://doi.org/10.1002/hep.30866
https://doi.org/10.1002/hep.30866
https://doi.org/10.1016/j.humimm.2011.12.021
https://doi.org/10.1007/s00535-018-1526-3
https://doi.org/10.1007/s00535-020-01731-6
https://doi.org/10.1007/s00535-020-01731-6
https://doi.org/10.7326/0003-4819-131-3-199908030-00003
https://doi.org/10.7326/0003-4819-131-3-199908030-00003
https://doi.org/10.1111/hepr.12393
https://doi.org/10.7326/0003-4819-158-5-201303050-00005
https://doi.org/10.7326/0003-4819-158-5-201303050-00005
https://doi.org/10.1053/j.gastro.2011.12.061
https://doi.org/10.1038/ajg.2017.123
https://doi.org/10.1038/ajg.2017.123
https://doi.org/10.1111/apt.12646
https://doi.org/10.1002/hep.30823
https://doi.org/10.1111/hae.14220
https://doi.org/10.1111/hae.14220
https://doi.org/10.1182/blood-2006-10-050435
https://doi.org/10.1182/blood-2006-08-038349
https://doi.org/10.1001/jama.2012.144878
https://doi.org/10.1002/hep.23744
https://doi.org/10.1002/hep.23744
https://doi.org/10.1111/hae.13178
https://doi.org/10.1111/hae.13178
http://refhub.elsevier.com/S1665-2681(21)00244-1/sbref0033
http://refhub.elsevier.com/S1665-2681(21)00244-1/sbref0033
http://refhub.elsevier.com/S1665-2681(21)00244-1/sbref0033
https://doi.org/10.1002/hep.<?A3B2 re3j?>510300409
https://doi.org/10.1002/hep.<?A3B2 re3j?>510300409
http://refhub.elsevier.com/S1665-2681(21)00244-1/sbref0035
http://refhub.elsevier.com/S1665-2681(21)00244-1/sbref0035
http://refhub.elsevier.com/S1665-2681(21)00244-1/sbref0035
https://doi.org/10.1093/ofid/ofv214
https://doi.org/10.1016/s0140-6736(97)05413-5
https://doi.org/10.1182/blood.V98.6.1836
https://doi.org/10.1182/blood.V98.6.1836

	The influence of hepatitis C virus eradication on hepatocarcinogenesis in patients with hemophilia
	1. Introduction
	2. Patients and methods
	2.1. Study population
	2.2. Clinical and laboratory data
	2.3. Treatment
	2.4. Hepatocellular carcinoma surveillance after sustained virological response
	2.5. Statistical analysis

	3. Results
	4. Discussion
	5. Limitations
	6. Conclusion
	Author contributions
	Conflicts of interest
	Acknowledgments
	Supplementary materials
	References



