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a b s t r a c t

Background and aim: The incidence of hepatocellular carcinoma (HCC) decreases significantly in chronic
hepatitis C (CHC) patients with sustained virologic response (SVR) after pegylated-interferon plus
ribavirin (PR) or direct-acting antiviral (DAAs) therapy. We follow-up a single cohort of CHC patients to
identify risk factors associated with HCC development post-SVR.
Method: CHC patients with SVR in Beijing/Hong Kong were followed up at 12e24 weekly intervals with
surveillance for HCC by ultrasonography and alpha-fetoprotein (AFP). Multivariate Cox proportional
hazards regression analysis was used to explore factors associated with HCC occurrence.
Results: Between October 2015 and May 2017, SVR was observed in 519 and 817 CHC patients after DAAs
and PR therapy respectively. After a median post -SVR follow-up of 48 months, HCC developed in 54
(4.4%) SVR subjects. By adjusted Cox analysis, older age (�55 years) [HR 2.4, 95% CI (1.3e4.3)], non-
alcoholic fatty liver diseases [HR 2.4, 95%CI (1.3e4.2), higher AFP level (�20 ng/ml) [HR 3.4, 95%CI (2.0
e5.8)], higher liver stiffness measurement (�14.6 kPa) [HR 4.2, 95%CI (2.3e7.6)], diabetes mellitus [HR
4.2, 95%CI (2.4e7.4)] at pre-treatment were associated with HCC occurrence. HCC patients in the DAAs
induced SVR group had a higher prevalence of NAFLD as compared with those in the PR induced SVR
group, 62% (18/29) vs 28% (7/25), p ¼ 0.026. A nomogram formulated with the above six independent
variables had a Concordance-Index of 0.835 (95% CI 0.783e0.866).
Conclusion: Underlying NAFLD is associated with increased incidence of HCC in chronic HCV patients
post-SVR, particularly in those treated with DAA.
© 2021 The Author(s). Published by Elsevier Inc. 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

More than seventy million people worldwide suffered from
chronic hepatitis C virus (HCV) infection, which if left untreated
may culminate in end-stage liver cirrhosis and hepatocellular car-
cinoma [1]. In China, hepatocellular carcinoma (HCC) is the most
diagnosed cancer in individuals under the age of 60 years, and
approximately 20% of HCC are attributable to HCV infection. With
the significant increase in the number of cases with chronic hep-
atitis C (CHC) over the past 10 years, the incidence of HCC in China
attributable to CHC is projected to increase [2]. Treatment with
pegylated interferon (PR)-based therapy or pan-oral direct-acting
antiviral agents (DAAs) can achieve sustained virologic response
(SVR) in over 65% and 95% of HCV subjects respectively [3,4]. SVR
was associated with a more than 70% reduction in the risk of HCC
[5e9]. However, patients with CHC and cirrhosis including those
with SVR, still had a substantial risk of 1.1 per 1,000 person-years
for HCC development [10]. Recent study had shown that the risk
of HCC occurrence persisted with a cumulative incidence of 1.1%,
1.9% and 2.8%, at 1, 2, and 3-year post -SVR respectively [11]. Older
age, DM, high AFP level and high liver stiffness measurements
(LSM) had been identified as risk factors for HCC occurrence in HCV
patients with SVR [12e14]. Besides viral hepatitis, alcohol, afla-
toxins, aristolochic acid, hemochromatosis are also risk factors for
HCC [15]. In the past decade, obesity, insulin resistance and non-
alcoholic fatty liver disease (NAFLD) are emerging risk factors for
HCC [16e19]. The estimated annual HCC incidence in the progres-
sive form of NAFLD is about 0.3%. With improving living conditions,
change in lifestyle and dietary habits, there is a progressive increase
in the prevalence of NAFLD in China. NAFLD together with viral
hepatitis will be the predominant predisposing factors of hepato-
cellular carcinoma in China in the upcoming decades. In the current
prospective study, we evaluate whether NAFLD is an independent
risk factor associatedwith HCC occurrence in a cohort of treatment-
naïve Chinese CHC patients with or without cirrhosis, who had
achieved SVR with pan-oral DAAs or PR over a median follow -up of
four years.

2. Methods

2.1. Study design

This was an open label prospective observational study with the
primary objective to identify clinical factors associated with
occurrence of HCC in CHC patients after achievement of SVR. All
patients attended The Fifth Medical Center of Chinese PLA General
Hospital (302 Hospital)-Hong Kong Humanity and Health Hepatitis
C Diagnosis and Treatment Centre, Beijing, China or Humanity and
Health Medical Center, Hong Kong SAR, China. The choice of ther-
apy was at each patient’s own discretion after the cost, efficacy and
safety had been explained to them. For those who opted for DAAs
therapy, DAAs were obtained from Humanity and Health Medical
Center, Hong Kong SAR where DAAs were made available by 2015.
For those CHC patients treated with PR therapy, treatment was
initiated at either The Fifth Medical Center of Chinese PLA General
Hospital (302 Hospital)-Hong Kong Humanity and Health Hepatitis
C Diagnosis and Treatment Centre, Beijing, China or Humanity and
Health Medical Center, Hong Kong SAR, China. This was because
DAAs were only approved by The China Food and Drug Adminis-
tration in mainland China (not including Hong Kong SAR) by mid-
2017. Both centers were managed by the medical team under the
directorship of the corresponding author (G Lau). HCV RNA were
quantitated with COBAS TaqMan 48 analyzer, version 2.0 (Roche
Molecular Systems, Branchburg, NJ, USA). HCV genotype and sub-
type were determined using the Versant HCV Genotype INNOLiPA
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2.0 assay (Siemens Healthcare Diagnostics, Tarrytown, NY, USA).
The clinical protocol was registered at ClinicalTrials.gov

(NCT02578693) and approval was obtained from the Ethics Com-
mittees in Hong Kong (HKCREC) and Beijing (EC of Beijing 302
hospital). Informed consent was obtained from all patients and the
study was conducted in compliance with the 1975 Declaration of
Helsinki, Good Clinical Practice guidelines, and local regulatory
requirements.

2.2. Patients

All CHC subjects who had been treated with either DAAs or PR
therapy between Oct 2015 to May 2017 were recruited. The inclu-
sion criteria were (1) over 18 years old; (2) diagnosed to have
chronic HCV infection based on serum positivity for both anti-HCV
and HCV RNA; (3) eligible for both PR and DAAs therapies; Patients
with clinically decompensated liver cirrhosis, severe depression,
significant neuropsychiatric syndromes, drug addiction, active
autoimmune diseases such as lupus erythematosus and pregnant
subjects would be excluded. (4) treatment-naïve patients with
chronic hepatitis or Child-Pugh A liver cirrhosis; (5) hepatitis B
surface antigen negative; (6) human immunodeficiency virus
negative; (6) no significant alcohol consumption as defined by
Alcohol Use Disorders Identification Test (AUDIT-C) �4 (�3 for
women) at the time and six-months prior to anti-HCV therapy
initiation [20].

Patients were excluded if they were: (1) diagnosed to have HCC
before, at the end-of-treatment (EOT) or within 3 months post-
SVR; (2) did not achieve SVR24/12 defined as HCV RNA under the
lower limit of quantification (LLOQ, HCV RNA level < 15 IU/ml) at
week 12 after completion of the DAAs therapy (SVR12) or week 24
after completion of PR therapy (SVR 24); (3) loss to follow-up
longer than 6 months after SVR (Fig. 1).

2.3. Treatment

Patients in the DAAs group received various combination of
brand-named non-generic US FDA and EU EMEA approved drugs:
(1) Daclatasvir (Daklinza, Bristol-Myers Squibb) 60 mg daily and
Sofosbuvir (Sovaldi, Gilead Sciences) 400 mg daily for 8e12 weeks;
(2) Ledipasvir 90 mg/sofosbuvir 400 mg (Harvoni, Gilead Science)
daily for 8e12 weeks; (3) Sofosbuvir (Sovaldi, Gilead Sciences)
400 mg daily, Daclatasvir (Daklinza, Bristol-Myers Squibb) 60 mg
daily and asunaprevir (Sunvepra, Bristol-Myers Squibb) 100 mg
twice daily for three weeks; (4) Ledipasvir 90 mg/sofosbuvir
400 mg (Harvoni, Gilead Science) and asunaprevir (Sunvepra,
Bristol-Myers Squibb) 100 mg twice daily for 3e12 weeks; (5)
Sofosbuvir (Sovaldi, Gilead Sciences) 400 mg daily, Daclatasvir
(Daklinza, Bristol-Myers Squibb) 60 mg daily and simeprevir
150 mg daily (Olysio, Janssen) for 3 weeks; (6) Ritonavir 50mg/
paritaprevir 75 mg/ritonavir 50 mg/, dasabuvir 250 mg (Viekira
pak, Abbvie) for 12 weeks. These patients were monitored at a
regular 4-weekly intervals during the treatment period and at 12-
week after the end of treatment to evaluate whether they ach-
ieved SVR (SVR12). Patients in the PR group received Peg-IFN-a
(Pegasys, Roche) at a dose of 180 or 135 mg once per week by
subcutaneous injection, plus RBV (1,000 to 1,200 mg/day, adjusted
by weight) for 48 weeks for none-genotype 2 and 24 weeks for
genotype 2 CHC and followed-up at 24 weeks after the end-of-
treatment to evaluate whether they achieved SVR (SVR24).

2.4. Assessments

For all studied subjects, standard laboratory tests that included
complete blood cell count, alanine aminotransferase [ALT], total
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Fig. 1. Flow chart of the study population (patients included or excluded in the study). Patients developed HCC before SVR or within 3 months after SVR in DAAs group or PR group
was 5 out of 533 patients (0.94%) or 11 out of 1202 patients (0.92%), respectively, and there was no significant difference between these two groups (chi-square test, P ¼ 0.963).

D. Ji, G.-f. Chen, X.-x. Niu et al. Metabolism Open 10 (2021) 100090
bilirubin [TBIL], serum albumin [ALB]), were performed at baseline
before initiation of antiviral therapy and each follow-up visit. Ul-
trasound and liver stiffness measurement (LSM) were performed
before initiation of antiviral therapy. Non-alcoholic fatty liver dis-
ease (NAFLD) status at time of anti-viral therapy was documented
by ultrasound or ultrasound plus hepatic steatosis index. NAFLD
was defined as presence of �5% hepatic steatosis in the absence of
secondary causes of hepatic fat accumulation such as significant
alcohol consumption, long-term use of a steatogenic medication, or
monogenic hereditary disorders. For cases that the sonographer
considered borderline hepatic steatosis, subjects with hepatic
steatosis index 36 or above would be considered as having NAFLD.
The presence of cirrhosis was established by liver biopsy in patients
with informed consent or by LSM (FibroScan®, Echosens, Paris,
France) � 14.6 kPa [21.22]. The absence of HCC was confirmed by
imaging examinations using ultrasonography (GE, E9, GE Medical
System, Milwaukee, WI) and alpha-fetoprotein (AFP), with or
without multi-phase dynamic contrast-enhanced magnetic reso-
nance imaging (MRI) scan (GE Signa HD�1.5 T, GE Medical System,
Milwaukee, WI), in all patients before initiating antiviral therapy.
Surveillance for HCC was performed by ultrasonography and AFP at
each 12e24 weekly interval follow-up visit for all subjects who had
achieved SVR. HCC was diagnosed by multi-phase dynamic
contrast-enhanced MRI according to modified APASL HCC guide-
lines [23].

The SVR date was defined as time zero. Patients were censored
at the time of newly diagnosed HCC or death or liver
3

transplantation, whichever occurred earlier. All patients’ informa-
tion was recorded in a computerized database by a designated
research associate at both centers.

2.5. Statistics

2.5.1. Descriptive statistical methods
Continuous variables were expressed as mean ± standard de-

viation (sd) or median (interquartile range, IQR) and compared
using the unpaired, 2-tailed t-test or Mann-Whitney test. Cate-
gorical variables were presented as numbers and percentage and
compared using the chi-square test. 95% confidence intervals (CI)
were calculated for each predictive test and a p-value < 0.05 was
considered as significant for all statistical tests. The statistical an-
alyses were performed using R software, version 3.6.1 (R Founda-
tion for Statistical Computing, Vienna, Austria; http://www.r-
project.org/).The reported cumulative incidence of HCC occur-
rence was 3% at 3-year post -SVR [11], our sample size of over 1200
post SVR subjects followed for 4 years would have a 0.8 power of
detecting a 20% difference of prevalence of various risk factors such
as NAFLD, diabetes, LSM�14.6 kPa between the HCC and non-HCC
groups at p<0.05.

2.5.2. HCC incidence
The cumulative rate of HCC occurrence was determined using

Kaplan-Meier curves. The significance of treatment baseline vari-
ables, such as age, sex, body mass index (BMI), HCV RNA level, HCV
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RNA genotype, LSM, presence of NAFLD, ALT, TBIL, PLT and AFP,
were as risk factors of HCC occurrence, assessed by univariate
analysis. All variables associated with HCC at a significant level
(p<0.05) were candidates for stepwise multivariate Cox propor-
tional regression analysis. Hazard ratio (HR) of each risk factor was
shown in forest plot with its own 95% CI and P value.

2.5.3. Bootstrap resampling
Nonparametric bootstrap test with pooled resampling method

was performed to reduce the sample bias, as well as to verify the
results of survival analysis. One thousand bootstrap samples were
performed followed by Cox proportional regression analysis by
using the boot package in R. The hazard ratio of the candidate
variable for HCC occurrence is considered significant when the
lower end of 95% CI is above zero.

2.6. Prediction with nomogram

A nomogram was formulated based on the results of multivar-
iate Cox regression analysis and by using the rms package of R. The
nomogramwas based on proportionally converting each regression
coefficient in multivariate Cox regression to a 0- to 100-point scale.
The effect of the variable with the highest b coefficient was
assigned 100 points. The points were added across independent
variables to derive total points, which were converted to predicted
probabilities. The predictive performance of the nomogram was
measured by concordance index (C-index) and calibration with
1000 bootstrap samples to decrease the overfit bias by using the
rms package of R [24].

3. Results

3.1. Patient characteristics

Altogether, as shown in Figs.1 and 1735 treatment naïve Chinese
CHC patients who were eligible for both DAAs and PR therapies
received the treatment between Oct 2015 and May 2017. Among
DAAs subjects, 79 received Daclatasvir/Sofosbuvir, 361 received
Ledipasvir/sofosbuvir, 37 received Sofosbuvir/Daclatasvir/Asunap-
revir, 46 received Ledipasvir/sofosbuvir/asunaprevir, 6 received
Sofosbuvir/Daclatasvir/simeprevir and 4 received Ritonavir/par-
itaprevir/dasabuvir. During treatment and follow-up period, 49 or
445 patients in DAAs or PR group were excluded from the final
analyses due to loss to follow-up and various reasons. Five out of
533 (0.94%) and 11 out of 1202 (0.92%) patients in DAAs group and
PR group respectively developed HCC before SVR or within 3
months of achieving SVR, they were also excluded from analysis
(Fig. 1).

All remaining 1241 patients (484 in DAAs group and 757 in PR
group) with SVRwere followed-up for amedian duration of 4 years.
Similar proportions of subjects in the DAAs and PR groups were lost
to follow-up, 4.71% (24/508) and 4.77% (38/7950 respectively. The
baseline characteristics of these subjects were summarized in
Table 1. 376(30.3%) had LSM�14.6 kPa at enrolment. 317 (25.5%)
patients had NAFLD, among these only 12 were diagnosed with
borderline ultrasound findings plus hepatic steatosis index greater
than 36. Similar proportions of subjects in the DAAs group and the
PR group had NAFLD and LSM>¼� 14.6 kPa, 36.27.1% (131/484)
versus 24.6% (186/757) and 15131.2%(151/484) and 29.7%(225/757)
respectively (p>0.4), Table 2.

3.2. HCC incidence rate

The median follow-up time after SVR was 48.0 months. During
the follow-up period, HCC developed in 54 (4.4%) SVR subjects, 29/
4

484 (6.0%) in the DAAs group and 25/757 (3.3%) in the PR group
(P ¼ 0.023, Pearson chi-square test) (Fig. 2). Most of the HCC
developedwithin first 2 years after SVR (Table 3). Interestingly, HCC
patients in the DAAs induced SVR group had a higher prevalence of
NAFLD as compared with HCC subjects in the PR induced SVR
group, 62% (18/29) vs 28% (7/25), P ¼ 0.026 (Table 4).

3.3. Factors associated with HCC development and nomogram

The results of an adjustedmultivariate Cox proportional hazards
model were presented in Fig. 3, with HR (95% CI) reported. Only the
parameters which were significant in the univariate analysis were
used in the multivariate model. The occurrence of HCC was not
associated with sex, BMI, HCV genotype, PLT, HGB, ALT, TBIL, and
CRE (P > 0.05). However, DAAs therapy [HR 1.7, 95%CI(1.0e3.0)],
older age (�55 years) [HR 2.4, 95% 95% CI (1.3e4.3)], NAFLD [HR 2.4,
95%CI (1.3e4.2), higher AFP level (�20 ng/ml) [HR 3.4, 95%CI
(2.0e5.8)], higher liver stiffness measurement (�14.6 kPa) [HR 4.2,
95%CI (2.3e7.6)], diabetes mellitus [HR 4.2, 95%CI (2.4e7.4)] at
initiation of anti-viral therapy were associated with increased risk
of HCC (Fig. 3).

A nomogram was established based on the results of multivar-
iate logistic regression analysis. The predictive performance of the
nomogram was measured by concordance index (C-index) and
calibration with 1000 bootstrap samples to decrease the overfit
bias. The nomogram demonstrated good accuracy in estimating the
risk of HCC, with an unadjusted C-index of 0.835 (95%
CI:0.783e0.886) (Fig. 4A). Furthermore, calibration plots graphi-
cally showed good agreement on the above risk factors. The 1-, 2-,
3-year and 4-year HCC-free probabilities estimation (slopes [R2]) by
the nomogram and confirmation of HCC by histopathology or MRI
scan were 1.002, 0.990, 0.992,1.002 and 1.000, 0.999, 0.999, 0.999
respectively (Fig. 4B). Two-year HCC incidence after eradication of
HCV was showed in Fig. 4C.

For example, a 55 years-old man with diabetes, AFP>20 ng/dl,
LSM <14.6 kPa, without NAFLD and achieved SVR with PR, his
nomogram score will be 50 þ 45þ40 þ 0þ0 þ 0, total 135 giving a
2-year HCC free probability of 98%. However, if he had NAFLD and
DAAs treatment, his total score would be
50 þ 45þ40 þ 0 þ30 þ 15 ¼ 180, giving a 2-year HCC free proba-
bility of 94%, an increase of cancer risk by 4%. If the same person
LSMwas � 14.6 kPa, the corresponding nomogram scores with and
without NAFLD plus DAAs treatment would be 225 and 180
respectively, with 2-year HCC free probability of 94% and 75%
respectively, a difference of 19%. Overall, the presence of NAFLD and
use of DAAs therapy would further increase the likelihood of HCC
occurrence by three to 30%.

4. Discussion

Consistent with other reports, we have identified certain base-
line characteristics, such as older age (�55 years), higher AFP level
(�20 ng/ml), DM, and higher LSM (�14.6 kPa) as risk factors for
HCC development in such patients [12e14]. We also found that the
occurrence of HCC by 4 years of SVR was also associated with DAAs
therapy and NAFLD. It remains controversial whether there is any
difference in HCC incidence after SVR using direct-acting antiviral
agents (DAAs) versus PR therapy. Two large-scale retrospective
studies performed in the USA [25,26] reported that the reduction of
HCC risk in DAAs or PR induced SVRwere similar. However, in these
studies, based on Veterans Affairs (VA) healthcare electronic sys-
tem, a substantial number of patients were treated with variable
and incomplete courses of therapy or were lost to follow-up from
the original cohort due to missing data following SVR. Moreover,
the occurrence of HCC was based on different versions of ICD-



Table 1
Baseline (before antiviral therapy) characteristics of all SVR (HCC þ non-HCC) patients.

Total ¼ 1241 HCC n ¼ 54 Non-HCC n ¼ 1187 P value

Age (yr) 50.2 ± 12.6 58.3 ± 8.0) 49.8 ± 12.6 <0.001
Male sex (n, %) 559 (45.0) 26 (48.1) 533 (44.9) 0.742
BMI (kg/m2) 23.6 ± 3.2 24.0 ± 3.2 23.6 ± 3.2 0.403
NAFLD (n, %) 317 (25.5) 25 (46.3) 292 (24.6) 0.001
HCV Genotype (%) 0.432
1b 894 (72.0) 43 (79.6) 851 (71.7)
2a 323 (26.0) 10 (18.5) 313 (26.4)
others 24 (1.9) 1 (1.9) 23 (1.9)
HCV RNA (Log10 IU/ml) 6.0 ± 1.1 6.1 ± 1.1 6.0 ± 1.1 0.484
ALT (U/L) 74.9 ± 15.7 73.2 ± 15.5 75.0 ± 15.7 0.392
TBIL (mmol/L) 20.6 ± 9.2 23.4 ± 7.4 20.5 ± 9.2 0.023
CRE (mmol/L) 74.0 ± 13.8 72.4 ± 15.5 74.0 ± 13.7 0.401
PLT ( � 109/L) 161.6 ± 63.4± 145.6 ± 68.0 162.4 ± 63.1 0.058
Age � 55 yr (n, %) 483 (38.9) 37 (68.5) 446 (37.6) <0.001
AFP � 20 ng/ml (2 � ULN) 254 (20.5) 25 (46.3) 229 (19.3) <0.001
Diabetes (n, %) 116 (9.3) 18 (33.3) 98 (8.3) <0.001
LSM � 14.6 kPa (n, %) 376 (30.3) 36 (66.7) 340 (28.6) <0.001
Mean LSM (kPa) 11.1 (7.5e16.0) 17.4 (13.7e21.3) 10.8 (7.5e15.3) <0.001

Continuous variables were expressed as mean ± sd and compared using the unpaired, 2-tailed t-test. Categorical variables were presented as numbers and percentages.

Table 2
Baseline (before antiviral therapy) characteristics of all DAAs and PR SVR patients.

DAAs PR P value

n 484 757
Age (yr) 50.6 ± 13.8 49.9 ± 11.7 0.283
Male sex (n, %) 225 (46.5) 334 (44.1) 0.448
BMI (kg/m2) 23.7 ± 3.3 23.5 ± 3.2 0.307
NAFLD (n, %) 131 (27.1) 186 (24.6) 0.359
Genotype (%) 0.768
1b 353 (72.9) 541 (71.5)
2a 123 (25.4) 200 (26.4)
others 8 (1.7) 16 (2.1)
HCV RNA (Log10 IU/ml) 6.1 ± 1.2 6.0 ± 1.1 0.335
ALT (U/L) 74.6 ± 15.9 75.2 ± 15.5 0.540
TBIL (mmol/L) 20.3 ± 8.9 20.9 ± 9.4 0.337
CRE (mmol/L) 74.0 ± 15.0 74.0 ± 13.0 0.990
PLT ( � 109/L) 161.0 ± 67.0 162.0 ± 61.1 0.802
Age � 55 yr (n, %) 195 (40.3) 288 (38.0) 0.465
AFP � 20 ng/ml (2 � ULN) 104 (21.5) 150 (19.8) 0.522
Diabetes (n, %) 41 (8.5) 75 (9.9) 0.455
LSM � 14.6 kPa (n, %) 151 (31.2) 225 (29.7) 0.625
Mean LSM (kPa) 11.6 (7.4e16.4) 10.7 (7.6e15.8) 0.212
Follow-up time (months) 48.0 (43.5e50.0) 48.0 (44.5e49.0) 0.065

Continuous variables were expressed as mean ± sd and compared using the un-
paired, 2-tailed t-test. Categorical variables were presented as numbers and per-
centages and compared using the chi-square test.
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coding obtained from chart extraction, thus affecting the accu-
racies. On the other hand, in the French ANRS CirVir prospective
study, the crude 3-year cumulative incidences of HCC after SVR
were significantly higher in the DAAs group as compared with IFN
group, 5.9% and 3.1% respectively [27]. However, this apparent in-
crease in HCC incidence might be due to different patient charac-
teristics such as age, diabetes, and reduced liver function. Also, the
HCC surveillance intensity was different in the DAAs and IFN groups
and this might have affected the rate of HCC detection [27]. In a
recent meta-analysis that included 26 studies (9 with DAAs and 17
with IFN-based therapy, total 91,249 DAAs-treated and 71,443 IFN-
treated CHC patients), no difference in HCC occurrence was
observed between patients treated with DAA or IFN therapy [14].
However, the follow-up duration was much shorter for those
treated with DAAs as compared to those treated with IFN (1.3 years
versus 5 years). Unlike other studies which were mainly retro-
spective and historical IFN-treated CHC was used for comparison,
our study was prospectively conducted with DAAs and PR therapy
being used in parallel. Therefore, additional confounding risk
5

factors for HCC occurrence, such as diabetes mellitus, obesity,
alcoholic and non-alcoholic fatty liver disease that are increasing in
prevalence in Asia due to changing lifestyles, could be accounted
for as well.

NAFLD has recently been recognized as an important etiology
risk factor contributing to the increased incidence of hepatocellular
carcinoma (HCC). Our data also suggested that NAFLD is a high-risk
factor of HCC in CHC patients after HCV clearance. The development
of HCC in NAFLD is most likely multifactorial and involves obesity-
mediated mechanisms including low-grade chronic inflammatory
response, increased lipid storage and lipo-toxicity, alteration of gut
microbiota with increased levels of lipopolysaccharide, insulin
resistance with hyperinsulinemia and increased IGF levels [28e31].
Human gut microbiota plays a pivotal role in the development of
NAFLD and HCC. Gut microbiota generates a variety of bioactive
substances such as lipopolysaccharides, peptidoglycan, DNA, and
extracellular vesicles, short-chain fatty acids, secondary bile acids,
indole and its derivatives, trimethylamine, carotenoids, and
phenolic compounds [31e33]. Gut microbiota alteration might lead
to increased gut permeability, translocation of microbiota products
from the gut to liver via the portal vein. The various Toll-like re-
ceptors (TLRs) present on the Kupffer cells, hepatic stellate cells and
hepatocytes respond to these microbiota products, triggering
downstream inflammatory responses, cytokine production and
modulating hepatic redox hemostasis. These in turn can cause
fibrosis and contribute to the pathogenesis of HCC [31]. Hep-
atokines and adipokines have been shown to be associated with
disease progression in NAFLD or may even be early markers of HCC
development [34]. Increases in serum angiopoietin-like proteins
(ANGPTL) 1, 2, and 8, fibroblast growth factor (FGF) 2,19, and 21,
apelin, chemerin, leptin, and visfatin have been associated either
with HCC development or a poor prognosis in NAFLD-related HCC
[35,36]. The increased levels of tumor necrosis factor (TNF) super-
family members, transforming growth factor b (TGFb) and IL-18, in
the setting of hepatocyte cell death and compensatory prolifera-
tion, contribute to increased hepatocellular carcinoma (HCC) risk
[35]. Analysis of the hepatokines and adipokines profile in HCV post
SVR subjects with NAFLD and HCC, HCV post SVR subjects with
NAFLD but no HCC, HCV post SVR subjects without NAFLD and HCC
and NAFLD/HCC subjects without HCV will shed light on the
interplay between HCV, NAFLD and HCC development. Gut micro-
biota of HCC patients with NAFLD cirrhosis had increased Bacter-
oides vulgatus, Ruminococcus Blautia and decreased Bifidobacterium



Fig. 2. Cumulative HCC incidence rates in patients with SVR according to antiviral therapy. The Kaplan-Meier method was used to assess cumulative incidence rate of HCC, and the
log-rank test was used to compare them (A). Nonparametric bootstrap test with pooled resampling method was performed to reduce the sample bias, as well as to verify the results
of survival analysis. Briefly, the SVR patients were randomly drawn from the study population, and sampling was performed with replacement. From this sample the regression
coefficients from COX proportional hazard model analyses were calculated. The resulting sample of effects then was used to calculate the 95% CI. If zero wasn’t included in the 95%
CI, it represented the two treatments were different by means of HCC incidence. After 1000 bootstrap samples, HR of DAAs therapy for HCC occurrence was significantly higher than
PR therapy for their lower ends of 95% CI were above zero (B).

Table 3
Characteristics of HCC patients.

Total

N 54
Age (yr) 59.3 ± 8.1
Male sex n (%) 26 (48.1)
BMI (Kg/m2) 24.0 ± 3.2
aNAFLD (n, %) 25 (46.3)
LSM (>14.6kpa) (n,%) 36 (66.7)
DAA (n, incidence ratea) 29 (6%)
PR (n, incidence ratea) 25 (3.3%)
Incidence n (%)
12 months 9 (16.6.)
24 months 31 (57.4)
36 months 13 (24)
48 months 1(1.8)
mRECIST n (%)
CR 30 (55.6)
PR 6 (11.1)
SD 2 (3.7)
PD 16 (29.6)
Dead n (%) 11 (20.4)
Follow-up time (months) 19.1 (14.8e24.3)

Continuous variables were expressed as mean ± sd or median (IQR) and
compared using the unpaired, 2-tailed t-test or Mann-Whitney test. Cat-
egorical variables were presented as numbers (percentages) and compared
using the chi-square test. CR, complete response; PR, partial response; PD,
progressive disease; SD, stable disease.

a HCC incidence, 29/484 (6.0%) in the DAAs group and 25/757 (3.3%) in
the PR group (P ¼ 0.024, Pearson chi-square test).*Among the 25 NAFLD
patients 16 (64%) had LSM >14.6kpa.

Table 4
Comparison of Characteristics of HCC patients in DAAs and PR groups.

DAAs PR P value

N 29 25
Age (yr) 58.0 ± 8.3 60.8 ± 7.8 0.215
Male sex (n, %) 14 (48.3) 12 (48.0) 1.000
BMI (Kg/m2) 24.4 ± 3.1 23.4 ± 3.3 0.273
NAFLD (n, %) 18 (62.1) 7 (28.0) 0.026
Genotype (n, %) 0.310
1b 21 (72.4) 22 (88.0)
2a 7 (24.1) 3 (12.0)
Others 1 (3.4) 0 (0.0)
BCLC (n, %) 0.088
0 4 (13.8) 6 (24.0)
A 10 (34.5) 13 (52.0)
B 10 (34.5) 6 (24.0)
C 5 (17.2) 0 (0.0)
Numbers of nodule (n) 1.8 ± 1.2 1.6 ± 1.2 0.723
Cancer treatment (n, %) 0.021
Resection 8 (27.6) 2 (8.0)
Ablation 7 (24.1) 9 (36.0)
TACE 8 (27.6) 6 (24.0)
Liver transplantation 4 (13.8) 0 (0.0)
Systematic therapy 2 (6.9) 8 (32.0)
mRECIST (n, %) 0.200
CR 15 (51.7) 15 (60.0)
PR 5 (17.2) 1 (4.0)
SD 2 (6.9) 0 (0.0)
PD 7 (24.1) 9 (36.0)
Dead (n, %) 5 (17.2) 6 (24.0) 0.782
Follow-up time (months) 19.0 (13.0e23.5) 19.2 (14.9e24.5) 0.815

Continuous variables were expressed as mean ± sd or median (IQR) and compared
using the unpaired, 2-tailed t-test or Mann-Whitney test. Categorical variables were
presented as numbers (percentages) and compared using the chi-square test. CR,
complete response; PR, partial response; PD, progressive disease; SD, stable disease.
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when compared with that of NAFLD cirrhosis patients without HCC
[36]. CHC is also associated with an altered gut microbiota profile
with increased Genus Streptococcus, Lactobacillus, Bacteroidetes, and
decreased Bifidobacterium, a profile similar to that observed in HCC
patients with NAFLD cirrhosis [37,38]. This gut dysbiosis persisted
in patients who achieved a sustained virologic response after
treatment with pegylated interferon and ribavirin [39]. On the
other hand, DAA’s induced SVR was associated with improvement
of gut microbiota alpha diversity, but not intestinal barrier func-
tions [40]. DAA therapy seems to have little impact on glycol or lipid
metabolism, but previous studies had shown that Peg-IFN-alpha
could improve these two metabolisms [41,42], and these
6

differences may explain why HCC patients in the DAA induced SVR
group had higher prevalence of NAFLD than those in PR group.
Further studies of gut microbiota dysbiosis, gut barrier perme-
ability, in CHC NAFLD patients pre and post SVR will be of interest.
Peleg et al. in a study of 515 CHC patients who achieved SVR
following treatment with DAA, observed that subjects with liver
steatosis had a much higher incidence of HCC when compared with
SVR subjects without liver steatosis, 10.4% (22/211) versus 1.66% (5/
304), p<0.001, after a median of follow-up of 24 months [43]. Both



Fig. 3. Risk factors (present at time of initiation of antiviral therapy) associated with development of HCC in patients with HCV who achieved SVR. A stepwise selection procedure
and the Breslow method were used in multivariable Cox proportional regression analysis. HRs for HCC in the patients are shown (red solid boxes) with 95% CIs (black line segments).
HR: hazard ratio; PLT: platelet; NAFLD: Non-alcoholic fatty liver disease; AFP: Alpha-fetoprotein; LSM: liver stiffness measurement; DM: diabetes mellitus. (For interpretation of the
references to colour in this figure legend, the reader is referred to the Web version of this article.)

Fig. 4. Nomogram to estimate the risk of HCC incidence in patients with HCV who achieved SVR. A: The nomogram-based prediction scoring model established using Logistic
regression. To use the nomogram, find the position of each variable on the corresponding axis, draw a line to the points axis for the number of points, add the points from all of the
variables, and draw a line from the total points axis to determine the HCC-free probabilities at the lower line of the nomogram. C-index (0.835) represents the prediction per-
formance of our model is satisfied. Take a 55years man with diabetes, AFP>20 ng/dl, LSM < kPa, without NAFLD and achieved SVR with PR for example, his nomogram score will be
50 þ 45þ40 þ 0þ0, total 135 giving a 2-year HCC free probability of 98%. However, if he had NAFLD and DAAs treatment, his total score would be 50 þ 45þ30 þ 15 ¼ 180, giving a 2-
year HCC free probability of 94%, an increase of cancer risk by 4%. B: Validity of the predictive performance of the nomogram. C: Two-year HCC incidence after eradication of HCV.
PLT: platelet; ALT: alanine aminotransferase; TBIL: total bilirubin; CRE: creatinine; AFP: Alpha-fetoprotein; BMI: body mass index; LSM: liver stiffness measurement; DM: diabetes
mellitus.
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Peleg and our study showed that NAFLD or hepatic steatosis was
independent risk fosters of HCC in subjects who had achieved SVR
irrespective of degree of liver stiffness or fibrosis. One third of our
HCC subjects with NAFLD had LSM<14.6 kPa. Perhaps, both NAFLD/
hepatic steatosis and LSM/fibrosis should be included in risk factors
stratification for HCC occurrence after SVR in CHC patients. Our
nomogram score could stratify SVR subjects into different risk
groups, with LSM and presence of NAFLD contributed indepen-
dently to calculation of HCC risks. Desgasperi et al., in a series of 509
DAA-treated patients with HCV cirrhosis noted that a genetic risk
score comprising of variants in PNPLA3, MBOAT7, TM6SF2, GCKR
genes was a risk factor for HCC occurrence independent of other
classical risk factors such as diabetes, male sex, liver stiffness
measurements [44]. The combination of the above genetic risk
score of hepatic fat accumulation and classical risk factors may
allow better stratification of HCC risks. However, genetic risk
scoring may not be feasible in many hospitals. Alonso-Lopez et al.
suggested that DAA pre-treatment albumin levels together with
dynamic changes in LSM between base line and at 1-year follow-up
may identify a group of HCV-post SVR patients with extremely low
risk of HCC and such patients require much less intensive surveil-
lance after the first year [45]. The American Association for the
Study of Liver Diseases (AASLD), the Asian Pacific Association for
the Study of the Liver (APASL), and the European Association for the
Study of the Liver (EASL) have all published guidelines for HCC
surveillance in high groups at 6 months intervals with ultrasound
[23, 46e48]. All three associations recommend surveillance for
patients with cirrhosis. The APASL and EASL guidelines state that
surveillance should be offered to chronic HCV who have advanced
fibrosis or cirrhosis even after achieving SVR. Surveillance can also
be considered in chronic HCV post-SVR patients with bridging
fibrosis and NAFLD patients without underlying cirrhosis, however,
further data are needed before making this recommendation
[23,48]. The AASLD guidelines do not address the issue of HCC
surveillance in non-cirrhotic patients with NAFLD or CHC. Our data
as well as others [43,44] suggest that CHC patients with DAAs
induced SVR and NAFLD may also benefit from more intensive
surveillance and the current one-size fit all surveillance guidelines
may need further tuning. Our data showed that the presence of
NAFLD and use of DAAs therapy would further increase the likeli-
hood of HCC occurrence by three to thirty percent In the future, a
risk stratification score including NAFLD/hepatic steatosis or ge-
netic hepatic fat accumulation score, dynamic LSM and perhaps gut
microbiota changes may allow better and more individualized HCC
surveillance strategy.

The major strength of our study is that it was a large cohort of
HCC post SVR patients followed-up for 4 years in twomajor centers
under one principal investigator, thus avoiding the center-to-center
variations in protocol adherence that occur in many studies
involving multiple centers. Also, all patients were enrolled within
18months (Oct 2015 toMay 2017), with a longer enrollment period,
the prevalence of some baseline confounding variables such as
obesity, BMI, NAFLD, might change substantially during the
recruitment, thus skewing the comparisons. One of the limitations
of our study is diagnosis of NAFLD and fibrosis were based on ul-
trasound and LSM, instead of liver biopsies, therefore the issue of
non-alcoholic steatosis hepatitis could not be addressed.

5. Conclusions

Underlying NAFLD is associated with increased incidence of HCC
in chronic HCV patients post-SVR, particularly in those treated with
DAA. In future, a risk stratification scoring system including NAFLD/
hepatic steatosis may allow better and more individualized HCC
surveillance strategy.
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