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LIVER CANCER.

Hepatic steatosis as a possible risk factor for the development
of hepatocellular carcinoma after eradication of hepatitis C
virus with antiviral therapy in patients with chronic hepatitis C
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Abstract

AIM: To elucidate risk factors contributing to the
development of hepatocellular carcinoma (HCC) among
patients with sustained viral response (SVR) after
interferon (IFN) treatment and to examine whether
HCV-RNA still remained in the liver of SVR patients who
developed HCC.

METHODS: Two-hundred and sixty-six patients,
who achieved SVR, were enrolled in this study. We
retrospectively reviewed clinical, viral and histological
features of the patients, and examined whether the
development of HCC depends on several clinical variables
using Kaplan-Meier Method. RT-PCR was used to seek
HCV-RNA in 3 out of 7 patients in whom liver tissue was
available for molecular analysis.

RESULTS: Among the enrolled 266 patients with SVR,
HCC developed in 7 patients (7/266; 2.6%). We failed to
detect HCV-RNA both in cancer and non-cancerous liver
tissue in all three patients. The cumulative incidence for
HCC was significantly different depending on hepatic
fibrosis (F3-4) (P = 0.0028), hepatic steatosis (Grade
2-3) (P = 0.0002) and age (= 55) (P = 0.021) at the
pre-interferon treatment.

CONCLUSION: The current study demonstrated that
age, hepatic fibrosis, and hepatic steatosis at pre-
interferon treatment might be risk factors for developing
HCC after SVR.
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INTRODUCTION

Continuous eradication of hepatitis C virus (HCV) with
interferon (IFN) therapy significantly inhibits development
of hepatocellular carcinoma (HCC) in patients with
chronic hepatitis C"?!. However, HCC sporadically
developed even after achievement of sustained viral
response (SVR) with IFN therapy, especially reported
from Japanmm, and therefore it is of clinical importance
to identify patients who are at high risk for HCC after
achievement of SVR.

Several investigators have made efforts to elucidate risk
factors for occurrence of HCC in patients with SVRI*"™,
and so far several factors including age[(””"lsl sex! ™"
alcohol consumption!®"’ , platelet
counts'"”, and AST levels"™ at baseline were regarded
as candidate risks. However, these results seem to be
controversial, and there may be other crucial contributing
factors. In addition, reappearance of HCV in serum
after achievement of SVR has also been reported"”™, In
some cases, HCV-RNA is still present in liver of patients
without detectable HCV-RNA in serum"”*. Therefore,
the remaining HCV-RNA in the liver may contribute to the
occurrence of HCC in patients with SVR™. Nevertheless,
the studies'®"""! describing risk factors for the occurrence
of HCC lack any evaluation for the presence of HCV-
RNA in the liver.

Furthermore, chronic HCV infection frequently results
in hepatic steatosis”’. It has been reported that HCV
genotype 3 infection is likely to cause steatosis possibly
due to direct effect of HCV, whereas steatosis in patients
infected with HCV genotype 1 seems to be associated
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with co-existing risk factors including an increased body
mass index (BMI) or presence of insulin resistance,
thus resembling to those non-alcoholic steatohepatitis
(NASH)* 2, Apparently hepatic steatosis is not altered
in patients infected with HCV genotype 1, even after
continuous eradication of HCV with antiviral therapym.
In addition, obesity-related cryptogenic cirrhosis has
been recently paid attention as an alternative etiology for
HCCP™™, Taken together, it may be possible that hepatic
steatosis, still present after achievement of eradication
of HCV genotype 1, results in progression of fibrosis as
well as occurrence of HCC. The investigators describing
risk factors for HCC in patients with SVR“"" have not
mentioned whether hepatic steatosis is observed in pre-
treatment liver histology.

Therefore, in the current study, we aimed to elucidate
contributing factors for occurrence of HCC in patients
in whom serum HCV-RNA has been eradicated with
IFN therapy. First, we examined whether HCV-RNA still
remained in the liver at the development of HCC using
sensitive reverse-transcriptase polymerase chain reaction
(RT-PCR). In addition, we evaluated clinical features and
histopathological fibrosis and steatosis of the patients
at the pre-IFN treatment, and examined whether the
occurrence of HCC depends on these factors using
Kaplan-Meier model.

MATERIALS AND METHODS

Patients

This single-center study was conducted at the Department
of Medicine, Teikyo University School of Medicine.
Since the introduction of IFN therapy for patients with
chronic hepatitis C in 1986, 1101 patients were treated
with IFN alone or IFN and ribavirin combination therapy.
Among them, 266 patients, who achieved SVR, defined as
absence of serum HCV-RNA at 6 mo after termination
of IFN therapy, and did not fulfill the exclusion criteria
described below, were enrolled. We verified that anti-HCV
antibody as well as HCV-RNA was detected in sera before
IFN treatment in all enrolled patients. Serum anti-HCV
antibody was examined using third-generation antibody
to HCV (Abbott Japan, Tokyo, Japan). Serum HCV-RNA
was sought with Amplicor HCV v2.0 (Nippon Roche,
Tokyo, Japan), employing RT-PCR. Also, liver biopsy was
performed in all cases as long as 3 mo before beginning of
IFN therapy for assuring the presence of chronic hepatitis.
Exclusion criteria for this study were hepatitis B virus
(HBV) infection determined by seropositivity for HBsAg
and/or HBcAb, autoimmune hepatitis, alcoholic abuse
(daily alcohol consumption > 60 g), and presence of HCC
detected by abdominal ultrasound (US) and/or computed
tomography (CT).

Follow-up and diagnosis of hepatocellular carcinoma

After termination of IFN therapy, patients were regularly
checked up at the out-patient clinic at every 2-3 mo. The
average period of follow-up for the enrolled patients in
this study was 9.9 £ 4.1 years. Blood chemistries as well
as tumor markers were examined. Additionally, imaging

studies, abdominal US and/or CT, were performed 1-2
times per yeat. The diagnosis of HCC was made if both
abdominal US and CT demonstrated the presence of HCC,
and was further confirmed by histopathological studies after
surgical resection. In cases without resection, abdominal
angiography was used to verify the diagnosis of HCC.

Variables

We selected several pre-IFN treatment valuables of
patients to assess risk factors for development of HCC,
including the age at pre-IFN treatment and sex of the
patient, the stage of liver fibrosis and the grade of hepatic
steatosis, HCV genotype and serum ALT level. The stage
of liver fibrosis was determined by two independent
pathologists according to the classification of the Metavir
groupm as follows: FO (no fibrosis); F1 (portal fibrosis);
F2 (few bridges); F3 (many bridges); and F4 (cirrhosis).
Hepatic steatosis was also graded by two independent
pathologists according to Brunt ez al™. In short, steatosis
observed in up to 33%, 33%-66% and more than 66%
of the liver histology was determined as grade 1, 2 and
3, respectively. Hepatic steatosis, if not observed, was
graded as grade 0. When two pathologists estimated the
classification of fibrosis and the grading of steatosis
differently, the mean value of the two was applied
for statistical analysis. Genotyping of HCV-RNA was
performed with HCV coregenotyping (Nippon Roche).

Detection of HCV-RNA in liver tissue

HCV-RNA in liver tissue was detected by RT-PCR.
Formalin-embedded liver biopsy specimens obtained prior
to IFN treatment and snap-frozen liver tissue taken at the
development of HCC were used as starting materials. Total
RNA was extracted using Isogen (Nippon gene, Tokyo,
Japan) and was converted into cDNA using Superscript™
I RNase H Reverse Transcriptase (Invitrogen, Carlsbad,
CA). The primer specific to HCV-RNA 5' UTR region
(HC1R: ACTCGCAAGCACCCTATCA, nt 293-312)
was used for cDNA synthesis. Thereafter HCV-RNA
was sought using "semi-nested" PCR consisting of 17,
2™ and 3" amplification, using one 5' forward primer
(HC1F: GAGCCATAGTGGTCTGCGGA, nt 135-154)
and three sets of reverse primers (HC1R, HC2R: ACT
CGGCTAGCAGTCTTGCG, nt 240-259; and 2H-AS:
GTTTATCCAAGAAAGGACCC, nt 188-207). The 1"
PCR consisted of initial denaturing at 95°C for 5 min,
followed by 50 amplification cycles at 95°C for 15 s for
denaturing and at 62°C for 1 min for primer annealing and
extension, and a final extension at 72°C for 7 min. The 2™
PCR was done for 35 cycles by the identical program, but
annealing and extension at 63°C. The 3" PCR consisted
of initial denaturing at 95°C for 5 min, followed by 30
amplification cycles at 95°C for 15 s, at 58°C for 30 s for
primer annealing and at 72°C for 1 min for extension, and
a final extension at 72°C for 7 min. The PCR products of
178, 125 and 73 bp after 17, 2" and 3" PCR, respectively,
were electrophoresed on 15 g/L agarose gel, and visualized
by ethidium bromide staining, In addition, to ensure the
quality of extracted RNA, we also amplified B-actin as
positive controls using the identical liver-derived total
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Table 1 Viral, clinical and histopathological profiles of patients with SVR who developed HCC

Pre-IFN treatment Occurrence of HCC

Age/sex  HCVgenoype %\ rjU/L) Fibrosis  Steatosis  BMI  Fibrosis  Steatosis  BM]  Duration until HCC ()
Case 1 67/M 1b 138 F3 Grade 2 28.4 F2 Grade 1 27.4 54
Case 2 58/M 2a 39 F1 Grade 1 23.5 F2 Grade 0 22.5 9.5
Case 3 68/M n.t 111 F4 Grade 2 242 F2 Grade 2 25.0 9.6
Case 4 53/M 1b 82 F2 Grade 1 19.6 NT NT 20.3 8.4
Case 5 58/M 1b 21 E3 Grade 1 23.5 NT NT 24.8 3.3
Case 6 65/F 2a 145 F3 Grade 1 25.6 F2 Grade 1 26.7 29
Case 7 54/M 1b 85 F2 Grade 2 26.1 F2 Grade 1 224 49

NT: Not tested; BMI: Body mass index. In cases 4 and 5, the liver tissues with the occurrence of HCC were not obtained because HCC was not treated with

surgical operation.

Figure 1 Liver histology of case 1 (HE staining). A: Pre-IFN treatment liver
histology showing F3 fibrosis grade 2 steatosis; B: Liver histology at the
occurrence of HCC showing F2 fibrosis and grade 1 steatosis.

RNA. Random primer was used for synthesis of cDNA as
template for amplification of f-actin.

Statistical analysis

Statistical analysis was performed using SAS software
version 9.1 (SAS Institute, Cary, NC). The kappa value
was calculated to evaluate the degree of agreement in two
pathologists for histological evaluation. For determining
risk factors contributing the occurrence of HCC,
continuous variables such as age and pre-treatment ALT
value were classified into two categories: age = 55 and age
< 55; ALT > 80 IU/L and ALT < 80 IU/L. Cumulative
incidence for development of HCC was calculated using
Kaplan-Meier method, and the differences between groups
were analyzed using the log-rank test. P value less than 0.05.
was considered statistically significant.

www.wjgnet.com

RESULTS

Patients with SVR who developed HCC

Of 266 patients, HCC was detected in 7 patients (6
males and 1 female) during follow-up for the patients
with SVR after termination of IFN therapy. Clinical and
histopathological profiles of these patients are mentioned
in Table 1. The age and mean ALT value at the beginning
of IFN therapy was 60.4 = 6.2 (range, 53-68) years, and
89 £ 47 (range, 21-145) IU, respectively. The duration
between IFN therapy and development of HCC was 6.3
+ 2.9 (range, 2.9-9.6) years. Undetectable serum HCV-
RNA and normal ALT had been continuously maintained
since IFN therapy in all patients. All patients denied excess
consumption of alcoholic beverage (> 20 g/d), and were
seronegative for HBsAg as well as HBcAb. The staging of
liver fibrosis on pre-IFN liver biopsy was F1 in one patient,
F2 in two, F3 in three and F4 in one. Hepatic steatosis was
observed in all patients, grade 1 in four patients and grade
2 in three.

The comparison of liver histological findings at baseline
and at the development of HCC is shown in Table 1.
Overall, the grading of fibrosis was improved in cases
1, 3 and 6, unchanged in case 7, and worsened in case 2.
Steatosis was decreased in cases 1, 2 and 7, and unchanged
in cases 3 and 6. In cases 4 and 5, we failed to obtain liver
tissue at the development of HCC since these patients
were treated by transcatheter arterial embolization, instead
of surgical resection of the tumor. Liver histology of case
1 before IFN therapy and at the occurrence of HCC as a
representative example is shown in Figure 1.

Failure to detect HCV-RNA in HCC

In 3 patients (cases 1, 2 and 4), we tried to detect HCV-
RNA in liver tissue before IFN treatment as well as at
the development of HCC to elucidate whether HCV-
RNA, which could remain in the liver tissue even long
after successful IFN treatment™, might be involved in
hepatocellular carcinogenesis. The tumors were surgically
resected in cases 1 and 2, and the liver specimens were
obtained from both the cancerous as well as non-
cancerous lesion and snap-frozen at -80°C until use.
In case 4, as described above, the HCC was treated by
transcatheter arterial embolization, and thus the liver
specimens at occurrence of HCC were not available.
Instead, biopsied specimen from the liver obtained after
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Figure 2 Amplification of HCV-RNA in liver tissues in cases 1, 2 and 4. HCV was
detected in all liver tissues at the pre-IFN therapy. NC: Without template cDNA,
gave no distinct band. By contrast, HCV was demonstrated in neither HCC nor
non-HCC tissue in cases 1 and 2 even after 3 cycles of RT-PCR. In case 4, in
whom liver tissue was obtained after IFN therapy with percutaneous biopsy, HCV
was not found either. B-actin was well amplified in these post-IFN specimens,
demonstrating that total RNA had not been degraded. NC: Negative control.

IFN therapy was used. HCV-RNA was successfully
amplified in all specimens before IFN treatment. However,
we failed to detect HCV-RNA in any sample, irrespective
of cancerous and non-cancerous tissue (Figure 2). B-actin
was successfully amplified in all liver tissue after IFN
therapy and at HCC development (Figure 2). Therefore,
we concluded that failure to detect HCV-RNA 1in liver
tissue at development of HCC was not due to degradation
of RNA, but resulted from disappearance of HCV-RINA

in the liver with successful IFN treatment.

Cumulative incidence of HCC during follow-up

We demonstrated viral, clinical and histopathological
profiles in all enrolled patients, the patients with and
without HCC (Table 2). The cumulative incidence of HCC
was analyzed for 4 variables which had been reported
as risk factors before (Figure 3A-D), and pre-treatment
hepatic steatosis (Figure 3E). As for the histopathological
evaluation, there was an excellent agreement in the
histopathological evaluation by two independent
pathologists, since the kappa value was 0.70 in fibrosis
and 0.78 in steatosis. The age of patients with/without
HCC at baseline was 60.4 + 6.2 and 44.8 = 13.3 (Table 2),
respectively and the patients with age = 55 were at
significantly higher risk for the development of HCC
(P = 0.021, Figure 3A). The staging of pre-treatment
hepatic fibrosis was available in 238 of 266 patients. The
number of patients with F1, F2, F3 and F4 was 1, 2, 3,
1 in patients with HCC and 102, 97, 25, 7 in patients
without HCC, respectively (Table 2). Log-rank test analysis
revealed that advanced hepatic fibrosis (F3-4) was a risk
factor for HCC as well (P = 0.0028, Figure 3C). Pre-IFN
hepatic steatosis was evaluated in 231 of 266 patients, and
the number of patients in grade 0, 1, 2 and 3 was 116,
95, 19 and 1, respectively. It is notable that no patient in
grade 0 (no steatosis) at the IFN pre-treatment developed
HCC, whereas 3 of 19 patients with grade 2 steatosis

developed HCC in the follow-up (4.9, 5.4 and 9.6 years
after IFN therapy, respectively) (Table 2). Indeed, log-
rank test analysis demonstrated that there was a significant
difference in the grade of steatosis for cumulative
incidence of HCC (P = 0.0002, Figure 3E). By contrast,
we failed to demonstrate that sex and pre-treatment ALT
value were risk factors for HCC (P = 0.389 and 0.251,
respectively, Figure 3C and D).

DISCUSSION

Among 266 cases, who achieved SVR with IFEN therapy, 7
patients developed HCC in the follow-up period. Statistical
analysis using log-rank test demonstrated that the
cumulative incidence of development of HCC after SVR
was significantly different depending on age and hepatic
fibrosis, as previously suggested, and also on hepatic
steatosis in these patients.

In the previous investigations, age'®"”"" sex!®"”)]
alcohol consumption"*"”] staging of fibrosis'”"", platelet
counts', and AST levels" at baseline were regarded as
risk factors for occurrence of HCC in patients with SVR.
In the current study, we selected age, sex, ALT and staging
of fibrosis as candidate contributing variables. Excess
consumption of alcohol beverage was not noted in any
patient with HCC and therefore was very unlikely to be a
risk factor in the enrolled population. Since it is assumed
that platelet counts are equivalent to staging of fibrosis and
that serum ALT levels are more specific to hepatocellular
injury, we adapted fibrosis and ALT values, instead of
platelet counts and AST levels.

The exact determination of stage of hepatic fibrosis
as well as the grade of hepatic steatosis at pre-IFN
treatment is a vital premise in the current study. In this
regard, grading of fibrosis and grading of steatosis were
performed by two independent pathologists. The kappa
values were 0.70 in fibrosis and 0.78 in steatosis, and there
was a good agreement in the decision of the two. The
results appeared comparable to previous reports'”. For
instance, the proportion of the patients graded in F1, F2,
F3 and F4 was 43%, 42%, 12% and 3% in the current
study, and 41%, 30%, 17% and 10% in the report by Ikeda
et al™ who included 1056 patients with SVR. In addition,
hepatic steatosis in our study was observed in 115 of
231 (50%) patients evaluated, and it is generally accepted
that steatosis is present in 40%-60% of the patients with
chronic hepatitis C*". Therefore, it is conceivable to
conclude that hepatic fibrosis as well as steatosis were
adequately assessed in this study.

In the current study, the incidence of the patients
who developed HCC after SVR was only 2.6% (7/266).
Thetefore, in the current study, we performed statistical
analysis with only Kaplan-Meier method, and thus the
effect of confounding factors among each valuable could
not be excluded. In this regard, we should be reluctant to
conclude that age, hepatic fibrosis and hepatic steatosis,
demonstrated in this study as statistically significant, would
be the only determinants of risk for developing HCC.
Nevertheless, hepatic steatosis, which has never been
investigated as a risk factor for developing HCC after
SVR, is identified as a statistically significant factor, and

www.wjgnet.com
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Table 2 Pre-IFN viral, clinical and histopathological profiles of all patients with SVR

Age Sex ALT (IU) Genotype Hepatic fibrosis Hepatic steatosis
(mean + SD) (M/F) (mean + SD) (1/2/NT) (F1/F2/F3/F4/NT) (Grade 0/1/2/3/NT)
All (1 = 266) 463 +14.3 184/82 112499 102/142/20 103/99/28/8/28 116/95/19/1/35
HCC (n=7) 60.4 £6.2 6/1 89 + 47 4/2/1 1/2/3/1/0 0/4/3/0/0
No HCC (1 = 259) 448+133 178/81 113 + 100 98/140/19 102/97/25/7/28 116/91/16/1/35
NT: Not tested.
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Figure 3 Cumulative incidence of HCC in SVR patients using the log-rank test. A: Patients with age = 55 (black line) and < 55 (gray line) years (P = 0.021); B: Male (black
line) and female (gray line) patients (P = 0.389); C: patients with grading of fibrosis, F3-4 (black line) and F1-2 (gray line) (P = 0.0028); D: Patients with pre-treatment ALT
levels, ALT > 80 IU (black line) and < 80 IU (gray line) (P = 0.251); E: Patients with the grading of hepatic steatosis, grade 2 (black line), grade 1 (gray line), and grade 0 (gray
dotted line) (P = 0.0002 between grade 2 and grade 1 or grade 0).

we believe that it is worth evaluating its potential role for

developing HCC after eradication of HCV.

Hepatic steatosis is known to be decreased after
eradication of HCV in HCV genotype 3 infection.

www.wjgnet.com

However, HCV genotype 3 is very rare in Japan, and indeed

we found no patient infected with genotype 3 among the

266 subjects enrolled in the current study. By contrast, it has
been reported that hepatic steatosis with HCV genotype 1
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infection is not altered after successful antiviral treatment””.

In the current study, among 6 patients who developed HCC
after SVR and in whom HCV genotype was examined, 4
and 2 were infected with genotype 1 and 2, respectively
(Table 1). Disappearance of hepatic steatosis (grade 0) after
successful IFN therapy was noted only in 1 patient (case 2),
infected with HCV genotype 2a; steatosis still remained
in 4 of 5 patients whose histologies on the occurrence of
HCC were investigated (Table 1). Thus, hepatic steatosis at
baseline continuously remained after eradication of HCV,
and might play a role in development of HCC, along with
other factors, such as age and fibrosis in the liver.

It has been repeatedly reported that NASH caused by
hepatic steatosis eventually could result in development
of HCCP* "and indeed NASH is regarded as an
alternative etiology of HCC worldwide™ . Tt is believed
that cryptogenic cirrhosis, occasionally producing HCC,
may be a late complication of NASH, even though steatosis
is not observed in the end-stage cirrhotic liver™. In the
current study, however, liver histology on the onset of HCC
was not coincident with cryptogenic cirrhosis. Rather, the
staging of fibrosis was F2 in 5 of 7 patients who developed
HCC, relatively at early stage. Moreover, although hepatic
steatosis was noted at the pre-IFN treatment, histological
hallmarks of NASH, such as perisinusoidal/peticellular
fibrosis ot infiltration of polymorphonuclear cells"™* were
not observed in our patients. Therefore, hepatic steatosis
in these patients should be regarded as non-alcoholic fatty
liver diseases INAFLD), instead of NASH. Taken together,
the role of hepatic steatosis in the hepatocarcinogenesis
after SVR seems to be different from those in NASH liver.
Rather, the results in the current study suggest the possibility
that steatosis and HCV infection, even if eradicated, would
cooperatively operate for development of HCC.

We should be cautious, however, in concluding that
hepatic steatosis would be a risk factor for developing
HCC after SVR. First of all, multivariate analysis was
not performed in this study and therefore the effect of
confounding factors could not be excluded, as described
above. Second, it is still controversial whether hepatic
steatosis facilitates hepatocarcinogenesis in untreated
patients with infection of HCV™*! and prospective
well-controlled studies are required to conclude the
association between hepatic steatosis and development
of HCC. Third, it is also notable that HCC developed
within 10 years after successful eradication of HCV in the
presented cases, even though almost half of the enrolled
266 patients with SVR had been followed up more than
10 years. Since hepatic steatosis would remain in a similar
manner after eradication of HCV, HCC might develop in
patients after more than 10 years as well. Finally, very low
amount of HCV, even undetectable by RT-PCR, had still
remained in the liver after SVR and might play a crucial
role in hepatocarcinogenesis. Radkowski ez al™ recently
demonstrated that HCV-RNA was detected in 3 of 11
patients with SVR after treatment, even though previous
reports describing the occurrence of HCC in patients with
SVR have repeatedly shown the absence of HCV-RNA in
the tumor and non-tumor liver tissue™'?.,

In conclusion, the current study demonstrates that
development of HCC in patients after SVR depends on age,

hepatic fibrosis, and hepatic steatosis at pre-IFN treatment.
As discussed, the remote effect of HCV infection could
be more important for hepatocarcinogenesis, and a large-
scale, multi-center coopetative study is required to conclude
whether hepatic steatosis at baseline is a contributing factor
for development of HCC. Nevertheless, it should be kept
in mind that patients with hepatic steatosis at pre-IFN
treatment may be at a high risk for developing HCC, and
therefore should be closely monitored after SVR.
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