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Abstract

An 82-year-old man presented with hepatocellular carcinomas (HCCs) 24 years after achieving a sustained virological
response (SVR) to an interferon for hepatitis C. His hepatic fibrosis stage was F1 when he was treated at 58 years. He was
followed-up by annual blood tests and abdominal ultrasonography or computed tomography. After the IFN treatment, he
had drunk approximately 100 g of ethanol. Serum aspartate aminotransferase and gamma-glutamyl transpeptidase levels had
been elevated since 2012. To investigate the possible factors that affect hepatocarcinogenesis over 10 years after achieving
an SVR, we reviewed the literature. Of 39 reported patients, 26, as well as ours, had one or more lifestyle-related factors,
including body mass index > 25 kg/m?, diabetes mellitus, impaired glucose tolerance, hepatosteatosis, or alcohol consump-
tion. In our patient, aging and daily alcohol consumption might have triggered the development of HCCs.
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HCV Hepatitis C virus

HCC Hepatocellular carcinoma

IFNs Interferons

SVR Sustained virological response

DEB-TACE Drug-eluting beads transcatheter arterial
chemoembolization

CT Computed tomography

BMI Body mass index

HBsAg Hepatitis B surface antigen

HBcAb Hepatitis B core antibody

AST Aspartate aminotransferase

ALT Alanine aminotransferase

GGT Gamma-glutamyl transpeptidase

AFP Alpha-fetoprotein

BCLC Barcelona clinic liver cancer

M2BPGi Mac-2 binding protein glycosylation isomer

AUROC Area under the receiver-operating character-
istic curve

COI Cut-off index
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Introduction

Hepatitis C virus (HCV) is a blood-borne single-strand
RNA virus belonging to the Flaviviridae family. HCV is a
major cause of chronic hepatitis, liver cirrhosis, and hepa-
tocellular carcinoma (HCC) worldwide. To prevent liver-
related complications, interferons (IFNs) have been used in
the treatment of patients infected with the HCV. IFN-alpha
and -beta, which are type I IFNSs, trigger the host’s immune
response resulting in eradication of several viruses including
HCV. Sustained virological response (SVR) is defined as
aviremia 24 weeks after anti-HCV treatment and is consid-
ered to be an indication of virological cure. Achievement of
SVR has been found to be associated with the inhibition of
hepatocarcinogenesis [1]. However, several cases of HCC
after SVR have been reported, especially in patients who
are male, 65 years or older, and have severe hepatic fibrosis
or a history of alcohol consumption [2—4]. Although most
HCCs were detected within 10 years after SVR, the longest
interval reported is 20 years [5-9].

We herein describe a male patient who developed HCCs
24 years after achieving an SVR at the age of 58 years.
Although he was treated by drug-eluting beads transcath-
eter arterial chemoembolization (DEB-TACE), his HCCs
developed aggressively resulting in his death at the age of
82 years.
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Case report

In September 2016, an 82-year-old asymptomatic man
visited Iwate Medical University hospital (a center for
HCC treatment in northern Honshu, Japan) for assess-
ment of liver tumors. He had hypertension and lumbar
spinal canal stenosis, but did not have diabetes mellitus,
dyslipidemia, a history of blood transfusion, or a family
history of a liver disease. In 1992, at the age of 58 years,
he was diagnosed with chronic hepatitis C. His hepatic
stage was F1A1 according to the METAVIR score [10].
Thereafter, he was treated with IFN-alpha for 24 weeks
at a local hospital. The HCV genotyping and viral load
were unclear. He was free of HCV RNA after the IFN
therapy and achieved an SVR in 1992. He was followed-
up by annual blood tests and abdominal ultrasonography
or computed tomography (CT). After the IFN treatment,
he had drunk approximately 720-900 ml of Japanese sake
daily, which includes 86—108 g of ethanol. In 2016, a new
and irregular region over 8 cm in diameter was detected in
segment 6 of his liver on abdominal CT. He was therefore
admitted to Iwate Medical University hospital for further
evaluation and treatment. Blood examination results on
admission are presented in Table 1. His body mass index
(BMI) was 22.5 kg/m?, and his Child—Pugh grade was A.
Throughout the clinical course, he remained negative for
HCV RNA. He was negative for serum hepatitis B surface
antigen (HBsAg) and hepatitis B viral DNA but positive
for hepatitis B core antibody (HBcAb). Serum aspartate
aminotransferase (AST) and gamma-glutamyl transpepti-
dase (GGT) levels had been elevated since 2012 (Fig. 1).
In addition, serum albumin, total bilirubin, levels of total
cholesterol, high-density lipoprotein cholesterol, triglycer-
ide, hemoglobin Alc, and fasting glucose were within nor-
mal limits, but platelet counts were decreased. Tumor bio-
markers including total alpha-fetoprotein (AFP), AFP-L3,
and des-gamma-carboxy prothrombin were increased. AFP
had not been elevated between 2000 and 2003. Abdominal
gadolinium-ethoxybenzyl-diethylenetriamine pentaacetic
acid-enhanced magnetic resonance imaging showed poor
contrast enhancement of his right hepatic lobe in the
hepatobiliary phase, and the maximum diameter of the
tumors was 8 cm. CT arteriography showed enhancement
of the entire tumors of hepatic segment 8, and massive
lesions consisting of multiple tumors in segments 6 and
5 (Fig. 2). CT during arterial portography showed poor
contrast enhancement of these tumors and invasion of
P6. The tumors were therefore diagnosed as HCC stage
C according to the Barcelona Clinic liver cancer (BCLC)
criteria. Although the European guidelines recommended
sorafenib for BCLC stage C HCCs, the patient refused it
and underwent DEB-TACE twice. Eight months after the

Table 1 Laboratory blood findings

White blood cell count (/uL) 7070
Red blood cell count (10%uL) 4.98
Hemoglobin (g/dL) 16.2
Platelet count (103/pL) 150
Prothrombin time (international normalized ratio) 1.11
Fibrinogen (mg/dL) 488
Total protein (g/dL) 7.6
Albumin (g/dL) 4.6
Aspartate aminotransferase (U/L) 33
Alanine aminotransferase (U/L) 22
Alkaline phosphatase (U/L) 445
Gamma-glutamyl transpeptidase (U/L) 110
Cholinesterase (U/L) 371
Lactate dehydrogenase (U/L) 214
Total bilirubin (mg/dL) 0.7
Ammonia (ug/dL) 34
Total cholesterol (mg/dL) 192
High-density lipoprotein cholesterol (mg/dL) 44
Triglyceride (mg/dL) 128
Fasting plasma glucose (mg/dL) 104
Hemoglobin Alc (%) 55
Urea nitrogen (mg/dL) 12.9
Creatinine (mg/dL) 103
HCV RNA (Log IU/mL) ND
HBs antigen Negative
HBs antibody (mIU/mL) 20.9
HBc antibody (S/CO) 6.2
Immunoglobulin A (mg/dL) 226
Immunoglobulin G (mg/dL) 1,340
Immunoglobulin M (mg/dL) 87
Ferritin (ng/mL) 642.3
Total alpha-fetoprotein (AFP) (ng/mL) 7,060
AFP L3 (%) 75.4
Des-gamma-carboxy prothrombin (AU/L) 2,900
Indocyanine green retention at 15 min (%) 16
Type IV collagen 7S (ng/mL) 7
M2BPGi (COI) 1.47

HCYV hepatitis C virus, HBs hepatitis B virus surface, HBc hepatitis
B virus core, AFP alpha-fetoprotein, M2BPGi Mac-2 binding protein
glycosylation isomer, ND no detection

first DEB-TACE, he complained of abdominal distention
and fatigue. Dynamic abdominal CT showed recurrence of
HCCs, thrombosis of the portal and superior mesenteric
veins, formation of an esophageal varix, cavernous trans-
formation of the portal vein, ascites, and multiple lymph
nodes metastases. He only received the best supportive
care because of his deteriorating performance status and
hepatorenal dysfunction. As a result, he died 9 months
after the initial admission.
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Fig.1 Time courses of aspartate aminotransferase (AST), alanine
aminotransferase (ALT), and gamma-glutamyl transpeptidase (GGT)
levels from 2000 to 2016 (admission year). The data from 2006 to
2011 were unavailable

Because consent for liver biopsy or pathological autopsy
was not obtained, histological examination could not be
performed in 2016. Recently, it has been reported that the
hepatic fibrosis stage of chronic liver disease associated with
HCYV can be predicted using markers or scoring models.
It should be noted that these hepatic fibrosis markers and
scores change before and after the achievement of SVR. To
estimate the hepatic fibrosis stage, cut-off values, determined
by clinical studies comparing the liver tissue with the results
of these markers or models from patients achieving SVR are
needed. Markers including type IV collagen 7S and Wisteria
floribunda agglutinin-positive Mac-2 binding protein gly-
cosylation isomer (M2BPGi), have been reported as good
predictors of hepatic fibrosis [11]. Based on an area under
the receiver-operating characteristic curve (AUROC) analy-
sis, the cut-off value for diagnosis of severe hepatic fibrosis
(F3—4) was reported as M2BPGi 1.42 cut-off index (COI) on
the post-IFN treatment day (AUROC, 0.784: positive predic-
tive value, 0.462: negative predictive value, 0.904) [12]. In
our patient, the M2BPGi of 1.47 COI at the initial admission
suggested severe hepatic fibrosis of F3—4. Progression from
F1 at the time of the pre-IFN treatment in 1992 to F3—4 at
admission in 2016 was presumed.

We searched the literature in the Medline and Igaku
Chuo Zasshi databases, the Japanese largest medical litera-
ture database, to investigate the post-SVR factors associated
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with the occurrence of HCC over 10 years after an SVR
achieved by IFNs. We identified a total of 38 patients from
24 studies reported from Italy and Japan [5-9, 13-31]. The
clinical findings in these studies and our patient are shown
in Table 2. None of the 39 patients (36 men, 2 women, and 1
without a reported sex) had a history of HCC before achiev-
ing SVR. They achieved an SVR between the ages of 41
and 69 years, and their HCC occurred between ages 54 and
86 years. Although only 5 patients were over 65 years at the
time of achieving an SVR, 28 developed HCC at 65 years or
older. The F stages were FO in 0, F1 in 4, F2 in 9, F3 in 10,
and F4 in 6 among 29 patients who underwent liver biopsy
before IFN. Among 29 patients, 16 (55%) showed non-
severe hepatic fibrosis (FO-2) and 13 patients (44%) showed
severe hepatic fibrosis (F3—4). A total of 22 patients under-
went pathological examination at the time of HCC occur-
rence, showing an FO stage in 4, F1 in 8, F2in 7, F3 in 2, and
F4 in 1. The F stage of 18 patients was determined before
IFN treatment and after occurrence of HCC, and showed
improvement in 14 and no change in 4. Although HBsAg
was negative in all reported patients, HBcAb was positive in
13 of 25 patients (52%). BMI, diabetes mellitus or impaired
glucose tolerance, hepatosteatosis, and alcohol consumption
were surveyed as lifestyle-related factors. The average BMI
at HCC development was 24.0 kg/m? (17.5-28.1) and 13
of 29 patients (44%) had a BMI >25 kg/m?. There were 8
patients with diabetes mellitus, and 3 with impaired glucose
tolerance. Although the precise degree of hepatosteatosis
was not fully described in all studies, 11 patients had a find-
ing of “fatty liver” or steatosis which is more than 5%. A
history of drinking alcohol at least once per week was found
in 12 patients, 4 of whom had an intake of over 50 g/day of
ethanol and 2 drank approximately 100 g/day of ethanol.
One or more lifestyle-related factors were present in 26 of
all 39 patients (66%), 12 of the 16 with F3—4 fibrosis before
IEN treatment (75%) and 9 of the 13 with FO-2 (69%).
This study was approved by the Iwate Medical University
ethics committee (H29-101). All procedures followed have
been performed in accordance with the ethical standards
laid down in the 1964 Declaration of Helsinki and its later
amendments. The need for informed consent was waived.

Discussion

Previous studies have demonstrated how successful IFN
treatment for chronic hepatitis or compensated liver cirrho-
sis results in HCV eradication, amelioration of liver inflam-
mation, improvement in hepatic fibrosis, and decrease in
the incidence of HCC. Indeed, successful efforts to prevent
and eradicate HCV have resulted in a decrease in the liver-
related and all-cause mortality rates in patients with chronic
HCYV infection in Japan [1]. On the other hand, numerous
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Fig.2 Classical imaging findings of hepatocellular carcinoma were
detected by computed tomography (CT) and angiography. CT hepatic
arteriography showed enhancement of the entire tumor in hepatic

patients have developed HCC after successful IFN or direct
acting antiviral (DAA) therapy, and they should not be
ignored [32]. HCC development after eradication of HCV
can be fatal for patients, and behoove a discussion of the
medical economics of using costly DAAs. Some pre-SVR
factors have been found to be associated with subsequent
HCC, including sex (male), age (65 years or older), hepatic
fibrosis (F3—4), and AFP [2, 3, 33]. The concurrent occur-
rence of these pre-SVR risk factors might correlate with
hepatocarcinogenesis. However, in our patient, these risk
factors do not fully explain the extremely long interval of
24 years from SVR to HCC occurrence. Although the patient
was a man and developed HCCs at 82 years, he achieved
SVR at the age of 58 years and his pre-SVR fibrosis stage
was only F1. Patients in stages F1-2 comprised 44% of the
reported patients who underwent liver biopsy before IFN
treatment and developed an HCC 10 or more years after
achieving an SVR (Table 2). This suggests that in addition
to the pre-SVR risk factors including severe hepatic fibrosis,
other factors that may develop or change after SVR might
also have been involved in his hepatocarcinogenesis.
Several post-SVR factors are associated with increased
incidence of HCC. Aging may be the most common, since

segment 5 (a). CT during arterial portography showed poor contrast
enhancement of this tumor (b). Hepatic arteriography showed mas-
sive multiple tumor lesions in the hepatic right lobe (c)

27 of the 34 reported patients developed HCC at 65 years
or older. Metabolic disorders, including diabetes mellitus,
hepatosteatosis, and hepatic iron deposition, may affect the
development of HCC after achieving an SVR [3, 34, 35].
The presented patient, however, did not have diabetes mel-
litus, hepatosteatosis, or obesity. Hyperferritinemia indi-
cates iron overload that might promote hepatic fibrosis and
carcinogenesis, although serum ferritin levels are elevated
in patients who consume alcohol, which is a risk factor for
HCC after SVR [36]. Iwasaki et al. suggested that drinking
50 g of alcohol or more daily was associated with HCC
after SVR [4]. Our patient had consumed approximately
100 g of ethanol per day and his blood examination on
admission showed decreased platelet counts and elevated
AST, GGT, type IV collagen 7S, and M2BPGi. Accord-
ing to these elevated hepatic fibrosis markers, his fibrosis
stage on initial admission was predicted to be F3—4, which
was higher than his pre-IFN fibrosis stage (F1). Of the 38
patients reported in the literature, 11 had a daily drinking
habit. Long-term drinking after achieving an SVR might
promote hepatic fibrosis and may be involved in the devel-
opment of HCC 24 years after SVR in our patient.
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The reason why HCC occurred in the patients without
severe hepatic fibrosis over 10 years after SVR is unclear,
since severe hepatic fibrosis was considered to be a risk fac-
tor for hepatocarcinogenesis within 5 years of SVR [2]. In an
attempt to explain this long interval between SVR and devel-
opment of HCCs, we developed the following hypotheses:
first, within 5 years of SVR, HCC occurs mainly in high-risk
patients who are older or have severe hepatic fibrosis on pre-
SVR day. Second, the presence of lifestyle-related factors,
including obesity, diabetes mellitus, hepatosteatosis, and/or
habitual drinking, promote the development of HCC after
SVR. Third, over 10 years after SVR, long-term accumula-
tion of low-risk hepatocarcinogenesis factors, such as aging
and lifestyle-related factors, may result in the occurrence of
HCC:s in the patients with relatively young and mild hepatic
fibrosis. This concept remains speculative and should be ver-
ified in further studies comparing patients with and without
occurrence of HCC.

The effect of latent HBV infection on hepatocarcino-
genesis in patients with HCV-related liver disease has been
reported [37]. Integration of the HBV gene into the host
genome may affect hepatocarcinogenesis. The prevalence
of concomitant HBsAg-negativity and HBcAb-positivity
was 14 of 25 Japanese patients (56%), including our patient
as shown in Table 2. This rate was higher compared with
that reported on the general population of Japan surveyed
from 2005 to 2006 (22%) [38]. However, it should be noted
that the prevalence of HBcAb-positivity was 392 of 846
(46%) in Japanese HBsAg-negative patients with HCV-
related chronic liver disease followed-up from 1995 to 2005
[37]. Prospective cohort studies comparing patients with
and without occurrence of HCC are desirable to verify the
effect of lifestyle-related factors or latent HBV infection on
hepatocarcinogenesis. Considering prospective cohort stud-
ies are limited by the observation period or loss to follow-up,
case—control studies based on a case report or a retrospec-
tive cohort study are important to assess the pertinent risk
factors.

Although early diagnosis of HCC at a curable clini-
cal stage is necessary for survival, an appropriate method
and interval of surveillance of HCC in patients who have
achieved an SVR have not been established. In our patient,
annual laboratory and imaging studies were inadequate to
discover the HCC before it progressed. The post-SVR fac-
tors, including aging and alcohol consumption, might have
affected the long interval between SVR and HCC develop-
ment. Therefore, stratification of HCC risk based on pre- and
post-SVR factors may help optimize the monitoring proce-
dure after SVR.

In conclusion, we identified a patient who had developed
HCC 24 years after achieving an SVR. Although male sex
plays an important role in the occurrence of HCC, aging
post-SVR and lifestyle habits may be associated with
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hepatocarcinogenesis in patients without severe hepatic
pre-IFN treatment.

Acknowledgements This study was supported by a Grant from the
Ministry of Health, Labour and Welfare, Japan (H28-kansei-ippan-001).

References

1. Tada T, Kumada T, Toyoda H, et al. Viral eradication reduces
all-cause mortality, including non-liver-related disease, in patients
with progressive hepatitis C virus-related fibrosis. J Gastroenterol
Hepatol. 2017;32:687-94.

2. Makiyama A, Itoh Y, Kasahara A, et al. Characteristics of
patients with chronic hepatitis C who develop hepatocellular car-
cinoma after a sustained response to interferon therapy. Cancer.
2004;101:1616-22.

3. El-Serag HB, Kanwal F, Richardson P, Kramer J. Risk of hepato-
cellular carcinoma after sustained virological response in veterans
with hepatitis C virus infection. Hepatology. 2016;64:130-37.

4. Iwasaki Y, Takaguchi K, Ikeda H, et al. Risk factors for hepatocel-
lular carcinoma in hepatitis C patients with sustained virologic
response to interferon therapy. Liver Int. 2004;24:603-10.

5. Igarashi G, Endo T, Sawada N, et al. Development of hepato-
cellular carcinoma in chronic hepatitis ¢ patients 20 years after
achieving a sustained virological response with interferon therapy:
a report of two cases. ] Gen Fam Med. 2015;16:199-203.

6. Okabe J, Fukuda K, Iwamoto T, et al. A case of cirrhosis with
hepatitis C virus infection developing hepatocellular carcinoma 20
years after achieving sustained virological response to interferon
therapy. Kanzo (Acta Hepatol Jpn). 2016;57:27-33 (in Japanese,
abstract in English).

7. Nakayama H, Iketani S, Okamoto D, et al. Long-term prognosis
of patients with chronic hepatitis C who developed hepatocellular
carcinoma after a sustained response to interferon therapy. Iwaki
Kyoritsu Byoin Ihou (J Iwaki Kyoritsu Gen Hosp). 2013;34:12-21
(in Japanese).

8. Harai S, Kuratomi N, Fukazawa Y, et al. A case of hepatocellular
carcinoma with portal vein tumor thrombosis and bone metastasis
developed 20 years after successful interferon therapy to hepati-
tis C. Yamanashi Kenritsu Chuo Byoin Nenpo (J Yamanashi-ken
Central Hosp. 2015; 41:68-70 (in Japanese).

9. Hirohata Y, Yoh Y, Nakamura Y, Kato T, Okamura R. Surgical
treatment for hepatocellular carcinoma in a chronic hepatitis C
patient 20 years after achieving a sustained virological response.
Nippon Shokaki Geka Gakkai Zasshi (Jpn J Gastroenterol Surg).
2017;50:528-34 (in Japanese, abstract in English).

10. Bedossa P, Poynard T. An algorithm for the grading of activity
in chronic hepatitis C. The METAVIR Cooperative Study Group.
Hepatology. 1996;24:289-93.

11. Kuno A, Ikehara Y, Tanaka Y, et al. A serum “sweet-doughnut”
protein facilitates fibrosis evaluation and therapy assessment in
patients with viral hepatitis. Sci Rep. 2013;3:1065.

12. Nagata H, Nakagawa M, Nishimura-Sakurai Y, et al. Serial
measurement of Wisteria floribunda agglutinin positive Mac-
2-binding protein is useful for predicting liver fibrosis and the
development of hepatocellular carcinoma in chronic hepatitis C
patients treated with IFN-based and IFN-free therapy. Hepatol Int.
2016;10:956—64.

13. Sato T, Okada M, Masumoto A, Takeda N. A case of surgical
treatment for hepatocellular carcinoma occurred 10 years after
a successful interferon therapy in a patient with chronic hepati-
tis C. Rinsho to Kenkyu (Jpn J Clin Exp). 2005;82:342-43. (in
Japanese).



Clinical Journal of Gastroenterology (2019) 12:120-127

127

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Kobayashi M, Suzuki M, Yamada N, et al. A case of hepatocel-
lular carcinoma developed ten years after successful interferon
therapy for chronic hepatitis C. Sei Marianna Ika Daigaku Zasshi
(St Marianna Med J). 2006;34:115-23 (in Japanese, abstract in
English).

Sugunami F, Tomiyama Y, Ohmoto K, et al. Hepatocellular car-
cinoma occurring after 11 year-long sustained viral response to
interferon therapy for chronic hepatitis C. Nippon Shokakibyo
Gakkai Zasshi (Jpn J Soc Gastroenterol). 2007;104:809-14. (in
Japanese, abstract in English).

Kimura Y, Tsuji K, Matsui T, et al. A case of synchronous double
cancer of liver metastasis of thymoma and hepatocellular carci-
nomas, 10 years after achieving sustained virological response
treated with peginterferon/ribavirin in chronic hepatitis C virus
infection. Kanzo (Acta Hepatol Jpn). 2016;57:252-59 (in Japa-
nese, abstract in English).

Hanaoka J, Shimada M, Ikegami T, et al. A case of surgi-
cal treatment for hepatocellular carcinoma that developed in a
chronic hepatitis C patient who had shown sustained virological
response to interferon 11 years before. Kanzo (Acta Hepatol Jpn).
2008;49:248-54 (in Japanese, abstract in English).

Nojiri K, Sugimoto K, Shiraki K, et al. Development of hepatocel-
lular carcinoma in patients with chronic hepatitis C more than 10
years after sustained virological response to interferon therapy.
Oncol Lett. 2010;1:427-30.

Ito Y, Yamamoto N, Nakata R, et al. Delayed development of
hepatocellular carcinoma during long-term follow-up after eradi-
cation of hepatitis C virus by interferon therapy. World J Gastro-
enterol. 2005;11:7218-21.

Kawano Y, Egami K, Sasajima K, et al. A hepatocellular car-
cinoma developed following 12 years from sustained virologic
response to interferon therapy in a patient with hepatitis C. Kanzo
(Acta Hepatol Jpn). 2007;48:48-56 (in Japanese, abstract in
English).

Hayashi T, Tamori A, Nishikawa M, et al. Differences in molecu-
lar alterations of hepatocellular carcinoma between patients with
a sustained virological response and those with hepatitis C virus
infection. Liver Int. 2009;29:126-32.

Sanefuji K, Kayashima H, Iguchi T, et al. Characterization of
hepatocellular carcinoma developed after achieving sustained
virological response to interferon therapy for hepatitis C. J Surg
Oncol. 2009;99:32-7.

Tsumura T, Takaki S, Aikata H, et al. A case of double cancer
of the liver, cholangiocarcinoma and hepatocellular carcinoma
detected in a patient with hepatitis C 13 years after diminution of
HCV-RNA by interferon treatment. Nippon Shokakibyo Gakkai
Zasshi (Jpn J Soc Gastroenterol). 2009;106:674-583 (in Japa-
nese, abstract in English).

Yagura M, Tanaka A, Kamitsukasa H. A case of hepatocellular
carcinoma who cleared hepatitis C virus with interferon therapy
13 years ago. Kanzo (Acta Hepatol Jpn). 2009;50:238-43 (in
Japanese, abstract in English).

Mashitani T, Yoshiji H, Yamazaki M, et al. Development of
hepatocellular carcinoma in a patient 13 years after sustained

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

virological response to interferon against chronic hepatitis C: a
case report. Cases J. 2009;2:18.

Bertolini E, Bassi F, Fornaciari G. Deveopment of hepatocellu-
lar carcinoma in a non-cirrhotic, long-term responder to antiviral
therapy, chronic hepatitis C patient: what kind of surveillance?
Ann Gastroenterol. 2013;26:80-3.

Watanabe E, Koizumi Y, Hirooka M, et al. Hepatocellular car-
cinoma in a chronic hepatitis C patient 15 years after achieving
a sustained virological response. Kanzo (Acta Hepatol Jpn).
2012;53:763-68 (in Japanese, abstract in English).

Higuchi R, Yasuda H, Koda K, et al. Hepatocellular Carcinoma
Development in Hepatitis-C-Sustained Virological Response
to Interferon-Based Therapy After 15-Year Follow-Up. Nippon
Gekakei Rengo Gakkaishi (J Jpn Coll Surgeons). 2011;36:66-71
(in Japanese, abstract in English).

Takeuchi N, Tada H, Nishida Y, et al. Rapid growing hepatocel-
lular carcinoma in a patient with chronic hepatitis C after 16 years
of a sustained and complete response to interferon therapy. Kan
Tan Sui. 2011;63:699-705 (in Japanese).

Saito M, Seo Y, Yano Y, et al. Development of a hepatocellular
carcinoma in a chronic hepatitis C patient 18 years after achieving
a sustained virological response to interferon therapy: case report
and literature review. Clin J Gastroenterol. 2012;5:119-26.
Ohshima K, Oba N, Kyoden Y, Iseki J, et al. A case of surgical
treatment for hepatocellular carcinoma detected in a patient with
chronic hepatitis C who had shown sustained virological response
(SVR) to interferon 19 years before. Liver Cancer (Tokyo).
2012;18:23-35 (in Japanese, abstract in English).

Toyoda H, Tada T, Takaguchi K, et al. Differences in background
characteristics of patients with chronic hepatitis C who achieved
sustained virologic response with interferon-free versus inter-
feron-based therapy and the risk of developing hepatocellular
carcinoma after eradication of hepatitis C virus in Japan. J Viral
Hepat. 2017;24:472-76.

Asahina Y, Tsuchiya K, Nishimura T, et al. alpha-fetoprotein lev-
els after interferon therapy and risk of hepatocarcinogenesis in
chronic hepatitis C. Hepatology. 2013;58:1253-62.

Nirei K, Matsumura H, Kumakawa M, et al. Steatosis influences
the clinical profiles and long-term outcomes of interferon-treated
chronic hepatitis C and liver cirrhosis patients. Int J Med Sci.
2017;14:45-52.

Nanba S, Ikeda F, Baba N, et al. Association of hepatic oxi-
dative stress and iron dysregulation with HCC development
after interferon therapy in chronic hepatitis C. J Clin Pathol.
2016;69:226-33.

Whitfield JB, Zhu G, Heath AC, et al. Effects of alcohol consump-
tion on indices of iron stores and of iron stores on alcohol intake
markers. Alcohol Clin Exp Res. 2001;25:1037-45.

Ikeda K, Marusawa H, Osaki Y, et al. Antibody to hepatitis B core
antigen and risk for hepatitis C—related hepatocellular carcinoma:
a prospective study. Ann Int Med. 2007;146:649-56.

Kusumoto S, Tanaka Y, Mizokami M, et al. Reactivation of hepa-
titis B virus following systemic chemotherapy for malignant lym-
phoma. Int J Hematol. 2009;90:13-23.

@ Springer



	Occurrence of hepatocellular carcinoma 24 years after successful interferon therapy in a patient with chronic hepatitis C: a case report
	Abstract
	Introduction
	Case report
	Discussion
	Acknowledgements 
	References


