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Two Cases of Hepatocellular Carcinoma Occurring
Immediately after Direct-acting Antiviral Agents
against Hepatitis C Virus
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Abstract:

We experienced two cases of hepatocellular carcinoma (HCC) occurring immediately after treatment with
direct-acting antiviral agents (DAAs). Case 1 was a 75-year-old woman in whom HCC was detected immedi-
ately after completion of DAA treatment. Case 2 was a 75-year-old woman who had a hypovascular nodule
in liver. The hypovascular nodule became hypervascular without enlargement of the nodule size immediately
after DAA treatment completion. Although the association between DAA treatment and hepatocarcinogenesis
is unknown, sufficient surveillance after achieving a sustained viral response is required, as a large number of

patients at a high risk of hepatocarcinogenesis are treated with DAAs.
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Introduction

Treatment with direct-acting antiviral agents (DAAs)
against hepatitis C virus (HCV) achieves an extremely high
sustained virological response (SVR) rate. Although DAA
treatment is expected to prevent the occurrence of HCV-
related hepatocellular carcinoma (HCC), an unanticipated
high rate of HCC occurrence or recurrence following DAA
treatment has recently been reported (1, 2). Therefore,
whether DAA treatment prevents or promotes hepatocarcino-
genesis is controversial.

We herein report one case of HCC occurring immediately
after DAA treatment despite the absence of evidence of
HCC before treatment and one case of HCC in which a hy-
povascular nodule that had not changed for 10 years became
hypervascular immediately after DAA treatment.

Case Reports

Case 1

The patient was a 75-year-old woman who had been
treated for hepatitis C infection with ursodeoxycholic acid
for 22 years at our hospital. She had not received interferon
(IFN) treatment because of concerns about the side effects.
She had no history of smoking or alcohol consumption. Her
height was 145.0 cm, weight 50.8 kg, and body mass index
24.2 kg/m’. The laboratory data on admission are shown in
Table 1. Her HCV genotype was 1b.

Direct sequencing and a cycling-probe analysis (3) did
not reveal variants associated with L31 or Y93 in the non-
structural protein SA (NS5A) region of the HCV RNA. Her
serum level of Mac-2 Binding Protein Glycosylation isomer
(M2BPGi) (4) was 3.39(2+), suggesting the progression of
liver fibrosis. She had a Child-Pugh class A (5 points) liver
function.

She was treated for 12 weeks with ombitasvir/paritaprevir/
ritonavir. After the initiation of DAA treatment, the HCV
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Table 1. Laboratory Data on Admission of Case 1.
‘White blood cells 3,780 /uL Glucose 107 mg/dL
Hemoglobin 14.1 g/dL Prothrombin time 96 %
Platelets 102,000 /uL Activated partial prothrombin time 25 sec
Total protein 7.9 g/dL Fibrinogen 281 mg/dL
Albumin 3.7 g/dL Mac-2 Binding Protein Glycosylation isomer ~ 3.39(2+)
Total bilirubin 0.8 mg/dL.  Hepatitis C virus RNA 6.3 LogIU/mL
Asparate aminotransferase 77 IU/L Hepatitis C virus genotype 1b
Alanine aminotransferase 56 IU/L L31 wild
Alkaline phosphatase 428 IU/L Y93 wild
Y-glutamyltransferase 22 TU/L a-fetoprotein 5.4 ng/mL
Lactate dehydrogenase 225 IU/L a-fetoprotein-L3 <0.5 %
Cholinesterase 235 IU/L Des-y-carboxyprothrombin 10 mAU/mL
Blood urea nitrogen 19.8 mg/dL
Creatinine 0.87 mg/dL
C-reactive protein <0.2 mg/dL

OBV/PTV/r

’ There was no evidence of HCC.

‘ ’ HCC was detected.
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Figure 1.

RNA rapidly became undetectable, and the serum level of
alanine aminotransferase (ALT) decreased to within the nor-
mal range (Fig. 1). Just before the completion of the DAA
treatment, however, abdominal ultrasonography (US) re-
vealed a hyperechoic nodule with a hypoechoic halo, 1.7 cm
in diameter, in liver segment 6 (Fig. 2b). The lesion showed
enhancement in the early phase and subsequent washout in
the delayed phase of dynamic computed tomography (CT),
suggesting that HCC occurred immediately after DAA treat-
ment (Fig. 3c and d). Retrospectively, there was no evidence
of HCC on abdominal ultrasonography one month before
(Fig. 2a) or on dynamic CT four months before the initia-
tion of DAA treatment (Fig. 3a and b). She underwent ra-
diofrequency ablation of the lesion and has survived without
recurrence for 17 months.

Clinical course of Case 1. OBV/PTV/r: ombitasvir/paritaprevir/ritonavir

Case 2

The patient was a 75-year-old woman who had been
treated for hepatitis C infection with ursodeoxycholic acid
for 12 years at our hospital. She had not received IFN treat-
ment because of concerns regarding the side effects. Two
years after her first admission, gadolinium ethoxybenzyl di-
ethylenetriamine  pentaacetic acid (Gd-EOB-DTPA) -
enhanced magnetic resonance imaging (MRI) revealed a hy-
povascular nodule, 1.0 cm in diameter, in liver segment 6
with low intensity in both the arterial and hepatobiliary
phases (Fig. 4a and b) that did not change for 10 years. She
had no history of smoking or alcohol consumption. Her
height was 150.6 cm, weight 47.8 kg, and body mass index
21.0 kg/m’. The laboratory data on admission are shown in
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Figure 2. There was no evidence of HCC on US at one month before the initiation of DAA treat-
ment (a). US revealed a hyperechoic nodule with a hypoechoic halo, 1.7 cm in diameter, in liver seg-
ment 6 just before the completion of DAA treatment (b).

Figure 3. There was no evidence of HCC on dynamic CT in the early phase (a) or delayed phase (b)
at four months before the initiation of DAA treatment. Dynamic CT revealed a lesion, 1.7 cm in diam-
eter, in liver segment 6, showing enhancement in the early phase (c) and subsequent washout in the
delayed phase (d) immediately after DAA treatment.
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Table 2. Laboratory Data on Admission of Case 2.

White blood cells 4,010 /uL Glucose 89 mg/dL
Hemoglobin 14.0 g/dL Prothrombin time 86 %
Platelets 113,000 /uL Activated partial prothrombin time 29.8 sec

Total protein 7.8 g/dL Fibrinogen 240 mg/dL
Albumin 3.7 g/dL Mac-2 Binding Protein Glycosylation isomer  6.80(2+)

Total bilirubin 1.3 mg/dL.  Hepeatitis C virus RNA 6.6 LoglU/mL
Asparate aminotransferase 82 IU/L Hepatitis C virus genotype 1b

Alanine aminotransferase 82 IU/L L31 wild

Alkaline phosphatase 644 1IU/L Y93 mixed
Y-glutamyltransferase 36 IU/L Y93 wild 10 %
Lactate dehydrogenase 283 IU/L Y93 mutant 90 %
Cholinesterase 230 IU/L a-fetoprotein 66.4 ng/mL
Blood urea nitrogen 23.4 mg/dL  oa-fetoprotein-L3 <0.5 %
Creatinine 0.65 mg/dL  Des-y-carboxyprothrombin 11 mAU/mL
C-reactive protein <0.2 mg/dL

Figure 4. Gd-EOB-DTPA-enhanced MRI revealed a lesion, 1.0 cm in diameter, in liver segment 6,
showing low intensity in the arterial (a) and hepatobiliary phases (b) 10 years before DAA treatment.
The intensity of the lesion was unchanged in the arterial (c) and hepatobiliary phases (d) three months
before the initiation of DAA treatment and in the arterial (e) and hepatobiliary phases (f) during the
course of DAA treatment. The lesion showed high intensity in the arterial phase (g) and low intensity
in the hepatobiliary phase (h) three months after the completion of DAA treatment.

Table 2. Her HCV genotype was 1b.

Direct sequencing and a cycling-probe analysis (3) did
not show an L31 mutation in the NS5A region of HCV
RNA. Direct sequencing of Y93, however, revealed the
mixed type (Y93Y/H), and a cycling-probe analysis revealed
10% Y93 wild strain and 90% Y93H mutant strain. Her se-
rum level of M2BPGi was 6.80(2+), suggesting the progres-
sion of liver fibrosis. She had a Child-Pugh class A (5
points) liver function.

She was treated for 12 weeks with ledipasvir/sofosbuvir.

After the initiation of DAA treatment, the HCV RNA rap-
idly became undetectable, and the serum level of ALT de-
creased to within the normal range (Fig. 5). Three months
after completion of the DAA treatment, however, the hy-
povascular nodule became hypervascular without enlarge-
ment. The lesion showed high intensity in the arterial phase
and low intensity in the hepatobiliary phase of Gd-EOB-
DTPA-enhanced MRI (Fig. 4g and h). Retrospectively, the
lesion had been a hypovascular nodule without enlargement
for 10 years at the first indication (Fig. 4a and b), 3 months
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LDV/SOF

’ The nodule had been hypovascular. ‘
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Figure 5. Clinical course of Case 2. LDV/SOF: ledipasvir/sofosbuvir

before the initiation of DAA treatment (Fig. 4c and d), and
during the course of DAA treatment (Fig. 4e and f). She un-
derwent radiofrequency ablation of the lesion and has sur-
vived without recurrence for 12 months.

Discussion

DAA treatment leads to an extremely high SVR rate
against HCV infection, and a reduction in the incidence of
HCV-related HCC is anticipated in the future. Unexpectedly,
however, a high rate of HCC recurrence following antiviral
treatment using DAA was recently reported (1, 2). Reig et
al. (1) reported that, of 58 patients with prior HCC who re-
ceived DAAs, 16 (27.6%) developed radiologic tumor recur-
rence after a median follow-up of 5.7 months. Conti et
al. (2) reported that, of 344 consecutive cirrhotic patients
without HCC treated with DAAs, HCC was detected in 17
of 59 patients (28.8%) with previous HCC and 9 of 285 pa-
tients (3.2%) without previous HCC during 24-week follow-
up. In these reports, patients with prior HCC had a high in-
cidence of HCC recurrence even after DAA treatment.
Therefore, strict follow-up is important after achieving an
SVR. Furthermore, Conti et al. (2) reported that a few pa-
tients without prior HCC developed HCC within a short pe-
riod of time. These reports suggest that DAA treatment
might promote hepatocarcinogenesis.

However, there are two reports that DAA treatment does
not increase the risk of HCC recurrence (5, 6). The ANRS
collaborative study group on HCC reported that there is no
increased risk of HCC recurrence after DAA treatment: the
rates of recurrence were similar between treated and un-
treated patients (5). Nagata et al. (6) reported that the risks
of early HCC occurrence and recurrence after viral eradica-
tion were similar between IFN-based and DAA treatment.

Based on these reports, it was suggested that DAA treatment
does not promote hepatocarcinogenesis. Occurrence or re-
currence of HCC during or just after DAA treatment is con-
sidered a possibility if precancerous lesions or early HCC
existed before DAA treatment and became obvious in the
natural course.

To investigate the effect of preventing hepatocarcinogene-
sis with DAA treatment, it is important to compare the ef-
fects of DAA with those of IFN. In a meta-analysis by Mor-
gan et al. (7), the SVR after IFN treatment among HCV-
infected patients at any stage of fibrosis was associated with
reduced HCC. In addition to antiviral actions, IFN has anti-
tumor and immunomodulating effects, and IFN-stimulated
genes (ISGs) induced by IFN play an important role in pre-
venting carcinogenesis. Unlike IFN, however, the direct anti-
tumor effects of DAA are unknown. Serti et al. (8) reported
that the functions of ISGs and natural killer cells (NK cells)
are normalized because of the rapid clearance of HCV by
DAA treatment. Therefore, unexpected hepatocarcinogenesis
may occur sporadically during and immediately after DAA
treatment as a result of attenuation of the antitumor activi-
ties of ISGs and NK cells during HCV infection. Case 1 in
our study developed HCC, 1.7 cm in diameter, during DAA
treatment, although there were no findings of HCC before
treatment. Case 2 developed HCC in which a hypovascular
nodule that had not changed in size for 10 years became hy-
pervascular throughout with no increase in size immediately
after DAA treatment. In these cases, the occurrence of HCC
and the change in the vascularity of the nodule were ob-
served within an extremely short period after completing
DAA treatment. Therefore, it was considered that rapid
changes in antitumor activities induced by the rapid clear-
ance of HCV led to hepatocarcinogenesis in these cases.
Further investigation is needed in future studies to address
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this important question.

Several reports have revealed that male gender, older age,
and liver fibrosis are significant risk factors for developing
HCC after achieving an SVR (9-12). Older age and hepatic
fibrosis were also refractory factors in IFN treatment. Al-
though an SVR can be easily obtained in these refractory
cases with the increased use of DAAs, more attention must
be paid to the onset of HCC after achieving an SVR. Diabe-
tes mellitus (13) and hepatic steatosis (14) are also associ-
ated with hepatocarcinogenesis after achieving an SVR.
These risk factors will become more important with the in-
creasing rate of metabolic syndrome. In addition, the alpha-
fetoprotein (AFP) value after IFN treatment is associated
with the HCC incidence (15-17). Our group (15) reported
that the incidence of HCC is significantly reduced in indi-
viduals with mean AFP integration values <10 ng/mL after
IFN therapy, suggesting that the decrease in AFP by IFN
therapy is a surrogate marker of the prevention of HCC.
Asahina et al. (16) also reported that post-IFN treatment
AFP levels are strictly associated with the risk for hepato-
carcinogenesis in patients with HCV infection, and the cut-
off value for AFP is 6.0 ng/mL. Similar to IFN treatment,
AFP values decrease after DAA treatment (18, 19). There-
fore, it is necessary to investigate whether or not the low
levels of AFP after DAA treatment can be a surrogate
marker for preventing HCC. Because many cases treated
with DAA are at a high risk of carcinogenesis, clarifying the
risk factors for post-SVR carcinogenesis, including AFP lev-
els, is necessary to perform efficient follow-up of cases after
they have obtained an SVR.

In conclusion, Case 1 developed HCC immediately after
DAA treatment despite the absence of evidence of HCC be-
fore treatment, and Case 2 developed HCC in which a hy-
povascular nodule that had not changed for 10 years became
hypervascular immediately after DAA treatment. As both
cases were elderly patients with progression of fibrosis, they
were at a relatively high risk of hepatocarcinogenesis. Hepa-
tocarcinogenesis may have incidentally overlapped with the
treatment period. There is no consensus on the adequate sur-
veillance period in patients who have achieved an SVR, and
further investigations are needed in order to address how
long observation should be performed before the risk of he-
patocarcinogenesis can be deemed eliminated. Although the
association between DAA treatment and hepatocarcinogene-
sis is not clear, sufficient surveillance after achieving an
SVR is required because a large number of patients treated
with DAA are at a high risk for hepatocarcinogenesis.

The authors state that they have no Conflict of Interest (COI).
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