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Characteristics and Prognosis of De Novo 
Hepatocellular Carcinoma After Sustained 
Virologic Response
Hidenori Toyoda,1 Atsushi Hiraoka,2 Haruki Uojima ,3 Akito Nozaki,4 Noritomo Shimada,5 Koichi Takaguchi,6 Hiroshi Abe,7 
Masanori Atsukawa,8 Kentaro Matsuura,9 Toru Ishikawa,10 Shigeru Mikami,11 Tsunamasa Watanabe,12 Ei Itobayashi,13 
Kunihiko Tsuji,14 Taeang Arai,15 Satoshi Yasuda,1 Makoto Chuma,4 Tomonori Senoh,6 Akemi Tsutsui,6 Tomomi Okubo,8 
Takuya Ehira,12 Takashi Kumada,16 and Junko Tanaka 17

Hepatocellular carcinoma (HCC) can de novo develop in patients with chronic hepatitis C even after the achievement 
of sustained virologic response (SVR). We characterized de novo HCC after SVR, comparing it with HCC that de-
veloped in patients during persistent hepatitis C virus (HCV) infection. Characteristics, survival rates, and recurrence 
rates after curative treatment in 178 patients who developed initial HCC after SVR diagnosed between 2014 and 2020 
were compared with those of 127 patients with initial HCC that developed during persistent HCV infection diagnosed 
between 2011 and 2015; HCC was detected under surveillance in both groups. HCC was less advanced and liver func-
tion worsened less in patients with SVR than in patients with persistent HCV. The survival rate after diagnosis was 
significantly higher for patients with SVR than for patients with persistent HCV (1- , 3- , and 5- year survival rates, 
98.2%, 92.5%, and 86.8% versus 89.5%, 74.7%, and 60.8%, respectively; P  <  0.001). By contrast, the recurrence rate 
after curative treatment was similar between groups (1- , 3- , and 5- year recurrence rates, 11.6%, 54.6%, and 60.4% 
versus 24.0%, 46.7%, and 50.4%, respectively; P  =  0.7484). Liver function improved between initial HCC diagnosis 
and recurrence in patients with SVR (P  =  0.0191), whereas it worsened in the control group (P  <  0.001). In addition, 
patients with SVR could receive curative treatment for recurrence more frequently than patients with persistent HCV 
(80.4% versus 47.8%, respectively; P  =  0.0008). Conclusion: Survival of patients with de novo HCC after SVR was sig-
nificantly higher than that of patients in whom HCC developed during persistent HCV infection, despite similar rates 
of recurrence after curative treatment. A higher prevalence of curative treatment for recurrent HCC and improved liver 
function contributed to this result. (Hepatology Communications 2021;5:1290-1299).

Hepatocellular carcinoma (HCC) is one of 
the most prevalent cancers worldwide and 
is currently the second most common cause 

of cancer- related death in the world.(1,2) Hepatitis C 
virus (HCV) infection is one of the leading causes 

of HCC,(3,4) which is the main complication of 
chronic HCV infection. The main reason to erad-
icate HCV is to prevent HCC and improve overall 
survival. The recent emergence of oral direct- acting 
antiviral (DAA) regimens as anti- HCV therapy has 
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C virus; IQR, interquartile range; MELD, Model for End- Stage Liver Disease; PSM, propensity score matching; RFA, radiofrequency ablation; 
SVR, sustained virologic response.
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dramatically improved antiviral efficacy and tolera-
bility. Consequently, the proportion of patients who 
achieve sustained virologic response (SVR), that is, 
eradication of HCV, has markedly increased. Of note, 
DAA regimens have high tolerability, even in elderly 
patients and patients with cirrhosis.(5) Studies of DAA 
regimens have demonstrated comparable SVR rates 
for patients with and without compensated cirrhosis, 
indicating the high virologic efficacy of these drugs in 
patients with compensated cirrhosis.(6)

However, HCC can develop even in patients with 
chronic hepatitis C who achieve SVR,(7) albeit a 
reportedly lower incidence of HCC after SVR.(8) In 
particular, HCC in patients with SVR may increase 
in association with the increase in patients with SVR 
with high risk of HCC development, such as elderly 
patients or patients with cirrhosis by DAA regi-
mens.(9) Several studies have characterized HCC that 
initially developed after SVR (not recurrence), i.e., de 
novo HCC after SVR.(10- 13) Another study reported 
the improved overall survival of patients with cura-
tively treated HCC who achieved SVR.(14) However, 
it remains unclear whether de novo HCC after SVR 
has similar characteristics and prognosis as HCC that 
develops before SVR (during persistent HCV infec-
tion). Therefore, in this study, we attempted to further 
characterize de novo HCC after SVR, compare it with 
HCC that developed in patients with persistent HCV 
infection, and analyze the patients’ prognosis.

Patients and Methods
patients, tReatment, anD 
FolloW- up

Patients with chronic hepatitis C who underwent 
DAA- based anti- HCV therapy in one of the par-
ticipating institutions between October 2014 and 
December 2018 were considered for enrollment. 
Among these patients, patients who had a history of 
HCC before the start of DAA therapy and patients 
who failed to achieve SVR were excluded. For the 
remaining patients, patients with de novo HCC that 
was detected under surveillance after SVR were 
enrolled in the study, excluding patients with HCC 
who had not been surveyed for HCC after SVR. All 
patients who achieved SVR were advised to continue 
regular biannual visits and undergo surveillance for 
HCC in Japan, including ultrasonography and labo-
ratory testing.

Between January 2011 and December 2015, 273 
patients developed HCC during persistent HCV infec-
tion at Ogaki Municipal Hospital or Ehime Prefectural 
Central Hospital. It means that patients with Child- 
Pugh class B or C cirrhosis were not allowed to 
undergo DAA regimens by the Japanese government 
during the study period, we excluded 58 patients with 
Child- Pugh class B or C liver function. In addition, we 
excluded 88 patients who were not surveyed for HCC 
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at diagnosis. We ultimately analyzed 127 patients with 
HCC during persistent HCV infection as a control 
group (Supporting Fig. S1).

The presence of cirrhosis, including the presence 
of esophageal or gastric varices, collateral veins due 
to portal hypertension, or splenomegaly, was defined 
clinically by imaging and endoscopic study findings, 
by liver stiffness measurement with ultrasonography 
or magnetic resonance imaging, and by laboratory 
liver fibrosis indices, including the fibrosis- 4 index or 
aspartate aminotransferase- to- platelet ratio index. The 
diagnosis of HCC was based on radiographic appear-
ance (arterial enhancement and delayed washout) or 
compatible histology. Decisions regarding treatment 
and follow- up after diagnosis for each patient were 
principally based on Japanese guidelines for HCC.(15) 
Surgical resection or local ablative therapy, includ-
ing radio frequency ablation (RFA) or the combi-
nation of transarterial chemoembolization (TACE) 
followed by RFA for the purpose of enhancing the 
effect of RFA,(16) was considered curative treatment. 
No patients underwent liver transplantation due to 
the difficulty of cadaveric transplantation in Japan and 
living donor transplantation. Other therapies, includ-
ing TACE, hepatic arterial infusion chemotherapy, 
systemic chemotherapy, molecular- targeted drugs, and 
best supportive care, were considered noncurative. In 
both groups, all patients were followed every 3 months 
after the initial diagnosis of HCC and underwent 
surveillance for recurrence.

The entire protocol of this study was in compliance 
with the Declaration of Helsinki and was approved 
by the institutional review board of each participating 
institution. Written informed consent was waived due 
to the retrospective nature of this study.

analysis oF CHaRaCteRistiCs 
oF patients anD outComes

Data on demographics, degree of liver dysfunc-
tion, tumor burden (including maximum diameter, 
number of lesions, presence of portal vein invasion, 
and extrahepatic metastases), HCC tumor marker 
levels, HCC- directed treatments, recurrence, and 
overall survival were collected from medical records. 
For the assessment of liver function, we used the 
albumin– bilirubin (ALBI) score(17) and Model for 
End- Stage Liver Disease (MELD) score(18) as indica-
tors of liver function. The ALBI score was calculated 

using the following formula: ALBI = (log10 total bil-
irubin [TBIL] [μmol/L]  ×  0.66)  +  (albumin [ALB] 
[g/L]  ×  0.085), where 1  mg/dL  =  17.1  μmol/L for 
TBIL and 1  g/dL  =  10  g/L for ALB. Because all 
study patients had Child- Pugh class A liver function, 
it was difficult to analyze changes in liver function by 
Child- Pugh class or score. By contrast, ALBI score 
can assess mild liver dysfunction in more details and is 
well correlated with results from an indocyanine green 
test.(19) Lower ALBI scores indicate better liver func-
tion. All study patients were followed after the initial 
diagnosis of HCC to assess for recurrences and sur-
vival outcomes.

statistiCal analysis
Differences in percentages between groups were 

analyzed using the chi- square test. Differences in 
continuous variables were analyzed using the Mann- 
Whitney U test. The degree of liver fibrosis in resected 
HCC specimens was compared using the Cochran- 
Armitage test. Changes in ALBI score between the 
initial diagnosis of HCC and recurrence were com-
pared using the paired t test. The date of initial HCC 
diagnosis was defined as time 0 for calculations of 
survival and recurrence rates. The date of diagnosis of 
first recurrence was defined as time 0 for calculations 
of survival rates after first recurrence. In the survival 
analysis, we censored patients who were alive at the 
end of the follow- up period. Patients with persistent 
HCV infection were censored at the date of SVR if 
they achieved SVR after the initial diagnosis of HCC. 
In the recurrence analysis, we censored patients with-
out recurrence until the end of the follow- up period. 
Patients with persistent HCV in whom HCC recurred 
after achieving SVR were excluded from recurrence. 
The Kaplan- Meier method was used to calculate sur-
vival and recurrence rates, and the log- rank test was 
used to analyze differences.

Cox proportional hazards models were used for 
univariate and multivariate analyses of factors associ-
ated with survival. Variables analyzed included patient 
age, sex, platelet counts, ALBI score, MELD score, 
maximum tumor size, number of tumors, portal vein 
invasion, alpha- fetoprotein (AFP) levels, and SVR 
before the development of initial HCC. Variables that 
reached marginal significance (P  <  0.10) in univari-
ate analysis were subsequently included in multivari-
ate analysis. Data analysis was performed using JMP 
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statistical software, version 11.0.0 (Macintosh version; 
SAS Institute, Cary, NC).

Propensity score matching (PSM) with one- to- 
one pairing of patients was performed using R (The 
R Foundation for Statistical Computing, Vienna, 
Austria), with propensity scores matched to two deci-
mal places. PSM between groups was conducted based 
on patient age, sex, platelet counts, ALBI score, max-
imum tumor size, number of tumors, and portal vein 
invasion. The discriminative ability of the propensity 
score model was assessed using the area under the 
receiver operating characteristic curve. Calibration was 
fixed at 0.2. All P values were derived from two- tailed 
tests, with P < 0.05 accepted as statistically significant.

Results
CHaRaCteRistiCs oF HCC tHat 
DeVelopeD in patients aFteR 
sVR VeRsus patients WitH 
peRsistent HCV inFeCtion

During the study period, 6,179 patients with chronic 
hepatitis C underwent DAA- based anti- HCV therapy 
in one of the participating institutions. Among these 
patients, 702 patients who had a history of HCC 
before the start of DAA therapy were excluded. In 
the remaining 5,477 patients with no history of HCC, 
5,248 patients (95.8%) achieved SVR. HCC developed 
after SVR in 181 of these 5,248 patients (3.4%), with 
a median interval between SVR and HCC develop-
ment of 2.59  years (interquartile range [IQR], 1.35- 
3.25  years) during a median observation period of 
2.51 years (IQR, 1.17- 3.26 years) after SVR. Of these 
181 patients, 3 patients who had not been surveyed for 
HCC after SVR were excluded and the remaining 178 
patients in whom de novo HCC after SVR was detected 
under surveillance were ultimately analyzed (Fig. 1).

The characteristics of patients with HCC that 
developed after SVR and those in whom HCC devel-
oped during persistent HCV infection are compared 
in Table 1. In patients with persistent HCV infec-
tion, 43 patients (33.9%) underwent DAA- based 
anti- HCV therapy at a median of 2.74  years (IQR, 
1.68- 3.70 years) after the initial diagnosis of HCC; 40 
patients achieved SVR. HCC was more advanced in 
control patients, with larger tumors and a higher per-
centage of multinodular HCC tumors. Tumor marker 

levels at diagnosis were also higher in patients with 
persistent HCV. However, the percentage of patients 
who could undergo curative treatment was similar.

Surgical hepatic resection was performed as curative 
treatment for HCC in 50 patients with SVR and 46 
patients with persistent HCV. On pathologic exam-
ination (Table 2), the distribution of HCC differenti-
ation was similar between the groups (P = 0.8467). In 
addition, the prevalence of microscopic vascular inva-
sion or satellite lesions was comparable. The degree of 
fibrosis of the liver tissue adjacent to the HCC tumor 
did not differ between patients with SVR and patients 
with persistent HCV (P = 0.4958).

suRViVal Rates aFteR HCC 
Diagnosis

Patients were followed up after the initial diagnosis of 
HCC for a median of 2.36 years (IQR, 1.49- 3.27 years) 
for patients with SVR and 4.24  years (IQR, 2.34- 
5.41  years) for patients with persistent HCV. A com-
parison of survival rates between patients who developed 
initial HCC after SVR and patients who developed ini-
tial HCC during persistent HCV infection is shown in 
Fig. 2A. The overall survival rate was significantly higher 
for patients after SVR than for patients with persistent 
HCV (P < 0.001). The 1- , 3- , and 5- year survival rates 
were 98.2%, 92.5%, and 86.8%, respectively, for patients 
with SVR and 89.5%, 74.7%, and 60.8%, respectively, 
for patients with persistent HCV.

Univariate analysis identified patient sex, ALBI 
score, maximum tumor size, portal vein invasion, AFP, 
and achievement of SVR before the development of 
HCC as factors significantly associated with survival. 
MELD score was marginally associated with sur-
vival (Table 3). Mortality was significantly lower for 
patients with SVR than for patients with persistent 
HCV in direct comparison (Supporting Table S1). 
In the multivariate analysis, HCC development after 
SVR was independently associated with survival after 
HCC diagnosis in addition to patient sex, ALBI score, 
maximum tumor size, and AFP. The risk ratio for 
survival decreased to 26% when HCV was eradicated 
before the development of initial HCC (Table 3).

In a sensitivity analysis, the higher survival rate of 
patients with SVR was still observed for patients with 
SVR from only Ogaki Municipal Hospital or Ehime 
Prefectural Central Hospital, the institutions with 
control patients (Supporting Fig. S2; P  =  0.0490). 
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Univariate and multivariate analyses also showed that 
HCC development after SVR was associated with sur-
vival in this sensitivity analysis (Supporting Table S2).

After PSM of patients with SVR and controls for 
patient age, sex, platelet counts, ALBI score, tumor size, 
number of tumors, and portal vein invasion (Supporting 
Table S3), the difference in survival between patients 
with SVR and patients with persistent HCV remained 
significant (P = 0.0174; Fig. 2B). The 1- , 3- , and 5- year 
survival rates were 98.9%, 93.1%, and 82.4%, respec-
tively, for patients with SVR and 90.2%, 80.0%, and 
66.5%, respectively, for patients with persistent HCV.

ReCuRRenCe Rates in patients 
WHo unDeRWent CuRatiVe 
tReatment FoR initial 
HCC anD tReatment FoR 
ReCuRRenCe

HCC recurred after curative treatment for initial HCC 
in 56 of 148 patients (37.8%) with SVR and 46 of 103 
patients (44.7%) with persistent HCV. Recurrence rates 
after curative treatment for initial HCC between patients 

with SVR and patients with persistent HCV are com-
pared in Fig. 3. There were no differences in recurrence 
rates after curative treatment between the two groups 
(P  =  0.7484). The 1- , 3- , and 5- year recurrence rates 
were 11.6%, 54.6%, and 60.4%, respectively, for patients 
with SVR and 24.0%, 46.7%, and 50.4%, respectively, for 
patients with persistent HCV. The ALBI score was sig-
nificantly lower at the time of recurrence than at the time 
of initial diagnosis of HCC for patients whose HCC 
developed after SVR (−2.603 [IQR, −3.096 to −2.603] 
versus −2.870 [IQR, −3.096 to −2.530]; P  =  0.0191), 
showing improved liver function (Fig. 4A). In patients 
whose HCC developed during persistent HCV infec-
tion, the ALBI score was significantly higher at the time 
of recurrence (−2.616 [IQR, −2.871 to −2.275] versus 
−2.176 [IQR, −2.733 to −1.882]; P  <  0.001), showing 
further deterioration of liver function (Fig. 4B). Curative 
treatment was offered for recurrent HCC to 45 of 56 
patients (80.4%) with SVR and 22 of 46 patients (47.8%) 
with persistent HCV (P = 0.0008).

Survival rates after treatment of recurrent HCC 
between patients with SVR and patients with per-
sistent HCV are compared in Supporting Fig. S3. The 

Fig. 1. Schematic representation of patients with de novo HCC after SVR. HCC developed in 181 of 5,248 patients with no history of 
HCC who achieved SVR by DAA therapy. HCC was detected under surveillance in 178 of 181 patients who enrolled in the study.
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taBle 1. CHaRaCteRistiCs oF patients WitH initial HCC tHat DeVelopeD aFteR sVR to HCV 
inFeCtion anD patients WitH HCC tHat DeVelopeD DuRing peRsistent HCV inFeCtion

HCC After SVR   
(n = 178)

HCC With Persistent HCV 
(n = 127) P Value

Age (years, median) 72 (66, 78) 74 (69, 79) 0.0555

Sex (male/female) 120 (67.4)/58 (32.6) 81 (63.8)/46 (36.2) 0.5412

HBsAg (negative/positive) 173 (97.2)/5 (2.8) 123 (96.9)/4 (3.2) 1.0000

Habitual alcohol intake (no/yes) 126 (70.8)/52 (29.2) 97 (76.4)/30 (23.6) 0.2970

Diabetes (no/yes) 122 (68.5)/56 (31.5) 91 (71.7)/36 (28.4) 0.6134

Cirrhosis (no/yes) 64 (36.0)/114 (64.0) 41 (32.3)/86 (67.7) 0.5423

Platelet count (×1,000/μL) 123 (88, 166) 115 (85, 152) 0.2459

ALBI score −2.818 (−3.063, −2.546) −2.574 (−2.870, −2.256) <0.001

MELD score 7.0 (6.0, 8.3) 7.0 (6.0, 9.0) 0.2324

Maximal tumor size (cm) 1.6 (1.2, 2.0) 1.9 (1.4, 2.6) 0.0002

Number of tumors (single/multiple) 158 (88.8)/20 (11.2) 94 (74.0)/33 (26.0) 0.0008

Portal vein invasion (no/yes) 171 (96.1)/7 (3.9) 126 (99.2)/1 (0.8) 0.1546

Extrahepatic metastasis (no/yes) 178 (100)/0 127 (100)/0 1.0000

AFP (ng/mL) 6.3 (4.0, 15.3) 17.5 (5.3, 69.1) <0.001

Lens culinaris agglutinin A- reactive   
fraction of AFP (%)

0.5 (0.5, 5.5) 5.3 (0.5, 9.1) <0.001

Des- gamma- carboxy prothrombin   
(mAU/mL)

23 (18, 40) 32 (17, 76) 0.0630

Treatment (curative/noncurative) 148 (83.2)/30 (16.9) 103 (81.1)/24 (18.9) 0.6512

HCC was detected under surveillance in all patients.
IQRs or percentages are given in parentheses.
Abbreviation: AU, arbitrary unit; HBsAg, hepatitis B virus surface antigen.

taBle 2. patHologiC FeatuRes oF ReseCteD HCC tHat DeVelopeD aFteR sVR to HCV 
inFeCtion anD ReseCteD HCC tHat DeVelopeD DuRing peRsistent HCV inFeCtion

HCC After SVR   
(n = 50)

HCC With Persistent HCV 
(n = 46) P Value

Differentiation 0.8467

Well differentiated 19 (38.8) 17 (37.0)

Moderately differentiated 28 (57.1) 26 (56.5)

Poorly differentiated 2 (4.1) 3 (6.5)

Microvascular invasion 0.4898

Absent 44 (88.0) 43 (93.5)

Present 6 (12.0) 3 (6.5)

Microscopic satellite lesion 0.0825

Absent 48 (96.0) 39 (84.8)

Present 2 (4.0) 7 (15.2)

Fibrosis of adjacent liver tissue* 0.4958

F0, F1 9 (18.0) 4 (8.7)

F2 5 (10.0) 3 (6.5)

F3 8 (16.0) 9 (19.6)

F4 28 (56.0) 30 (65.2)

Data show number (percentage).
*Assessed based on METAVIR score.(24)
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survival rate after recurrence was significantly higher 
for patients with SVR than for patients with persistent 
HCV (P  =  0.0087). The 1- , 3- , and 5- year survival 
rates were 94.6%, 75.5%, and 75.5%, respectively, for 
patients with SVR and 78.8%, 46.5%, and 30.7%, 
respectively, for patients with persistent HCV.

Discussion
This study adds information on characteristics and 

prognosis of de novo HCC after SVR to that of pre-
vious studies(10- 13) by comparing them with HCC in 
patients with persistent HCV. Our results showed 

Fig. 2. Survival rates of patients with HCC after diagnosis. (A) All study patients. (B) After adjustment for patient age, sex, platelet count, 
ALBI score, maximum tumor size, number of tumors, and portal vein invasion with PSM. Blue line shows patients who developed HCC after 
SVR; red line indicates patients who developed HCC during persistent HCV infection. HCC was detected under surveillance in all patients.

taBle 3. uniVaRiate anD multiVaRiate analyses oF FaCtoRs assoCiateD WitH moRtality in 
patients WitH HCC

Factors

Univariate Analysis Multivariate Analysis

P Value Risk Ratio (95% CI) P Value Risk Ratio (95% CI)

Age Per 1.0 year 0.1415 1.023 (0.993- 1.057)

Sex Male Reference Reference

Female 0.0099 0.471 (0.245- 0.841) 0.0010 0.374 (0.192- 0.681)

Platelet count Per 1,000/μL 0.9646 0.999 (0.952- 1.045)

ALBI score Per 1.0 0.0008 2.298 (1.429- 3.606) 0.0030 2.179 (1.311- 3.563)

MELD score Per 1.0 0.0708 1.069 (0.994- 1.137) 0.1635 1.061 (0.974- 1.138)

Maximum tumor size Per 1.0 cm 0.0008 1.529 (1.204- 1.892) 0.0198 1.411 (1.058- 1.848)

Number of tumors Single Reference

Multiple 0.1203 1.572 (0.883- 2.682)

Portal vein invasion Absent Reference Reference

Present 0.0387 4.469 (1.100- 12.686) 0.4490 2.096 (0.257- 11.346)

AFP Per 1.0 ng/mL 0.0149 1.000 (1.000- 1.000) 0.0108 1.000 (1.000- 1.000)

SVR Persistent HCV Reference Reference

SVR <0.0001 0.277 (0.134- 0.525) <0.0001 0.263 (0.118- 0.530)

Abbreviation: CI, confidence interval.
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that the development of de novo HCC after SVR 
is not unusual; HCC developed in 3.4% of patients 
with SVR during a median observation period of 
2.59  years. This indicates the importance of charac-
terizing HCC after SVR as a new entity.

In Japan, patients who achieve SVR are usually 
advised to continue surveillance for HCC regardless of 
the degree of liver fibrosis at SVR. The risk of de novo 
HCC after SVR was reportedly low in patients with 
moderate or mild fibrosis at SVR.(12,20) However, in 
the analysis of resected specimens in this study, nearly 
20% of patients with SVR had mild or moderate 
fibrosis (F0, F1, or F2). D’Ambrosio et al.(21) reported 
that HCC surveillance is warranted in all patients 
with pretreatment cirrhosis, despite the achievement 
of SVR, even if they only have mild to moderate 
fibrosis at post- SVR HCC diagnosis. The necessity of 
HCC surveillance for patients with SVR if they only 
have mild or moderate fibrosis before DAA therapy 
or after SVR should be investigated further.

When comparing the characteristics of HCC at 
diagnosis among all study patients, HCC that devel-
oped in patients with SVR was less advanced than 
in patients with persistent HCV. The reasons for 
this observation are unclear. In both groups, all study 
patients maintained their biannual visits for surveil-
lance of HCC before diagnosis and regularly under-
went ultrasonography and laboratory tests, including 
AFP. In addition, the surveillance, diagnosis, and treat-
ment strategy for HCC and their quality was con-
stant throughout the study period in Japan. Further, 
all institutions that participated in this study were 
high- volume academic centers with a similar quality 
of surveillance, diagnosis, and treatment. Therefore, 

Fig. 3. Recurrence rates of patients with HCC who underwent 
curative treatment for initial HCC. Blue line shows patients 
who developed HCC after SVR; red line indicates patients who 
developed HCC during persistent HCV infection.

Fig. 4. ALBI score at the time of initial diagnosis of HCC and at recurrence in patients who underwent curative treatment for initial 
HCC. (A) Patients who developed HCC after SVR. (B) Patients who developed HCC during persistent HCV infection. Lower ALBI 
scores indicate better liver function. Graphs show interquartile range (box), median (horizontal line), and outliers (whiskers).
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the difference in the time period or institution of 
HCC diagnosis could not influence the progression 
of HCC at diagnosis. Elevation of HCC tumor mark-
ers, a potential trigger for HCC detection, was less 
frequent in HCC that developed after SVR relative to 
HCC that developed during persistent HCV infec-
tion. Therefore, tumor markers did not contribute to 
earlier detection of HCC in patients with SVR. The 
resolution of liver inflammation in patients with SVR 
may have facilitated the detection of liver tumors with 
ultrasonography. Further studies will be necessary to 
elucidate whether and how SVR contributes to the 
early detection of HCC under surveillance.

In pathologic analysis of resected HCC specimens, 
differentiation, prevalence of microvascular invasion, 
and prevalence of microscopic satellite lesions did not 
differ among groups. Although a study reported that 
de novo HCC that develops after SVR achieved with 
DAA is aggressive,(22) this study did not yield similar 
results.

The survival rate after diagnosis was significantly 
higher for patients with SVR. This finding was sup-
ported by sensitivity analyses focusing on patients with 
SVR from institutions where patients with persistent 
HCV had originated. A less advanced HCC tumor 
burden in patients with SVR under surveillance might 
have contributed to higher survival, but the percent-
age of patients who underwent curative treatment did 
not differ. By contrast, no difference in recurrence 
rates was found between subgroups of patients who 
underwent curative treatment. This result clearly indi-
cates that the eradication of HCV does not suppress 
the recurrence of HCC once it develops, even when 
there is no history of HCC before SVR. However, 
there were marked differences in the change in liver 
function during the interval between initial HCC 
diagnosis and recurrence. Whereas liver function was 
further impaired during this interval in patients with 
persistent HCV infection, it was improved in patients 
with SVR. The absence of HCV resulted in main-
tenance or even improvement of liver function after 
HCC treatment. This could have contributed to a 
higher probability of curative treatment for recur-
rence, resulting in higher survival rates for patients 
with SVR than in controls.

There were several limitations to this study. The 
number of patients with HCC developing after SVR 
was not large even though there were more than 
6,000 patients who achieved SVR. Further studies 

are necessary to confirm the findings of this study. 
The patients with persistent HCV as control patients 
were from only two participating institutions based 
on the availability of sufficient information about 
HCC, including outcome, in patients with persistent 
HCV infection. Although the management of HCC, 
including treatment and follow- up, is standardized 
throughout Japan based on guidelines,(15,23) the man-
agement of patients with HCC might not have been 
balanced perfectly between the two groups. However, 
the sensitivity analysis restricted to patients from two 
institutions with patients in both groups led to similar 
results.

In conclusion, de novo HCC after SVR is associ-
ated with higher survival rates than HCC that devel-
ops during persistent HCV infection. The recurrence 
rate after curative treatment did not differ between 
the groups, but patients with SVR were more likely 
to undergo curative treatment for recurrence, resulting 
in higher overall survival. Although HCC can develop 
even after SVR in some patients, SVR before the 
development of initial HCC has an important favor-
able impact on survival.
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