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ABSTRACT

Background. Several published reports investigating the
effects of interferon (IFN) therapy on survival and tumor
recurrence after curative resection of hepatocellular carci-
noma (HCC) have been inconclusive. The aim of this study
is to investigate the efficacy of pegylated-IFN (peg-IFN)
therapy after curative hepatic resection for HCC in patients
infected with hepatitis C virus (HCV).

Methods. Data from 175 patients who underwent curative
hepatic resection for HCC associated with HCV were ret-
rospectively collected and analyzed; 75 patients received
peg-IFN therapy after surgery, whereas 100 patients did not
receive IFN therapy. To overcome biases resulting from the
different distribution of covariates in the two groups, a one-
to-one match was created using propensity score analysis.
After matching, patient outcomes were analyzed.

Results. After one-to-one matching, patients (n = 38) who
received peg-IFN therapy after surgery and patients
(n = 38) who did not receive IFN therapy had the same
preoperative and operative characteristics. The 3- and 5-year
overall survival rates of patients who received peg-IFN
therapy after hepatic resection were significantly higher than
those of patients who did not receive IFN therapy
(P = 0.00135). The 3- and 5-year overall survival rates were
100and 91.7% and 76.6 and 50.6% in the peg-IFN group and
non-IFN group, respectively. There was no significant
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difference in disease-free survival between the two matched
groups (P = 0.886).

Conclusion. Peg-IFN therapy may be effective as an
adjuvant chemopreventive agent after hepatic resection in
patients with HCV-related HCC.

Hepatic resection is a well-accepted therapy for hepa-
tocellular carcinoma (HCC), but many patients show cancer
recurrence and the cumulative 5-year HCC recurrence rate
exceeds 70%.'™ This high incidence of tumor recurrence
after hepatic resection remains a major drawback. Some
benefits of interferon (IFN) therapy on tumor recurrence
and survival have been reported. """ IFN suppresses repli-
cation of hepatitis C virus (HCV) and exerts a tumoricidal
effect on a number of tumors, including HCC.""!' How-
ever, several randomized controlled trials (RCTs) have
revealed inconclusive results regarding the effects of IFN
on survival and tumor recurrence after curative resection or
ablation of HCC, either because the effects were not sta-
tistically significant or because they were considered only
with respect to defined subpopulations.'*™'*

Recently, combination therapy consisting of pegylated
interferon (peg-IFN) plus ribavirin (RBV) has been
developed, and the effect of this combination has been
reported to be higher than that of conventional IFN ther-
apy.m‘” Peg-IFN has an extended serum half-life that
provides viral suppression for 7 days, thus allowing weekly
administration and enhanced - clinical efficacy.'” Most
Japanese patients infected with HCV are infected with
HCV genotype Ib and have high viral load. Moreover,
treatment with conventional IFN is complicated by a low
sustained viral response (SVR) rate of 20-30%.'°2°
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However, peg-IFN plus RBV combination therapy has
good tolerability in Japanese patients with HCV and
resulted in an SVR rate of approximately 40-50%.”'~*
The impact of adjuvant immunotherapy with IFN after
curative resection of HCC is debatable, and few studies
have investigated the effects of peg-IFN plus RBV com-
bination therapy on survival and recurrence after curative
resection of HCC.

In the present study, we aim to investigate the impact of
peg-IFN plus RBV combination therapy on survival and
HCC recurrence after curative resection in patients infected
with HCV.

PATIENTS AND METHODS
Patients and HCV Diagnosis

From June 2003 to June 2009, 370 HCC patients
underwent hepatectomy as initial treatment at the Depart-
ment of Gastroenterological Surgery, Hiroshima University
Hospital, Japan. Of the 370 patients, 175 patients who were
HCV RNA-positive/hepatitis B surface antigen-negative
underwent curative hepatectomy. Of the 175 patients, 75
patients received IFN therapy after hepatectomy, and 100
patients did not receive any IFN therapy. Of the 75 patients
who received IFN, 20 patients who received IFNs such as
IFN-a or IFN-f were excluded. Of the 55 patients who
received peg-IFN therapy, 43 patients who started peg-IFN
within 9 months after curative resection were enrolled in
this analysis. Twenty-four patients who had early recur-
rence of HCC within 9 months after surgery were excluded
from the 100 patients who did not receive any IFN therapy,
because these patients could lose the opportunity to receive
IFN therapy for HCC recurrence if these patients were
assigned to the peg-IFN therapy. Consequently, 119
patients were eventually enrolled in this study. Of these
119 patients, 43 received peg-IFN therapy within 9 months
after hepatectomy, and 76 did not receive any IFN therapy.

Curative hepatectomy was defined as removal of all
recognizable tumors. HCV RNA levels were measured by
quantitative reverse-transcription polymerase chain reac-
tion (RT-PCR; Amplicor, Roche Diagnostic Systems, CA,
USA). HCV genotype was determined by PCR using a
mixed primer set derived from the nucleotide sequences of
the NS5 region. HCV negativity was evaluated by quanti-
tative RT-PCR. The lower limit of the assay was 5 kIU/ml
(equivalent to 5,000 copies/ml) in the quantitative method
and 50 IU/ml (equivalent to 50 copies/ml) in the qualitative
method. SVR was defined as undetectable HCV RNA at
24 weeks after completion of IFN therapy. The study was
approved by the concerned institutional review boards.
Written informed consent was obtained from all patients.

Preoperative Diagnosis and Evaluation of HCC

Hepatocellular carcinoma was diagnosed on the basis of
routine imaging modalities such as Doppler ultrasonogra-
phy (US), computed tomography (CT) during hepatic
angiography (CTHA) and CT during arterial portography
(CTAP), and magnetic resonance imaging. Tumor stage,
liver damage classification, and surgical procedures were
defined according to the General Rules for Clinical and
Pathologic Study of Primary Liver Cancer, fifth edition, by
the Liver Cancer Study Group of Japan.**

Hepatectomy

The surgical procedure was determined according to
tumor extent and hepatic reserve function. Liver function
was assessed by liver damage classification, Child—Pugh
classification, and indocyanine green retention rate at
15 min (ICGR 15).”*° If permitted by liver function,
anatomic resection was performed.’”*® In patients with
insufficient hepatic reserve, limited resection was per-
formed. We divided the liver parenchyma by using an
ultrasonic dissector.”” Postoperative complications were
graded according to the method described by Clavien
et al.*”

Follow-Up

Follow-up evaluation after the surgery consisted of
monthly blood chemistry tests and measurements of levels
of tumor markers, including alpha-fetoprotein and des-
gamma-carboxy prothrombin. Patients were examined by
US every 3 months and by CT every 6 months. When
recurrence was indicated by any of these examinations,
patients were examined by CTAP and CTHA.

FPatient Selection for IFN Therapy

Patients with HCV genotype 1b in the IFN group
received peg-IFNo-2b (Pegintron; Schering-Plough, NJ,
USA) at weekly dosage of 1.5 pg/kg subcutaneously for
48 weeks. Daily RBV (Rebetrol, Schering-Plough) was
administered orally for 48 weeks, and the dosage was
adjusted according to weight (600 mg for patients weigh-
ing <60 kg, 800 mg for those weighing 60-80 kg).
Patients with HCV genotype 2 received IFN monotherapy
for 24 weeks. Blood samples were obtained every 4 weeks
and analyzed for HCV RNA levels. All patients were
informed about IFN therapy after hepatectomy, and only
consenting patients received IFN therapy. The eligibility
criteria for IFN therapy were as follows: (1) detectable
serum HCV RNA level, (2) Eastern Cooperative Oncology
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Group (ECOG) performance score of 0 or 1, (3) platelet
count >70,000/ul, (4) patients with no uncompensated
cirrhosis (Child class C), and (5) hemoglobin concentration
>10 g/dl. Peg-IFN therapy was commenced within
24 weeks of surgery or after the eligibility criteria were
fulfilled.

Safety Assessments and Dose Modification of Peg-IFN
Therapy

Adverse events were graded as mild, moderate, severe,
or potentially life-threatening according to a modified
World Health Organization grading system. The dose of
peg-IFN was decreased by 50% and that of RBV was
lowered to half in case of severe adverse events or when
laboratory results revealed any of the following: hemo-
globin concentration <10 g/dl in patients with no cardiac
disease, decrease in hemoglobin concentration >2 g/dl in
patients with cardiac disease, white blood cell count
<3,000/mm°, or platelet count <50,000/mm?>. Full dosage
could be resumed on resolution of the adverse events.
Treatment was permanently discontinued in case of life-
threatening events or when laboratory results revealed
hemoglobin concentration <7.5 g/dl after 4 weeks of dose
reduction, white blood cell count <1,500/mm>, or platelet
count <30,000 mm”.

Treatment for Recurrence

Patients with intrahepatic HCC recurrence were man-
aged with ablative therapies such as radiofrequency
ablation (RFA), percutaneous ethanol injection therapy,
transarterial chemoembolization, or surgery including liv-
ing-donor liver transplantation according to the tumor
characteristics (number, size, and location of the tumors)
and liver function.

Statistical Analyses

Categorical variables were compared using the chi-
square test, and continuous variables were compared using
the Mann—-Whitney U-test. Overall survival and disease-
free survival analyses were performed using Kaplan—Meier
methods; comparisons between different groups were per-
formed using the log-rank test. P value of less than 0.05
was considered significant. Calculations were performed
using SPSS software (version 16; SPSS Inc., IL, USA).

Propensity analysis was performed using logistic
regression to create a propensity score for the IFN and non-
IFN therapy groups.3 132 Variables entered in the propensity
model were age, sex, HCV genotype, liver function test,
tumor factors, and operative factors. The model was then
used to provide a one-to-one match between the two groups

by using the nearest-neighbor matching method.’**
Survival and disease-free survival analyses were performed
in each matched subgroup to assess the impact of peg-IFN
therapy on mortality after adjusting for the confounding
factors.

RESULTS

Characteristics and Postoperative Course of the Entire
Population

Differences in the characteristics of patients who
received peg-IFN therapy after hepatic resection and those
who did not receive IFN therapy after hepatic resection are
presented in Table |. Patients who received peg-IFN
therapy were younger (65 vs. 71 years; P = 0.0003).
Regarding tumor characteristics, there was no significant
difference between the two groups. Operation times tended
to be longer in patients who received peg-IFN therapy than
in those who did not receive IFN therapy (260 vs. 242 min;
P = 0.05). There were no hospital-related deaths in this
study. Postoperative complications did not differ between
the two groups. In the entire population, the 3- and 5-year
overall survival rates of patients who received peg-IFN
therapy after hepatic resection were significantly higher
than those of patients who did not receive IFN therapy
(P = 0.0024) (Fig. 1a). However, there was no significant
difference in disease-free survival between the two groups
(P = 0.795) (Fig. 1b).

Results After Propensity Score Matching

Characteristics of the patients after propensity score
analysis are presented in Table I. Thirty-eight of the 43
patients who received peg-IFN therapy after hepatic
resection and an equal number of the 76 patients who did
not receive IFN therapy were matched after covariate
adjustment. The study group of 76 patients was well mat-
ched; in particular, all covariates that significantly affected
recurrence and postoperative liver failure in the entire
study group were equally distributed between the two
matched groups. Matched patients who received peg-IFN
therapy after hepatic resection had similar total bilirubin
and serum albumin levels and similar platelet counts to
matched patients who did not receive IFN therapy. Simi-
larly, the tumor characteristics, the surgical procedure,
operation times, and blood loss- during the operation in
matched patients who received peg-IFN therapy were
almost similar to those in patients who did not receive IFN
therapy. There were no hospital-related deaths in the
matched groups. Postoperative complications also did not
differ between the two groups. The median follow-up
period for patients who received peg-IFN and those who
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TABLE 1 Baseline characteristics and operative data on patients who underwent hepatectomy: data are reported for whole study and for the matched
study population after propensity score analysis

Overall series P value Propensity-matched series P value
IFN (+) IEN (-) Peg-IFN (+) IFN (-)
n =43 n=7176 n =38 n =38
Age (years) 65 (53-178) 71 (48-83) 0.0003 65.5 (53-75) 69 (51-80) 0.2
Sex (male/female) 27/16 47/29 0918 23/15 25/13 0.634
Preoperative JFN 24 (55.8%) 29 (38.1%) 0.06 20 (52.6%) 14 (36.8%) 0.16
HCV genotype 0.876 0.6
1b 34 61 29 27
2b 9 15 9 11
Diabetes mellitus 11 (25.6%) 22 (28.9%) 0.856 11 (28.9%) 13 (34.2%) 0.621
ECOG PS 0.831 0.644
0 39 68 36 35
1 4 8 2 3
Platelet (104/mm®) 10.3 (3.3-26.6) 10.3 (3.8-40.3) 0.381 9.75 (3.3-21.5) 11.2 (3.8-40.3) 0.454
T-Bil (mg/dl) 0.7 (0.3-1.4) 0.8 (0.3-1.7) 0.292 0.7 (0.4-1.4) 0.7 (0.3-1.7) 0.798
AST (1U/1) 42 (18-121) 48 (16-150) 0.152 43.5 (18-127) 41.5 (6-150) 0.567
ALT (IUN) 38 (13-127) 41.5 (10-196) 0.987 40.5 (11-127) 37.5 (10-196) 0.226
Albumin (g/dl) 3.8 (2.8-5.2) 3.8 (2.5-4.9) 0.215 3.8 (2.8-5.2) 3.8 (2.5-4.5) 0.469
ICGR 15 (%) 17.9 (1.4-71.4) 18.7 (4.6-50.5) 0.734 17.65 (7.4-40.0) 17.55 (4.6-40.0) 0.561
AFP (ng/ml) 11.6 (0.5-3405) 27.6 (0.5-36572) 0.176 13.95 (0.5-3405) 22.9 (0.5-513) 0.635
Child-Pugh grade 0.665 0.556
A 41 (95.3%) 69 (90.8%) 37 (97.4%) 36 (94.7%)
B 2 (4.7%) 7 (9:2%) 1 (2.6%) 2 (5.3%)
Hepatic resection 0.322 0.373
Hr0 20 (46.5%) 49 (64.5%) 18 (47.4%) 23 (60.5%)
HrS 13 (30.2%) 18 (23.7%) 12 (31.6%) 9 (23.7%)
Hrl 3 (7.0%) 4 (5.3%) 2 (5.3%) 3 (7.9%)
Hr2 7 (16.3%) 5 (6.6%) 6 (15.8%) 2 (5.3%)
Hr3 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Operation time (min) 260 (128-623) 242 (90-580) 0.0514 257 (128-623) 247.5 (90-580) 0.18
Blood loss (ml) 200 (20-1900) 225 (10-960) 0.996 210 (20-1900) 210 (10-960) 0.803
Postoperative complications 0.933 0.798
1IIa 4 6 2 2
I1Ib 1 1 1 1
IVa 1 1 1 0
Stage 0.315 0.293
I 14 (32.6%) 19 (25.0%) 13 (34.2%) 9 (23.7%)
i 18 (41.9%) 44 (57.9%) 15 (39.5%) 23 (60.5%)
11X 9 (20.9%) 12 (15.8%) 9 (23.7%) 6 (15.8%)
IV-A 2 (4.7%) 1(1.3%) 1 (2.6%) 0 (0.0%)
Single tumor 28 (65.1%) 57 (75.0%) 0.252 25 (65.8%) 29 (76.3%) 0.312
Tumor size 0.712 0.589
>3 cm 15 (34.9%) 24 (31.6%) 10 (26.3%) 8 (21.1%)
<3 cm 28 (65.1%) 52 (68.4%) 28 (73.7%) 30 (78.9%)
Vascular invasion 4 (9.3%) 3 (3.9%) 0.233 3 (7.9%) 0 (0.0%) 0.239

Continuous variables expressed as median (range)

Hepatic resection and stage were according to General Rules for the Clinical and pathological Study of Primary Liver Cancer, by Liver cancer Study
Group of Japan, 5th edition, Kanehara Co., Ltd

Hr0: limited resection, HrS: segmentectomy, Hrl: sectionectomy, Hr2: hemihepatectomy, Hr3: more than hemihepatectomy

T-Bil total bilirubin, PS performance status, AST aspartate aminotransferase, ALT alanine aminotransferase, ICGR 15 indocyanine green retention rate at

15 min, AFP alpha-fetoprotein,
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did not receive IFN therapy was 3.8 (1.2-6.9) and 3.5
(1.3-6.8) years, respectively. In the matched study groups,
the 3- and 5-year overall survival rates of patients who
received peg-IFN therapy after hepatic resection were
significantly higher than those of patients who did not
receive IFN therapy (P = 0.00135) (Fig. ic). However,
there was no significant difference in disease-free survival
between the two matched groups (P = 0.886) (Fig. id).
In the matched 38 patients of the peg-IFN group, peg-
IFN therapy was initiated at a median of 4.3 (0.9-9.6)
months after hepatic resection. Thirty-one of 38 HCC
patients began peg-IFN therapy within 6 months after
hepatectomy. Seven patients required more than 6 months
to commence peg-IFN therapy. Two patients required a
longer time to recover platelet counts of more than 70,000/
pl. Five patients required a longer time to decide to receive
peg-IFN therapy. Sixteen (42.1%) of the matched 38
patients who received peg-IFN therapy after hepatectomy
attained SVR. Among 16 patients who attained SVR, 10
patients received full-dose peg-IFN therapy without dose
reduction, whereas 6 patients received a reduced dose of
peg-IFN and/or RBV until completion of treatment. Nine
patients discontinued peg-IFN therapy because of adverse
events such as thrombocytopenia and neutropenia (n = 2),

skin eruption (n = 1), depression (n = 2), and severe
malaise (n = 4). Three patients discontinued peg-IFN
therapy because of HCC recurrence. Adherence to peg-IFN
therapy was 68.4% in this study. No life-threatening
adverse events were observed, and none of the total 15
deaths in both sets of matched patients were related to the
IFN treatment or to surgical procedures. The 3- and 5-year
overall survival rates of patients (n = 16) who attained
SVR after peg-IFN therapy were 100% and 100%,
respectively; those of patients who did not attain SVR
(n = 22) were 100 and 85.7%, respectively; and those of
patients who did not receive IFN therapy were 76.6 and
50.6%, respectively. There was a statistically significant
difference in overall survival among the three groups
(P = 0.005) (Fig. 2a). However, there was no statistically
significant difference in disease-free survival among the
three groups (P = 0.90) (Fig. 2b).

Table 2 presents the patterns of cancer recurrence and
the treatment details of the recurrences in both groups.
Twenty-one (55.3%) of the patients who received peg-IFN
therapy after hepatic resection and 17 (44.7%) of the
patients who did not receive IFN therapy had HCC recur-
rences after hepatic resection. Regarding the pattern of
recurrence, the proportion of patients who had multiple

(a) (b)
Overall =es Peg-interferon (n = 43) Disease-free === Peg-interferon (n = 43)
survival rate === Non-interferon (n = 76) survival rate «= Non-interferon (n = 76)
10 L‘"j P =0.0024 L0 P=0.795
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FIG. 1 Overall survival (a) and disease-free survival (b) of the entire
study population of 175 patients with hepatitis C-related HCC with
respect to IFN therapy after hepatic resection. Overall survival (¢) and

Years after hepatectomy

disease-free (d) survival of the matched study population of 76
patients with hepatitis C-related HCC with respect to IFN therapy
after hepatic resection
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FIG. 2 Overall survival and disease-free survival of patients with hepatitis C-related HCC with respect to SVR after IFN therapy

intrahepatic recurrences (more than four nodules) was
significantly lower in the peg-IFN group than in the non-
IFN group (P = 0.0047). The proportion of patients in
whom surgery or RFA was selected for treatment was
significantly higher in the peg-IFN group than in the
non-IFN group (P = 0.0346). Furthermore, regarding
re-recurrence of HCC after treatment of the first-recurrent
HCQC, the 1-year disease-free survival rates of patients after
treatment of the first-recurrent HCC was 48.5% in patients
(n = 21) who received peg-IFN therapy and 12.5% in
patients (n = 17) who did not receive IFN therapy. There
was a statistically significant difference in disease-free
survival between the two groups (P = 0.0012) (Fig. 3).

A comparison of results of the preoperative liver func-
tion test with those of postoperative 1-year liver function
tests is presented in Table 3. In patients who received peg-
IFN therapy, total bilirubin levels 1 year after surgery were
significantly decreased compared with preoperative total
bilirubin levels (P = 0.018), whereas in patients who did
not receive IFN therapy, the total bilirubin level at 1 year
after surgery was similar to the total bilirubin level before
surgery (P = 0.107).

DISCUSSION

Our results revealed that peg-IFN therapy after hepatic
resection improved the outcomes of HCV patients, although
the interval of disease-free survival was not prolonged. Peg-
IFN therapy after hepatectomy improved hepatic reserve
function and suppressed multiple HCC recurrences (more
than four nodules). Furthermore, re-recurrence after treat-
ment of first-recurrent HCC after hepatic resection was
significantly suppressed in the peg-IFN group compared
with that in the non-IFN group. IFN has been reported to
exert antitumor effects. IFN increases natural killer cell
activity and exhibits antiangiogenic properties.”>® IFN has
also been reported to be effective in eradicating HCV RNA

TABLE 2 Recurrence and treatments for recurrence after hepatic
resection

Peg-IFN (+) IFN (—) P value
(n = 38) (n = 38)
HCC recurrence®: yes 21 (55.3%) 17 (44.7%) 0.359
Pattern of recurrence® 0.0047
Intrahepatic (single) 9 (42.9%) 8 (47.1%)
Intrahepatic (2-3) 10 (47.6%) 1 (5.9%)
Intrahepatic (multiple) 2 (9.5%) 8 (47.1%)
Main modalities® 0.0346
Repeat hepatectomy 8 (38.1%) 2 (11.8%)
RFA 8 (38.1%) 4 (23.5%)
TACE 5 (23.8%) 11 (64.7%)

peg-IFN pegylated interferon, RFA radiofrequency ablation, TACE
transcatheter arterial chemoembolization

? Data expressed as number of patients (percentage of total patients)

® Data expressed as number of patients (percentage of patients who
had a recurrence)

Disease-free
survival rate

=== Peg-interferon (n = 21)
==« Non-interferon (n = 17)

P =0.0012

0.2

| ! ] ] ] ] 1
0 1 2 3 4 5 6

Years after treatment of 1st recurrent HCC

FIG. 3 Comparison of disease-free survival rate after treatment of
first-recurrent HCC in patients who received peg-IFN therapy or in
those who did not receive IFN therapy
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TABLE 3 Comparison of preoperative liver function with 1-year liver function after hepatic resection

Peg-IEN (+) P value IFN (—) P value
Preoperative 1 Year after surgery Preoperative 1 Year after surgery
T-Bil (mg/dl) 0.82 £ 0.29 0.71 £ 0.26 0.0189 0.81 £0.32 0.92 £ 0.35 0.107
AST (IU/) 50.1 £+ 24.1 45.8 £ 23.5 0.310 42.1 £ 189 56.1 & 26.7 0.0110
ALT (IU/) 513 £ 28.6 36.4 + 22.8 0.00809 40.3 £ 243 49.7 £ 258 0.0918
Albumin (g/dl) 3.89 £ 0.80 3.99 £ 0.71 0.251 3.73 £ 045 375 £ 044 0.807

peg-IFN pegylated interferon, AST aspartate aminotransferase, ALT alanine aminotransferase

from serum and hepatic tissue, thereby preventing deterio-
ration of liver function in patients with HCV infection.”’
IFN prevents worsening of compensated cirrhosis."™*" Our
results are compatible with those reported in those studies.
In the peg-IFN group, most patients with HCC recurrence
could undergo curative treatments such as repeat hepatec-
tomy or RFA as a recurrence treatment, because the number
of recurrent tumors was usually limited to three. IFN ther-
apy appears to increase survival not only by improving
residual liver function and increasing the possibility of
radical treatment of recurrences but also by suppressing re-
recurrence after the first recurrence of HCC.

The current study also revealed that the overall survival
of patients with SVR was significantly better than that of
patients without SVR. This result suggests that IFN pro-
longs the outcomes of patients with HCC after hepatic
resection by causing remission of active hepatitis and
eradication of HCV RNA in patients who attained SVR
after hepatic resection.

In this study, to clarify the impact of peg-IFN therapy on
outcomes of HCV-related HCC after hepatic resection,
patients who received IFNs such as IFN-a or IFN-f were
excluded. RCTs investigating adjuvant effects of IFN after
resection or ablation of HCC were performed using IFN-a.
Few studies have investigated the effects of peg-IFN plus
RBYV combination therapy on survival and recurrence after
curative resection of HCC. Combination therapy with peg-
IFN and RBV has recently been developed, and peg-IFN
therapy has resulted in significantly higher SVR rates and
better tolerability than treatment with IFN-o.>'** In our
study, incidence of SVR after hepatic resection was 42.1%,
which was higher than that in previous studies that reported
an SVR rate of 0-10%."'*™"* The compliance of patients to
peg-IFN therapy observed in the present study (68.4%) was
higher than that reported elsewhere (approximately
40%)."* This enhanced efficacy of the peg-IFN formula-
tions might contribute to the prolonged survival of HCC
patients after hepatic resection.

In this study, HCC patients who received peg-IFN
therapy within 9 months after surgery were enrolled, and
HCC patients who experienced recurrence of HCC within
9 months after hepatic resection were excluded from the

non-IFN group, because these patients could lose the
opportunity to receive IFN therapy for HCC recurrence on
being assigned to the peg-IFN therapy group.

Before matching by using the propensity score, the
clinical characteristics of the entire study population that
can strongly influence outcomes differed significantly
between the peg-IFN group and non-IFN group. The pro-
portion of older patients was higher in the non-IFN group
than in the peg-IFN group, whereas the proportion of
patients who had longer operation times tended to be lower
in the non-IFN group than in the peg-IFN group. To
overcome bias due to the different distribution of the
severity of liver function impairment between the two
groups, a one-to-one match was created using propensity
score analysis. After matching by propensity score, prog-
nostic variables were appropriately handled, and there was
no significant difference in prognostic factors between the
two matched groups. This study had a limitation related to
the small sample size after propensity score matching. To
overcome this, further examination with larger sample
sizes is necessary, and the potential efficacy of peg-IFN
therapy must be validated in larger prospective RCTs.

CONCLUSIONS

Several previous RCTs investigating the effects of IFN
on survival and tumor recurrence after hepatic resection
were inconclusive. However, in the current study, peg-IFN
therapy following hepatic resection improved the survival
rates of hepatectomized patients with HCV-related HCC.
The results of this study suggest that peg-IFN therapy is
effective as an adjuvant chemopreventive agent after
hepatic resection in patients with HCV-related HCC.
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Case Report

Eradication of hepatitis C virus genotype 1 after liver
transplantation by interferon therapy before surgery:
Report of three patients with analysis of interleukin-28
polymorphism, hepatitis C virus core region and
interferon-sensitivity determining region

Tomokazu Kawaoka,'? Hiroshi Aikata," Daisuke Miyaki,' Eisuke Murakami,’
Takahiro Azakami,' Shintaro Takaki,' Yuko Nagaoki,' Yoshimasa Hashimoto,’
Yoshio Katamura,' Akira Hiramatsu,' Koji Waki,' Nobuhiko Hiraga,' Daiki Miki,'?
Masataka Tsuge,' Michio Imamura,' Yoshiiku Kawakami,' Shoichi Takahashi,’
Hidenori Ochi,'?® Hirotaka Tashiro,? Hideki Ohdan? and Kazuaki Chayama'?

'Department of Medicine and Molecular Science, Division of Frontier Medical Science, *Department of Surgery,
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of Physical and Chemical Research), Hiroshima, Japan

The achievement of sustained viral response (SVR) with inter-
feron (IFN) therapy before liver transplantation (LT) is difficult
due to liver dysfunction, pancytopenia and frequent side-
effects. Here, we report eradication of hepatitis C virus (HCV)
genotype 1 after LT in three patients by IFN therapy before
surgery. All three patients achieved virological response (VR),
namely, fall in serum HCV RNA titer below the detection limit
of real-time polymerase chain reaction (PCR) during IFN
administration. However, HCV RNA rebound after cessation of
treatment in all three patients; namely, they could not achieve
SVR despite treatment with pegylated (PEG) IFN plus ribavirin.
All three patients had wild-type amino acids (a.a.) at either
aa70 or aa91 in the core region. Genotyping of IL-28 single

nucleotide polymorphisms (rs8099917) showed TT genotype
in two patients and TG genotype in one. All three patients
developed multiple hepatocellular carcinomas during the
clinical course, and requested living donor LT using liver grafts
from their relatives. The patients were treated with IFN to
immediately before LT, at which time they remained negative
for HCV RNA in serum by real-time PCR. The three patients
were followed-up for 14-15 months after LT, during which
they remained negative for HCV RNA despite no further IFN
therapy. In conclusion, it is possible to eradicate HCV after LT
by inducing VR with continuous IFN therapy to before LT in
spite of viral and host evidences reflecting low susceptibility
to IFN treatment.

INTRODUCTION

ECENT RESULTS HAVE shown substantial improv-
ement in the outcome of liver transplantation
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(LT). However, the outcome of LT for patients with
hepatitis C virus (HCV)-related liver disease have
been less satisfactory than those HCV negative
individuals.'” HCV recurrence is universal after LT
with accelerated progression of liver fibrosis. Approxi-
mately 20-25% of HCV positive patients develop cir-
rhosis within 5-6 years after LT, and approximately
50% within 10 years.>*® Furthermore, the overall sur-
vival rate in these patients at 5 years after LT is poor, at
approximately 60-70%.

In contrast, patients who have achieved HCV eradica-
tion before or after LT show longer survival.>*'°

© 2011 The Japan Society of Hepatology
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However, eradication with interferon (IFN) therapy
after LT is hampered by the use of immunosuppressive
agents, anemia, frequent side-effects and the need to
discontinue or reduce therapy. Even the results for anti-
viral therapy with pegylated (PEG) IEN plus ribavirin
(RBV) in the transplant setting are poor, with sustained
virological response (SVR) rates ranging 10-30% for
genotype 1 HCV-infected patients.''"'” Moreover,
achieving SVR with IFN therapy before LT is also ham-
pered by liver dysfunction, pancytopenia and frequent
side-effects.’®'” These findings highlight the need to
establish effective protocols for the management of
HCV recurrence in patients with LT.

Recent studies have shown that various host and
virus factors are significant predictors of the efficacy of
[FN treatment. With regard to viral factors, the number
of amino acid (a.a.) substitutions in the [FN-sensitivity
determining region (ISDR) (codon 2209-2248 or a.a.
position 237-276 of the NS5A region) correlates with
the SVR rate to IFN treatment in HCV genotype 1b
patients.”®?' Recent studies also reported that substitu-
tion of aa70 and/or aa91 in the HCV core region
is an independent and significant predictor of
virological response, such as SVR and non-virological
response (NVR), to the combination therapy.?***
Furthermore, Okanoue et al.” also reported that the
wild-type HCV core aa70 and two or more a.a. substi-
tutions in the ISDR are useful markers for prediction
of SVR.

On the other hand, human genetic factors such as
single nucleotide polymorphisms (SNP) can be used to
predict the effectiveness of IFN therapy. Polymor-
phisms in MxA,*** [FN-o-receptor 1** and osteopon-
tin® have also been reported to be associated with
response to IFN therapy. We also identified MAP-
KAPK3 SNP* as a predictive factor for IFN mono-
therapy. Recent studies from three research groups
reported independently that the response to PEG IFN
plus ribavirin combination therapy in patients with
HCV genotype 1b correlated with several SNP in the
interleukin (IL)-28 locus.?’™ However, there are no
reports about correlation between IL-28 polymor-
phisms and viral eradiation after LT by treatment
response to IFN therapy before LT.

Here, we analyzed a.a. substitutions in the HCV core
region and ISDR by direct sequencing before living
donor LT (LDLT) and analyzed IL-28 polymorphism
in the recipients. The three patients continued IFN
therapy until immediately before LT, at which time
they remained negative for HCV RNA in serum by real-
time polymerase chain reaction (PCR).

IFN therapy before LT 1127

CASE REPORTS

Case 1

A 67-YEAR-OLD FEMALE with HCV-related liver cir-
thosis later developed hepatocellular carcinoma
(HCC). Platelet count was 11.9 x 10*/uL, alanine ami-
notransferase (ALT) was 118 IU/L, genotype 1b, HCV
RNA was 5.6 Log IU/ml, and Child-Pugh class was A.
She had been treated with PEG IFN-a2b (60 ng) plus
RBV (200 mg) for 24 months. Eight weeks after
PEG IFN-02b/RBV treatment, serum HCV RNA titer
decreased below the detection limit (1.2 Log IU/mL).
However, IEN therapy was stopped for treatment of
HCC recurrence. This resulted in HCV RNA to become
positive 4 weeks after cessation of the treatment. The
presence of multiple HCC prevented surgical resection
and ablation therapy. Instead, she received transcatheter
chemoembolization (TACE). IFN therapy was restarted
after TACE and serum HCV RNA titer became negative
after 4 weeks of PEG IFN monotherapy. Her family
requested LDLT donated by her daughter. LDLT was
performed after obtaining informed consent. IFN
therapy was continued for 4 months until 2 weeks
before LT, and serum HCV RNA negativity by real-time
PCR persisted until LT. The duration of VR was
4 months before LT. The patients had no a.a. substitu-
tions in ISDR, and had mutant- and wild-type of a.a. at
aa70 and aa91 in the core region, respectively. The
patients had TG genotype of IL-28 SNP (rs8099917)
(Table 1, Fig. 1a). She was followed up for 15 months
after LDLT, and HCV RNA did not rebound during the
follow-up period despite no further IFN therapy.

Case 2

A 60-year-old man with HCV-related liver cirrhosis later
developed HCC. Platelet count was 11.8 x 10*/uL, ALT
28 IU/L, genotype was 1b, HCV RNA was 4.6 Log IU/ml
and Child-Pugh class was A. He underwent the combi-
nation therapy of PEG IFN-o2b (60 ug) plus RBV
(200 mg, due to anemia) for 26 months. The HCV RNA
titer decreased below the detection limit after 16 weeks
of the combination treatment. However, PEG IFN-a2b/
RBV was stopped for treatment of HCC recurrence.
Tumor resection or ablation therapy was not possible
due to the presence of multiple HCC and accordingly
the patient underwent TACE. After TACE, HCV RNA
became positive 4 weeks after cessation of PEG IFN-
02b/RBV treatment, necessitating resumption of the
same treatment. Four weeks after the commencement of
such therapy, HCV RNA became negative. The family
requested LDLT using graft from his wife. IFN therapy

© 2011 The Japan Society of Hepatology
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was applied for 3 months before LT, and serum HCV
RNA became immediately negative as tested by real-
time PCR and remained undetectable until LT. The dura-
tion of VR was 3 months before LT. The patients had no
a.a. substitutions in ISDR, but had mutant-type and
wild-type a.a. at aa70 and aa91 in the core region,
respectively. Genotyping showed a TT genotype of [L-28
SNP (rs8099917) (Table 1, Fig. 1b). He was followed up
for 14 months after LDLT, and HCV RNA did not
rebound during the follow-up period despite no further
IFN therapy.

Case 3

A 54-year-old man with HCV-related liver cirrhosis had
received two courses of therapy for HCC. Platelet count
was 10.7 x 10*/uL, ALT 52 IU/L, genotype was 1b, HCV
RNA was 6.2 Log IU/mL, and Child-Pugh class was A.
Though he achieved VR, SVR could not be attained after
48-week PEG IFN plus RBV therapy. IFN therapy was
subsequently withheld for treatment of HCC recurrence.
Surgery with curative intent was deemed not possible due
to the presence of multiple HCC, and instead treated
by TACE. After TACE, retreatment with PEG IFN-02b
(60 pg) plus RBV (200 mg) was restarted. At the wishes of
his family, he underwent LDLT using graft from his son.
IFN therapy was continued just before LDLT. The dura-
tion of VR before LT was 12 months. The patient had one
a.a. substitution in ISDR, and wild- and mutant-type a.a.
at aa70 and aa91 in the core region, respectively. Geno-
typing showed TT genotype of IL-28 SNP (rs8099917)
(Table 1, Fig. 1c). He was followed up for 15 months
after LDLT, and HCV RNA did not rebound during the
follow-up period despite no further IFN therapy.

DISCUSSION

HE OUTCOME OF LT in patients with HCV-related

liver disease is poorer than that of patients with
other etiology. The most common reasons for the poor
performance are HCV recurrence and fibrosing chole-
static hepatitis. These findings highlight the need to
establish effective protocols for the management of
HCV recurrence after LDLT. The management of
patients with HCV-related liver disease who undergo LT
includes treatment of both pre- and post-LT HCV. Treat-
ment of HCV before LT is limited by poor tolerance.'®
The side-effects of IFN therapy include bacterial infec-
tion, and thus such therapy should be adequately moni-
tored. Review of previous reports on IFN therapy before
LT'81936-38 shows virological response at the time of LT
in 61 patients treated with IFN, of whom 42 (68.8%)
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Figure 1 (a) Case 1. Changes in hepatitis C virus (HCV) RNA titer in response to treatment with the combination of pegylated
interferon-02b (PEG IFN) plus ribavirin (RBV). (b) Case 2. Changes in HCV RNA titer in response to treatment with the
combination of PEG IEN plus RBV. (c) Case 3. Changes in HCV RNA titer in response to treatment with the combination of PEG

IFN plus RBV.

achieved HCV eradication after LT. However, because of
the lack of details about previous IFN therapy, these
patients might have achieved SVR at stopping IFN
therapy before LT. In support of this, another study that
examined the presence of HCV RNA in liver explants
showed no HCV RNA in 11 of 17 (64.7%) patients,*®
while six had detectable HCV RNA. Eradication of HCV
after LT was reported in two of these six patients while
re-infection after LT occurred in the other four.
However, there was no detail information about VR
duration and viral factors in these patients.

In the present study, although our three patients
achieved virological response during IFN therapy, they
did not achieve SVR due to HCV relapse after the with-
drawal of IFN therapy. The VR in these patients contin-
ued until the time of LDLT, and HCV was eradiated after

LDLT in all three. It was considered that HCV RNA titer
was zero or markedly under the detection limit in
serum, though HCV RNA persisted in the liver tissue.
These findings suggest that HCV might have been eradi-
cated from whole body at the time of LT. On the other
hand, previous reports suggested that HCV replication
also occurs in other organs such as the lymph node,
bone marrow and brain.***° Although HCV RNA titer
was zero or markedly below the detection limit in
serum, viral relapse could occur after LT if the above
organs are positive for HCV RNA. Because HCV RNA
was negative in these organs, it is highly likely that HCV
was eradicated from the whole body at the time of LT in
the three patients.

Recent studies have identified various host and virus
factors as significant predictors of the response to IFN

© 2011 The Japan Society of Hepatology
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treatment. With regard to the viral factors, the number
of a.a. substitutions in the ISDR correlates with the SVR
rate to IFN treatment in patients infected with HCV
genotype 1b.2*?' In a series of studies, Akuta et al”
reported that substitution of aa70 and/or aa91 in the
HCV core region is an independent and significant pre-
dictor of virological response, including SVR and NVR,
to the combination therapy. Other studies also reported
the association between several SNP in the IL-28 locus
and the effect of PEG IFN plus ribavirin combination
therapy in patients with HCV genotype 1b.3'-* In our
patients, the numbers of a.a. substitutions in ISDR were
0-1 together with mutant-type a.a. at either aa70 or
aa91 in the core region, which showed low susceptibil-
ity to IFN treatment. Furthermore, genotyping of 1L-28
SNP (1s8099917) was TT genotype in two patients and
GG genotype in one patient.

It is possible that these viral factors are not linked to
the achievement of SVR with PEG IFN/RBV treatment
for HCV infection before LT. In this regard, one previous
study reported a viral response rate of 60-70% in
patients with chronic hepatitis at the end of PEG IFN
plus RBV treatment.*"** In other words, 60-70% of
patients could attain viral response in spite of viral and
host factors. Thus, these results suggest that it is better to
treat the patients with PEG IFN plus RBV before LT, if
possible. Should VR be achieved, continuation of IFN
therapy to immediately before LT could result in HCV
eradication after LT.

Of course, we do not recommend IFN therapy for all
patients. Smallwood et al.** reported that IFN therapy
before LT for HCV patients was associated with poor
outcome after LT. However, among LT candidates, some
patients may show viral response but not SVR. In addi-
tion, some patients can continue the IFN therapy even
after the appearance of side-effects that are within the
allowable limits. Further clinical trials of larger popula-
tion samples are necessary to confirm the present
findings.

In conclusion, the three cases presented here suggest
that patients who show viral response to IFN therapy
before LT can escape recurrence of HCV after LT due to
the continuation of IFN therapy to just before LT.
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SUMMARY. The present study was designed to determine the
predictive factors for the viral response to pegylated inter-
feron-alpha plus ribavirin combination therapy (PEGIFN/
RBV) administered after curative treatment for hepatitis C
virus (HCV)-related hepatocellular carcinoma (HCC). The
study group was 78 patients treated between January 2005
and January 2009. The sustained viral response (SVR) rate
was 25.8% (15/58) in patients infected with HCV-genotype
1 and 55.0% (11/20) in those with genotype 2. Among the
78 patients, 32 (41.0%) could not complete the treatment
protocol, and this was because of HCC recurrence in 17
(53%) of them. Multivariate analysis identified partial early
viral response (pEVR) as the only independent determinant
of SVR [odds ratio (OR) 14.73, P = 0.013] for patients with
genotype 1. Multivariate analysis identified male gender (OR
8.72, P =0.001) and interleukin-28B (IL-28B) genotype
(rs8099917) TT (OR 7.93, P = 0.007) as independent pre-

dictors of pEVR. Multivariate analysis also identified IL-28B
genotype GG+TG (OR 14.1, P = 0.021) and o-fetoprotein
>30 (OR 5.4, P = 0.031) as independent predictors of null
response. Patients with SVR showed a better survival rate
than those without SVR (P = 0.034). The second HCC
recurrence rate tended to be lower in patients with SVR than
in those without SVR (P = 0.054). With regard to the
prognosis of patients with SVR, it is desirable to achieve SVR
with interferon therapy even when administered after HCC
treatment. IL-28B genotype is a poténtially useful marker for
the response to PEGIFN/RBV therapy administered after
curative treatment of HCV-related HCC.

Keywords: curative treatment, hepatitis C virus, hepatocel-
lular carcinoma, interleukin-28B, pegylated interferon-alpha
plus ribavirin combination therapy.

INTRODUCTION

Hepatocellular carcinoma (HCC) is one of the most common
malignancies worldwide. Chronic infection with hepatitis C

Abbreviations: AFP, a-fetoprotein; cEVR, complete early viral
response; HCV, hepatitis C virus; IFN, interferon; IL-28B,
interleukin-28B; NR, null response; PEGIFN, pegylated interferon;
PEGIFN/RBV, pegylated interferon-alpha plus ribavirin combination
therapy; pEVR, partial early viral response; RBV, ribavirin; SNP,
single-nucleotide polymorphism; SVR, sustained viral response; TR,
transient viral response.
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virus (HCV) has been associated with hepatocarcinogenesis
[1-3]. Recent advances in imaging and treatment modalities
have brought about some improvement in the prognosis of
patients with HCV-related HCC, but the overall outcome
remains unsatisfactory; the 5-year survival rate is only
50-70%, even after curative treatment such as hepatic
resection or local ablation [4]. The reasons for this unfa-
vourable prognosis are considered to include high intrahe-
patic tumour recurrence rates and sustained hepatic
damage, both resulting from HCV infection [5]. Even after
curative hepatic resection for HCV-related HCC, the rate of
intrahepatic tumour recurrence within 1 year is 20-40%,
rising to about 80% by 5 years [4,6,7].

Intrahepatic recurrence of HCC may result from intrahe-
patic metastasis originating from the primary HCC or from
ongoing multicentric carcinogenesis related to chronic HCV
infection. The background HCV-related hepatic damage may

© 2011 Blackwell Publishing Ltd



also compromise hepatic functional reserve and worsen
clinical outcome. Thus, the prevention of HCC recurrence as
well as preservation of liver function constitutes high pri-
orities for the improvement of prognosis of patients with
HCV-related HCC.

Interferon (IFN) therapy for patients with HCV infection is
effective in reducing serum alanine transaminase (ALT)
activity and in eradicating HCV [8,9] and thus IFN could be
of value in minimizing hepatic necrosis, inflammation and
fibrosis, as well as reducing the incidence of HCC. Several
recent studies have reported that IFN therapy, applied even
after curative treatment for HCV-related HCC, could prevent
HCC recurrence and improve survival [10-21].

The recent introduction of pegylated interferon-alpha plus
ribavirin combination therapy (PEGIFN/RBV) has improved
the treatment efficacy [22,23]. Recent studies have high-
lighted the relationship between various single-nucleotide
polymorphisms (SNPs) in the IL-28 locus and the effect of
PEGIFN/RBV in patients infected with HCV [24-29]. Fur-
ther, the results of few recent studies suggest that PEGIFN/
RBV could prevent HCC recurrence and improve survival
even when used after curative treatment of HCV-related HCC
[30,31]. To our knowledge, however, there are no studies on
the factors that could predict a sustained viral response
(SVR) to PEGIFN/RBYV after treatment of HCC (e.g. IL-28B as
a host factor). The present study was designed to determine
the predictive factors of viral response to PEGIFN/RBV in
patients with HCV treated for HCC.

MATERIAL AND METHODS

Patients

The study subjects were 78 patients treated with PEGIFN/RBV
after curative intent treatment (hepatic resection or radiofre-
quency ablation) for HCV-related HCC between January 2005
and January 2009 in this retrospective cohort study. Tumour
staging was defined based on the Liver Cancer Study Group of
Japan/Tumour-Node-Metastasis staging system of the Liver
Cancer Study Group of Japan (LCSGJ): stage I [fulfilling three
intrahepatic conditions: solitary, <2 cm, no vessel invasion,
n = 28 (36%)], stage II [two of the three intrahepatic condi-
tions, n = 27 (35%)], stage III [one of the three intrahepatic
conditions, n = 23 (29%)], stage IVa (none of the three int-
rahepatic conditions, with no distant metastases or any int-
rahepatic conditions with lymph node metastases) and stage
IVb (any intrahepatic condition with distant metastases)
[stage IV, n=0 (0%)] [32]. The median duration was
7 months (range, 1-60) from curative intent treatment for
HCC to the start of PEGIFN/RBV therapy.

Antiviral treatment protocol

Each patient received 1.5 pg/kg body weight (BW) pegylated
interferon-alpha (PEGIFN) (Peg-Intron; Schering-Plough,

© 2011 Blackwell Publishing Ltd
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Segrate, Italy) subcutaneously (s.c.) once weekly, together
with ribavirin (RBV) (Rebetol; Schering-Plough). The RBV
dose was adjusted according to BW to 600 mg for patients
<60 kg BW, 800 mg for >60 but <80 kg BW and 1000 mg
for >80 kg BW, based on the drug information for RBV
supplied by the manufacturer. The above durations and
dosages are those approved by the Japanese Ministry of
Health, Labour and Welfare.

The daily dose of RBV was reduced by 200 mg when hae-
moglobin (Hb) fell below 10 g/dL, acute fall in Hb concen-
tration followed by stabilization at more than 3 g/dL from
baseline, or appearance of clinical symptoms of anaemia (e.g.
fatigue, pallor, palpitation, dyspnoea on efforts and fatigue)
associated with a decrease in Hb of >2 g/dL from baseline.
Once the RBV dose was reduced, it was maintained at that
level throughout the rest of study. The protocol also included
withdrawal of RBV when Hb fell below 8.5 g/dL or when
patients manifested more severe anaemia including ortho-
static hypotension. After the end of the treatment, the patients
were followed up for 24 more weeks without treatment. The
treatment term was 48 weeks for patients infected with HCV
genotype 1 and 24 weeks for those with genotype 2.

The study was conducted in accordance with the Decla-
ration of Helsinki and was approved by the local Ethics
Committees of all participating centres. Written informed
consent was obtained from each patient. At each visit,
information on possible side effects was obtained by ques-
tioning the patients in a structured manner about specific,
commonly observed and expected side effects of the study
medication, such as flu-like symptoms, fatigue, nausea,
vomiting, diarrhoea, dizziness, depression and hair loss.

Single-nucleotide polymorphism genotyping and quality
control

Because the two reported significant IL-28 SNPs (rs8099917
and rs12979860) are in strong linkage disequilibrium, we
analysed only rs8099917 in this study. Some samples
obtained from patients with HCV were determined using the
Mlumina HumanHap610-Quad Genotyping BeadChip,
whereas the remaining samples were genotyped using the
Invader assay, as described previously [33,34].

Analysis of nucleotide sequence of the core and NSS5A region

The amino acid (aa) substitutions at aa 70 and aa 91 of the
HCV core region and mutation at the interferon sensitivity-
determining region (ISDR) in the nonstructural 5A (NS5A)
region of HCV were analysed by the direct sequencing
method as described previously by our group [35-37].

Assessment of viral response

Serum HCV RNA was determined at baseline, after 4, 8, 12,
16 and 20 weeks of treatment, at the end of treatment and
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