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RESULTS

Study population

TOTAL OF 1865 subjects, consisting of 999 SVR

patients (SVR rate 53.5%) and 866 non-SVR
patients, were eligible for analysis. Of the non-SVR
patients, 441 had transient response {TR) defined as
viral negativity achieved during treatment (relapse: 408,
virus breakthrough: 33), 400 patients had non-
virclogical response {NVR} defined as viral negativity
not being achieved, and the change in viral load during
treatment was not known for 25 patients.

The duration of observation ranged from 3 months to
5years and 8 months, with a median of 4 years and
3 months.

During the observation period, HCC developed in
59 patients (3.1%). Between patients who developed
HCC and those who did not, significant differences in
background factors were detected in age (P < 0.0001),
hepatic fibrosis (P=0.0002), virological efficacy
(P<0.0001), ALT levels (P=0.0089), ALT level at
24 weeks after the end of treatment (<40 vs. >40 IU/L)
(P<0.0001), platelet count (P=0.0001), serum
albumin (P=0.0062), and alpha fetoprotein (AFP)
(P <0.0001) (Table 1).

Virological efficacy and incidence of HCC

The 5-year cumulative incidence of HCC by the Kaplan-
Meier method was 1.1% in SVR patients and 7.1%
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in non-SVR patients, a difference that was significant
(P<0.001) (Fig.1). No significant difference was
observed in the incidence of HCC between TR and NVR
patients among non-SVR patients, but the difference
between TR and 8VR patients was significant
(P <0.0001) (Fig.2). This trend was also observed
regardless of gender, with no significant difference in the
incidence of HCC observed between TR and NVR in
either male or female patients and a significant differ-
ence observed between TR and SVR in both male
patients (P = 0.0007) and female (P = 0.0065) patients.

Factors contributing to HCC

The factors contributing to HCC selected in the
multivariate analysis were therapeutic efficacy (SVR
vs. NVR), sex, age (<60 vs. 260 years), ALT level at
24 weeks after the end of treatment (<40 vs. >40 IU/L),
and platelet count (<10 wvs. 210 x 10 000/mm?)
(Table 2).

Biochemical response and incidence of HCC
in non-SVR patients

Since ALT levels at 24 weeks after the end of treatment
was selected as one factor contribuiing to HCC, the
changes in ALT levels and onset of HCC were examined
in 514 non-SVR patients with a pretreatiment ALT level
of more than 40 IU/L whose ALT level at 24 weeks
after the end of treatment was obtained. Of these 514

Table 1 Patient background by onset of hepatocellular carcinoma (HCC) (1865 patients)

Factor With onset of Without onset of P-value
HCC (nn=59) HCC (n = 1806)
Gender (male/female) 40/19 1014/792 0.0832
Age 62 (44-74) 56 (17-77) <0.0001
Diabetes {(yes/nofunknown} 6/33/20 100/1040/666 0.1539
Hypertension (yes/no/unknown} 4/6/49 116/569/1121 0.0763
Alcohotl abuse (yes/no/unknown) 11/16/32 195/493/1118 0.1930
Fibrosis (0/1/2/3/4/unknown) 0/12/13/15/4/15 57/573/355/205/56/560 0.0002
Genotype (1/2/3/unknown) 52/5/0/2 1421/365/2/18 0.0876
Effect of IFN (SVR/non-SVR) 10/49 989/817 <0.0001
Body mass index (kg/m?) 22.6 (14.2-34.0} 22.9 (14.9-41.2}) 0.8546
ALT (JU/L) 79 (24-343) 60 (8-984) 0.0089
ALT at 24 weeks after end of treatment {TU/L) 16/30/13 105/352/349 <0.0001
(£40/>40/unknown)

Platelet count (x10 000/mm®) 13.3 {¢.3-22.2} 16.3 (3.6-213.3} 0.0001
Serum albumin (g/dL) 3.9 {2.9-4.7}) 4.1 {2.8-5.9} 0.0662
AFP (ng/mL)} 13 (2.2-327.9) 5 (0-875) <0.0001

Median (minimum - meaximuni).

AFP, alpha fetoprotein; ALT, alanine aminotransferase; 1PN, interferon; SVR, susiained virelogical response.
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patients, ALT level at 24 weeks after the end of treatment
was reduced to less or equal to 40 IL/L (biochemical
response: BR) in 234 patients, and the remaining 280
patients had values of more than 40 [U/L (non-BR).
There were significant differences between BR and
non-BR patients in the background factors of pretreat-
ment ALT level, age, hepatic fibrosis, platelet count, AFP,
and treatment duration. Selected as the factors contrib-
uting to BR in non-SVR patients in the multivariate
analysis were TR, long treatment duration, and high
platelet count before the start of treatment (Table 3).
The 5-year cumulative incidence of HCC was 3.4% in
BR patients and 11.0% in non-BR patients, and the
difference in incidence was significant (P=0.0012)
(Fig. 3). The 5-year cumulative incidence of HCC in

male patients was 3.6% in BR patients and 13.9% in
non-BR patients, and the difference was significant
(P =0.0012). In female patients, however, it was 3.5%
in BR patients and 7.6% in non-BR patients, and
although the incidence of HCC was lower in BR
patients, the difference was not significant (P = 0.0706).

Incidence of HCC in patients with normal
pretreatment ALT levels

When the incidence of HCC was compared between SVR
(288) and non-SVR (214) patients among 502 patients
with pretreatment ALT levels less or equal to 40 IU/L,
the 5-year cumulative incidence of HCC was 0% in SVR
patients and 4.8% in non-SVR patients, indicating a
significant difference {P = 0.0005) between the groups
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8% J—"“J:::_ o = P<6.0001 vs. transient response [TR] vs. non-
___J-—-._H"—H - R virological response {NVR]). The cumu-
~ —t g 8\7;% oo lative incidence of HCC was calculated
W by the Kaplan-Meier method. The
0% ' ' ' ' ' ' difference between each group was
o 1 2 3 4 5 6 examined using the log-rank test {Bon-
Years ferroni’s Method, significance level set
Bonferron’'s method (Significance level set at 2 < 0.018} at P < 9‘015}'
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Table 2 Factors contibuting to hepatocellular carcinoma (all patients) Cox regression analysis (multivariate)

Hazard ratic 95% confidence interval P-yalue

Therapeutic efficacy SVR 1
TR 2.055 0.709-5.955 0.1845
NVR 2.985 1.036-8.601 0.0428

Sex Male 1
Female 0.486 0.243-0.969 0.0405

Age <60 1
260 2.005 1.035-3.883 0.0391

ALT at 24 weeks after end of treatment (IU/L} <490 1
>40 3.940 1.754-8.850 0.0009

Platelet count (x10 000/mm?) <10 1
210 0363 0.169-0.779 0.0093

Serum albumin (g/dL) <4 1
=4 0.594 0.310-1.140 0.1175

Factors examined: Of the 15 factors exhibiting P < 0.2 by log-rank test {therapeutic efficacy {1: SVR, 2: TR, 3: NVR], genotype {1: 1, 2: 2
or 3], sex [1: male, 2: female}, age [1: <60, 2: 260}, pre ALT [1: <40, 2: >40], +24 w ALT [1: <40, 2: >40], pre PLT [1: <10, 2: 210], pre
ALB [1 <4, 2: 24], pre AFP [1: <20, 2: 220}, grade [1: A0-1, 2: A2-3]}, stage [1: FO-1, 2: F2-4}, hypertension [1: absent, 2: present],
diabetes {1: absent, 2: present], heavy drinking {1: absent, 2: present], and treatment duration [1: <48 W, 2: >48 W[}, nine factors were
examined. Excluded were factors for which approximately 30% of values were missing {AFP, grade, stage, diabetes, hypertension, and

heavy drinking).

AFP, alpha fetoprotein; ALB, albumin; ALT, alanine aminotransferase; NVR, non-virological response; PLT, platelet count; SVR,

sustained virological response; TR, transient response.

(Fig. 4). This tendency is also observed with the 280
patients having pretreatment ALT levels of less or equal
to 30 IU/L.

Onset of HCC in SVR patients

Hepatocellular carcinoma developed in 10 patients who
achieved SVR. Multivariate analysis indicated that in
SVR patients, the ALT level at 24 weeks after the end of
treatment was the only significant factor contributing to
HCC {P=0.0007) (Table4). In SVR patients with an
ALT level of more than 40 IU/L at 24 weeks after the end
of treatment, the 5-year cumulative incidence of HCC
was 5.6% while the incidence in patients with an ALT

level of less or equal to 40 IU/L was 0.7%, indicating a
significant difference (P=0.0004) between the groups

(Fig. 5).

DISCUSSION

HIS STUDY INDICATED that the risk factors for
HCC after PEG-IFN «-2b plus RBV combination
therapy are NVR, male sex, older age, low platelet count,
and an ALT level of more than 40 IU/L at 24 weeks after
the end of treatment.
Kurokawa et al.’® iracked 403 patients receiving PEG-
IEN ¢-2b plus RBV combination therapy for a median

Table 3 Factors contributing to biochemical response in non-sustained virological response patients Logistic regression analysis

(multivariate}
(Qdds ratio 95% ceniidence interval Pyalue
Virological response NVR 1 1.480-3.203 0.0001
TR , 2.177
Treatment duration per week 1 1.000-1.022 0.0424
1.011
Platelet count per 10 000/mm® 1 1.018-1.099 0.6043
1.058

Factors examined were those exhibiting P < 0.2 by log-rank test: Genotype, virological response (TR/NVR), treatment duration, pre

platelet count, diabetes, stage, and alanine aminoctransferase (ALT).
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Figure 3 Alanine aminotransferase
{ALT) normalization and hepatocellu-
lar carcinoma (HCC) in noa-virological
BR response [NVR] patients. The camuta-
tive incidence of HCC was calculated
by the Kaplan~Meier method. Log-rank

test was used to study the difference
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duration of 36.5 months and reported that in multivari-
ate analysis, virological efficacy (SVR vs. non-SVR), age,
and hepatic fibrosis were selected as the factors contrib-
uting to HCC. Arase et al.”® tracked 500 patients 60 years
of age and older receiving IFN alone or in combination
with RBV for an average duration of 7.4 years and also
reported that the factors contributing to HCC are viro-
logical efficacy {SVR vs. non-SVR}, age, and hepatic
fibrosis. In our study, hepatic fibrosis was not tested
with multivariate analysis because more than 30% of
values were missing, but it was selected as a significant

between biochemical response (BR)
and non-BR.

factor in the univariate analysis. Platelet count was
selected in multivariate analysis, and the results in our
study are therefore considered to be generally consistent
with these reports.

The results of the present study indicated no signifi-
cant difference between TR and NVR in non-SVR in
stratified cumulative incidence of HCC, and although
there was a significant difference between SVR and both
TR and NVR, TR was not significant against SVR in
multivariate analysis, and NVR was the only significant
factor. Kurokawa et al.’® reported the same resulis by
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oy | P=0.0005 oo i patients with pretreatment alanine ami-
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.................. a by the Kaplan-Meier method. Log-rank
----- SVR .
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Table 4 Factors contributing to hepatocellular carcinoma {sustained virological response [SVR] patients} Cox regression analysis

{(multivariate)
Hazard ratio 95% confidence interval Payalue
ALT at 24 weeks after end of treatment (IU/L}) <40 i
' >40 16.054 3.235-79.681 P =0.0007
Serum albumin (g/dL) <4 1
24 0.196 0.036-1.073 P=0.0603

Factors examined: Of the 10 factors exhibiting P < 0.2 by log-rank test {Genotype [1: 1, 2: 2 or 3], age [1: <60, 2: 260}, pre ALT [1: €40,
2: >40], +24 w ALT [1: <40, 2: >40}, pre PLT [1: <10, 2: 210}, pre ALB {1: <4, 2: 24], pre AFP [1: <20, 2: 220}, grade [1: AO-1, 2: A2-3],
stage [1: FO-1, 2: F2-4], and diabetes [1: absent, 2: present]), 5 factors were examined. Excluded were pre ALT, with which HCC did
not occur in the £40 group, and AFP, grade, stage, and diabetes, the factors for which approzimately 30% of values were missing.

ALB, albumin; ALT, alanine aminotransferase; PLT, platelet count;

comparing cumulative incidences of HCC among SVE,
TR and NVR (the results of multivariate analysis are not
known}. On the other hand, Morgan et 4l.," in their
follow-up study of the HALT-C Trial, reported that there
was no difference between TR and NVR in the incidence
of HCC or death related to hepatic disease/liver trans-
plantation, but when all hepatic-related outcomes
were examined, a significantly superior inhibition was
observed with TR compared to NVR. Qur results also
demonstrate that although the difference is not signifi-
cant, the cumulative incidence of HCC is lower in
TR patients than in NVR patients, especially in male

patients {5-year cumulative incidence of HCC: 6.0% vs.
10.7%). It is therefore necessary to continue tc observe
this for an extended number of years.

Our results study indicated that in non-SVR patients,
whether or not ALT level is normalized after treatment
is a greater contributing factor for the onset of HCC
than virological response. Normalization of ALT has
already been rteported to contribute to the inhibition
of the onset of HCC even under HCV-positive condi-
tions,®?® and this was found to apply also to non-SVR
patients receiving PEG-IFN o plus RBV combination
therapy.
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Figure 5 Alanine aminotransferase (ALT) levels at 24 weeks after end of treatment and hepatocellular carcinoma (HCC) in patients
with sustained virclogical response (SVR). The cumulative incidence of HCC was calculated by the Kaplan-Meier method. Log-rank
test was used to study the difference between SVR patients with an ALT level of more than 40 TU/L at 24 weeks after the end of
treaiment and those with an ALT level of less or equal to 40 TLI/L.
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Our investigation also indicated that abnormal ALT
levels also contribute to the omset of HCC in SVR
patients. In multivariate analysis, the only contributing
factor to the development of HCC in SVR patients was
ALT levels at 24 weeks after the end of treatment.
However, the onset of HCC is also observed in patients
who achieve ALT normalization after treatment, and it is
therefore difficult to conclude that ALT is the only risk
factor for the onset of HCC in SVR patients. The poten-
tial involvement of hepatic fibrosis as well as hepatic
steatosis, which persists after viral clearance® and small
amounts of virus remaining in the liver® have also been
suggested as risk factors for the onset of HCC in SVR
patients. Further detailed investigation is therefore nec-
essary. Nevertheless, regardless of whether or not SVR is
achieved, it is clear that abnormal ALT is a factor affect-
ing the onset of HCC. Careful monitoring of changes in
ALT and instituting measures to normalize ALT are
therefore important regardless of whether or not SVR is
achieved.

With the administration of PEG-IFN o plus RBV com-
bination therapy tailored for individual patients and the
addition of direct-acting antivirals to current combina-
tion therapy, the therapeutic outcomes for CHC will
continue to further improve, and the number of patients
who develop hepatic cirrhosis and HCC from hepatitis
C can be expected to decrease in the future. HCC can
occur even in patients achieving SVR, and even if SVR is
not achieved, as long as the possibility to inhibit the
onset of HCC remains, there will be a need for various
treatment innovations to achieve the prevention of
HCC, the ultimate goal of treatment of CHC.
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APPENDIX |
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Department of Internal Medicine, The Jikei University
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Article history: Background: InJapan and South Korea, transarterial chemoembolisation (TACE) is an impor-
Available online 12 june 2011 tant locoregional treatment for patients with unresectable hepatocellular carcinoma (HCC).

Sorafenib, a multikinase inhibitor, has been shown effective and safe in patients with
advanced HCC. This phase III trial assessed the efficacy and safety of sorafenib in Japanese
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Hepatocelhilar carcinoma and Korean patients with unresectable HCC who responded to TACE.

Transarterial chemoembolisation Methods: Patients (n = 458) with unresectable HCC, Child-Pugh class A cirrhosis and >25%
tumour necrosis/shrinkage 1-3 months after 1 or 2 TACE sessions were randomised 1:1 to
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sorafenib 400 mg bid or placebo and treated until progression/recurrence or unacceptable
toxicity. Primary end-point was time to progression/recurrence (TTP). Secondary end-point

Findings: Baseline characteristics in the two groups were similar; >50% of patients started
sorafenib >9 weeks after TACE. Median TTP in the sorafenib and placebo groups was 5.4
and 3.7 months, respectively (hazard ratio (HR), 0.87; 95% confidence interval (CI),
0.70-1.09; P =0.252). HR (sorafenib/placebo) for OS was 1.06 (95% CI, 0.69-1.64; P = 0.790).
Median daily dose of sorafenib was 386 mg, with 73% of patients having dose reductions
and 91% having dose interruptions. Median administration of sorafenib and placebo was
17.1 and 20.1 weeks, respectively. No unexpected adverse events were observed.

Interpretation: This trial, conducted prior to the reporting of registrational phase III trials,
found that sorafenib did not significantly prolong TTP in patients who responded to TACE.
This may have been due to delays in starting sorafenib after TACE and/or low daily

© 2011 Elsevier Ltd. All rights reserved.

Randomised

Controlled trial
was overall survival (OS).
sorafenib doses.

1. Introduction

Hepatocellular carcinoma (HCC) is the fifth most common
cancer worldwide, the third most common cause of cancer
deaths in men and the sixth most common in women.! It
has been estimated that 650,000 people per year die from
HCC, about three-quarters in East Asian countries.®® Aetio-
logic factors vary by geographic region; ~70% of HCC patients
in the Asia-Pacific (AP) region have chronic hepatitis B virus
(HBV) infection, except in Japan, where ~75% of HCC patients
have chronic hepatitis C virus (HCV) infection.>®

Many patients with HCC are not diagnosed until the dis-
ease is unresectable, such that only non-curative treatment
options are available.** The most frequent locoregional treat-
ment for unresectable HCC is transarterial chemoembolisa-
tion (TACE), which concentrates chemotherapeutic agents at
the tumour site while blocking the primary artery feeding
the tumour.%” Compared with symptomatic treatment alone,
TACE has been found to enhance survival in patients with
unresectable HCC.*® A meta-analysis of seven randomised
trials of arterial embolisation in 545 patients showed that
chemoembolisation with cisplatin or doxorubicin showed a
significant 2-year survival benefit compared with control,
whereas embolisation alone showed no benefit.*® A subse-
quent meta-analysis of randomised trials showed that TACE
improves patient survival compared with untreated patients,
but not when compared with patients treated with arterial
embolisation alone.'* Purthermore, no chemotherapeutic
agent was found superior to any other, and there was no evi-
dence that lipiodol had any benefit.*

Although TACE effectively delays HCC progression or pre-
vents recurrence within 6 months, it is less effective over
longer periods,’? with 2-year survival rates of 24-63%.%° Re-
cent trials in Asian patients have found that 2-year overall
survival (OS) rates following TACE with a suspension of a fine
powder formulation of cisplatin in lipiodol, an emulsion of
doxorubicin in lipiodol, and epirubicin-loaded superabsor-
bent polymer microspheres were 76%, 46% and 59%, respec-
tively.***® Although multiple courses of TACE may improve
local tumour control,™ it may also worsen liver function, both
because TACE itself damages the hepatic arterial system®®

and because many patients have poor underlying liver func-
tion due to cirrhosis.”” New and effective treatment strategies
for patients with unresectable HCC are therefore needed,
including the optimisation of TACE and its combination with
other treatment modalities.

The high rate of HCC recurrence after TACE may be due to
its enhancement of angiogenesis and upregulation of vascu-
lar endothelial growth factor (VEGF) expression, resulting in
the formation of rich vascular beds in residual tumours.**2°
Post-TACE treatment with systemic multikinase inhibitors
that are both antiproliferative and antiangiogenic may there-
fore lengthen time to recurrence, improve survival, and target
lesions distal to the TACE site.

Sorafenib is a multikinase inhibitor with antiangiogenic
and antproliferative properties, targeting multiple path-
ways.*? Two large randomised phase III studies, the Sorafe-
nib Health Assessment Randomised Protocol (SHARP)* and
Sorafenib Asia-Pacific (AP)* trials, demonstrated that sorafe-
nib significantly improves OS in patients with advanced HCC,
leading to its approval for the treatment of HCC in more than
90 countries. To date, sorafenib remains the only available
systemic therapy proven to extend survival in these patients.

In patients with unresectable HCC, sorafenib after TACE
may prolong time to recurrence/progression and/or minimise
loss of liver function associated with repeated courses of
TACE. This double-blind, placebo-controlled, phase III trial,
designed before the results of the SHARP and Sorafenib AP tri-
als were reported, assessed the efficacy and safety of
sorafenib in patients in Japan and South Korea with unresec-
table HCC who responded to TACE. )

2. Patients and methods

We screened patients > 18 years of age with unresectable HCC
and Child-Pugh A cirrhosis who sustained a response
1-3 months after TACE, defined using the then-prevailing cri-
teria in Japan as >25% tumour necrosis and/or shrinkage ?**7
Additional inc¢lusion criteria were life expectancy >12 weeks;
maximum target lesion size of 70 mm; <10 target lesions;
Eastern Cooperative Oncology Group (ECOG) performance
status (PS) O or 1; and adequate bone marrow (absolute
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neutrophil count >1000/mm?; platelet count >50x 10%/L;
prothrombin time [PT] - international normalised ratio €2.3
or PT <6 s above control), liver (total bilirubin <3 mg/di; ala-
nine aminotransferase and aspartate aminotransferase
<5 xupper limit of normal [ULN]), and renal (serum creati-
nine 1.5 x ULN; amylase and lipase <2 x ULN) function.

Patients were excluded if they had macroscopic vascular
invasion, renal failure, history of cardiac disease, active clini-
cally serious infection, history of human immunodeficiency
virus infection, symptomatic metastatic brain or meningeal
tumour, extrahepatic metastasis, seizure disorder requiring
medication, prior use of systemic agents for advanced HCC
(although prior use of interferon, retinoid and/or vitamin K,
as adjuvant treatment after curative local treatment was al-
lowed), use of hematopoietic growth factors within 3 weeks
before start of study drug, concomitant treatment with cyto-
kines after the last course of TACE, history of organ allograft,
documented history of substance abuse, or were pregnant or
breast-feeding.

All patients provided written informed consent. The study
was approved by the appropriate ethics committees and insti-
tutional review boards at each centre, and complied with
Good Clinical Practice Guidelines, the Declaration of Helsinki,
and local laws and regulations. Ongoing safety and efficacy
were assessed independently by the Data Monitoring Com-
mittee. This study was registered at Clinicaltrials.gov as trial
number NCT00494299.

2.1. Procedures

TACE was performed by injecting gelatin foam plus lipiodol in
all cases. The chemotherapeutic agents used concurrently
were epirubicin, cisplatin, doxorubicin and mitomycin.
Eligible patients were stratified by response to TACE (complete
response [CR], defined as 100% tumour necrosis or shrinkage
versus non-complete response [non-CR], defined as >25% but
<100% tumour necrosis or shrinkage),?® by ECOG PS (0 versus
1), and by number of courses of TACE (one versus two).
Patienis were blindly randomised 1:1 to 400 mg (two 200-mg
tablets) sorafenib (Bayer Schering Pharma; Leverkusen,
Germany) or matching placebo twice daily.

Treatment interruptions and dose reductions (first 400 mg
gd, then 400 mg qod) were allowed for drug-related toxicity.
Patients were monitored for adverse events (AEs) using the
National Cancer Institute Common Terminology Criteria for
Adverse Events (NCI-CTCAE) version 3.0, except that the
hand-foot skin reaction (HFSR) was classified and managed
by a protocol-defined scale. Treatment continued until radio-
logic progression or recurrence of HCC, unacceptable toxicity
associated with study drug, or withdrawal of consent.

The trial was divided into 28-day cycles. Patients were
evaluated for safety and compliance every 2 weeks during cy-
cles 1-3, and every 4 weeks thereafter. Tumours were evalu-
ated, centrally at an image registration centre, <28 days
before the first dose of study drug and every 8 weeks thereaf-
ter, or when evaluating recurrence or progression. Through-
out ireatment, lesions were evaluated by dynamic computed
tomography (CT), preferably by the same investigator or radi-
clogist as at screening.

The primary study end-point was time to progression
(TTP) by central review, defined as time to recurrence in pa-
tients with CR and TTP in those with non-CR at study entry.
Progression was defined as a >25% increase in tumour size
or development of a new lesion. The secondary end-point
was OS, defined as time from randomisation to death from
any cause. Exploratory analyses included TTP by investigator
assessment and subgroup analyses of TTP by central review,
based on aetiology (HBV versus HCV), response to TACE (CR
versus non-CR), number of lesions (€3 versus >3}, number
of prior courses of TACE (1 versus 2), age (<65 versus
>65 years), sex, treatment lag (<9 versus >9 weeks), country
of enrolment (Japan versus South Korea), and ECOG PS (0 ver-
sus 1).

2.2.  Statistical analysis

Patient sample size was estimated based on TTP. If 30% and
70% of patients achieved CR and non-CR, respectively, in re-
sponse to TACE, the median TTP for the placebo group in
the mixed population would be 5.7 months. Clinically mean-
ingful improvement was defined as median TTP 50% higher
in the sorafenib than in the placebo group. Assuming one for-
mal interim and one final analysis performed using an
O’Brien-Fleming-type alpha spending function with a two-
sided alpha of 0.05, 318 events would be required to achieve
a statistical power of 95%. Accrual of 372 patients (186 in each
group) within 18 months would be expected to result in 318
events after 30 months; if 10% of patients were lost to fol-
low-up, 414 patients would have to be randomised to observe
318 events.

Efficacy was assessed in the intention-to-treat (ITT) popu-
lation, defined as all randomised patients. The safety popula-
tion included all patients who received at least one dose of
study medication. TTP and OS in the two treatment arms
were calculated by the Kaplan-Meier method and compared
by the log-rank test, as were subgroups stratified by response
to TACE (CR versus non-CR), ECOG PS (0 versus 1) and number
of prior courses of TACE (1 versus 2). Hazard ratios (HRs) for
sorafenib versus placebo and 95% confidence intervals (CI)
were estimated by Cox proportional hazards models.

2.3.  Role of the funding source

The study sponsors were involved in the design of the study;
the collection, analysis and interpretation of data; the writing
of the report; and the decision to submit the paper for
publication.

3. Results

3.1. Patients

From 27th April 2006 to 10th July 2009, 552 patienis were
screened at 69 centres in Japan and seven centres in South
Korea. Of these, 458 patients (387 at 67 centres in Japan and
71 at six centres in South Korea) met the eligibility criteria
and were randomised, 229 each to the sorafenib and placebo
groups. All were included in the ITT analysis (Fig. 1), whereas
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Fig. 1 ~ Enrolment and outcomes.

the 456 who received at least one dose of study drug were in-
cluded in the safety analysis.

Demographic and baseline disease characteristics were
similar in the sorafenib and placebo groups (Table 1). Of the
458 patients, 342 (74.7%) were male and 306 (66.8%) were
>65 years. Median age was 69 years (range, 29-86 years). At
baseline, 403 patients (88.0%) had an ECOG PS of 0, 287
(62.7%) had HCV infection, and 336 (73.4%) had <3 tumours.
TACE consisted of gelatin foam plus lipiodol in all 458 pa-
tients, 60 for palliative intent and 398 for curative intent. Of
these 458 patients, 355 received TACE monotherapy, including
epirubicin (n = 219), cisplatin (n = 89), doxorubicin (n = 49) and
mitomycin (n = 1); and 103 received combination treatments,
including epirubicin + mitomycin (n = 57), cisplatin + epirubi-
cin (n=16), -cisplatin+ doxorubicin + mitomycin (n=13),
mitomycin + mitoxantrone (n=8), doxorubicin + mitomycin
(n=35) and doxcrubicin + iodixanol (n=4). The median time
from last TACE to randomisation was 9.3 weeks (range,
5.6-13.3 weeks), and the median time from initial diagnosis
to study entry was 9.8 months (range, 1.6-144.3months).
Ten patients (2.2%) had received prior systemic anticancer

therapy, consisting of prior adjuvant treatment with inter-
feron, retinoid and/or vitamin K2 treatment after curative lo-
cal treatment, and 219 (47.8%) had previously undergone
some type of locoregional treatment, including radiofre-
quency ablation alone (10.7%), surgery alone (9.6%), percuta-
neous ethanol injection alone (5.9%), microwave coagulation
therapy alone (0.2%) and other procedures (0.2%), with 21.2%
having undergone multiple procedures (Table 1).

3.2.  Primary efficacy analysis

By the cutoff date of 10th July 2009, 324 progression events
(137 in the sorafenib and 187 in the placebo group) were con-
firmed by the Response Evaluation Committee. Median TTP
by central review was 5.4 months {95% CI, 3.8-7.2 months) in
the sorafenib group and 3.7 months (95% CI, 3.5-4.0 months)
in the placebo group (HR [sorafenib/placebo], 0.87; 95% CI,
0.70-1.09; P=0.252; Fig. 2). The 3-month progression-free
rates in the sorafenib and placebo groups were 65.0% and
58.7%, respectively, and their 6-month progression-free rates
were 45.7% and 33.5%, respectively.
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Fig. 2 - Kaplan-Meier analysis of dme to progression (TTP) and overall survival {0S). (a) TTP by central review {primary
intention-to-treat (ITT) analysis); {(b) OS (secondary ITT analysis) and (¢} TTP by investigator assessment {exploratory ITT

analysis).

3.3.  Secondary efficacy analysis

At the same cutoff date, there were 84 deaths, 43 in the
sorafenib and 41 in the placebo group; the remaining patients

were censored on that date. Median OS was 29.7 months in
the sorafenib group (95% CI, 28.6 months — not yet reached)
but had not yet been reached in the placebo group (HR
[sorafenib/placebo], 1.06; 95% CI, 0.69-1.64; P=0.790). The
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XP K ¢ Response 1o TAGE" CR (n=284) 4
. . . Mon-CR (n=174) o i
At the cutoff date, investigators had reported 304 progression - :
events, 120 in the sorafenib and 184 in the placebo group. . (g (n=336) il
Median TTP by investigator assessment in the sorafenib and No. tumor lesions >3 (n=122) B
placebo groups were 7.2months (95% CI, 5.6-9.1months) . %
and 5.3 months (95% CI, 3.8-5.6 months), respectively (HR No. of prior TACE' 1 (ni295} e
[sorafenib/placebo], 0.79; 95% CI, 0.62-1.00; P =0.049). Their (2 (n=163) t
3-month progression-free rates were 74.1% and 67.9%, respec- " g5 y (n=152) et
tively, and their 6-month progression-free rates were 54.9% Age | g5 ¥ (n=306) -ﬁl-—-
and 41.4%, respectively. - H
Exploratory analyses of TTP by central review were per- Sax | Mate (n=342) sl
formed in subgroups containing >10% of patients, including Female (n=116) ""ih_m
by aetiology (HBV versu.s HCV), response to TACE (CR vers.us <o weeks (n=205) = f
non-CR), number of lesions (€3 versus >3), number of prior Treatmentlag | o ore (n=253) . .
courses of TACE (1 versus 2), age (<65 versus =65 years), : !
sex, treatment lag (<9 versus >9 weeks), ECOG PS (0 versus Count Japan (n=387} i
1) and country of enrolment. These analyses were performed i 3. Korea (n=71) sl g
to provide descriptive information only; the study was not |
. {8 (n=403) o
powered to compare subgroup response to treatment, and ECOGPS |, (n=55) el F—
no adjustments were made for multiple comparisons. Median - - :
TTP and the HR for TTP (sorafenib/placebo) in each subgroup 6 05 i 15 2
Hazard Ratio for TTP

are shown in Table 2, and Forest plots of HRs for TTP are
shown in Fig. 3. Most HRs favored sorafenib. Differences were
observed, however, between Japanese and Korean patients.
The HR for TTP was 0.94 (95% CI, 0.75-1.19) for Japanese pa-
tents and 0.38 (95% CI, 0.18-0.81) for Korean patienis
(Fig. 4). Median TTP in sorafenib-treated patients in the

*Protocol-defined stratification factor.

Fig. 3 —- Subgroup analyses of TTP by central review
{exploratory ITT analyses in subgroups that include at least
10% of patients): forest plot depicting hazard ratio (HR) for
TTP {sorafenib over placebo) for each subgroup.
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Japanese Patients

LO0®y . Sorafenib (n=196) ® Censored
2 Median: 3.8 mo
B Placebo (n=11)  Censored
& 0754 Median: 3.7 mo
£
b
& 0.50-
&
8
&
0
@ 0254
5 :
£ HR (8/P): 0.94

01 95% CE 075, 1.19 ‘

1] 6 12 18 24 30
Months from Randomization

Patients at risk
Sorafenib 196 52 22 11 1 g L]
Placebo 191 &85 38 18 6 1 [

Korean Patients

1.60 — Sorafenib {n=33) & Censored
g Median; NE
g Placebo {n=38) Censored
2 B.784 Median: 5.5 mo
g
[
2
i 0.5
&
g
0w
3
;é’ 8,25
a HR {8/F): 0.38
0 95% Ci 0. 18 0.31
a 6 12 18 24 30 36
Months from Randomization
33 17 ki 4 i [1] 4
3B 15 g 3 G a 0

Fig. 4 ~ Kaplan-Meier analysis of TTP by central review, by country of enrolment (exploratory ITT analysis).

Korean subgroup could not be estimated since it was not at-
tained by the study cutoff date.

3.5. Safety
The safety analysis included 229 sorafenib-treated and 227
placebo-treated patients; their incidence of drug-related AEs

- (DRAEs) were 100% and 61%, respectively. Most DRAEs were
mild to moderate (Table 3), with the most frequent in the
sorafenib and placebo groups being HFSR (82% versus 7%),
elevated lipase (44% versus 8%), alopecia (41% versus 3%)
and rash/desquamation (40% versus 11%). In the sorafenib
group, 24% and 4% of patients experienced grades 3 and 4 ele-
vated lipase, respectively, compared with 3% and <1%, respec-
tively, in the placebo group. There was no radiographic or
clinical evidence of pancreatitis in either group. The overall
incidences of grade 3 HFPSR (protocol-defined scale) in the

sorafenib and placebo groups were 35% and 0%, respectively,
and the overall incidence of serious DRAEs was 18% and 9%,
respectively. There were no drug-related deaths.

The median durations of treatment in the sorafenib and
placebo groups were 17.1 weeks (range, 1.0-112.1 weeks) and ‘
20.1weeks (range, 2.1~144.1weeks), respectively (Table 4),
and the median daily doses of sorafenib and placebo were
386.0 mg (range, 112.0-794.5 mg) and 785.8 mg (range, 276.1-
.810.3 mg), respectively. In the sorafenib group, 40 patients
(17.5%) received >80% of the planned dose, compared with
206 (90.7%) in the placebo group. The most common reasons
for discontinuing treatment in the sorafenib and placebo
groups were disease progression (104/229 [45%] versus 177/
229 [77%]) and adverse events (93/229 [41%] versus13/229
[6%]).

Doses were reduced in 166 of the 229 sorafenib-treated
(72.5%) and in 33 of the 227 placebo-treated (14.5%) patients,

ib (n bo (1=
. Grade (%) - . s - Grade (%).©

; Any 3 4 Any e
HFSR . 82 R . 7 o -
Elevated hpase 44 24 4 8 3 <1
Alopecia 41 - - 3 ~ L
Rash/desquamatlon .40 ~ 4 0 11 o 0
Other metabolic abnormality -32 8 1 4 2 <1
Diarrhoes - : 31 6. 0 5° 1 0
Hypertension o 31 15 0 7 1 0
Hypophosphatemia 28 16 0 6 -3 0
Thrombocytopenia 25 11 1 T2 <1 -0
Elevated AST 25 12 <1 5 3 0

Elevated ALT - 21 8 S<1 5 2 0

Elevated amylase 21 6 1. 8 2 <l

HFSR = -hand-foot skin reaction; AST aspartate ammotransferase, ALT = alanine ammotransferase ‘NCI-CTCAE = Naimnal Cancer Institute

Common Temnnology Criteria for Adverse Events.

@ Patients were momtored for adverse events using: NC:I-CTCAE v3.0; except for HFSR, Whlch was classzﬁed aceordmg toa 3- grade protocol—
deﬁned scale (grade i, HFSR does not disrupt normal activities; grade 2, HFSR affects the ac'amnes of the patlent, and grade 3, patlent is unable to

work or perform activities of daﬂy living because of HFSR).

b There was no radmgraphlc or chmcal ewdence of pancreatms in elther arm
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‘Assessment

Sorafenib

Sorafemb

Placebo _“Placebo - Sorafenib

e  @=29) =2 @=19 (=190 (=3 (=3
Median duraUOn of treatment (Weeks) 17 20 Co6 20 31 33
Median daily dose (mg) : 1386 786 382 786 403 - 766
Patients with dose reduction (/) : 73 S14 71 a1 .82 32
Patients with dose interruption (%) 91 18 S92 17 .85 24
Patients with discontinuation (%) 90 87 93 . 88 70 78
Due to progression (%) : 51 .90 52 90 39 90
Due ’coﬂadverse events (%) 45 7 a4 7 57 3
HFSR e 11 0 10 g 18 -0
Thrombo'cytopema 4 0 5 0 3 -0
Hypophosphatemia 4 <1 a 1 3 0
Hypertension " 4 0 :5 0. 0 0
Neutropenia 4 <1 4 1 - 0 0
Elevated AST 2 <1 2. 1 '3 0
Rash/desquamaUOn 2 0 2 0 3 0
Elevated ALT 2 1 1 1 "6 0
Diarrhoea 1 0 1 0 3 0
Other 11 4 19 < 18 3

HFSR = hand—foot skin reaction; AST = aspartate ammotransferase, and ALT = alamne ammotransferase,

due primarily to AEs (163 versus 27). Forest doses were inter-
rupted temporarily in 208 of the 229 sorafenib-treated (90.8%)
and 41 of the 227 placebo-ireated (18.1%) patients, again due
primarily tc AEs (206 versus 38).

A total of 107 patients — 94 of the 229 (41.0%) in the sorafe-
nib group and 13 of the 227 (5.7%) in the placebo group -~ per-
manently discontinued study drug due to AEs. The most
common AEs leading to discontinuation of sorafenib were
HFSR (11.4%), thrombocytopenia (4.4%), hypertension (3.9%),
hypophosphatemia (3.9%) and neutropenia (3.5%); the most
common AE leading to discontinuation of placebo was in-
creased ALT (0.9%).

Death within 30 days of receiving study drug occurred in
one patient (0.4%) in each group; neither was deemed drug-
related.

4, Discussion

This phase III randomised, controlled trial, assessing the effi-
cacy and safety of sorafenib after response to TACE in
Japanese and Korean patients with unresectable HCC, em-
ployed a protocol consistent with the practice of TACE in
these countries at that time.*** Moreover, the protocol was
designed before the combination or sequential use of TACE
and sorafenib or their optimal timing had been adeguately
studied, and before the effect of TACE on susceptibility to
sorafenib had been characterised. In this setting, sorafenib
did not significantly prolong TTP or OS by central review in
patients with unresectable HCC who responded to TACE.
Exploraiory secondary and subgroup analyses suggested,
however, that post-TACE sorafenib had a positive impact on
these patients. Median TTP by investigator review was
approximately 2 months longer in the sorafenib than in the
placebo group, and exploratory subgroup analyses suggested
that TTP may have been affected by several factors, including
age, number of prior TACE courses, treatment lag, treatment
duration, total exposed dose and nationality.

Several factors may have contributed to these results. For
example, unusually high percentages of sorafenib-treated pa-
tients required dose reductions (73%) and/or interruptions
(91%), resulting in a much lower than planned median daily
dose of sorafenib (386 mg). In comparison, 26% and 44% of
sorafenib-treated patients in the SHARP trial, and 31% and
43% of those in the Sorafenib AP trial, required dose reduc-
tions and interruptions, respectively, due to AEs,*** and
median daily doses of sorafenib were higher in the SHARP
(797 mg) and Sorafenib AP (795 mg) trials.

The better outcomes observed in Korean patients may
have been due to their substantially longer median treatment
duration (31 versus 16 weeks), resulting in a favourable HR in
Koreans (0.38; 95% CI, 0.18-0.81). Moreover, the Korean and
Japanese subgroups differed in baseline characteristics. Japa-
nese patients were older and a higher percentage had >3 le-
sions on enrolment. Moreover, Japanese patients were less
likely to have received >1 TACE to achieve CR prior to sorafe-
nib. Finally, these subgroups differed in principal aetiology of
HCC, in that ~70% of Japanese patients had HCV and ~70% of
Korean patients had HBV.

We found that the incidence of treatment-emergent ad-
verse events in the sorafenib-treated patients in this trial
was generally higher than that observed in previous trials of
sorafenib in patients with HCC. We found that the rates of
all grade HFSR, Grade 3 HFSR and discontinuation due to
HFSR were higher in this trial than in the SHARP* and Sorafe-
nib AP trials. We also found that the rates of all grade alope-
cia; rash/desquamation; hypertension, including grade 3
hypertension; thrombocytopenia and elevated liver function
enzymes were higher in this trial than in the two previous
phase III trials of sorafenib in patients with HCC. These re-
sults were unexpected and may have been due to the combi-
nation of TACE with sorafenib treatment in this trial. These
findings suggest that adjustments in scrafenib dose (e.g.
starting at a lower dose after TACE} or the timing of sorafenib
treatment with respect to TACE may be required for these two
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modalities to be tolerated in combination and also have syn-
ergistic effects.

The timing of post-TACE sorafenib may also have contrib-
uted to the absence of a positive effect of sorafenib observed
in this study. Local hypoxia resulting from TACE can induce
angiogenesis®® and enhance serurn concentrations of
VEGE ™ guggesting that sorafenib may exert its greatest
antiangiogenic effects when administered immediately after
or even before TACE. Serum VEGF concentrations have also
been found to correlate with impaired liver function, tumour
size, tumour number, macroscopic vascular invasion,*® and
poor 0S.3 Of our sorafenib-treatment patients, 60% had a
treatment lag >9 weeks prior to randomisation, due primarily
to the need for central review of CT scans, and shorter lag
time has been found associated with better outcomes.

Several ongoing phase IV/III trials in patients with unresec-
table HCC may provide insight into the optimal combination
treatment and the optimal timing of sorafenib relative to
TACE. These include trials testing TACE with doxorubicin-
eluting beads and sorafenib or placebo and alterations in tim-
ing of conventional TACE relative to sorafenib or placebo.® %"

5. Conclusion

Sorafenib did not significantly improve median TTP by central
review in Japanese and Korean patients with unresectable
HCC who responded to TACE, although exploratory analyses
suggested that sorafenib may have clinical benefits in certain
patient subsets, including males, patients <65 years of age,
and those with a shorter treatment lag between TACE and
sorafenib; and that longer treatment duration and greater to-
tal daily dose may be associated with clinical improvements.
No new or unexpected AEs were observed. The results of
these and other clinical investigations may help refine the
use of sorafenib and TACE, and define their optimal combina-
tion, in patients with unresectable HCC.
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Abstract

Objective Chronic kidney disease (CKD) is present in patients with nonalcoholic fatty liver disease
(NAFLD). The aim of this retrospective study was to assess the cumulative development incidence and pre-
dictive factors for new onset of CKD in Japanese patients with NAFLD.

Methods A total of 5,561 NAFLD patients without CKD were enrolled. CKD was defined as either an esti-
mated glomerular filtration rate of <60 mL/min/1.73 m® or dipstick proteinuria (= + 1). A blood sample and
a urine sample were taken for routine analyses during follow-up. The mean observation period was 5.5 years.
The primary goal is the new development of CKD. Independent factors associated with new development of
CKD were analyzed by using the Kaplan-Meyer method and the Cox proportional hazards model.

Results Of 5.561 NAFLD patients, 263 patients developed CKD. The cumulative development rate of CKD
was 3.1% at the 5th year and 12.2% at the 10th year. Multivariate Cox proportional hazards analysis showed
that CKD development in patients with NAFLD occurred when patient had low level of GFR of 60-75 mL/
min/1.73 m’ [hazard ratio:2.75; 95% confidence interval (CI) =1.93-3.94; p<0.001], age of =50 years (haz-
ard ratio: 2.67; 95% CI=2.06-3.46; p<0.001), diabetes (hazard ratio: 1.92; 95% CI=1.45-2.54; p<0.001), hy-
pertension (hazard ratio: 1.69; 95% CI=1.25-2.29; p<0.001), and elevated serum gamma-glutamyltransferase
of =109 IU/L(hazard ratio: 1.35; 95% CI=1.02-1.78; p=0.038).

Conclusion Our retrospective study indicates that the annual incidence of CKD in Japanese patients with
NAFLD is about 1.2%. Five factors of low eGFR level, aging, type 2 diabetes, hypertension, and elevated
gamma-glutamyltransferase, increases the risk of the development of CKD.

Key words: nonalcoholic fatty liver disease, chronic kidney disease, gamma-glutamyltransferase

(Intern Med 50: 1081-1087, 2011)
(DOI: 10.216%/internalmedicine.50.5043)

Introduction

Nonalcoholic fatty liver disease (NAFLD) is one of the
more common causes of chronic liver disease in Western
world (1-4) and in many Asian nations (5, 6). NAFLD is
considered to be the liver component of metabolic syn-

drome (7-9). It is associated with obesity, dyslipidemia, pi-
tuitary dysfunction, hypertension, sleep apnea, and type 2
diabetes mellitus (T2DM) (10-16). Moreover, NAFLD often
causes cardiovascular disease and stroke (17, 18). Thus,
NAFLD is emerging as a new significant health problem in
many countries.

On the other hand, there has been a recent dramatic in-
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