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Fig. 4. miRNA-140/~ mice are prone to hepatocarcinogenesis. (A) Representative genotyping of mice with wild-type or mutant alleles. PCR
genotyping was performed for miRNA-140 wild-type (419 bp; Wild) and knockout (734 bp; Mutant) alleles. (+/+), wild-type; (+/—), heterozy-
gous; (—/—), knockout. (B) Increased Dnmt1 expression and decreased MTI/!l expression in the liver tissues of miRNA-140"/~ mice compared
with wild-type mice. Western blotting was performed using antibodies against the indicated proteins. (+/-+), wild-type; (—/—), miRNA-1407/".
The image shown is representative of four independent experiments. (C) NF-xB-DNA binding was assessed via gel-shift assay using equal
amounts of liver nuclear extracts from untreated and TNF-c-injected wild-type and miRNA-140~/~ mice. (4/+), wild-type; (—/—), miRNA-
140~/~. Cold probe was added to TNF-a-injected knockout mouse nuclear extract to test assay specificity. A result representative of four inde-
pendent experiments is shown. (D) Western blotting for phosphorylated p65 expression in the liver at 32 weeks after DEN treatment in miRNA-
140/~ mice compared with wild-type mice. A result representative of four independent experiments is shown. (E) Representative histological
images of mouse liver at 32 weeks after DEN treatment. Arrows indicate tumors. Higher-magnification images of the highlighted areas in the
upper panels are shown in the lower panels. Scale bar, 500 um. (F) The number (left panel) and size (right panel) of tumors (five random sec-
tions per mouse treated with DEN) are presented as the mean =+ SD (wild-type mice, n = 8; miRNA-140~/" mice, n = 8). *P < 0.05.
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Abstract A nationwide survey in Japan revealed that
about 6 % of human immunodeficiency virus (HIV)-posi-
tive patients are coinfected with hepatitis B virus (HBV).
To further analyze the features of liver disease in HIV/
HBV-coinfected patients, we analyzed 252 patients from
six hospitals in the HIV/AIDS (acquired immunodeficiency
syndrome) Network of Japan. The mean age was
39.5 years, and the proportion of male patients was very
high (243 of 252; 96 %). The main transmission route was
male homosexual contact (186 of 252; 74 %), followed by
heterosexual contact. The HBV genotype was determined
in 77 patients. Among them, genotype A HBV was the
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most frequent (58 of 77; 75 %) and was detected almost
exclusively in homosexual patients. Acute hepatitis B was
documented in 21 patients (8 %). Three of the 252 HIV/
HBYV-coinfected patients developed advanced liver disease
with the complication of ascites, hepatic encephalopathy,
or hepatocellular carcinoma. A comparison between
patients not treated and those treated with antiretroviral
drugs including anti-HBV drugs revealed that the baseline
liver function was worse in treated patients. However, the
serum albumin levels and platelet counts in both groups
increased after treatment and were similar. Liver disease-
associated death was not observed. Here, we characterize
the clinical features of liver disease in HIV/HBV-coin-
fected patients in Japan for the first time. The findings
suggest that antiretroviral therapy with anti-HBV drugs
may retard the progression of a liver disease and prevent
liver disease-associated death in such patients.

Keywords Acquired immunodeficiency syndrome -
Chronic liver disease - HBV DNA - Genotype

Introduction

The number of human immunodeficiency virus (HIV)-
positive patients is growing in Japan [1]. Although com-
bination therapy with antiretroviral agents has made HIV
infection itself somewhat controllable in many cases since
its introduction in 1996, and mortality from opportunistic
infection has decreased, existing comorbidities are the
focus of current patient care. In fact, more than 50 % of
deaths in HIV-l-infected patients are not related to
acquired immunodeficiency syndrome (AIDS); the mor-
tality from liver disease is second only to AIDS-related
mortality [2]. Risk factors related to significant liver
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diseases among HIV-positive patients include a diagnosis
of viral hepatitis [3], nonalcoholic fatty liver disease [4],
and excessive alcohol consumption [5]. Among these fac-
tors, hepatitis B and hepatitis C are of particular impor-
tance because they can often lead to life-threatening
diseases such as cirrhosis and hepatocellular carcinoma by
themselves.

The estimated prevalence of chronic hepatitis B virus
(HBV) infection in Japan is less than 1 %, or 0.9 million
carriers [6]. However, about 6 % of HIV-positive patients
are coinfected with HBV [7]; this coinfection rate is more
than six times higher than that in the non-HIV population.
In the United States, the HIV/HBV coinfection rate is
reported to be in the range of 6-14 % [8-10].

Several issues make the management of HIV/HBV coin-
fection complicated. HBV infection tends to be persistent in
HIV-positive patients [9, 11, 12]. Chronic HBV infection
may lead to hepatitis, cirrhosis, or hepatocellular carcinoma.
The progression of a liver disease associated with chronic
HBYV infection is more rapid in HIV/HBV-coinfected
patients than in HBV-monoinfected patients [13].

Combination regimens of antiretroviral therapy (ART)
for coinfected patients should be carefully determined.
Initial combination regimens of ART for HIV/hepatitis C
virus (HCV)-coinfected patients are basically the same as
those for HIV patients without HCV infection. However,
because some nucleoside reverse transcriptase inhibitors
(NRTIs) used in HIV treatment have activity against HBV,
and some NRTIs mainly used in HBV treatment have
partial activity against HIV [14], careful choice of treat-
ment agents is necessary in HIV/HBV coinfection. Abrupt
discontinuation of NRTIs that are active against HBV may
aggravate viral hepatitis. Administration of entecavir,
which has a weak activity against HIV, to HIV/HBV-
coinfected patients without simultaneous effective HIV
treatment may cause the accumulation of drug-resistant
HIV strains [15-17]. In such cases, drug resistance of HBV
may occur as well [18].

Drug-induced liver injury following ART is another
concern. HIV/HBV-coinfected patients show an increase in
transaminase level at a higher rate [19, 20]. However, it is
often unclear whether this increase is caused by drug
hepatotoxicity because the treatment of HIV infection
causes immune reconstruction in patients, which alone
could contribute to the transaminase level increase in viral
hepatitis.

The objective of this study is to clarify the clinical
features of HIV/HBV coinfection in Japan and to clarify
the impact of ART on liver function among HIV/HBV-
coinfected patients. The estimated prevalence of chronic
HBYV infection among the general population in Japan is
decreasing yearly, but it remains much higher than that in
the United States [21], where universal hepatitis B
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vaccination is introduced. Thus, the detailed analysis of
HIV/HBYV coinfection in Japan is of particular importance.

Patients and methods

We have conducted a multicenter retrospective study based
on the data from a nationwide survey in 2006 conducted by
sending questionnaires to 372 member hospitals of the
HIV/AIDS network of Japan as of January 2006, and part
of the results was reported earlier [7]. Following the sur-
vey, 6 of the 207 hospitals that responded to the survey—
Hokkaido University Hospital (Hokkaido, Japan), Univer-
sity of Tokyo Hospital (Tokyo, Japan), Nagoya University
Hospital (Aichi, Japan), International Medical Center of
Japan (currently, National Center for Global Health and
Medicine, Tokyo, Japan), Osaka National Hospital (Osaka,
Japan), and Hiroshima University Hospital (Hiroshima,
Japan)—were chosen for further studies because more than
two-thirds of the HIV/HBV-coinfected patients identified
in the survey went to these hospitals, and because both HIV
experts and hepatologists were following up those patients
there.

The questionnaire sent to the hospitals included itemns
regarding the number of patients who visited the hospitals
at least once between January and December in 2006 as
follows: (1) the number of HIV-positive patients; (2) the
number of hepatitis B surface antigen (HBsAg)-positive
patients among (1); (3) the number of patients among (2)
who were determined at least once to have a serum alanine
aminotransferase (ALT) level higher than 100 IU/L; (4) the
number of HIV-positive patients who contracted HIV from
blood products; (5) the number of HBsAg-positive patients
among (4); (6) the number of patients among (5) who were
determined at least once to have a serum ALT level higher
than 100 IU/L; (7) the number of HIV-positive patients
whose presumed transmission route is through homosexual
contact; (8) the number of HBsAg-positive patients among
(7); (9) the number of patients among (8) who were
determined at least once to have a serum ALT level higher
than 100 IU/l; (10) the number of HIV-positive patients
who presumably contracted HIV through injection drug
use; (11) the number of HBsAg-positive patients among
(10); (12) the number of patients among (11) who were
determined at least once to have a serum ALT level higher
than 100 IU/; (13) the number of HIV-positive patients
whose transmission routes were classified as “others”; (14)
the number of HBsAg-positive patients among (13); and
(15) the number of patients among (15) who were deter-
mined at least once to have a serum ALT level higher than
100 IU/.

We defined confirmed HIV infection with positivity for
serum HBsAg as the criterion for HIV/HBV coinfection.
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After identifying HIV/HBV-coinfected patients, medical
records including laboratory data of these patients were
reviewed between the date of the oldest available record for
these patients and the final date of the record acquired by
the end of the study. The laboratory data at the diagnosis or
first recognition of HBV infection and the latest data in the
study period were compared for analysis unless otherwise
noted. HBV genotypes (A through D) were determined
serologically by enzyme immunoassay (EIA) using com-
mercial kits (HBY GENOTYPE EIA; Institute of Immu-
nology, Tokyo, Japan) on the basis of the pattern of
detection using monoclonal antibodies of a combination of
epitopes on preS2-region products, each of which was
specific for each genotype [22, 23].

Ethical issues

The respective ethics committees of the six hospitals
approved the study. Informed consent was obtained from
each study participant.

Statistical analyses

For the comparison of means of collected data, Student’s
t test (paired ¢ test) was performed unless otherwise spec-
ified. The chi-square test was performed to determine the
independence of clinical parameters.

Results

Two hundred and fifty-two patients were identified to have
HIV/HBYV coinfection. The mean age was 39.5 years, and
the proportion of male patients was very high (243 of 252;
96.4 %). The main presumed transmission route of HIV
was male homosexual contact (186 of 252; 73.8 %), fol-
lowed by heterosexual contact. Among those HIV/HBV-
coinfected patients, 21 of the 252 (8.3 %) acquired acute
hepatitis during the study period (Table 1).

Table 1 Clinical background of HIV/HBV-coinfected patients

Number (male:female) 243:9

Age (year) 39.5 £+ 9.6*

Presumed Transmission Route
Transfusion 14
Homosexual contact 186
Heterosexual contact 24
Injection drug use 2
Others 4

Onset as acute hepatitis 21

# Mean = standard deviation

196

The HBV genotype was determined in 77 patients.
Among them, genotype A HBV was the most frequent (58
of 77; 75.3 %), followed far behind by genotype C (7 of
77; 9.1 %), which is the predominant genotype in the entire
chronic hepatitis B population in Japan. Genotype B, which
is also common in Japan, was found only in three patients
(3.9 %). Genotype A was detected almost exclusively in
homosexual patients (57 of 58; 98.3 %) (Fig. 1).

At the end of the study period, 113 patients (44.8 %) -
received some type of anti-HBV drug such as interferon,
lamivudine, adefovir, or entecavir, not as part of anti-HIV
treatment. Ninety-seven (38.5 %) patients were still taking
anti-HBV drugs by the end of the study period. The median
ALT level was 30.0 TU/l (5th percentile, 11.1; 95th per-
centile, 128.9), suggesting the existence of some liver
injury. Liver function was normal in most HIV/HBV-
coinfected patients. The mean serum albumin level was
4.1 % 0.6 g/dl, and the median serum total bilirubin level
was 0.8 mg/dl (5th percentile, 0.3; 95th percentile, 3.8).
The mean platelet count was 21.0 & 6.1 x 10%ml. The
hepatitis B e antigen (HBeAg) was detected in 84 patients,
and the HBV DNA level was high (higher than
100,000 IU/) in 55 patients (Table 2). Three of the 252
(1.1 %) HIV/HBV-coinfected patients developed advanced
chronic liver diseases, such as cirrhosis with the compli-
cation of ascites and/or hepatic encephalopathy, or hepa-
tocellular carcinoma. Although we tried to retrieve
information on alcohol consumption of the patients, it was
available for only a limited number of patients (26 of 252);
among the 26, only 2 patients had a habit of taking more
than 60 g alcohol per day. The remaining 24 patients took
alcohol only on social occasions. The antiretroviral agents
used for these study patients are listed in detail in Table 3.
Among those who had a known history of ART, 158 of 252
(62.7 %) received regimens that include anti-HBV drugs at
least once previously, whereas 42 (16.7 %) did not, and no
information is available for the remaining 52. The most
common drug combination for HIV/HBV-coinfected
patients was ATV/r + FTC/TDF (22 of 172; 12.8 %)
(Table 4). FTC/TDF, composed of two drugs active against
HBYV, is recommended for HIV/HBV-coinfected patients

B3
homo-
b1 sexual 57
EO
F2
Gl hetero-
H3 sexual 1
Fig. 1 Hepatitis B virus (HBV) genotype
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Table 2 Liver function and related parameters of HIV/HBV-coin-
fected patients

Albumin (g/dl)
Bilirubin® (mg/dl)

41 + 0.6
0.8 (5th percentile,

0.3; 95th percentile, 3.8)
30.0 (Sth percentile,

11.1; 95th percentile, 128.9)

ALT® (1U/)

WBC (x 10%/ul) 52416
Platelet (x 10%/u1) 21.0 £ 6.1
HBeAg (positive:negative) 84:68
HBV DNA (high:low)" 55:127

# Median and percentiles are provided instead of mean and standard
deviation because of the nonnormality of the distribution

° HBV DNA level of 100,000 TU/1 or higher is categorized as “high”

as one of the preferred NRTI backbones of the ART reg-
imen [24].

We compared the clinical characteristics between
patients who received the full ART and those who did not.
Regarding the baseline statistical data, the observation
period was longer for patients on ART, and there were
more patients with AIDS in the ART group (10 of 64 vs. 52
of 162) (Table 5a). No significant difference was observed
between the non-ART and ART groups in male/female
ratio, age, transmission route, HBV markers, or advanced
liver disease. Liver-related death was not observed, but
hepatic failure with ascites and/or hepatic encephalopathy
developed in 2 patients on ART and hepatocellular carci-
noma developed in another patient.

Comparison between the ART group and the non-ART
group revealed that the baseline liver function was worse in
the ART group. At the beginning of the study period, the
ART group showed a significantly lower CD4+4- T-cell
count than the non-ART group. The total white blood cell
count and platelet count were also lower in the ART group.
Although it is not statistically significant, the serum albu-
min level and prothrombin time (PT) index were lower in
the ART group. However, at the end of the observation
period, these parameters improved significantly in the ART
group. The difference in CD4+ T-cell count between the
ART and non-ART groups became marginal and became
statistically insignificant (Table 5b).

Changes in the liver function of HIV/HBV-coinfected
patients may not be fully explained by the changes in HBV
activity because some parameters relevant to the estimation
of liver function showed paradoxical changes. To clarify
this observation, we compared the changes in liver function
among HIV/HBV-coinfected patients on ART with respect
to protease inhibitor (PI) use.

The mean serum total bilirubin level in patients on ART
with PI use (PI group) at the beginning of the observation
period was 1.1 mg/dl, whereas that in patients without PI
use (non-PI group) was 0.8 mg/dl. The means at the end of
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Table 3 Antiretroviral treatment of HIV/HBV-coinfected patients

Antiretroviral drugs Number of
patients
NRTIs
Zidovudine (AZT) 34
Didanosine (ddl) 9
Ddl / enteric coated 7
Zalcitabine (ddC) 1
Stavudine (d4T) 4
Lamivudine® (3TC) 84
Abacavir® (ABC) 38
Tenofovir’ (TDF) 27
Emtricitabine (FTC) / TDF* 57
NNRTIs
Nevirapine (NVP) 10
Efavirenz (EFV) 34
Delavirdine (DLV) 1
Pls
Indinavir (IDV) 4
Ritonavir (RTV) 50
Nelfinavir (NFV) 8
Lopinavir (LPV) 3
Ritonavir-boosted LPV (LPV/r) 40
Atazanavir (ATV) 39
ATV/r 6
Fosamprenavir (FPV) 13

NRTI nucleoside reverse transcriptase inhibitor, NVR7TI non-nucleo-
side reverse transcriptase inhibitor, PI protease inhibitor

* Agents with anti-HBV activity

Table 4 Antiretroviral regimens used for HIV/HBV-coinfected
patients

Antiretroviral regimen Number of patients

ATV/r 4 FTC/TDF 22
LPV/r + 3TC + TDF 8
LPV/ + FTC/TDF 7
EFV + FTC/TDF 6
ATV/r 4+ 3TC + TDF 5

the study period were 1.6 mg/dl in the PI group and
0.7 mg/dl in the non-PI group. Because the sample distri-
bution of serum total bilirubin level did not follow the
normal distribution by logarithmic transformation, we
compared the means statistically. At the beginning, the
difference in the mean between the PI group and the non-PI
group was not significant (p = 0.257). At the end of the
observation period, a statistically significant difference
(p = 0.001) was observed. We then calculated the
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Table 5 Comparison of changes in clinical parameters of HIV/HBV-coinfected patients with or without antiretroviral therapy (ART)

a. Baseline statistical data

Natural course” With ART p value

(without ART) (with vs. without ART)
Number (male:female) 84:6 159:3 0.105"
Age (year) 37.0 £ 10.3 39.0 £ 9.1 0.362
Observation period (month) 34.5 &£ 55.5 50.9 £ 43.9 0.022%

Presumed transmission route

Blood products:homosexual contact:heterosexual contact:injection drug use:other

5:60:12:2:3 9:126:12:0:1 0.052"
Recognized acute hepatitis 10 11 0.2437
HBeAg (positive:negative) 42:18 100:40 0.3941
HBYV DNA (high:low) 29:18 83:37 0.3561
HBV genotype A:B:C:D:F:G:H
17:0:1:1:1:0:1 31:3:6:0:1:1:2 0.372°
Ascites 1/56 2/144 1.000"
Hepatocellular carcinoma 0/62 1/159 1.000"
Acquired immunodeficiency syndrome (AIDS) 10/64 52/162 0.012%7
b. Comparison of clinical parameters between
pre- and post-ART among patients with and without ART
Natural course With ART p value
(without ART) (with vs. without ART)
CD4 count (per ul)
Start® 402.9 £ 180.1 242.5 £+ 187.6 0.000*
End® i 406.4 £ 212.4 398.1 £ 195.9 0.883
p value (start vs. end) 0.893 0.000*
Albumin (g/dl)
Start 41+04 3.8 +£08 0.292
End 39+08 42 04 0.025*
p value 0.473 0.001%*
Bilirubin’ (mg/d1)
Start 0.7 (0.30, 4.26) 0.5 (0.30, 2.62) 0.138
End ) 0.5 (0.25, 1.30) 0.9 (0.36, 4.32) 0.000*
p value 0.046* 0.000%
ALT® (U
Start 46.0 (15.0, 1418.2) 34.0 (12.8, 1,068.8) 0.120
End 27.0 (9.9, 229.9) 31.5 (12.73, 89.3) 0.713
p value 0.003* ) 0.000%*
Prothrombin time index (%)
Start 89.4 £ 13.1 78.8 £+ 23.0 0.650
End 788 £27.3 84.2 £ 163 0.531
p value 0.377 0.218
WBC (x10%/ul)
Start 61+24 48 + 2.1 0.000*
End 54+14 51+ 1.6 0.404
p value 0.044* 0.247
Platelet (x10* /ul)
Start 222 + 6.5 19.3 £ 63 0.010*
End 212 £ 6.5 20.8 £ 6.1 0.649
p value 0.204 0.001%*
*p<0.05

T Chi-square test was performed

* Two patients with habitual alcohol intake were included in this group
b Start of observation period

¢ End of observation period

4 Means were compared by log transformation because of the nonnormality of the distribution; median and percentiles (5th percentile, 95th percentile) are
provided
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difference in serum total bilirubin level between the begin-
ning and the end of the observation period [Dbilirubin
level = (bilirubin level at the end) — (bilirubin level at the
beginning)] in individual patients and compared it between
the PI group and the non-PI group. The mean Dbilirubin level
in the PI group was 0.5 = 3.4 mg/dl and that in the non-PI
group was —0.2 £+ 1.6 mg/dl (p = 0.250). The Dbilirubin
level in a patient in the PI group who was coinfected with
HCV besides HIV/HBV as well was —27.4 mg/dl. Excluding
this single outlier, the mean Dbilirubin level was significantly
different between the PI and non-PI groups (mean Dbilirubin
level 0.8 vs. —0.2; p = 0.01).

Discussion

We have summarized here the data from our comprehen-
sive survey of HIV/HBV coinfection in Japan, focusing
particularly on the clinical features of the patients and the
effect of ART on liver function. As we reported earlier,
HIV/HBV coinfection was observed in 6.3 % of Japanese
HIV-positive patients [7]. Certain considerations for HBV
coinfection are important in HIV patient care.

The major transmission route of HIV was male homo-
sexual contact, which accounted for the infection in about
80 % of the patients; thus, male patients were the majority
in the present cohort. The most frequently found genotype
of HBV was genotype A, which is infrequent in HIV-
negative patients in Japan. Genotype A is often found in
the United States, Europe, India, and the west coast of Sub-
Saharan Africa [25]. Although the data on HBV subgeno-
types were not available in our study, some reports showed
that most genotype A strains detected in HIV/HBV-coin-
fected individuals are of genotype Ae [26]. These findings
suggest that HBV infection among Japanese HIV carriers is
not caused by the spread of indigenous HBV, such as
transmission in the perinatal period, but rather specific
strains are circulating among the homosexual population in
Japan. Genotypes B and C accounted for more than 96 %
of the entire Japanese chronic HBV infection [27, 28].
These findings are compatible with the report that the
presumed transmission route of HBV in HIV/HBV-coin-
fected patients is not from Japanese female partners but
from male partners, as shown by Koibuchi et al. [29].

Seventy-five percent of HIV/HBV-coinfected patients
received ART with two agents against HBV, and its effi-
cacy against HBV as well as HIV is considered to be high.
As recommended by the United States Department of
Health and Human Services (DHHS) and the Japanese
guidelines on HIV treatment, the initiation of ART with
NRTIs with anti-HBV activity as the backbone is indicated
for HIV/HBV-coinfected patients regardless of HIV viral
load or CD4+ T lymphocyte count [30]. Nucleoside
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analogues can improve liver function in HBV-monoin-
fected patients [31]. Our study shows that ART decreased
the levels of ALT and albumin in HIV/HBV-coinfected
patients. It is noteworthy that the regimen used in ART
includes multiple drugs with anti-HBV activity such as
lamivudine plus abacavir, which is unusual for HBV-
monoinfected patients.

When we compared the characteristics of patients on ART
with those not on ART, there were some notable differences
in their immune status and liver function. At the beginning of
the observation period, patients on ART showed a lower
CD4-+ T-cell count and poorer liver function. Our study is a
retrospective observation, and patients were not grouped
randomly. These observations are rather understandable
because those who had a low CD4+ T cell count were more
likely candidates for ART. Additionally, patients on ART
had a longer observation period and were more likely to
develop AIDS. These findings are also understandable
because the longer the duration of HIV infection, the more
likely is the immune system of the patient to deteriorate.
Moreover, once ART is started, patients need to visit clinics
or hospitals regularly for a long period; in reality, for the rest
of their life. Following current recommendations for the
initiation of ART for HIV infection, patients with worse
immune status are more likely to receive the treatment.
These findings can explain our observation.

Our data show that the serum albumin level and platelet
count improved in the patients who were on ART. As the
regimen of ART usually contains two drugs against HBV,
ART suppresses HBV replication, which may lead to an
improved liver function, as observed in HBV-monoinfected
patients treated with nucleoside analogues [31]. Long-term
treatment with lamivudine was shown to regress the fibrosis
of the liver [32, 33] and decrease the proportion of patients
with hepatocellular carcinoma complication [34]. In view of
these findings, ART for HIV/HBV-coinfected patients may
markedly improve the prognosis of patients. In our study,
only a small number of patients with advanced liver dis-
eases associated with HBV infection such as cirrhosis or
hepatocellular carcinoma were observed, which could be
attributable in part to the short observation period and the
short duration of HBV infection. If we had a longer
observational period, we would be able to clarify the dif-
ference in clinical course between the ART and non-ART
groups, and the actual significance of ART for HIV/HBV-
coinfected patients should become clearer.

We found that some parameters related to liver function
changed paradoxically, particularly in the ART group.
Although the mean serum albumin level, ALT level, and
platelet count improved, the mean serum bilirubin level
worsened, from 0.5 to 0.9 mg/dl. On the other hand, the
serum bilirubin level in the non-ART group decreased.
Both changes are statistically significant, which suggests
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that the observed hyperbilirubinemia was not associated
with HBV activity. The increase in serum bilirubin level is
presumably caused by PIs. Hyperbilirubinemia following
PI administration was previously reported [35]. Although it
is unclear whether hyperbilirubinemia itself may lead to
liver injury, PIs should be used carefully particularly for
patients with advanced liver diseases.

Our present study has one major limitation; that is, the
effect of alcohol on liver function was not analyzed
because the history of alcohol consumption could not be
obtained in the majority of the studied patients. Excessive
alcohol consumption has been found to be an important
risk factor for the development of severe hepatic injury in
HIV-infected patients with [3] or without HCV coinfection
[5]. Our present study showed that among the 26 patients
whose history of alcohol consumption was available, only
2 patients were habitual drinkers. The results suggested that
the effect of alcohol on liver function is small in HIV/
HBV-coinfected patients in Japan.

In conclusion, ART with anti-HBV drugs may retard the
progression of liver diseases and prevent liver-related death
in HIV/HBV-coinfected patients. Multiple agents with
anti-HBV activity seem essential for the efficacy. Pls
should be carefully used particularly for patients with
advanced liver diseases.
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Abstract

Background 1In Japan, sorafenib is now the first-line
therapy for individuals with advanced hepatocellular car-
cinoma (HCC), but no other treatment is available for such
patients. The aim of this study was to assess the efficacy
and safety of combination therapy with systemic continu-
ous intravenous infusion of S5-fluorouracil (5-FU) and
subcutaneous peginterferon alfa-2a, which was used before
sorafenib was introduced to Japan.

Methods Two hundred and twenty-three HCC patients,
who were not amenable to curative surgery, percutaneous
ablation, or transarterial chemoembolization (TACE), and
for whom intraarterial chemotherapy was not indicated
because of the presence of extrahepatic metastasis or ste-
nosis of the common hepatic artery, received peginterferon
alfa-2a (90 ng subcutaneously on days 1, 8, 15, and 22) and
5-FU (500 mg/day intravenously given continuously on
days 1-5 and 8-12). We assessed their response to treat-
ment and survival, and treatment safety.
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Results The response rate was 9.4 % (including six
patients with complete response) and the disease-control
rate was 32.7 %. The median time to progression was
2.0 months. The overall median survival time was
6.5 months (Child-Pugh class A: 9.2 months vs. Child—
Pugh class B: 2.8 months). In a multivariate analysis,
Eastern Cooperative Oncology Group (ECOG) perfor-
mance status >0, Child—Pugh class B, and the presence of
macroscopic vascular invasion were independent predictors
of poor prognosis. The major grade 3-4 adverse events
were leucopenia (13.9 %) and thrombocytopenia (5.8 %).
No treatment-related deaths occurred.

Conclusions This combination therapy was well tolerated
and showed promising efficacy. Further studies are needed
to establish the usefulness of this treatment.

Keywords Hepatocellular carcinoma - Systemic
chemotherapy - Survival analysis - Time to progression

Abbreviations
AIC Akaike information criterion

ALT Alanine aminotransferase

AST Aspartate aminotransferase

CR Complete response

CT Computed tomography

DCP Des-gamma-carboxy prothrombin
ECOG Eastern Cooperative Oncology Group
HBV Hepatitis B virus

HCC Hepatocellular carcinoma

HCV Hepatitis C virus

MRI Magnetic resonance imaging
MST Median survival time

NA Not assessable

PD Progressive disease

PR Partial response
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RECIST  Response to treatment in solid tumors
SD Stable disease

TACE Transcatheter arterial chemoembolization
TTP Time to progression

5-FU 5-Fluorouracil

Introduction

Hepatocellular carcinoma (HCC) is a leading cause of
cancer-related death, with a particularly high incidence in
Asian countries, including Japan [1, 2]. HCC usually
develops in a liver already suffering from chronic disease,
most notably due to hepatitis B virus (HBV) or hepatitis C
virus (HCV) infection [3]. In the past, HCC was diagnosed
often only at a very advanced stage, which was associated
with a very poor prognosis [4]. Close surveillance of des-
ignated high-risk patients, using advanced diagnostic
modalities, has now facilitated HCC detection at a much
earlier stage. Together with the considerable advances in
HCC treatment, such as surgical resection, percutaneous
ablation, transcatheter arterial chemoembolization (TACE),
and liver transplantation, the survival time of HCC patients
has been much prolonged in recent years [5-10].

However, the potentially curative treatment modalities
described above are not indicated for patients with
advanced HCC with extrahepatic metastasis or macro-
scopic vascular invasion , and their prognosis remains poor.
In two recent large randomized controlled trials, sorafenib,
a multi-kinase inhibitor, significantly prolonged survival in
patients with advanced HCC, even when the primary lesion
was associated with vascular invasion or extrahepatic
metastases, and this agent is now widely regarded as the
standard treatment for such patients [11, 12]. However,
even with sorafenib, the median survival time (MST) of
such patients is rather short, ranging from 6.5 to
10.7 months. Thus, the development of new drugs or new
regimens that include cytotoxic and molecular-targeted
agents still remains necessary.

Previously, we reported the efficacy of therapy using a
combination of intrahepatic arterial 5-fluorouracil (5-FU)
and subcutaneous interferon alfa for patients with advanced
HCC with portal venous invasion [13]. Because most
intraarterially administered 5-FU is taken up by the liver
during the first pass, this combination chemotherapy would
not be effective against extrahepatic metastasis. Never-
theless, the mechanism underlying the chemotherapy with
intraarterial 5-FU would function if 5-FU could reach
extrahepatic lesions via systemic administration. There-
fore, we expected that a combination of systemic intrave-
nous 5-FU and subcutaneous interferon would be effective
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against extrahepatic metastasis of HCC. We report the
efficacy and safety of this treatment for advanced HCC,
which we performed before sorafenib was introduced to
Japan.

Patients, materials, and methods
Patients

The present study was conducted as a retrospective cohort
study. We analyzed 223 consecutive patients who received
combination therapy comprised of continuous intravenous
infusion of 5-FU and subcutaneous pegylated interferon-
alfa for advanced HCC at Kyoundo Hospital from January
1, 2004, to May 31, 2009, when sorafenib was licensed in
Japan. The study population consisted of patients with
advanced HCC who were not amenable to curative surgery,
percutaneous ablation, or TACE, and for whom intraarte-
rial chemotherapy was not indicated because of the pres-
ence of extrahepatic metastasis or stenosis of the common
hepatic artery. Patients with a previous history of treat-
ment, including systemic chemotherapy, were included.
The eligibility criteria also included an Eastern Coopera-
tive Oncology Group (ECOG) performance status score of
2 or less [14], Child—Pugh liver function class A or B,
adequate hematologic function (white blood cell count,
>3000/pL; hemoglobin, >8.5 g/dL; platelet count >30000/
pL; and prothrombin time international normalized ratio,
<2.3), adequate hepatic function (albumin, >2.8 g/dL;
total bilirubin, <3 mg/dL; and alanine aminotransferase
[ALT] and aspartate aminotransferase [AST], <5 times the
upper limit of the normal range), and adequate renal
function (serum creatinine, <1.5 times the upper limit of
the normal range). Patients were required to have at least
one measurable target lesion according to the response to
treatment in solid tumors (RECIST) guidelines ver. 1.0
[15]. All patients provided written informed consent before
treatment. The treatment protocol was approved by the
ethics committee of the institution.

Diagnosis of HCC

Intrahepatic lesions, vascular invasion, and extrahepatic
metastasis of HCC were diagnosed with contrast-enhanced
computed tomography (CT) or magnetic resonance imag-
ing (MRI), considering hyperattenuation in the arterial
phase with washout in the late phase as the definitive sign
of HCC [16, 17]. Ultrasound-guided tumor biopsy was also
performed when radiological findings were atypical. Bone
scintigraphy was added when bone metastasis was sus-
pected because of symptoms but was not confirmed on CT
or MRI.
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Treatment

One cycle of this treatment consisted of 4 weeks (days
1-28). Peginterferon alfa-2a (90 pg) was administered
subcutaneously on days 1, 8, 15, and 22, and 5-FU
(500 mg/day) was systemically administered via continu-
ous intravenous infusion, using a portable infusion pump,
on days 1-5 and 8-12. Treatment was continued until
disease progression, unacceptable toxicity, or patient
refusal occurred. This protocol had no treatment interval,
and the next cycle started on the day after day 28 of the
previous cycle. The first one or two treatment cycles were
provided during hospitalization and 5-FU was adminis-
tered through a peripheral intravenous catheter. Patients
who could be expected to survive for a relatively long
period underwent implantation of an indwelling central
intravenous catheter and were treated on an outpatient
basis thereafter. Indwelling central intravenous catheters
were inserted by ultrasound-guided subclavian vein
puncture and the catheter tip was placed into the superior
vena cava using a guidewire under fluoroscopic guidance.
When adverse events caused by 5-FU became clinically
important, the dose of 5-FU was reduced by 50 %. As
prevention and treatment for stomatitis, sodium gualenate
hydrate and sodium bicarbonate were used as a gargle.
Dexamethasone ointment was also used for stomatitis.
Antidiarrheal agents such as loperamide hydrochloride
were used for diarrhea.

Response and toxicity assessment

To assess the response to treatment, contrast-enhanced CT
or MRI was performed at the end of the first and second
cycles and every two cycles thereafter. In principle,
treatment responses were evaluated according to the
RECIST guidelines ver.1.0 [15]. The best overall response
was adopted in the analysis. Complete response (CR) was
defined as the disappearance of both intrahepatic lesions
and extrahepatic metastasis. CR was confirmed by repeat
assessments performed 4 weeks or more after the criteria
for response were first met. Patients who had not com-
pleted the first cycle were regarded as having progressive
disease (PD) if radiological disease progression was con-
firmed at the time, and as “not assessable (NA)” if
imaging was not performed at the time. Toxicity was
evaluated using the National Cancer Institute Common
Toxicity Criteria version 3.0. During hospitalization,
patients were interviewed about their symptoms and
underwent a daily physical examination. Blood tests were
performed every week. When treated as outpatients, they
were required to visit the outpatient department at least
once every 2 weeks.
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Statistical analysis

We included in the analysis those patients who could not
complete the first cycle. The categorical variables were
compared by xztests, whereas continuous variables were
compared with an unpaired Student’s #-test (parametric) or
Mann—~Whitney U-test (nonparametric). A P value of <0.05
was considered statistically significant. Overall survival and
time to progression (TTP) were calculated using the Kap-
lan—Meier method. Patients were censored at the time of the
last visit, when lost to follow up, or at the end of the study
period. Follow up ended on June 30, 2010. The clinical data
at baseline were assessed as predictors of survival using
univariate and multivariate Cox proportional hazard
regression analysis. The following variables were included
in this analysis: age, sex, ECOG performance status, hep-
atitis B surface antigen (HBsAg), hepatitis C virus antibody
(HCVAD), Child-Pugh classification, platelet count, Bar-
celona-Clinic Liver Cancer (BCLC) staging classification
[18], presence of viable intrahepatic lesions, macroscopic
vascular invasion, extrahepatic metastasis, and a history of
previous treatment. Stepwise variable selection with the
Akaike information criterion (AIC) was used to find the best
model in multivariate analysis. All analytical procedures
were performed with S-plus Ver. 7.0 (Insightful, Seattle,
WA, USA).

Results
Patients

A total of 223 patients, 176 male and 47 female, with an
average age of 64.3 years, received this treatment. Patient
characteristics are listed in Table 1. Child—Pugh classifi-
cation was A in 166 patients (74.4 %) and B in 57 (25.6 %).
Macroscopic vascular invasion was present in 103 patients
(46.2 %). Extrahepatic metastasis was present in 166
(74.4 %) patients. Those patients without extrahepatic
metastasis who were treated with this regimen had con-
traindications to intraarterial chemotherapy because of
stenosis of the common hepatic artery, mainly due to
repeated TACE. Two hundred and ten (94.2 %) patients
had previously received some other treatment. The median
number of cycles of the combination treatment was two
(range 1-13). Four patients did not complete the first cycle
because of deterioration of performance status, unaccept-
able toxicity, or patient refusal.

Response to treatment

Six patients had CR (2.7 %), 15 (6.7 %) had a partial
response (PR), 52 (23.3 %) had stable disease (SD), and
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Table 1 Demographic and baseline characteristics of patients Table 2 Summary of efficacy measures (n = 223)
=223 Level of response, n (%)
Variable, n (%) Complete response 6 (2.7)
Age (years)® 643 + 10.6 Partial response 15 (6.7)
Male sex 176 (78.9) Stable disease 52 (23.3)
ECOG performance status Progressive disease 132 (59.2)
0 159 (71.3) Not assessable 18 (8.1)
1 57 (25.6) Response rate (%) 9.4
2 73.1) Disease-control rate (%) 32.7
Viral infection Time to progression (months)
HBsAg, positive 58 (26.0) Median 2.0
Anti HCVAD, positive 125 (36.1) 95 % confidence interval (CI) 2.0-3.1
Both positive 4(18) Overall survival (months)
B.oth negative o 36 (16.1) Median 6.5
Child-Pugh classification 95 % CI 5.13-9.13
Class A 166 (74.4) L ival % 312
Class B 57 (25.6) year surv1‘va rate (%) .
Platelet count (10%/pul) 127 (34-gd0)  2year survival rate (%) 127
BCLC stage 3-year survival rate (%) 7.1
B 22 (9.9)
C 201 (90.1)
Viable intrahepatic lesion, present 213 (95.5) 109
Macroscopic vascular invasion, present® 103 (46.2) S 091
Portal vein 73 2 081
Hepatic vein or vena cava 51 % 0.71
Maximum tumor size (cm)® 5.2 (1.0-20.0) D"o: 061
AFP >100 ng/mL 143 (64.1) ‘5 051
AFP-L3 >15.0 %" 147 (66.2) Z
DCP >100 mAU/mL® 152 (68.8) § 031
Extrahepatic metastasis, present® 166 (74.4) o 029
Lung 91 & o1
Lymph node 2 a 6 12 18 24 30 36 42
Bone 33 Months
Adrenal gland 11 No. at Risk 223 54 31 13 10 5 3 1
Dissemination 20 . . . .
Others 5 Fig. 1 Kaplan-Meier analysis of time to progression
Previous therapy®
None 13 (5.8) 132 (59.2 %) had PD. Treatment response was not
Surgical resection 78 (35.0) assessable in the remaining 18 (8.1 %) patients due to
Percutaneous ablation 95 (42.6) symptomatic PD or their being lost to follow up before
Transarterial chemoembolization 150 (67.3) evaluation. The response rate was 9.4 % and the disease-
Radiotherapy 32(143) control rate was 32.7 % (Table 2). The median TTP was
Transarterial chemotherapy 65 (29.1) 2.0 months (Fig. 1). There was no statistically significant
Systemic chemotherapy 46 (20.6) difference in TTP between Child-Pugh class A and class B
Cycles of systemic 5-FU + IFN therapy” 2 (1-13)

ECOG Eastern Cooperative Oncology Group, HBsAg hepatitis B surface -

antigen, HCVAD hepatitis C virus antibody , BCLC Barcelona-Clinic Liver
Cancer, AFP alpha fetoprotein, DCP des-gamma-carboxy prothrombin,
5-FU 5-fluorouracil, IFN interferon

% Mean + SD

> Median (range)

¢ Including overlap

9 Missing in one case
¢ Missing in two cases
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patients (median 3.0 vs. 2.0 months, P = 0.19).
Survival

The overall MST was 6.5 months (Fig. 2a). The survival
rates at 1, 2, and 3 years were 31.2, 12.7, and 7.1 %,
respectively (Table 2). MST was significantly longer in
Child—Pugh class A as compared with class B patients (9.2
vs. 2.8 months, P < 0.001) (Fig. 2b). The MSTs of patients
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A 107 Table 3 Predictors of overall survival: univariate analysis (n = 223)
0.9 4
§ 0.6 Variable Hazard ratio P
2 95 % CI)
‘% 07
w 06 + Age (years) >65 1.01 (0.76-1.35)  0.94
2z Male sex 1.03 (0.73-1.45)  0.87
5 Z: I ECOG performance status >0 1.73 (1.25-2.39)  <0.001
° o HBsAg, positive 0.87 (0.63-1.20)  0.38
o 021
01 Anti HCVAD, positive 1.06 (0.80-1.42) 0.68
0.0 —_— Child—Pugh class B versus A 2.12 (1.54-2.92) <0.001
6 6 12 18 24 30 36 42 43 54 60 66 72 Platelet count >127,000/uL 1.25 (0.94-1.67)  0.13
Months
No.atRisk 223 111 58 30 20 11 8 5 3 3 1 1 BCLC stage C 1.46 (0.89-2.41) 0.14
Viable intrahepatic lesion, present 1.85 (0.76-4.49) 0.17
B 10 Macroscopic vascular invasion, present 137 (1.03~1.83)  0.03
= 091 Extrahepatic metastasis, present 1.35 (0.97-1.87)  0.08
> 0.8 4 . § -
g 07 Child-Pugh A Previous chemotherapy, present 1.16 (0.86-1.55)  0.34
w 41
s 974 - — — - Child-Pugh B
>
= Table 4  Predictors of overall survival: multivariate analysis
e
8 (n=1223)
8
o Variable Hazard ratio P
. 95 % CI)
0.0 T T T T T T T T T T —
0 6 12 18 24 30 36 42 48 54 60 66 72 ECOG performance status >0 1.46 (1.04-2.05) 0.03
No. at Risk Months Child-Pugh class B 1.83 (1.31-2.55) <0.001
Child-PughA166 98 49 27 17 ¢ 6 4 3 3 1 1 Macroscopic vascular invasion, present 1.39 (1.03-1.88) 0.03
Child-PughB57 13 ¢ 3 3 2 2 1 . )
Extrahepatic metastasis, present 1.35 (0.96-1.92) 0.09

C
®
2
<
el
w
id
[=3
2
=
[0]
£L
<4
o

(O S RN RS-,

0 6 12 18 24 30 36 42 48 54 60 66 72

No. at Risk Months
CR 6 6 5 4 4 1 1 1 1 1 1 1
PR 156 15 14 7 7 4 4 3 1 1
SD 52 42 23 13 8 6 3 1 1 1
PD 132 46 16 6 1

Fig. 2 Kaplan-Meier analysis of overall survival (a); stratified based
on Child-Pugh classification (b) and response to treatment (¢). CR
complete response, PR partial response, SD stable disease, PD
progressive disease

with CR, PR, SD, and PD were 27.4, 24.0, 13.2, and
4.4 months, respectively (Fig. 2c, P < 0.001). Based on a
univariate analysis, the following factors were significantly
associated with shorter survival time: ECOG performance
status >0, Child—Pugh class B, and presence of macro-
scopic vascular invasion (Table 3). A multivariate analysis
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Table 5 Safety profile

Grade 1-2, n (%) Grade 3-4, n (%)

Leukopenia 25 (11.2) 31 (13.9)
Anemia 0 (O 1(0.4)
Thrombocytopenia 20 (9.0) 13 (5.8)
Stomatitis 11 (4.9) 3(1.3)
Anorexia 2 (0.9 104
Diarrhea 2 (0.9 0 ()
Skin rash 2 (0.9 1(0.4)

showed that all of these factors were also independent
prognostic factors (Table 4).

Safety

Adverse events graded as 3 or 4 were observed in 28
(12.6 %) patients. The incidence of major adverse events is
presented in Table 5. The major grade 3—4 adverse events
were leucopenia (13.9 %) and thrombocytopenia (5.8 %).
A common non-hematological toxicity was stomatitis
(6.2 %, any grade). Fever, which was mostly low-grade,
occurred in about 90 % of the patients, usually after the
first administration of peginterferon, and was gradually
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attenuated during subsequent administrations. Elevations in
bilirubin, AST, and ALT levels from baseline occurred in
7.6 % of patients, although most cases of such elevation
occurred due to progression of the intrahepatic lesion, and
not due to the treatment itself. There were no catheter-
related problems, including infection or occlusion. No
treatment-related deaths occurred.

Discussion

Wadler et al. first reported combination therapy with
intravenous 5-FU and subcutaneous interferon for a malig-
nant neoplasm. They treated 30 patients with advanced
colorectal cancer using this protocol [19]. However, the
following phase III trial failed to establish the efficacy of
the treatment [20]. Subsequently, Patt et al. [21] reported
systemic combination therapy for HCC patients, reporting
that the treatment induced a decrease of more than 50 % in
the size of each measurable lesion in 18 % of the treated
patients. Since then, several studies have demonstrated the
efficacy of combination therapy of intraarterial 5-FU and
subcutaneous interferon for patients with advanced HCC
with portal venous invasion, reporting response rates of
44-63 % [13, 22, 23]. Furthermore, other studies have
revealed the mechanism underlying the antitumor effects of
this combination therapy [24-31]. However, only a case
series of a small number of patients has reported on this
systemic combination therapy in HCC patients [32]. The
present study is the first report of this therapy in a large
number of patients (n = 223).

In the past, systemic chemotherapy for advanced HCC
using various cytotoxic agents, such as doxorubicin, 5-FU,
cisplatin, and etoposide, has been investigated. However,
few agents showed response rates above 20 %, and the
number of patients included in those studies was small.
Furthermore, no regimens demonstrated convincing sur-
vival benefits in phase III trials [33, 34]. Single-agent 5-FU
[35-371 and related drugs such as eniluracil/5-FU [38, 39]
and uracil/tegafur [40, 41] showed low response rates. An
impressive result came from phase II and phase III studies
of PIAF (combination of cisplatin, interferon alfa, doxo-
rubicin, and 5-FU). The response rates of these studies
were 26 and 20.9 %, respectively [42, 43], which were
actually better than that of the present study, although the
number of patients was small and the characteristics of the
patients differed from those in our study.

At present, sorafenib is the standard treatment for
advanced HCC with extrahepatic metastasis or vascular
invasion. Before the availability of sorafenib, we treated
such patients with a combination of systemic intravenous
5-FU and subcutaneous interferon. The MSTs in the
SHARP study and the Asian-Pacific study of sorafenib
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(both randomized controlled trials) were 10.7 and
6.5 months, respectively, whereas the MST in the present
study was 6.5 months. However, both these trials of
sorafenib consisted only of Child-Pugh class A patients,
and the MSTs in these two studies were comparable to the
MST of the Child—Pugh class A patients in our study
(9.2 months). The disease-control rate in our study was
32.7 %, which was comparable to that of sorafenib (43 %
in the SHARP study; 35.3 % in the Asian-Pacific study).
Moreover, there were no complete responders in either of
these randomized controlled trials, and the response rates
were also low (2 % in the SHARP study; 3.3 % in the
Asian-Pacific study). On the other hand, in the present
study, six (2.7 %) patients achieved a complete response,
and the response rate of 9.4 % was higher than that in these
two studies. Thus, the combination of intravenous 5-FU
and subcutaneous interferon is worth consideration as a
choice of treatment for advanced HCC.

The response rate of 52.6 % that we observed in our
previous study where we treated HCC patients with portal
venous invasion with a combination of intraarterial 5-FU
and subcutaneous interferon [13] was much better than that
observed here. This may be partly because the local con-
centration of 5-FU in the liver is higher after intraarterial
infusion than after systemic administration. However,
systemic rather than intraarterial administration is appro-
priate for patients with extrahepatic metastases because
intraarterially administered 5-FU is substantially removed
by the liver in the first pass [44, 45].

In our previous study [13], we combined interferon alfa,
not pegylated, with the intraarterial administration of 5-FU.
Here, we combined pegylated interferon alfa with the
systemic administration of 5-FU mainly because of the
convenience in an outpatient setting. Whereas non-pegy-
lated interferon needs to be administered three times a
week, pegylated interferon requires only once-a-week
administration.

Cirrhotic patients have lower clearance rates of 5-FU
than non-cirrhotic patients [46]. Thus, such patients with
poor liver function may have more severe adverse events.
However, there were few serious adverse events in the
present study, although as many as 25.6 % of the patients
were Child—Pugh class B. Although grade 3 or 4 leuco-
penia and thrombocytopenia were observed, the baseline
white blood cell and platelet counts in the patients with
these events were almost always low because of back-
ground cirrhosis, and they were able to continue to receive
treatment. In addition, we did not observe any serious
adverse events in relation to infection.

According to our data, ECOG performance status, Child-
Pugh classification, and the presence of vascular invasion
were independent prognostic factors. This is consistent with
our previous study findings on the prognosis of patients with
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extrahepatic metastasis of HCC [47]. In the present study,
we also analyzed prognosis as stratified by treatment
response, and better treatment response resulted in better
prognosis. This point is to be confirmed in future prospective
studies.

The combination therapy described in the present study
was performed before the advent of sorafenib. It will now be
important to evaluate the efficacy of this combination ther-
apy in cases of sorafenib failure. It is also necessary to assess
the efficacy and safety of this treatment, as well as that of
sorafenib, for patients with poor liver function [48, 49].

In conclusion, the combination of continuous intrave-
nous infusion of 5-FU and subcutaneous peginterferon alfa-
2a was well tolerated and showed promising efficacy in a
subset of patients with advanced HCC. Further studies;
for example validating the efficacy of this treatment in
patients with sorafenib failure and conducting a random-
ized controlled trial comparing this treatment with sorafe-
nib, are needed to definitively establish the usefulness of
this treatment.
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Background & Aims: The treatment of choice for early or moder-
ately advanced hepatocellular carcinoma (HCC) with good liver
function remains controversial. We evaluated the therapeutic
impacts of surgical resection (SR), percutaneous ethanol injection
(PEI), and radiofrequency ablation (RFA) on long-term outcomes
in patients with HCC.

Methods: A database constructed on the basis of a Japanese
nationwide survey of 28,510 patients with HCC treated by SR,
PEI, or RFA between 2000 and 2005 was used to identify 12,968
patients who had no more than 3 tumors (<3 cm) and liver dam-
age of class A or B. The patients were divided into SR (n=5361),
RFA (n=5548), and PEI groups (n=2059). Overall survival and
time to recurrence were compared among them.

Results: Median follow-up was 2.16 years. Overall survival at 3
and 5years was respectively 85.3%/71.1% in the SR group,
81.0%/61.1% in the RFA, and 78.9%/56.3% in the PEI Time to recur-
rence at 3 and 5 years was 43.3%/63.8%, 57.2%/71.7%, and 64.3%/
76.9%, respectively. On multivariate analysis, the hazard ratio for
death was significantly lower in the SR group than in the RFA (SR
vs. RFA:0.84, 95% confidence interval, 0.74-0.95; p = 0.006) and
PEI groups (SR vs. PEI:0.75, 0.64-0.86; p =0.0001). The hazard
ratios for recurrence were also lower in the SR group than in
the RFA (SR vs. RFA:0.74, 0.68-0.79; p = 0.0001) and PEI groups
(SR vs. PEL:0.59, 0.54-0.65; p = 0.0001).

Keywords: Hepatectomy; Surgical resection; Radiofrequency ablation; Percuta-
neous ethanol injection.
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Conclusions: Our findings suggest that surgical resection results
in longer overall survival and shorter time to recurrence than
either RFA or PEI in patients with HCC.

© 2012 Published by Elsevier B.V. on behalf of the European
Association for the Study of the Liver.

Introduction

Hepatocellular carcinoma (HCC) is the fifth most common cancer
in men and the seventh in women, worldwide [1}. Outcomes
remain disappointing, despite recent progress in the techniques
of diagnosis and therapy. Japanese [2], European [3] and Ameri-
can [4] clinical practice guidelines strongly recommend surgical
resection (SR) and percutaneous ablation, including radiofre-
quency ablation (RFA) and percutaneous ethanol injection (PEI),
for the management of early or moderately advanced HCC (i.e.,
up to 3 tumors 3 cm or less in diameter) in patients with ade-
quately maintained liver function. Although comparative studies
of these treatments have been conducted previously {5-7], the
most suitable treatment strategy still remains controversial.

By nationwide surveys initiated in 1965, the Liver Cancer
Study Group of Japan has prospectively collected data on patients
with HCC in Japan. The Group conducted two retrospective anal-
yses to define the treatment with the best outcomes [8,9]. How-
ever, each of the analyses was flawed, and had several problems:
data on RFA were not included in the first report [8], and the fol-
low-up period was short in the second one [9]. Although the sec-
ond analysis demonstrated that surgical resection was superior to
RFA and PEI for preventing recurrence [9], no apparent difference
in the overall survival could be discerned between surgery and
percutaneous ablation therapies (RFA and PEI). Thus, the treat-
ment of choice for less advanced HCC still remains under debate.

Before starting this study, the results of 2 randomized con-
trolled trials (RCT) were available [10,11]. As we pointed out in
a previous report [12], however, the study designs of these 2
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trials were critically flawed by factors such as insufficient sample
size, excessively optimistic hypotheses, and high conversion
ratios. Because of these problems, the results of the two RCTs
do not allow firm conclusions to be drawn concerning the impor-
tant clinical question: is surgery or percutaneous ablation the
treatment of choice for early or moderately advanced HCC? To
answer this question, we conducted this cohort study based on
the latest data available from a Japanese nationwide survey.

Patients and methods
Patients and settings

The Liver Cancer Study Group of Japan has performed nationwide surveys of
patients with primary liver cancer since 1965. Patients are registered and fol-
lowed up, as reported previously [9]. Although this study protocol was not sub-
mitted to the Institutional Review Board of each institution participating in the
nationwide survey, the collection and registration of data of patients with HCC
were performed with the approval of each institution. Because RFA has been
available for clinical use since 1999 in Japan, we set the study period from
2000 to 2005, to exclude preliminary experiences with RFA. During this period,
a total of 28,510 patients with HCC were registered and received surgical resec-
tion, RFA or PEI as the primary treatment with curative intent for HCC. We iden-
tified 12,968 patients who met the following criteria: (1) liver function classified
as liver damage A or B defined by the Liver cancer Study Group of Japan [13]; (2)
number of tumors 3 or less; (3) maximum tumor diameter <3 cm. The 12,968
patients were divided into 3 groups according to the treatment received: SR
group (n = 5361, 41.3%), RFA group (n=5548, 42,8%), and PEI group (n = 2059,
15.9%). The diagnostic criteria and details of follow-up were described previously
[8]. Because it has been unusual for biopsies to be performed in cases treated by
percutaneous ablation in Japan, histological findings such as microscopic vascular
invasion, tumor grading, and microscopic intrahepatic metastasis were not eval-
uated in this study. Relevant clinical data were collected and analyzed.

Statistical analyses

The baseline characteristics of the three groups (Table 1) were compared by anal-
ysis of variance for continuous variables and by Chi-square or Mantel-trend tests
for categorical variables. Consistent with our preliminary report [9], the SR group
had a higher proportion of younger patients and male patients than the RFA and
PEI groups. Hepatitis C virus infection was less prevalent in the SR group than in
the RFA and PEI groups. Based on the liver damage class, serum albumin and total
bilirubin levels, platelet counts, and the indocyanine green retention rate at
15 min, liver function was better in the SR group than in the RFA and PEI groups,
consistent with our previous report [9]. As for tumor-related factors, the number
of tumors was smaller, and the maximum tumor diameter was larger in the SR
group than in the RFA or PEI group. The SR group had the lowest proportion of
patients with abnormally elevated alpha-fetoprotein levels (>15ng/ml) and
the highest proportion of patients with abnormally elevated des-y-carboxy pro-
thrombin levels (40 AU/ml). '

Overall survival and time to recurrence curves were plotted using the Kap-
lan-Meier method and compared with the use of the log-rank test. Recurrence
was diagnosed on the basis of imaging studies, clinical data, and/or histopathol-
ogical studies at each institution [9].

The therapeutic impacts of surgical resection, RFA and PEI were estimated
using a Cox proportional hazards model including the following 10 covariates:
age, gender, liver damage class, hepatitis C virus antibody, hepatitis B surface
antigen, platelet count, number of tumors, tumor size, and serum alpha-fetopro-
tein and des-y-carboxy prothrombin levels. The results of multivariate analysis
were expressed as hazard ratios with 95% confidence intervals. p values of
<0.05 were considered to indicate statistical significance.

For the subgroup analyses, the study populations were classified into 8 sub-
groups according to the tumor size (< or >2 c¢m), tumor number (single or multi-
ple), and liver damage class (A or B). Macroscopic vascular invasion was excluded
from the subgroup analyses because its presence is a contraindication to percuta-
neous ablation therapies. The therapeutic impacts of the three treatments were
evaluated in each of these subgroups, and hazard ratios with 95% confidence
intervals and p values were calculated according to the above three factors
(tumor size, number of tumors, and liver damage class).

Results

The median follow-up after treatment was 2.16 years, and the
5th and 95th percentiles were 0.14 and 5.19 years, respectively.
The overall survival rates at 3/5 years were 85.3%/71.1% in the
SR group, 81.0%/61.1% in the RFA group, and 78.9%/56.3% in the
PEI group (Fig. 1). The median survival times were 8.4, 5.9, and
5.6 years in the three groups, respectively. The time to recurrence
rates at 3/5 years in the 3 groups were 43.3%/63.8%, 57.2%/71.7%,
and 64.3%/76.9%, respectively (Fig. 2).

According to the results of the multivariate analysis, the haz-
ard ratio for death in the SR group was 0.84 (0.74-0.95, p = 0.006)
relative to that in the RFA group, and 0.75 (0.64--0.86, p = 0.0001)
relative to that in the PEI group (Table 2A). The hazard ratios for
recurrence in the SR group were 0.74 (0.68-0.79, p = 0.0001) and
0.59 (0.54-0.65, p = 0.0001) relative to those in the RFA and PEI
groups, respectively (Table 2B). These results indicated that the
overall survival and time to recurrence rates were both signifi-
cantly better in the SR group than in the RFA and PEI groups.

The overall survival rates following surgical resection, RFA and
PEI in the 4 subgroups with a single tumor are shown in Fig. 3A-
D. The results of the subgroup analyses (summarized in Fig. 4A)
showed that the overall survival was significantly longer in the
SR group than in the RFA group in 2 subgroups of patients,
namely, those who had a single tumor smaller than 2 cm in diam-
eter with liver damage class A, and those who had a single tumor
2 cm or larger in diameter with liver damage class B.

As shown in Fig. 4B, the time to recurrence was shorter in the
SR group than that in the RFA group in the 4 following subgroups:
patients with a single tumor with liver damage class A (regard-
less of the tumor size), those with multiple tumors 2 cm or larger
in diameter with liver damage class A, and those with a single
tumor 2 cm or larger in diameter with liver damage class B.

Discussion

Our study showed that surgical resection was associated with
significantly lower risk of both death and recurrence as compared
to RFA and PEI in patients with early or moderately advanced
HCC. Our previous preliminary report [9] suggested that surgery
reduces the risk of recurrence, but failed to demonstrate any dif-
ference in the overall survival between surgery and percutaneous
ablation therapies in patients with early or moderately advanced
HCC. The present study reconfirms that surgery is associated with
a reduced recurrence rate and newly shows that surgery yields a
longer overall survival than percutaneous ablation therapies.

Differences in the results between the present study and pre-
vious investigations are most likely related to the sample size and
length of follow-up. The total number of subjects increased mark-
edly from 7185 in our previous study to 12,968 in this study, and
the median follow-up period increased from 10.4 months to
2.16 years (25.9 months). These factors are considered not only
to have enhanced the reliability of our findings, but also to have
strengthened our conclusions. We believe that our results, which
are, of course, subject to the inherent drawbacks of the study
design, are meaningful, given the current lack of credible data
derived from well-designed RCTs.

The large sample size and prolonged follow-up period also
allowed us to perform several subgroup analyses, which were
not feasible in our previous study [9]. We classified the patients
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