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Figure 3 Box and whisker plots of fibrotic score of each group
of histological fibrosis in the validation dataset. The fibrosis
score of hepatitis B was generated by the function, z=1.40 x
In (type IV collagen 7S) (ng/mL) - 0.017 x (platelet count)
(x1000%/mm?) + 1.24 X In (tissue inhibitor of matrix metallo-
proteinase-2) (ng/mL) + 1.19 X In (o-2-macroglobulin) (mg/
dL) - 9.15.

As many as 227 patients with chronic hepatitis B were
analyzed in this study, who had been diagnosed as
having chronic hepatitis or cirrhosis by liver biopsy per-
formed in experienced liver units in Japan. To obtain
the most suitable equation approximating histological
fibrotic stage, multivariate analysis was performed using
two demographic parameters (age and sex) and 21 hema-
tological and biochemical markers with or without loga-
rithmic transformation. They included many kinds
of fibrosis markers: 0-2-macroglobulin, haptoglobin
concentration, haptoglobin typing, apolipoprotein Al,
hyaluronic acid, TIMP-1, TIMP-2, procollagen I1I peptide
and type IV collagen 7S Multiple regression analysis
finally generated a first-degree polynomial function con-
sisting of four variables: type IV collagen 7S, platelet
count, TIMP-2 and o2-macroglobulin. A constant
numeral (-9.15) was finally adjusted in the regression
equation in order to obtain fitted figures for a fibrotic
stage of F1-F4. From the magnitude of the standardized
partial regression coefficient of individual variable in the
function, platelet count demonstrated the most potent
contribution toward the prediction of liver fibrosis. Type
IV collagen 7S and In (TIMP-2) proved to be the second
and third distinctive power in the model, respectively.

The FSB was sufficiently fitted to actual fibrotic stages
with certain overlapping as is usually found in histologi-
cal ambiguity judged by pathologists. Because judgment
of fibrosis in chronic hepatitis often shows a transitional
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histological staging, pathological examination cannot
always make a clear-cut diagnosis discriminating F1-F4.
Considering the limitation of the pathological difficulty
in differentiating the four continuous disease entities,
the obtained regression function showed satisfactory
high accuracy rates in the prediction of liver disease
severity. The FSB can provide one or two decimal places
(e.g. 3.2 or 3.24) and the utility of the score is possibly
higher than the mere histological stage of F1-F4. The
reproducibility was confirmed by the remaining 67
patients’ data obtained from the other six hospitals.
Although the validation data were collected from a dif-
ferent geographic area and different chronological situ-
ation, the FSB showed similar results in prediction of
histological staging.

The FSB seemed a very useful quantitative marker
in evaluating fibrotic severity of hepatitis B patients
without invasive procedures and without any special-
ized ultrasonography or magnetic resonance imaging.
The FSB also has an advantage of measurement, in
which old blood samples are available for retrospective
assessment of varied clinical settings: for example, old
sera from 20 years prior to the time of initial liver
biopsy, or paired sera before and after long-term antivi-
ral therapy. These kinds of retrospective assessments of
fibrotic staging will be valuable in estimating a long-
term progression of liver disease, in evaluating efficacy
of long-term medication or other medical intervention,
or in making a political judgment from the viewpoints
of socioeconomic efficacy.

The score can be calculated for any patients with
chronic HBV infection. Although this multiple regres-
sion model dealt with appropriate logarithmic transfor-
mation for non-normal distribution parameters, the
regression analysis was based on a linear regression
model. Very slight fibrosis can be calculated as less than
1.00, which is commonly found to a slight degree in
chronic hepatitis with tiny fibrotic change as FO. Very
severe fibrosis might be calculated as more than 4.00,
which is an imaginary and nonsense number in the
scoring system of fibrosis. The FSB is, however, very
useful and valuable in a real clinical setting: estimation
of severity of liver fibrosis in an outpatient clinic, evalu-
ation of the natural progression of a patient’s fibrosis
over 10 years and assessment of a long-term administra-
tion of interferon in patients with chronic hepatitis B
from the viewpoint of fibrotic change. Recent develop-
ment of new nudeoside/nucleotide analogs requires
evaluation for long-term histological advantage, for
aggravation of hepatitis stage during viral and biochemi-
cal breakthrough caused by HBV mutation, and even for
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Figure 4 Previously published fibrosis
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the best management of patients with chronic hepatitis
B. The FSB seems one of the ideal methods of approxi-
mating the fibrotic stage of chronic hepatitis B. Repeated
measurement is quite suitable for patients with an
unestablished treatment or trial, every 1 or 2 years, for
example. Because the current regression function was
generated from the data of HBV-related chronic liver
disease, this equation would not be suitable for the
recognition of hepatitis C virus-related chronic liver
disease, alcoholic liver disease, and other congenital or

F1+2+3 F4
N=146

12

autoimmune liver diseases. To recognize the latter
diseases, other studies of individual diseases must be
performed.

We compared the usefulness of the FSB with that of
other fibrosis scores.”””*® The more simple and less
expensive AAR or APRI could not estimate fibrotic stages
with poor correlation coefficients of 0.199 and 0.265,
which are much lower than the coefficient of the FSB of
0.625. FibroTest, which contained three costly fibrosis
markers (o-2-macroglobulin, haptoglobin and apolipo-
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protein A1), also showed a low correlation coefficient of
0.330, suggesting that its usefulness was limited in HBV
positive oriental patients. Although FIB-4 demonstrated
the best coefficient of 0.412 among the fibrosis scores,
significant overlaps were found between neighboring
stages and obtained scores were not coordinated for real
histological classification.

In conclusion, the FSB was a useful and reliable biom-
arker for prediction of liver fibrosis in patients with
chronic HBV infection. The FSB is expected to be intro-
duced and utilized in varied kinds of studies and trials.
Its accuracy and reproducibility require further valida-
tion using higher numbers of patients in several coun-
tries other than Japan.
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Aim: Patients with unresectable hepatocellular carcinoma
(HCC) often undergo transcatheter arterial chemoemboliza-
tion (TACE). Miriplatin is a lipophilic cisplatin derivative used in
TACE that is effective in HCC. However, the difference in anti-
tumor efficacy between warmed versus room temperature
miriplatin is unclear.

Methods: Chemotherapy efficacy was evaluated by dynamic
computed tomography 1-3 months after TACE, according to
the Modified Response Evaluation Criteria in Solid Tumors. A
total of 203 patients with HCC who received TACE with miri-
platin for the first time were included in a follow-up study to
retrospectively investigate its efficacy and safety. Overall, 45
patients underwent TACE with warmed (40°C) miriplatin and
158 patients received TACE with room temperature miriplatin.

Results: Seventy patients (44.3%) treated with room tem-
perature miriplatin and 32 patients (71.1%) who received

warmed miriplatin experienced complete or partial
responses. Multivariate analysis identified miriplatin tempera-
ture (warmed miriplatin, risk ratio (RR)=2.26, P =0.047),
tumor number (solitary, RR =3.48, P = 0.007), o-fetoprotein
(AFP) level (<50 ng/mL, RR=2.35, P=0.012) and history of
TACE (no history, RR = 2.22, P = 0.041) as predictors of objec-
tive response following TACE with miriplatin, and no serious
complications were observed.

Conclusion: Warm temperature, solitary tumors, low AFP
level and first TACE are significant and independent predictors
of objective response after TACE using miriplatin. These
results suggest that warmed miriplatin can be considered as
one of the standard treatments for unresectable HCC.

Key words: hepatocellular carcinoma, miriplatin,
transcatheter arterial chemoembolization

INTRODUCTION

EPATOCELLULAR CARCINOMA (HCC) is one of

the most common malignant diseases worldwide.'
In Japan, more than 30 000 people die of HCC each
year, and HCC ranks third and fifth in men and women,
respectively, as cause of death due to malignant neo-
plasms.? Because resection, liver transplantation and
percutaneous ablation (percutaneous ethanol injection
and radiofrequency ablation) are applicable in only
30-40% of HCC patients, transcatheter arterial
chemoembolization (TACE) has been recognized as an
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effective palliative treatment option for patients with
advanced HCC.*'° TACE is recommended for HCC
patients with class A or B liver damage, two or three
tumors, and a tumor diameter greater than 3 cm,
according to the guidelines for treatment of HCC by the
Japan Society of Hepatology in 2009."" The Barcelona
Clinic Liver Cancer group recommends TACE for HCC
patients with stage B and class A or B disease and more
than four tumors, or stage C disease without portal vein
invasion or extrahepatic metastasis.”” Miriplatin (cis-
[1R,2R]-1,2-cyclohexanediamine-N,N’]bis[myristate])-
platinum(II) monohydrate; Dainippon Sumitomo
Pharma, Osaka, Japan) is a novel lipophilic cisplatin
derivative that can be suspended in lipiodol, a lipid
lymphographic agent.*~'® Some trials reported that
miriplatin is effective for HCC.'”'® Addition of emboliz-
ing agents to miriplatin-based treatment has been
shown to result in a higher response in patients with

© 2012 The Japan Society of Hepatology
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HCC."” Significant predictors for complete response to
miriplatin include solitary tumors, previous complete
response to TACE via injection from the peripheral to
segmental hepatic artery,® and stage I or II disease.?’ The
most important issue regarding TACE with miriplatin is
its viscosity: due to its high viscosity, miriplatin/lipiodol
suspension cannot enter smaller vessels. We previously
determined that warming miriplatin to 40°C decreased
its viscosity in vitro (unpubl. obs.). We investigated the
viscosity of miriplatin/lipiodol suspension using a vis-
cometer (LWVISC; RHEOSENSE, San Ramon, CA, USA).
The miriplatin/lipiodol suspension was adjusted to
20 mg/mL, and then warmed to 40°C. We measured the
viscosity of these solutions at room temperature and
40°C three times, and determined that the mean viscos-
ity of miriplatin/lipiodol suspension at room tempera-
ture and 40°C is 37.48 mPa-S and 21.42 mPa-S,
respectively. The purpose of this retrospective study was
to evaluate the antitumor efficacy and adverse effects of
TACE with warmed miriplatin suspension.

METHODS

Patients

~ TOTAL OF 402 HCC Japanese adult patients were
consecutively recruited into the study protocol of
TACE with miriplatin from December 2007 to June

TACE, HCC, miriplatin 943

2012 at our center. Among them, 203 patients who
received miriplatin for the first time and who were
assessed 1-3 months after TACE were enrolled in this
retrospective study. Warmed miriplatin was used for all
patients from August 2011 to June 2012. Overall, 45
patients received warmed miriplatin and 158 patients
received room temperature miriplatin.

Table 1 summarizes the profile and laboratory data of
the study patients. The median follow-up period, from
the end of TACE until the last visit, was 458 days (range,
57-1226 days). Higher serum aspartate aminotrans-
ferase (AST) levels and prothrombin activity were
observed in patients in the room temperature miriplatin
group compared to those in the warmed miriplatin
group. The study protocol was approved by the ethics
committee of our hospital, and written informed
consent was obtained from all participating patients.

HCC

Before treatment with miriplatin, all patients underwent
a comprehensive evaluation consisting of a medical
history, physical examination, measurement of tumor
size, performance status, chest radiograph, liver-imaging
studies (dynamic computed tomography [CT], ultra-
sonography [US], digital-subtraction angiography
[DSA]), complete blood count and blood chemistry.
Diagnosis of HCC was established based on the findings

Table 1 Profile and pretreatment laboratory data of 203 patients who underwent TACE using miriplatin/lipiodol suspension under

room temperature and warmed conditions for unresectable HCC

Total Room temperature Warmed miriplatin P-value
miriplatin group group
Demographic data
No. of patients 203 158 45
Sex (male/female) 130/73 99/59 31/14 0.485
Age, yearst 73 (45-91) 71 (45-91) 74 (48-86) 0.940
Etiology, HBV/HCV/other 24/161/18 17/130/11 7/31/7 0.097
Laboratory datat
Albumin, g/dL 3.0 (2.0-4.2) 3.3 (2.0-4.2) 3.0 (2-4.1) 0.553
Serum aspartate aminotransferase, IU/L 50 (18-415) 52 (18-415) 47 (19-305) 0.033
Serum alanine aminotransferase, IU/L 34 (12-282) 34 (12-171) 31 (12-282) 0.311
Total bilirubin, mg/dL 1.0 (0.4-4.9) 1.1 (0.4-4.9) 1.0 (0.4-2.7) 0.902
Platelet count, x10°/mm? 9.6 (1.9-28.2) 9.5 (1.9-28.2) 10.0 (3.5-26.5) 0.716
Prothrombin activity, % 79.2 (40.8-123.1) 81.5 (45.7-123.1) 74.0 (40.8-106.1) 0.005
AFP, ug/L 30.0 (1.8-282200)  32.3(1.8-282200)  22.0 (2.9-49 710) 0.527
AFP-L3, % 19.0 (0-82.7) 22.7 (0-82.7) 12.0 (0-78.0) 0.601
DCP, AU/L 39.0 (4-662 000) 40.5 (4-65 290) 30 (8-662 000) 0.748
Child-Pugh class, A/B 152/51 119/39 33/12 0.846

Data are shown as number and percentage of patients, except those denoted by 1, which represent the median (range) values.
AFP, o-fetoprotein; AFP-L3, Lens culinaris agglutinin-reactive fraction of AFP; DCP, des-y-carboxy prothrombin; HBV, hepatitis B virus;
HCC, hepatocellular carcinoma; HCV, hepatitis C virus; TACE, transcatheter arterial chemoembolization.
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of dynamic CT, US and DSA. Patients who had extrahe-
patic metastasis of HCC or other malignancies were
excluded.

Table 2 summarizes the tumor profiles and TACE
treatment history of patients in each study group. In the
warmed miriplatin group, 12 patients (26.7%) had a
solitary tumor and 33 patients (73.3%) had multiple
tumors. The median diameter of the largest tumor was
30 mm (range, 6-115 mm) and 29 patients (64.4%)
had a history of TACE. In the room temperature miripl-
atin group, 29 patients (18.4%) had a solitary tumor
and 129 patients (81.6%) had multiple tumors. The
median diameter of the largest tumor was 30 mm
(range, 6-125 mm), and 120 patients (75.9%) had a
history of TACE. Patients in the room temperature miri-
platin group tended to have more tumors than those in
the warmed miriplatin group.

Treatment protocol

Patients were hydrated through a peripheral line. The
femoral artery was catheterized under local anesthesia,
and a 4-Fr Shepherd Hook catheter (FansaclV or Angio-
master; Terumo Clinical Supply, Gifu, Japan) was
inserted into the hepatic artery, and portography
through the superior mesenteric artery and celiac arteri-
ography were performed. Then, a 2.0- or 2.1-Fr micro-
catheter was advanced into the feeding arteries of each
tumor, and miriplatin suspended in lipiodol solution
was injected into the hepatic artery; however, the
injection was discontinued immediately before the
flow ceased completely. Thereafter, the feeding arteries
to the tumors were embolized with I-mm gelatin
cubes (Gelpart; Nippon Kayaku, Tokyo, Japan). The
miriplatin/lipiodol  suspension was administrated
slowly under careful fluoroscopic guidance. The dose of
miriplatin/lipiodol was 120-180 mg/2-3 mL and was
determined based on tumor size and degree of liver

Hepatology Research 2013; 43: 942-949

dysfunction. A 5-HT3 antagonist was administrated
before the miriplatin injection; however, hydration by
iv. fluid administration was not conducted before
the TACE procedure. A clean container was placed
in an electric range filled with water. The injector of
miriplatin/lipiodol suspension and sterilized physi-
ological saline were then placed in the container, and
the container was warmed to 60°C. We observed that in
60°C water, the miriplatin/lipiodol suspension in the
injector reaches 40°C in vitro. The stability of warmed
miriplatin/lipiodol suspension has been previously
reported.

Assessment of therapeutic efficacy

The efficacy of chemotherapy was evaluated by dynamic
CT 1-3 months after TACE with miriplatin, and was
based on change in the maximum diameter of viable
target lesions (i.e. those showing enhancement in the
arterial phase). Response categories, according to
the Modified Response Evaluation Criteria in Solid
Tumors? are as follows: complete response (CR), disap-
pearance of any intratumoral arterial enhancement in
all target lesions; partial response (PR), at least a 30%
decrease in the sum of diameters of viable target lesions;
stable disease (SD), any cases that do not qualify for
either PR or progressive disease; and progressive disease
(PD), an increase of at least 20% in the sum of the
diameters of viable target lesions.

Toxicity evaluation

Treatment-related toxicity was assessed using the
National Cancer Institute Common Terminology Crite-
ria (ver. 4.0). Within 2 weeks before TACE with miripl-
atin, and at 3-7 days (three times during this period)
and at 1 month afterward, hematological (i.e. leukocyte
and thrombocyte counts) and clinical chemistry (i.e.
serum AST, serum alanine aminotransferase [ALT],

Table 2 Tumor profile and treatment history of 203 patients who underwent TACE using miriplatin/lipiodol suspension under
room temperature condition and warmed conditions for unresectable HCC

Total Room temperature Warmed miriplatin P-value
miriplatin group group

No. of patients 203 158 45

Tumor size, mmt 20 (6-125) 30 (6-125) 30 (6-115) 0.435
Tumor multiplicity (solitary/multiple) 41/162 29/129 12/33 0.291
No. of tumorst 3 (1-100) 3 (1-100) 3 (1-40) 0.030
Stage (I/11/111/1V) 54/81/66/2 38/67/51/2 16/14/15/0 0.329
History of TACE 73.4% 75.9% 64.4% 0.130

Data are shown as number and percentage of patients, except those denoted by t, which represent the median (range) values.
HCC, hepatocellular carcinoma; TACE, transcatheter arterial chemoembolization.
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albumin, total bilirubin, serum creatine and prothrom-
bin activity) toxicity evaluations were conducted.

Statistical analysis

The distribution of subject characteristics was assessed
by the y*-test or Mann-Whitney U-test, as appropriate.
Logistic analysis was used to determine independent
predictive factors associated with CR and PR by TACE
with miriplatin. The risk ratio (RR) and 95% confidence
interval (CI) were also calculated. Variables that
achieved statistical significance (P < 0.05) or marginal
significance (P <0.10) on univariate analysis were
entered into a multivariate Cox proportional hazard
model to identify significant independent factors. Statis-
tical comparisons were performed using SPSS software
(SPSS, Chicago, IL, USA). All P-values of less than 0.05
by two-tailed test were considered significant.

RESULTS

Treatment effects

F THE 203 treated patients, 55 (27.1%) experi-

enced a CR, 47 patients (23.2%) PR, 66 patients
(32.5%) SD and 33 patients (17.2%) PD. Overal],
50.3% of patients achieved an objective response (i.e.
CR plus PR).

Predictive factors associated with objective
response to TACE

Data from the entire study population were analyzed to
identify factors that could predict objective response.
Univariate analysis identified five parameters that
tended to correlate or significantly correlated with
objective response: miriplatin temperature (warmed
miriplatin, P=0.002), tumor number (solitary tumor,

TACE, HCC, miriplatin 945

P<0.001), o-fetoprotein (AFP) level (<50 ng/mlL,
P=0.003), Lens culinaris agglutinin-reactive fraction of
AFP (AFP-L3%) (<10%, P = 0.032) and history of TACE
(no history, P=0.002). These five factors were entered
into multivariate analysis, which revealed four param-
eters to be significant and independent determinants
of objective response using miriplatin: miriplatin tem-
perature (warmed miriplatin, risk ratio [RR]=2.26,
P=0.047), tumor number (solitary tumor, RR = 3.48,
P=0.007), AFP level (<50ng/mlL, RR=235 P=
0.012) and history of TACE (no history, RR=2.22,
P=0.041) (Table 3).

Objective response according to AFP-L3%

Patients were divided into two groups according to
AFP-L3 serum level using a cut-off value of 10% (low
AFP-L3 group [<10%], n=83; high AFP-L3 group
[210%], n=89). In the high AFP-L3 group, 27 of 83
patients (32.5%) experienced CR, 22 patients (26.5%)
PR, 26 patients (31.3%) SD and eight patients (9.6%)
PD. In the low AFP-L3 group, 17 of 89 patients (19.1%)
experienced CR, 20 patients (22.5%) PR, 29 patients
(32.6%) SD and 23 patients (25.8%) PD. The response
rates were significantly different between the two groups
(P=0.032, log-rank test).

Objective response according to miriplatin
temperature, tumor number, AFP and
history of TACE

Next, the efficacy of TACE using miriplatin according to
temperature condition was examined (Fig. 1). In the
warmed miriplatin group, 19 of 45 patients (42.2%)
experienced CR, 13 patients (28.9%) PR, eight patients
(17.8%) SD and five patients (11.1%) PD. In the room
temperature miriplatin group, 36 of 158 patients
(22.8%) experienced CR, 34 patients (21.5%) PR, 58

Table 3 Factors associated with objective response (CR plus PR) after TACE using miriplatin, identified by multivariate analysis

Factors Category Risk ratio (95% P-valuet
confidence interval)
Miriplatin condition 1: Room temperature 1 0.047
2: Warmed 2.26 (1.01-5.04)
Tumor number 1: Multiple nodules 1 0.007
2: Solitary nodule 3.48 (1.42-8.62)
AFP 1: 250 ng/mL 1 0.012
2: <50 ng/mL 2.35 (1.21-4.57)
History of TACE 1: Yes 1 0.041
2: No 2.22 (1.03-4.75)

+Cox proportional hazard model.

AFP, o-fetoprotein; CR, complete response; PR, partial response; TACE, transcatheter arterial chemoembolization. {Correction made after
online publication on 14 March 2013: Category 1 of AFP was changed to 250 ng/mL, and category 2 of AFP was changed to <50ng/mL.}
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P = 0.003

P < 0.001

Figure 1 Efficacy of transcatheter arte-
rial chemoembolization (TACE) using
miriplatin in patients with hepatocellu-
lar carcinoma according to miriplatin
temperature, serum  o-fetoprotein

AFP<50 ng/ml

P =0.002
100% 100%
80% 80% -
60% 60% -
40% T 40°/o e
20% 7 20%
0% - 0% -
Room temperature Warmed
miriplatin miriplatin AFP=50 ng/ml
P =0.002
100% 100%
80% 80%
60% - 60% -
40% - 40% -
20% - 20% -
0% - 0% -

Not first TACE

First TACE

patients (36.7%) SD and 30 patients (19.0%) PD.
Overall, 71.1% of patients in the warmed miriplatin
group and 44.3% of patients in the room temperature
miriplatin group experienced an objective response (i.e.
CR plus PR). The rates were significantly different
between the two groups (P = 0.002, log-rank test).

In the high AFP group (250 ng/mL, n=79), 10 of 79
patients (12.7%) experienced CR, 19 patients (24.1%)
PR, 33 patients (41.8%) SD and 17 patients (21.5%)
PD. In the low AFP group (<50 ng/mL, n=113), 40 of
113 patients (35.4%) experienced CR, 27 patients
(23.9%) PR, 29 patients (25.7%) SD and 17 patients
(15.0%) PD (Fig. 1). The rates were significantly differ-
ent between the two groups (P = 0.003, log-rank test).

In the TACE-naive group (n=54), 19 of 54 patients
(35.2%) experienced CR, 14 patients (25.9%) PR, 17
patients (31.5%) SD and four patients (7.4%) PD.
In patients who had previously undergone TACE
(n=149), 36 of 149 patients (24.2%) experienced CR,
33 patients (22.1%) PR, 49 patients (32.9%) SD and 31

© 2012 The Japan Society of Hepatology

Multiple tumors ~ Solitary tumors

(AFP) level, history of TACE and tumor
number. Complete response (CR) and
partial response (PR) rates were signifi-
cantly higher for patients who received
warmed miriplatin, had a low AFP
level, were undergoing their first TACE
and/or had solitary tumors. [J, progres-
sive disease (PD); [, stable disease
(SD); B, PR; B, CR. [Correction made
after online publication on 14 March
2013: In the history of TACE diagram,
the left column was relabeled as ‘Not
first TACE' while the right column was
relabeled as ‘First TACE'.]

patients (20.8%) PD (Fig. 1). The rates were signifi-
cantly different between the two groups (P = 0.002, log-
rank test).

Among all patients, 41 patients (20.2%) had a solitary
tumor and 162 (79.8%) had multiple tumors. In the
solitary tumor group, 20 of 41 treated patients (48.8%)
experienced CR, 11 patients (26.8%) PR, seven patients
(17.1%) SD and three patients (7.3%) PD. In the mul-
tiple tumors group, 35 of 162 patients (21.6%) experi-
enced CR, 36 patients (22.2%) PR, 59 patients (36.4%)
SD and 32 patients (19.8%) PD (Fig. 1). The rates
were significantly different between the two groups
(P<0.001, log-rank test).

Adverse effects

Fever, anorexia and elevated serum transaminase levels
were observed in most patients after miriplatin admin-
istration (Table 4). In the room temperature miriplatin
group and warmed miriplatin groups, the following
grade 4 events were observed: increased AST in four



Hepatology Research 2013; 43:

Table 4 Adverse effects following miriplatin administration

=45)

Warmed condition (n

Room temperature condition (n = 158)

Grade 2 Grade 3 Grade 4

Grade 1

Grade 2 Grade 3 Grade 4

Grade 1

0
0

4 (8.9%)
6 (17.9%)

10 (22.2%)

5 (10.7%)

21 (46.7%)
22 (48.9%)
21 (46.7%)
21 (46.7%)
22 (48.9%)
25 (55.6%)

0
0
0

1 (0.6%)
5 (3.2%)
20 (12.7%)
38 (24.1%)
22 (13.9%)

19 (12.0%)
19 (12.0%)
38 (24.1%)
33 (20.9%)
17 (10.8%)
17 (10.8%)

11 (7.0%)

96 (60.8%)
80 (50.6%)
75 (47.5%)
74 (46.8%)
72 (45.6%)
63 (39.9%)
30 (0.6%)

White blood cells decreased

Anemia

0

3 (6.7%)
20 (28.6%)

Platelet count decreased

942-949

2 (4.4%)
2 (4.4%)

4 (8.9%)

0
0
0

7 (15.6%)

10 (22.2%)
7 (17.9%)

0

4 (2.5%)
1 (0.6%)

0
0
0

2 (1.3%)
5 (3.2%)

Aspartate aminotransferase increased
Alanine aminotransferase increased

o
o
]
=
o
R
=
g &
L =
o<

2 (4.4%)

4 (10.7%)

Abdominal pain

Values denote numbers of subjects. Treatment-related toxicity was assessed using the National Cancer Institute Common Terminology Criteria ver. 4.0.

TACE, HCC, miriplatin 947

(2.5%) and one patient (3.5%), respectively, and
increased ALT in one (0.6%) and one patient (3.6%),
respectively; all of these elevations resolved within
2 weeks. No vascular complications of the hepatic artery
were observed in any patient. No other serious com-
plications or treatment-related deaths were observed
following miriplatin administration. No significant dif-
ferences in adverse effects were observed between the
two groups. '

'DISCUSSION

RANSCATHETER ARTERIAL CHEMOEMBOLIZA-

TION is widely performed in patients with HCC
who are not eligible for curative therapy. Previous ran-
domized controlled trials and meta-analyses confirmed
the survival benefit of TACE. Because many anticancer
drugs, such as doxorubicin, epirubicin, mitomycin C,
cisplatin and neocarzinostatin, have been used for the
treatment of HCC, the most effective and least toxic
agents or protocol remain unclear.”®** In most patients,
TACE can be repeated, and using the same agent mul-
tiple times can lead to resistance. A previous study
reported that platinum analogs are frequently effective
for advanced HCC that are unresponsive to TACE with

~ epirubicin.?® Miriplatin was developed as a lipophilic
~platinum complex that has superior antitumor efficacy

in HCC with lower toxicity compared to cisplatin.’*-
Previous reports suggested that TACE with miriplatin
can be used safely for HCC patients with chronic renal
failure.”

Pharmacokinetic studies have demonstrated that the
plasma concentration of total platinum is much lower
in patients treated with miriplatin compared with that
in patients treated with intra-arterial cisplatin: the Ca is
approximately 300-fold lower and the Ty, roughly 500-
fold longer for miriplatin than the corresponding values
for intra-arterial cisplatin. Miriplatin/lipiodol suspen-
sion is a stable colloidal emulsion that is deposited
within HCC tumors, where it gradually releases active
derivatives of miriplatin. Miriplatin/lipiodol releases
1,2-diaminocyclohexane platinum (II) dichloride
(DPC) as its active platinum compound, which binds to
nuclear DNA and mediates miriplatin/lipiodol cytotox-
icity. In a cisplatin-resistant rat hepatoma cell line
model, cross-resistance to DPC was not observed.*

Previous studies reported the efficacy of miriplatin,
but differences in efficacy associated with miriplatin
temperature have not yet been evaluated. In the present
study, we examined predictors of objective response to
TACE with miriplatin. Multivariate analysis identified

© 2012 The Japan Society of Hepatology
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use of warmed miriplatin, low serum AFP, first TACE
and solitary tumors as predictors of objective response
in patients who received TACE with miriplatin. Previous
reports identified CR after previous TACE, solitary
tumor, injection from peripheral to segmental hepatic
artery,”® and stage I or Il disease® as significant predic-
tors associated with CR to TACE with miriplatin.
Another report stated that the rates of local recurrence
and intratumoral recurrence in patients treated with epi-
rubicin were significantly lower than those in patients
treated with miriplatin.?® In the present study, some of
the above factors were not identified as significant pre-
dictors of response. The differences in the findings of the
present study and the reports described above are not
currently clear, but may reflect differences in the popu-
lation samples, as this was the first study to focus on the
objective response of patients receiving miriplatin for
the first time. Notably, the present study is the first study
to investigate the viscosity of miriplatin/lipiodol sus-
pension. Further studies of larger populations including
individuals of other ethnicities are necessary.

In this study, warmed miriplatin was associated with
objective response after TACE. The main issue associated
with miriplatin administration is its high viscosity,
which prevents the miriplatin/lipiodol suspension from
flowing into the peripheral artery and leads to inhomo-
geneous distribution of miriplatin/lipiodol suspension
in HCC tumors. This is the primary reason that TACE
with miriplatin is associated with reduced efficacy com-
pared to TACE with other agents.” Basic research has
provided evidence that as the temperature of miriplatin/
lipiodol suspension rises, its viscosity decreases; for
example, the viscosity of miriplatin/lipiodol suspension
at 40° C is 0.51-times that at 25°C. The chemical behav-
ior of miriplatin does not change until its temperature
reaches 70°C. Further studies should be performed to
investigate the viscosity and antitumor efficacy of con-
densed and warmed miriplatin conditions, as well as the
associated wash-out periods. In addition, although no
significant differences in adverse effects between groups
were noted, further follow up regarding vascular com-
plications of the hepatic artery is required.

Previous studies reported the relationship between
tumor multiplicity and efficacy of TACE.*® TACE can be
performed selectively, and the dose of drug per tumor is
higher in patients with solitary tumors than in those
with multiple tumors. In the present study, solitary
tumors and warmed miriplatin were associated with
objective response. These results are not inconsistent
with previous studies. Interestingly, in the present
patients, the impact of warmed miriplatin and solitary

© 2012 The Japan Society of Hepatology
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tumor was more significant than that of age, liver func-
tion, tumor size, tumor stage, tumor markers, injection
artery and history of TACE. One possible explanation
for this finding is that the study population included
patients who received TACE with miriplatin for the first
time. Previous studies reported that complete tumor
necrosis after TACE offered favorable long-term survival
outcomes in HCC patients.>* In the current study,
warmed miriplatin administration was associated with
objective response, suggesting that warmed miriplatin
administration potentially results in a favorable progno-
sis for HCC.

The present study has certain limitations. This was a
retrospective study and the patients were not random-
ized with respect to treatment with warmed versus room
temperature miriplatin. A prospective study is needed to
assess the safety and efficacy of warmed miriplatin
administration. The other limitation is the small
number of cases in the warmed miriplatin group. A
study with a larger number of patients is required to
confirm the present results. Furthermore, evaluation of
the efficacy of warmed miriplatin compared with epiru-
bicin or cisplatin in HCC is also required.

In conclusion, the present study identified warmed
miriplatin and solitary tumors as significant and inde-
pendent predictors of objective response after TACE
using miriplatin. The results emphasize the importance
of the condition under which miriplatin is adminis-
trated, and we recommend that warmed miriplatin
should be the standard method of administration for
patients with unresectable HCC undergoing TACE.
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Abstract

Background Clearance of hepatitis B surface antigen
(HBsAg) is considered the ultimate goal in chronic hepa-
titis B treatment. One treatment option is long-term
nucleot(s)ide analog (NA) therapy. We followed a group of
long-term NA therapy patients to evaluate the efficacy of
this treatment in promoting clearance and longitudinal
declines of HBsAg.

Method The study included 791 NA therapy patients who
received lamivudine as their first drug. At the baseline, 442
patients were hepatitis B e antigen (HBeAg)+ and 349
were HBeAg—. All analyses were performed after sepa-
rating the HBeAg+ and HBeAg— cohorts. Cox propor-
tional hazards models were used to determine which
factors were associated with HBsAg clearance.

Results HBsAg clearance was observed in 18 (4.1 %) of
the HBeAg+ patients and 20 (5.7 %) of the HBeAg—
patients at baseline, giving seroclearance rates of 6.4 and
6.9 %, respectively, over the nine-year study period.
HBsAg clearance was influenced by several independent
factors that varied according to HBeAg cohort. For
HBeAg+ patients, these included previous interferon
therapy, infection with hepatitis B virus (HBV) genotype
A, a >0.5 log TU/mL decline in HBsAg level within six
months, and clearance of HBeAg at six months. For
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HBeAg— patients, these included infection with HBV
genotype A, decline in HBsAg at six months, and a base-
line HBsAg level of <730 IU/mL.

Conclusion This study suggests that both direct antiviral
potential and host immune response are needed to achieve
HBsAg clearance by NA therapy. Viral genotype strongly
influenced HBsAg clearance during NA therapy.

Keywords Hepatitis B surface antigen - Nucleot(s)ide
analog - Lamivudine - Interferon

Introduction

Worldwide, an estimated 400 million people are infected
with hepatitis B virus (HBV) persistently, and one million
people die of decompensated cirrhosis and/or hepatocel-
lular carcinoma (HCC) annually [1, 2]. Recently, oral
nucleot(s)ide analogs (NAs) have been used as a mainstay
therapeutic strategy against chronic hepatitis B. Five such
antiviral agents—lamivudine (LAM), entecavir (ETV),
telbivudine, adefovir dipivoxil (ADV), and tenofovir
disoproxil fumarate—which inhibit viral replication [e.g.,
hepatitis B virus DNA (HBV DNA) priming, reverse
transcription of negative-stranded HBV DNA, and syn-
thesis of positive-stranded HBV DNA] have been
approved; these NAs vary in both the strength and the
rapidity with which they suppress HBV DNA [3-10].
Sustained viral suppression by NA therapy can improve
liver fibrosis and clinical outcomes of patients [11, 12].
LAM was the first NA to be approved to treat chronic
hepatitis B in Japan, followed by ADV and ETV.
Responses to antiviral treatments can be evaluated by
monitoring serum HBV DNA levels, hepatitis B e antigen
(HBeAg) and antibody levels, and hepatitis B surface
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antigen (HBsAg) and antibody levels. Serum HBsAg levels
appear to reflect the amount of intrahepatic covalently
closed circular DNA (cccDNA), which acts as a template
for the transcription of viral genes [13-15]. Previous
studies have shown that both interferon (IFN) and NA
therapy result in a reduction of intrahepatic cccDNA
[16, 17], suggesting that these treatments may be helpful in
achieving the ultimate therapeutic goal of antiviral therapy
for chronic hepatitis B (i.e., total clearance of HBsAg).

Very low rates of HBsAg clearance have been reported
in the past [18-22]. Recent work has shown that over a
one-year period, pegylated (PEG)-IEN therapy is more
successful than ETV at reducing serum HBsAg [23]; fur-
thermore, PEG-IFN therapy has also been reported to
promote the complete clearance of HBsAg [24-27]. Sev-
eral studies have detailed similar successes achieved by
NA therapy but over relatively short (<5 years) treatment
durations [18-20, 22, 28, 29]. The kinetics of HBsAg
during long-term (>5 years) treatment remain unknown.
NA therapy leads to time-dependent decreases in intrahe-
patic cccDNA and serum HBsAg levels if sustained viral
suppression is longer term, and may therefore increase the
rates of HBsAg clearance.

In order to evaluate this possibility empirically, we
conducted a ten-year-long study in which we followed
patients who received NA therapy initiated by the admin-
istration of LAM. We evaluated the resulting clearance and
longitudinal declines of HBsAg using highly sensitive
assays. Our aim was to determine whether long-term NA
therapy can lead to HBsAg clearance, as suggested; if so,
we also wished to elucidate the factors associated with its
success.

Methods
Study population

Over a period of 12 years (September 1995 to September
2007), 949 consecutive patients who were chronically
monoinfected with HBV (confirmed HBsAg positivity for
at least six months), were treated with LAM monotherapy
at the Department of Hepatology, Toranomon Hospital,
Metropolitan Tokyo. The indication for antiviral therapy
was abnormal ALT levels accompanying the increase in
HBV DNA (over 4 log copies/mL) as a rule. However, in
cases where ALT levels were normal, patients with
advanced fibrosis were administered LAM. We did not
treat patients without fibrosis who had low HBV DNA and
normal ALT levels as a rule. We selected 791 patients for
the final study after we had excluded all those who had
been treated with LAM for <6 months, were co-infected
with hepatitis C virus, had not provided sufficient serum
samples, and/or had insufficient clinical records (Fig. 1).
No patient was co-infected with human immunodeficiency
virus in this cohort. Seven hundred ninety-one patients
were enrolled in this cohort study. Of these 791 patients,
442 were HBeAg-+ and 349 were HBeAg— at baseline. All
analyses were performed after separating the HBeAg+ and
HBeAg— cohorts. Written informed consent was obtained
from each patient. The study protocol conformed to the
ethical guidelines of the 1975 Declaration of Helsinki and
was approved a priori by the institution’s human research
committee. This study has been registered in the University
Hospital Medical Information Network Clinical Trials
Registry (UMIN CTR) as the number UMINO00007993.

Fig. 1 Schematic of study
protocol. LAM lamivudine,

949 consecutive patients received LAM monotherapy

HCC hepatocellular carcinoma,
HCYV hepatitis C virus, ETV
entecavir, ADV adefovir
dipivoxil, HBsAg hepatitis B
surface antigen

73 patients excluded (with HCC)

85 patients excluded ;
Drop out: n =17
Death due to other disease: n=3
Death due to hepatic decomposition: n=7
HCV co-infection: n = 2
Clinical data insufficiency: n = 4
No compliance: n=4
Early cessation due to adverse events: n=4
Early cessation due to no response: n=6
Early cessation due to pregnancy: n =3
Early cessation due to other reasons: n = 15
Serum samples missing: n = 20

791 patients enrolled in this study

| |
]

HBsAg clearance 24

LAM monotherapy Switched to ETV yADV added on LAM due to LAMr mutantg
=323 N=169 N=299
7 7
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Antiviral therapy and drug resistance

All 791 patients received 100 mg LAM daily as an initial
therapy, but a LAM-resistant rtM204I/V mutation devel-
oped in 439 (55 %) of these patients. Over time, 334
(42 %) individuals experienced an increase in HBV DNA
(>1 log copies/mL) [e.g., virological breakthrough (VBT)]
and, as a result, 299 (98.5 %) individuals were also pro-
vided with ADV treatment (10 mg) added onto LAM as a
rescue therapy. The remaining patients continued to
receive LAM monotherapy and were lost to follow-up
before the administration of ADV because of the lack of
approval for ADV administration in Japan at the time. The
resistant mutation for rtM2041/V was detected in 312 of
334 patients who experienced VBT using a commercial kit
(as described below). Patients who had achieved an optimal
or suboptimal virological response or who wished to par-
ticipate in the clinical trial of ETV for LAM-refractory
patients (ClinicalTrials.gov: NCT 1037166)—152 and 17
patients, respectively—switched from LAM to ETV
(0.5 mg/day). Additionally, patients in whom subsequent
ADV- or ETV-resistant mutants emerged received an
optimal rescue therapy with other NAs (ETV + ADV
combination for ADV resistance, and LAM + ADV
combination for ETV resistance).

NA treatment was continued as a rule; median NA
treatment duration was 75 months (25th-75th percentile,
55-102) in the HBeAg+ cohort and 92 months (67-119) in
the HBeAg— cohort. Ultimately, 55 (7 %) of the 791
patients discontinued treatment; 16 of these individuals
terminated treatment after achieving HBsAg seroclearance.
Follow-ups were conducted for all patients, regardless of
length of treatment, for as long as possible.

Clinical data collection and follow-ups

Data on patient characteristics, biochemistry, hematology,
virology, histology, and previous treatments were collected
and registered in our institute’s database at the time of
patient enrollment. Prior to beginning LAM, all patients
were surveyed about the presence of a family history of
HBV infection. Data on treatment dose and duration of
previous IFN therapy were collected from our hospital’s
IFN therapy database or requested from other hospitals as
necessary. Complete details on the previous treatment were
lacking for 29 (9.7 %) of 297 patients who received IFN
therapy before starting LAM.

At least every 1-3 months, liver function and virologi-
cal markers of HBV infection were measured in all
patients. All serum HBsAg titers were measured from
frozen serum samples collected at six months, one year,
three years, five years, and once annually for 6-10 years,
and then stored at —80 °C. The day of HBsAg clearance
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was defined by the measurement in consecutive available
serum samples before it was undetected in subsequent
samples. A genotypic analysis of drug resistance was per-
formed in cases of insufficient virological response or
VBT, defined as an increase in serum HBV DNA levels >1
log above the nadir measured after the initial virological
response. Cirrhosis was diagnosed by laparoscopy, liver
biopsy, or clinical data such as imaging modalities and
portal hypertension. The primary outcome for this study
was HBsAg clearance. The endpoint of the follow-up was
HBsAg clearance or last visit before January 2011.

Markers of HBV infection

Serum HBsAg titers were measured using ARCHITECT
HBsAg QT assay kits (Abbott Laboratories, Tokyo, Japan),
which have a lower limit of detection of 0.05 IU/mL and
an upper limit of detection of 250 IU/mL. To expand the
upper range from 250 to 125,000 IU/mL, serum samples,
going off the scale, were diluted stepwise to 1:20 and 1:500
with ARCHITECT diluents as the product document
described. HBeAg was determined by enzyme-linked
immunosorbent assay with a commercial kit (HBeAg EIA;
Institute of Immunology, Tokyo, Japan). HBV DNA was
quantified using the Amplicor monitor assay (Roche
Diagnostics, Tokyo, Japan), which has a dynamic range of
2.6-7.6 log copiessrmL, or COBAS TagMan HBV v.2.0
(Roche Diagnostics, Tokyo, Japan), which has a dynamic
range of 2.1-9.0 log copies/mL. A commercial kit (HBV
Genotype EIA; Institute of Immunology) was used to
serologically determine HBV genotypes using the combina-
tion of epitopes expressed on the pre-S2 region product,
which is specific to each of the seven major genotypes (A-G).
YMDD mutants (rt M2041/V) were determined by poly-
merase chain reaction-based enzyme-linked mini-sequence
assay with a commercial kit (Genome Science Laboratories,
Tokyo, Japan).

Statistical analyses

Categorical data were compared between groups using chi-
square or Fisher’s exact tests. Continuous variables with a
nonparametric distribution were analyzed with Mann—
Whitney U tests, while those with a parametric distribution
were analyzed with Student’s 7 tests. When appropriate,
Kruskal-Wallis tests were used to conduct pairwise com-
parisons of specific variables. Cox regression analyses were
used to assess which variables were significantly associated
with HBsAg clearance. Cut-off values were provided using
the area under the receiver operating characteristic curve
(ROC) only after rejecting the null hypothesis for the ROC
curve. All baseline factors that were found to be significantly
associated with HBsAg clearance by univariate analysis
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were entered into a multivariate analysis. Independent
baseline factors associated with clearance of HBsAg were
calculated using a stepwise Cox regression analysis. We then
performed a time-dependent Cox regression to analyze
independent factors associated with HBsAg while adjusting
for on-treatment factors and independent baseline factors.
Three covariates of the on-treatment response factors—
emergence of rtM2041/V mutants, VBT, and biochemical
breakthrough—were set as the time-dependent covariates.
Cumulative HBsAg clearance rates were analyzed using the
Kaplan—-Meier method; differences in the resulting curves
were tested using log-rank tests. We performed Cox
regression analysis, Kaplan-Meier curve analysis, and
HBsAg kinetics analysis for no more than nine years, as the
number of patients with a long-term follow-up of over
ten years was too small to permit analysis [30]. Bonferroni
adjustments were used to correct for the number of different
ways a single predictor variable can be split. Significance
was defined as P < 0.05 for all two-tailed tests. Data analysis
was performed with IBM SPSS version 19.0 software (IBM
Corp., Armonk, NY, USA).

Results
Patient characteristics

Thirty-eight (4.8 %) of 791 patients successfully cleared
HBsAg. Of these, 24 had received LAM, 7 had switched to
ETV treatment, and 7 had been treated with both LAM and
ADV (Fig. 1). Of the 38 patients who achieved HBsAg
clearance, 18 were HBeAg+, whereas 20 were HBeAg— at
baseline. Table 1 provides a comparison of the baseline
and on-treatment characteristics between patients who
were and were not able to successfully clear HBsAg (all
patients, HBeAg+ and — cohorts, respectively). In the
HBeAg+ cohort, baseline characteristics that were signif-
icantly associated with HBsAg clearance included previous
IEN therapy, HBV genotype, HBV DNA, and AST and
ALT levels; in the HBeAg— cohort, significant character-
istics included HBV genotype and HBsAg levels. Signifi-
cant on-treatment characteristics in the HBeAg+ cohort
included decline in HBsAg, clearance of HBeAg, and
decline in HBV DNA to <2.6 log copies/mL at six months;

Table 1 Baseline, demographic, and on-treatment characteristics of patients with and without HBsAg seroclearance

Characteristics All patients

HBeAg+ at baseline (n = 442)

HBeAg~ at baseline (n = 349)

=791
(r="7D Persistently HBsAg P Persistently HBsAg P
HBsAg+ seroclearance HBsAg+ seroclearance
(n = 424) (n=18) (n = 329) (n =20)
Baseline
Age® (years) (SD) 43 (11.1) 41 (11.2) 44 (10.5) 0.177 47 (10.3) 46 (10.3) 0.899
Gender (male:female) 627:164 329:95 16:2 0.385 265:64 16:4 1.000
Race 0.446
Japanese 768 (97) 411 (97) 17 (94) 320 (97) 20 (100) 1.000
Non-Japanese (%) 23 (3) (21:2) 13 (3) (20:2) 1.(3) (1:0) 9 (3) (20:2) 0 (3) (1:0)
(Asian:Caucasian)
Family history of 539 (68) 311 (73) 10 (56) 0.107 208 (63) 10 (50) 0.238
HBYV infection
Previous IFN therapy 297 (38) 167 (39) 15 (83) <0.001 106 (32) 9 (45) 0.326
IFN duration 27 (20-58) 26 (18-53) 52 (21-79) 0.214 32 (22-89) 23 (14-72) 0.457
(weeks) :
Duration from the 50 (3-189) 26 (7-124) 37 (2-89) 0.505 119 (3-316) 102 (18-289) 0.746
end of IFN to
start of lamivudine
(weeks)
Previous NA 34 (4) 21 (5) 2 (1) 0.239 10 (3) 1(5 0.483
therapy
Presence of cirrhosis 169 (21) 76 (18) 2(11) 0.752 87 (26) 4 (20) 0.610
HBYV genotype <0.001 <0.001
A 28 (3.5) 14 (3.3) 6 (33) 6 (1.8) 2 (10)
B 67 (8.5) 16 (3.8) 0O 48 (14.6) 3 (15)
C 664 (83.9) 374 (88.2) 12 (67) 265 (80.5) 13 (65)
D 3(04) 2 (0.4) 0 () 0O 1(5)
F 2(0.3) 2 (0.4) 0O 0O 0
Unclassified/missing 27 (3.4) 16 (3.8) 0 (0) 10.(3.0) 1(5)
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Table 1 continued

Characteristics All patients HBeAg+ at baseline (1 = 442) HBeAg~— at baseline (n = 349)
n =791
¢ ) Persistently HBsAg P Persistently HBsAg P
HBsAg+ seroclearance HBsAg+ seroclearance
(n = 424) (n=18) (n = 329) (n = 20)

Baseline HBV DNA 7.0 (5.8-8.0) 7.6 (6.7-8.2) 8.0 (7.5-8.4) 0.027 6.3 (5.2-7.2) 6.1 (5.0-7.0) 0.652
(log copies/mL)

Baseline HBsAg 2530 3910 5280 0.331 1590 (599-3050) 529 (58-1610) 0.004
level (IU/mL) (907-6590)  (1690-12300) (943-67600)

Baseline AST 74 (48-135) 81 (52-165) 201 (78-666) 0.011 66 (42-113) 57 (39-96) 0.694
level (IU/L)

Baseline AST 22 (1.54.1) 25(1.6-5.0) 6.1 (2.3-20.2) 0.011 2.0 (1.3-3.4) 1.7 (1.2-2.9) 0.736
level (x ULN)

Baseline ALT 115 130 (72-290) 326 (104-775) 0.021 101 (56-194) 101 (55-215) 0.904
level (TU/L) (63-252)

Baseline ALT 3.0 (1.7-64) 3.5 (1.9-7.8) 7.8 (2.5-20.3) 0.040 2.6 (1.4-5.2) 2.6 (1.4-5.2) 0.955
level (x ULN)

Baseline total 0.8 (0.6-1.1) 0.8 (0.5-1.1) 0.9 (0.6-1.9) 0.117 0.7 (0.6-1.0) 0.8 (0.6-0.9) 0.556
bilirubin level
(mg/dL)

Platelet count® 16.1 (5.7) 16.5 (6.1) 14.7 (3.5) 0221 15.6 (5.1) 17.7 (6.9) 0.216
(10%mm?) (SD)

On-treatment response

Decline of HBsAg 97 (1) 67 (16) 13 (72) <0.001 11(3) 6 (30) <0.001
level (=0.5 log
TU/mL within
six months)

HBeAg 109 (14) 94 (22) 10 (56) 0.005 NA NA
positive — clearance
within six months

Undetectable HBV 532 (67) 221 (52) 15 (83) 0.014 277 (84) 19 95) 0.330
DNA (<400 copies/
mL) at six months

Emergence of 439 (55) 251 (59) 9 (50) 0.469 170 (52) 9 (45) 0.646
rtM2041/V mutants

Viral breakthrough 334 (42) 216 (51) 5(28) 0.055 108 (33) 5(25) 0.473
due to mutants

Biochemical 318 (40) 200 (47) 5(28) 0.146 108 (33) 5(25) 0.473
breakthrough

due to mutants

Except where marked with a superscript letter a, values are expressed as the median and 25th—75th percentiles (parenthetically), or number and
percentage (parenthetically). ULN; AST = 33 IU/L, ALT = 42 IU/L (male), and 27 IU/L (female). Asterisks indicate data displayed as mean
values and standard deviations. Bold text indicates statistically significant P values

the only significant characteristic in the HBeAg— cohort
was a decline in HBsAg within six months. ROC curve
analysis confirmed a cut-off value of 0.5 log IU/mL for a
decline in HBsAg level within six months in the HBeAg+
and — cohorts [area under the curve = 0.810 (95 % CI
0.673-0.947) (HBeAg+ cohort) and 0.760 (95 % CI
0.611-0.909) (HBeAg— cohort)].

LAM-resistant rtM2041/V mutants were detected in 439
(55.5 %) of 791 patients. Of these, 334 (42.2 % of all
patients) also developed VBT accompanied by an increase
in HBV DNA (>1 log copies/mL). The rate of VBT was
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marginally significantly lower in the HBsAg clearance
group in the HBeAg+ cohort (Table 1).

Factors associated with HBsAg clearance

The overall cumulative rates of HBsAg clearance were
0.2 % at one year, 1.2 % at three years, 2.6 % at five years,
4.2 % at seven years, and 6.4 % at nine years in the
HBeAg+ cohort; and 0.6 % at one year, 0.9 % at three -
years, 2.2 % at five years, 5.2 % at seven years, and 6.9 %
at nine years in the HBeAg— cohort. Univariate Cox
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Table 2 Baseline and on-treatment response factors associated with HBsAg clearance, as determined by time-dependent univariate and mul-

tivariate analyses at year 9 (HBeAg+ cohort)

Variable

Univariate

Multivariate

HBsAg clearance rate P
ratio (95 % CI)

HBsAg clearance rate P
ratio (95 % CI)

Baseline factors
Age (=50 years)
Gender (F)
Family history of HBV infection
Previous IFN therapy
Previous NA therapy
Presence of cirrhosis
HBV genotype (A)
HBYV DNA (>6.0 log copies/mL)
HBsAg (<730 IU/mL)
AST (=4.5 x ULN)
ALT (>7.2 x ULN)
Total bilirubin (>1.5 mg/dL)
Platelet count (<1.2 x 105/mm3)
On-treatment response factors
Decline of HBsAg level (=0.5 log IU/mL within six months)
HBeAg positive — clearance within six months
Undetectable HBYV DNA (<400 copies/mL) at six months
Emergence of rtM2041/V mutants”
Viral breakthrough due to mutants®
Breakthrough hepatitis due to mutants®

1.36 (0.48-3.86) 0.564
0.51 (0.12-2.23) 0.371

0.42 (0.16-1.09) 0.074

5.60 (1.61-19.5) 0.007  6.15 (1.69-22.4) 0.006
242 (0.55-10.6) 0.242

0.85 (0.52-1.40) 0.527

3.64 (2.21-5.99) <0.001  3.18 (1.80-5.62) <0.001
2.56 (0.34-19.3) 0.362

1.57 (0.51-4.81) 0.432

4.53 (1.68-12.2) 0.003

3.56 (1.35-9.36) 0.010

2.63 (0.92-7.46) 0.070

0.58 (0.13-2.59) 0.476

15.8 (5.14-48.5) <0.001  18.6 (5.78-60.0) <0.001
4.33 (1.65-11.4) 0.003  2.95 (1.04-8.39) 0.042
3.95 (1.14-13.7) 0.031

0.88 (0.32-2.44) 0.802

0.32 (0.10-1.00) 0.050

0.41 (0.13-1.31) 0.134

* Time-dependent covariates. Bold text indicates statically significant P valuesVariables analyzed in multivariate analysis: previous IFN therapy,
HBV genotype, ALT, decline of HBsAg levels, HBeAg clearance within six months, undetectable HBV DNA at six months, and viral

breakthrough due to mutants (time-dependent covariate)

regression analysis identified four baseline characteristics
and four on-treatment responses that were associated with
HBsAg clearance in the HBeAg-+ cohort (Table 2), and two
baseline characteristics and two on-treatment responses in
the HBeAg— cohort (Table 3). ROC curve analysis pro-
vided the optimal cut-off values and indices for the pre-
diction of HBsAg clearance. ROC curve analysis confirmed
cut-off indices of 4.5 x ULN for AST and 7.2 x ULN for
ALT for HBsAg clearance in the HBeAg+ cohort [area
under the curve = 0.677 (95 % CI10.524-0.830) (AST) and
0.643 (95 % CI 0.503-0.783) (ALT)]. Meanwhile, ROC
curve analysis confirmed a cut-off value of 730 IU/mL
(2.86 log IU/mL) for HBsAg for HBsAg clearance in the
HBeAg— cohort [area under the curve = 0.696 (95 % CI
0.556-0.836)]. Time-dependent multivariate Cox regres-
sion analysis identified two significant baseline character-
istics and two on-treatment responses related to HBsAg
clearance: previous IFN therapy, infection with HBV
genotype A, a decline in HBsAg level of >0.5 log IU/mL
within six months, and HBeAg clearance within six months
in the HBeAg+ cohort (Table 2). In the HBeAg— cohort,
two baseline characteristics and one on-treatment response

were identified in multivariate analysis: infection with HBV
genotype A, HBsAg level of <730 IU/mL (2.86 log IU/
mL), and a decline in HBsAg level of >0.5 log IU/mL
within six months (Table 3).

Association between HBV genotype and
HBsAg clearance

We performed a detailed analysis of the association
between HBV genotype and HBsAg clearance in patients
treated with NAs. Median baseline HBsAg levels were 4.7
log IU/mL (25th~75th percentile, 4.4-5.1) among patients
with genotype A, 3.8 (3.5-4.2) among patients with
genotype B, and 3.5 (3.2-4.0) among patients with geno-
type C in the HBeAg+ cohort (Fig. 2a); and 3.7 (2.5-4.1)
in patients with genotype A, 2.9 (2.6-3.5) in patients with
genotype B, and 3.2 (2.8-3.5) in patients with genotype C
in the HBeAg— cohort (Fig. 2b). HBeAg+ patients with
genotype A had higher baseline HBsAg levels than those
with genotypes B or C (P < 0.001) (Fig. 2a). There were
no significant differences in baseline HBsAg levels
between the genotypes in the HBeAg— cohort.
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Table 3 Baseline and on-treatment response factors associated with HBsAg clearance, as determined by time-dependent univariate and mul-

tivariate analyses at year 9 (HBeAg— cohort)

Variable Univariate Multivariate
HBsAg clearance rate P HBsAg clearance rate P
ratio (95 % CI) ratio (95 % CI)
Baseline factors
Age (=50 years) 1.39 (0.54-3.60) 0.498
Gender (F) 0.98 (0.28-3.40) 0.971
Family history of HBV infection 0.49 (0.19-1.27) 0.140
Previous IFN therapy 0.88 (0.32-2.38) 0.797
Previous NA therapy 2.41 (0.32-18.2) 0.394
Presence of cirrhosis 0.71 (0.43-1.16) 0.173
HBYV genotype (A) 2.79 (1.33-5.85) 0.007 2.73 (1.29-5.81) 0.009
HBYV DNA (>6.0 log copies/mL) 1.16 (0.43-3.14) 0.772
HBsAg (<730 IU/mL) 3.91 (1.59-9.52) 0.003 4.90 (1.85-10.6) 0.001
AST (>4.5 x ULN) 1.76 (0.57-5.40) 0.324
ALT (>7.2 x ULN) 1.89 (0.62-5.81) 0.265
Total bilirubin (>1.5 mg/dL) 1.18 (0.27-5.20) 0.825
Platelet count (<1.2 x 10%mm?) 0.77 (0.17-3.55) 0.733
On-treatment response factors
Decline of HBsAg level (>0.5 log IU/mL within six months) 11.5 (4.24-31.0) <0.001 16.9 (5.89-48.4) <0.001
Undetectable HBV DNA (<400 copies/mL) at six months 2.78 (0.37-20.8) 0.322
Emergence of rtM2041/V mutants® 0.64 (0.23-1.79) 0.392
Viral breakthrough due to mutants® 0.72 (0.23-2.29) 0.581
Breakthrough hepatitis due to mutants® 0.65 (0.21-2.06) 0.465

# Time-dependent covariates. Bold rext indicates statically significant P values

Variables analyzed in multivariate analysis: HBV genotype, baseline HBsAg, decline of HBsAg levels

HBsAg kinetics over time in the HBeAg+ and
— cohorts are shown in Fig. 2c, d, respectively. Among
patients with genotype A in the HBeAg+ cohort, the
median HBsAg change from baseline was —0.44 log TU/
mL at six months, —0.56 at one year, —0.58 at three years,
—1.08 at five years, and —1.33 at six years. Among
patients with genotype B in the HBeAg+ cohort, median
changes were —0.30 log IU/mL at six months, —0.30 at
one year, —0.43 at three years, and —0.46 at five years.
Kinetics were not calculated for some groups (genotype A
at seven years, genotype B at six years) because the
number of patients was too small. Finally, among patients
with genotype C in the HBeAg+ cohort, median changes
were 0.00 log IU/mL at six months, 0.03 at one year,
—0.08 at three years, —0.29 at five years, —0.53 at six -
years, —0.62 at seven years, —0.70 at eight years, and
—0.82 at nine years. Genotype had a significant effect on
the slopes between data collection points at six months and
six years. In the HBeAg+ cohort, declines were faster in
patients with genotype A than in those with genotypes B or
C. HBeAg— patients with genotype A displayed a median
HBsAg change from baseline of 0.05 log IU/mL at six
months, 0.05 at one year, —0.11 at three years, —0.21 at
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five years, and —0.26 at six years. Among patients with
genotype B in the HBeAg— cohort, median changes were
—0.03 log IU/mL at six months, —0.06 at one year, —0.25
at three years, —0.31 at five years, —0.51 at six years,
—0.62 at seven years, —0.66 at eight years, and —0.61 at
nine years. Among patients with genotype C in the
HBeAg— cohort, median changes were 0.03 log IU/mL at
six months, 0.04 at one year, —0.08 at three years, —0.19
at five years, —0.32 at six years, —0.39 at seven years,
—0.46 at eight years, and —0.62 at nine years. The decline
was slightly faster in patients with genotype B than in those
with genotypes A and C in the HBeAg— cohort.

We investigated whether HBsAg clearance were influ-
enced by genotype or baseline HBeAg. Cumulative HBsAg
clearance rates in the HBeAg+ cohort were as follows:
15 % at year 3, and 35 % at year 5 in patients with
genotype A; 0 % over all years in patients with genotype
B; and 0.6 % at year 3, 1.2 % at year 5, and 5.4 % at year 9
in patients with genotype C (Fig. 2e). In the HBeAg—
cohort, clearance rates were 12 % at year 3, and 25 % at
year 5 in patients with genotype A; O % at year 3, 0 % at
year 5, and 11.5 % at year 9 in patients with genotype B;
and 0.4 % at year 3, 1.6 % at year 5, and 5.1 % at year 9 in
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Fig. 2 a Box plot of baseline
HBsAg levels in patients with
different HBV genotypes
(HBeAg+ cohort). The asterisk
(*) indicates a statistical
significance of P < 0.001, as
determined by the Mann—
Whitney U test and Bonferroni
correction. b Box plot of
baseline HBsAg levels in
patients with different HBV
genotypes (HBeAg— cohort).

¢ Median change in HBsAg
level from baseline in patients
with different HBV genotypes
(HBeAg+ cohort). A single
asterisk (*) indicates P < 0.001,
as determined by the Kruskal-
Wallis test. d Median change in
HBsAg level from baseline in
patients with different HBV
genotypes (HBeAg— cohort). A
single asterisk (*) indicates

P < 0.001 and a double asterisk
(**) indicates P < 0.02, as
determined by the Kruskal—
Wallis test. e Kaplan—-Meier life
table showing cumulative
HBsAg clearance rates in
patients with different HBV
genotypes (HBeAg+ cohort).
Cumulative HBsAg clearance
rates were significantly higher
among patients with genotype A
(log-rank test; A vs. B:

P = 0.069, A vs. C: P <0.001,

Median change of HBsAg (log 1U/mL)
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B vs. C: P = 0.598, after
Bonferroni correction).

f Kaplan—-Meier life table
showing cumulative HBsAg
clearance rates in patients with
different HBV genotypes
(HBeAg— cohort). Cumulative
HBsAg clearance rates were
significantly higher among

30 1

20 4

10 A

Cumulative HBsAg clearance rate (%)

patients with genotype A (log-

30 1

20

rank test; Avs. B: P = 0.169, A ' T ! 7 T
vs. C: P = 0.006, B vs. C:
P = 0.579, after Bonferroni

correction) No. at risk

A 20 19 17 18 12
B 16 16 13 12 11
C 374 360 343 333 321

patients with genotype C (Fig. 2f). Clearance rates were
significantly higher in patients with genotype A than in
those with genotype C (P < 0.001 in the HBeAg+ cohort,
P = 0.006 in the HBeAg— cohort).

Association between on-treatment response
and subsequent HBsAg clearance

We stratified patients into three groups according to the
amount of HBsAg decline within the first six months of

Treatment duration (yr)

10 9 8 5 3 A 8 7 7 6 8 6 4 3 2 2
7 5 4 2 2 B 51 49 48 46 44 36 27 21 17 16
280 218 166 117 93 C 278 269 259 257 250 233 201 165 142 109

treatment; this allowed us to evaluate the impact of on-
treatment response factors on the clearance of HBsAg. The
stratifications were as follows: rapid decline (>1.0 log IU/
mL), intermediate decline (0.5-1.0 log IU/mL), and slow
decline or steady (<0.5 log IU/mL). Cumulative HBsAg
clearance rates in the HBeAg+ cohort were 11 % at year 3,
and 40 % at year 5 in the rapid decline group; 0 % at year
3,22 % at year 5, and 13 % at year 9 in the intermediate
decline group; and 0 % at year 3, 0 % at year 5, and 2.9 %
at year 9 in the slow decline or steady group (Fig. 3a).
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Fig. 3 a Kaplan-Meier life table showing cumulative HBsAg
clearance rates in patients with varying rates of HBsAg decline
within the first six months (HBeAg+ cohort). Clearance rates were
highest in the rapid decline group, followed by the intermediate
decline group and the slow or steady group (log-rank test; rapid vs.
intermediate: P < 0.001, rapid vs. slow: P < 0.001, intermediate vs.
slow: P = 0.003, after Bonferroni correction). b Kaplan-Meier life
table showing cumulative HBsAg clearance rates in patients with
varying rates of HBsAg decline within the first six months (HBeAg—
cohort). Clearance rates were highest in the rapid decline group,
followed by the intermediate decline group and the slow or steady
group (log-rank test; rapid vs. intermediate: P = 0.570, rapid vs.
slow: P < 0.001, intermediate vs. slow: P < 0.001, after Bonferroni
correction)

Cumulative HBsAg clearance rates in the HBeAg— cohort
were 33 % at year 5, and 44 % at year 7 in the rapid
decline group; 0 % at year 3, 29 % at year 5, and 43 % at
year 9 in the intermediate decline group; and 0.3 % at year
3, 0.7 % at year 5, and 4.6 % at year 9 in the slow decline
or steady group (Fig. 3b). Clearance rates were highest in
the rapid decline group, followed by the intermediate
decline group and the slow or steady group in both the
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HBeAg+ and HBeAg— cohorts. The decline of HBsAg
within the first six months was a strong predictor of HBsAg
clearance.

Viral breakthrough and subsequent HBsAg clearance

Although VBT was not associated with HBsAg clearance
in the multivariate model, as described above, HBsAg
clearance was observed in ten patients who experienced
VBT (five patients in the HBeAg+ cohort and five in the
HBeAg— cohort). All ten patients achieved clearance of
HBsAg after VBT occurred. Six of these patients received
ADV added on to LAM for VBT, and subsequently
achieved clearance of HBsAg (five patients in the
HBeAg+ cohort and one in the HBeAg— cohort). The
other four patients spontaneously recovered from VBT
while continuing to receive LAM monotherapy, and sub-
sequently achieved clearance of HBsAg (one patient in the
HBeAg+ cohort and three in the HBeAg— cohort). LAM-
resistant mutant strains (M2041/V mutants) were detected
in nine patients in whom VBT occurred. HBV DNA neg-
ativity continued for the follow-up period after HBsAg
clearance in these ten patients. The typical clinical and
virological courses of two representative patients
who achieved HBsAg clearance after VBT are shown in
Fig. 4a, b.

Virological courses after discontinuation of NAs

Sixteen (42.1 %) of 38 patients with HBsAg clearance
discontinued NA treatment due to HBsAg clearance.
Median interval between HBsAg clearance and discontin-
uation of NAs was nine months (range 2-29 months).
Median follow-up period after discontinuation of NAs was
24 months (range 7-171) in these patients. No relapses of
serum HBsAg or HBV DNA were observed during the
follow-up period. Serum anti-HBs appeared in 12 (75 %)
of the 16 patients who discontinued NAs. Median time to
the appearance of anti-HBs after HBsAg clearance was
16 months (range 2-92) in patients who discontinued NAs.
Two of 22 patients who continued NAs with HBsAg
clearance had the appearance of anti-HBs, and median time
to the appearance of anti-HBs after HBsAg clearance was
two and seven months in these two patients, respectively.

Discussion

We found that three baseline factors and two on-treatment
response factors are associated with HBsAg clearance in
patients who begin treatment with LAM and continue with
long-term NA therapy. HBV genotype and the decline in
HBsAg over the first six months were associated with



