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Antitumor efficacy of transcatheter arterial
chemoembolization with warmed miriplatin in
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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/imL, 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.
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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 recomunends 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 extraliepatic metastasis.’? Miriplatin (cis-
[1R,2R]-1,2-cyclohexanediamine-N,N’]bis{myristate} }-
platinum(Il} monchydrate; Dainippon Sumitomo
Pharma, Osaka, Japan) is a novel lipophilic cisplatin
derivative that can be suspended in lipiodol a lipid
lymphographic agent.””** Some irials reported that
miriplatin is effeciive for HCC.'" ** Addition of emboliz-
ing agents to miriplatin-based treatment has been
shown to result in a higher response in patients with
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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 11 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/iipiodol suspension using a vis-
cometer (UVISC; 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/liptodol suspension at room tempera-
ture and 40°C is 37.48 mPa-S and 21.42 mPa-§,
respectively. The purpose of this retrospective study was
to evaluate the antitumor efficacy and adverse effects of
TACE with warmed miriplatin suspension.

METHODS

Patients

q TOTAL OF 402 HCC Japanese adult patients were
consecutively recruited into the study protocol of
TACE with miriplatin from December 2007 1o June
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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
comtpitiee of ow hospital, and written informed
consent was obtained from all participating patients.

HCC

Before treatment with miripiatin, 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 [CY], 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 unvesectable HCC

Total

Demographic data
No. of patients 203

Sex (male/female) 130/73

Age, years?t 73 (45-91)

Etiology, HBV/HCV/other 24/161/18
Laboratory datat

Albumin, g/dL 3.0 (2.0-4.2)

Serum aspartate aminotransferase, TU/L 50 (18-415)

Serum alanine aminotransferase, {U/L 34 (12-282)

Total bilirubin, mg/dL
Platelet count, x10%/mumn’
Prothrombin activity, %
AFP, pg/L

AFP-13, %

DCP, AU/L

Child-Pugh class, A/B

9.6(1.9-28.2}

19.0 (0-82.7)

152/51

79.2 (40.8-123.1)
30.0 (1.8-282 200)

39.0 (4-662 600

Room temperature Warmed miriplatin P-value

miriplatin group group

158 45
99/59 31/14 0.485
71 (45-91) 74 (48-86) 0.940
17/130/11 7/31/7 0.097
3.3 (2.0-4.2) 3.0 (2-4.1) 0.553
52 (18-415) 47 {19-305) 0.633
34 (12-171) 31 (12-282) 0311
1.1{0.4-4.9) 1.0 (0.4-2.7) 0.902
9.5 (1.9-28.2) 10.0 (3.5-26.5) 0.716

81.5(45.7-123.1) 74.0 (40.8-106.1} 0.005

32.3 (1.8-282 200) 22.0 (2.9-49 710) 0.527

22.7 (0-82.7) 12.0 (0-78.0) 3!
0.5 (4-65 290} 30 (8-662 000) i3

g

o
D
I oy
)

33/12 0,846

Data are shown as number and percentage of patients, except those denoted by t, which represent the median (range) values.

AFP, o-fetoprotein; AFP-L3, Lens culinaris agglutinin-reactive fraciion of AFP; DCP, des-y-carboxy prothrombin; HBV, hepatitis B virus;

HCC, hepatocellular carcinoma; HCV, hepatitis C virus; TACE, wranscatheter 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
rreatment 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 multple 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 uunors than those in
the warmed miriplatin group.

Treatment protocol

Patients were hydrated through a peripheral line. The
femoral artery was catheterized under focal anesthesia,
and a 4-Fr Shepherd Hook catheter (FansaciV 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 1-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
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determined based on tumor size and degree of liver
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 dynaiic
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 FEvaluation 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

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

Total
No. of patients 203
Tumnior size, mmt 20 (6-125)
Tumor multiplicity {solitary/multiple) 41/162
No. of tamorst 3{1-106)
Stage (I/T/ITL/TVY 54/81/65/2
History of lAL,,Ei 73.4%

Room temperature

Warmed miriplatin P-value
miriplatin group group
158 45

30 (6-125) 30 (6-115) 0.435
29/329 2/33 0.291
2 {1-190) 3 (1-40} 0.030
8/5 /5172 16/14/15/0 3.329
75.9% G4.4% 0.13¢

Data are shown as number and percentage of patients,

except those denoted by 1, w

vhich represent the median {range} values.

HCC, hepatocellular carcinoma; TACE, transcatheter arterial chemoembolization.
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and thrombocyte counts) and dlinical chemistry (i.e.
serum AST, serum alanine aminotransferase [ALT],
albumin, total bilirubin, serum creatine and prothrom-
bin activity) toxicity evaluations were conducted.

Statistical analysis

The distribution of subject characteristics was assessed
by the ¥*-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 (Cl}) 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, [L, 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. Overall,
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

Hepatology Research 2013

miriplatin, P=0.002), tumor number (solitary tumor,
P<0.001), o-fetoprotein (AFP) level (<50 ng/mlL,
P=10.003), 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 =10.047), tumor number (solitary tumor, RR=3.48,
P=0.007), AFP level (<50 ng/ml, 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

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

Factors Category
Miripladn condition 1: Room temperature
2: Warmed
Tumor number 1: Muitiple nodules
2: Solitary nodule -
AFD 11 <50 ng/mi
2: 250 ng/mL
Historv of TACE It Yes
Z: No

Risk ratio (95% Pvaluet
confidence intervai}

0.047

1

226 (1.01-5.04)

1 0.007
3.48 (1.42-8.62)

1 0.012
2.35 {1.21-4.57)

x 6.041
2.22 (1.03-4.75}

1Cox proportional hazard model.

AFP, o-fetoprotein; CR, complete response; PR, partial response; TACE, iranscatheter arterial chemoembolization.

© 2012 The Japan Society of Hepatology

— 256 —



Hepatology Research 2013

TACE, HCC, miriplatin 5

P =0.002 P =0.003
100% 100%
80% 80%
60% 60%
40% 40%
20% 20%
0% 0%
Room temperature Warmed '
miriplatin miriplatin AFP=50 ng/mt  AFP<50 ng/mi
P =0002 P < 0.001
Figure 1 Efficacy of transcatheter arte-  100% 100%
rial chemoembolization (TACE) using
miriplatin in patients with hepatocellu- 80% 80%
lar carcinoma according to miriplatin
temperature, serum  o-fetoprotein
{AFP) level, history of TACE and tumor ~ 60% 60%
number. Complete response (CR} and
partial response (PR) rates were signifi- 40% 40%
cantly higher for patients who received
warmed miriplatin, had a low AFP N N
level, were undergoing their first TACE 20% 20%
and/or had solitary tumors. [, progres-
sive disease (PD); 0O, stable disease 0% 0%

(SD); O, PR; W, CR. First TACE

(22.8%) experienced CR, 34 patients {21.5%) PR, 58
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%) SI> 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
{35.29) 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

Not first TACE Multiple tumors ~ Solitary tumors

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 ternperature miriplatin
group and warmed miriplatin groups, the following
grade 4 events were observed: increased AST in four
(2.5%) and one patient {3.5%}, respectively, and

© 2012 The Japan Society of Hepatology
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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 sericus com-
plications or treaiment-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 inany 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 Cy.: 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 (i) dichloride
{DPC) as its active platinum compound, which binds to
nuclear DNA and mediates miriplatin/lipiodol cytotox-
icity. In a cisplatin-resistant rat hepatonia 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 vet been evaluated. In the present
study, we examined predictors of objective response ©
TACE with miriplatin. Multivariate analysis identified
ase of warmed miriplatin, low serum AFP, first TACE

-
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and solitary mumors 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 11 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 recelving miriplatin for
the first time. Notably, the present study is the first study
10 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°Cis 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
wmeor multplicty 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. [n the present study, solitary
tumors and warmed miriplatin were associated with
objective regponse. These results are not inconsistent
with previous studies. interestingly, in the present
patients, the impact of warmed miriplatin and solitary
tumor was more significant than that of age, liver func-
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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 cuirent 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 treatiment with warmed versus room
temperature miriplatin. A prospective study is needed to
assess (he 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

Objectives: Genetic variation near the /L28B gene and sub-
stitution of aa 70 and 91 in the core region of HCV-1b are
useful as predictors of treatment efficacy to telaprevir/
pegylated interferon (PEG-IFN)/ribavirin, but its impact on
viral dynamics is not clear. Methods: This study investigated
predictive factors of viral dynamics during 12- or 24-week
regimen of triple therapy in 80 Japanese adults infected with
HCV-1b. Results: After 24 h of commencement of treatment,
the proportion of patients with Arg70 and Leu91 substitu-
tions in the core region who showed =3.0 log drop in HCV
RNA level was significantly higher than that of patients with
GIn70 (His70) and/or Met91. At 8 and 12 weeks, HCV RNA loss
rate of patients with rs8099917 genotype TT near /L28B gene
was significantly higher than that of patients with non-TT.

Multivariate analysis identified substitution of aa 70 and 91
as a predictor of =3.0log fall in HCV RNA level at 24 h (Arg70
and Leu91) and SVR (Arg70), and rs8099917 (TT) as a predic-
tor of HCV RNA loss at 12 weeks and SVR. Conclusions: This
study identified genetic variation near /L28B gene and aa
substitution of the core region as predictors of viral dynam-
ics during triple therapy. Copyright © 2012 5. Karger AG, Basel

Introduction

Hepatitis C virus (HCV) usually causes chronic infec-
tion that can result in chronic hepatitis, liver cirrhosis, and
hepatocellular carcinoma (HCC) (1, 2]. At present, treat-
ments based on interferon (IFN), in combination with ri-
bavirin, are mainstay for combating HCV infection. In Ja-
pan, HCV genotype 1b (HCV-1b) in high viral loads (>100
kIU/ml) accounts for more than 70% of HCV infections,
making it difficult to treat patients with chronic hepatitis
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C [3]. Such a background calls for efficient treatments of
Japanese patients with chronic HCV infection.

Even with pegylated IFN (PEG-IFN) combined with
ribavirin, a sustained virological response lasting over 24
weeks after the withdrawal of treatment is achieved in at
most 50% of the patients infected with HCV-1b and high
viralloads [4, 5]. Recently, a new strategy was introduced
in the treatment of chronic HCV infection by means of
inhibiting protease in the NS3/NS4 of the HCV polypro-
tein. Of these, telaprevir (VX-950) was selected as a can-
didate agent for treatment of chronic HCV infection [6].
Later, it was found that telaprevir, when combined with
PEG-IFN and ribavirin, gains a robust antiviral activity
(7, 8]. Two previous studies (PROVEL and PROVE2)
showed that the 12- and 24-week regimen of telaprevir/
PEG-IFN/ribavirin could achieve sustained virological
response rates of 35-60 and 61-69% in patients infected
with HCV-1, respectively [9, 10]. Furthermore, a recent
study (PROVE3) also showed that the 24- and 48-week
regimen of triple therapy could achieve sustained viro-
logical response rates of 51 and 53% in HCV-1 infected
patients in whom initial PEG-IFN/ribavirin treatment
failed, respectively [11].

Amino acid (aa) substitutions at positions 70 and/or 91
in the HCV core region of patients infected with HCV-1b
and high viral loads are pretreatment predictors of poor
virological response to PEG-IFN plus ribavirin combina-
tion therapy [12-14], and also affect clinical outcome, in-
cluding hepatocarcinogenesis [15, 16]. Furthermore, genet-
ic variations near the 1L28B gene (rs8099917, rs12979860)
on chromosome 19 as host-related factor, which encodes
IFN-N-3, are pretreatment predictors of virological re-
sponse to 48-week PEG-IFN plus ribavirin combination
therapy in individuals infected with HCV-1 [17-20], and
also affect clinical outcome, including spontaneous clear-
ance of HCV [21]. A recent report identified genetic varia-
tion near IL28B gene and aa substitution of the core region
as predictors of sustained virological response to triple
therapy of telaprevir/PEG-IFN/ribavirin in Japanese pa-
tients infected with HCV-1b [22]. However, it is not clear at
this stage whether genetic variation near the IL28B gene
and aa substitution of the core region can be used before
therapy to predict viral dynamics during triple therapy.

The present study included 80 patients with HCV-1b
and high viral loads, who received the triple therapy of
telaprevir with PEG-IEN plus ribavirin. The aims of the
study were to identify the pretreatment factors that could
predict viral dynamics during treatment, including viral-
(aa substitutions in the HCV core and NS5A regions) and
host-related factors (genetic variation near IL28B gene).

418 Intervirology 2012;55:417-425

Patients and Methods

Study Population

Between May 2008 and September 2009, 81 patients infected
with HCV were recruited to this study at the Department of Hep-
atology in Toranomon Hospital in metropolitan Tokyo. The study
protocol was in compliance with the Good Clinical Practice
Guidelines and the 1975 Declaration of Helsinki, and was ap-
proved by the institutional review board. Each patient gave an
informed consent before participating in this trial. Patients were
divided into two groups: 20 (25%) patients were allocated to a 12-
week regimen of triple therapy [telaprevir (MP-424), PEG-IFN
and ribavirin] (the T12PR12 group), and 61 patients (75%) were
assigned to a 24-week regimen of the same triple therapy for 12
weeks followed by dual therapy of PEG-IFN and ribavirin for 12
weeks (the TI2PR24 group).

Eighty of the 81 patients met the following inclusion and exclu-
sion criteria: (1) Diagnosis of chronic hepatitis C. (2) HCV-1b con-
firmed by sequence analysis. (3) HCV RNA levels of =5.0log IU/
ml determined by the COBAS TagMan HCYV test (Roche Diag-
nostics, Tokyo, Japan). (4) Japanese (Mongoloid) ethnicity. (5) Age
at study entry of 20-65 years. (6) Body weight =35 kg and <120
kg at the time of registration. (7) Lack of decompensated liver cir-
rhosis. (8) Negativity for hepatitis B surface antigen (HBsAg) in
serum. (9) Negative history of HCC. (10) No previous treatment
for malignancy. (11) Negative history of autoimmune hepatitis,
alcohol liver disease, hemochromatosis, and chronic liver disease

~ other than chronic hepatitis C. (12) Negative history of depres-

sion, schizophrenia or suicide attempts, hemoglobinopathies, an-
gina pectoris, cardiac insufficiency, myocardial infarction or se-
vere arrhythmia, uncontrollable hypertension, chronic renal dys-
function or creatinine clearance of <50 ml/min at baseline,
diabetes requiring treatment or fasting glucose level of 2110 mg/
dl, autoimmune disease, cerebrovascular disorders, thyroidal
dysfunction uncontrollable by medical treatment, chronic pul-
monary disease, allergy to medication or anaphylaxis at baseline.
(13) Hemoglobin level of =12 g/dl, neutrophil count =1,500/
mm?, and platelet count of =100,000/mm?® at baseline. Pregnant
or breast-feeding women or those willing to become pregnant
during the study and men with a pregnant partner were excluded
from the study. In this study, all of the 80 patients were evaluated
for the pretreatment predictors for viral dynamics during triple
therapy, and 77 of the 80 patients were followed up for at least 24
weeks after the completion of treatment. The treatment efficacy
was evaluated by 24 weeks after the completion of therapy (sus-
tained virological response), based on the COBAS TagMan HCV
test (Roche Diagnostics).

Telaprevir (MP-424; Mitsubishi Tanabe Pharma, Osaka, Ja-
pan) was administered at 750 or 500 mg three times a day at an
8-hour (q8) interval after the meal. PEG-IFNa-2b (PEG-Intron;
Schering Plough, Kenklworth, N.J., USA) was injected subcutane-
ously at a median dose of 1.5 ug/kg (range 1.3-2.0 ng/kg) once a
week. Ribavirin (Rebetol; Schering Plough) was administered at
200-600 mg twice a day after breakfast and dinner (daily dose
600-1,000 mg).

PEG-IFN and ribavirin were discontinued or their doses re-
duced, as required, upon reduction of hemoglobin level, leuko-
cyte count, neutrophil count or platelet count, or the development
of adverse events. Thus, the dose of PEG-IFN was reduced by 50%
when the leukocyte count decreased below 1,500/mm?, neutro-
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Table 1. Profile and laboratory data at commencement of telapre-
vir, peginterferon and ribavirin triple therapy in Japanese patients

infected with HCV-1b

Demographic data

Number of patients 80

Sex, M/F 43/37
Age, years* 55 (23-65)
History of blood transfusion 24 (20.0%)

Family history of liver disease
Body mass index*

13 (16.3%)
22.5(13.2-32.4)

Laboratory data*

Level of viremia, log IU/ml 6.8 (5.1-7.6)
Serum aspartate aminotransferase, 1U/1 34(15-118)
Serum alanine aminotransferase, IU/1 42 (12-175)
Serum albumin, g/dl 3.9 (3.3-4.6)
Gamma-glutamyl transpeptidase, 1U/1 36 (9-229)

Leukocyte count, per mm?
Hemoglobin, g/dl
Platelet count, X 10*/mm?

4,800 (2,800-8,100)
14.3 (11.7-16.8)
17.3 (9.5-33.8)

a-Fetoprotein, pg/l 4(2-39)
Total cholesterol, mg/dl 180 (112-276)
Fasting plasma glucose, mg/d! 92 (64-125)
Treatment
PEG-IFNa-2b dose, pg/kg* 1.5 (1.3-2.0)
Ribavirin dose, mg/kg* 11.5(7.2-18.4)
Telaprevir dose, 1,500/2,250 mg/day 10/70
Treatment regimen

(T12PR12 group/T12PR24 group) 20/60
Amino acid substitutions in the HCV-1b
Core aa 70, arginine/glutamine (histidine) 47/33
Core aa 91, leucine/methionine 43/37
ISDR of NS5A, wild-type/non-wild-type ~ 76/4
Genetic variation near IL28B gene
rs8099917 genotype, TT/TG/GG/ND 46/30/2/2
1512979860 genotype, CC/CT/TT/ND 43/31/2/4

Past history of IFN therapy

Treatment naive 27
Relapsers to previous treatment 33
Nonresponders to previous treatment 20

Data are numbers and percentages of patients, except those
denoted by *, which represent the median (range) values.

ND = Not determined.

phil count below 750/mm? or platelet count below 80,000/mm?;
PEG-IFN was discontinued when these counts decreased below
1,000/mm?, 500/mm?® or 50,000/mm?>, respectively. When hemo-
globin decreased to <10 g/dl, the daily dose of ribavirin was re-
duced from 600 to 400, 800 to 600 and 1,000 to 600 mg, depending
on the initial dose. Ribavirin was withdrawn when hemoglobin
decreased to <8.5 g/dl. However, the dose of telaprevir (MP-424)
remained the same, and its administration was stopped when the

Core and IL28B Affect Viral Dynamics

discontinuation was appropriate for the development of adverse
events. In those patients who discontinued telaprevir, treatment
with PEG-IFNa-2b and ribavirin was also terminated.

Table 1 summarizes the profiles and laboratory data of the 80
patients at the commencement of treatment. They included 43
males and 37 females, aged 23-65 years (median 55 years).

Measurement of HCV RNA

The antiviral effects of the triple therapy on HCV were as-
sessed by measuring plasma HCV RNA levels. In this study, HCV
RNA levels during treatment were evaluated at least once every
month before, during, and after therapy. Furthermore, to investi-
gate the pretreatment predictors for viral dynamics, HCV RNA
levels during treatment were evaluated at 7 time points; 24 h, 1, 2,
4, 6, 8 and 12 weeks after the commencement of treatment. HCV
RNA levels during treatment were evaluated in 80 (100%), 80
(100%), 80 (100%), 79 (98.8%), 75 (93.8%), 74 (92.5%), and 69
(86.3%) of the 80 patients, at the above time intervals, respective-
ly. HCV RNA concentrations were determined using the COBAS
TagMan HCV test (Roche Diagnostics). The linear dynamic
range of the assay was 1.2-7.8 log IU/ml, and the undetectable
samples were defined as loss of HCV RNA. Especially, falls in
HCV RNA levels at 24 h relative to baseline were investigated as
very early dynamics.

Detection of Amino Acid Substitutions in Core and NS5A

Regions of HCV-1b

With the use of HCV-] (accession No. D90208) as a reference
(23], the sequence of 1-191 aa in the core protein of HCV-1b was
determined and then compared with the consensus sequence con-
structed on 80 clinical samples to detect substitutions at aa 70 of
arginine (Arg70) or glutamine/histidine (GIn70/His70) and aa 91
of leucine (Leu91) or methionine (Met91) [12]. The sequence of
2209-2248 aa in the NS5A of HCV-1b (IFN sensitivity-determin-
ingregion; ISDR) reported by Enomoto et al. [24] was determined,
and the numbers of aa substitutions in ISDR were defined as wild-
type (0, 1) or non-wild-type (=2). In the present study, aa substi-
tutions of the core region and NS5A-ISDR of HCV-1b were ana-
lyzed by direct sequencing [22].

Genetic Variation near IL28B Gene

Samples for genomewide association survey were genotyped
using the [llumina HumanHap610-Quad Genotyping BeadChip.
Genotyping data were subjected to quality control before the data
analysis. Genotyping for replication and fine mapping was per-
formed by use of the Invader assay, TagMan assay, or direct se-
quencing as described previously 25, 26].

In this study, genetic variations near IL28B gene (rs8099917,
rs12979860), reported as the pretreatment predictors of treatment
efficacy and clinical outcome [17-22], were investigated.

Statistical Analysis

Nonparametric tests (x* test and Fisher’s exact probability
test) were used to compare the characteristics of the groups. Uni-
variate and multivariate logistic regression analyses were used to
determine those factors that significantly contributed to viral dy-
namics and sustained virological response. The ORs and 95%CI
were also calculated. All p values less than 0.05 by the two-tailed
test were considered significant. Variables that achieved statisti-
cal significance (p <0.05) on univariate analysis were entered into

Intervirology 2012;55:417-425 419
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Fig. 1. a Very early dynamics according to amino acid substitu-
tions in core region. After 24 h of commencement of the triple
therapy, patients with Arg70 and Leu91 (median 2.9 log 1U/ml;
range 1.8-4.0 log IU/ml) significantly showed the steeper decline
of HCV RNA level than those with Gln70 (His70) and/or Met91
(median 2.7 log IU/ml; range 1.6-3.5 log IU/ml). b Very early dy-
namics according to genetic variation near the IL28B gene. After
24 h of commencement of the triple therapy, the decline of HCV
RNA level of patients with rs8099917 genotype TT (median 2.8
log IU/ml; range 1.6-4.0log IU/ml) was not significantly different
from that of patients with genotype TG and GG (median 2.7 log
IU/ml; range 2.2-3.5 log IU/ml).

multiple logistic regression analysis to identify significant inde-
pendent predictive factors. Each variable was transformed into
categorical data consisting of two simple ordinal numbers for uni-
variate and multivariate analyses. The potential pretreatment fac-
tors associated with treatment efficacy included the following
variables: sex, age, history of blood transfusion, familial history
of liver disease, body mass index, aspartate aminotransferase
(AST), alanine aminotransferase (ALT), albumin, gamma-gluta-
myl transpeptidase (yGTP), leukocyte count, hemoglobin, plate-
let count, HCV RNA level, a-fetoprotein, total cholesterol, fasting
blood sugar, PEG-IFN dose/body weight, ribavirin dose/body

420 Intervirology 2012;55:417-425

weight, telaprevir dose/day, treatment regimen of triple therapy,
past history of IFN therapy, genetic variation near the IL28B gene,
and amino acid substitution in the core region, and NS5A-ISDR.
Statistical analyses were performed using the SPSS software (SPSS
Inc., Chicago, 1., USA).

Results

Virological Response to Therapy and Loss of HCV
RNA during Treatment
Sustained virological response was achieved by 63.6%
(49 of 77 patients). The disappearance rate of HCV RNA
during treatment was 0% (0 of 80), 1.3% (1 of 80), 33.8%
(27 of 80), 81.0% (64 of 79), 90.7% (68 of 75), 94.6% (70 of
74), and 89.9% (62 of 69) at 24 hours, 1, 2, 4, 6, 8, and 12

weeks, respectively.

Very Early Dynamics according to Amino Acid
Substitutions in Core Region and Genetic Variation
near the IL28B Gene

After 24 h of commencement of the triple therapy, the
proportion of patients with Arg70 and Leu91 substitu-
tions who showed =3.0 log drop in HCV RNA level
(45.2%; 14 of 31 patients) was significantly higher than
that of patients with Gln70 (His70) and/or Met91 (14.3%;
7 of 49) (p = 0.004). Thus, patients with Arg70 and Leu91
(median 2.9 log IU/ml; range 1.8-4.0 log IU/ml) signifi-
cantly showed the steeper decline of HCV RNA level than
those with GIn70 (His70) and/or Met91 (median 2.7 log
IU/ml; range 1.6-3.5 log IU/ml) (fig. 1a).

After 24 h of commencement of treatment, the pro-
portion of patients with rs8099917 genotype TT who
showed =3.0log drop in HCV RNA level (30.4%; 14 of 46
patients) was not significantly different from that of pa-
tients with genotype TG and GG (21.9%; 7 of 32). Thus,
the decline of HCV RNA level of patients with genotype
TT (median 2.8 log IU/ml; range 1.6-4.0 log IU/ml) was
not significantly different from that of patients with gen-
otype TG and GG (median 2.7 log IU/ml; range 2.2-3.5
log 1U/ml) (fig. 1b).

Hence, the fall in HCV RNA level at 24 h was influ-
enced by aa substitution patterns in the core region, but
was independent of genetic variation near IL28B gene.

Rates of Loss of HCV RNA according to Amino Acid

Substitutions in Core Region and Genetic Variation

near the IL28B Gene

According to the substitution of core aa 70 and 91, the
rate of HCV RNA loss of patients with Arg70 and Leud1
was not significantly different from that of patients with

Akuta et al.

— 264 —



GIn70 (His70) and/or Met91 at each time point (1, 2, 4, 6,
8 and 12 weeks).

According to genetic variation near the IL28B gene,
the rate of HCV RNA loss at 1, 2, 4 and 6 weeks was not
significantly different between rs8099917 genotype TT
and non-TT (TG and GG). However, at 8 and 12 weeks,
the rate of HCV RNA loss of patients with genotype TT
was significantly higher than that of patients with geno-
type non-TT (fig. 2).

Predictive Factors Associated with = 3.0 log Fall in

HCV RNA Level at 24 Hours

Univariate analysis identified two parameters that
correlated with =3.0 log fall in HCV RNA level at 24 h
significantly: substitution of aa 70 and 91 (Arg70 and
Leu9l; OR 4.94, p = 0.003) and body mass index (=25.0;
OR 3.92, p = 0.022). Two factors were identified by mul-
tivariate analysis as independent parameters that either
significantly (p < 0.05) or marginally (p < 0.10) influ-
enced =3.0 log fallin HCV RNA level at 24 h [Arg70 and
Leu91 (OR 3.99, p = 0.015) and body mass index =25.0
(OR 3.24, p = 0.061)] (table 2).

Predictive Factors Associated with Loss of HCV RNA

at 2, 4 and 12 Weeks

Univariate analysis identified two parameters that
correlated with loss of HCV RNA at 2 weeks significant-
ly: platelet count (=15.0 X 10*/mm?; OR 6.99, p = 0.014)
and level of viremia (<7.0 log IU/ml; OR 3.13, p = 0.045).
One factor was identified by multivariate analysis as in-
dependent parameter that either significantly or margin-
ally influenced loss of HCV RNA at 2 weeks (platelet
count =15.0 X 10*/mm? OR 6.99, p = 0.014) (table 2).

Univariate analysis identified two parameters that
correlated with loss of HCV RNA at 4 weeks significant-
ly: history of blood transfusion (absence; OR 5.71, p =
0.006) and body mass index (=20.0; OR 4.29, p = 0.019).
Two factors were identified by multivariate analysis as
independent parameters that either significantly or mar-
ginally influenced loss of HCV RNA at 4 weeks (history
of blood transfusion: absence; OR 4.29, p = 0.026, and
body mass index =20.0; OR 3.47, p = 0.069) (table 2).

Univariate analysis identified two parameters that cor-
related with loss of HCV RNA at 12 weeks significantly:
sex (male; OR 9.52, p = 0.043) and genetic variation in
rs$8099917 (genotype TT; OR 9.00, p = 0.048). Two factors
were identified by multivariate analysis as independent pa-
rameters that either significantly or marginally influenced
loss of HCV RNA at 12 weeks (male sex; OR 11.0, p = 0.036,
and rs8099917 genotype TT; OR 10.3, p = 0.042) (table 2).

Core and IL28B Affect Viral Dynamics
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Fig. 2. Rates of loss of HCV RNA according to genetic variation
near the JL28B gene. According to genetic variation near the
IL28B gene, the rate of HCV RNA loss at 1, 2, 4 and 6 weeks was
not significantly different between rs8099917 genotype TT and
non-TT (TG and GG). However, at 8 and 12 weeks, the rate of
HCV RNA loss of patients with genotype TT was significantly
higher than that of patients with genotype non-TT.

Predictive Factors Associated with Sustained

Virological Response

Univariate analysis identified three parameters that
correlated with sustained virological response signifi-
cantly: substitution of aa 70 (Arg70; OR 3.51, p = 0.011),
and genetic variation in rs8099917 (genotype TT; OR
11.1, p < 0.001) and rs12979860 (genotype CC; OR 10.2,
p < 0.001). Two factors were identified by multivariate
analysis as independent parameters that either signifi-
cantly or marginally influenced sustained virological re-
sponse (rs8099917 genotype TT; OR 9.94, p<0.001, and
Arg70; OR 3.15, p = 0.055) (table 2).

Comparison of Factors Associated with Each

Treatment Efficacy Identified by Multivariate

Analysis

Table 3 shows independent parameters that either sig-
nificantly or marginally influenced multivariate logistic
regression for each evaluation of treatment efficacy. Mul-
tivariate analysis identified substitution of aa 70 and 91
as a predictor of =3.0 log fall in HCV RNA level at24 h
(Arg70 and Leu91) and sustained virological response
(Arg70), and rs8099917 (T'T) as a predictor of HCV RNA
loss at 12 weeks and sustained virological response. Thus,
genetic variation near JL28B gene and aa substitution of
the core region affect viral dynamics of different phases
during triple therapy.
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Table 2. Factors associated with treatment efficacy of telaprevir, peginterferon and ribavirin triple therapy in Japanese patients in-
fected with HCV-1b, identified by univariate and multivariate analysis

A 230logfallin HCVRNA at24 h

Substitution of aa 70 and 91 1: GIn70 (His70) and/or Met91 1 1
2: Arg70 and Leu9! 4.94(1.70-14.4) 0.003 3.99(1.31-12.2) 0.015
Body mass index 1: <25.0 1 1
2:225.0 3.92(1.22-12.6) 0.022 3.24 (0.95-11.1) 0.061
B HCV RNA loss at 2 weeks
Platelet count, X 104/mm? 1:<15.0 1 1
2:215.0 6.99 (1.49-32.8) 0.014 6.99 (1.49-32.8) 0.014
Level of viremia, log IU/ml 1:27.0 1 - -
2:<7.0 3.13(1.02-9.52) 0.045 - -
C HCV RNA loss at 4 weeks
History of blood transfusion 1: presence 1 1
2: absence 5.71 (1.66-19.6) 0.006 4.29 (1.86-15.6) 0.026
Body mass index 1: <20.0 1 1
2:220.0 4.29 (1.26-14.5) 0.019 3.47(0.91-13.3) 0.069
D HCV RNA loss at 12 weeks
Sex 1: female 1 1
2: male 9.52(1.08-83.3) 0.043 11.0 (1.16-100) 0.036
rs8099917 genotype 1: TG+GG 1 1
2:TT 9.00(1.02-79.5) 0.048 10.3 (1.08-98.0) 0.042
E Sustained virological response
rs8099917 genotype 1: TG+GG 1 1
21T 11.1(3.68-33.5)  <0.001 9.94 (3.05-32.4)  <0.001
Substitution of aa 70 1: GIn70 (His70) 1 1
2: Arg70 3.51(1.33-9.26) 0.011 3.15(0.97-10.2) 0.055
rs12979860 genotype 1: CT+TT 1 - -
2: CC 10.2(3.33-3.13)  <0.001 - -

Variables that achieved statistical significance (p < 0.05) on univariate analysis were entered into multiple logistic regression anal-

ysis to identify significant independent predictive factors.

The other significant predictors of HCV RNA loss
were platelet count (=15.0 X 10*/mm?) at 2 weeks, his-
tory of blood transfusion (absence) at 4 weeks, and sex
(male) at 12 weeks.

Discussion

Thompson et al. [27] reported that genetic variation
near IL28B gene was also associated with increased on-
treatment and sustained virological response and effec-
tively predicted treatment outcome in treatment-naive
HCV-1 patients treated with PEG-IFN plus ribavirin.
However, HCV RNA loss at 4 weeks (rapid virological

422 Intervirology 2012;55:417-425

response) was a strong predictor of sustained virological
response regardless of genetic variation near the JL28B
gene. This phenomenon probably explains why it might
be important to identify the pretreatment factors that
could predict viral dynamics during treatment. The
present study is the first to identify the pretreatment fac-
tors that could predict viral dynamics during triple
therapy in patients infected with HCV-1. These results
should be interpreted with caution since races other
than Japanese and the patients infected with HCV-1a
were not included. Any generalization of the results
should await confirmation by studies including patients
of other races and with HCV-1a to explore whether
genetic variation near JL28B gene and aa substitution

Akuta et al.
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Table 3. Comparison of factors associated with treatment efficacy of telaprevir, peginterferon and ribavirin triple therapy in Japanese
patients infected with HCV-1b identified by multivariate analysis

Core aa 70 and 91 Arg70 and Leu91 Arg70
p=0.015 p =0.055
3.99 (1.31-12.2)* 3.15(0.97-10.2)*
IL28B rs8099917 genotype TT genotype TT
p =0.042 p<0.001
10.3 (1.08-98.0)*  9.94 (3.05-32.4)*
Others body mass index platelet count body mass index sex
p = 0.061 p=0.014 p =0.069 p =0.036

3.24 (0.95-11.1)* 6.99 (1.49-32.8)*

3.47(0.91-13.3)*

history of blood transfusion

p=0.026
4.29 (1.86-15.6)*

11.0 (1.16-100)*

' Only variables that achieved statistical significance (p < 0.05) or marginal significance (p < 0.10) on multivariate logistic regression

are shown. * OR (95% CI).

of core region also affect viral dynamics during triple
therapy.

Two studies showed that aa substitution of the core re-
gion and genetic variation near IL28B gene affected viral
dynamics during treatment, and sustained virological re-
sponse to 48-week PEG-IFN plus ribavirin therapy in pa-
tients infected with HCV-1 [27, 28]. Furthermore, a recent
report also showed that aa substitutions of core region
might be used to predict very early dynamics (within
48 h) after the start of triple therapy of telaprevir with
PEG-IFN and ribavirin {29]. In the present study, multi-
variate analysis identified substitution of aa 70 and 91 as
a predictor of =3.0 log fall in HCV RNA level at 24 hours
(i.e. viral dynamics of very early phase) and sustained vi-
rological response, and rs8099917 as a predictor of HCV
RNA loss at 12 weeks (i.e. viral dynamics of later phase)
and sustained virological response. This study is the first
to report that genetic variation near IL28B gene and aa
substitution of the core region affect viral dynamics of
different phases during triple therapy, and probably ex-
plains why the combination of these independent factors
is very useful as pretreatment predictors of sustained vi-
rological response by triple therapy [22]. The underlying
mechanisms of the different viral dynamics to treatment
are still unclear, and further studies based on a larger
number of patients are necessary to investigate the present
results.

Core and IL28B Affect Viral Dynamics

Previous data indicated that absence of advanced liver
fibrosis and male gender were positive predictors of viro-
logical response to 48-week PEG-IFN plus ribavirin ther-
apy [13, 28]. The present study also showed that higher
levels of platelet count at 2 weeks, as a surrogate marker
of milder liver fibrosis, and male gender at 12 weeks were
significant positive predictors of HCV RNA loss during
triple therapy. The other positive predictors were absence
of history of blood transfusion at 4 weeks and higher lev-
els of body mass index at 24 h and 4 weeks, but the un-
derlying mechanisms are still unclear. Thus, this report
identified the pretreatment factors that could predict vi-
ral dynamics during triple therapy, but this study, based
on a small number of patients, might provide misleading
results (e.g. possible type error). Further studies of a larg-
er number of patients are required to explore predictors,
including viral- and host-related factors.

The limitations of the present study were that aa sub-
stitutions in areas other than the core region and NS5A-
ISDR of the HCV genome, such as the interferon/riba-
virin resistance determining region (IRRDR) [30], were
not examined. Furthermore, HCV mutants with aa con-
versions for resistance to telaprevir during triple thera-
py. such as the 156S mutation {31], were also not inves-
tigated. In this regard, telaprevir-resistant HCV mu-
tants were reported to be susceptible to IFN in both in
vivo and in vitro studies [32, 33]. Thus, viral factors be-
fore and during triple therapy should be investigated in

Intervirology 2012;55:417-425 423

— 267 —



future studies, and identification of these factors should
facilitate the development of more effective therapeutic

regimens.
In conclusion, this study identified genetic variation
near IL28B gene and aa substitution of the core region as

predictors of viral dynamics during triple therapy of tela-
previr/PEG-IFN/ribavirin in Japanese patients infected
with HCV-1b. Further large-scale prospective studies are
necessary to investigate whether the present results relate

standing of the complex interaction between virus- and
host-related factors should facilitate the development of

more effective therapeutic regimens.

to the efficacy of the triple therapy, and further under-
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Abstract

Objective: To evaluate predictive factors of treatment effi-
cacy to interferon (IFN)/ribavirin in patients infected with
HCV genotype 1b (HCV-1b). Methods: This study investigat-
ed pretreatment predictors, including viral- (aa substitutions
in core aa 70/91 and NS5A-ISDR/IRRDR) and host-related fac-
tors (genetic variation near IL28B gene), to 48-week IFN/riba-
virin in 490 Japanese adults infected with HCV-1b. Results:
The proportion of patients who showed end-of-treatment
response (ETR), sustained virological response (SVR), and
SVR after ETR was 76, 54, and 76%, respectively. There was a
significant positive correlation between the number of aa
substitutions in ISDR and those in IRRDR. Concerning the
substitution of core aa 91, the number of aa substitutions in
ISDR/IRRDR of patients with Leu91 was significantly higher

than that of patients with Met91. Furthermore, levels of vire-
mia were influenced by aa substitutions in core aa 91 and
ISDR/IRRDR. By muttivariate analysis, rs8099917 genotype
was an important predictor of ETR and SVR. With regard to
viral factors, core aa 70/91 was an important predictor of ETR,
and SYR after ETR. ISDR was an important predictor of SVR,
and SVR after ETR. Conclusion: aa substitution in core/NS5A
region and genetic variation near /L28B were important pre-
dictors of treatment efficacy to IFN/ribavirin.

Copyright © 2011 S. Karger AG, Basel

Introduction

Treatment of chronic hepatitis C virus (HCV) infec-
tion with interferon (IFN) combined with ribavirin car-
ries potential serious side effects and is costly, especially
when used long enough to achieve a high sustained viro-
logical response (SVR) in patients infected with HCV
genotype 1b (HCV-1b) and high viralloads. For these rea-
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sons, those patients who do not achieve SVR need to be
identified, so as to free them of unnecessary side effects
and reduce costs, preferably before the start of the com-
bination therapy.

Viral- and host-related factors are useful as predictors
of treatment efficacy to 48-week IFN/ribavirin combina-
tion therapy. With regard to viral factors, amino acid (aa)
substitutions at position 70 and/or 91 in the core region
of HCV-1b are pretreatment predictors of virological re-
sponse to combination therapy {1-4], and also affect clin-
ical outcome, including hepatocarcinogenesis [5, 6]. Fur-
thermore, the NS5A region of HCV-1b, including IFN-
sensitivity-determining region (ISDR) (7, 8] and IFN/
ribavirin resistance-determining region (IRRDR) [9,
10], are also useful as pretreatment predictors of virolog-
ical response to combination therapy [11, 12]. With re-
gard to host factors, genetic variations near IL28B gene
(rs8099917, rs12979860) on chromosome 19, which en-
codes TFN-\-3, are pretreatment predictors of virological
response to combination therapy in individuals infected
with HCV-1 {13-16}, and also affect clinical outcome, in-
cluding spontaneous clearance of HCV [17]. A recent re-
port identified genetic variation near IL28B gene and aa
substitution of the core region as predictors of SVR to
triple therapy of telaprevir/pegylated (PEG)-IFN/ribavi-
rin in Japanese patients infected with HCV-1b [18]. How-
ever, to our knowledge, there are no previous reports of
IFN/ribavirin combination therapy based on multivari-
ate apalysis to investigate pretreatment predictors, in-
cluding all of aa substitutions in core aa 70/91 and NS5A-
ISDR/IRRDR, and genetic variation near IL28B gene.

The aim of the present study was to investigate predic-
tive factors of treatment efficacy, including viral- (aa sub-
stitutions in core aa 70/91 and NS5A-ISDR/IRRDR) and
host-related factors (genetic variation near IL28B gene),
to 48-week IFN/ribavirin in Japanese adults infected with
HCV-1b.

Patients and Methods

Study Population

A total of 1,249 HCV-1b-infected Japanese adult patients were
consecutively recruited into the study protocol of combination
therapy with IFN (PEG-IFNa-2b or IFNa-2b) plus ribavirin be-
tween December 2001 and January 2009 at Toranomon Hospital,
Tokyo, Japan. Among these, 490 patients, who could complete a
total of 48 weeks of combination therapy, were enrolled in this
retrospective study, and fulfilled the following criteria: (Ij nega-
tivity for hepatitis B surface antigen (HBsAg) in serum; (2) HCV-
1b only confirmed by sequence analysis; (3) HCV-RNA levels of
=5.0 log 1U/ml determined by the COBAS TagMan HCV test

O8]
w
|18
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(Roche Diagnostics, Tokyo, Japan) within the preceding 2 months
of enrolment; (4) no hepatocellular carcinoma; (5) body weight
>40 kg; (6) lack of coinfection with human immunodeficiency
virus; (7) no previous treatment with antiviral or immunosup-
pressive agents within the preceding 3 months of enrolment; (8}
none was an alcoholic; lifetime cumulative alcohol intake was
<500 kg; (9) none had other forms of liver diseases, such as hemo-
chromatosis, Wilson disease, primary biliary cirrhosis, alcoholic
liver disease, or autoimmune liver disease, and (10) none of the
females was pregnant or breastfeeding.

The study protocol was in compliance with the Good Clinical
Practice Guidelines and the 1975 Declaration of Helsinki, and was
approved by the institutional review board. Each patient gave
their informed consent before participating in this trial.

The treatment efficacy was evaluated in terms of HCV-RNA
negativity at the end of treatment (end-of-treatment response
(ETR)) and 24 weeks after the completion of therapy (SVR), based
on the COBAS TagMan HCV test (Roche Diagnostics). SVR in
patients who achieved ETR was defined as SVR after ETR. ETR,
SVR, and SVR after ETR could be evaluated in 487 (39%), 448
(91%), and 321 (66%) of 490 patients, respectively.

422 (86%) patients received PEG-IFNa-2b at a median dose of
1.4 pg/kg (range 0.7-1.9) subcutaneously each week plus oral ri-
bavirin at a median dose of 11.1 mg/kg (range 3.7-15.1) daily for
48 weeks. The remaining 68 (14%) patients received 6 million
units of IFN«-2b intramuscularly each day for 48 weeks (daily for
the initial 2 weeks, followed by three times per week for 46 weeks),
and oral ribavirin at a median dose of 11.3 mg/kg (range 6.8-13.4)
daily for 48 weeks.

Table I summarizes the profiles and laboratory data of the 490
patients at the commencement of treatment. They included 310
males and 180 females aged 20-75 years (median 54).

Measurement of HCV RNA

The antiviral effects of treatment on HCV were assessed by
measuring plasma HCV-RNA levels. In this study, HCV-RNA
levels were evaluated at least once every month before, during,
and after therapy. HCV-RNA concentrations were determined
using the COBAS TagMan HCV test (Roche Diagnostics). The
linear dynamic range of the assay was 1.2-7.8 log IU/ml, and the
undetectable samples were defined as negative.

Detection of aa Substitutions in Core, and NS5A Regions of

HCV-1b

With the use of HCV-J (accession No. D90208) as a reference
[19], the sequence of 1-191 aa in the core protein of HCV-1b was
determined and then compared with the consensus sequence
constructed on the previous study to detect substitutions at aa 70
of arginine (Arg70) or glutamine/histidine (GIn70/His70) and aa
91 of leucine (Leu91) or methionine (Met91) [1]. The sequence of
2,209-2,248 aa in the NS5A of HCV-1b (ISDR) reported by Eno-
moto et al. [7, 8] was determined, and the number of aa substitu-
tions in ISDR was defined as wild-type (WT) (0, 1) or non-wild-
type (non-WT) (=2) in comparison with HCV-]. Furthermore,
the sequence of 2,334~2,379 aa in the NS5A of HCV-1b (IRRDR}
reported by El-Shamy et al. {9, 10] was determined and then com-
pared with the consensus sequence constructed on the previous
study. In the present study, aa substitutions of the core region and
NS5A-ISDR/IRRDR of HCV-1b were analyzed by direct sequenc-
ing [10, 18].
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Genetic Variation near IL28B Gene

Samples for genome-wide association survey were genotyped
using the lllumina HumanHap610-Quad Genotyping BeadChip.
Genotyping data were subjected to quality control before the data
analysis. Genotyping for replication and fine mapping was per-
formed by use of Invader assay, TaqMan assay, or direct sequenc-
ing as described previously [20, 21].

In this study, genetic variations near IL28B gene (¢s8099917),
reported as the pretreatment predictors of treatment efficacy in
Japanese patients {14, 18], were investigated.

Statistical Analysis

Non-parametric tests (Mann-Whitney U test, x? test and Fish-
er’s exact probability test) were used to compare the characteristics
of the groups. Correlation analysis was evaluated by the Spearman
rank correlation test. Uni- and multivariate logistic regression
analyses were used to determine those factors that significantly
contributed to ETR, SVR, and SVR after ETR. The odds ratios (OR)
and 95% confidence intervals (95% CI) were also calculated. All p
values <0.05 by the two-tailed test were considered significant.
Variables that achieved statistical significance (p < 0.05) on uni-
variate analysis were entered into multiple logistic regression anal-
ysis to identify significant independent predictive factors. Each
variable was transformed into categorical data consisting of two
simple ordinal numbers for uni- and multivariate analyses. Poten-
tial predictive factors associated with ETR, SVR, and SVR after
ETR included the following variables: sex, age, history of blood
transfusion, familial history of liver disease, body mass index, as-
partate aminotransferase (AST), alanine aminotransferase (ALT),
albumin, y-glutamyl transpeptidase (GGT), leukocyte count, he-
moglobin, platelet count, level of viremia, a-fetoprotein, total cho-
lesterol, high-density lipoprotein cholesterol, low-density lipopro-
tein cholesterol, triglycerides, uric acid, ribavirin dose/body
weight, genetic variation near IL28B gene, and aa substitution in
the core region, and NS5A-ISDR/IRRDR. Statistical analyses were
performed using SPSS software (SPSS Inc., Chicago, 111, USA).

Results

Response to Therapy

ETR was achieved by 372 of 487 (76%) patients, SVR
by 244 of 448 (54%), and SVR after ETR by 244 of 321
(76%).

Number of aa Substitutions in NS5A-ISDR and NS5A-

IRRDR

Asawhole, 0, 1, and =2 aa substitutions in ISDR were
found in 56% (227 of 406), 23% (95 of 406), and 21% (84
of 406) of patients, respectively. Thus, the percentage of
patients with <1 aa substitution in ISDR (WT) was 79%
(322 of 406). Furthermore, <3, 4-5, and =6 aa substitu-
tions in IRRDR were found in 36% (73 of 200), 34% (67
of 200), and 30% (60 of 200) of patients, respectively
{fig. 1).

Core/NS5A and IL28B Affect Treatment
Efficacy

Table 1. Patient profile and laboratory data at commencement of
the 48-week combination therapy of IFN + ribavirin in 490 pa-
tients infected with HCV-1b

Demographic data

Number of patients 490

Male/female 310/180

Age, years 54 (20-75)
" History of blood transfusion 169 (34%)

Family history of liver disease 96 (20%)

Body mass index, kg/m? 22.6 (15.7-34.7)

Laboratory data

Level of viremia, log ITU/ml 6.4 (2.2-7.7)
Serum AST, IU/1 50 (16-296)
Serum ALT, [U/] 67 (12-836)
Serum albumin, g/dl 3.9(3.1-4.7)
GGT, 1U/1 44 (10-592)
Leukocyte count, n/mm® 4,700

(1,200-10,900)
14.4 (10.6-18.1)
16.7 (6.4-37.5)

Hemoglobin, g/dl
Platelet count, X 10¥mm?

a-Fetoprotein, pg/l 5 (1-459)
Total cholesterol, mg/dl 170 (96-284)
High-density lipoprotein cholesterol, mg/dl 46 (13-95)
Low-density lipoprotein cholesterol, mg/dl 100 (32-190)
Triglycerides, mg/dl 90 (33-416)
Uric acid, mg/dl 5.5(2.3-9.4)
Treatment

PEG-TFNa-2b/IFNa-2b 422/68
Ribavirin dose, mg/kg 11.2 (3.7-15.1)

aa substitutions in the HCV-1b

Core aa 70, arginine/glutamine (histidine) ~ 266/151
Core aa 91, leucine/methionine 246/169
ISDR of NS5A, 0/1/22 227/95/84
IRRDR of NS54, £3/4-5/26 73167/60
Genetic varigtion near 1L28B gene

rs8099917 genotype, TT/TG/GG 150/65/4

Data represent number of patients with percentages in paren-
theses, or median (range) values.

The correlation between ISDR and IRRDR was ana-
lyzed. There was a significant positive correlation be-
tween the number of aa substitutions in ISDR and those
in IRRDR (r = 0.308, p < 0.001) (fig. 2).

aa Substitutions in the Core Region and NS5A-ISDR/

IRRDR

Concerning the substitution of core aa 70, the number
of aa substitutions in ISDR of 256 patients with Arg70
(median 0) was not significantly different from that of
146 patients with GIn70 (His70) (median 0) (fig. 3a). Fur-
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