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AUCo g 1, (pgh/mly)

Cirough {pug/mi) T ti72 ()

N Conax (M/ML) e (B)°
Day 1 10 2.24 %093 2.50 (2.30-7.92)
Day 14 10 334+ 1.11 2.49 (0.98-5.97)
Day 85 3 3.68%+1.29 2.72 (2.68-4.00)

11.60 £ 4.74 1.462 % 0.949 557 + 2.67+8
22.31 £ 8.29 2.239 + 0.953 9.64 + 614
23.98 £ 9.45 2.312 £+ 1.265 18.35 £ 22.917

Mean value + SD. "Median (minimum value to maximum value), ?Ctmgh at § h after the first administration. *Caiculated from
measured values at 8 h after the first administration, SN = 7. N = 8. "Calculated from measured values at 24 h after the first

adminisiration.

patients with CHC. Approximately 50% of patients infected
with genotype 1 HCV do not, however, achieve SVR with
this SOC [3-5]. On the conirary, the treatment with
telaprevir-based triple regimen significantly improved SVR
rates in patients with genotype 1 HCV. The PROVE 1 and 2
studies of telaprevir use with PEG-IFN and RBYV in treatment-
naive patients achieved SVR rates of 61% and 69% {placebo:
41-46%) [11,12]. The Japanese study of the telaprevir-based
triple regimen also showed high SVR rates [13-15]. How-
ever, the key safety concerns with the telaprevir-based triple
regimen were anaemia, rash and IFN-induced systemic
symptoms, all of which were most likely caused by the PEG-
IFN/RBV treatment. In Japan, there are currently a large
number of aged people with genotype 1b HCV and high viral
loads, which is one of the most intractable HCV genotypes.
As a result of advanced age, many subjects could not tolerate
the adverse drug reactions in the telaprevir-based regimen,
which was also observed with PEG-IFN/RBV therapies
{13,15]. This observation prompted us to re-examine the
safety profiles and pharmacokinetics of monotherapy with
telaprevir for 12 weeks in Japanese patients.

In this study, 10 treatment-naive patients with genotype
1b CHC and a high median viral load of 6.45 log;o IU/mL
(range: 5.10-7.10Q) {Table 1) took 750 mg of telaprevir g8h
for 12 weeks under feeding conditions. The plasma con-
centrations of telaprevir reached steady state within 2 days
after the initiation of administration in the 750-mg gq8h
regimen as is shown by the constant Cpougn from Day 2 to
Day 85; hence, all the patients enrolled in this study were
sufficiently exposed to telaprevir during treatment (Fig. 3b).
These results demonsirate that the plasma concentrations of
telaprevir were manageable even during the long-term
repeated adminisiration. There were no clinically significant
events, although the incidence of some events exceeded
20.0% (Table 2). Notably, miid anaemia developed in seven
patients (70%} and its occurrence was consistent with the
decrease in haemoglobin values, although gradual, during
the first 29 days after administration of telaprevir. The
incidence of rash, which is reported to develop with a high
incidence and high severity in the clinical trials of
co-administration of telaprevir with PEG-IFN and RBY
{11,12], was also high but its severity was mild in this study.
Although exposure to telaprevir was sufficient o eliminate
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the virus, neither serious adverse events nor discontinua-
tions because of adverse events occurred during the study
period. The results confirmed the high tolerability of tela-
previr alone after long-term administration. Although there
has been no direct comparison of telaprevir monotherapy
and telaprevir-based triple therapy, based on these results,
the severe adverse drug reactions reported for telaprevir-
based friple therapy including anaemia and rash were likely
to be ascribed to the synergistic and/or additive effects of the
three drugs, i.e., telaprevir, PEG-IFN, and RBV. The safety
information under telaprevir monotherapy described here is
very important to understand the aspects of adverse drug
reactions, especially anaemia and rash, in telaprevir-based
triple therapy. In addition, compared to baseline, the ALT
and AST levels were significantly lower during the treatment
in all patients, indicating that telaprevir was unlikely to
cause direct liver damage or injury even after long-term use.

Although there is a report on HCV RNA mutation after
monotherapy with a protease inhibitor for 14 days [16], no
information about the selective pressure of such protease
inhibitors administered alone for a longer period is available
at present. During the treatment period in this study, HCV
RNA levels were below the LLOQ in seven patients and
undetectable in three patients. Importantly, one patient
showed an end-of-treatment response. Viral breakthrough
resulting from the selection of Ala'>®-substituted variants
with high-level resistance to telaprevir [16] occurred in eight
patients. It has been reported that high-level resistance was
absent, low-level resistance was minimized, and the majority
of the viral population reverted to the wild-type by
3-7 months after telaprevir dosing for 14 days [16]. In the
two patients who were studied up to the last visit, enrich-
ment of the wild-type viruses was observed at Week 24 of
the follow-up period. It is thus clear that the variants that
appeared during prolonged administration of telaprevir for
12 weeks could be replaced by or could revert to the wild-
type viruses. This study also provides new knowledge about
a selective pathway of the NS3 protease domain of HCV
senotype 1b during long-term telaprevir administration
(Tabie 3). It 8 notable that the wild-type viruses wers
eliminated promptly by Day 3 of telaprevir monotherapy in
all cases, but varianits with amino acid substitutions such as
V356G, A156V and T54A still remained on Days 3 and 8.
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From Day 50 to Day 99, A156T was the predominant var-
iant after viral breakthrough. On Day 43, several substitu-
tions that are ravely reported were found: a single
substitution of A156F and multiple substitutions of
T348+A156T and A156T+V158L In the clonal sequencing
analysis in this trial, the observed T54S and V1581 substi-
tutions were mostly associated with the A156S/T substitu-
tion, and enrichment of multiple-substituted variants was
observed under prolonged telapreviv treatment (Fig. S1). A
phenotypic enzyme assay suggested that the solo T548
substitution did not change the inhibitory concentration of
telaprevir (data not shown). It has also been reported that
the T548 and V1581 substitutions were also positively se-
lected in the clinical trials of boceprevir, but the solo V1581
substitation did npot confer telaprevir resistance [17].
Therefore, these two substitutions may be a secondary
resistance-associated variant of genotype 1b. Moreover, we
could speculate that these variants are suscepiible tc PEG-
IFN and RBV, because the viral variants emerging after the
longer selective pressure with telaprevir monotherapy were
decreased rapidly by switching the treatment with telaprevir
to that with PEG-IFN and RBV [18]. Although it was re-
ported that one patient with low viral load achieved SVR in
the treatment regimen in which 750 mg telaprevir was
administered q8h for 24 weeks [19], no patients with high
viral load achieved SYR in this study. As discussed earlier,

PEG-IFN and RBV-ree therapy is an unmmet and strong
medical need in Japan. Therefore, an oral cocktail therapy
for HCV genotype 1b infection using telaprevir and different
types of DAAs, for example HCV NS5A or NS3B polymerase
inhibitors, would be warranted tc improve efficacy and re-
duce adverse drug reactions of the telaprevir, PEG-IFN and
RBYV triple therapy.

In conclusion, the results of this study indicate that tela-
previr is well tolerated at 750 mg q&h for 12 weeks in Jap-
anese patients with HCV genotype 1b infection. The data
obtained in this study on telaprevir monotherapy demon-
strate that the severe side effects, rash and anaemia observed
in the telaprevir-based triple regimen were likely to be
attributable to the additive and/or synergistic effect of tela-
previr, PEG-IFN and RBV, and this consideration has
encouraged us to evaluate telaprevir in a combination
therapy with a different class of DAAs in future.
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SUMMARY. The aims of this phase I study were to assess the
efficacy and safety of telaprevir in combination with pegin-
terferon alfa-2b (PEG-IFN) and ribavirin (RBV) for difficult-
to-treat patients who had not achieved sustained virological
response {(SVR) to prior regimens in Japan. The subjects were
109 relapsers (median age of 57.0 years) and 32 nonre-
sponders (median age of 57.5 years) with hepatitis C virus
genotype 1. Patients received telaprevir (750 mg every 8 h)
for 12 weeks and PEG-IFN/RBYV for 24 weeks. The SVR rates
for relapsers and nonresponders were 88.1% (96/109) and
34.4% (11/32), respectively. Specified dose modifications of
RBV that differed from that for the standard of care were
introduced to alleviate anaemia. RBV dose reductions were
used for 1392 of the 141 patients. The SVR rates for relapsers

did not depend on RBV dose reduction for 20-100% of the
planned dose (SVR rates 87.5-100%, P < 0.05). Skin dis-
orders were observed in 82.3% (116/141). Most of the skin
disorders were controllable by anti-histamine and/or steroid
ointments. The ratios of discontinuation of telaprevir only or
of all the study drugs because of adverse events were 21.3%
(30/141) and 16.3% (23/141), respectively. A frequent
adverse event leading to discontinuation was anaemia.
Telaprevir in combination with PEG-IFN/RBV led to a high
SVR rate for relapsers and may offer a potential new therapy
for nonresponders even with a shorter treatment period.

Keywords: direct-acting antiviral, peginterferon, ribavirin,
sustained virological response, treatment failure.

INTRODUCTION

Hepatitis C virus (HCV) affects approximately 170 million
people worldwide [1]; patients with chronic hepatitis C
(CHC) eventually develop cirrhosis and hepatocellular car-
cinoma (HCC) [2.3]. The standard of care (SOC) with
peginterferon plus ribavirin (RBV) for 48 weeks is most
effective for eradicating HCV genotype 1 [4], which is a
dominant genotype for CHC [1]. However, the sustained
virological response (SVR) rate of SOC for the treatment of
naive patients with genotype 1 is approximately <50% {5,6].
The retreatment regimen for patients who do not achieve
SVR is limited to exposure to peginterferon plus RBV with

Abbreviations: CHC, chronic hepatitis C; ETR, end of treatment re-
sponse; HCC, hepatoceilular carcinoma; HCV, hepatitis C virus; PEG-
IPN, peginterferon alfa-2b; RBY, ribavirin; RVR, rapid viral response;
S0C, standard of care; SVR, sustained virological response.
Correspondence: Norio Hayashi, Kansei-Rosai Hospital, 3-1-69
Inabaso, Amagasaki City, Hyogo Prefecture, 660-8511 Japan.
E-mail: hayashin@kanrouw.net

modification of dose and treatment duration. Some studies
have been conducted to estimate the effectiveness of pegin-
terferon plus RBV for 48 weeks for nonresponders to prior
interferon-based combination therapy, and the SVR rates in
most studies did not exceed 20% [7-9]. A large randomized
study of patients who had not responded to previous treat-
ment with peginterferon alfa-2b (PEG-IFN} plus RBV gave
SVR rates for peginterferon alfa-2a 180 pg/kg plus RBV for
72 weeks that were not as high as those for 48 weeks (14%,
9%) [10). HCV patients who had failed to achieve SVR with
the combination therapy displayed high risk rates of
decompensated cirrhosis, HCC and liver-related mortality
{11]. Therefore, it is very important to establish new
regirnens to increase the SVR rate and shorten the treatment
pericd for patients who do not achieve SVR with prior
treatments.

Telaprevir, classified as a direct-acting antiviral agent, isa
veversible, selective, orally bioavailable inhibitor of the
nonstructural N83/44 HOV serine protease [12]. Two phase
11 studies (PROVE 1 and PROVE 2) on the freatment of naive
patienis with genotype 1 were conducted to assess the

© 2011 Blackwell Publishing Ltd
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efficacy of telaprevir for 12 weeks in combination with
peginterferon and RBV for 24 weeks [13,14]. These studies
demonstrated that the SVR rates of the telaprevir regimen
were significantly higher compared with SOGC (PROVE 1:
61% vs 41%, P = 0.02, PROVE 2: 69% vs 46%, P = 0.004).
A subsequent phase II study (PROVE 3) for treatment-failure
patients with genotype 1 gave SVR rates for nonresponders,
relapsers and breakthroughs in the telaprevir regimen of
39%, 69% and 57%, respectively {91

In Japan, a phase I study was conducted for the treat-
ment of nafve patients with genotype 1 to compare the
efficacy and safety between the telaprevir regimen and SOC.
It has demonstrated that the SVR rate for the telaprevir
regimen was significantly higher than that for SOC (73.0%
vs 49.2%, P = 0.0020) [15]. We decided to conduct a phasé
0l study to assess the efficacy and safety of telaprevir in
combination with PEG-IFN and RBV in relapsers and non-
responders who had not achieved SVR to a previcusly
administered IFN-based regimen in Japan.

PATIENTS AND METHODS

Study patients

Relapsers and nonresponders were enrolled in Study 1
(ClinicalTrials.gov Identifier; NCT00780910) and Study 2
(ClinicalTrials.gov Identifier: NCT00781274), respectively.
Relapsers were defined as patients who had been previously
treated for CHC and had undetectable HCV RNA during
interferon or peginterferon therapy (including combination
with RBV). Nonresponders were defined as patients who
were previously treated for CHC and had never had unde-
tectable HCV RNA for more than 24 weeks with interferon
or peginterferon therapy (including combination with RBV).

The patients were enrolled from 17 sites in Japan. Patients
considered eligible were of 20-65 years of age, had CHC
because of HCV genotype 1 (defined by NS5B sequence) [16]
and 25.0 logyg IU/mL HCV RNA level at the screening test,
had been previously treated for CHC with interferon or
peginterferon therapy (including combination with RBV),
had a body weight of 40 kg or more and below 120 kg,
could be hospitalized for at least 2 weeks after the first
administration, were not pregnant and agreed to conira-
ception from the screening period to 24 weeks after the last
dosing of the study drug. The patients were excluded if they
had a haemoglobin level of <12 g/dL, neutrophil count of
<1500/mm?®, platelet count of <100 000/mm® were
positive for HBs antigen and HIV antibodies at the screening
test, had chronic renal failure or creatinine clearance of
<50 mL/min, depression, schizophrenia or its history, his-
tory of suicide attempt, decompensated cirrhosis, previous or
current HCC or other malignancies, autcimmune hepatitis,
alcoholic liver disease or haemochromatosis,

All patients provided written informed consent before
participating in the study. These studies were approved by

© 2011 Blackwell Publishing Ltd
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each site’s institutional review board and conducted in
accordance with good clinical practice and the Declaration
of Helsinki.

Study design

All patienis received PEG-IFN (Pegintron®; MSD. Tokyo,
Japan) at a dose of 1.5 ug/kg per week sabcutareously, RBV
(Rebetol®; MSD) at a dose of 600 mg per day (for body
weight <60 kg), 800 mg per day (for body weight >60 to
<80 kg) or 1000 mg per day (for body weight >80 kg} and
telaprevir (MP-424; Mitsubishi Tanabe Pharma, Osaka,
Japan) at a dose of 750 mg every 8 h after food. The patients
were freated with telaprevir, PEG-IFN and RBV for
12 weeks, followed by PEG-IFN and RBV (PEG-IFN/RBYV) for
12 weeks. All patients had a 24-week follow-up period after
the last dosing of study drugs to assess SVR.

Dose modification of study drugs

Specified dose modification of RBV that differed from the dose
for SOC was introduced to alleviate anaemia. The initial dose
of RBV was reduced by 200 mg per day in case of a hae-
moglobin level <13 g/dL at baseline. The RBV dose was
reduced by 200 mg per day in patients receiving 600 or
800 mg per day (by 400 mg per day in those receiving
1000 mg) when the haemoglobin level was <12 g/dL and
was reduced by an additional 200 mg per day when the
haemoglobin level was <10 g/dL. The RBV dose was also
reduced by 200 mg per day if the haemoglobin level dropped
=1 g/dL within 1 week, and this level was <13 g/dL. Tela-
previr was withdrawn when the haemoglobin level was
<8.5 g/dL. PEG-IPN/RBV were withdrawn or interrupted
when the haemoglobin level was <8.5 g/dl. The dose
modifications of PEG-IFN were followed by SOC. Dose
modification and interruption of telaprevir were not allowed.
Telaprevir was withdrawn if serious adverse events
appeared. The use of erythropoietin was not allowed for
elevating the haemoglobin level.

Stopping rules

Patients could be discontinued from the study at any time if
the investigator or sponsor determined that it was not in the
interest of the patient to continue the study or the patient
wished to withdraw from the study. The study drugs were
discontinued if the patients had a haemoglobin level of
<8.5 g/dL, white blood cell count of <1000/mm>, neutro-
phil count of <500/mm? or platelet count of <50 000/mm>.

In case of the following criteria for serum HCV RNA viral
kinetics measured during the treatment period, discontinu-
ation of the study drugs was decided at the investigator’s
discretion. (1) When the following criteria applied twice
consecutively: (a) the amount of change from the lowest
value for HCV RNA level exceeded 2.0 logyo IU/mL and (b)
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HCV RNA level exceeded 2.0 logig IU/ml after it had been
confirmed to be <1.2 log; g IU/mL. (it) When the serum HCV
RNA level at 13 weeks after administration of study drugs
did not decrease by >2.0 logio IU/mL from the baseline
level.

Efficacy assessments

Serum HCV RNA levels were measured using the COBAS
TagMan HCV test (Roche Diagnostics Co. Ltd., Tokyo,
japan). The linear dynamic range was 1.2-7.8 log;o [0/
ml. Samples with undetectable HCV RNA were reported as
‘<1.2 logyo IU/mL (no detectable HCV RNA). Measure-
ments were obtained at week 4 before day 1 of the
screening period: at days 1 {predose}, 2 and 3; weeks 1, 2,
4, 6, 8,10, 12, 14, 16, 18, 20, 22 and 24 of the treatment
period; and weeks 2, 4, 8, 12, 16, 20 and 24 of the follow-
up period.

The primary endpoint was a SVR defined as an undetect-
able HCV RNA level 24 weeks after the end of treatment.
Relapse, breakthrough, and nonresponse were defined based
on AASLD Guidelines as follows [4]: ‘relapse’ was a state of
undetectable serum HCV RNA at the end of treatment and
reappearance of serum HCV RNA during the follow-up period;
‘breakthrough’ was a state of undetectable serum HCV RNA
and reappearance of serum HCV RNA during the treatment

Table 1 Baseline characteristics of study patients

period; and ‘nonresponse’ was a state of continuously
detectable seram HCV RNA during the treatiment period.

Safety assessments

All adverse evenis were recorded up to the last visit and
coded using MedDRA/] version 13.0. (MedDRA Japanese
Maintenance Organization, Tokyo, Japan) Measurements for
chemical laboratory data were obtained at week 4 before day
1 of the screening period: at day 1 (predose); weeks 1, 2, 4,
8. 10, 12, 14, 16, 18, 20 and 24 of the treatment period:
and weeks 2, 4, 8, 12 and 24 of the follow-up period.
Electrocardiogram (ECG) and fundus examinations were
performed once during the screening period. Adverse events,
haematological and chemical laboratory data, and vital
signs were assessed and summarized. The severity of rash
was categorized into three grades.

Statistical analysis

Sustained virological response rates were evaluated for the
full analysis set. Categorical variables were compared by
Fisher’s exact test. Statistical analyses were performed using
the statistical software SAS Version 9.1 (SAS Institute Inc..
Cary, NC, USA), and a P value < 0.05 was considered
significant.

Study 1 Study 2
(relapsers) (nonresponders)
N = 109 N =32
Gender — 1 (%)
Men 66 (60.6) 17 (53.1)
Women 43 (39.4) 15 (46.9)
Age, years — median (range) 57.0 (20, 63) 57.5 (40, 65}

Weight, kg — median (range)
BMI, kg/m? — median (range)*
ALT (IU/L) - median (range)’
Haemoglobin (g/dL) — median (range)
White blood cell count (/mm®)
Platelet count (x10%*/mm?) — median (range)
HCV BRNA (log;o IU/mL} — median (range)t
HCV genotype 1 subtype — n (%)
la
ib
Prior therapy for chronic hepatifis C — n (%)
Interferon
Interferon plus ribavirin
Peginterferon
Peginterferon plus ribavirin

62.50 (41.0, 92.5)
23.10 (18.0, 32.4)
36.0 (16, 302)
14.70 (12.0, 17.8)
4680.0 (2490, 15940)
17.80 (9.9, 33.8)
6.75 (5.2, 7.6)

0 (0.0)
109 (100.0)

fund ok

g
D o s W
PRGN,
3 e e
N Gy b9 b
- o o
hn—me

61.30 (44.9, 92.53}
22.60 (17.1, 31.2)
48.0 (17, 190)
14.50 (12.3, 16.6}
4830.0 (3040, 8000)
17.85 (9.1, 26.2)
6.78 (6.0, 7.7}

1(3.1)
31 (96.9)

HCV, hepatitis C virus.

*The body mass index (BMI) is the weight in kilograms divided by the square of the beight in metres; 'Alanine aminotrans-

ferase; *The HCV RNA level was measured using the COBAS TagMan HCV test (Roche).
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Fig. 1 Undetectable hepatitis C virus RNA rates at each measurement point. SVR, sustained virological response; ETR,

end-of-treatment response.
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Fig. 2 Resgponse rates of patients with virclogical response. *Number of patients who achievaed 8VR in each subgroup/
N (%). SVR, sustained virological responise; RVR, rapid viral response; ETR, end-of-treatment response.

RESULTS

Study patients

From November 2008 to August 2009, a total of 168
patients [Study 1 (N = 135} and Study 2 (N = 33)] were
screened, and 141 patients [Study 1 (N = 109) and Study 2
(W = 32}] received at least one dose of a study drug. The

© 2011 Blackwell Publishing 1id

baseline characteristics of the study patients arve shown in
Table 1. Patients previously treated with PEG-IEN (with or
without RBV) and IFN (with or without RBV) in Study 1 and
Study 2 accourtted for 75.2% (82 of 109) and 24.7% (27 of
109) and 90.6% (29 of 32) and 9.4% (3 of 32). respectively.
The median of age, weight, haesmoglobin level, platelet count
and HCV RNA level for Study 1 and Study 2 were 57.0 and
57.5 years, 62.5 and 61.3 kg, 14.7 and 14.5 g/dL, 17.8
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and 17.85 x 10%mm’, and 6.75 and 6.78 logie IU/mi.,
respectively, Patients over 50 years of age accounted for
81.7% (89 of 109) and 81.3% (26 of 32}, respectively.

Efficacy in study 1 (relapsers)

Figure 1 shows the change in the undetectable HCV RNA
rates at each measurement point. The rapid viral response
(RVR} rate and the end of treatment response (ETR) rate
were 87.2% {95/10%) and 94.5% {103/109), respectively.
The 8VR rate, nonresponse, breakthrough and relapse were
88.1% (96/109), 0.9% (1/109), 0.9% {1/109) and 7.3% (&/
109), respectively (Fig. 2).

Factors influencing the SVR rate are compared in Table 2.
The SVR rate in the patients who achieved undetectable
HCV RNA at <week 4 was significantly higher than that in
the patients who achieved undetectable HCV RNA at >week
4 (91.8% vs 66.7%, P = 0.0487). Also, the SVR rate for men
was significantly higher than that for women (93.9% vs

79.1%, P = 0.0316). The SVR rate with discontinuation of
all the study drugs was significantly lower than that with
discontinuation of only telaprevir or no discontinuaiion of
the study drugs (all the study drugs: 60.0%. only telaprevir:
95.0% and no discontinuation: 94.2%, P = 0.0067). In
contrast, there was no difference in the SVR ratfe in relation
to HCV RNA level and prior therapy for CHC. SVR rates by
the ratio of the actuzal total RBV dose to the anticipated total
RBV dose were evaluated (Fig. 3). The SVR rates did not
depend on RBV dose reduction for 20-100% of the planned
dose (87.5-100%, P < Q.05).

Efficacy in study 2 (nonresponders)

The RVR and ETR rates were 71.9% (23/32) and 59.4%
(19/32), respectively (Fig. 1). The SVR rate, nonresponse,
breakthrough and relapse were 34.4% (11/32), 6.3% (2/
32), 18.8% {6/32) and 40.6% (13/32), respectively (Fig. 2).
There was no difference in the SVR rate in relation to

Table 2 SVR rates stratified by demographic, undetectable HCV RNA and discontinuation of study drug treatment

Study 1 Study 2
(relapsers) {nonresponders)
N =109 N=32

Gender — n/N (%)
Meale
Female
P-value
Age — /N (%)
<49
250
P.yalue
HCV RNA (logio TU/mL) — /N (%)
>7.0
<7.0
P-value
Prior therapy for chronic hepatitis C ~ /N (%)
Interferon
Interferon plus ribavirin
Peginterferon
Peginterferon plus ribavirin
P-value
Undetectable — n/I¥ (%)
<Week 4
>Week 4 <end of treatment
P.yalue
Discontinuation of study drug treatment ~ /N (%)
No discontinuation
Telaprevir only
All study drugs
P-value

62/66 (93.9}
34/43 (79.1)

8/17 (47.1)
3/15 (20.0)

0.0316 0.1475
18/20 (90.0) 2/6 (33.3)
78/89 (87.6) 9/26 (34.6)

1.0000 1.0000
26/30 (86.7) 5/10 (50.0)
70/79 (88.6) 6/22 (27.3)

0.7498 0.2515
12/13 (92.3) 1/1 (1060.0)
13/14 (92.9) 2/2 (160.0)

3/3 (100.0) ~ (=}
63/79 (86.1) 8/29 (27.6)
0.9271 0.0332

90/98 (51.8)
6/9 (66.7}

9/23 (39.3)
2/7 (28.6}

0.0487 1.6000
65/69 (94.2} 9720 (45.0}
19/20 (85.0) 2/7 {28.8}
12/20 (60.0) 8/5 (0.0}
0.0607 0.1711

SVR, sustained virclogical response: HCV, hepatitis C virus.

SVE was defined as an undetectable HCV RNA level 24 weeks after the end of treatment.

© 2011 Blackwsll Publishing 1t
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baseline characteristics, HCV RNA level and prior treaiment
for CHC. The SVR rates for the patients who received 40-
8G% RBY dose reduction were over 30% (Fig. 3).

Safety

Adverse events were observed in all the patients in Study 1
and Study 2. Adverse events observed in at least 15% of the
patients in each clinical study are listed in Table 3. Adverse
events were similar between Study 1 and Study 2. Most of
the adverse events were mild and moderate. Serious adverse
events in Study 1 and Study 2 were reported in 11.9% (13/
109) and 9.4% (3/32) of the patients, respectively. The
ratios of discontinuation of all the study drugs because of
adverse events in Study 1 and Study 2 were 17.4% (19/109)
and 12.5% (4/32), respectively. A frequent adverse event
leading to discontinuation was anaemia, Discontinuation
rates of all the study drugs because of anaemia in Study 1
and Study 2 were 10.1% (11/109) and 9.4% (3/32),
respectively. One death was reported in Study 1. One patient
in Study 1 died of pulmonary embolism. Causality of PEG-
IFN and RBV was classified as ‘probably related’ and that of
telaprevir was classified as ‘possibly related’.

Adverse events related to skin disorders were observed in
82.3% (116/141) of the patients. Skin disorders reported in
over 10% of the patients were rash in 39.0% (55/141), drug
eruption in 24.1% (34/141), injection site reaction in 12.8%
(18/141) and injection site erythema in 12.8% (18/141) of
the patients. Most of the skin disorders were controllable by
anti-histamine and/or steroid cintments. Grade 3 (severe)
skin disorders in Study 1 and Study 2 were reported in 6.4%
(7/109) and 6.3% (2/32) of the patients, respectively. Dis-

el3%

continuation of all the study drugs because of skin disorders
in Study 1 amounted to 3.7% (4/109). No discontinuation
because of skin disorders occurred in Study 2.

Figure 4 shows the changes in haemoglobin levels,
platelet counts and nentrophil counts during the freatment
and follow-up periods. Changes in the haematological
parameters were similar between Study 1 and Study 2. The
platelet count and neutrophil count decreased sharply
within 4 weeks and then gradually decreased. Despite the
modification of RBV, the median haemoglobin levels in
Study 1 and Study 2 decreased to 10.6 and 10.4 g/dl at
week 12, respectively, No patient discontinued all the study
drugs because of neutrophil decrease. The haematological
parameters recovered to the baseline level at the end of the
follow-up period.

DISCUSSION

This phase III study was planned and conducted to assess the
efficacy and safety of telaprevir in combination with
PEG-IFN/RBV for relapsers and nonresponders. Most of the
patients who participated in this study had received a prior
PEG-IFN/RBV regimen. Despite a shorter treatment period,
the SVR rates for relapsers and nonresponders were 88.1%
and 34.4%, respectively. The result indicates that the HCV
RNA response to previous treatment history should be one of
the diagnostic factors for predicting SVR.

The SVR rate for men was significantly higher than that
for women in the relapser group (93.9% vs 79.1%,
P = 0.0316). There was no significant difference in other
characteristics of the patients in that group. Once the
relapsers had achieved undetectable HCV RNA, this condi-
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Fig. 3 Sustained virclogical response rates according to adherence to the ribavirin dose.
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Table 3 Most conumon adverse events

Study 1 Study 2

MedDRA/T (Version.13.0) (relapsers} (nonresponders)

preferred term —~ 1 (%) N =109 N=32 Total N = 141
Anaemia 96 (88.1) 32 (160.0} 128 (50.8)
Pyrexia 90 (82.6) 30 (93.8) 120 (85.1)
White blood cell count decressed 83 (76.1) 22 (68.8) 105 (74.5)
Riood uric acid increased 72 {66.1) 25 (78.1) 97 (68.8)
Plateiet count decreased 73 (67.0) 22 (68.8) 95 (67.4)
Melaise 60 (55.0} 23 (71.9} 83 (58.9)
Decreased appetite 56 (51.4) 15 (46.9) 71 (50.4)
Hyaluronic acid increased 56 (51.4) 15 (46.9) 71 {50.4)
Rash 39 (35.8) 16 (50.0) 35 (39.0)
Headache 42 (38.5) 10 (31.3) 52 {(36.9}
Blood creatinine mcreased 36 (33.00 12 (37.5) 48 (34.0)
Insomnia 34 (31.2) 11 (34.4) 45 (31.9)
Blood bilirubin increased 34 (31.2) 10 (31.3) 44 (31.2)
Alopecia 35 (32.1) 7 (21.9) 42 (29.8)
Diarrhoea 31 (28.4) 7 (21.9) 38 (27.0}
Dysgeusia 29 (26.6) 6 (18.8) 35 (24.8)
Vomiting 26 (23.9) 8 (25.0) 34 (24.1)
Drug eruption 24 (22.0) 10 (31.3) 34 (24.1)
Nausea 24 (22.0) 4 (12.5) 28 (19.9)
Abdominal discomfort 22 (20.2) 6 (18.8) 28 (19.9)
Blood triglycerides increased 19 (17.4) 8 (25.0) 27 (19.1)
Pruritus 20 (18.3) 2 (6.3) 22 (15.6)
Arthralgia 18 (16.5) 4(12.5) 22 (15.6)
Nasopharyngitis 19 (17.4) 2 (6.3) 21 (14.9)
Stomatitis 13 (11.9) 6 (18.8) 19 (13.5)
Back pain 12 (11.0) 5 (15.6) 17 (12.1)
Blood phosphorus decreased 10 (9.2) 6 (18.8) 16 (11.3)

The adverse events listed are those that were reported in at least 15% of patients in each clinical study.

tion was sustained until the end of the treatment period. The
patients who achieved RVR had a higher SVR rate than the
patients who had no RVR in the relapser group (91.8% vs
66.7%, P = 0.0487).

In contrast, there was no significant difference related to
characteristics in the nonresponder group. The SVR rates
between men and women and undetectable HCV RNA were,
however, slightly different. As Study 2 for the nonresponders
was of a small scale, it will be necessary to evaluate a larger
number of patients, The breakthrough ratio in the nonve-
sponders during the PEG-IFN/RBV treatment period and
relapse ratio were 18.8% and 40.6%, respectively. Two
patients were nonresponders with high telaprevir-resistant
variants; one was subtype 1a and the only patient with this
characteristic in the study.

Triple therapy for 12 weeks, foliowed by PEG-IEN/RBV for
12 weeks for the relapsers led to a high SVR rate. In conirast
to the relapsers, all breakihroughs were observed in 18.8%
of nonresponder patients after the end of telaprevir treaé-
ment, and relapse were cbserved in 40.6% of nonresponder

patients after the end of treatment period. Continuation of
telaprevir over 12 weeks and PEG-IFN/RBV over 24 weeks
might be needed to achieve a higher SVR rate for nonre-
sponders.

Dose modification of RRV that differed from that for SOC
was introduced to prevent anaemia in the patients [17]
Dose reductions of RBV were observed in 98.6% of the
paitents, and those who had 200 mg RBV per day as a
minimum dose and those who discontinued it accounted for
41.8% and 29.8%. respectively. The haemoglobin level
recovered to the baseline level at the end of the follow-up
period. As a result of dose modification, the change in the
haemoglobin level in this study was similar to that in PRGVE
3 [9]. Checldng the heemoglobin level once a week during
the treatment period is important. The SVR rates did not
depend on RBV dose reduction among the relapsers who had
over 20% of the anticipated total RBV dose (87.5-100%;.
Thus, i is tmportant to rooniior haemogiobin levels and
continue RBV dosing appropriately to achieve SVR, even
with a low RBV dose.

© 2011 Blackwell Publishing Lid
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Fig. 4 Changes in hematology parameters. Median haemoglobin
counts (c) were plotted during treatment and follow-up periods.

Adverse events related to skin disorder were reported by
82.3% of the subjects. Of the nine cases of severe skin dis-
orders, seven occurred within 8 weeks, Telaprevir was likely
to be related to the occurrence of the severe skin disorders.
The mechanism of skin disorders is unknown. All the pa-
tients who discontinued freatment received immediate care
from dermatologists and recovered eventually. Skin disorders
should be carefully monitored by physicians in collaboration
with dermatologists.

The relationship between the SVR rates and the difference
in §NPs in gene IL28B or near IL28B has become clear
[18,19]. With genetic variation in 188099917, SVR rates of
23.8% and 27.6% were achieved for patients with genotype
TT and non-TT who were treated with telaprevir in combi-
nation with PEG-TEN/RBV, respectively [20]. Also, genetic
variations in gene ITPA related to haesmoglobin decrease and
reduction of RBV has been discussed for patients treated with
PRG-IFN/RBV [21,22]. We did not evaluate IL28B and ITPA
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Effect of Type 2 Diabetes on Risk for

includes Hepatocellular Carcinoma in
Chronic Hepatitis C
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Norio Akuta,' Masahiro Kobayashi," Hitomi Sezaki," Satoshi Saito,’ Tetsuya Hosaka,’ Kenji Tkeda,’

Hiromitsu Kumada,® and Tetsuro Kobayashi®

The aim of this retrospective cohort study was to assess the cumulative development inci-
dence and predictive factors for malignancies after the termination of interferon (IFN)
therapy in Japanese patients for hepatitis C virus (HCV). A total of 4,302 HCV-positive
patients treated with IFN were enrolled. The mean observation period was 8.1 years. The
primary ontcome was the first onset of malignancies. Evaluation was performed using the
Kaplan-Meier method and Cox proportional hazard analysis. A total of 606 patients devel-
oped malignancies: 393 developed hepatocellular carcinoma (HCC) and 213 developed
malignancies other than HCC. The cumulative development rate of HCC was 4.3% at 5
years, 10.5% at 10 years, and 19.7% at 15 years. HCC occurred significanty (P < 0.05)
‘when the following characteristics were present: advanced histological staging, sustained
virological response not achieved, male sex, advanced age of >50 years, total alcohol
intake of >200 kg, and presence of type 2 diabetes (T2DM). T2DM caused a 1.73-fold
enhancement in HCC development. In patients with T2DM, HCC decreased when
patients had a mean hemoglobin Alc (HbAlc) level of <7.0% during follow-up (hazard
ratio, 0.56; 95% confidence interval, 0.33-0.89; P = 0.015). The cumnulative development
rate of malignancy other than HCC was 2.4% at 5 years, 5.1% at 10 years, and 9.8% at 15
years. Malignancies other than HCC occurred significandy when patients were of
advanced age of <50 years, smoking index (package per day X year) was > 20, and
T2DM was present. T2DM caused a 1.70-fold enhancement in the development of malig-
nancies other than HCC. Conclusion: T2DM causes an approximately 1.7-fold enhance-
ment in the development of HCC and malignancies other than HCC in HCV-positive
patients treated with IFN. In T2DM patients, maintaining a mean HbAlc level of <7.0%
reduces the development of HCC. (Herarorocy 2012;000:000-000)

I epatitis C virus (HCV) is one of the more
| common causes of chronic liver disease
L. A worldwide. Chronic hepatitis C is an insidi-
ously progressive form of liver disease that relentessly
but silently progresses to citrhosis in 20%-50% of
cases over a period of 10-30 y&ars.l’z In addition,
HCV is a major risk factor for hepatocellular carci-
noma {(HCC).>”

On the other hand, the prevalence of patients
with type 2 diabetes melilitus (T2DM) is increasing
in many nations, including Japan® Thus, the

management of T2DM patients who are chronically
infected with HCV is one of the most important
issues confronted by physicians. Few studies have
reported relationships between T2DM and total
malignancies, including HCC in HCV patients. In
addition, it is not clear whether the stringent control
of T2DM 1is necessary for protecting the develop-
ment of malignancies in HCV padents. This issue
needs to be confirmed via long-term follow-up of a
large cohort of patients at high risk of developing
malignancy.

Abbreviations: CH, chronic heparivis; CI, confidence interval; HbAlc, hemoglobin Ale; HCC, hepatocellular carcinoma; HCV, hepatitis C virusy HR, hazard
ratio; IFN, interferon; LT, liver cirvbosis; SVR, sustained vivological vesponse; T2DM, type 2 diabetes mellisus; TAL rotal alcohol intake.
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With this background in mind, the present study was
initiated to investigate the cumulative incidence and
risk factors of malignancies, including HCC after pro-
longed follow-up in HCV patients treated with inter-
feron (IFN) monotherapy or combination therapy of
IFN and ribavirin. The strengths of the current study
are the large numbers of patients included and the
long-term follow-up of patients.

Patients and Methods

Puazients. The number of patients who were diag-
nosed with chronic HCV infection and treated for the
first time with IFN monotherapy or combination ther-
apy between September 1990 and March 2009 in the
Department of Hepatology, Toranomon Hospital, To-
kyo, Japan, was 7,205. Of these, 4,302 patients met
the following enrollment criteria: (1) no evidence of
malignancies by physical examination, biochemical
tests, abdominal ultrasonography, gastrofiberscope (or
gastrography), or chest X-ray (or computed tomogra-
phy); (2) features of chronic hepatitis or cirrhosis diag-
nosed via laparoscopy and/or liver biopsy within 1
year before the initiation of IEN therapy; (3) positivity
for serum HCV-RNA before the initiation of IFN
therapy; (4) period of >1 month to <1 year of IFN
therapy; (5) negativity for hepatitis B surface antigens,
antibody to hepatitis B core, or antimitochondrial
antibodies in serum, as determined by radioimmunoas-
say, enzyme-linked immunosorbent assay, or indirect
immunofluorescence assay; (6) age of >30 years to
<80 years; (7) no underlying systemic disease, such as
systemic lupus erythmatosus or rheumatic arthritis;
and (8) repeated annual examinations during follow-
up. Annual examinations included biochemical tests,
tumor marker (carcinoembryonic antigen, alpha-feto-
protein, and prostate-specific antigen [only in men]),
and abdominal ultrasonography. Patients with were
excluded from the study if they had illnesses that could
seriously reduce their life expectancy or if they had a
history of carcinogenesis.

The primary outcome was the first development of
malignancy. The development of malignancies was
diagnosed by clinical symptoms, tumor marker,
imaging (ultrasonography, computed tomography, or
magnetic resonance imaging), and/or histological

HEPATOLOGY, Month 2012

examination.” "> All of the studies were performed ret-
rospectively by collecting and analyzing data from the
patient records. The physicians in charge explained the
purpose, method, and side effects of IFN therapy to
each patient and/or the patient’s family. In addition,
the physicians in charge received permission for the
use of serum stores and fuwure use of stored serum.
Informed consent for IFN therapy and future use of
stored serum was obtained from all patients. The study
was approved by the Institutional Review Board of our
hospital.

Medsical Bvaluation. Body weight was measured in
light clothing and without shoes to the nearest 0.1 kg.
Height was measured to the nearest 0.1 cm. Height
and weight were recorded at baseline, and body mass
index was calculated as kg/m®. All patients were inter-
viewed by physicians or nurse staff in the Toranomon
Hospital using a questionnaire that gathered informa-
tion on demographic characteristics, medical history,
and heath-related habits, including questions on alco-
hol intake and smoking history.

The value for hemoglobin A;¢ (HbA;o) was esti-
mated as a National Glycohemoglobin Standardization
Program equivalent value (%). Patients were defined as
having T2DM when they had a fasting plasma glucose
level of >126 mg/dL and/or HbA,( level of >6.5%.1°

Patients were regarded as hypertensive when systolic
blood pressure was >140 mm Hg and/or diastolic
blood pressure was >90 mm Hg for at least three vis-
its. Smoking index (packs per day X year) and total
alcohol intake (TAI) were evaluated by the sum of
before, during, and after the IFN therapy.

Laboratory Investigation. Diagnosis of HCV infec-
tion was based on detection of serum HCV antibody
and positive RINA. Anti-HCV was detected using an
enzyme-linked immunosorbent assay (ELISA I
Abbott Tahoratories, North Chicago, TL). HCV geno-
type was examined via polymerase chain reaction assay,
using a mixture of primers for the six subtypes known
to exist in Japan, as reported.'”” HCV-RNA was deter-
mined using the COBAS TagMan HCV test (Roche
Diagnostics, Basel, Switzerland). The serum samples
stored at —80°C before IFN therapy were used. The
linear dynamic range of the assay was 1.2-7.8 log IU/
ml, and the undetectable samples were defined as neg-
ative. A sustained virological response (SVR) was

Address reprint requests fo: Yasuji Arase, M.D., Department of Hepatology,
Enail: esSy-ars@asabi-net.orfp; fax: (81)-3-3582-7068.

Copyright © 2012 by the American Association for the Study of Liver Diseases.

View this article oniine at wileyonlinelibrary.com.

DOI 10.1002/hep. 26087

Potential conflict of interest: Nothing to repors.

Toranomon Hospital, 2-2-2, Toranomon, Minaio-ku, Tokyo 105-8470, Japan.

— 387 —



HEPATOLOGY, Vol. 000, No. 008, 2012

ARASE ET AL, 3

Table 1. Clinical Backgrounds at initiation of Follow-up in Envolled Patients

Variable

Total HECC Group Men-HCC Matignancy Group Without Events Group P

No. of patients 4,362 3583 213 3,698
Age, years 52.0 = 118 558 = 7.9 579 £ 9.1 513 = 12.1 <0.001
Sex, maie/female 2528/1774 272/121 129/84 2127/1569 <0.001
Height, em 163.0 = 9.2 162.8 = 8.3 1633 = 9.1 163.0 = 9.3 0.772
Weight, kg 614 = 13.0 62.3 *+ 10.8 60.8 = 10.1 613 = 134 0.142
BV 230+ 40 234 =30 228 =238 230 * 4.1 0.012
Blood pressure, mm Hg

Systolic 128 = 13 132 = 19 133 = 20 127 £ 17 <0.001

Diastolic 77 = 13 80 = 12 80 = 13 77 £ 13 <0.001
TAL Kkg* 95 = 92 151 = 101 135 + 81 85 £ 89 <0.001
Smoking index* 64 + 9.4 10.8 = 11,1 125 = 118 55 £ 87 <0.001
AST, 1U/L 42 x 44 64 + 55 42 = 31 40 = 42 <0.001
ALT, iU/L 44 x 53 72 = 83 43 = 43 42 * 52 <0.001
GGT, /L 54 = 61 83 = 65 56 * 45 53 = 38 0.007
Atburain, g/dL 41 =03 41 +03 41 =02 41 x02 0310
Triglyceride, mg/dl 101 = 53 104 = 54 105 += 50 100 = 52 0.329
Cholesterol, mg/dL 170 = 32 165 = 31 169 = 33 171 = 32 0.025
FPG, mg/dL 100 = 22 110 = 28 104 = 22 98 = 21 <0.001
HbAic, %, NSPG 5.6 = 1.2 59 = 1.4 57 x 14 55 =11 <0.001
T2DM, +/— 267/4,035 63/330 347179 170/3,526 <0.001
Platelet count, x10%/mm’ 171 = 5.1 13.7 = 49 165 + 54 175 = 5.4 <0.001
Staging, LC/non-LC 433/3,869 113/285 27/189 293/3,395 <0.001
HCV genotype, 1b/2a/2b/other 2,721/995/458 /128 283/52/20/38 121/62/18/12 2,317/881/420/78 <0.001
HCY RNA, log iU/mL 6.06 = 1.05 6.22 £ 0.52 8.05 = 0.86 6.04 + 1.05 0.003
{FN mongtherapyt/combination therapyt 2,861/1,441 358/35 175/38 2,328/1,368 <0.001
Efficacy, SVR/non-SVR 1,900/2,402 44/349 88/125 1,768/1,928 <0.001

Data are presented as no. of patients or mean == SD.

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; F, female; FPG, fasting plasma glucose; GGT, gamma-ghu-
tamyl transferase; HDL, high-density fipoprotein; M, male; NGSP, National Glyeohemoglobin Standardization Program,
*Smoking index is defined as packs per day x year. TAl and smoking index indicate the sum before and after first consultation.

TOuthreak of IFN monotherapy: recombinant IFN-«2a, n = 220, recombinant IFN-a2b, n = 183, natural IFN-z, n = 1,678, natural IFN-c,

= 591, total dose

of iIFN = 560 *+ 164 megaunit. Outbreak of pegylated IFN monotherapy: pegylated IFN-22a, n = 89, total dose of pegylated IFN = 7.52 = 2.24 mg.

FOutbreak of combination therapy: recombinant IFN-¢2 - ribavirin, n = 335, total dose of IFN = 508 % 184 megaunit, total dose of ribavirin = 160 = 68
& natural IFN-§ + ribavirin, n = 101, total dose of IFN = 502 * 176 megaunit, total dose of ribavirin = 156 * 67 g; pegylated {FN-«:2b-+ribavirin, n = 1,005
cases, total dose of pegylated IFN = 4.14 = 1,10 mg, total dose of ribavirin = 206 = 58 g.

defined as clearance of HCV-RNA using the COBAS
TagMan HCV test 6 months after the cessation of
IFN therapy.

Evaluation of Liver Cirrbosis. Status of liver was
mainly determined on the basis of peritoneoscopy
and/or liver biopsy. Liver biopsy specimens were
obtained using a modified Vim Silverman needle with
an internal diameter of 2 mm (Tohoku University
style; Kakinuma Factory, Tokyo, Japan), fixed in 10%
formalin, and stained with hematoxylin and eosin,
Masson’s trichrome, silver impregnation, and petiodic
acid-Schiff after diastase digestion. The size of speci-
mens for examination was more than six portal
areas, '

Follow-up. The observation starting point was 6
months after the termination of IFN therapy. After
that, patients were followed up at least twice a year in
our hospital. Physical examination and biochemical
tests were conducted at each examination together
with a regular checkup. In addition, annual examina-
tions during follow-up were undertaken. When a

patient had complaints during follow-up, the physician
in charge performed additional examinations based on
symptoms. Four hundred eighteen patients were lost
to follow-up. The final date of follow-up in 418
patients with loss of follow-up was regarded as the last
consulting day. In addition, 881 patients were retreated
with IFN. The final date of follow-up in 881 patients
re-treated with IFN were regarded as the time of the
initiation of IFN retreatment. Thus, 418 patients with
loss of follow-up and 881 patients retreated with IFN
were counted censored data in statistical analysis.’
The mean follow-up pericd was 6.8 (SD 4.3) years in
418 patients with loss of follow-up and 7.5 (SD 4.8)
years in 881 patients retreated with IFN. Censored
patients were counted in the analysis.

Statistical Amnalysis. Clinical differences among
three groups of patients with HCC with malignancies
other than HCC without events were evaluated using
the Kruskal-Wallis test. The cumulative development
rates of malignancies were calculated using the Kaplan-
Meier technique, and differences in the curves were
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Fig. 1. Cumulative development rate of HCC (A) in total HCV patients treated with IFN therapy and based on the difference of (B) efficacy,

(C) age, and (D) hepatic fibrosis.

tested using the log-rank test. 202! Independent risk

factors associated with malignancies were studied using
the stepwise Cox regression analysis.”> The following
variables were analyzed for potential covariates for inci-
dence of primary outcome: (1) age, sex, T2DM, and
hypertension at the initiation time of follow-up; (2)
HCV genotype, HCV load, and hepatic fibrosis before
IFN therapy; (3) average value of body mass index,
aspartatc aminotransferase, alanine aminotransferase,
triglyceride, total cholesterol, and platelet count during
follow-up; (4) sum value of smoking and alcohol
before, during, and after the IEN therapy; and (5)
efficacy of IFN therapy, combination of ribavirin,
type of IFN, and rtotal dose of IFN. A P < 0.05 was
considered statistically significant. Data analysis was
performed using SPSS 11.5 for Windows (SPSS,
Chicago, IL).

Resulls

Pagsien: Characteristics. Table lshows the baseline
characteristics of the 4,302 enrolled patients at initia-
tion of follow-up. The patients were divided into three
groups: with HCC, with malignancies other than

HCC, and withour events. There were significant dif-
ferences in several baseline characteristics among the
three groups. The SVR rate was 34.4% (985/2,861) in
IFN monotherapy and 63.5% (915/1,441) in combi-
nation therapy of IFN and ribavirin. Thus, the
number of patients with SVR was 1,900. The mean
follow-up was 8.1 (SD 5.0) years.

Development and Breakdown of Malignauncies. As
shown in Table 1, 606 of 4,302 patients developed
malignancies: 393 developed HCC and 213 developed
malignancies other than HCC. HCC accounted for
33.3% (44/132) of malignancies in patients with SVR
and 73.6% (349/474) in patients without SVR. The
breakdown of malignancies other than HCC was as

follows: stomach cancer, n = 36; colon cancer
n = 35; lung cancer, n = 20; malignant lymphoma,
n = 19; pancreatic cancer, n = 12; prostatic cancer,

n = 16; breast cancer, n = 15; other cancers, n = 60.
Predictive Factors for ithe Development of
HCC. The cumulative development rate of HCC was
43% at S5 years, 10.5% at 10 years, 19.7% at 15
years, and 28.0% at 20 years (Fig. 1A). The factors
associated with the development of HCC are shown in

Table 2. Multivariate Cox proportional hazards analysis
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Table 2. Predictive Factors for Development of HOG in Enrelled Paiients

Univariate Analysis

Cox Regression Analysis

Variable HR (95% o1} P HR (95% C1) P
Age, years {per 10) 1.84 (1.64-2.06) <0.001 1.97 (1.71-2.28) <0.001
Sex, male/female 147 (1.18-1.83) <0.001 1.87 (1.24-2.23) 0.001
BMI, >22/<22 1.37 {1.12-1.66) 0.002

T2DM, +/— 2.77 (2.13-3.60) <0.001 1.73 {1.30-2.30) <0.001
Hyperiension, +/— 1.32 (1.02-1.71) 0.036

Smoking index, >20/<20* 1.43 (1.14-1.79) 0.002

TAl, kg, >200/<200* 2.13 (1.74-2.61) <0.001 1.45 (1.11-1.88) 0.007
AST, 1U/L, >34/<34 3.00 {2.40-3.89) <0.001

ALT, 1U/L, >36/<36 2.74 (2.16-3.42) <0.001

GGT, /L, >109/<109 1.7 (1.19-2.46) 0.039

Albumin, g/dL, <3.9/>3.9 1.92 (1.37-2.55) 0.015

Tiglyceride, mg/dL, >100/ <100 1.14 {0.94-1.37) 0.179

Cholesterol, mg/dL, <150/>150\ 1.38 {1.10-1.72) 0.004

Platelet count, x10%/mm®, <15/>15) 3.27 {2.56-4.17) <0.001

Histofogical diagnosis, LC/non-LC 7.09 (5.59-9.01) <0.001 5.01 {3.92-6.40) <0.001
Combinatien of ribaviin, +/— 0.66 (0.45-0.97) 0,033

Type of IFN, /B 1.10 (0.85-1.41) 0.474

Total dose of IFN, MU, >500/<500 1.12 (0.91-1.38) 0.291

HCY genotype, % 1.87 (1.30-2.14) <0.001

HCV-RNA, log IU/mL, >5/<5 1.02 {0.98-1.05) 0.315

Efficacy, non-SYR/SYR 4,78 {3.47-6.59) <0.001 4.93 (3.53-8.89) <0.001

Abbreviations: ALT, alanine aminctransferase; AST, aspariate aminotransferase; BMI, body mass index; GGT, gamma-glutamyl transferase; HDL, high-density

lipaprotein.

*Smoking index is defined as packs per day x year. TAl and smoking index indicate the sum before and after first consultation.

showed that HCC occurred when patients had liver
cirthosis (hazard ratio [HR], 5.01; 95% confidence
interval [CI], 3.92-6.40; P < 0.001), non-SVR (HR,
4.93; 95% CI, 3.53-6.89; P < 0.001), age increments
of 10 years (HR, 1.97; 95% CI, 1.71-2.28; P <
0.001), T2DM (HR, 1.73; 95% CI, 1.30-2.30; P <
0.001), male sex (HR, 1.67; 95% CI, 1.24-2.23; P =
0.001), and TAI of > 200 kg (HR, 1.45; 95% CI,
1.11-1.88; P = 0.007). Fig. 1B-D and Fig. 2A-C
show the cumulative development rates of HCC based
on difference of IFN efficacy, age, hepatic fibrosis,
TAI, sex, and T2DM. The 10-year cumulative rates of
IICC after IFN therapy was determined to be 7.1% in
3,869 patients with chronic hepatitis and 37.7% in
433 patients with cirrhosis by using the Kaplan-Meier
Method (Fig. 1D). Fig. 2D shows the development
rates of HCC in T2DM patients according to differ-
ence of mean hemoglobin Alc (HbAlc) level during
follow-up. HCC decreased when T2DM patients had
a mean HbAlc level of <7.0% during follow-up (HR,
0.56; 95% CI, 0.33-0.89; P = 0.015). The develop-
ment of HCC was reduced by 44% in T2DM patients
with a mean HbAlc level of <7.0% compared with
those with a mean HbAlc level of >7.0%.

Table 3 shows the development rate of HCC and
sisk factors in four groups classified by the difference
of hepatic fibrosis and efficacy of IFN therapy. The de-
velopment rate of HCC per 1,000 person years was

1.55 in patients with chronic hepatitds (CH) at base-
line and SVR (CH+SVR), 18.23 in patients with liver
cirthosis (LC) at baseline and SVR (LC+SVR), 13.53
in patients with chronic hepatitis at baseline and non-
SVR (CH+non-SVR), and 50.43 in patents with LC
at baseline and non-SVR (LC+non-SVR). The risk of
HCC development in the CH+SVR group was
advanced age, male sex, TAI of >200 kg, and T2DM.
T2DM enhanced the development of HCC with sta-
tistical significance in three groups of CH4-SVR,
CH-+non-SVR, and LC+non-SVR.

Predictive Factors for Development of Malignan-
eies Other than HCC. The cumulative development
rate of malignancies other than HCC was 2.4% at 5
years, 5.1% at 10 years, 9.8% at 15 years, and 18.0%
at 20 years (Fig. 3A). The factors associated with the
development of malignancies other than HCC are
shown in Table 4. Malignancies other than HCC
occurred when patients had age increments of 10 years
(HR, 2.19; 95% CI, 1.84-2.62; P < 0.001), smoking
index of >20 (HR, 1.89; 95% CI, 1.41-2.53; P <
0.001), and T2DM (HR, 1.70; 95% CI, 1.14-2.53;
P = 0.008). Fig. 3B-D shows the cumulative develop-
ment rates of malignancies other than HCC based on
difference of age, smoking index, and T2DM. Fig. 3E
shows the risk of malignancies other than HCC in
T2DM patients according to mean HbAlc level dur-
ing follow-up. The HR of HCC development in
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Fig. 2. Cumulative development rate of HCC based on the difference of {A) TAl, (B) sex, (C) diabetic state, and (D) mean HbAle level during

follow-up in T2DM patients.

patients with mean HbAlc level of <7.0% versus
those with mean HbAlc level of >7.0% was 0.62
(95% CI, 0.31-1.23; P = 0.170). There was no signif-

icant difference in development of malignancies other
than HCC based on the difference of mean HbAlc
level during follow-up. Table 5 shows the impact based

Table 3. Development Rate of HCC Based on Hepatic Fibrosis and Efficacy of IFN Therapy

Variable CH + S¥R LG + SVR CH + Nen-SVR il + Non-SVR

Mo, of patisnts 1,751 149 2,118 784

Age, years 51.7 = 12.1 56.9 *= 9.8 515 = 11.7 57.2 = 9.9

Sex, male/female 1,082/669 91/58 1,190/928 165/119

HbAle (%, NSPG) 55 =07 58 £ 038 5.7 = 0.7 81 *08

TAL kg 86 = 91 104 * 99 97 = 90 129 + 102

Patients with T2DM T4 13 133 47

Patients with HCC 22 22 233 116

1,000 person years of HCC 1.55 1823 13.53 50.43

Age, years {per 10)* 2.60 (1.48-4.58) 1.83 (0.95-3.55) 2.07 (1.75-2.48) 1.09 {0.87-1.37)
P value 0.001 0.070 <0.001 0477

Sex, male/female* 3.42 (1.01-11.83) 3.41 (1.00-11.83) 1.34 (0.99-1.81) 1.93 (1.25-3.00)
P value 0.049 0.050 0.058 0.003

TAL kg, >200/<200* 2.68 (1.14-6.34) 3.84 {1.83-9.85) 2.21 (1.65-2.95) 1.54 {1.03-2.31)
P value 0.024 0.004 <0.001 0.038

T2DM, +/—* 4,76 {1.60-14.10) 2.48 (0.57-10.86) 2.53 (1.76-3.65) 1.87 (1.16-3.01)
P yvalue 0.005 0.228 <0.001 0.010

Abbraviations: CH -+ Non-SVR, patienis with CH at basefine and non-SYR 6 months after IFN therapy; GH 4+ SVR, patients with CH at baseline and SVR 6
months afier IFN therapy; LC + Non-SVR, patients with £C at basefine and non-SYR 8 months after iFN therapy; LC + SVR, patienis with LC at basefine and SYR

6 months after IFN therapy.

*Hazard ratio {85% confidence intervai} and P value by Cox proportional hazards analysis.
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Fig. 3. Cumulative development rate of malignancies other than HCC (A) in total HCV patients treated with IFN therapy and based on the dif-
ference of (B) age, (C} smoking index, (D) diabetic state, and (E} mean HbAlc level during follow-up in T2DM patients.

on three factors of age, smoking index, and T2DM
for the development of each malignancy other than
HCC by using Cox regression analysis. Aging Smoking enhanced lung cancer and colorectal cancer

enhanced carcinogenesis of stomach, colon, lung, pros-
tate, breast, and pancreas with statistical significance.

Table 4. Predictive Factors for Development of Malignancies Other than HCC

Univariate Analysis

Cox-Regression Analysis

Variables HR {85% €1) P HR {95% CI) P
Age, years {per 10) 2.23 (1.88-2.65) < 0.001 2.19 (1.84-2.62) <0.001
Sex, male/female 1.06 (0.79-1.40) 0.759

BMI, >22/<22 0.97 (0.75-1.24) 0.767

T2DM, 1/ 2,56 (1.76-3.72) ~0.001 1.70 (1.14-253) 0008
Hypertension, +/— 2.33 (1.70-3.18) <0.001

Smoking index, >20/<20* 2.74 (2.06-3.65) <0.001 1.89 (1.41-2.53) <0.001
TAl, kg, >200/<200* 1.77 (1.33-2.37) <0.001

AST, /L, >34/<34 0.89 (0.65-1.20) 0.412

ALT, 1U/L, >36/<36 0.98 (0.72-1.34) 0.891

GGT, iU/L, >109/<109 1.26 (0.79-2.01) 0.350

Albumin, g/dL, <3.9/>3.9 1.41 (0.90-2.04) 0.145

Triglyceride, mg/dL, >100/<100 1.28 (1.03-1.80) 0.030

Total cholesterol, mg/dL, <150/>150 1.10 (0.82-1.46) 0.548

Platelet count, x 104/mm3, <15/>15 1.39 (1.02-1.91) 0.038

Histological diagnosis, LC/non-LC 1.77 {(1.13-2.75) 0.012

Combination of ribavirin, +/— . 0.66 (0.44-0.97) 0.034

Type of IFN, o/B 1.05 (0.75-147) 0.789

Total dose of IFN, MU, >500/<500 1.31 (0.96-1.77) 0.084

HCV genotype, % 1.30 {0.80-2.93) 0.432

HCV RNA, log IU/mi, >5/<5 0.89 (0.50-1.23) 0.612

Efficacy, non-SYR/SVR 0.85 (0.64-1.12) 0.232

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; GGT, gamma-glutamy! transferase.
*Smoking index is defined as packs per day x year. TAl and smoking index indicate the sum.before and after first consuitation.
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Table 5. impact Basad on Age, Smeking Index, and Diabetss for Development of Malignancies Other than HCC

Age, Years {per 18)

Viatignancy HR (95% &3} P

Gastiic cancer (n = 36) 2.48 (1.82-3.78) <0.001
Colorectal cancer (n = 35) 1,91 (1.28-2.86) 0.002
tung cancer (n = 20) 2,33 {1.35-4.01) 0.002
Prostatic cancer {n = 16) 2.84 (1.32-6.13) 0.008
Breast cancer {n = 15) 2.88 (1.30-6.29) 0.009
Malignant lymphoma {n = 19) 2.21 (1.26-3.88) 0.006
Pancreatic cancer {(n = 12} 3.32 (1.44-7.85) 0.005

Smoking index, >20/<28 Biahetes, -+-/—

HR {95% €1} P HR (85% ©1) P
1.69 {0.83-3.43) 0.146 2.29 (0.95—5.52) 0,085
2.27 (1.13-4.58} 0.022 1.78 {0.68-4.66) 0.240
2.90 (1.25-8.74) 0.013 1.53 {0.45-5.24) 0.496
1.89 (0.88-3.15) 0.266 0.71 (0.09-5.47) 0.735
1.29 (0.17-10.19) 0.808 1.20 (0.16-8.39) 0.859
1.25 {0.44-3.58) 0.671 1.39 {0.32-6.12) 0.663
1.41 (0.45-4.82) 0.578 3.75 (1.02-13.88) 0.046

with statistical significance. In addition, T2DM
enhanced the pancreatic cancer with statistical signifi-
cance and tended to enhance the gastric cancer.

Discussion

This study describes the development incidence of
HCC or malignancies other than HCC after the ter-
mination of IFN therapy in HCV patients. Padents at
Toranomon Hospital comprised mainly government
employees, office workers, and business persons. Most
patients were regularly recommended to undergo an-
nual multiphasic health screening examinations. In the
present study, patients who had undergone annual
multiphasic  health  screening examinations were
enrolled. The strengths of the present study are a pro-
longed follow-up in the large numbers of patients
included.

The present study shows several findings with regard
to the development incidence and predictive factors
for total malignancies after IFN therapy for HCV
patients. First, the 10-year cumulative rates of HCC
after IFN therapy was determined to be 7.1% in
3,869 patients with chronic hepatitis and 37.7% in
433 patients with cirthosis using the Kaplan-Meier
wethod, Our previous studies showed via retrospective
apalysis that the 10-year cumulative rates of HCC
were 12.4% for 456 patients with chronic hepatitis
and 53.2% for 349 patients with cirrhosis.”?
Although patient selection bias for IFN trearment ver-
sus no treatment had been noted in the previous stud-
ies, the results suggest the possibility that IEN therapy
reduces the development of HCC in HCV patients.
Several historical data in Japan suggest that IFN ther-
apy reduces the development of HCC in HCV
paticnts.24'26

Second, HCC occurred with statistical significance
when the following characteristics were present: non-
SVR, advanced age, cirthosis, TAT of >200 kg, male
sex, and T2DM. T2DM caused a 1.73-fold enhance-
ment in HCC development. Several authors have

reported an increased risk of HCC among patients
with the following characteristics: non-SVR, cirrhosis,
male sex, advanced age, and T2DM.2¥2® Our results
show that physicians in charge of aged male patients
with non-SVR, advanced fibrosis, TAL of >200 kg,
and T2DM should pay attention to the development
of HCC after IFN therapy. In addition, maintaining a
mean HbAlc level of <7.0% during follow-up
reduced the development of HCC. This result indi-
cates that stringent control of T2DM is important for
protecting the development of HCC.

Third, the development rate of HCC per 1,000 per-
son years was about 1.55 in 1,751 patients with
chronic hepatitis at baseline and SVR. In these
patients, the risk factors associated with HCC were
advanced age, male sex, TAI, and T2DM. We com-
pared the HCC development rate in patients with
chronic hepatitis at baseline and SVR to the general
population. A total of 5,253 individuals without HCV
antibody and hepatitis B sutface antigen, who under-
went annual multiphasic health screening examinations
in our hospital were evaluated as controls. Individuals
with either of the following criteria were excluded: (1)
iliness that could seriously reduce their life expectancy
or (2) history of carcinogenesis. They were selected by
matching 3:1 with patdents who had chronic hepatitis
at baseline and SVR for age, sex, T2DM, and follow-
up periods. In control individuals, the mean age was
51.7 years; the prevalence (number) of male patients
was 61.8% (3,246); the prevalence (number) of
T2DM patients was 4.2% (222); the mean follow-up
period was 8.0 years. The number of development of
HCC in control individuals was only five. This result
suggests that the development rate of HCC in patients
with chronic hepatitis at baseline and SVR is higher
than that in the general population.

Fourth, HCC accounted for 33.3% in SVR patients
and 73.6% in non-SVR patients. According to
Marsuda et al.,” the outbreak of malignancies in the
Japanese male population was observed in the follow-
ing order in 2005: gastric cancer 20.4% > colen
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