i Y

’;‘“‘%f; HOKKAIDO UNIVERSITY

~ 7

Title Serum granulysin levels as a predictor of serious telaprevir-induced dermatological reactions
Suda, Goki; Yamamoto, Yoshiya; Nagasaka, Astushi; Furuya, Ken; Kudo, Mineo; Chuganji, Yoshimichi; Tsukuda,
Author(s) Yoko; Tsunematsu, Seiji; Sato, Fumiyuki; Terasita, Katsumi; Nakai, Masato; Horimoto, Hiromasa; Sho, Takuya;
Natsuizaka, Mitsuteru; Ogawa, Kouji; Ohnishi, Shunsuke; Chuma, Makoto; Fujita, Yasuyuki; Abe, Riichiro; Taniguchi,
Miki; Nakagawa, Mina; Asahina, Yasuhiro; Sakamoto, Naoya
o Hepatology research, 45(8), 837-845
Citation https://doi.org/10.1111/hepr.12421
Issue Date 2015-08
Doc URL http://hdl.handle.net/2115/62582
This is the peer reviewed version of the following article: Suda, G., Yamamoto, Y., Nagasaka, A., Furuya, K., Kudo,
M., Chuganiji, Y., Tsukuda, Y., Tsunematsu, S., Sato, F., Terasita, K., Nakai, M., Horimoto, H., Sho, T., Natsuizaka,
Rights M., Ogawa, K., Ohnishi, S., Chuma, M., Fujita, Y., Abe, R., Taniguchi, M., Nakagawa, M., Asahina, Y., Sakamoto, N.,
9 (2015) Serum granulysin levels as a predictor of serious telaprevir-induced dermatological reactions. Hepatol Res, 45:
837-845., which has been published in final form at http://doi.org/10.1111/hepr.12421. This article may be used for
non-commercial purposes in accordance with Wiley Terms and Conditions for Self-Archiving.
Type article (author version)

File Information

manuscript.pdf

L

Instructions for use

Hokkaido University Collection of Scholarly and Academic Papers : HUSCAP



https://eprints.lib.hokudai.ac.jp/dspace/about.en.jsp

Serum granulysin levels as a predictor of serious telaprevir-induced dermatological

reactions

Goki Suda’, Yoshiya Yamamoto®, Astushi Nagasaka3 , Ken Furuya4, Mineo Kudo®,

Chuganji Yoshimichi® Yoko Tsukuda', Seiji Tsunematsu', Fumiyuki Sato', Katsumi
Terasita', Masato Nakai', Hiromasa Horimoto', Takuya Sho', Mitsuteru Natsuizka',
Kouji Ogawa', Shunsuke Ohnishi', Makoto Chuma', Yasuyuki Fujita’, Riichiro Abe’,
Miki Taniguchi®, Mina Nakagawa®, Yasuhiro Asahina®, and Naoya Sakamoto' for the

NORTE Study Group

' Department of Gastroenterology and Hepatology, Graduate School of Medicine,
Hokkaido University, Hokkaido, Japan

* Hakodate City Hospital, Hokkaido, Japan

? Sapporo City General Hospital, Hokkaido, Japan

* Hokkaido Social Insurance Hospital, Hokkaido, Japan

> Sapporo Hokuyu Hospital, Hokkaido, Japan

% Tokyo Metropolitan Bokuto Hospital , Tokyo, Japan

7 Department of Dermatology, Hokkaido University Graduate School of
Medicine, Hokkaido, Japan

¥ Department of Gastroenterology and Hepatology, Tokyo Medical and Dental

University, Tokyo, Japan

*Correspondence to:

Goki Suda, M.D., Ph.D.



Department of Gastroenterology and Hepatology/Graduate School of Medicine,
Hokkaido University

North 15, West 7, Kita-ku, Sapporo, Hokkaido 060-8638, Japan

Phone: +81 11-716-1161; Fax: +81 11-706-7867; Email:

gsudgast@pop.med.hokudai.ac.jp



Abbreviations

DAAs, direct-acting antivirals; DIHS, drug-induced hypersensitivity
syndrome; DRESS, drug rash with eosinophilia and systemic symptoms; HCV, hepatitis
C virus; CHC, chronic hepatites C; Peg-IFN, pegylated interferon; RBV, ribavirin; RVR,
rapid virological response; SJS, Stevens-—Johnson syndrome; SVR, sustained

virological response; TPV, telaprevir; TEN, toxic epidermal necrolysis

Financial disclosure
The authors declare that they have nothing to disclose regarding funding from

the industry or conflicts of interest with respect to the manuscript.



Abstract
Background: Telaprevir-based therapy for chronic hepatitis C patients is effective;
however, the high prevalence of dermatological reactions is an outstanding issue. The
mechanism and characteristics of such adverse reactions are unclear, moreover,
predictive factors remain unknown. Granulysin was recently reported to be upregulated
in the blisters of patients with Stevens—Johnson syndrome (SJS). Therefore, we
investigated the risk factors for severe telaprevir-induced dermatological reactions as
well as the association between serum granulysin levels and the severity of such
reactions.
Methods: A total of 89 patients who received telaprevir-based therapy and had complete
clinical information were analyzed. We analyzed the associations between
dermatological reactions and clinical factors. Next, we investigated the time-dependent
changes in serum granulysin levels in 5 and 14 patients with grade3 and non-grade3
dermatological reactions.
Results: Of the 89 patients, 57 patients had dermatological reactions, including 9
patients with grade3. Univariate analysis revealed that grade3 dermatological reactions
were significantly associated with male sex. Moreover, serum granulysin levels were
significantly associated with the severity of dermatological reactions. Three patients
with grade3 dermatological reaction had severe systemic manifestations including SJS,
drug-induced hypersensitivity syndrome, and systemic lymphoid swelling and
high-grade fever; all were hospitalized. Importantly, among the 3 patients, 2 patients’
serum granulysin levels exceeded 8ng/mL at onset and symptoms deteriorated within 6
days.

Conclusions: Male patients are at high risk for severe telaprevir-induced dermatological



reactions. Moreover, serum granulysin levels are significantly associated with the
severity of dermatological reactions and might be a predictive factor in patients treated

with telaprevir-based therapy
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Introduction

Hepatitis C is a major pathogen causing liver cirrhosis and hepatocellular
carcinoma worldwide. Until recently, standard therapies for chronic hepatitis C virus
(HCV) genotype 1 infection were based on the combination of pegylated interferon
(PEG-IFN) and ribavirin (RBV); these combination therapies yield a sustained
virological response (SVR) rate of ~50% (1). Several classes of novel direct-acting
antivirals (DAAs) were recently developed and tested in clinical trials. Two
first-generation HCV NS3/4 A protease inhibitors, boceprevir (2, 3), and telaprevir (4-6),
have been approved for the treatment of genotype 1 HCV infection. The inclusion of
these agents in HCV treatment regimens has led to large improvements in treatment
success rates.

Telaprevir, the first DAA, is administered in combination with PEG-IFN and
RBV for 24 weeks, resulting in SVR rates up to 70-80% (4, 6-8). Although the
telaprevir combination regimen is highly effective, the high frequency and severity of
adverse events are outstanding issues limiting its use. Dermatological reactions are
particularly prevalent, developing in 56-84.6% of patients treated with telaprevir,
PEG-IFN, and RBV combination therapy (9, 10). Moreover, the prevalence of severe
dermatological reactions including Stevens—Johnson syndrome/toxic epidermal
necrolysis (SJS/TEN) and drug-induced hypersensitivity syndrome (DIHS) are
substantially higher in patients treated with telaprevir-based therapy than PEG-IFN and
RBV combination therapy (8, 10). McHutchison et al. reported that 7% of patients
treated with telaprevir, PEG-IFN, and RBV combination therapy discontinue therapy
because of rash or pruritus in contrast to only 1% of patients treated with PEG-IFN and

RBYV (8). In some patients, serious skin reactions persist even after stopping all drugs



(10). However, the pathogenesis and clinical predictors of these adverse reactions are
poorly understood.

Granulysin is a 15-kDa cationic cytolytic protein released by cytotoxic T
lymphocytes and natural killer cells that induces apoptosis in target cells and has
antimicrobial activities (11). Serum levels of granulysin are elevated in primary virus
infections including Epstein—Barr virus and parvovirus B19 (12). It was recently
reported that serum granulysin levels are significantly elevated in patients with several
types of severe dermatological lesions including SJIS/TEN, which is the characteristic
serious adverse event in telaprevir-containing regimens(13) (14).

Accordingly, the present study determined the risk factors for severe
dermatological reactions in patients receiving telaprevir, PEG-IFN, and RBV
combination therapy as well as the association between serum levels of granulysin and

severe dermatological reactions.



Methods
Patients and methods

In this retrospective case-control study, at Hokkaido University Hospital and
associated hospitals in the NORTE STUDY group, between December 2011 and
November 2013, a total of 123 patients positive for HCV genotype 1 with high serum
HCV RNA titer (>5 log IU/mL) received PEG-IFN, RBV, and telaprevir combination
therapy. Patients were excluded if they required hemodialysis or had a positive test
result for serum hepatitis B surface antigen, co-infection with other HCV genotypes or
HIV, evidence of autoimmune hepatitis or alcoholic hepatitis, or malignancy. Serum
granulysin levels were analyzed in 5 healthy volunteers with no HCV, HIV, or hepatitis
B virus infection or any inflammatory diseases.

Written Informed consent according to the process approved by the hospital’s

ethics committee was obtained from each patient. The study protocol conformed to the
ethical guidelines of the Declaration of Helsinki and was approved by the ethics

committee of each participating hospital.

Study design and treatment regimen

Telaprevir 500 or 750 mg was typically administered every 8 hours after meals
for 12 weeks. PEG-IFN-a-2b (Peg-Intron, MSD, Tokyo, Japan) 1.5 I[U/kg was
administered subcutaneously once per week for 24 weeks. RBV (Rebetol, MSD) was
administered for 24 weeks in two-divided dairy doses according to body weight: 600,
800, and 1,000 mg for patients with body weight <60, 60-80, and >80 kg, respectively.
The doses of PEG-IFN-a-2b, RBYV, and telaprevir were reduced at the attending

physician’s discretion on the basis of hemoglobin levels, decreased white blood cell or



platelet count, or adverse events.
During treatment, patients were assessed as outpatient at weeks 1, 2, 4, 6, and 8
and then every 4 weeks thereafter for the duration of treatment. Physical examinations

and blood tests were performed at all time points.

Outcomes

The primary endpoint was SVR, which was defined as serum HCV RNA
undetectable at 24 weeks after the end of treatment. The secondary endpoints were
end-of-treatment virological responses (HCV RNA undetectable in serum) and rapid
virological response (RVR), which was defined as serum HCV RNA undetectable at
4 weeks after the start of treatment. Dermatological reactions were classified

according to severity in the same manner as in phase III trials in Japan (10).

Serum granulysin measurement

To evaluate serum granulysin levels in chronic hepatitis C, we first measured
serum granulysin levels in 5 healthy volunteers and compared them with those of 20
chronic hepatitis C patients before treatment. Serum granulysin levels were measured at
the onset of dermatological reactions (within 3 days of onset); if the symptoms
worsened, the time when worsening occurred was adopted. Meanwhile, in patients with
no dermatological reactions, the highest serum granulysin level during treatment was
adopted.

Serum granulysin levels were measured by a sandwich-enzyme-linked
immunosorbent assay as described previously (12, 14, 15). Briefly, plates coated with 5

mg/mL mouse antibody against human granulysin, RB1 antibody, were washed with



phosphate-buffered saline containing 0.1% Tween-20. Next, they were blocked with
10% fetal bovine serum in washing buffer at room temperature for 2 hours. The samples
and standards (Recombinant Granulysin, R&D Systems, Minneapolis, MN, USA) were
incubated for 2 hours at room temperature. Next, they were reacted with 0.1 mg/mL
biotinylated another mouse antibody against human granulysin, RC8 antibody. The
plates were subsequently treated with horseradish peroxidase-conjugated streptavidin
(Roche Diagnostics, Basel, Switzerland). The plates were then incubated with
tetramethylbenzidine substrate (Sigma, St. Louis, MO, USA), and 1 M sulfuric acid was

then added. The optical density was measured at 450 nm using a microplate reader

Diagnosis of dermatological reactions

Dermatological reactions were investigated throughout the 24-week
administration period in the telaprevir-based combination therapy. Dermatological
reactions were classified according to severity as follows. Grade 1 was defined as
mvolvement of <50% of the body surface and no evidence of systemic symptoms.
Grade 2 was defined as involvement of <50% of the body surface but with multiple or
diffuse lesions or rashes with characteristic mild systemic symptoms or mucous
membrane involvement with no ulceration/erosion. Grade 3 was defined as a
generalized rash involving >50% of the body surface or a rash with any new significant
systemic symptoms and considered to be related to the onset and/or progression of the
rash. Life-threatening reactions included SJS, TEN, drug rash with eosinophilia and
systemic symptoms (DRESS)/DIHS, erythema multiforme, and other life-threatening
symptoms or patients presenting with features of serious disease.

When adverse skin reactions were detected, the attending physician classified



the degree of severity and referred the patients to a dermatologist as needed. In principal,
when grade 3 dermatological reactions occurred, the attending physician referred the
patient to a dermatologist and discontinued telaprevir. When severe dermatological
reactions including SJS/TEN and DRESS/DIHS were suspected, all drugs were
discontinued immediately. SIS/TEN and DIHS were diagnosed by skin biopsy and

according to disease criteria, respectively.

Statistical analysis

Categorical and continuous variables were analyzed by the y° test and the
unpaired Mann—Whitney U-test, respectively. All P-values were two-tailed, and the
level of significance was set at P < 0.05. Multivariate logistic regression analysis with
stepwise forward selection included variables showing P < 0.05 in univariate analyses.

The association between dermatological reactions and serum granulysin levels
were evaluated by one-way analysis of variance followed by the Tukey honestly
significant different test. All statistical analyses were performed using SPSS version

21.0 (IBM Japan, Tokyo, Japan)



Results
Patients.

We included 123 CHC patients who received telaprevir based triple therapy. Of
these, 89 patients who had proper information of dermatological adverse events were
included. The base line characteristic of patients is shown in Tablel.

Of these 89 patients, time dependent changes of serum granulysin
concentrations were measured in 20 patients who have had conserved serum, at least, at
the pre-treatment point, one and two weeks after commencement of therapy, one and
two month after commencement of therapy, the onset point of dermatological adverse
reaction and the worsening point if symptom have became worse.

Among 89 patients, 64% (57/89) developed dermatological reactions, including
9 with grade 3 reactions (Table 2). The characteristics of dermatological reactions by
grade are shown in Table 2. Non-grade 3 dermatological reactions tended to occur early

during treatment compared to grade 3 dermatological reactions.

Association between dermatological reactions and treatment outcomes
First, we determined whether dermatological reactions were associated with
final treatment outcomes. Univariate analyses identified baseline white blood cell and
platelet counts, RVR, and non-grade 3 dermatological reactions significantly associated
with SVR (Table 3). Among 9 patients with grade3 dermatological reactions, 3 patients
discontinued of all treatment and 6 patients discontinued of telaprevir administration,
SVR was achieved 0/3 (0%) and 2/6 (33%) respectively.
Multivariate analysis showed that RVR and non-grade 3 dermatological

reactions were significantly associated with SVR (Table 3).



Analysis of risk factors for telaprevir-induced dermatological reactions
Next, we analyzed the association between severe (i.e., grade 3) dermatological
reactions and clinical parameters (Table 4). Univariate analysis showed that only sex

was significantly associated with the grade 3 dermatological reactions (P = 0.03).

Serum granulysin levels in healthy subjects and chronic hepatitis C patients

As shown in Figure 1, serum granulysin levels did not differ significantly
between healthy volunteers and chronic hepatitis C patients. Next, we evaluated the
association between the severity of dermatological reactions and serum peak granulysin
levels in 20 patients including 5, 4, 5, 6 with grade 1, grade 2, grade 3, and no
dermatological events, respectively. One-way analysis of variance showed that serum
granulysin level was significantly associated with the severity of dermatological
reactions (P = 0.036); in addition, the Tukey honestly significant difference test revealed
that the serum granulysin levels of patients with grade 3 dermatological reactions were
significantly higher than those of patients with grade 1 or no dermatological reactions

(both P <0.05, Figure 2).

Time-dependent changes in serum granulysin levels

We investigated the time-dependent changes in serum granulysin levels in 5
and 15 patients with grade 3 and non-grade 3 dermatological reactions, respectively
(Figure 3a, b). Serum granulysin levels of patients with non-grade 3 dermatological
reactions never exceeded more than 10ng/ml. Of the 5 patients with grade 3 reactions, 3

had severe systemic manifestations that necessitated hospital admission: 1 each had SJS,



DIHS, and systemic lymphoid swelling and high fever (>39°C). All patients with grade
3 dermatological reactions with systemic manifestations had peak serum granulysin
levels exceeding 10ng/mL; importantly, the serum granulysin levels of 2 patients

already exceeding 8 ng/mL at the onset of the reactions and worsened within six days



Discussion

The present study demonstrates a significant association between
telaprevir-induced dermatological reactions and elevated serum granulysin levels for the
first time. Moreover, serum granulysin levels were significantly associated with the
severity of dermatological reactions. Thus, the results indicate that serum granulysin
level seems to be a useful predictor of telaprevir-induced dermatological reactions.
Because the emergence of grade 3 dermatological reactions was significantly associated
with non-SVR (Table 3), probably associated with high rate of treatment
discontinuation, it is important to predict dermatological events in the early stage to
achieve good treatment outcomes.

Recent genome-wide association studies have identified that genetic
polymorphisms around the IL28B gene locus significantly associated with the outcome
of PEG-IFN and RBV combination therapy in HCV patients. Thus, PEG-IFN and RBV
combination therapy is ineffective in a subset of HCV-infected patients who have IL28B
TG or GG genotypes, limiting the use of this therapy (16). Therefore, novel drugs with
different anti-viral mechanisms were required. Accordingly, DAAs were developed;
they are mainly classified as NS3/4A protease inhibitors, or NS5B or NS5A inhibitors
(17). The NS3/4A serine protease inhibitor telaprevir, in combination with PEG-IFN
and RBV, has demonstrated the most promising results (6-8). However, adverse events,
especially severe dermatological reactions, develop more frequently in patients treated
with telaprevir than those treated with only PEG-IFN and RBV.

Little is known about the mechanisms of telaprevir-induced dermatological
reactions. Reactions develop in patients treated with PEG-IFN and RBV combination

therapy (18, 19) as well as telaprevir monotherapy (20, 21). It should be noted that the



dermatological reactions in telaprevir monotherapy or PEG-IFN and RBV therapy alone
are generally mild (7, 8, 20). However, dermatological reactions in telaprevir and
PEG-IFN/RBV combination therapy may be severe, indicating a synergistic effect.
Severe dermatological events including SJIS/TEN and DIHS have been reported in
telaprevir-based triple therapy; these are life threatening, and fatal cases have been
reported.

The onset of grade 3 dermatological reactions tended to be later than non-grade
3 reactions, the same as in the study of Torii et al. (10). Taken together with the finding
that male sex is a clinical risk factor, the results indicate that late-onset dermatological
reactions in male patients treated with telaprevir-based triple therapy require more
attention.

Roujeau et al. analyzed the risk factors for telaprevir-induced eczematous
dermatitis and report that the incidence of telaprevir-related dermatitis was significantly

higher age >45 years, body mass index <30 (kg.”m’), Caucasian ethnicity, and

treatment-naive status (9). While they analyzed the risk factors for telaprevir-induced
eczematous dermatitis, the present study focused on the risk factors for severe
telaprevir-induced dermatological reactions, because such reactions can affect treatment
outcome (Table 2) and can be fatal. As mentioned above, male sex was significantly
associated with grade 3 dermatological reactions. Sex is reported to be associated with
the prevalence of some kinds of severe drug-induced dermatological events although the
underlying mechanism remains unknown (22).

Fujita et al. report that serum granulysin levels are significantly elevated in
SJIS/TEN patients and thus might be good predictive factor (14). Therefore, we

hypothesized that in telaprevir-based triple therapy for chronic hepatitis C patients,



serum granulysin levels are associated with the severity of dermatological reactions and
might thus be a predictive biomarker. However, Ogawa et al. report that serum
granulysin levels also increase as a result of primary virus infections such as
Epstein—Barr virus or parvovirus B19 (12). Thus, it remains unclear whether and how
chronic viral infections, especially HCV, affect serum granulysin levels. In the present
study, we compared serum granulysin levels between healthy volunteers and chronic
hepatitis C patients; the results show that chronic HCV infection was not associated
with serum granulysin levels (Figure 1).

Chung et al. have reported that granulysin is the most highly expressed
cytotoxic molecule in blisters of SIS/TEN and that massive keratinocyte death was
induced by granulysin (11). Fujita et al. reported that serum granulysin levels increased
in early stage of SJS/TEN caused by drug including carbamazepine, imatinib and
phenytoin(14). Taken together with our results, we speculate that granulysin may be
involved in the pathogenesis of early stage of telaprevir-mediated dermatological
adverse reactions possibly through induction of keratinocyte death.

Of 5 patients with grade 3 reactions, 2 patients without severe systemic
manifestations did not elevate serum granulysin more than 10ng/ml or did not elevate
before symptom worsen. On the contrary, 3 patients with severe systemic manifestations
had peak serum granulysin levels exceeding 10ng/mL and the serum granulysin levels
of 2 patients already exceeding 8ng/ml at onset and within 6 days, symptoms worsen.
Therefore serum granulysin tests might predict grade3 dermatological adverse reaction
with systemic manifestations. Furthermore if serum granulysin levels elevate more than
8ng/mL, more attention should be paid.

In Western countries, the prevalence of dermatological reactions in patients



treated with telaprevir-based and PEG-IFN/RBV therapy are reported to be
approximately 55% and 33%, respectively(9, 23); meanwhile, in Japanese patients, the
respective rates are 74.9% and 58.7%. Moreover, approximately 4% and 9.0% of
patients in Western and Japanese patients develop grade 3 reactions, respectively (10);
this is almost the same as that in the present study (10%). The difference may be due to
genetic or ethnic variation. Therefore, genome-wide association studies may have
identified a gene locus associated with telaprevir-induced severe dermatological
reactions.

A limitation of this study is that the number of patients with grade3
dermatological reactions is relatively small. However, the serum granulyasin levels of
patients with grade3 dermatological reactions were significantly higher than those of
other patients. And in two of the three patients with severe dermatological reactions, the
serum granulysin level elevated before symptoms worsen, these would be novel
findings. Further study would be required.

Triple therapy with the second-generation protease inhibitor simeprevir is
reported to result in a similar prevalence of adverse reactions as PEG-IFN and RBV
combination therapy (24, 25). However, simeprevir is not approved worldwide.
Although simeprevir-based triple therapy is effective, but only 36-53% of prior
non-responders achieve SVR (24). Shimada et al. recently reported that by extending
PEG-IFN and RBV therapy from 24 to 48 weeks, telaprevir-based triple therapy
improves the SVR to up to 68% in prior null responders (26). Thus, telaprevir is a
therapeutic option for prior null responders.

In conclusion, the present study suggests that male sex is a significant risk

factor for severe telaprevir-induced dermatological reactions. In addition, serum



granulysin levels are significantly associated with the severity of dermatological
reactions and thus might be a good predictor of severe dermatological reactions with

systemic manifestations in patients treated with telaprevir-based triple therapy.
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Figure Legends

Figure 1. Serum granulysin levels of healthy volunteers and chronic hepatitis C
patients
Serum granulysin levels were compared between 5 healthy volunteers and untreated 20

chronic hepatitis C patients. P < 0.05, Mann—Whitney U-test.

Figure 2. Association between dermatological adverse reaction severity and serum
granulysin level

Serum granulysin levels were measured at the onset of dermatological reactions (i.e.,
within 3 days of onset); if the symptoms worsened, the time of worsening was adopted.
In patients with no dermatological events, the highest serum granulysin level during

treatment was adopted. P < 0.05, one-way analysis of variance.

Figure 3. Association between time-dependent changes in serum granulysin levels

and severe telaprevir-induced dermatological adverse reactions.



(A) Time-dependent changes in serum granulysin levels patients with non-grade 3
dermatological reactions (3, 5, and 6 with grade 2, grade 1, and no reactions,
respectively). The dash line, gray line and black line indicates grade 2, grade 1 and no
reaction patients respectively. (B) Time-dependent changes in serum granulysin levels
of 5 patients with grade 3 dermatological events. The dashed line indicates patients with
severe systemic manifestations. Arrowheads indicate the onset of dermatological events

and asterisk indicate the onset of grade3 dermatological events.



Table 1 Baseline characteristics of the participating patients

Total number 89

HCV genotype 1b (1b/others) 89/0

Age (years)? 60.0 (19-73)
Sex (male/female) 48/41

Body weight (kg)? 63.0 (32-97)
Baseline white blood cell count (/uL)? 4800 (1500-9800)
Baseline hemoglobin level (g/dL)? 13.5(9.9-16.7)
Baseline platelet count ( x103)?2 15.9 (6.6-86)
Baseline ALT level (1U/L)? 40 (15-300)
Baseline HCV RNA level (log,, IU/mL)?2 6.5 (3.2-7.6)
Initial telaprevir dose (1500 mg/2250 mg) 20/89

Initial Peg-IFN dose (1.5 pg/kg/<1.5 pg/kg) 775/14

Initial RBV dose (mg/kg)? 9.8 (2.2-15.5)
IL28 B gene (rs8099917) (TT/non-TT/ ND) 51/22/16

HCV 70 core mutation (wild/mutant/ND) 43/24/22
Previous treatment (naive/relapse/NVR) 40/38/11

HCV: hepatitis C virus, IL28B: interleukin 28B, Peg-IFN: pegylated interferon, RBV: ribavirin, ALT :alanine transaminase
2 Data are shown as median (range) values.



Table 2 Characteristics of the patients with each dermatological adverse event grade

No Age? Sex Initial telaprevir dose ~ Onset of DAR?
(male/female) (2250/1500) (days)
No DAR 32 61 15/17 26/6
(28-72)
Grade 1 32 58 15/17 24/8 7
(19-73) (3-50)
Grade 2 16 61 10/6 12/4 3.5
(44-73) (1-56)
Grade 3 9 61 8/1 9/1 22
(48-65) (1-60)

DAR: Dermatological adverse reaction

2 Data are shown as median (range) values.



Table 3 Comparison of the clinical and laboratory characteristics of the patients with HCV infection based on therapeutic response

All patients SVR Non-SVR Univariate Multivariate analysis
analysis
n=289 n =68 n=21 p value OR 95% CI p value
Age (years) ? 60 (19-73) 62 (28-73) 0.402
Sex (male/female) 37/31 11/10 0.870
Body weight (kg)? 62 (39-97) 64 (32-87) 0.761
Baseline white blood cells (/uL)? 5135 (1500-9800) 4200 (2490-7200)  0.048 0.492 (0.121-1.993)  0.320
Baseline hemoglobin level (g/dL)? 13.5(10.5-16.7) 12.1 (9.9-15.4) 0.862
Baseline platelet count (x10°%)2 16.7 (6.6-31.5) 12.8 (7.2-86) 0.025 0.388 (0.093-1.614)  0.193
Baseline ALT level (IU/L)? 37(15-300) 53 (23-159) 0.070
Baseline HCV RNA level (log,, IU/mL)? 6.7 (3.2-7.6) 6.4 (5.7-7.3) 0.812
Baseline Cr level (mg/dL) 0.7 (0.5-1.3) 0.7 (0.5-0.9) 0.433
Initial telaprevir dose (1500 mg/2250 mg) 52/16 17/4 0.460
Initial Peg-IFN dose (1.5 pg/kg/<1.5 ng/kg)  58/10 17/4 0.430
Initial RBV dose (mg/kg)? 9.9 (2.2-15.5) 9.5(4.4-12.5) 0.546
IL28 B gene
(rs8099917) (TT/non-TT/ND) 43/15/10 8/7/6 0.107
Core 70aa mutation (wild/mutant/ND) 36/16/16 7/8/6 0.108
Previous treatment (naive/relapse/NVR) 34/28/6 6/10/5 0.095
Rapid virologic response (+/-) 60/8 10/11 <0.001 10.89 (2.838-41.83)  0.001
Grade 3 DAR (/1) 66/2 14/7 <0.001 27.44 (3.718-202.5)  0.001

HCV: hepatitis C virus, IL28B: interleukin 28B, ITPA: inosine triphosphatase, Peg-IFN: pegylated interferon, RBV: ribavirin,

ALT :alanine transaminase, NVR: nonvirological response , DAR: Dermatological adverse reaction, CI: confidence interval

2 Data are shown as median (range) values.



Table 4 Comparison of the clinical and laboratory characteristics of the patients based on
the presence or absence of at least a grade 3 dermatological adverse event

All patients Non-GT3 GT3 Univariate
analysis
n =289 n =280 n=9 p value
Age (years)? 60 (19-73) 61 (48-65) 0.453
Sex (male/female) 40/40 8/1 0.027
Body weight (kg)? 62 (32-97) 64 (51-87) 0.593
Baseline white blood cell count (/uL)? 4900 (1500-9800) 4700 (3000-7000) 0.876
Baseline hemoglobin level (g/dL)? 13.5(9.9-16.7) 14.4 (12.1-15.4) 0.196
Baseline platelet count (x10%)? 16.0 (6.6-86.0) 13.5(10.4-22.5) 0.605
Baseline ALT level (IU/L)? 40(15-300) 37 (23-87) 0.765
Baseline Cr level (mg/dL) 0.7 (0.5-1.3) 0.8 (0.6-0.9) 0.123
Baseline HCV RNA level (log,, IU/mL)? 6.6 (3.2-7.6) 6.4 (5.7-7.1) 0.465
Initial telaprevir dose (1500 mg/2250 mg) 62/18 7/2 0.675
Initial telaprevir/body weight (mg/kg) 33.7 (20-71.4) 30.0 (23.6-44.1) 0.563
Initial Peg-IFN dose (1.5 ng/kg/<1.5 pg/kg) 66/14 9/0 0.198
Initial RBV dose (mg/kg) 2 9.7 (2.2-15.5) 10.7 (7.7-12.9) 0.161
1L28 B gene (rs8099917) 47/19/14 4/3/2 0.353
(TT/non-TT/ND)
Core 70aa mutation (wild/mutant/ND) 38/22/20 5/2/2 0.511
Previous treatment (naive/relapse/NVR) 35/36/9 5/2/2 0.972
Onset of dermatological AE (days) 5(1-75) 22 (1-60) 0.352

HCV: hepatitis C virus, IL28B: interleukin 28B, Peg-IFN: pegylated interferon, RBV:ribavirin, ALT :alanine transaminase,
AE :adverse event
a Data are shown as median (range) values.



Figure 1. Serum granulysin levels of healthy volunteers and chronic hepatitis C patients
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Figure2
Association between dermatological adverse reaction and serum granulysin level
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Figure3 Association between time-dependent changes in serum granulysin levels and
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