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Abstract

Background: Hepatitis C virus (HCV) infection is one of the major causes of chronic liver dis-
ease, and more than 880,000 people are estimated to be infected with HCV in Japan. Little in-
formation is available on the outcomes of HCV during chemotherapy for solid tumors, and the
impact of HCV infection on toxicity of chemotherapy is unknown.

Materials and methods: We performed a retrospective survey of 1,110 patients diagnosed with
breast cancer between January 2006 and March 2011 at our institution. All patients had been
screened for hepatitis C serology at diagnosis of breast cancer. We retrospectively investigated
the change in HCV load and the toxicities of chemotherapy, based on review of their medical
records.

Results: 23 patients were identified as having a positive test for anti-HCV antibodies. Ten of these
patients received chemotherapy. Their median age was 66 years. No patient had decompensated
liver disease at baseline. Eight patients received cytotoxic agents with or without trastuzumab, and
two patients received trastuzumab alone. Four of eight patients who received cytotoxic chemo-
therapy developed febrile neutropenia and one developed transaminases elevation. Serum
HCV-ribonucleic acid (RNA) level before and after chemotherapy was evaluated in six patients.
Median serum HCV-RNA level at baseline and after chemotherapy was 6.5 and 6.7 loglU/ml,
respectively.

Conclusion: Chemotherapy for breast cancer patients with HCV infection is feasible, and viral
load doesn’t change during the chemotherapy.

Key words: HCV, HCV-RNA, febrile neutropenia, Child-Pugh criteria, liver cirthosis, chemother-
apy.

Introduction

Hepatitis C virus (HCV) infection is one of the 69 years account for more than 80% of cases (1). Breast
major causes of chronic liver disease, and more than  cancer is the most common cancer among Japanese
880,000 people are estimated to be infected with HCV ~ women (2). Furthermore, the age-adjusted breast
in Japan (1). The estimated number of HCV carriers  cancer incidence rate has been increasing since 1975,
increases with age, therefore, carriers aged from 40 to  and the incidence rate of breast cancer is highest in the
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age group of 40-49 years in Japan (2).

Little information is available on the status of
HCV during chemotherapy for solid tumors and the
influence of HCV infection on toxicity of chemother-
apy is also unknown. Although there are guidelines
for management of patients with Hepatitis B virus
during chemotherapy, there are no data to support
the use of chemotherapy to treat HCV-positive pa-
tients with solid tumors (3, 4). Some reports have
noted the reactivation of HCV in patients with lym-
phoma who have received rituximab and combination
chemotherapy (5, 6). However, there are substantial
differences in immunosuppressive mechanisms be-
tween rituximab-based chemotherapy for hemato-
logic malignancies and conventional chemotherapy
for solid tumor, because rituximab, an anti-CD20 an-
tigen, mainly inhibits B-cell function. Therefore, it
may not be appropriate to use the same management
during chemotherapy for HCV carrier patients with
solid tumors.

The purpose of this study was to evaluate the
safety profile and the change in HCV viral load dur-
ing chemotherapy for HCV-carrier patients with
breast cancer.

Materials and methods

Following data collection and analysis was ap-
proved by the Institutional Review Board of
Toranomon hospital.

Patients

We performed a retrospective survey of 1,110
patients diagnosed with breast cancer between Janu-
ary 2006 and March 2011 at our institution. All pa-
tients had been screened for hepatitis C serology de-
termined by anti-HCV antibody at diagnosis of breast
cancer. Our survey identified 23 patients who were
positive for anti-HCV antibodies. The incidence of
HCV-positive in breast cancer patients in our institu-
tion (23/1,100 [2.1%]) is comparable to that in same
age tange of general women population
(3,221/151,501 [2.1%]) (1). Ten of these 23 patients
received cytotoxic agents and/or trastuzumab. We
retrospectively investigated the baseline patient and
tumor characteristics, the changes in HCV load, and
the toxicities of chemotherapy for these ten patients,
based on review of their medical records.

Assessment of breast cancer characteristics

We collected American Joint Commission on
Cancer stage, hormone receptor (HR) status and hu-
man epidermal growth factor-2 (HER2)/neu status
using immunohistochemistry (IHC) and/or fluores-
cent in situ hybridization (FISH) at breast cancer di-

agnosis. We classified HR-positive as estrogen recep-
tor (ER) positive and/or progesterone receptor (PgR)
positive using IHC. The cut point for ER and PgR
positivity was an Allred score of 3 (7). HER2 status
was defined as positive if an IHC assay demonstrated
3+ or an IHC score of 2+ with FISH demonstrated a
gene copy ratio of HER2: CEP17 more than 2.2 (8).

Assessment of HCV infecﬁoh status

The presence of anti-HCV antibodies was de-
tected using chemiluminescence enzyme immunoas-
say (Lumipulse Ortho HCV antigen, Ortho-Clinical
Diagnostics, Tokyo, Japan) at breast cancer diagnosis.
HCV ribonucleic acid (RNA) in serum was detected
by a TagMan Real-Time polymerase chain reaction
(PCR) assay (SRL, Tokyo, Japan). In 6 patients, serum
HCV-RNA was evaluated before the initiation of
chemotherapy and within two months after complet-
ing chemotherapy.

Assessment of liver function

Liver cirrhosis was assessed by clinical criteria
(Child-Pugh criteria) at baseline. Data of aspartate
aminotransferase (AST), alanine aminotransferase
(ALT) and total bilirubin at baseline, during chemo-
therapy and three months after completion chemo-
therapy were collected and assessed by Common
Terminology Criteria for Adverse Events (CTCAE)
version 4.0.

Assessment of other toxicities

White blood cell count, neutrophil count, platelet
count at baseline and during chemotherapy were col-
lected and assessed by CTCAE version 4.0. Events of
febrile neutropenia and the use of growth factor
support during chemotherapy were collected.

Results

Patients’ characteristics

Ten of 23 HCV-positive patients with breast
cancer received cytotoxic agents and/or trastuzumab.
Among the remaining 13 patients, ten received only
endocrine therapy, two had ductal carcinoma in situ
and one was lost to follow-up. The reasons for re-
ceiving only hormone therapy among the ten patients
included the following; five were low risk of recur-
rence, three were elderly, age over 75, and two had
decompensated liver function.

Patients and tumor characteristics are shown in
Table 1. The median age at receiving chemotherapy
was 66 (range 55-77). Most patients (80%) had stage II
or Il disease. Tumor histology of all patients was in-
vasive ductal carcinoma. Tumors were classified on
the bases of estrogen/progesterone receptor and
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HER2 status. Three tumors were HR-positive/
HER2-positive, one was HR-positive/ HER2-negative,
three were HR-negative/HER2-positive, and three
tumors were HR-negative/ HER2-negative, respec-
tively. Three patients had a diagnosis of liver cirrho-
sis. One patient was classified Child B, the remaining
two patients were Child A. No patient had decom-
pensated liver disease at baseline.

Treatment course and safety

Table 2 shows the chemotherapy regimens and
their associated documented toxicities. Among the 10
patients who received chemotherapy, three patients
received an anthracycline-based regimen, two re-
ceived anthracycline followed by taxane, two received
trastuzumab, two received combination therapy with
docetaxel, cyclophosphamide and trastuzumab, and
one received gemcitabine.

All patients other than the two who received
trastuzumab used dexamethasone as antiemetic
prophylaxis. The dose of dexamethasone followed
American Society of Clinical Oncology Clinical Prac-

Table 1. Patients' characteristics.

tice Guidelines (9, 10).

Six (75%) of eight patients who received cyto-
toxic chemotherapy developed grade 4 neutropenia
and four (50%) developed febrile neufropenia.
Transaminases elevated in one (13%) of eight patients
who received cytotoxic chemotherapy. This patient
had Child A liver cirrhosis and transaminase eleva-
tion at baseline. Four patients received granulocyte
colony-stimulating factor (G-CSF). All received the
non-pegylated formulation G-CSF. Three patients
received G-CSF as a therapeutic use for neutropenia
without fever. Two of these patients developed febrile
neutropenia. One patient who received G-CSF as a
secondary prophylaxis did not develop febrile neu-
tropenia during G-CSF support. No patients received
prophylactic antibiotics.

HCV-RNA status

Table 3 showed the change in HCV-RNA in six

patients. The median HCV-RNA before the initiation

of chemotherapy was 6.5 log IU/ml and after com-
pleting chemotherapy was 6.7 log IU/ml

Case Age Stage Histology Hormone receptor  HER?2 status LC Prior HCV therapy
1 63 oA IDC negative negative negative positive
2 50 oA IDC positive negative negative negative
3 50 A IDC positive negative negative negative
4 61 B IDC negative positive negative negative
5 71 A IDC negative positive negative positive
6 64 ITA IDC positive positive positive negative
7 67 v iDC negative negative positive positive
8 69 A IDC negative positive negative negative
9 60 A iDC negative negative negative negative
10 74 v 1IDC positive negative positive negative

LC: liver cirrhosis, HCV: hepatitis C virus, IDC: invasive ductal carcinoma.

Table 2. Toxicities

Case Chemotherapy Transaminase Transaminase WBC/Plt base- Neutropenia Thrombocytopenia G-CSF FN dose reduc-
regimen baseline increase (grade) line (grade) (grade) tion (%)

1 EC increase 0 normal 4 3 positive positive 0

2 EC normal 0 normal 0 0 negative negative 0

3 EC normal 0 normal 4 1 positive negative 0
DTX normal 0 normal 4 0 positive positive 75

4 TCH normal 0 normal 4 1 positive negative 0

5 H normal 0 normal 0 0 negative negative 0

6 H normal 0 decrease 0 0 negative negative 0

7 EC increase 1 decrease 4 3 negative positive 75

8 TCH normal 0 normal 3 0 negative negative 0

9 EC normal 0 normal 4 3 positive positive 0
wPTX normal 0 decrease 4 2 positive negative 0

10 G increase 0 decrease 4 3 negative negative 75

WBC: white blood cell count, Plt: platelets count, G-CSF: granulocyte colony stimulating factor, FN: febrile neutropenia, EC: epirubicine + cyclophosphamide,
DTX: docetaxel, TCH: docetaxel + cyclophosphamide + trastuzumab, H: trastuzumab, wPTX: weekly paclitaxel, G: gemcitabine.
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Table 3. HCY viral load.

Case HCV-RNA baseline HCV-RNA after chem-
otherapy

1 NA NA

2 6.3 6.9

3 6.7 6.7

4 NA NA

5 6.2 6.5

6 6.5 6

7 6.7 6.7

8 6.5 6.9

9 NA NA

10 NA NA

NA: not assessed.

Discussion

The present study demonstrates that chemo-
therapy for breast cancer pa’aents with HCV infection
is feasiple, and viral 1oad does not vary duripg the
chemotherapy.,

A previpus study reported that chemotherapy
induced elevation of transaminases in _patients with
HCV ln;fectlon &, 11); however the “relationship be-
tween increase in HCV-RNA amd fransaminase ele-
vation is poorly investigated. Morrow et al. showed
that nine of 36 (25%) . HCV positive patients who re-
ceived chemotherapy for breast cancer developed
elevated liver enzymes, but their study did not eval-
uate HCV load (12). Our study demonstrated no clin-
ically meaningful changes in HCV-RNA viral load in
breast cancer patients who received cytotoxic chem-
otherapy and/or trastuzumab. It also showed that
only one patient (13%) had transaminase elevation
during chemotherapy. This patient's HCV-RNA was
the same before and after chemotherapy. These find-
ings suggest that the elevation of transaminase in our
study might not be related to viral reactivation but
direct liver toxicity from cytotoxic agents.

Some studies have suggested that B-cell medi-
ated immunosuppression induced by rituximab re-
sults in the elevation of transaminase (5, 6, 13). Cop-
pola et al. showed that rituximab-based chemothera-
py resulted in an increase in HCV-RNA at least 1.5 log
TU/ml (median 2.2 [range 1.5-2.6]) followed by he-
patic flare (defined as ALT elevation of more than five
times of upper limit of normal or more than 3.6 time
of baseline ALT) among patients with lymphoma (6).
However, the mechanism of liver injury in HCV in-
fection is still unclear. Further investigations in the
relationship between HCV load and liver injury are
warranted.

Previous studies showed a negative impact of
corticosteroids on HCV viral load (14). These studies

also demonstrated that cumulative exposure to corti-
costeroids is associated with higher levels of HCV
viremia (14). Meanwhile, our study showed that the
exposure to dexamethasone use as an antiemetic
might not affect HCV viral load.

Our study showed that 87.5% patients who re-
ceived cytotoxic agents developed grade 3-4 neutro-
penia. Although the incidence of neutropenia de-
pends on the timing and the frequency of blood tests,
it is important to note that febrile neutropenia oc-
curred in 50% of patients who received cytotoxic
chemotherapy in our study. A previous study from
MD Anderson Cancer Center showed that eight of 36
(22%) developed febrile neutropenia (12). Some hy-
potheses can be raised concerning the causes of the
high incidence of febrile neutropenia in our study.
The median age of 66 years in the current study was
higher than that of the previous yeport from MD An-
derson Cancer Center (48 years) and the highest inci-
dence age of breast cancer in Japan (40-49 years) (2,
12). These findings suggest that older gge might con-
tribute o developmg the greater incidence of febrile
neutropema as seen in our study. Previous studies of
adjuvant chemotherapy for older patients with breast
cancer showed that older patients had greater hema-
tologic toxicity, especially neutropenja and febrile
neutropenia compared to younger individuals (15,
16). Other potential causes of the high incidence of
febrile neutropenia could be considered. Chronic
HCV infection may lead to an immunocompromised
status such as neutrophil or T-cell dysfunction. Neu-
tropenia can be seen in patients with chronic hepatitis
C infection due to cirrhosis and hypersplenism. Alt-
hough four of ten patients had white blood cell counts
decrease (grade 1-2) at baseline in the current study,
only one of them developed febrile neutropenia (table
2). Although the relationship between HCV infection
and the high incidence of febrile neutropenia is un-
certain, clinicians should be concerned with the risk of
high-grade neutropenia and febrile neutropenia in
HCV-positive patients who receive cytotoxic agents.

Conclusion

Chemotherapy for breast cancer patients with
HCV infection is feasible and clinically indicated
therapy should not be withheld due to positive HCV
serology. Caution regarding neutropenia/ febrile
neutropenia is warranted. Use of growth factors may
be considered. However, the present study is too
small to draw a definite conclusion on the safety of
chemotherapy for solid tumors. Further large-scaled
investigations are warranted.
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ORIGINAL ARTICLE

Dermatological side-effects of telaprevir-based triple therapy
for chronic hepatitis C in phase lll trials in Japan

Hideshi TORII,! Hirohiko SUEKI,? Hiromitsu KUMADA,® Yuko SAKURAL* Keiji AOKIL*
IchimaroYAMADA,* Mamitarou OOTSUKI®

! Division of Dermatology, Social Insurance Central General Hospital, >Department of Dermatology, Showa University School of
Medicine, >Department of Hepatology, Toranomon Hospital, *Development Division, Mitsubishi Tanabe Pharma, Tokyo, and
1] SDcpat‘tmeﬂ.ts of Dermatology, Jichi Medical University, Tochigi, Japan

ABSTRACT

Telaprevir-based triple therapy is highly effective for chronic hepatitis C. However, concern has been expressed
over the high frequency and severity of its dermatological side-effects compared with those associated with pe-
ginterferon (PEG-IFN) and ribavirin (RBV) therapy. Thus, here, we evaluated the dermatological adverse reactions
of telaprevir-based triple therapy in Japanese multicenter phase Il clinical trials in an attempt to characterize the
dermatological side-effects and establish appropriate management plans. In these trials, 126 treatment-naive
patients and 141 treatment-failure patients were administrated telaprevir, PEG-IFN-«-2b and RBV for 12 weeks fol-
lowed by PEG-IFN-0-2b and RBV for another 12 weeks (T12/PR24 group), and 63 treatment-naive patients were
administrated PEG-IFN-a-2b and RBV for 48 weeks (PR48 group). Dermatological adverse reactions developed in
over 80% patients in both groups, and most of them were grade 1 or 2. In the T12/PR24 group, there were more
grade 2 or grade 3 events, and the time to onset was earlier than that in the PR48 group. Most reactions could be
managed with topical corticosteroids and oral antihistamines, and the rates of discontinuation due to dermatolog-
ical reactions were not high even in the T12/PR24 group. In the T12/PR24 group, however, two cases of Stevens—
Johnson syndrome and one case of drug rash with eosinophilia and systemic symptoms, which corresponds to
drug-induced hypersensitivity syndrome in Japan, were reported. For appropriate treatments of individual derma-
tological adverse reactions, the judgment of discontinuation of antiviral drugs and treatment based on the sever-
ity are extremely important in this triple therapy.

Key words: chronic hepatitis C, dermatological adverse reaction, drug rash with eosinophilia and systemic
symptoms, Stevens—Johnson syndrome, telaprevir.

INTRODUCTION

Telaprevir, a novel direct-acting antiviral, inhibits the NS3-4A
serine protease of hepatitis C virus (HCV) and suppresses HCV
replication.” Triple therapy of telaprevir, peginterferon (PEG-
IFN) and ribavirin (RBV) has proved to be more effective for
treating chronic hepatitis G (CHC) compared to PEG-IFN and
RBV combination therapy.?~”

In Japan, three phase Il trials for telaprevir-based triple
therapy were performed on treatment-naive (TN) patients
(patients who had never been treated with IFN agents), relaps-
ers (patients who had undetectable HCV RNA during previous
therapy for CHC), and non-responders (patients who never
achieved undetectable HCV RNA during previous therapy for
CHC). In these trials, the sustained virological response (SVR)

rates of patients were as follows: TN patients, 73.0% in T12/
PR24 group, 49.2% in PR48 group; relapsers, 88.1%; and
non-responders, 34.4%.57 The established duration of telapre-
vir-based triple therapy is 24 weeks, which is half of that for
PEG-IFN and RBV therapy. Therefore, the higher efficacy of tri-
ple therapy achieved over a shorter period make it markedly
superior to PEG-IFN and RBV therapy.

Dermatological side-effects were also observed in Japanese
trials of telaprevir monotherapy that lasted for 12 or 24 weeks.
The severity of the side-effects was mild to moderate, and two
patients discontinued telaprevir due to development of skin
disorders (pruritic rash or herpes zoster).®

Peginterferon and ribavirin combination therapy has also
been known to cause cutaneous adverse reactions.’®'" Even
with IFN monotherapy, dermatological reactions were observed
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locally at injection sites or systemically on occasion, and com-
bination therapy with RBV has been reported to cause an
increased incidence of cutaneous reactions. These reactions
include generalized pruritus, xerosis, erythematous papules
and microvesicles mainly localized to the limbs and areas of
friction.’®'* Usually, topical corticosteroids or emollients are
effective in managing the cutaneous reactions, and discontinu-
ation of the antiviral drugs is not required."® ]

Because dermatological adverse reactions have been
observed in telaprevir monotherapy and PEG-IFN and RBV
combination therapy, there is a possibility that dermatological
reactions develop even more frequently in the triple therapy.
Phase |l trials in the USA and in European countries (EU) show
a higher incidence of dermatological adverse reactions in the
telaprevir, PEG-IFN and RBV group than in the PEG-IFN and
RBV group.?® On the basis of this finding, for the Japanese
phase lll trials, we classified the severity in the same manner
as that of the US/EU trials (Table 1) and collected detailed
information. We hereby show the characteristics of the derma-
tological adverse reactions of telaprevir-based therapy, and
consider the criteria for drug discontinuation and management
plan for these reactions.

METHODS

Patients

Multicenter, randomized, phase Hll trials were performed at 42
Japanese medical institutions from 2008 to 2010. In these
trials, 126 TN patients and 141 treatment-failure (TF) patients

were administrated telaprevir, PEG-IFN and RBV for 12 weeks
followed by PEG-IFN and RBV for another 12 weeks (T12/
PR24 group, n = 267), and 63 TN patients were administrated
PEG-IFN and RBV for 48 weeks (PR48 group)®’ The TF
patients comprised 109 relapsers and 32 non-responders.” The
principal eligibility criteria were as follows: () a diagnosis of
CHC; (i) infection with HCV-1; (i) HCV RNA levels of
5.0 logyo 1U/mL or more; (iv) age at entry, 20-85 years; and (V)
bodyweight of more than 40 kg and 120 kg or less. The main
exclusion criteria were as follows: (i) hemoglobin level of less
than 12 g/dL, neutrophil count of iess than 1500/mm® and
platelet count of less than 100 000/mm?; (i) positive for anti-
bodies against hepatitis B surface antigen or HIV; and (i)
chronic renal failure or a creatinine clearance of 50 mL/min or
less.

Each patient gave a written informed consent before partici-
pating in these studies.

Study design
The clinical triai involving TN patients was a multicenter, ran-
domized, controlled study, where 189 patients were assigned
to either the T12/PR24 group or the PR48 group.® The trials
that included TF patients (relapsers and non-responders) were
open-label studies that included the T12/PR24 group alone.”
For patients in the T12/PR24 group, telaprevir was adminis-
trated p.o. t.i.d. every 8 h at a dose of 750 mg after meals for
12 weeks. PEG-IFN-u-2b (Pegintron; MSD, Tokyo, Japan) was
administrated s.c. once a week (1.5 pg/kg; range, 1.250-
1.739 pg/kg) and RBV (Rebetol; MSD) was administrated p.o.

Table 1. Severity classification of dermatological adverse reactions in phase i trials in Japan

Severity Criteria Management
Grade 1 Involvement of <50% of the body surface, localized Consultation with a dermatologist,
No evidence of systemic symptoms if needed
Grade 2 Involvement of <50% of the body surface, multiple or diffuse lesions  Discontinuation of the study drugs is
Or rash with any of the following characteristics: generally not necessary, the investigators
Mild systemic symptoms can consider the following, if needed:
Mucous membranes involved but with no ulceration/erosion Discontinuation of telaprevir
Discontinuation, interruption, or
reduction of PEG-IFN and RBV
Grade 3 Generalized rash involving >50% of the body surface Consultation with a dermatologist

Or rash with any of the following characteristics:

Appearance of significant systemic symptoms that are new and are
considered to be related to the onset and/or progression of the rash
Ulceration/erosion of mucous membranes

Epidermal detachment (epidermal necrosis or separation

of epidermis from underlying dermis)

Target lesions

Vesicles or bullae

Palpable purpura

SJS, TEN, DRESS," EM?
Or other life-threatening symptoms,

Or cases where features of serious disease are observed

Discontinuation of telaprevir (in principle)
Consider discontinuation or reduction of
PEG-IFN and RBV

Life-threatening Consultation with a dermatologist

Immediate discontinuation of all drugs

'DRESS corresponds to the Japanese term for DIHS.

*EM is not life-threatening, but in severe cases, mucous membrane lesions and systemic symptoms are encountered. In phase il trials, EM was
reported in five patients and was serious in one patient. DIHS, drug-induced hypersensitivity syndrome; DRESS, drug rash with eosinophilia and sys-
temic symptoms; EM, erythema multiforme; PEG-IFN, pegylated interferon; RBV, ribavirin; SJS, Stevens-Johnson syndrome; TEN, toxic epidermal
necrolysis.
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b.i.d. after meals (200-600 mg/dose; daily dose, 600-1000 mg)
for 24 weeks. The patients in the PR48 group received PEG-
IFN-0-2b and RBV at the aforementioned doses for 48 weeks.
The doses of PEG-IFN-0-2b and RBV were reduced when the
patients’ hemoglobin level, white blood cell count, neutrophil
count or platelet count decreased, or when adverse events
developed.®” Patients in the T12/PR24 group and PR48 group
were followed up for 24 weeks.

Assessment

Dermatological adverse reactions were investigated during the
administration period of 24 weeks in the T12/PR24 group and
48 weeks in the PR48 group, and during the 24-week follow-
up period in both groups. We integrated the data of the 126
TN patients and 141 TF patients (109 relapsers and 32 non-
responders) who were administrated telaprevir, PEG-IFN-a-2b
and RBV in three phase |l trials (Table 2).

Table 1 shows the severity classification system used to
evaluate dermatological adverse reactions. When the skin
reactions were detected, the investigators referred the patients
to a dermatologist as needed, and reported the events in refer-
ence to the diagnosis of the dermatologist. In cases where the
severity was considered as grade 3, telaprevir was discontin-
ued in principle. In addition, in cases where severe cutaneous
reactions including Stevens—Johnson syndrome (SJS) and drug
rash with eosinophilia and systemic symptoms (DRESS)/drug-
induced hypersensitivity syndrome (DIHS) were suspected, all
study drugs were immediately discontinued.

Of the dermatological adverse reactions reported by investi-
gators, we examined 355 events in the T12/PR24 group (190
events in 111 TN patients and 165 events in 115 TF patients),
and 102 events in the PR48 group (among 53 TN patients).
The events such as contact dermatitis and impetigo that were
unlikely to be attributable to the study drugs were excluded
(Table 2).

RESULTS

Study patients

In the T12/PR24 (TN) group, the T12/PR24 (TF) group, and the
PR48 group, the number of men was 66 (52.4%), 83 (58.9%),
and 33 (52.4%), respectively; the median age was 53 (range:
20-865), 57 (range: 20-65), and 55 (range: 20-65) years, respec-

Skin side-effects of telaprevir in Japan

tively; and the median body mass index was 22.55 (range:
16.2-31.1), 23.00 (range: 17.1-32.4), and 23.30 (range: 17.9-
30.8) kg/m?, respectively.

Incidences of dermatological adverse reactions

Table 3 summarizes the incidences of dermatological adverse
reactions. The incidence of localized or systemic rash-related
events, excluding reactions on the injection site only, was
higher in the T12/PR24 groups than in the PR48 group,
whereas events limited to the injection site were more common
in the latter. The incidences of grade 2 and grade 3 rash-
related events were also higher in the T12/PR24 groups than in
the PR48 group. No statistical difference was observed in the
incidence of rash-related events between the T12/PR24(TN)
and T12/PR24(TF) groups.

Table 4 shows the rates of serious adverse events, discon-
tinuation, interruption, and reduction of study drugs due to the
dermatological events. No dermatological problem led to
death. Serious adverse events requiring hospitalization or pro-
longation of inpatient care were observed in only the T12/PR24
(TN) and T12/PR24 (TF) groups, respectively. Two patients
developed SJS and one developed DRESS/DIHS.

Because no clear differences were found in incidences,
grades and features of dermatological adverse reactions
between TN and TF patients in the T12/PR24 group, we inte-
grated the data of these two patient groups to evaluate the
reactions associated with triple therapy as described below.

Time to onset

Figure 1 shows the cumulative incidence of dermatological
adverse reactions obtained using the Kaplan-Meier method.
The incidence up to week 4 was 77.1% in the T12/PR24
groups and 55.6% in the PR48 group. Time to onset of the first
reaction was earlier in the T12/PR24 group than in the PR48
group (Fig. 1a).

Most grade 1 events occurred within 2 weeks in the T12/
PR24 group, and were approximately the same timing as those
in the PR48 group. Grade 2 events occurred early in the T12/
PR24 group, with increased incidence during weeks 4-8 after
the initial administration (Fig. 1b). Regarding grade 3 events,
papuloerythematous rashes affecting more than 50% of the
body surface area occurred within 1 week, and rashes with

Table 2. Number of patients and dermatological adverse events in each study

T12/PR24 group

PR48 group

Dermatological reactions

Dermatological reactions

n No. of patients No. of events n  No. of patients No. of events
Study on treatment-naive patients - 126 111 190 63 53 102
Studies on treatment-failure patients Relapser 109 85 124 - - -
Non-responder 32 30 41 - - -
Total 141 115 165 - - -

T12/PR24: telaprevir, pegylated interferon (PEG-IFN)-a-2b and ribavirin (RBV) for 12 weeks followed by administration of PEG-IFN-u-2b and RBV for

12 weeks. PR48: PEG-IFN-a-2b and RBV for 48 weeks.

© 2013 Japanese Dermatological Association
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Table 3. Incidence of dermatological adverse reactions

T12/PR24 PR48
Treatment-naive Treatment-failure Total Treatment-naive
n =126 n=141 n =267 n =63
Total 111 88.1% 115 81.6% 226 84.6% 53 84.1%
Rash-related events' 94 74.6% 106 75.2% 200 74.9% 37 58.7%
Grade 1 53 42.1% 63 44.7% 116 43.4% 31 49.2%
Grade 2 43 34.1% 47 33.3% 90 33.7% 12 19.0%
Grade 3* 15 11.9% 9 6.4% 24 9.0% 3 4.8%
Injection site-related events? 60 47.6% 36 25.5% 96 36.0% 37 58.7%
Grade 1 59 46.8% 36 25.5% 95 35.6% 37 58.7%
Grade 2 1 0.8% 0 - 1 0.4% 0 -
Grade 3 0 - 0 - 0 - 0 -

"Localized or systemic rash-related events, excluding reactions on the injection site only. The terms reported more than 10% were rashes (T12/PR24
vs PR48: 38.6% vs 28.6%), drug eruptions (26.6% vs 3.2%) and erythema (6.0% vs 20.6%).

The terms reported more than 10% were injection site erythema (T12/PR24 vs PR48: 19.1% vs 33.3%) and injection site reaction (16.1% vs 25.4%).
SIncluding life-threatening events, two Stevens-Johnson syndrome (SJS) cases, and one drug rash with eosinophilia and systemic symptoms/drug-
induced hypersensitivity syndrome case. T12/PR24: telaprevir, pegylated interferon (PEG-IFN)-u-2b and ribavirin (RBV) for 12 weeks followed by
administration of PEG-IFN-0-2b and RBV for 12 weeks. PR48: PEG-IFN-a-2b and RBV for 48 weeks.

Table 4. Incidence of serious events and rates of discontinuation, interruption and reduction of study drug(s) due to dermatological
events

T12/PR24 PR48
Treatment- Treatment-

Treatment-naive failure Total naive

n=126 n=141 n =267 n =63
Serious adverse events 3 2.4% 5 3.5% 8 3.0% 0 -
Discontinuation of any study drug 12 9.5% kN 7.8% 23 8.6% 2 3.2%
Telaprevir only 4 3.2% 7 5.0% " 41% - -
All study drug(s) 8 6.3% 4 2.8% 12 4.5% 2 3.2%
Interruption of PEG-IFN or RBV 0 - 2 1.4% 2 0.7% 0 -
Reduction of PEG-IFN or RBV 2 1.6% 2 1.4% 4 1.5% 0 -

T12/PR24: telaprevir, pegylated interferon (PEG-IFN)-0-2b and ribavirin (RBV) for 12 weeks followed by administration of PEG-IFN-o-2b and RBV for
12 weeks. PR48: PEG-IFN-0-2b and RBV for 48 weeks.

pyrexia and lymphadenopathy, such as SJS and DRESS/DIHS,

oceurred during weeks 4-8 in the T12/PR24 group. Features of lesions. Most of the dermatological adverse reac-

tions in the T12/PR24 groups were papuloerythematous or ma-
culopapular rashes (Figs 2a,b), which were similarly observed

Characteristics of dermatological adverse reactions in the PR48 group; a few cases were judged as EM. In some

Table 5 shows the characteristics of the 355 events in the T12/ cases, florid rashes developed at the injection site (Fig. 2c). In

PR24 group and 102 events in the PR48 group. the SJS and DRESS/DIHS cases, superficial ulceration and
erosion of mucous membranes or epidermal detachment were

Area of dermatological adverse reactions on the body also observed.

surface. In the T12/PR24 group, 27.9% of dermatological

adverse reactions (multiple or diffuse reactions) affected 50% Pruritus. Most dermatological adverse reactions were accom-

or less of the body surface, while 5.4% affected more than panied by pruritus in both the T12/PR24 group (82.5%) and the
50% of the body surface. Compared with the PR48 group, the PR48 group (82.4%) (Table 5).
involved areas tended to be large in the T12/PR24 group.

Systemic symptoms. In the T12/PR24 group, 7.0% of derma-

Distribution. The dermatological reactions appeared mainly in tological adverse reactions were accompanied by systemic
the extremities and the trunk, and sometimes on the face. In symptoms, and pyrexia occurred most frequently. In the SJS,
case of SJS, DRESS/DIHS and serious erythema multiforme DRESS/DIHS and serious EM cases, pyrexia of 38-39°C and
(EM), the intraoral areas, lips and pharynx were affected. lymphadenopathy were observed (Table 5).

4 © 2013 Japanese Dermatological Association
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Figure 1. Time to onset of first dermatological adverse reaction. Cumulative incidence of dermatological adverse reactions (a) in
total and (b) by grade in the T12/PR24 and PR48 groups obtained using the Kaplan-Meier method. T12/PR24: telaprevir, pegylated
interferon (PEG-IFN)-a-2b and ribavirin (RBV) for 12 weeks followed by administration of PEG-IFN-a-2b and RBV for 12 weeks.

PR48: PEG-IFN-a-2b and RBV for 48 weeks.
Serious cases

SJS. Stevens-Johnson syndrome was
patients (0.7%) in the T12/PR24 group.

In one patient (female, 50 years old), a grade 1 rash was
observed 8 days after the initiation of drug administration
and it resolved 4 days later. On day 35, another rash
appeared, and on day 44, when the patient was hospitalized,
erythema affecting approximately 30% of the body surface
with erosion of the intraoral mucous membrane was
observed. The maximum body temperature was 39.3°C. All
antiviral drugs were discontinued, and the patient was trea-
ted with systemic corticosteroids. Erythema progressed till
4 days after drug discontinuation (Fig. 2d) and resolved after
7 weeks.

In the other patient (female, 47 years old), “EM major” was
diagnosed by a dermatologist but was integrated as SJS
according to the clinical trial’s coding rule. A localized rash
was observed on day 3. Pyrexia up to 38.5°C and worsening
of the rash were observed on day 25, and the patient was
hospitalized due to erosion appearing on the lips and the
mucous membrane of the pharynx. All study drugs were dis-
continued, and the patient recovered with the use of systemic
corticosteroids 8 weeks after discontinuation.

reported in two

© 2013 Japanese Dermatological Association

DRESS/DIHS. In one patient (0.4%), a 60-year-old female, in
the T12/PR24 group, DRESS/DIHS developed. Grade 1 rash
was observed on day 7. On day 44, new redness appeared on
the waist and legs, and on day 64 erythema worsened with
persistent high fever; all study drugs were subsequently dis-
continued. The patient developed erythema with target lesions
(Fig. 2e) and erosion of the oral mucous membranes on day
66. After discontinuation of the drugs, pyrexia over 38°C (maxi-
mum, 39.7°C) was observed. On the basis of symptom pro-
gression and laboratory test findings (increased white blood
cell count [46300/pL], appearance of atypical lymphocytes
[23.3%)], raised eosinophil count [45.7%], high ferritin level,
high lactate dehydrogenase level, lymphadenopathy and reacti-
vation of human herpesvirus six based on a rise in titer from
1:160 [29 days after onset] to 1:2560 [57 days after onset]), a
diagnosis of DRESS/DIHS was made. On administration of sys-
temic corticosteroids, the patient recovered 11 weeks after
discontinuation.

EM with mucous membrane lesions. Serious EM with
mucous membrane lesions was observed in one patient
(0.4%), a 58-year-old female, in the T12/PR24 group. On day
14, the patient developed a grade 1 rash, which resolved
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Table 5. Characteristics of dermatological adverse reactions

T12/PR24 PR48

No. of dermatological 355 102
adverse reactions
Distribution area

<50% of body
surface, localized

<50% of body surface,
multiple or diffuse

>50% of the body surface
Features of lesions!

237 (66.8%) 87 (85.3%)

99 (27.9%) 15 (14.7%)

19 (5.4%) 0 (0.0%)

Erythema without target lesions 296 (83.4%) 89 (87.3%)
Erythema with target lesions 8 (2.3%) 0 (0.0%)
Purpura 22 (6.2%) 0 (0.0%)
Vesicles or bullae 7 (2.0%) 2 (2.0%)
Pustule 7 (2.0%) 0 (0.0%)
Ulceration or erosion of 4(1.1%) 1(1.0%)
mucous membranes
Epidermal detachment 2 (0.6%) 1(1.0%)
Other? 85 (23.9) 22 (21.6%)
Pruritus
Yes 203 (82.5%) 84 (82.4%)
No 62 (17.6%) 18 (17.6%)
Systemic symptoms
No 330 (93.0%) 102 (100.0%)
Yes! 25 (7.0%) 0 (0.0%)
Pyrexia 23 (6.5%) 0 (0.0%)
Angioedema 2 (0.6%) 0 (0.0%)
Lymphadenopathy 6 (1.7%) 0 (0.0%)
Other® 2 (0.6%) 0 (0.0%)

"Multiple features may co-exist.

*For example, redness and papules.

YInflammation of lips and dry skin. T12/PR24: telaprevir, pegylated inter-
feron (PEG-IFN)-a-2b and ribavirin (RBV) for 12 weeks followed by
administration of PEG-IFN-0-2b and RBV for 12 weeks. PR48: PEG-
IFN-0-2b and RBV for 48 weeks.

4 days later. The drug rash developed again on day 34, fol-
lowed by pyrexia and enlargement of the rash on day 39,
resulting in hospitalization of the patient. Pyrexia of up to
39.0°C was observed. Despite treatment with oral corticoster-
oids at 20 mg/day, the rash worsened and intracral redness
was observed 9 days after hospitalization; thus, all study
drugs were discontinued. The patient’s condition was diag-
nosed as EM, the dose of oral corticosteroids was increased
to 60 mg/day and the patient recovered 11 weeks after drug
discontinuation.

Treatment of dermatological adverse reactions
Figure 3 shows the medical treatments used for the dermato-
logical events that developed during the antiviral administration
period in the T12/PR24 group (347 events) and in the PR48
group (100 events). The main medical agents were topical cor-
ticosteroids and oral antihistamines in both groups. The
strength of topical corticosteroids most often used were either
class 1l (potent) or class IV {very potent).

Among the 347 dermatological events in the T12/PR24
group, 324 events did not require discontinuation of any of the
study drugs. Approximately 21% events resolved without

6

treatment. Events mainly treated with topical corticosteroids
comprised 44.4%, and those treated with topical corticoster-
oids and oral antihistamines made up 17.9%. The frequency of
treatment with systemic corticosteroids was only 4.6%. On the
basis of these results, we considered almost all dermatological
adverse reactions to be manageable with topical corticoster-
oids and oral antihistamines.

In the T12/PR24 group, 23 dermatological events required
drug discontinuation. For these events, systemic corticoster-
oids were used more frequently (30.4%) in addition to topical
corticosteroids and oral antihistamines.

Period of resolution
In the T12/PR24 group, 61.4% of the dermatological events
resolved during the treatment period: 38.6% during the telapre-
vir treatment period and 22.8% during the PEG-IFN-a-2b and
RBV treatment period. The proportion of dermatological events
that resolved after completion or discontinuation of all the
study drugs was 37.2% (Fig. 4).

In the PR48 group, 59.0% (59/100 events) of the dermato-
logical events resolved by the end of the treatment period.

DISCUSSION

Compared to the dermatological adverse reactions associated
with PEG-IFN and RBV therapy in phase lll clinical trials, those
caused by the telaprevir-based friple therapy: () developed
early; (i) affected large areas of the body; and (i) were accom-
panied in several cases by severe rashes, mucous membrane
lesions, epidermal detachment or systemic symptoms associ-
ated with high pyrexia or lymphadenopathy, including SJS and
DRESS/DIHS. In addition, target lesions, purpura, and pustule
were reported only in the triple therapy.

The dermatological adverse reactions associated with triple
therapy were mostly of grade 1 or grade 2, and they were pru-
ritic papuloerythematous lesions similar to the ones associated
with PEG-IFN and RBV therapy. These adverse reactions could
be managed with topical corticosteroids and oral antihista-
mines, and the associated discontinuation rate was low. Over
60% of the events resolved during the treatment phase. In
view of these results and the therapeutic effect on CHC, early
discontinuation of antiviral therapy due to mild or moderate
dermatological adverse reactions should be avoided.

On the other hand, we cannot ignore the occurrences of
SJS and DRESS/DIHS in the clinical trials. Aggravation of these
serious events may lead to death and sequelae such as blind-
ness. Therefore, on observation of ciinical signs and symptoms
that may lead to these serious conditions, all drugs must be
discontinued immediately and appropriate treatment for these
reactions should be administrated as soon as possible.

The criteria for drug discontinuation and treatment for der-
matological reactions based on severity are iliustrated in the
algorithm in Figure 5. In addition to discontinuation of all drugs
in cases of serious adverse reactions, a basic principle is to
discontinue telaprevir in cases where the affected area
exceeds 50% of the body surface {(corresponding to grade 3)
or where symptoms continued to worsen, notwithstanding a

© 2013 Japanese Dermatological Association
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Figure 2. Examples of dermatological adverse reactions in the T12/PR24 group. (a,b) Grade 2 rashes, (c) injection site reaction, (d)
Stevens—Johnson syndrome case, and (e) drug rash with eosinophilia and systemic symptoms/drug-induced hypersensitivity syn-
drome case in the T12/PR24 group. T12/PR24: telaprevir, pegylated interferon (PEG-IFN)-0-2b and ribavirin (RBV) for 12 weeks fol-

lowed by administration of PEG-IFN-0-2b and RBV for 12 weeks.

grade 2 reaction. If symptoms worsen during the remaining
period when only PEG-{FN and RBV are administrated, discon-
tinuation of these two drugs is likewise recommended. Regard-
ing the antiviral effects observed in the patients who
discontinued any of the study drugs due to dermatological
reactions, seven of the 11 patients who discontinued only tela-
previr achieved SVR, and eight of the 12 patients who discon-
tinued all study drugs achieved SVR.

Grade 1 and grade 2 reactions could be managed with topi-
cal corticosteroids and oral antihistamines. These medications
were used for grade 3 reactions in a similar manner without
any problems, although in some cases, such as SJS, DRESS/
DIHS and other severe reactions, the systemic use of corticos-
teroids was required. In some patients, who continued to
receive the study drugs concomitant with systemic corticoster-
oids, further aggravation of dermatological reactions was noted
when the dose of corticosteroids was reduced or when their
administration was discontinued. There is a possibility that use
of systemic corticosteroids masked serious problems and the
tapering of steroids aggravated reactions; hence, telaprevir
discontinuation should be taken into consideration when sys-
temic use of corticosteraids is required.

The cases of SJS, DRESS/DIHS and serious EM were
accompanied by pyrexia of 38-39°C, erosions affecting the
mucous membranes or conjunctival lesions. It is, therefore,
important to detect early signs of serious diseases, and empow-
ering patients to identify such symptoms by informing them

© 2013 Japanese Dermatological Association

about the features associated with these diseases, like pyrexia
and mucous membrane erosion, will enable early detection.

The mechanism of telaprevir-related dermatological adverse
reactions remains unknown. Because dermatological adverse
reactions were observed even in the study on telaprevir mono-
therapy, it can be said that telaprevir per se is a factor for der-
matological reactions. The dermatological adverse reactions in
telaprevir monotherapy were, however, relatively milder than
those in the telaprevir-based triple therapy. Therefore, it can be
suggested that the concomitant administration of telaprevir
with PEG-IFN and RBV led to an additive or synergistic effect
on the adverse reactions and sometimes resulted in serious
cases. In addition, in the triple therapy, the dermatological
adverse reactions occurred within 1 week of administration in
approximately half of the cases. As the onset time of these
reactions was earlier than that of the usual drug rash (i.e. drug
allergy), the mechanism underlying these early occurring reac-
tions may be different from that of allergy in general.

In the US/EU clinical trials, pharmacokinetics, human leuko-
cyte antigen genes and multidrug resistance 1 gene were
examined to elucidate risk factor(s) for telaprevir-related der-
matitis. However, no specific relation was noted between these
factors and the development or severity of dermatological
reactions.’®

The incidence of skin adverse reactions (rash-related events)
in phase Il or phase Il studies performed in the US/EU was
55-56% in the triple therapy group and 33-34% in the PEG-

7
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100 Events in PR48 group

347 Events in T12/PR24 group
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Figure 3. Treatment of dermatological adverse reactions. The medical agents shown were used for 347 events that developed dur-
ing the antiviral administration period in the T12/PR24 group (324 events without drug discontinuation and 23 events with drug dis-
continuation) and for 100 events in the PR48 group. Treatment is classified according to the use of topical corticosteroids, oral
antihistamines, systemic corticosteroids and others agents. T12/PR24: telaprevir, pegylated interferon (PEG-IFN)-0-2b and ribavirin
(RBV) for 12 weeks followed by administration of PEG-IFN-0-2b and RBV for 12 weeks. PR48: PEG-IFN-a-2b and RBV for

48 weeks.
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Figure 4. Period of resolution in the T12/PR24 group. (a) Of
the 347 dermatological reactions that occurred during the
treatment phase in the T12/PR24 group, approximately 61%
resolved by the end of dosing. (b) The period of resolution of
each dermatological adverse reaction is shown by grade. T12/
PR24: telaprevir, pegylated interferon (PEG-IFN)-0-2b and riba-
virin (RBV) for 12 weeks followed by administration of PEG-
{FN-0-2b and RBV for 12 weeks.

IFN and RBV therapy group; these rates are lower than those
observed in Japanese patients (74.9% and 58.7%, respec-
tively). In addition, 12-14% and 4-5% of the subjects devel-
oped grade 2 and grade 3 reactions, respectively, in the US/
EU studies, while in Japan, the respective percentages were
33.7% and 9.0%."5'® Although the early onset and symptom
features were common between the US/EU and Japan studies,
there may be differences in the rate of symptom development
and in severity worsening tendency. However, a stringent com-
parison is difficult between the US/EU and Japan studies,
because there may be differences in the interpretation of
severity classification systems including definition of the
involved area or in the data collection and aggregation meth-
ods between these studies.

In conclusion, the telaprevir-based triple therapy often
caused dermatological adverse reactions. Most reactions were
of grade 1 or grade 2 and could be managed without discon-
tinuation of the study drugs. Some patients, however,
developed serious reactions such as SJS and DRESS/DIHS.
What is most important is to consider the balance between the
risk and benefit for an individual patient, and address individual
reactions appropriately. For appropriate treatments of individ-
ual dermatological adverse reactions, the judgment of
discontinuation of antiviral drugs and treatment based on the
severity are extremely important in this triple therapy.

© 2013 Japanese Dermatological Association
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Figure 5. Algorithm for the discontinuation of drugs and treatment for dermatological adverse reactions.
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Abstract

Background The definitive diagnosis of nonalcoholic
steatohepatitis (NASH) is currently based on histopathol-
ogical assessment. This study aimed to elucidate the utility
of a novel noninvasive method, three-dimensional mag-
netic resonance imaging (3D-MRI), for diagnosing
advanced fibrosis in patients with NASH, using histopa-
thological diagnosis as the reference standard.

Methods This retrospective study included 30 consecu-
tive patients who had been diagnosed with NASH by his-
topathology and had undergone 3D-MRI before biopsy.
3D-MRI provided a three-dimensional reconstruction of
the liver from contrast-enhanced hepatobiliary phase MR
images. In the present study, histopathological advanced
fibrosis was defined as stage 3 and 4 NASH. Advanced
fibrosis, diagnosed by 3D-MRI, was considered to be dif-
fuse irregularity of the entire surface of the liver. The
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diagnostic features of 3D-MRI and the noninvasive eval-
uation systems (APRI, FIB-4 index, and BARD score) for
identifying advanced and nonadvanced fibrosis of NASH
were determined and compared.

Results  Nine (30 %) of the 30 study patients were diag-
nosed histopathologically with advanced fibrosis, and 11
(37 %) of 30 patients were diagnosed with advanced
fibrosis using 3D-MRI. The sensitivity, specificity, positive
predictive value (PPV), and negative predictive value
(NPV) of 3D-MRI for diagnosing advanced fibrosis were
100, 90, 82, and 100 %, respectively. The sensitivities of
APRI, the FIB-4 index, and BARD score ranged from 78 to
89 %, the specificities from 71 to 90 %, the PPVs from 54
to 78 %, and the NPVs from 88 to 94 %.

Conclusion Compared with the common noninvasive
methods for diagnosing advanced fibrosis associated with
NASH, 3D-MRI was more accurate.

Keywords Nonalcoholic fatty liver disease -
Nonalcoholic steatohepatitis - Advanced fibrosis -
3D-MRI - Virtual MR-laparoscopy

Introduction

Nonalcoholic fatty liver disease (NAFLD) is a common
cause of chronic liver disease in Western countries [1—4],
and recently it has become common in many Asian nations
[5, 6]. In particular, patients with nonalcoholic steatohep-
atitis (NASH), a subcategory of NAFLD, are at an
increased risk for developing hepatocellular carcinoma [7].
Like patients with viral hepatitis, NAFLD patients with
advanced fibrosis have an increased risk of developing
hepatocellular carcinoma [8-10]. Currently, NASH can be
diagnosed only by histopathology. Usually, chronic liver
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depression), (2) partially irregular (several interconnected
depressions on the surface, mainly in the left lobe of the
liver, with rippled or speckled appearance), and (3) dif-
fusely irregular (including diffuse small irregularities or
large irregularities with areas of nodularity).

MR image acquisition and 3D reconstruction of the liver
were performed by three expert radiologic technologists.
The 3D-MR images were evaluated for degree of fibrosis
(nonadvanced or advanced fibrosis) by a conference of
three expert hepatologists who were blinded to the patho-
logical results. Each hepatologist had 10 or more years of
experience performing conventional diagnostic laparos-
copy to assess chronic liver disease.

Definition of advanced fibrosis according to APRI,
FIB-4 index, BARD score, and 3D-MRI

Advanced fibrosis was defined as follows: (1) APRI >0.98,
(2) FIB-4 index >2.67, (3) BARD score = 24, and (4)
image from 3D-MRI showing diffuse irregularity of the
surface of the liver (including diffuse small irregularities or
large irregularities with areas of nodularity).

Statistical analysis

Differences in demographic features, laboratory data, and
the features of liver biopsy specimens between patients
with advanced fibrosis versus patients with nonadvanced
fibrosis were analyzed by the Fisher’s exact test and
Mann-Whitney U test. The sensitivity, specificity, PPV,
and NPV for identifying advanced and nonadvanced
fibrosis were determined for each evaluation system
(APRI, FIB-4 index, and BARD score) and 3D-MRI. A
p value of <0.05 was considered statistically significant.
Data analysis was performed using the Statistical Package
for Social Sciences, version 11.0 (SPSS Inc., Chicago, IL,
USA). ’

Results
Clinical and demographic features of patients

Table 1 summarizes the demographic and clinical profiles
of the 30 study patients. The patients with advanced

Table 1 Clinical and demographic features of patients with nonalcoholic steatohepatitis who underwent three-dimensional magnetic resonance

imaging
All patients Nonadvanced fibrosis (stage 1-2) Advanced fibrosis (stage 3-4) p value

n =21 n=9
Gender (M:F) 22:8 17:4 5:4 0.195
Age (years)® 59.5 (29-80) 47 (29-73) 63 (51-80) 0.032
Body mass index (kg/m>)* 25.8 (20.8-37.9) 25.4 (20.9-35.1) 26.2 (20.8-37.9) 0.533
Albumin (g/dl)* 4.2 (3.6-4.7) 4.2 (3.8-4.7) 3.9 (3.6-4.4) 0.086
Total bilirubin (mg/dl)* 0.9 (0.4-1.5) 0.8 (0.4-1.2) 0.9 (0.5-1.5) 0.150
AST (QUny? 48 (18-198) 41 (18-198) 48 (29-150) 0.422
ALT qQUM®* 76.5 (22-275) 83 (22-275) 45 (22-194) 0.077
y-GTP (IU/M* 57.5 (15-502) 67 (15-502) 54 (34-125) 0.929
Platelet count (x 10*/pp)® 196 (65-318) 215 (104-318) 181 (65-207) 0.002
Hyaluronic acid (ng/l) 28 (4-196) 21 (4-83) 127 (47~196) <0.001
Diabetes mellitus (yes/no) 6:24 4:17 2:7 1.000
Uric acid (mg/dl)* 6.4 (3.6-9.6) 6.7 (4.7-8.9) 5.3 (3.6-9.6) 0.104
Total cholesterol (mg/dl)" 193.5 (94-265) 206 (94-265) 172 (107-223) 0.070
Triglyceride (mg/di)® 144.5 (38-355) 157 (38-276) 140 (40-355) 0.965
LDL-cholesterol (mg/dl)* 104.5 (24-177) 113 (24-177) 85 (28-124) 0.025
HDL-cholesterol (mg/di)* 45 (22-76) 45 (28-76) 41 (22-59) 0.304
Needle biopsy specimens of the liver (2 = 29)

n=21 n=38
Length of specimens (mm) 15 (9-27) 15 (9-27) 20.5 (13-26) 0.024
Number of portal areas 6 (2-21) 5 (2-21) 9.5 (6-12) 0.006

ALT alanine aminotransferase, AST aspartate aminotransferase, y-GTP gamma-glutamyl transpeptidase, HDL high-density lipoprotein, LDH

lactate dehydrogenase, LDL low-density lipoprotein
* Expressed as median (minimum, maximum)

" One patient who underwent surgical resection for hepatocellular carcinoma was excluded from quality evaluation of the needle biopsy

specimens
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fibrosis were significantly older, and they had significantly
lower platelet counts, lower low-density lipoprotein-cho-
lesterol levels, and higher hyaluronic acid levels compared
with the patients with nonadvanced fibrosis. With regard to
the characterization of the needle biopsy specimens (one
patient undergoing surgical resection for hepatocellular
carcinoma was excluded from quality evaluation of the
needle biopsy specimens), the patients with advanced
fibrosis had significantly larger specimens and higher
numbers of portal areas.

3D-MRI and histological NASH stage

Figure la—d shows 3D-MRI figures that corresponded to
the different histological NASH stages. These 3D-MRI
figures demonstrate that in addition to altered shape of the

liver, the irregularities on the surface of the liver gradually
extended from the lateral segment to the right lobe. There
were nine patients with the Fig. 1a pattern, and all (100 %)
were histopathologically diagnosed with NASH stage 1. Of
ten patients with the Fig. Ib pattern, five (50 %) were
diagnosed with NASH stage 1 and five with NASH stage 2.
Of 9 patients with the Fig. lc pattern, 5 (56 %) were
diagnosed with NASH stage 3, 2 (22 %) with NASH stage
4, and 2 with NASH stage 1. Two patients (7 %) had the
Fig. 1d pattern, and both were diagnosed with NASH stage
4, Diffuse irregularities of the entire surface of the liver
were characteristic of patients with NASH stage 3 and 4;
therefore, we designated 3D-MR images showing irregu-
larities of the entire surface of the liver as advanced fibrosis
(Fig. lc, d). A total of 11 (37 %) of 30 patients were
diagnosed with advanced fibrosis from the figures obtained
by 3D-MRI

Fig. 1 a Three-dimensional magnetic resonance image of nonad-
vanced liver fibrosis in nonalcoholic steatohepatitis (NASH), stage 1,
showing a smooth liver surface and enlarged lateral segment. b Image
of nonadvanced fibrosis, NASH stage 2, showing localized small
irregularities of the surface of the liver and an enlarged lateral

@ Springer

segment. ¢ Image of advanced fibrosis, NASH stage 3, showing
diffuse small irregularities of the surface of the liver and enlarged
lateral segment. d Image of advanced fibrosis, NASH stage 4,
showing diffuse large irregularities of the surface of the liver, an
enlarged lateral segment, and atrophic right lobe
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Figures 2 and 3 are conventional laparoscopic images of
livers of patients with advanced fibrosis (NASH stage 3 and
4, respectively). Figure 2a, b shows diffuse small irregu-
larities of the entire surface of the liver, and the surface of
the left lobe (Fig. 2b) has diffuse small irregularities and a
large nodular area. The histological diagnosis of this
patient was NASH stage 3, and the 3D-MR image of this
patient is also shown in Fig. 1c. Figure 3a, b shows diffuse
bilobular large irregularities and nodular areas of the sur-
face of the liver. The histological diagnosis of this patient
was NASH stage 4, and the 3D-MR image of this patient is
also shown in Fig. 1d.

In the present study, one patient was found to have
hepatocellular carcinoma on MRI. However, the tumor was
small (26 x 22 mm) and occupied a small proportion of
the area of the entire surface of the liver; therefore, the
diagnostic evaluation was not affected.

Diagnostic features of 3D-MRI and the APRI, FIB-4
index, and BARD scoring systems for advanced fibrosis
of the liver

Table 2 summarizes the diagnostic features of 3D-MRI and
each scoring system for advanced fibrosis. For the scoring
systems (APRI, FIB-4 index, and BARD), the sensitivity
ranged from 78 to 89 %, specificity from 71 to 90 %, PPV
from 54 to 78 %, and NPV from 88 to 94 %. For 3D-MRI,
the sensitivity was 100 %, specificity 90 %, PPV 82 %,
and NPV 100 %.

Distributions of patients with advanced fibrosis
of the liver according to 3D-MRI, APRI], FIB-4 index,
and BARD, and histopathology

Figure 4 shows the distribution of patients predicted to
have advanced fibrosis by 3D-MRI and each scoring

system, along with the distribution of patients diagnosed
with advanced fibrosis by histopathological evaluation. The
scoring systems showed more varied distributions com-
pared with 3D-MRI, which showed a uniform distribution
that was similar to the histopathological distribution.

Discussion

Up to now, the definitive diagnosis of NASH has been
based on histopathological evaluation. However, in Japan,
many patients with NAFLD are diagnosed with NASH
using US only, because liver biopsies have a risk of major
complications such as intraperitoneal bleeding. However,
some noninvasive scoring systems (APRI, BARD, and the
FIB-4 index) for predicting fibrosis have become available
[17). In addition, the usefulness of other nominvasive
strategies for predicting fibrosis in patients with NAFLD
has been reported, including transient sonoelastography
[21, 22], ARFI {23], and MR elastography [24]. However,
these diagnostic methods may lack sensitivity for identi-
fying advanced fibrosis. In addition, for the majority of
patients with NAFLD, these methods of prediction usually
have weak objectivity and persuasive power. Therefore, a
more accurate noninvasive evaluation method is needed. In
the present study, we described and reported on the use of
“virtual MR-laparoscopy” for 3D imaging of the liver, or
3D-MRI. Although 3D-MRI has qualitative and subjective
features, we found that it accurately predicted advanced
fibrosis, because it could easily provide visualization of the
entire surface of the liver, and evaluation was compara-
tively easy for physicians experienced with conventional
diagnostic laparoscopy for chronic liver disease or treat-
ment of hepatobiliary diseases such as cholecystolithiasis
or hepatic tumor, In the present study, 3D-MRI demon-
strated a high positive and negative predictive value for

Fig. 2 Conventional laparoscopic image of the liver of the same patient in Fig. 1c. a View of the right lobe of the liver. The surface of the liver
has diffuse small irregularities. b View of the left lobe of the liver. The surface of the liver has diffuse small irregularities and a large nodular area
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Fig. 3 Conventional laparoscopic image of the liver of the same the left lobe of the liver. The surface of the liver has diffuse large
patient in Fig. 1d. a View of the right lobe of the liver. The surface of irregularities with nodular areas
the liver has diffuse large irregularities with nodular areas. b View of

Table 2 Diagnostic features of three-dimensional magnetic resonance imaging and the APRI, FIB-4 index, and BARD scoring systems used to
predict advanced liver fibrosis

Sensitivity (%) Specificity (%) PPV (%) NPV (%)
3D-MRI (virtual MR-laparoscopy) 100 90 82 100
APRI 78 71 54 88
FIB-4 index 78 90 78 90
BARD score 89 81 67 94

NPV negative predictive value, PPV positive predictivey value

Case 1

Case 2

Case 3

Case 7

Cose §

Case 9

Case 19
Case 11
Case 12
Case 13
Case 14
Case 13
Case 16
Case 17
Case 13
Case 19
Case 20
Case 21

Case 22

Predicted and histopathological

nonadvanced fibrosis

Case 23
Case 24

Case 28

Cuse 26
Case 27
Case 28
Case 29
Case 30 |

istribution of advanced and nonadvanced fibrosis
Distribution of advanced and nonadvanced fibrosis

APRI

FIB-4 BARD 3D-MRI Histopathological
index score (Virtual MR-laparoscopy) diagnosis

Fig. 4 Distribution of patients predicted to have advanced fibrosis by 3D-MRI and the APRI, FIB-4 index, and BARD scoring systems, along
with the distribution of patients diagnosed with advanced fibrosis by histopathological evaluation
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advanced fibrosis (82 and 100 %, respectively) and a sen-
sitivity and specificity of 100 and 90 %, respectively.

We also evaluated the APRI, FIB-4 index, and BARD
scoring systems, which are easy to calculate using three or
four parameters that are routinely measured in outpatient
medical practice. All these systems were found to have
high predictive values for advanced fibrosis of the liver in
this cohort. Figure 4 suggests that the combined use of 3D-
MRI and a scoring system may be more advantageous for
routine medical care than a single evaluation system. For
example, it may be assumed that a double positive for
advanced fibrosis provided by 3D-MRIJ and any one of the
scoring systems would lead to a PPV increase from 82 to
90 %, while the NPV would remain 100 %.

However, there are some technical problems with 3D-MRI
that still need to be resolved. Inadequate breath holding during
the hepatobiliary phase leads to distorted hepatobiliary phase
images and inaccurate findings. The 1.5-T MR-imaging sys-
tem (Avanto) used for the patients in the present study
required a 25-s breath hold; therefore, a patient with pul-
monary emphysema might not be able to undergo this pro-
cedure. There is also the problem of motion artifact; the
patients were all found to have linear surface irregularities
where the superior border of the liver is near the inferior border
of the heart. At present, the heart-beat-motion artifact is dif-
ficult to remove. Therefore, evaluation of liver surface irreg-
ularities seen on 3D-MRI should take into consideration the
effect of the heart on the area of the liver below it. Both these
problems may be resolved by increased high-speed image
acquisition, which is based on the improvement of the signal-
to-noise ratio resulting from the introduction of a powerful
magnetic-field imaging system such as a 3.0-T MRI system
and multichannel coil.

Despite the current technical problems of 3D-MR], the
large surface irregularities of liver cirrhosis associated with
NASH (Fig. 1d) are easy to observe with this modality.
However, the advanced fibrosis of NASH stage 3 usually
manifests with small irregularities of the surface of the
liver (Fig. 1c). Therefore, in patients with NASH stage 3, it
is important to carefully examine the images for small
irregularities, Jooking closely at the edge of the liver where
the surface irregularities are most clearly depicted by 3D-
MRI and clearly seen during conventional laparoscopy.

In the present study has some limitations. This was a ret-
rospective cohort trial evaluating a small number of patients.
There were a small number of patients because of the enroll-
ment requirement that patients had to undergo 3D-MRI within
1 year before biopsy and histopathological evaluation. In
addition, with regard to the liver biopsy specimens, there were
significant differences in the length and number of portal areas
of the specimens, and these differences may have led to
underestimation of the extent of liver fibrosis in patients with
nonadvanced fibrosis. Although in the present study there

were no discrepancies among the three experienced hepatol-
ogists regarding the diagnosis of advanced fibrosis, 3D-MRI
has qualitative and subjective features that might be affected
by the different clinical experiences of physicians assessing
the images derived from 3D-MRI. Because there were no
methods for quantitative assessment of the surface irregular-
ities of the liver seen on 3D-MRI, it was impossible to com-
pare 3D-MRI with the other scoring systems by means of
receiver-operating characteristic curve analysis. As stated
above, the number of patients in the present study is too small,
and some limitations have to be solved. In the near future,
further additional large studies that include quantitative
evaluation of the surface of the liver are needed.

However, we believe that the impact of the present study
on the routine clinical care of patients with NAFLD,
especially NASH patients, will be enormous. We also think
that the progression of many high-risk patients to advanced
liver disease, including decompensated liver cirrhosis and
hepatocellular carcinoma, will be prevented by early
detection of advanced fibrosis using 3D-MRIL

In conclusion, the diagnostic features of 3D-MRI for
predicting advanced fibrosis associated with NASH were
superior to those of other previously reported diagnostic
methods.
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