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Figure 6. Fibrogenic factors were not elevated in Nrd7™"~ mice fed the CDAA diet. During CDAA diet administration, mRNA expression

levels of collagen |, collagen IV, TIMP, TGF-B, and aSMA were significantly increased in the livers of Nrd

1" mice but not in those of Nrd1™™ mice.

Those factors were not altered by administration of the CSAA diet in Nrd7** or Nrd1™'~ mice. *P<0.05.

doi:10.1371/journal.pone.0098017.g006

in NrdI*"* and Nedl ™" mice fed the CSAA diet (Figure 3B). qRT-
PCR showed that mRNA expression of CCR2, a recruited
macrophage marker, was significantly increased in MdI™" mice,
but not in MdI~’" mice (Figure 3C). This suggested that
macrophages are not sufficiently recruited in Nrd! ~/~ mice. At 20
weeks of a CDAA feeding, production of TNF-o protein was
significantly upregulated in both NedI*"* and Nrd1 ™/~ mouse livers
(Figure 4A, produced TNF-a), but the increase in TNF-o protein
secretion from liver specimens into the conditioned medium was
decreased significantly (0.46-fold) by Mdl knockout (Figure 4A,
secreted TNF-a). In contrast, production of IL6 and IL1-B proteins
were not increased in Nrdl ™'~ mice fed a CDAA diet (Figure 4B).
These data suggested that nardilysin was required for the shedding
of TNF-a in mice fed the CDAA diet and possibly the induction of
inflammation. To further investigate that possibility, we examined
whether blocking TNF-a suppresses the production of IL6 and IL1-
B. We used MdI™"* mouse peritoneal macrophages as substitutes for
Kupfler cells and recruited macrophages in the liver, and examined
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the effect of pre-incubation with anti-TNF-o neutralizing antibodies
on the production of IL6 and IL1-B. Following LPS stimulation
mRNAs and secreted proteins of both IL6 and IL1-B from
macrophages were significantly increased, and administration of
anti-TNF-a neutralizing antibodies significantly suppressed the
production of IL6 and IL1-B (Figure 4C). This also suggested that
TNF-u secretion played an important role to induce IL6 and IL1-8
production in mice.

Nrd1™'~ mice were resistant to CDAA diet-induced liver
fibrotic changes

Persistent steatohepatitis results in hepatic fibrosis [1-4]. Using
Sirius red staining we investigated whether secretion/production
of inflammatory cytokines enhanced by nardilysin was associated
with the development of liver fibrotic changes. Four weeks after
CDAA feeding, fibrotic changes were not prominent in both
NedI™"* and Nedl ™/~ mice (Figure 5A and B). Twelve weeks after
CDAA feeding, fibrotic changes were observed in NdI*’* mice,
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mice fed the CDAA diet. A. Immunostainings for «SMA demonstrated

that activated myofibroblasts were detected in Nrd1*"* mice fed a CDAA diet for 20 weeks, but not in Nrd7** mice. Activated myofibroblasts were
hardly detected by administration of the CSAA diet in Nrd1™* or Nrd1™~ mice. Bars indicate 100 um. B. The number of aSMA-positive cells/x400
high-power field (HPF) in livers increased only in Nrd1** mice fed the CDAA diet for 20 weeks. *P<<0.05.

doi:10.1371/journal.pone.0098017.g007

whereas such changes were not prominent in Nrd! ™’ mice
(Figure 5A and B). At 20 weeks of CDAA diet administration,
fibrotic changes in Mid/*"* mice became more prominent, while
they were not observed in Nrdl~’" mice (Figure 5A and B).
Fibrotic changes were not observed throughout the experiments in
both MdI*"* and Nedl ™™ mice fed a CSAA diet (Figure 5A and
B). Consistently, the increased mRINA expression of fibrogenic
markers such as collagen I, collagen IV, TIMPI1, TGF-B, and
aSMA in NrdI™"* mouse livers were not observed in Nrdl ™/~ mice
fed the CDAA diet (Figure 6). Immunostainings for oSMA
demonstrated that activated myofibroblasts were detectable only
in MdI™" mice fed a CDAA diet (Figure 7A and B). Thus,
nardilysin played a pivotal role in the development of liver fibrosis
caused by the CDAA diet.

Nrd1™'~ mice were resistant to high fat diet-induced liver
fibrogenesis

To further confirm the role of nardilysin in the development of
steatohepatitis followed by liver fibrotic changes, Nd/™" and
Nid1™’” mice were also fed HFD. Similar to the CDAA diet,
HFD administration for 20 weeks induces hepatic steatosis and
liver fibrogenesis [16]. In the present study, steatosis was observed
more prominently in Nrd/*’* mice compared to Nid/™’” mice at
20 weeks of HFD administration, but not in mice fed a normal
control diet (Figure 8A). Consistently, triglyceride in the liver were
elevated in NdI** and Nrdl™’" mice (Figure 8B). However,
serum ALT levels were significantly increased in NMdI*'* mice
upon 20-week administration of the HFD, whereas they were not
increased in Mrdl ™'~ mice fed the HFD (Figure 8C). Furthermore,
fibrotic changes were detected only in Ndl*"* mice fed a HFD
(Figure 8D and E). Consistent with this finding, qRT-PCR showed
that the mRNA expression of IL1-B was significantly increased
only in NMrdI*"* mice at 20 weeks of HFD feeding, but not in that
of Mrdl™’~ mice (Figure 9A). mRNA expression levels of collagen
I, collagen IV, TIMP, TGF-B, and aSMA were significantly
increased in the livers of NrdZ*"* mice fed a HFD for 20 weeks, but
not in those of Nrdl™’~ mice (Figure 9B). Therefore, nardilysin
also played an important role in the development of steatohepatitis
and liver fibrogenesis induced by HFD in mice.
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Discussion

In the present study, we demonstrated that steatosis was induced
by the CDAA dict in both MdI™"* and Nrdl ™™ mice, although
fatty changes were less prominent in Nrd/ ™'~ mice. Importantly,
steatohepatitis followed by liver fibrotic changes was observed only
in MdI*"* mice and not in Mdl™’" mice. Secretion of TNF-o,
and the production of inflammatory cytokines and fibrogenic
factors were not upregulated in Nrdl ™/~ mice as compared with
NedI™* mice. In the HFD model, steatohepatitis and liver
fibrogenesis were hardly observed in Md/ ™~ mice. These data
suggested that nardilysin plays an important role in the
development of steatohepatitis followed by liver fibrosis.

In mice fed with the CDAA diet, the levels of hepatic
triglyceride content were lower in Ndl ™'~ mice compared with
those in MrdI*"* mice, suggesting the possibility that nardilysin is
involved in the regulation of hepatic lipid synthesis. A decreased
steatosis in NrdI ™/~ mice may partly affect hepatic inflammation.
However, steatosis did occur in the liver of Mdl ™/~ mice; on the
other hand, hepatic inflammation was not observed despite the
presence of steatosis in MNdl~’” mice. This indicated that
nardilysin has an important role in the initiation and/or
promotion of inflammatory responses induced by the CDAA diet.
Persistent inflammation distinguishes steatohepatitis from simple
hepatic steatosis [1-3]. Among pro-inflammatory factors, TNF-a
is one of the key molecules that initiate inflammatory cascades,
and its role in the progression of NASH has been discussed [4-7].
For example, apoptotic change in the liver, which contributes to
the progression of NASH, is inhibited by an anti-TINF receptor
neutralizing antibody or pentoxifylline in a mouse model of NASH
[20]. The absence of TNFR1, a receptor for TNF-a, reduces IL6
mRNA production in the liver fed with the HFD even in the
presence of elevated serum TNF-o [21]. The absence of TNFR1
also reduces liver lipid accumulation and macrophage accumula-
tion in livers of HFD-fed mice [21]. Thus, inhibition of TNF-o
signaling appears to plays a pivotal role to suppress inflammatory
reactions in NASH as well as other inflammatory disorders [22].
Although clinical application of anti-TNF-o therapy has not been
established in the treatment of human NASH, anti-TNF-o
neutralizing antibodies are effectively used to treat various human

May 2014 | Volume 9 | Issue 5 | e98017



Nardilysin in NASH

A control diet HFD
Nrd1¥* Nrd1~~ Nrd1** Nrd1™
20w
B
300 100
g ~ 250 = 80
3o X
= [
2 £ 100 2 40
— 50 20
0 0
Nrd1  +/+ = ++ - Nrd1  ++ - ++ -
normal HFD normal HFD
D normal HFD
Nrd1** Nrd1™* Nrd1** Nrd17~
i
20w
E
g 20 *
I *
58 15p —
S o 10
8 £
= = 05
5 £
R 0 st
Nrd?  ++ - ++ /-
normal HFD

Figure 8. Liver fibrogenesis was not observed in Nrd7~"~ mice fed the HFD. A. Steatosis was observed in both Nrd 7™+ and Nrd 1™~ mice after
20-week HFD administration {right), but not in those fed a normal control diet (left). Bars indicate 100 pm. B. Quantification of triglyceride in the liver.
Triglyceride was elevated in the livers of both Nrd7** and Nrd1™~ mice after 20-week HFD administration, although it was significantly higher in
NrdT™* mice. n=4, each. *P<0.05. C. Serum ALT levels were significantly elevated in Nrd 1" mice upon administration of the HFD, but were not

elevated in other mouse groups. *P<<0.05. D. Fibrotic area was less prominent in Nrd 17/ mice than in NrdT™* mice (right). Bars indicate 100 pm. E.

Fibrotic area was observed only in the livers of Nrd7** mice fed the HFD (right). n=5, each. *P<0.05.

doi:10.1371/journal.pone.0098017.g008

inflammatory disorders, such as rheumatoid arthritis and inflam-
matory bowel diseases [6,7]. We previously reported that
nardilysin is essential for the sufficient activation of TNF-a in
cooperation with TACE [10-12]. By the knockdown of Nrdl,
TNF-a. secretion is decreased concomitantly with decreased
TACE activity, and the production of inflammatory cytokines
such as L6 and IL1-B is significantly suppressed [10~12]. In the
present study, it is worth noting that TNF-a secretion from liver
specimens was decreased significantly in Ndl™’~ mice fed the
CDAA diet, while TNF-a production was not different between
NedI*"* and Nrdl™’~ mice fed the CDAA diet. Consistently, the
production of various inflammatory cytokines were not increased
in the livers of Mrd! ™/~ mice. Although the precise mechanism of
the decreased inflammatory responses in Nrdl ™/~ mice was not
clear, it appeared likely that the impaired release of TNF-a in
NrdI™’” mouse livers was one of the reasons for the reduced
inflammatory reactions in MNdl”’” mice. As well, impaired
recruitment of macrophages into the liver may also contribute to
the reduced inflammatory reactions in Nrdl ™/~ mice. It would be
also possible that different activation status of TNF-o and
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inflammatory responses conversely affect difference of fatty
contents between NrdI*'* and NMdl ™/~ mice. Whatever the case,
nardilysin seemed to play an important role in the development of
steatohepatitis and liver fibrosis presumably through TNF-a
activation.

Previous studies have shown that Kupffer cells and recruited
macrophages interact with hepatic stellate cells, accelerate their
activation, and promote the fibrogenic responses [4,17]. Activated
myofibroblasts also promote the remodeling of the extracellular
matrix and contribute to liver fibrosis [5]. Indeed, our immuno-
histochemical analyses showed that Kupffer cells and macrophages
were major producers of TNF-o in the livers of mice fed the
CDAA diet, and that aSMA-positive myofibroblasts were not
prominent in Ndl~’~ mice. Decreased release of TNF-0, from
Kupffer cells and recruited macrophages could be one of the
mechanisms for the suppression of diet-induced steatohepatitis in
Nrd1™’~ mice, and thus nardilysin in Kupffer cells and recruited
macrophages may be required for the progression of NASH and
liver fibrosis, concomitantly with the recruitment of myofibro-
blasts. However, we could not completely exclude the possible
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contribution of nardilysin in other cells such as hepatocytes or
endothelial cells for the development of NASH and liver fibrosis.
Therefore, genetically-engineered mice lacking or strongly ex-
pressing nardilysin in Kupffer cells and macrophages may be
required to confirm our hypothesis in future studies.

In summary, the present study indicates that nardilysin
contributes to the development of diet-induced NASH and liver
fibrotic changes by regulating chronic liver inflammation.
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Background: New direct-acting antiviral agents are cur-
rently being developed to treat chronic HCV. The efficacy
and safety of daclatasvir combined with peginterferon
alfa~2a (alfa-2a) and ribavirin were éssessed in a rand-
- omized, double~blind Phase lla study of Japanese patients
with chronic HCV genotype-1 infection.
Methods: Japanese patients who were treatment-naive
(n=25) or prior null (n=12) or partial (n=5) respond-
“ers received once-daily daclatasvir 10 mg or 60 mg or
placebo in combination ‘with alfa-2a and ribavirin.
Daclatasvir recipients with a protocol-defined response
~ (HCV RNA<15 IU/ml at week 4 and undetectable at
“week 12) were treated for 24 weeks; placebo recipients
and patients without a protocolwéeﬁned response wére
‘treated for 48 weeks. o
Results: Sustained virological response at 24 weeks post-
treatment (SVR,)) was achieved by 89% and 100% of

treatment-naive patients receiving daclatasvir 10 mg
and 60 mg, respectively, versus 75% in placebo recipi-
ents. Virological failure was more frequent in prior non-
responder patients, with 50% and 78% achieving SVR,, in
daclatasvir 10 mg and 60 mg groups, respectively. Adverse
events occurred with similar frequency among treatment
groups and were consistent with the adverse event profile
of alfa-2afribavirin alone. The most commonly reported
adverse events included pyrexia, alopecia, anaemia, lym-
phopenia, neutropenia, pruritus and diarrhoea. Three
patients discontinued treatment due to anaemia.
Conclusmns ‘Daclatasvir combined with alfa-2a/ribavirin
in treatment—nawe patients showed greater efficacy than
alfa~23/nbavmn alone and was generally well tolerated.
The 60-mg dose of daclatasvir achieved the highest rates
of SVR,, in both treatment-naive and non-responder pop-
ulatsons and w;n be evaluated in a Phase Ul clinical trial.

Introduction

Chronic HCV infecrion is estimated to affect approxi-
mately 160 million people worldwide, and 3 to 4
million people become infected with HCV every
year [1,2]. In Japan, approximately 1.5 to 2 million
people are infected with chronic HCV, primarily HCV
genotype 1b [3]. While HCV genotype 1 is the most
“common, it is also the most challenging to treat.
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Treatment for chronic HCV infection has consisted
primarily of a combination of interferon and ribavirin.
Among treatment-naive patients with HCV genotype
1 infection treated with peginterferon-alfa (alfa) plus
ribavirin, the rates of sustained virological response
(SVR) ranged from 34% to 46% [4-6]. Recent clinical
trials that combined the direct-acting anti-HCV agents
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twice-daily ribavirin (600, 800 or 1,000 mg/day for
patients weighing <60 kg, >60 kg to <80 kg or >80 kg,
respectively) and once weekly subcutancous alfa-2a
(180 wg; Figure 1). Patients receiving daclatasvir plus
qlfa—21/r1bav:rm who achieved a protocol-defined
resgon‘;e {PDR) were treated for 24 weeks. PDR was
~defined as HCV RNA less than the lower limit of quan-
tification (LLOQ; 15 IU/ml) at week 4 and undetect-
able at week 12. Patients not achieving PDR received
daclatasyir plus alfa-2a/ribavirin for 48 wecks. Patients
‘treated with placebo (treatment-naive only) reccived
alfa- Za/rtbavwm for 48 weceks.

Randomized treatment assignment was doublc blind
and placebo- controll(,d for daclatasvir during the first.
24 weeks of treatment. The study was unblinded at
week 24 and conduc:tcd subsequently as open !abcl for
patients who did not achieve PDR or were receiving
placebo. ‘ ;

Eﬁ" icacy and safety assessments L
The primary efﬁcacy assessment was the proportxon ;

of patients with extended rapxd virological response
(ERVR), daﬁnad as. undctu_mble HCV RNA at bothk

DCV combined with peginterferon alfa-2a and ribavirin

week 4 and week 12, Secondary efficacy assessments
included the proportion of patients with rapid viro-
logical response (RVR), defined as undetectable HCV
RNA at week 45 the proportion of patients with
complete. early virological résponse (cEVRY}, defined
as undetectable. HCV. RNA at week 123 the propor-
tion of patients with SVR (defined as undetectable
HCV RNA) at week 12 (SVR ,) and week 24 (SVR,))
post-treatment.

The possible presence of daclatasvxr«rnshmnt vari-
ants - was analysed using. stored: plasma  specimens.
Total RNA was isolated, the NSSA region amplified by
reverse transcription-PCRy and the resultant amplicon
assessed by population sequencing [15]. Resistance test-
ing was performed centrally on all samples at baseline,
and on samples indicative of virological failure when
HCV RNA was >1,000 [U/ml. Virological failure was
defined as virological breakthrough (confirmed >1 log,,
increase in FICV. RNA over nadic or confirmed HCV
RNA>LLOQ after confirmed undetectable HCV.RNA
while on treatment), <1 logm decrease in HCV RNA
from baseline at week 4 of treatment, failure to achieve
EVR (dﬁ,ﬁned as <2 logm decrease in HCV RNA from

Figure 1. Study design
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A rtoral of 39 of 42 patients completed the 24-week
double-blind phase of the study. Three patients dis-
continued due to anaemia; 1 treatment=naive patient
receiving 10 mg daclatasvir discontinued ar week 12,
and 2 priof non~responder _patients receiving 60 mg
dac[amz;wr discontinued ae week 14 and week 17 of
'trcatmmt devc patients continued. treatment in the
opcn-hbei pha:,c of the study, 3 of whom discontinued
treatment due to vxmleg,ma breakthrough (1 treat-
ment-naive pattmt receiving 10 mg daclatasvir, 1 non-
rcspondcr patient receiving 10 mg daclatasvir and
1 non- ru.pondcr patient receiving 60 mg dadamwxr)
()nc patlent in the placubo gmup r(.qucstcd to duscon—
tinue treatment. : i o

A similar numbcr of pamcnm in eac.h treqtmcnc g,mup
‘rcqmred dose reductions of alfa-2a and ribavirin. In
total, 17 patients, reqmred h~Za reductions (4 in thc,
'plau‘bo group, and 2 to 4 i m each of the daclatasvir
treatment_groups), and 35 mtxcnts required ribavirin

rcdugnons (7 in the pl 1ccbo group and 6 to 8 in each of :

th(: das.lata@vnr treatment groups)

‘Vtrologmal response and eutcomes

HCV RNA SuUppressi n was more réézd n panents

treated with daclatasvir wmparcd with patients receiv-
ing piaubo (ngum 2} By week 2, the mean reduction
from baseline in HCV RNA was 5.1 to 5.3 log,, 1U/ml

inthe d%htaswr treatment groups compared with 3.1

,Eogm 10/ ml in thc placcbo group. The mean 1mprovcmcnt~ :

DCV combined with peginterferon alfa-2a and ribavirin

in HCV RNA was maintained throug,h week 48 for all
daclatasvir dose groups.

Table 2 shows the virological outcomes (RVR LRVR
cEVR, end of treatment response [EOTR ] and SVR,,) in
all patients and in daclarasvir recipients who achieved
PDR. The primary efficacy end point, ¢RVR, was
achieved by 63% t0:78% of patients in the daclatasvir
treatment  groups cc)mpqrcd with: 13% in the pla-
cebo group (Table 2). The rate of eRVR was highest
in the nonwnspondcr daclatasvir 60 mg dose: group. A
total of 29 patients (15/23 treatment-naive and 14/17
non-responders) in the daclatasvir tréatment groups
achieved PDR and completed treatment ar week 24
wu:h 24 wu,ks of follow-up : ' L

Treatment nawe patsents
Overall, SVR,, was ac hieved by ?9% and IOO% oF
treatment-n zuve patients receiving daclatasvir 10 mg

' and 60 mg, rwpecnveiy, versus 75%: of those receiving

‘placebo. PDR was achieved by 78% (7/9) and 100%
(8/8) of treatment-naive patients regewmg daclatasvir
10 mg and 60 mg, respectively, compared with 13%
(1/8} of panents recéiving placebo (Table 2). All treat-
ment-naive patients who achieved PDR subscqucmly
ach;evcd EOTR and SVR,, after 24 wecks of therapy.
One treatment-naive patient in the daclatasvir 10 mg
~dose group, who was infected with HCV genotype 1b,
did not aduevc PDR and also failed to achieve SVR,.
In treatment-nawc paucms w;th IL288 venotvpc C (,

Figure 2. HCV RNA reductions through week 24

Mean HCV RNA, log,, IU/mi

. Placebo-naive (n=8) ==

- DCV 10 mg naive (n=9)

- DCV 60 mg naive (n=8)

-DCV 10 mg non-responder (n=8)
- DCV 60 mg"honfrespohder (n=9)

: Week

- LL0Q, 15 log,, IW/mi

Viralagieal autcomes in treatment-naive and non-responder patients. DOV, daclatasvir; LLOG, lower fimifz of quantification:
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:Table 2. Virological outcomes in treatment-naive and non-responder patients

Treatment-naive: Prior non-respondcrs

week 4, unde.tcctabte
at| wﬁek 12 [PDR)

" (wo; m.o. &oo;m

‘7;7/{100; 72,0, 100.0)

8/8 (100; 75.0, 100.0)

88 (1’00;,75.0.?1()0.0)

77 (’100; 720, ;100.01‘

~ Placebo (n=8) . DW10mg(=9)  DCV6O mg(n=8)  DCViOmg(n=8)  DCV 60 mg (n=9)

All pattents : e ; L ;
'HCVRNA undetectab!e 1/8(12.5:1.3,406) - 7/9(77.8;51.0,939):  5/8 (62.5;34.5, 85.3) 5!8 {62 5; 345 85.3) . 8{9 (889 63 2,98 8}
week4(RVR) ; e s e ‘

~ HCV RNA undetectable, 5/8 (625 34.5,853) '8/9 (88.9:63.2, 9,3.’8) 8/8(100; 75.0, 100.0) ‘7;3 {875 534 se?}‘ B[S (889 632, 98 3}'

 week 12 [cEVR) g : .

~ HCVRNA undetectable, - 1[8 {125 13 40. e} ,sls (667 401 871)  5/8(62.5;345,853)  5/8 {62‘.5;,’34,5’;85,3)“ : ~7{9 {778 510, 939) .

_:weeits‘}an& 12(eRVR) ‘ ‘ e o :
~ HCV RNA undetectable, 88 (10{) 750, %000} [9 (339 63.2 98.8) 88 (10‘0; ?'5.0, 100’.0’} 7/8.(87.5; 594,987} 8f9 {8&9: 63.2;98;8)

SV - efa {75;0; 46.2, 93.‘;) . 8!9 i889 63. 2‘ 98. 8) fais 100; 75.0, 100. 0) 4/8.( 500"240 750) ; 7[91{??,8;51;0;93,9)

ugh® 0/8(0) R TG RE 0/8 (0} s (128 dphnnge e
se” /8 (12.5)° 0/9 o 0/8 (0} - 3!8{375)" : 1 1;9(11 m G
" HCVRNA&S!U!m a s {‘1“2’,5:1.3','40.6} : 7/,;9‘ {27.8; 510,939)  8/8 (100; 75.0, 100.0) _713 137.5;59‘.4, 98.7) 719 (778 51{) 93. 9) ;

71? {10'0?772.0 100;6)

; ‘Data are end pomt {nftotal 0h; 80% on uni

~:gen0type (’ C. Am()ng the small number of trmtmem—f

~‘In the no rcspondﬁr popu ‘n n, aH of whom were

k ; was ! L288 geaotypa TT

1[! (100 1()0 100()}

7;7( )

4!7 (571 279 830) si7 {857 547 985} :

one patient had /1288 T1. cEVR, comy
PDR, pmtnco -defined fesponse: H
| respcnse m 24 weeks. ;

; ;Vm ogscal fallure ~
 As expmtcd Vlrologlcal failure ‘was less freq nt",
_in treatment-naive paticnts than in n ‘
;  patients (Tablt 2). Treatment-naive re
‘ daclatasvir 6().mg hzid no &*ifolog'_ical faii‘ur

“:‘EO mg lmd viral brmkthrongh with emergcmw of
rhe, NSSA varxantf; 1,31V—Y93H Emergence of"thc*

naive patients with IL28B genotyp C‘T 01 receiving
daclatasvir 10 mg, 3/3 receiving daeiataw:r 60 mg, zmd
71 re*ccwmg placebo qchxcvcd SVR :

~ panents (,

Non responder patxents ‘
' fda@latzxsvnr 10 mg, ;wo recuvmg dadatasvu‘ ,60 mg)

treatment-[ o
93H was

on-re sponders recewmg, ,
6/7) of non- respondur& i patlents subscquem!v ach;evgd SVR ,
; detecmble 131 polymorphxsms 1: ba line.

1L enotype CT Safety e ~ G
daclatasvxr 60 mg} and one patlem: (dachmwu' ‘10‘, mg) - There were no constste,nt dnfferences in adver% events -
, : S between groups receiving either dose of daclatasvir
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Table 3. Adverse events and selected haematological and laboratory abnormalities

Treatment-naive patients

Non-responder patients

Placebo (n=8)

DCV 10 myg (n=9}

DCV 60 mg {n=8)  DCV 10 mg (n=8)  DCV 60.mg (n=9)

Event
Grade 3/4 adverse events, n 7 ; 6
Discontinuations due to adverse events,n = 0
Serious adverse events, n

Adverse events {grade 1-4) oceurring in

>25% of patients in any treatment group
Pyrexia, n
Anaemia, n
Decreased appetite, n
Alopecia, n-
Lymphopenia, n
Malaise, n
Neutropenia, n
Fatigue, n
Headache, n
Insomnia, n
Arthralgia, n
Rash, n
Leukopenia, n
Cough,n
Pruritis, n’ -

*Diarrhoea; n-
Back'pain; n
Nasopharyngitis, n
Cheilitis, n
Injection site reaction, n
Chl"S, i
Vomxtmg. I
Thmmbocytopcmaf

Grade 3[4 events
Anaémia, n
Neutropenia; n
Thrombocytopenia, n
Elevated ALl n- o
Elevated AST, i
Elevated bilirubin, o

N

QW s LW R W W W RN A S GG (e
OO O BN N W N = TN A WA BN W N OO

oo oo a0
O oo S N

o
o
[ 8]

W O e e O W NDORN N B W W NN B RS
OOIDIC D — LGN = W RN W W s W

O OO0 O W e W NRNNNWDNW A ST NG :

O = Nw o

R = S R RN
o oo o NN

ALT, alanine aminotiansferase; AST, aspartate aminotransferase; DCV, daclatasvir.

~or placebo, nor were there apparent differences in
the adverse events profile between treatment-naive
- versus non-responder: patients in the daclatasvir dose

~groups. No unique adverse events were ldennhed

that were attributable to daclatasvir. The most com-
monly reported adverse events in all dose groups were
_pyrexia, alopecia, anaemia, lymphopenia, neutrope-

* nia, pruritus and diarrhoea (Table 3). The frequency

of grade 3/4 adverse events was comparable across
treatment groups (Table 3). Severe anaemia was the
cause of three patients discontinuing treatment. The
events resolved after treatment in one treatment-naive
patient in the daclatasvir 10 mg dose group, and with-
out treatment in two non-responder patients receiy-

ing daclatasvir 60 mg. There were two serious adverse
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(,verxts (acute pancrmuﬂs ami bad\ pam) both oceur-
ring in treatment-naive patients receiving daclatasvir
10 mg. No deaths occurred chrmg the study. Overall,

the adverse events observed in both the placebo and

daclatasvir-containing treatment groups were consist-
ent with the adverse event profile of alfa-2a/ribavirin
alone. s Lo G
~Table 3 shows the haematological and laboratory
abnormalities by treatment group and between treat-
ment-naive and non-responder patients. The most com-
mon abnormalities were haematological related, similar
to those freque 'tiv observed with alfa-2a/ribavirin. There
were no consistent differences in haematological or labo-
ratory abnormalities among gmups receiving plau:bo or

: 'ciaclai:aswr {Table 3).




Nizumietol -

DISCUSS!OH s ; R ~ genotype 1b [8]. Kumada et al. [18] reported simi-
Lol ‘ lar results among treatment-naive Japanese patients
chronically in fected with HCV genotype 1b. The SVR |

_ rates were 73% in patients who received ;‘tcfap‘rex,lr
shown to lmprovc‘ the ratcs of SVR ovcr tha{ 'zchu.ved combined with alfa-2b and ribavirin compared with
with alfﬁlnbavmn alone. These newer agents, however, : 49% in those receiving. alfmZblmiaavarm, although skin

havea high pxll burden, are wmpimatcd by i onvenf,f *g,jrash ar;d «maemm were more irequent in

ient é{}smg schedu!us *md are :

n, Th& prxmary annwral ,
t}ns smdr ‘ was the propf)r-

in thmé patm ts. l Ltes
u)mparabi in treatmed

: g notypé‘
: treatm&n£~ :

naive patu,nts with
i hthe dli(’:Lt-aCt-; g

adneved SVR. Future studies in [arget populamns
are needed to determine the influence of I L28B geno-
tpr and bascime NSSA poiymorplnsms on \«amlegl—s ,
o cal s responscs thh this reglmen. . s
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This study showed that both doses of daclatasvir
in combination with alfa-2a/ribavirin were generally

well tolerated. Adverse events in patients receiving

daclatasvir plus-alfa-2a/ribavirin were similar to those
observed with alfa-2a/ribavirin alone. The observed
safety profile of daclatasvir appears consistent with

previous reports of daclatasvir administered alone [16]

or in combination with alfa/ribavirin [17,22;23] or
other direcr-acting antivirals
to the recently approved direct-acting antivirals, tel-
aprevir and boceprevir, the addition of daclatasvir to
alfa-2a/ribavirin did not appear to impact haematolog-
ical safety. Patients receiving telaprevir combined with
alfa/ribavirin had a higher incidence of adverse events,
including anaemia, rash and gastrointestinal disor-
: ders, compared with patients receiving alfa/ribavirin
alone [8,12,18]. Serious to potentially life-threatening
skin reactions have been reported when telaprevir was
used in combination with alfa/ribavirin [10]. Anacmia
was also rcpmted more: frequcntly in patients receiv-
ing boceprevir plus alfa/ribavirin Lompared thh alfa/
nbavmn alone [7,11]. : 5

- The limitations of this Phase ILx %mdy incl udc thc '
relatively small sample size, which precludes defini-
tive conclusions regarding efficacy outcomes as well

as safety and tolerability of da(_htawlr in combination

~ with alfa-2a/ribavirin. The study population consisted
of a Japanese cohort, and thus the data may not be
extrapolated to other cthnic populations. Adchtmmlly,,

~while most of the patients in this study were HCV gen~ "

::,otypc 1b, two patients were HC V genotype la.

This study demonstrates that addition of daclamsvxr '
to alfa/ribavirin confers a ‘markedly more rapid early
virological response in patients with primarily genotype

1b infection. These data, coupled with similarly positive

‘results from a companion study with alfa-2b [26], sug-

gest that further evaluation of daclatasvir in combination
with both types of alfa is warranted. Phase Il clinical tri-

“als of daclatasvir (60 mg once daily) in Lombmanon w;th, .

al fm’rtbavmn ’md/or aﬂ:unaprcwr are currently ongom;,
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Abstract

Background This study examined the effects of peretin-
oin, an acyclic retinoid, on the survival of patients with
hepatitis C virus-related hepatocellular carcinoma (HCC)
who had completed curative therapy and participated in a
randomized, placebo-controlled trial.

Methods This study was an investigator-initiated retro-
spective cohort study. Subjects were all patients who were
administered the investigational drug (peretinoin 600 mg/
day, peretinoin 300 mg/day, or placebo) in the randomized
trial. Survivals between the groups were compared using

UMIN clinical trial registration number: UMIN000006728.
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the log-rank test, and hazard ratios were estimated by Cox
regression.

Results Survey data were collected from all patients
(n = 392) who participated in the randomized trial, all of
whom were then divided into the peretinoin 600 mg/day
(n = 132), peretinoin 300 mg/day (n = 131), and placebo
(n = 129) groups. At the median follow-up of 4.9 years,
5-year cumulative survival rates for patients in the 600 mg/
day, 300 mg/day, and placebo groups were 73.9, 56.8, and
64.3 %, respectively. Comparison of overall survival
among patients classified as Child-Pugh A revealed that
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survival of the 600 mg/day group (n = 105) was signifi-
cantly longer than that of the placebo group (n = 108)
(hazard ratio 0.575, 95 % CI 0.341-0.967; P = 0.0347).
Conclusions Administration of 600 mg/day peretinoin to
patients with hepatitis C virus-related HCC who have
completed curative therapy may improve survival for those
classified as Child-Pugh A, for whom liver function is
relatively stable.

Keywords Hepatocellular carcinoma - Hepatitis C virus -
Multicentric carcinogenesis - Overall survival - Peretinoin

Introduction

Hepatocellular carcinoma (HCC) is the sixth most common
cancer in the world, affecting 740,000 people annually [1].
The incidence of HCC has been rising due to an increase in
hepatitis C virus (HCV) infections [2-4]. HCC comprises
94 % of all primary liver cancers in Japan; one prominent
cause is infection by HCV [4]. Hepatitis C virus-related
HCC (HCV-HCC) comprises 75 % of all HCC cases, while
HCC due to hepatitis B virus infection (HBV-HCC) com-
prises 10-15 % [5].

Early diagnosis and curative treatment for HCC, such as
hepatectomy or radiofrequency ablation (RFA, a localized
therapy), has become more prevalent in recent years.
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However, high recurrence rates and unfavorable prognoses
remain even after curative treatment for HCV-HCC.
Cumulative recurrence rates of HCV-HCC are high, with
reported rates of 24, 76, and 92 % at 1, 3, and 5 years,
respectively, after treatment for the initial onset of liver
cancer [6]. Characteristics of HCC recurrence include
metastases within the liver, and many patients experience
multicentric cancer onset due to underlying liver conditions
(e.g., cirrhosis) related to viral liver disease. As underlying
liver disease can provide optimal sites for oncogenesis,
suppression of multicentric cancer onset is particularly
important for improving HCC prognosis, even after cura-
tive treatment. Hepatitis virus-related HCC is often treated
effectively by antiviral therapies such as interferon [7-9].
However, strategies to control recurrence following cured
HCC have not yet been established [10-12].

One method used to control cured HCC recurrence
employs a retinoid-based chemoprevention strategy [13].
Peretinoin [(2E,4E,6E,10E)-3,7,11,15-tetramethylhexa-
deca-2,4,6,10,14-pentaenoic acid] is a retinoid with a
vitamin A-like structure discovered by Muto et al. (1980)
[14], and currently is one of the potential drugs anticipated
to suppress HCC recurrence [15-17].

According to a randomized trial [18], administration of
600 mg/day peretinoin suppressed HCV-HCC recurrence
following curative therapy. In Japan, 75 % of patients with
HCC test positive for HCV, and compared to other causes
of HCC, HCV has the highest risk of recurrence. Thus, the
randomized trial aimed to examine the suppressive effects
of peretinoin on recurrence among a population with a
homogeneously high risk for recurrence, and thus focused
on patients who tested positive for HCV following curative
therapy. The trial was a multicenter, parallel-group, dou-
ble-blind, randomized, placebo-controlled trial. Patients
who tested positive for HCV (negative for HBV) and
underwent liver resection or RFA to treat initial onset or
initial recurrence, and who were classified as Child-Pugh A
or B, were assigned to one of the following three groups:
peretinoin 600 or 300 mg/day, or placebo. The investiga-
tional drug was administered orally once a day, for no
longer than 2 years. Of the 401 patients registered in the
randomized trial between March 2005 and July 2007, 268
were administered the investigational drugs (peretinoin
600 mg/day, n = 134; peretinoin 300 mg/day, n = 134;
placebo, n = 133). Our analysis revealed no superiority of
the treatment groups (peretinoin 600 and 300 mg/day) over
the placebo group with respect to the primary endpoint of
recurrence-free survival (P = 0.434). However, the highest
3-year cumulative recurrence-free survival rate (43.7 %)
was found in the group administered 600 mg/day peretin-
oin. The peretinoin 600 mg/day group also showed a sig-
nificantly lower recurrence rate after 2 years relative to that
of the placebo group (hazard ratio 0.27; 95 % CI
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0.07-0.96). Sub-group analysis revealed that within the
peretinoin 600 mg/day group, the recurrence risk also
decreased significantly among those classified as Child-
Pugh A (hazard ratio to the placebo group, 0.60; 95 % CI
0.41-0.89) and those with tumor size under 2 cm (hazard
ratio to the placebo group, 0.41; 95 % CI 0.23-0.73).
Notably, the follow-up duration for the randomized trial
was short (median, 2.5 years), and we did not evaluate
overall survival among groups.

This study was conducted as an investigator-initiated
research, independently of the randomized trial to evaluate
the effects of peretinoin on the overall survival up to
6 years of follow-up.

Methods
Study design

This study was a retrospective cohort study which assessed
survival outcomes of all participating patients to the ran-
domized trial from the time the trial ended through
December 31, 2011. The randomized trial was conducted
in accordance with Good Clinical Practice guidelines.

Setting and participants

The principal investigator obtained permission to conduct
the study from the ethics committee of Shimonoseki
Kohsei Hospital. Approval for data provision was
obtained in accordance with the respective institution’s
regulations. The study was conducted in compliance with
the Declaration of Helsinki, as well as the “Ethical
Guidelines for Epidemiological Research” set in Japan by
the Ministry of Education, Culture, Sports, Science, and
Technology and the Ministry of Health, Labour, and
Welfare.

Of the 41 medical institutions where the randomized trial
was conducted, we targeted all the institutions that provided
written consent to participate in this cohort study and used a
data collection form to collect data in the medical records.
The collected data included the dates of any deaths up
through December 31, 2011 and the last recorded date of
survival (in cases where observation was not possible). Data
collection forms were collected between January 1, 2012
and December 31, 2012. Data collection forms were mailed
from the data center to the medical institutions providing the
data. At the medical institutions providing the data, either
the physician in charge of the study or the person delegated
by this physician provided answers to the questions
according to existing resources (medical records, etc.).
Anonymized data collection forms were then sent back to
the data center.

The primary endpoint was overall survival, defined by
the time period beginning on the date of patient registration
for the randomized trial until death from all causes or the
final date when survival was confirmed. Patients for whom
survival was last confirmed before December 2011 were
treated as “lost to follow-up.”

At the medical institutions providing the data, if a del-
egate of the physician in charge of the study completed the
data collection form, the physician validated the data such
that data reliability was guaranteed. The data center con-
ducted an independent and careful review of the collected
data according to the data management plan, and then
created and maintained the database.

Statistical analysis

In accordance with the principle of the intention-to-treat
analysis, this study analyzed data from all patients who had
been administered the investigational drug in the random-
ized trial. Cumulative survival rates in each treatment
group were calculated by the Kaplan—-Meier method with
the dates of each patient registration for the randomized
trial as the starting point. The log-rank test was used to
compare the 600 mg/day peretinoin and placebo groups,
and the 300 mg/day peretinoin and placebo groups. We
also calculated hazard ratios and 95 % confidence intervals
(CIs) using the Cox proportional hazards model. Two-
tailed statistical significance was set at P < 0.05, and P
values were not adjusted for multiplicity. All data from
December 31, 2011 onwards were treated as censored.

In sub-group analyses, the same survival time analysis
method used to evaluate primary endpoints was employed
on the classification factors which were set in advance.
Classification factors included Child-Pugh classification
(A, B), tumor size (<2 cm, >2 cm), curative treatment
procedure (local ablation, resection), sex (male, female),
and age when consent was provided (<65 years,
65-74 years, >75 years). All statistical analyses were
performed using SAS software version 9.2 (SAS Institute
Inc., Cary, NC, USA). This study is registered in the UMIN
Clinical Trials Registry (UMINO00006728).

Results
Patients

Survey data were collected from all 392 patients (600 mg/
day, n = 132; 300 mg/day, n = 131; placebo, n = 129)
(Fig. 1). Patient demographic factors are summarized in
Table 1. Sex, age, treatment approach, Child-Pugh classi-
fication, and primary tumor size were well balanced among
the three treatment groups. Number of deaths in the
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401 patients enrolled and randomized

!

v

!

134 were allocated to
the peretinoin 600 mg/day group

+ 2 did not receive intervention

134 were allocated fo
the peretinoin 300 mg/day group

+ 3 did not receive intervention

133 were allocated to
the placebo group

!

Y

\ 4

132 received intervention
(efficacy analysis set)

131 received intervention
(efficacy analysis set)

129 received intervention
(efficacy analysis set)

Fig. 1 Flow diagram of patient selection. For the randomized trial, a
total of 401 individuals were registered and assigned randomized
treatments (peretinoin 600 mg/day, n = 134; peretinoin 300 mg/day,
n = 134; placebo, n = 133). Of these, those who were ultimately not
administered the investigational drug (2 in the 600 mg/day group, 3 in

Table 1 Patient demographics

the 300 mg/day group, and 2 in the placebo group) were excluded,
and data from the remaining patients were analyzed (peretinoin
600 mg/day, n = 132; peretinoin 300 mg/day, n = 131; placebo,
n = 129)

Peretinoin

Placebo (n = 129) P value (%)

600 mg/day (n = 132)

300 mg/day (n = 131)

Sex
Male 85 (64.4 %) 76 (58.0 %) 89 (69.0 %) 0.1806
Female 47 (35.6 %) 55 (42.0 %) 40 (31.0 %)

Age (years)®
<65 38 (28.8 %) 42 (32.1 %) 41 (31.8 %) 0.7331
65-74 69 (52.3 %) 62 (47.3 %) 57 (44.2 %)
>75 25 (18.9 %) 27 (20.6 %) 31 (24.0 %)

Curative treatment
Local ablation 85 (64.4 %) 84 (64.1 %) 85 (65.9 %) 0.9497
Resection 47 (35.6 %) 47 (35.9 %) 44 (34.1 %)

Child-Pugh
A 105 (79.5 %) 107 (81.7 %) 108 (83.7 %) 0.6842
B 27 (20.5 %) 24 (18.3 %) 21 (16.3 %)

Tumor size
<2 cm 58 (43.9 %) 58 (44.3 %) 59 (45.7 %) 0.9531
>2 cm 74 (56.1 %) 73 (55.7 %) 70 (54.3 %)

* Age at the time of registration in the randomized trial

600 mg/day group, the 300 mg/day group, and the placebo
group were 36, 55, and 47, respectively. In the 600 mg/day
group, the 300 mg/day group, and the placebo group, 19,
15, and 15 patients, respectively, were “lost to follow-up.”

The median follow-up duration was 1,782 days
(4.9 years), with a maximum of 2,364 days (6.5 years).
Median and maximum follow-up durations for each of the
groups were as follows: 1,815 days (5.0 years) and
2,364 days (6.5 years) for the 600 mg/day group,
1,681 days (4.6 years) and 2,320 days (6.4 years) for the
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300 mg/day group, and 1,768 days (4.8 years) and
2,336 days (6.4 years) for the placebo group.

Overall survival

Table 2 shows cumulative survival rates determined using
the Kaplan—Meier method. The 2-year survival rates in the
600 mg/day, 300 mg/day, and placebo groups were 93.1,
88.5, and 93.0 %, respectively. The 5-year survival rates in
the 600 mg/day, 300 mg/day, and placebo groups were
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Table 2 Patients with follow-up and survival rates

Group n Censored®  Event®  Survival rate

2 years 5 years
600 mg/day 132 96 (19" 36 9.1 % 139 %
300 mg/day 131 76 (157 55 885% 568 %
Placebo 129 82139 47 93.0% 643 %

Median follow-up time: 4.9 years
? Data from after 12/31/2011 were considered censored cases

° If the last date on which survival was confirmed was before
December of 2011, then the patient was considered lost to follow-up

¢ Death due to any cause was considered an event

73.9, 56.8, and 64.3 %, respectively, with the maximum
cumulative survival rate observed in the 600 mg/day
group. Median survival time in the 300 mg/day and pla-
cebo groups were 2,102 days (5.8 years) and 2,165 days
(5.9 years), respectively; this parameter could not be cal-
culated for the 600 mg/day group due to good prognosis.
Figure 2 shows the Kaplan—-Meier curves for the 600 mg/
day and placebo groups. With regard to overall survival, no
significant difference was observed between the 600 mg/
day and placebo groups (hazard ratio 0.726; 95 % CI
0.470-1.122; P = 0.1475 by the log-rank test). Similarly,
no significant difference in overall survival was observed
between the 300 mg/day and placebo groups (hazard ratio
1.253; 95 % CI 0.849-1.850; P = 0.2547 by the log-rank
test).

Sub-group analysis (600 mg/day vs. placebo group)
Results from the sub-group analysis of survival time, which

compared the 600 mg/day and placebo groups, are shown
in Fig. 3. Factors from the sub-group analysis that were

Fig. 2 Kaplan-Meier plot of

significant at the P < 0.05 level by the log-rank test
included the Child-Pugh A classification (hazard ratio
0.575; 95 % CI 0.341-0.967; P = 0.0347 by the log-rank
test) and primary tumor size under 2 cm (hazard ratio
0.447; 95 % CI 0.218-0.919; P = 0.0245 by the log-rank
test). Kaplan—Meier curves by Child-Pugh A classification
for the 600 mg/day and placebo groups (600 mg/day,
n = 105; placebo, n = 108) are shown in Fig. 4.

Discussion

Early diagnosis and curative treatment for HCC has
become widespread, but following completion of curative
treatment for HCV-HCC, recurrence rates remain high and
prognosis is poor. The 5-year cumulative survival rate in
this cohort study was higher in the 600 mg/day peretinoin
group than in the placebo group. Particularly for patients
with the Child-Pugh A classification, the 600 mg group had
significantly longer survival compared to the placebo
group. We believe that this finding will contribute to future
attempts for developing measures to prevent HCC
recurrence.

The guidelines for clinical studies of HCC [19] recom-
mend that only patients with the Child-Pugh A classifica-
tion be incorporated into clinical studies, because death due
to cirrhosis among patients classified as Child-Pugh B or
Child-Pugh C could mask treatment effects. In this study,
roughly 80 % of our patients were classified as Child-Pugh
A, and thus our results relating to this group may be gen-
eralizable. In addition, the results of this study, expressed
in patients with tumor size of under 2 cm, are consistent
with the report of Nakashima et al. [20] that suggests the
incidence of multicentric recurrence is high amongst
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