(%)

Average HBsAg 0.31%.
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2.05%

1.54
104

0.51

0.0+

. Average anti-HCV 0.26%
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3.2 WL & YR T 2513 B RN A 22 HBs DU A & HOV HLikRb T (2000 f2272)
[ bt WIEGEIRL Y 2001.1~2006.12 N=3,748.422 (Intervirology 2011:54: 185-195)

DLy i i e 2E 0 T A RIS C BUTF e A
R Td 7D &, FHORENT T B i
HI %5 > 90 % (ZHCVIZ K % BEDTH-I &
£ WHOIL G LT3, HhAEIZisinT

& WTEE DRI T » 7o L5 & xh, 19991%
1011 40 & A & Au 7z It £ (Nucleic
acid amplification test : NAT) (2 &8, JiifiLi=
5> HOV I LZIZIFEROE E h 7z L LA S IX

P& TUBHE,

'['l‘l ML LA i A Vi 1K h%i /f"‘i K BAHCV JEBJJ&‘E e
(N T ZhFETIZ e it ol (SRR AT
rw-&n

AESELAR ik v % — 11T B 1994
'i‘-bH M 5 2004 14 1) F T o) Ikl & 418,269
R ik T A 1,409,465 A) & xf g & L /2
g A eI, WP Bi gkl L 7

B 67 e br

218,797 A(861,842 A SF-) D 5 B i 7= & HCV
MR AR X AL A2 X 1610, HCV Wik ¥/
HEI0H AN B 2 0 1.86 A(95 % Cl: 1.06
~3.01 A/10 AR & &R Lo
HCV @ 31310 FA =S 720 277 A
Pi 108 A &L BRI A AT AT LGRS
LABEDD, FUOE RTINS 5
1, & 51220 & 5021 A/ A
e, 6.02 A /10 H AT & ¢l 28,88
STV,

7, MBI EEF SR E LR Sl
B & g a5t CE, 34 HEL Lo @ivn
HHEC® > 722,114 ADMHOENTL G S %
HCVIE D H R B 160 C¢h 6, A
12 & B HCV # BURYH0E 1,000 A H 72 0
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BAGEAN D BRI 1 L 20L& T

g e ,

YR THE HOV IR D i 98 4213 = <
fiCd 545, MU% ¥ 2 o i &
BNA U 2 2 I B B HOV 964 2812 ik
L% SE R & b U T 102 {8 R s il 4 %
FTILBME DL ESTOB, KEOHEIE
I D T SRR, N4 D Ao B A
& % S D HOV RGBS 1k 5 61251 & 45 %
FREEIONS.

=75, HCV O B} 4% 3412 [ 3 3 1990 4F
o0 WA SRS & N BB R iz 2~
10% "2 R A o <, AR R B QAT
DT st FOMM A Sl ko 52 LA
LA >TD, WAz, Mk
WO GIENE, 1ok KR 0 HCV RNA i
% ENWELTND T L AURIE XN B A,
M HCV OB i3I0 2 B4 S
TWb, '

b\ i — (J Med Virol 70 : 378-386, 2003)
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MR B U e SR A IR 4R,

i 4 0 AFREL £ ORBRIENEA T 4
T h o 721990 FfUZHWBE L Ty = HOV
F o U 7 942101 % 5408 A b & LT HE
B LS, I AD OIS e
55 A MEBRIANS, KMTIE60M 40
& AU B HFRIEN LN LIR®, 7081
150 BRUIFSER B IE WETIRA38%, L
TUR20% 12T B 2 EMBMNE 2kt oy 7o
(I¥4-1) %,

X 5121991~ 2001 IS WAL & S B
W AR E RS L AHCVE v Y
7 1,018 W C 40k & ML & L TS
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375 fi’f}’"“li 70 i I IS B {;I CR (complete
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PR g B U G G HRETR 0O DAADE < M
Xp BT Lk, HHEPSSIDLAD
L & VLRI RO BITHEIRD T 5 & il &
e
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4> 2 E <3, A K] 'Zf‘yl\/\ xS
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HCVHF+ U7
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HA. Ll Ji, TATHBTIE20~30%
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20 i {0 50 s {C 0 FTHIE R A SO T A8 B

HFAE 67

FEA

[

% SR
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YL TWABHCVE v U7 2RV EL, i

)RR AT 2 720 DIF% Y 1 L 2%
DHERE, R PO IR NN D i A2
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DY)

HCVF ¢ ) 7O/ EZILET 4T -7 v
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1) World Health Organization. Hepatitis C (Fact sheet
N164. Updated June 2013 (http://www.who.int/
mediacentre/factsheets/Is164/en/indest.himl)
Mohd Hanafiah K. Groeger J, Flaxman Al et al ;
Global epidemiology of hepatitis C virus infection:
new estimates of age-specific antibody to HCV
seroprevalence, Hepatology 57 : 1333-1542, 2013
R 23 2011 AL R & FCREE RO oo i
BOMESTE T A U R TR
HP: htpy//www.nhlw.go.jp/toukei/satkin/hw/
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4) Tanaka J, Kumagai ], Katayama K et al : Sex- and
age-specific carriers of hepatitis B and C viruses in
Japan estimated by the prevalence in the 3,485,648
firsttime blood donors during 1995-20090.
Intervirology 47 : 32-40, 2004

5) Tanaka ], Koyama T, Mizui M et al : Total numbers
of undiagnosed carriers of hepatitis C and B viruses
in Japan estimated by age- and area-specific
prevalence on the national scale. Intervirology'54

1 185-195, 2011

6) AMEESO*+ Y 7$é%ac-bﬁ#~v 7
BiatoRAa FRL2ZEERFESFBES
MRARE Frdey 4 0 BRI - BIEE
BE THRPERCRIEAR I 5
7Ed, 2010, 2011

7) World Health Organization Hepatitis C (Global
Alert and Response, 2002). Geneva, Switzerland:
World Health Organization; 2002 (htip://www.who.
int/csr/disease/hepatitis/ whocdscsrlyo2003/ en/
index.htm!)

8) Tani Y, Aso H, Matsukura H et al and IRC NAT
Screening Research Group : Significant background
rates of HBV and HCV infections in patients and
risks of blood transfusion from donors with low
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and HIV infections, Vox Sang 102 : 285-293, 2012
9) Tanaka J, Mizui M, Nagakami H et al : Incidence
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blood donors in Hiroshima, Japan, during 10 years
from 1994 to 2004, Intervirology 51 : 33-41, 2008

10) Kumagai J, Komiya Y, Tanaka J et al: Hepatitis C
virus infection in 2,744 hemodialysis patients
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Med Virol 76 : 498-502, 2005

11) Moriya T, Sasaki F, Mizui M et al : Transmission of
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Pharmacother 49 : 59-64, 1995

12) AKX HOVETFRERICRT 518, Fau
JEAJEB BT 4 B 5 HE, FRIFERE G,
pp33-36, 1995

13) Tapaka ], Kumada H, Tkeda K et al : Natyry
histories of hepatitis C virus infection in men ang
women simulated by the Markov model. J Med Viro]
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Summary

FIEF  HbiEF

HElcENM LI

WikzemrUTe

s DHAED CEFAELUOBEFLICETZEZICOVWT, CThETDRENES

o FFD A DIREDHK) 8 BN HCV E LU HBV OFFFRERRIC LS55 DTH ST &, HBV
FrUPHEHCY v U 7HOHE, AV ARROFRALERRE LU

* SWRBBEFL - I ANEE LT, BEIBHXITAINAEr UTICIBFFLTIL
ARBEOZREEZ, BEI/MBLLF v UZICEERBENORD - #iZ2

SR EREBY (World Health Organization :
WHO) O#estiz L 5 &, #REHETH CERF
J7 4 W A (hepatitis C virus : HCV) Ok
BE(F v U TH)IFHH2%THY, BF
300~400 T A HCV I[ZHHRBRG L, Febtkg
LTwA A ISEA, £/ 3575 AL LD
HCV BA#EE (B MEIEE R, HEERHS
A)TREL TS EREY L Twa. —F, B
BlIff 457 £ W A (hepatitis B virus : HBV) O
W (HBV S U 7) X 248A, K607
AZDSHBV BEFEBCIVBERTT S L#H
HENTWAY. QRO HCV HAEBERIZ15%
ki, HBs JURBFEEIL 2% Rl O #Hiigi2
BLTWA.

DAETHE, HEERIZBITIFET A VK
BROFEZR S HLHA L, BE Bt
RIZBUITBIFLETA VAT ) TRIENMER
ATV Twa, FETIE bBREOC
BB LU BREFRICH T 2EFRENRE

BT 1 L REREDBRBANETS Z ENBETH S,

(AO 10 B AX)
401
1950~ 2011 £

0

T T T T

1850 1960 1970 1980 1990 2000 2010(%F)
ICD6 ICD7 ICD8 ICD9

E1 bAEIIHITIFNAICEBRTEROHRE
[AIBYREREET 2012 & & b FERL]

L, BETFHREINLRRGELBEEIZD
WTR L7z,

e AT

F—T—R I FEIANAFR)T, FFARE, $UTH, FHRBES, FEIINVARE
PIRE T OZ, 72k LAl | R BRFRFRERERESMERES - RORHI#HE
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o1 L R ADEOBIRE SEORE— BRERORA Y h &4 THE W BHIESR

=1 FHA(FHLOCFRESOBEREY) ICLBETR(ALDI0 FAR) OBWRERR

1 993 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 2004 | 2005 2006
”nﬁgﬁ;@ﬁgﬂ%zmﬁ%ﬂﬁﬁﬁﬁﬁﬁ{tﬁﬁﬁﬁﬁ %8
373 | 3831|424 | 418 | 43.3 | 429 | 417 | 443 | 431 | 475 | 45 498 | 46.9 47.6
2 fi W | 5| EE | g8 | BR | €8 | 88 | BB %] Lo |[fl|fml) 26 | E8E
356 | 37.4 41 3991414 | 414 | 414 | 406 | 426 | 416 | 439 | 41.7 | 415 40.4
NEL re | e | ke |fnmulmnmu| x5 | 28 | 8 (| BE | 88 | L0 | @S
342 | 33.8 | 38 308 405|406 1 399 | 405 | 403 | 416 | 43 | 401 | 414 39.8
mma}fxmxm xR | B | @ | £S (k| KE | B8 | 8@ | WO | B8 |fi%l| WO
, 338|332 | 378|387 |395|403]396| 392|398 414|383] 399 | 399 39.4
m@ma}mmmgﬁ_@m@mﬂ@@mmjm;ﬂ LB
33 | 323 36.6 | 385 | 39.4 39 38.4 389|396 399|377 ] 397 | 382 37.7
m@:%@m_qm&m@%mgggﬁﬁ_@z&@@wm
3141316363374 371|379 | 376|389 (338|389 |37.6| 389 | 381 37.6
ma@ggﬁmsmu%m;ﬁgmmwggg@@gm_%@ﬂ
306 | 31.6| 354 | 366 | 35.7 | 37.8 | 37.3 | 384 38 379 | 371 | 37.7 | 38.1 36.2
8m@ﬁ§ﬁﬁﬁuiﬁzﬁﬁsﬁﬂ%‘ﬂﬁﬁﬁ& KBR
305|312 | 345|357 | 357 | 361|368 | 379|364 | 377|364 | 377|374 34.9
g‘ﬂ@@mﬂgﬂﬁﬁﬁmﬁmm;@mmmﬂ@E_!ﬁ;
304 | 312 | 33.9 | 357 | 347 36 36.4 | 358 3551372363 371 37 34.8
FRE [ WE | FWL | RE | A9 | L0 | BE | X9 | AR | B8 | B4 | BB | BE | WS
1042 B #EX
| 206 | 30.7 | 336 34 333|348 1| 36.2 | 356 | 353 | 366 | 359 37 36.7 34.6
T8 hE - WE - At
~1994 £ 1 |CD9, 1995 &~ :ICD10

FOARTEZORE

bhAEOEBMEFTAEWIC X AT 360963 A
(ATI10 5% 2866) TH hY, EEDE 14
(287%) % H®HT 5 (20124). 205 b, [FF)
(FF 3 X OHFPIREE) O EMFAEWIC X AT
30,690 A (3B 20,060 A\, % 10630 A) &,
2011 4 & H$9 1,200 AR L7228, RREL
TRECHIESNO L 4FE (B%), 6%E
(TH)ICRHBELTWES., FFAIICLARTEERK
DHBEADE, 1950 ERIIZ L2 5 1970 4F
REFTTTAOWFADRY 10 AR FET
ERIZ I FALUT) EBEVThHo/d, 20
% 2002 1213 275 A (A 10 BX) £ TR

L7z (1), BRILXHOH2H/HORTRELR
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L., BEFERZBECRETORY, HETIIHEI
VIREER R o TV B,

ANCB SR L REREY & 2 D 21,
BT AV ZBNCHERE L 72 F DS A DRSO W
TET (R2). HBV OBHBRICERT 2T
AT, 1980 ERD SBEICVBET

10 FAR 3~4 AL BIZ—EDEEZRL TS,

—75°C, 1980 4E4%4> & 2000 £ B0V THFAS
Ab:léﬁﬁt%ﬁi%ﬂlll,f:)ﬁ&iéFA#FBZﬂ!L:
RETHLDEHEETE HA, 1992 £ LIKF
DIFEAEDPHCV OFFREREICERT LD
ThHIENELPERoTWS, 72, 2000
FEUBROBEEAD L, FBIECRICHET
BEARAI L BREOEEIFIATEELED
10~15% % 5O THIMERICH Y, ZOBERC




2007 2008 | 2009 2010 2011
£

EE | gw | AE| £8 |,
46.1 45,9 | 456.7 41.1
@y =

ol | #F |l BB - _
41.2 40.1 | 39.3 38.4

BE | ®W | BA | OB |
40.2 37.7 | 38.1 37.1

£B | B BB | BE |
38.2 37.1 | 375 37 i
BB |LB |BA| &8

37.2 36.9 | 37.3 36.8 =E
x5 | B8 |28 88 5|
36.9 36.8 | 36.7 36.6

ER, || o [yl N
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B |BA (®e| mE |
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W o | B8 [UE, RIF e
357 34.8 | 35.1 335

EE | AR | A% | WO

) =¥ il

35.6 34.6 | 33.8 32.9

[ACIBhREHET, 1993~20114 & D]

(A 10AAR)
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251 g
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201
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4 I ZAFROBEZOBEDE(

DNTRSEOFELAENLEL 2o TV 5.
—%, BEFEINFBAFECTER(ADI T
Axt) DNEfL 2 A5 L, FE - ME - Ui
BRFHFARERO Lz £OTEY (R1), L
METIIRBRHZFFAREET) Z E25KD
HENTWab.

bHEEOFPARTEOH 8~9EIX HCV »
5\ it HBV OFFEREICERL, £0%< 7
HCVIC L ABRBRETHLIENDL, FFRY
AN ARRETFREE LT A VA DFEGEREE
(Fr ) T)WNEPEETHS. FRVA VA
Fr ) 7RE XY THROERIZ, BEOHE
R EDICHRANROEL RS,

—REMICHBFBRLIMIARRRNR -
2000 N EOMEHMERD S fiRE

—BEMIZBIT B HCV B X U HBV OB
RRZIRBT 2720, £ETHE-SIW-REL
SUFHERICL DHEL TS HARKRHFHME
v F—IZBT 5 2001 2505 2006 £ 6 £
OYEmEER (3748422 N) DER» H
HCV Hifkkptes & HBs fURREMSR (HBV ¥ v

1977~2005
F'T"F‘jr
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E2 FEBICHFLAIIELBFECHORFNHES
E4HEE FASEREANERAREE BUEFLOSOLFR I ILIBRRR -

ERRA s AREANEICET 2R LD,
[Yoshizawa H, Tanaka K : International Kilmer Conference Proceedings, vol 8, p247-264.
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HCV #itsBiEE 0.26%
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3 #EHmEERICH D EMEREICHc HOV EBIEER & HBs FIRBESR (2000 FL5U1R)
[ 5) & 0 51]

7R REM L (K3)Y. HCV ikt
AT T026% LBV, BERBTIE2%
MR H—F, BFEHERTEIEDDTRVE
WHERERLTWS. F7:, HBsHEBMERR
SR T031% &RV, B HA TH 1%
LADERIE L BT 5 L BVEERT LA
KM TH 5. |
SNODFFEY A VAF Y TEIE, WLE
TR RSB LB Th Y, BRI S L
FNECIRBRYAO VT FREITBELT
WA ANVAF)TREZEZ LI ENT
X3,

CHIFFSY A VAFZ O—= > 7 SRT R

SEHFRBERTONEY AV ARBIHEA T
X7-. 2000 EARNZ o Th, WELFRERGEEM
BvE FASIHETIFEY AV AE )
TRERSL, FRANETT A TEEOSH 5
Aﬁﬁﬁ%ﬁ# HBIRTEE O 2T B 2 &
%&%%%ﬁ&ﬂ%%ﬁ%?%ﬁif@
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WTHEERN Z R AL 25, 2005 B AT,
HCV % % ) 7 #12 807,903 A (95% CI : 68.0-
974 F AN), HBV %+ 1) 73 903,145 A (95%
Cl:837-970FN) L%z o7z, ZOfEE, B
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=i e iy
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VA IWVAFRDEZDBEDE

HBs IR HBc FiiFmBiEx HBs HitkfRtEE HCV ¥ U PX
(%) (%) (%) (%)
10.0+ 60.0 60.01 5.0
18/1,637 A . 295/1,637 A 242/1.637 A 9/1,637 A
a0 50.0- 50.0- 2ol
40.0 40.04
6.0- 3.0
30.0- 30.01 d/
407 ' 18.0% 207
20.0 20.04 14.8%
1 1% 0.6%
2.0+ ’ 1.0
10.01 10.0+ ]
O-O il l T !1 T 1 T ,](ﬁ) 0.0 1T 71 T 1 T T (ﬁ) 0.0 T T T T T T T T (ﬂ) 0.0 LA 4" L ‘H(ﬁ)
2,9,299 0 & 9,990,090 & 2,2200 ~ & 2,2,3.9.9 /&
PRRPRy PR S PRRLLy PRRRL2
AR A A RAKHAS ¢ R oot ¢
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M4 BRERICETIFRVIILARERR

n=1,637. B :%=1391:246, FFEH 49.3+14.9 & (19~81 & median 50 &%)

LHEENS21TT ADS b, [REDZHRHE
FBrENTWE] 2X143%FEL, ZRL:
CLIREATVWAPHEREZHEE-T [BH] &
BHEL T OFEEDIRFEL TS
EHFHOhE o7, COKREIOHEESINS
EEMSRZEEIL 662% L BRTHB L, ¥
7., EEEEZZZ LBl [
EXREWERY 31L7%, [EZ2%2T500
bPoRv]119%, [ZRZTABRI L b o7z ]
112% % THho72Z 9D, REERD BN
1213, SZERO-OOEEN L ERBENY
ETHAHILNPRRBREINTVS,

— R EEEICHBITIFXVAIVARER
R - BIREDSH TR

IhE COEEGBERFRDORENES D,

BIREMICBIT AHFRT A WARER 2% H

EATWRWZ L, ThHbLbLBREZRENE

ZEBHLPE S TWVAS.
BROEHRBEICEDLET, FRVANVA

BEZ2ERTAHR, 2 ) HAKREICLS
[HEIANVAHBE]| 2ERBL72EBRORE
B ERT (K 4).

Y-V REBLIOEHEICET 545/ 1637
A (BHE1391 A, Zcth 246 A ; FH4E# : 493
* 149K, 19~81 &) #HRIITo -RETI,
HBs R B = I3 24T 1.1% (95% CI : 059-
1.60 %), HBc #i 1% B % 3 180 % (95 % CI :
16.2-199 %), HBs ¥ f& B % = 14.8 % (13.1-
165%) & 7% - 7:. HBs HURBHEFIE 20 BT
0% &1&<, T0RRTIX39% L BWEEZR
LTwa., EFRERIBVERTII HBVRE
¥ 183% (164-201%) L BfE &L 207z, 4H
REISNEFEYANVAFYY 727 AHCV 9
A, HBV I8 A) D9H b, 11 AZ#IDTHRER
Z0F, BEZzHEHIATH BE 16 AN
ZZLBENE7+0—7 v THTbh T3,
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DAETE, CEFRERYA VAN Ia—=V
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VA AFRZRORIRE SROBFA—BEBROMRS >~ b Ml > TEELVWERHER

FEINTLUHE, @IBmENORA 7Y —= V7
HCVHifcmELZVWHERESEAL, FLEEE
B ERRZ ICEEBNICHFREY A VAKRELZEL

DANG 2 EREB LA ER BT E

FE et ERE R BERBB B E O E &R
BREZIY AN, BEHICHFRANKEZIToT
ETWn5.

TOFER, fMBEE —KEHICBITS CH
s 4 v 2 OFHEEE (incidence) 1, 10
FANEDHD 186 NP L&, HCVF v U 7
DREEFEIINTHLIEDNREINTVS,
Lo L, BB EEEICERT 5 LIS
BEEFICBVTIZ 1,000 AMEH2 ) 33 AV
B, N RAZEFICBIT ARG IR
B XX BEETHLI L LENTIE ALV,

—7%, HBV IZDWTid, BFRYEMpIEEE
PRHERMICEHER TSI LA, 1986 4F
UBICHA L 7-F€H#AO HBV v V) 7|
EbOTEWEEZRLTEY, kit{to HBV

BFRPEXIZIZHET L EBHFIA TV 5.

&%, KPR HBVgenotype BIIZ & 7- 8
ERFBORBICHETAMEIREL LTHIT
bhb.

B, K42 ICABShLBEDROBENHY
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RN B ERR B H A o T BRI
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1) World Health Organization : Hepatitis C (Fact sheet
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Background & Aims: Improved therapeutic options for chronic
hepatitis C virus (HCV) infection are needed for patients who
are poor candidates for treatment with current regimens due to
anticipated intolerability or low likelihood of response.
Methods: In this open-label, phase 2a study of Japanese patients
with chronic HCV genotype 1b infection, 21 null responders
(<2 log;o HCV RNA reduction after 12 weeks of peginterferon/
ribavirin) and 22 patients intolerant to or medically ineligible
for peginterferon/ribavirin therapy received dual oral treatment
for 24 weeks with the NS5A replication complex inhibitor dacla-
tasvir (DCV) and the NS3 protease inhibitor asunaprevir (ASV).
The primary efficacy end point was sustained virologic response
at 12 weeks post-treatment (SVRy3).

Results: Thirty-six of 43 enrolled patients completed 24 weeks of
therapy. Serum HCV RNA levels declined rapidly, becoming unde-
tectable in all patients on therapy by week 8. Overall, 76.7% of
patients achieved SVR;; and SVR,4, including 90.5% of null
responders and 63.6% of ineligible/intolerant patients. There were
no virologic failures among null responders. Three ineligible/
intolerant patients experienced viral breakthrough and four
relapsed post-treatment. Diarrhea, nasopharyngitis, headache,
and ALT/AST increases, generally mild, were the most common
adverse events; three discontinuations before week 24 were
due to adverse events that included hyperbilirubinemia and
transaminase elevations (two patients).
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Conclusions: Dual therapy with daclatasvir and asunaprevir,
without peginterferon/ribavirin, was well tolerated and achieved
high SVR rates in two groups of difficult-to-treat patients with
hepatitis C virus genotype 1b infection.

© 2012 European Association for the Study of the Liver. Published
by Elsevier B.V. All rights reserved.

Introduction

Therapies for chronic hepatitis C virus (HCV) infection have
improved markedly over the past decade. The recent approval
of the first direct-acting antivirals (DAAs) was an important
milestone in the evolution of HCV therapy, establishing
that DAAs can enhance regimen efficacy and provide durable
viral clearance. These new agents in combination with
peginterferon and ribavirin (PegIFN-0//RBV) achieve overall sus-
tained virologic response (SVR) rates of approximately 70% in
treatment-naive patients with HCV genotype 1 infection
[1.2].

Despite these advances, current treatment options remain
inadequate for some patients. Patients with prior null response
to PeglFN-0//RBV (<2 log;o decline in HCV RNA after 12 weeks)
have a particularly acute need for further therapeutic improve-
ments. Null responders generally respond poorly to retreat-
ment with PegIFN-o/RBV; fewer than 10% achieve SVR [3].
Retreatment of null responders with PegIFN-o/RBV combined
with telaprevir or boceprevir increases SVR rates to approxi-
mately 30-38%, suggesting that addition of a DAA to PeglFN-
o/RBV increases efficacy, but that more potent regimens are
still urgently needed [4,5]. There are also many patients who
cannot be treated with current therapies; this group includes
patients with prior intolerance to PeglFN-o/RBV and patients
who are ineligible for PeglFN-o/RBV -containing therapy for
medical reasons.

There is precedence for use of combination antiviral regi-
mens to treat human immunodeficiency virus (HIV) infections;
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evidence is mounting that DAA regimens can also provide
durable clearance of HCV infections. Thus, there is a strong
rationale for exploration of dual DAA regimens, without Peg-
IFN-0/RBV. In combination, DAAs with different molecular tar-
gets can increase regimen potency and raise the barrier to
resistance, potentially eliminating the need for PegIFN-o/RBV
and providing a viable therapy for patients who are anticipated
to be poorly responsive or intolerant to current PegIFN-o//RBV-
containing regimens. The improved tolerability and conve-
nience that can be anticipated with dual DAA regimens sug-
gests that they may also benefit treatment-naive patients and
other groups. Previous studies of DAA-only regimens, or DAAs
combined with RBV, have demonstrated marked antiviral
effects in treatment-naive and experienced patients, including
null responders, supporting the further evaluation of dual
DAA therapy reported here [6-10].

Daclatasvir (DCV; BMS-790052) is a first-in-class, highly
selective NS5A replication complex inhibitor with picomolar
potency and broad genotypic coverage; asunaprevir (ASV;
BMS-650032) is a potent NS3 protease inhibitor active against
genotypes 1 and 4. Daclatasvir and asunaprevir have different
modes of action and resistance-associated variants, and in
combination show increased antiviral potency in vitro and a
high genetic barrier to resistance [11,12]. Daclatasvir and
asunaprevir had no clinically meaningful pharmacokinetic
interaction in healthy volunteers [13]. Initial efficacy evalua-
tions of daclatasvir and asunaprevir (DUAL therapy) showed
potent antiviral effects and SVR rates >90% in Japanese and
US/European null responders with HCV genotype 1b infection
[7.8].

We present final results of an open-label trial evaluating DUAL
oral therapy with daclatasvir and asunaprevir in Japanese
patients with chronic HCV genotype 1b infection. Initial results
from a sentinel cohort of 10 patients with prior null response
to PegIFN-0//RBV have been reported [7]. The present report com-
bines these data with results for 11 additional null responders,
together with results for 22 patients with prior intolerance to
PegIFN-0/RBV or who were medically ineligible for PegIFN-o/
RBV-containing therapy.

Materials and methods
Study-design

This open label,  phase 2a study (Al447-017; clinicaltrials.gov identifier
NCT01051414) was conducted in two populations of patients with HCV genotype
1 infection, including null responders (<2 logyo decline of serum HCV RNA levels
after 12 weeks of prior PeglFN-0/RBV), and PegIFN-o/RBV ineligible/intolerant
patients. The latter group discontinued prior therapy with PegIFN-o/RBV due to
intolerance after <12 weeks, or patients were treatment-naive: but poor candi-
dates for PegIFN-o/RBV for medical reasons such as advanced age or complica-
tions of depression, anemia, myelosuppression, diabetes, or cardiovascular or
renal dysfunction.

Patients were enrolled in two cohiorts of null responders and two cohorts
of PeglFN-o/RBV ineligible/intolerant patients. One cohort of each population
included intensive sampling for pharmacokinetic analyses; both cohorts of
each population were combined for efficacy and safety assessments. The sen-
tinel cohort of null responders, reported previously, provided 4-week safety
data for review by the study Safety Committee, prior to initiation of the other
cohorts [7]. The primary efficacy end point was the proportion of patients
with undetectable HCV RNA at 12 weeks post-treatment (SVR;2). Key second-
ary end points included the proportions of patients with HCV RNA undetect-
able at week 4, week 12, the end of treatment, and post-treatment week 24
(SVRz4).

Written informed consent was obtained from all patients. The study was
approved by institutional review boards at each site and was conducted in com-
pliance with the Declaration of Helsinki, Good Clinical Practice Guidelines, and
local regulatory requirements.

Patients

Eligible patients were men and women aged 20-75 years with HCV genotype 1
infection >6 months and HCV RNA >10° [U/ml. Women of childbearing poten-
tial were using adequate contraception. Patients were excluded if they had evi-
dence of liver cirrhosis within 24 months of screening by laparoscopy, imaging
studies, or liver biopsy; a history of hepatocellular carcinoma, other chronic
liver disease, variceal bleeding, hepatic encephalopathy, or ascites requiring
diuretics or paracentesis; co-infection with hepatitis B virus or HIV; other clin-
ically significant medical conditions; exposure to any investigational drug or
placebo within 4 weeks, or any previous exposure to NS5A or NS3 protease
inhibitors. :

Exclusionary laboratory findings included alanine aminotransferase (ALT)
>5x upper limit of normal (ULN), total bilirubin 22 mg/dl, direct bilirubin
>1.5x ULN, international normalized ratio (INR) >1.7, albumin < 3.5 g/dl, hemo-
globin <9.0 g/dl, white blood cells <1500/mm?, absolute neutrophils <750/mm?,
platelets <50,000/mm?>, and creatinine >1.8x ULN. Prohibited concomitant med-
ications included CYP3A4 inducers or moderate/strong CYP3A4 inhibitors, non-
study medications with anti-HCV activity, prescription or herbal products not
prescribed for treatment of a specific condition, proton pump inhibitors, and
erythropoiesis-stimulating agents. Prescribed H2 receptor antagonists were
administered >2 h after and >10h prior to daclatasvir; other acid modlfymg
agents were administered >2 h prior and >2 h after daclatasvir.

Study drug dosing

Patients received 24 weeks of treatment with daclatasvir-60 mg once daily (two
30 mg tablets), combined with asunaprevir 200 mg twice daily, with 24 weeks
of post-treatment follow-up. In the sentinel cohort of null responders, asunapre-
vir was initially administered as three 200 mg tablets twice daily (600 mg BID),
subsequently reduced to 200 mg BID during tréatment following reports from
another study of greater and more frequent aminotransferase elevations with
the higher dose [14].

Patients with HCV RNA <15 IU/ml on or after week 4 continued treatment
to week 24; patients discontinued treatment if HCV RNA decreased <2 logqg-
IU/ml from baseline on or after week 2. Patients with viral breakthrough on
or after week 2, or quantifiable HCV RNA (>151U/ml) on or after week 4,
either discontinued treatment or weight-based PeglFN-o,/RBV was added (null
responders only), for up to 48 additional weeks, at the discretion of the
investigator based on anticipated tolerability. Viral breakthrough was defined
as confirmed >1log,oIU/ml increase from nadir of HCV RNA, or HCV RNA
>151U/ml after confirmed undetectable. Post-treatment relapse was defined
as confirmed HCV RNA '>15IU/ml during follow-up in patients with unde-
tectable HCV RNA at the end of treatment.

Safety and efficacy assessments

HCV RNA, physical examinations, adverse events, laboratory parameters, and
concomitant medications were assessed at screening, study days 1 (baseline),
weeks 1, 2, 3, 4, 6, 8, 10, 12, 16, 20, and 24, and post-treatment weeks 4, 8,
12, and 24. Twelve-lead electrocardiograms were recorded at all visits except
weeks 3 and 6.

Serum HCV RNA levels were determined at a central laboratory using the
Roche COBAS® TagMan® HCV Auto assay, (Roche Diagnostics KI, Tokyo, Japan),
lower limit of quantitation 15 IU/ml. HCV genotype and subtype and IL28B geno-
type (rs12979860) were determined by PCR amplification and sequencing. Base-
line liver fibrosis was assessed by serum blood markers (APRI; AST and Platelet
Ratio Index) [15]. HCV resistance-associated polymorphisms were analyzed in
stored baseline samples from all patients and post-failure samples from patients
with viral breakthrough or post-treatment relapse. Polymorphisms were ana-
lyzed by PCR amplification and population sequencing of the HCV NS3 protease
and NS5A domains.

Statistical analysis

Categorical variables were summarized using counts and percents; continuous
variables were summarized with univariate statistics.
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Table 1. Baseline demographic and disease characteristics.
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Parameter Null responders Ineligible/intolerant
n=21 n=22

Age, median yr (range) 61 (31-70) 68 (47-75)
Male, n (%) 8(38.1) . 6 (27.3)
HCV genotype 1b, n (%) 21 (100) 22 (100)
IL28B genotype, n (%)
(rs12979860) CcT 18 (85.7) 6 (27.3)

cC 3 (14.3) 16 (72.7)
HCV RNA, mean log,, U/ml (SD) 6.8 (0.47) 6.6 (0.64)
ALT, mean U/L (SD) 57.9 (24.86) 45.7 (25.79)
APRI score

Score >2, n (%) 3(14.3) 1(4.5)

Median (range) 0.96 (0.24-3.41) 0.57 (0.40-2.79)
PeglFN-a/RBYV ineligible, n (%) n.a. 18 (81.8)
PeglFN-a/RBYV intolerant, n (%) n.a. 4(18.2)

n.a., Not available,

Results
Patient characteristics and disposition

Forty-nine patients were screened of which six failed to meet
entry criteria; 21 null responders and 22 ineligible/intolerant
patients were enrolled and treated (Table 1). The enrolled
population was generally older (median 62 years), consistent
with HCV epidemiology in Japan, and primarily female
(67%); all patients were Japanese. No patient had prior exposure
to HCV DAAs. Although any HCV genotype 1 subtype was permit-
ted, all enrolled patients had genotype 1b infection, reflecting the
high proportion of this subtype in Japan [16]. Null responders were
primarily IL28B genotype CT (rs12979860) as expected [17];
ineligible/intolerant patients were primarily genotype CC, con-
sistent with the distribution of IL28B genotypes in Japan [18].
Eighteen ineligible/intolerant patients were treatment-naive
and considered ineligible for PegIFN-0//RBV due to anticipated
difficulty in completing therapy due to advanced age
(=70years) (seven patients), cytopenia (two), depression
(two), hypertension (one), or other reasons (six), consistent
with common clinical practice in Japan. Four patients had prior
PeglFN-o/RBV intolerance due to cytopenia (two patients),
depression (one), or other reasons (one). Baseline HCV RNA
and ALT levels were similar across patient groups. Although
patients with cirrhosis by imaging criteria were excluded, four
enrolled patients had APRI scores >2 at baseline, indicating
probable cirrhosis [15].

Thirty-six of 43 enrolled patients completed 24 weeks of
therapy (Fig. 1). Two null responders discontinued study med-
ication due to hyperbilirubinemia (week 2) and aminotransfer-
ase elevation (week 12), respectively. One null responder
achieved very low HCV RNA (50 1U/ml) at week 4; however,
stringent protocol-defined rules required discontinuation from
DAA-only therapy and addition of PegIFN-0/RBV to the dual
DAA regimen at week 6. Study drugs were discontinued in four
ineligible/intolerant patients due to aminotransferase elevation
(week 16), viral breakthrough (week 16), or patient request
(weeks 8 and 16); all four patients remained on study for
assessment of SVR.

Virologic response

High rates of virologic response were seen at all time points in both
study populations (Table 2). Overall, 77% of patients achieved SVR;,
and SVRy4. HCV RNA was undetectable in more ineligible/intolerant
patients than null responders at week 4, suggesting a more rapid ini-
tial antiviral effect, but HCV RNA was undetectable in similar propor-
tions of both populations at week 12 and the end of treatment. Rates
of SVR,4 were higher in null responders (91%) than in ineligible/intol-
erant patients (64%) due to virologic failures in the latter group (3
breakthroughs and 4 relapses). Assessment of virologic response by
1128B genotype (rs12979860) showed slightly greater responses at
weeks 2, 3, and 4 in patients with genotype CC; however, similar
proportions of patients with genotypes CC and CT achieved
SVR»4 (Fig. 2). All four patients with possible cirrhosis based on
APRI score achieved SVR4.

HCV RNA declined rapidly after initiation of therapy in all
patients (Fig. 3). Mean reductions of HCV RNA from baseline at
week 4 were 5.6 and 5.4 log,o [U/ml in null responders and inel-
igible/intolerant patients, respectively; HCV RNA was undetect-
able by week 8 in all patients on therapy. In the ineligible/
intolerant group, initial virologic response in the four intolerant
patients was similar to that of the cohort overall; three of these
patients subsequently achieved SVR,,4 and one relapsed. The null
responder who discontinued at week 2 with hyperbilirubinemia
had low-level HCV RNA at discontinuation and undetectable
HCV RNA at all post-treatment assessments. The null responder
who added PegIFN-o,/RBV at week 6 received 46 weeks of qua-
druple therapy and HCV RNA remained undetectable 24 weeks
post-treatment. Among the four ineligible/intolerant patients
who discontinued study drugs before week 24, HCV RNA was
undetectable at discontinuation (weeks 8 or 16) in three patients
and remained undetectable in the two patients who completed
post-treatment follow-up.

Viral breakthrough and relapse
No null responders experienced virologic breakthrough or relapse

(Table 2). Three ineligible/intolerant patients experienced viral
breakthrough at weeks 10 or 16 after >4 weeks with undetectable
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Null responders

Ineligible/intolerant

n=21 n=22
- - . F— 0 =
» . Patient d/c (serious AE), n.= 1
— SVR, achieved? et — ]
- HCV RNA undetectable at post- 2
treatment wk 24 i 4
+ Patientd/c (HCV RNA>LLOQ),n=1
— PeglFN-o/RBV added. .. : |
= HCV RNA undetectable at post- <+ 6
treatment wk 24 following 52 wk therapy® s . Patient d/c (patient request), n = 1
—» Lost to follow-up
T ] «  Viral breakthrough in
. " PR patients n = 3, at wk 10, 16 and 16
VR acova N — 1 patient d/c°
24 — 2 continued therapy to wk 24
- P N Patient d/c (AE, patient request)®, n = 2
16 — SVR,, achieved for both
b 20 ]
» 24 wk therapy completed, n =18 G 24 —1—P | 24 wk therapy completed, n = 18
+ . S8VR;achieved, n'= 20
+ +:SVR;, achieved, n.=19 <«— Follow-up — |*  SVR,achieved, n =14
« ... No relapse (see footrotes) . v v . Relapse, n = 4

Fig. 1. Patient disposition. Patient flow through treatment and follow-up is shown. d/c, Discontinuation of study medication; SVR,4, SVR;; and SVRy4, sustained virologic
response 4, 12 or 24 weeks post-treatment. *On-study follow-up continued to post-treatment week 4; HCV RNA remained undetectable at post-treatment week 24 after
study discontinuation, reported as failure for SVRy4 per statistical protocol requirements; "HCV RNA was undetectable at post-treatment week 24 after study
discontinuation due to addition of PeglFN-o/RBV, reported as failure for SVR per statistical protocol requirements; ‘on-study follow-up to assess SVR continued after

discontinuation of study drugs.

‘Table 2. Virologic outcomes.

n (%) Null responders,  Ineligible/intolerant,
n=21 n=22
HCV-undetectable S g
Wk 4 (RVR) 11 (52.3) 19 (86.4)
WK 12 (CEVR) “49(90.5) - 20(90.9)
End of treatment 19 (90.5) 19 (86.4)
SVR, 20(95.2)' - 15(68.2)%
SVR,, 19 (90.5)' 14 (63.6)
SVR, - - ~19(90.5) 14 (63.6)
Viral breakthrough 0 3(13.6)
Post-treatment relapse - 0 4(18.2)

Intention to treat (missing = failure) analysis. End of treatment is week 24 or last
on-treatment visit for patients who discontinued early.

RVR, rapid virologic response; cEVR, complete early virologic response; SVRg,
SVR;3, and SVRay, sustained virologic response 4, 12 or 24 weeks post-treatment.
"Two patients discontinued from the study before completion of follow-up. One
patient received added PegIFN-o/RBV per protocol criteria and is counted as
failure for SVR4, SVR;2, and SVRy; for DAA only therapy; one patient had missing
HCV. RNA data for follow-up weeks 12 and 24 and is counted as failure for SVR;
and SVRy, per statistical protocol.

20One patient was lost to follow-up for assessment of SVR;; and SVRy4.

658

serum HCV RNA, and four patients relapsed at post-treatment
week 4 (three patients) or 12 (one patient) after > 18 weeks with
undetectable HCV RNA. All three patients with viral breakthrough
were [L28B genotype CT (rs12979860), compared with 6/22 ineli-
gible/intolerant patients overall. Three patients who relapsed were
IL28B genotype CC; one was genotype CT.

Resistance-associated polymorphisms in NS5A and/or NS3
protease were found pretreatment in 33/43 patients overall, most
of whom achieved SVR. Daclatasvir and asunaprevir resistance-
associated variants were detected post-failure in all seven
patients with virologic failure (Table 3). The NS5A-Y93H variant
pre-existed in 10/43 study patients, of which five (50%)
experienced virologic failure and five (50%) achieved SVR.
NS5A-L31 and NS3-D168 substitutions emerged in all failures,
but were not detected pretreatment except for NS5A-L31M in
one patient. ' '

In general, patients with virologic failure had concurrent
asunaprevir and daclatasvir trough concentrations below median
values, but within the expected range (Fig. 4). Notably, most
patients with trough concentrations below median values
achieved SVR. There were no strong associations between viro-
logic failure and pretreatment parameters that included gender,
age, baseline HCV RNA level, IL28B genotype, reason for PegIFN-
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Genotype CC (n = 19)
Genotype CT (n = 24)
947

89.5 91.7

HCV RNA undetectable, % of patients

Fig. 2. Outcomes by IL28B genotype. Virologic outcomes at milestone time
points are shown for the overall population by /L28B (rs12979860) genotype. End
of treatment is week 24 or the last on-treatment visit for patients who
discontinued early. RVR, rapid virologic response; cEVR, complete early virologic
response; SVRi2 and SVR,4, sustained virologic response 12 or 24 weeks post-
treatment.

o/RBV ineligibility, and fibrosis stage. Adherence to treatment,
assessed by pill counts at study visits, was high in six of the seven
patients with virologic failure.

Safety

The most frequently reported adverse events were generally mild
headache, nasopharyngitis, aminotransferase elevations, and
diarrhea (Table 4). The most frequent grade 3 or 4 laboratory
abnormalities were serum aminotransferase elevations. There
were six serious adverse events in five patients, including grade
2/3 pyrexia (three patients), grade 2 exacerbation of hypochon-
driasis, and grade 2 gastroenteritis (unrelated to study drugs)
with grade 4 hyperbilirubinemia (described in detail previously)
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Table 3. Resistance-associated polymorphisms in patients with virologic
failure.

Patient NS5A NS3
L31 Q54 P58 Y93 Q80 D168

5, 1  Baseline L/M YH
3 Post-VBT M A H A
£ 2 Baseline Y YH L
g Post-VBT M Y H \Y
® 3  Baseline Y H
> Post-VBT M Y H \'
° 4  Baseline P/IS YH
§ Post-relapse M H A
® 5 Baseline L
§ Post-relapse M L H VID
£ 6 Baseline
@ Post-relapse V H \
% 7 Baseline H
c Post-relapse V/IM H \%

[7]. All three pyrexia events resolved after 4-10 days with contin-
ued study treatment; the hypochondriasis persisted for approxi-
mately six months and resolved after completion of study
treatment. In the patient who discontinued with hyperbilirubine-
mia, bilirubin normalized four weeks post-treatment {7]. Serum
aminotransferases normalized by four weeks post-treatment in
the two patients who discontinued for elevations.

Discussion

High rates of SVR,4 were achieved after 24 weeks of dual oral
DAA therapy in null responders and PegIFN-c/RBV ineligible or

] Daclatasvir + asunaprevir Follow-up > I Daclatasvir + asunaprevir Fo!low—up>
8 8
7 74
n=21 ‘
64l SVR, =636%

6l SVR,=90.5%

HCV RNA, log,, IU/ml

Below LLOQ
== Undetectable
0 T T T T T\ T \r—\— 0 T T T T T T\ T ! AT
Q 2 4 6 8 10 12 16 20 24 28 36 48 0 2 4 6 8 10 12 16 20 24 28 36 48
EOT SVR,, EOT SVR,,
Weeks

Fig. 3. HCV RNA levels, individual patients. Serum HCV RNA levels over time are shown for each patient. (A) Null responders; (B) ineligible/intolerant patients. EOT, end of
treatment; SVRa4, sustained virologic response 24 weeks post-treatment; LLOQ, lower limit of quantitation = 15 [U/ml.
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Fig. 4. Daclatasvir and asunaprevir trough plasma concentrations. Available
trough plasma concentrations of asunaprevir and daclatasvir for individual
patients are plotted and color-coded according to each patient’s virologic
outcome. Multiple determinations are shown for some patients. «Indicates values
from a single patient with documented non-compliance,

intolerant patients, representing two populations that are partic-
ularly difficult to treat due to limited therapeutic options. SVR
rates were comparable at post-treatment weeks 4, 12, and 24;
only one relapse occurred more than 4 weeks post-treatment.
The 90.5% SVR rate in null responders is substantially higher than
the generally poor response to PeglFN-o//RBV retreatment and the
37% SVR rate reported for genotype 1b null responders treated
with PeglFN-ot/RBV and telaprevir [4,19]. Therefore, therapy of
this population with daclatasvir and asunaprevir appeared to
overcome the poor interferon responsiveness, which may be less
relevant to the efficacy of this DAA-only regimen. The SVR rate of
63.6% in ineligible/intolerant patients, although lower than
results in null responders, is the first demonstration of a
potentially effective treatment for these patients who currently
have no therapeutic options. High SVR rates in both populations
were achieved despite multiple adverse predictors of response to
PegIFN-ai/RBV therapy, including older age, high viral load, and a
high proportion of IL28B genotype CT in the null responders.

Detectable HCV RNA was cleared rapidly; viral suppression
was greater at all time points compared to reported results with
PeglFN-o/RBV combined with telaprevir or TMC435 in genotype
1 null responders [4,20]. The slightly greater early viral suppres-
sion in ineligible/intolerant patients may reflect the higher fre-
quency of IL28B CC genotype in this group. In the overall
population, early virologic response was greater in patients with
CC genotype, although this difference disappeared by week 12.
Potentially, CC genotype may increase early viral suppression
by increasing responsiveness to endogenous interferons that are
released as a result of the rapid antiviral activity of the dual
DAA therapy, allowing reversal of HCV-induced immunostppres-
sion [21].

These results in patients with HCV genotype 1b differ from
those reported for genotype 1a. In a similar study of US/European
null responders, 2/9 patients with genotype 1a achieved SVR with
daclatasvir + asunaprevir dual therapy, compared with 10/10
patients with genotype 1a who received quadruple therapy com-

Table 4. Most frequent adverse events and laboratory abnormalities.

Event, n (%)

Null responders  Ineligible/

intolerant
(n=21) (n=22)

‘w Headache 8 (38) 6 (27)
8 Nasopharyngitis 6 (29) 8 (36)
& AlTincrease  6(29) 6(27)
‘X Diarrhea 9 (43) 2 (9)
S ASTincrease = 6(29) L4(18)
£ Pyrexia , 3 (14) 5 (23)
'3 Eosinophilia  1(5)  4(18)
©  Abdominal 3 (14) 2 (9)

*g = discomfort ’

3 2 Malaise ; "2 (10) 3(14)
g g Constipation 2 (10) 3(14)
‘% .. Back pain. 3 (14) =21.(5)

< .& ' Decreased appetite 0 3(14)
o AT 2(10) 2(9)

§ 2 AST 1(5) 2(9)
5E Lymphocytes 2(10) 1(5)

2 g Phosphorus 1) 1(5)
-2, . Bilirubin, total 1.(5) -0

53 Leukocytes 1(5) 0

bining daclatasvir and asunaprevir with PegIFN-o,/RBV [8]. This
difference suggests that viral genotype can influence responses
to DAA regimens, and outcomes can be optimized by individual-
ized therapy that considers viral genotype.

The two populations included in this study represent substan-
tial numbers of patients worldwide. Approximately 10% of HCV
genotype 1-infected patients receiving PegIFN-o/RBV have a nuil
response [22]. The cumulative prevalence of PegIFN-c/RBV null
responders and the frequent failure of retreatment with current
regimens, together suggest that a large population of null
responders is awaiting improved therapies. The population of
PegIFN-0//RBV ineligible or intolerant patients has not been
extensively studied but may be substantial. In the IDEAL study,
23.2% of the 4469 patients screened were considered ineligible
for PegIFN-o/RBV therapy; of these, 30.3% had hematologic or
psychiatric conditions that may not preclude DAA-only regimens
[23]. In registration trials, 9.7-14% of patients receiving PegIFN-
o/RBV discontinued study treatment due to intolerance [24,25].
Moreover, these clinical trial data are likely to underestimate
the true size of the ineligible and intolerant populations in com-
munity practice. :

Virologic failures occurred relatively late in therapy after
extended periods with undetectable HCV RNA. All seven patients
with virologic failure had emergent NS5A and NS3 mutations that
together confer high-level resistance to both daclatasvir and
asunaprevir in vitro [11,12]. Pretreatment, NS5A-Y93H was
detected in five of the seven patients with virologic failure and
in five additional patients who achieved SVR, suggesting that
pre-existing Y93H is loosely associated with virologic failure
but is not an absolute predictor. Pharmacokinetics may also have
contributed; nearly all patients with virologic failure had trough
plasma concentrations of daclatasvir and asunaprevir below their
respective median values. However, SVR was achieved by most
patients with trough drug levels below the median, and by
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several patients who discontinued study treatment after
2-16 weeks. Thus, the relationship of drug exposure to virologic
outcome remains uncertain; further study is needed to define
on-treatment predictors of outcome and the optimal duration
of therapy.

Current data do not fully explain the observed differences in
rates of virologic failure and SVR, between the two study popula-
tions. IL28B genotype was the primary difference between the
two populations pretreatment. All three breakthroughs occurred
in ineligible/intolerant patients with the unfavorable IL28B CT
genotype; however, null responders had no breakthroughs,
despite a much higher frequency of this genotype. Differing
proportions of patients with concurrent pre-existing resistance-
associated polymorphisms and low plasma drug concentrations
may have contributed to differing rates of virologic failure
between the two populations. Analysis of baseline parameters
failed to identify other factors that may have influenced
outcomes. However, these analyses were limited by the rela-
tively small study population and may have been confounded
by unreported non-adherence or baseline parameters not
quantified absolutely, such as the stage of liver fibrosis. This
issue requires further study in larger populations to confirm
the apparent difference in outcomes and to identify factors
predictive of virologic failure.

The adverse event profile of the study regimen was gener-
ally more favorable than that typically observed with PegIFN-
o/RBV-containing regimens [26]. There were no significant
hematologic or psychiatric abnormalities; the most common
adverse events were non-specific in nature and generally mild
to moderate in intensity. Mild diarrhea was experienced by
26% of study patients, consistent with previous studies of
asunaprevir and other drugs of this class [4,6,14]. The four
observed grade 3/4 ALT elevations resolved with continued
therapy or after discontinuation and were not associated with
significant clinical events. A role for study drugs in the
reported serious adverse events cannot be ruled out except
for gastroenteritis; however, four of the six events resolved
spontaneously with continued treatment. The case of hyperbil-
irubinemia with gastroenteritis was complicated by multiple
confounding factors, and the contribution of study drugs is
uncertain [7].

In conclusion, dual oral therapy with daclatasvir and
asunaprevir elicited rapid clearance of detectable HCV RNA
and achieved high rates of SVR in two difficult-to-treat patient
populations. These results confirm initial findings that HCV
genotype 1b infections can be cured with daclatasvir com-
bined with asunaprevir, without PeglFN-o,/RBV [7,8]. Thus, this
regimen has potential to offer effective treatment to null
responders who have previously shown little or no response
to PegIlFN-ot/RBV, and to PegIFN-o/RBV ineligible/intolerant
patients who have no current treatment options. Further
research will assess the benefits of this and other DAA combi-
nations in larger and more diverse patient populations, but
the promise of all oral and well-tolerated HCV therapy is on
the horizon.
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Background & Aims: Daclatasvir and asunaprevir are NS5A and
NS3 protease-targeted antivirals currently under development
for treatment of chronic hepatitis C virus infection. Clinical data
on baseline and on-treatment correlates of drug resistance and
response to these agents are currently limited.

Methods: Hepatitis C virus genotype 1b Japanese patients (prior
null responders to PeglFN-0/RBV [n = 21] or PeglFN-0//RBV ineli-
gible or intolerant [n = 22]) were administered daclatasvir/asuna-
previr for 24 weeks during a phase 2a open-label study.
Genotypic and phenotypic analyses of NS3 and NS5A substitu-
tions were performed at baseline, after virologic failure, and
post-treatment through follow-up week 36.

Results: There were three viral breakthroughs and four relapsers.
Baseline NS3 polymorphisms (T54S, Q80L, V170M) at amino acid
positions previously associated with low-level resistance (<9-
fold) to select NS3 protease inhibitors were detected in four null
responders and three ineligibles, but were not associated with
virologic failure. Baseline NS5A polymorphisms (L28M, L31M,
Y93H) associated with daclatasvir resistance (<25-fold) were
detected in five null responders and six ineligibles. All three viral
breakthroughs and 2/4 relapsers carried a baseline NS5A-Y93H
polymorphism. NS3 and NS5A resistance-associated variants
were detected together (NS3-D168A/V, NS5A-L31M/V-Y93H)
after virologic failure. Generally, daclatasvir-resistant substitu-
tions persisted through 48 weeks post-treatment, whereas
asunaprevir-resistant substitutions were no longer detectable.

Keywords: Asunaprevir; Daclatasvir; Drug resistance; Direct-acting antivirals;
Hepatitis C; Peginterferon-sparing.
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Overall, 5/10 patients with baseline NS5A-Y93H experienced
virologic failure, while 5/10 achieved a sustained virologic
response.

Conclusions: The potential association of a pre-existing NS5A-
Y93H polymorphism with virologic failure on daclatasvir/asuna-
previr combination treatment will be examined in larger studies.
The persistence of treatment-emergent daclatasvir- and asuna-
previr-resistant substitutions will require assessment in longer-
term follow-up studies.

© 2012 European Association for the Study of the Liver. Published
by Elsevier B.V. All rights reserved.

Introduction

The introduction of direct-acting antivirals (DAAs) targeting hep-
atitis C virus (HCV) NS3 protease activity has substantially
increased sustained virologic response (SVR) in chronic HCV
genotype 1 (GT1) infection. In combination with peginterferon-
alfa and ribavirin (PeglFN-0/RBV), treatment with the recently
approved protease inhibitors boceprevir or telaprevir results in
SVR rates of around 70-75% in treatment-naive patients [1,2].
Despite these improvements, SVR rates vary by genotype and
remain suboptimal in some patients, such as null responders to
PegIFN-0//RBV [3], and patients for whom PegIFN-o//RBV is poorly
tolerated or medically contraindicated. Furthermore, PeglFN-ol/
RBV is associated with frequent side effects [3], and the addition
of these DAAs results in elevated rates of anemia and additional
events such as dysgeusia (boceprevir), or rash, pruritus, and nau-
sea (telaprevir) [4,5].

Daclatasvir (DCV) and asunaprevir (ASV) are currently under-
going clinical development for HCV infection. DCV (BMS-790052)
is a first-in-class, highly selective NS5A replication complex
inhibitor with picomolar potency and broad HCV genotypic cov-
erage |6] that has demonstrated antiviral efficacy and good toler-
ability in combination with PegIFN-o/RBV [7]. ASV (BMS-650032)
is a selective inhibitor of NS3 protease with antiviral activity
in vitro against GT1 and GT4 {8]; it has also been shown to be
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efficacious and generally well tolerated in combination with Peg-
IFN-0,/RBV [9]. Clinical interest is increasingly focusing on explor-
ing DAA-only regimens without PeglFN-0/RBV, whose potential
benefits might include better tolerability and compliance, and a
reduced duration of therapy. One recent PegIFN-o/RBV-sparing

study of DCV plus ASV (Al447017) has examined the efficacy .

and safety of this combination for 24 weeks in a small cohort of
ten GT1b null responders, in whom an SVR rate of 90% was
observed [10]. The study was then expanded to include an addi-
tional cohort of null responders and a group of patients ineligible
to receive, or intolerant of, PegIFN-o,/RBV [11]. ;

As with other antiviral agents, the efficacy of DCV and ASV can
be compromised by the development of drug resistance. In vitro
data suggest that DCV and ASV should provide additive or syner-
gistic activity that enhances the genetic barrier to resistance [8].
Here we characterize virologic escape observed on DCV plus ASV
treatment in the expanded Al447017 study [11]; its associations
with baseline characteristics, including /L28B genotype and HCV
polymorphisms; and an assessment of on- and off-treatment
genotypic changes in NS5A and NS3 protease and their pheno-
typic consequences.

Patients and methods
Study design and patients

This was an open-label, phase 2a study (Al447017; clinicaltrials.gov identifier
NCT01051414) evaluating the antiviral activity and safety of DCV plus ASV in
43 patients with HCV GT1 infection. Patients comprised (a) 21 PegIFN-0,/RBV null
responders (<2 logyo decline in plasma HCV RNA after 12 weeks) and (b) 22
patients who discontinued previous PegIFN-o/RBV within 12 weeks for intoler-
ance or were considered medically poor candidates for PegIFN-o//RBV for reasons
such as advanced age, complications of depression, anemia, myelosuppression,
diabetes, or cardiovascular or renal dysfunction. Patients enrolled in four cohorts;
two each of null responders and ineligible/intolerant patients. The initial sentinel
cohort of null responders has been described previously [10]. All enrolled patients
were infected with GT1b.

Patients received DCV 60 mg once daily with ASV 200 mg twice daily for
24 weeks, with a further 48 weeks of post-treatment follow-up. ASV dosing in
the expanded study was reduced from the 600 mg twice-daily administration
used in the sentinel cohort, following reports of hepatic enzyme elevations at this
dose, in another clinical study [12].

The full study design, including inclusionfexclusion criteria, and safety/effi-
cacy endpoints, is described elsewhere [11]. Briefly, eligible patients were men
and women aged 20-75 years with HCV GT1 infection >6 months and HCV
RNA >10°IU/ml. Patients were excluded if they had evidence of liver cirrhosis
within 24 months of screening; a history of hepatocellular carcinoma, other
chronic liver disease, variceal bleeding, hepatic encephalopathy, or ascites requir-
ing diuretics or paracentesis; co-infection with hepatitis B virus or HIV; or other
clinically significant medical conditions. -

Laboratory assessments

Plasma samples for resistance testing were collected at baseline and study weeks 1,
2,4,6,8,10,12,16,20,and 24 and post-treatment weeks 4, 8, 12,24, 36, and 48, HCV
RNA was determined at a central laboratory using the Roche COBAS® TaqMan® HCV
Auto assay (Roche Diagnostics KK, Tokyo, Japan) with a lower limit of quantitation
(LLOQ) of 15 IU/ml. HCV genotype and subtype and IL28B genotype (rs12979860
single-nucleotide polymorphism) were determined by polymerase chain reaction
(PCR) amplification and sequencing,

Genotypic and phenotypic analysis of clinical samples

Testing was performed on all baseline samples and on samples indicative of
slow virologic response at week 1 or virologic failure with HCV RNA levels
>1000 IU/ml. Virologic failure, for the purpose of the study, was defined as
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an HCV RNA level (a) »LLOQ at week 4 (futility rule), (b) >1 logqo IU/ml above
nadir or >LLOQ after confirmed undetectable (virologic breakthrough), or (c)
>1LOQ at any follow-up visit after being undetectable at the end of treatment
(relapse).

Population -sequencing of PCR amplicons was performed using methods
described elsewhere [13-15]. For clonal analysis, amplicons were cloned into
the TOPO vector and transformed into TOP10 Escherichia coli using a commer-
cially available kit (TOPO® TA-cloning® kit, Invitrogen, Carlsbad, CA) according
to manufacturer's instructions, with >20 individual colonies expanded and
sequenced for each analysis.

Phenotypic analyses of resistance-associated substitutions were performed
by employing in vitro HCV replicon systems according to previously published
methodologies [15-17].

Results
Viral response to DCV and ASV

Overall, plasma HCV RNA was undetectable in 77% (33/43) of
patients at 24 weeks post-treatment. SVR was higher among
the null responders than in the PegIFN-o//RBV ineligible popula-
tion; all viral breakthroughs (n = 3) and relapses (n = 4) occurred
in the ineligible/intolerant subpopulation. Three patients discon-
tinued the study without subsequent SVR or virologic failure
(Tables 1 and 2) [11].

Null responders

Virologic response.

Rapid and similar decreases in plasma HCV RNA levels were
observed among patients who initiated treatment with ASV
600 mg (Fig. 1A) or ASV 200 mg (Fig. 1B). Mean reduction in
HCV RNA at week 1 was comparable for both groups (—4.4 vs.
—4.3 log;oIU/ml, respectively). Of the patients still receiving
treatment (P-6 discontinued at day 16 due to an AE), all but
one patient (P-13) had HCV RNA <15 [U/ml at week 4 and 52%
had undetectable HCV RNA at this time.

Baseline analysis. Baseline IL28B genotype and naturally occurring
polymorphisms associated with ASV or DCV resistance (resistance-
associated variants [RAVs]) are shown in Table 1. As anticipated for
this prior null responder population, the majority (18/21) were
non-CC [L28B. The NS5A polymorphism Y93H (24-fold DCV resis-
tance [13]) was observed in three patients. Other polymorphisms
conferring minimal (two- to three-fold) DCV resistance were
detected in two patients (NS5A-L28M-R30Q and NS5A-L31M).
Polymorphisms associated with minimal to low-level resistance
to select NS3 protease inhibitors (one patient, NS3-T54S5-Q80L;
one patient, NS3-Q80L-V170I/M; two patients, NS3-Q80L)
[4,5,18] were also observed.

Baseline polymorphisms and /L28B genotype did not appear
to influence either the week 1 response or SVR rate (Fig. 2A).
Five patients had RNA levels >1000IU/ml after 1week, of
whom one (P-21) had significantly slower initial HCV RNA
declines when compared with mean reductions (standard devi-
ation [SD]) in HCV RNA for null responders on the study (-3.4
vs. ~4.35 +0.49 log,0 [U/ml). This patient had a CC IL28B geno-
type and an NS5A polymorphism (Q54L; no fold-change in
DCV resistance). The other four patients had polymorphisms
that have been associated with DCV and NS3 protease inhibitor
low-level resistance [13,19]—specifically NS5A-Q54H/Q-Q62Q/E-
Y93H/Y with NS3-T54S-Q80L (P-1, no fold-change to DCV/ASV),
NS3-Q80L-V170I/M (P-2, no fold-change to ASV), NS5A-R30Q
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