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Virological response

Between weeks 1 and 8 of treatment, serum HCV-RNA
titres decreased below the limit of detection in all 10
patients. HCV-RNA titres in 9 of the 10 patients remained
undetectable until the end of the treatment, and eight out
of nine patients achieved SVR (Fig. 1). In one patient (Case
9), serum HCV-RNA titre rebounded at week 36 (12 weeks
after cessation of the treatment) and returned to pretreat-
ment levels. In this case, ultra-deep sequencing showed
that 100% of the total reads were the wild type sequence
at NS3 aal68, indicating that this amino acid was com-
pletely replaced with the ASV-resistant variant D168A by
week 40 (16 weeks after cessation of the treatment)
(Fig. 2a). 99.1% and 67.5% of the aligned reads showed
wild type sequences in NS5A aa31 and 93 before treat-
ment, respectively. These aa were predominantly replaced
by DCV-resistant variants; 99.1% of L31M and 96.6% of
Y93H.

In Case 10, serum HCV-RNA titre decreased below the
detectable limit at week 2 of treatment. However, serum
HCV-RNA titre rebounded at week 10, and the treatment
was stopped at week 16 (Fig. 1). In this case, ASV-resis-
tant variants were not detected prior to treatment; how-
ever, NS3 D168V was enriched at week 10 and increased
to 45.7% at week 16 (Fig. 2b). In this case, 99.4% of
NS5A Y93H was detected before treatment, and the vari-
ants persisted at high frequency during the course of ther-
apy. The L31M variant was not detected before treatment
but was detected in up to 99.6% of the sequences at week
10. By week 32 (16 weeks after cessation of the treat-
ment), NS3 aal68 had been completely replaced by wild

type, whereas NS5A aa31 was completely replaced by the
DCV-resistant variant.

DISCUSSION

Drug resistance has been shown to emerge with different
classes of DAA regimens. However, the reason why treat-
ment fails in some patients remains unclear. Amino acid
substitutions in HCV related proteins that confer resistance

—&— Cases 1-8 {(SVR)
—o— Case 9 {relapsa}
~-O-- Case 10 {breakthrough)

HCV RNA (log ILimL)
o

"8 12 16 20 24 28 32 36 40 44 48
Time after treatment (weeks)

0 1 2 3 4

Fig. 1 Hepatitis C virus (HCV) RNA levels over time for
patients treated with daclatasvir and asunaprevir. Serum
HCV RNA titres decreased below the detectable limit

4 weeks after the beginning of treatment in all patients.
Serum HCV RNA rebounded at 12 weeks after cessation of
the treatment in Case 9 (relapse) and at week 12 of the
treatment in Case 10 (breakthrough).

Table 4 Ultra-deep sequence analysis of NS5A amino acid 31 and 93 in 10 patients prior to the start of the combination

therapy with asunaprevir and daclatasvir

aa3l aa93
WT (L) Variant Aligned WT (Y) Variant

Case Aligned reads (%) (%) reads (%) (%)

1 821 229 99.9 - 75 800 28.7 H (71.2)

2 851 400 100 - 217 011 99.7 -

3 1137 359 99.0 V (1.0) 175 520 0.5 H (99.4)

4 80 535 100 - 451 140 99.8 -

5 2 711 250 99.9 - 469 945 99.8 -

6 757 927 99.9 - 198 881 99.8 -

7 790 076 99.9 - 456 161 99.1 H (0.9)

8 670 404 99.9 - 527 879 99.9 -

9 588 331 99.1 M (0.7) 300 666 67.5 H (32.4)
10 1436 741 99.7 - 451 138 0.6 H (99.4)

Substituted amino acids are shown by standard single-letter codes. Dashes indicate amino acid substitutions with a fre-
quency less than 0.3% of the aligned reads at that position; Aligned reads: the number of reads that overlap the given

codon position in the reference alignment; WT, wild type.
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to DAAs can exist at low frequency prior to antiviral treat-
ment with DAAs. Enrichment of variants during therapy
has been reported, although monitoring changes in variant
frequency using ultra-deep sequencing is not commonly
performed. HCV is an error-prone RNA virus in which sub-
stitutions frequently occur throughout the HCV genome
[27,28], and drug-resistant variants are sometimes present
as minor populations in patients who have never been
exposed to DAAs [29].

In this study, ultra-deep sequence analysis detected DCV-
resistant variants in 5 (50%) patients before treatment. In

Deep sequencing of DCV- and ASV-resistant HCV 163

recent Japanese studies, the prevalence of NS3/4A protease
inhibitor- and NS5A inhibitor-resistant variants in HCV
genotype lb-infected patients was reported to be approxi-
mately 4.9% and 11-23%, respectively, by direct sequence
analysis, [16,17,29].

Patients with no ASV-resistant variants but with NS5A
L31M/S and a high frequency of Y93H variants (32.4%
and 99.4%) resulted in the development of double resis-
tance variants, indicating that pre-existence of a high fre-
quency of Y93H variants might be associated with relapse
or viral breakthrough with ASV and DCV combination

(a) 0 week 40 weeks
29 925reads 29737 reads
NS3
WT 91.1%
aa155 “ WT 100% = R155Q4.7%
- R15504.1%
11575reads 30 065 reads
aa156 WT 100% T WT 98.9%
| A15681.1%
807 927 reads 29264 reads
aa168 .  WT 100% ‘ = D168A 100%
NS5A 27700 reads
a3t + WT 99.1% * WT0.9%
= L31M0.7% = L31M99.1%
283 459reads
2293 WT 67.5% o OWT 3.4%
= Y93H 32.4% = Y93H 96.6%
(b) 0 week 10 weeks 16 weeks 32 weeks
48 605reads 368 943 reads 488 789reads 73 867 reads
NS3
aal155 = WT 99.9% = WT 100% = WT 100% | WT 100%
36 712reads 369 015reads 488 911reads 102 290 reads
aa156 = WT 99.9% . = WT 100% .--:wrmms ‘ “ WT 100%
14 778reads 377 998 reads 81139reads
T 100% = WT 68.2% = WT 54.3%
aa168 = D168V 31.8% m D168V 45.7% W 100%
NS5A 1200 075reads 1284500 reads 151093 reads
aa31 = WT 99.7% = L31M99.5% L3N 947% L34 100%
= L31V5.0%
451 138reads 556 041reads 479 863reads 131978 reads
2 WT 0.
aa93 % = Y93H 99.8% = Y93H 100%

= Y93H 99.4%

Fig. 2 Time courses of the amino acid frequencies at R155, A156 and D168 in the NS3 region and at L31 and Y93 in the
NS5A region by ultra-deep sequencing in Case 9 (a) and Case 10 (b).

© 2014 John Wiley & Sons Ltd

- 676 -



164 K. Kosaka et al.

treatment. However, Case 3 achieved SVR despite a pre-
existing NS5A L31V variant and a high frequency (99.4%)
Y93H variant. These results suggest that pre-existing
DCV-resistant variants might be associated with viral
breakthrough for DCV and ASV combination treatment;
however, identifying pre-existing resistant variants by
ultra-deep sequence seems to have limited utility in predict-
ing the outcome of therapy.

Karino et al. [17] reported a relationship between
pre-existing drug-resistant variants by direct sequencing
analysis and clinical antiviral responses to DCV and ASV
combination treatment. McPhee et al. [30] also reported
that six of seven genotype 1a HCV-infected patients treated
with ASV and DCV developed viral breakthrough even
though no resistance variants were detected at baseline by
population sequencing analysis. Ultra-deep sequence
analysis may permit more detailed analysis of resistance
variants.

In Case 9, although ASV-resistant variants had not been
detected before treatment, the frequency of D168A had
reached 100% by 16 weeks after cessation of treatment,
indicating that the wild type amino acid had been com-
pletely replaced. Similarly, in Case 10, the frequency of the
D168V variant had already reached 31.8% by week 10,
and the frequency increased to 45.7% by week 16. In both
patients, NS5A aa31 and 93 were predominantly replaced
by DCV-resistant variants. In Case 10, NS3 aal68 had
completely returned to wild type 16 weeks after cessation of
the treatment, while NS5A aa31 was completely replaced
by the DCV-resistant variant. We previously reported that
TVR-resistant variants have reduced replication capacity
and are easily replaced by wild type when TVR is not
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YA T = VHER R E AL,
NSSB iR A5 —CDP ¥ b —7 % fH &
LTk, ZhENEa oM R 269
%. ﬁ"fﬂ]&i']“lﬁ‘r?’““h B R R, Fe5- 500002
PSSR PSS 2 A U A S Sl s hvTw
é?

. IFN-free DAA HREE

Wik D2 o DAA TN G ClEEHHE b
TN BRI AR A A 2 U B Ao a0l N
VATLENRT I T LE NG ED XS PEG-
IFN +RBV fEHHECT F - 4 > Lz 3HPEH

Juhape LCEDLNR UL E,
IFN ORIER R, IFN RSBl 7% ERZ RS h,

IFNJEGFH T CRIM DR R 5B D2 T AD
DAA R RBV # 14 2 & CHE O 28 5%
TANADBEWEZ DD A VAR
“[FN-free” DAA fFJH #2350 BRR G ERS# <

RS (N GRV-S
AT BWTh, BHD IFN-free DAA PEH
ST 00 g R AR D AT G & B (3 1-2-1).
bo & b HITL T 7 05 7 — L A
naprevir & NS5A HLEEE Daclatasvir §fJH Wb T
i, IEN JEU TGRS SVR LA
% 7: ABT-450+ ABT-267 ffF /il it 5, Faldapre-
vir + Deleobuvir P FH#EEE & S48 T
B2 T 90% &2 5 SVR HEAHE SN TWwb
F 72, Sofosbuvir based O WFHHHIEBIAE H 7I\'C/1’3
W AHGERER AT I TV 2 %5, 140 Genotypel
T R-4 5 LONESTAR Study O#% 8 Clt SVR
HEAY90% F2 21 & W IRIER R AR S e,

AIBIZBWCT I 7L YN E gL Coatto
W EPRTFHMEINL AT LYV EIFN+
RBV O I ED G % - 7. IFN-free @ DAA
DHDERIEHENIFAALIRE & e 5 & & AHE
S, IEN 6 5 B & B 6 KRR I FE R0 A%
WOk Ui, BFASEGL, R, BT
RIBEDFOE L 0% CHEIERERE %5 & & A
Ehb. BUEONTHRE, TR oBOSH, &
EME 22Ty A VA7 &R ER L CE
WY)W IR B &

(&3
A7,
B2 LAY R KNS,
LR BB,

#+1-2-1 mm;asuz) HCV 2O SR "Wﬁ%ﬁﬁ%ﬁ (Ph2 k)

* ;vv A

WERBRE | WgEa

NS5A fﬂ-&?)&'\ +7u 77—k
Daclatasvir + Asunaprevir
ABT-450+ ABT-267

Ph.3 | Bristol-Myers Squibb
Ph.2 AbbVie

NS5A BHEZE + K 2 T — FHEHE
Ledipasvir + Sofosbuvir

Ph3 |Gilead

R AT —EHEE+RBY
Sofosbuvir + RBV

Ph3 |Gilead

Ta7 77— EHEE+ R ) X7 — K

Faldaprevir + Deleobuvir

Ph.3 |Boehringer
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A XREDSHIR

C
IFN 2 ERIAEEZDEREEFMERNIC
BlF5=E

ERRE  RAER
Summary

s interferon (IFN) SBEBICEWTT AL RFERNTEED > IEFICEWTSH, ALTE
Ti%%btf@?a?%%ﬁh%ﬂfTbm

< SREARGHY. BEMEEOEVWTREDEEUEMICSE FENATH%E
BN E U IFN D ERBEEIBRTIREND 2.

s REKDRAETIE, IFN/ribavirin (RBV) BEEARGHIDFFEZEZENDVE IFNES
RBIEBIT2FENMAZIF T BREENRENT.

s AFD IFN VDERBEEFEDHETIE, BER 24 BICE T2 ATES AFPEDIES
LN FFENAIFICEET 2 ENBELA RS T

C EHBEF I A EE L. IFN B E 3 (sustained virologic response : SVR) & {&\»

24 F Y. RBV @O A, peginterferon (Peg- BIfEHREEENHFEIN TS, ZT0LH 2
IFN) A DEHHZSEDMWILIZID. 4L HCVEED., BIEL 2205 5HEIIBITS
APEBREIZ0%ICETHELZ 25120 2 IFN D EREHBEDHEEIIOVWTHENREZET
b\ﬁfiﬁC 5 KA NLAHCVDTOFT — Wiz7iL.
Ew & —% v bE L7 telaprevir 2SEERICTHE
%Tﬁz/f . genotype lEIDE T A VA& N .
RIS BT :’J%@::w ro—sonx bpLr, PN OEDAMEHZR

LaL. —FATEWERIZ X B REaks R 5l IFN AR L p % EEEHEIZ SVR &

YHFET S BHAD CHEEFAEEISH L. BT E FESATFIC X ) T
fLasEA, HARELERBICH L TIZEIER HERT AP ZELIETHE. LrLiads.

HEEMAROMEND S, 0 L) REFICH BEEEARPEEANOFEREOME2 S T4
L. H?"‘ﬁi’/\,?fﬂ%ﬁ FRE~OERT VeIl WCEEBEMTAZWVEASHFET A, T0XO %
W32, EERMETH). IFNPEEH SVREZESNapo ERMIZBTS, &E
JRE ”fé{f’: HoTHOHMRRBEFEL LS. % ALT A IEEILT 2 LS ED PGS

RIFBIIBNTH ITCEWIER IFNZfEH FEFNIBCTIE, FESAPIH NI ST
L 22 W20 direct anti-viral agents(DAAs) AEmESEER S IFN <“3”“"” F Y SVR 2%
D HDBEN f%ﬁﬁ“fﬁ“ke:%l/ﬁ“ﬁiﬁﬂo. BEONLL TOHEPAMRMESEFTZ S
ERIRAEBRIZ BV TIEEVER 7 4 L ABHE(L ﬂﬁé'ﬁ%ﬁi‘ﬁ:éﬂ"\mé.

I 113 No. 420147 681

2t
W
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- JUZXRFR IO & SR ORH-— W

ARV I 0T C PRI 251008 1,643 24025
G2, IEN R X B NP5 A A 4o
VTS I & BT, 10 AR AT A
LI IEHIEREDY 12%, non-SVR 20 b T

Bt MR O RE U 22 MDY 15% Tl » 7o Dk
L. SVRBECIE15% & A7 G T 2 il 7z,

X ool 2 2%, non-SVR TH ALT 2°
FRAL L7z BRIC B W T OREE AL 2% &
41" MRS ETHLY. F AR

BUF5 % nl‘c‘l il o> 2t sk — MiF9ECdh % THIT
study T, GEEw 2890 o> K BLAF7ELS

L0, IFN J"' HAZ XD WAl s s
Sk BDIALT DI O 2 5 U ic s
7@ S EThD, WSS S %
SANEIRATL CTI S r k L 72,
F 720 Wi dt, Asahina 5 (& IFN ¢ T
non-SVR & 7 - 7l BT d, HEEs X

HOALT %40 TU/ZL & @5, AFP %% 6.0 ng/mL
Kl ACT L ZfE i B v Cid, MATER AR
MPUFT 5 a2 LAY, 512, Arase
SALHIEM I PEA PN T & 257 LS 1L 5 v i
(60 3 L 1) OFREARF I LT, IFN O %
WIPE L& 3 247 4ENGTT L, I IFEN 2 40 &
ol U7z, 10 FF RIS A S8 IFEN G HEEC
AARACICT L, F 72 IPN BT 31
AFP 28KF L, AFP 2% 10 ng/mL i ?n 14
TIEMAFDI AT H T EBW H L
7‘-“. PO S D% L oIz L ) IFN
DINFA AR A RE S, EHICRBV O
OFFH 7 &SR 7 e ifieer,  IFREZSSERI S T
b IFN & ANl i 4
T LT FIEATA Z HIHC
DR BN

L

& DLl

I CB 3B Peg-IFN 4 B 5 1S
EOREE C HALT-C 582

BKAZ B W T, Peg-IFN & RBV IZ X B iH¥#
DN TH » WO H B, Hifbode L7z,

682 m#l Vol 113 No, 4(2014)

ROPULTZ O E

FRERDIRA > b &85 TR E o WiRdfthag

o

F RIS R 1050 AcH LT, Peg-II'N

a PCHERERE: (Peg-IFN a-2a 3.5 4RI o 5843
A% F B A 2 N PN A A, i
) & (M 25 LBt U 72 HALT-C alliknstr
by M ORESC, TEN DR
AT TME AT Do 22 WO I
e, S SISO ARSI VT L AT
il i S s, oY E ST,
A7y AL LT IFN At L 412
EI WA A Gl S & e 5 72, Ll
7;‘7)*%, HALT-C itk o> i 4 W) % dye K 8.7
MRE TR L7 )MM) e, A S
BT, BRITAEDONTFIEAA S Peg-IFN
QHWRET 78% TdHh o 7=k LT, MEihHF
FECIE 242% CTh D 2 LA u S vz, Il
A4 % TN A L5402 00 I 1
DHERE U7 s B T I I8 D3 A
S S ARSI,

'13.

ﬁ

%

HAICEITS Peg- lFN REIEE

D Rk

RKIEBWT
B3 AR S D™ TE i

b, Peg~IFNa-2a il o 58
LIFSE oM 2

177z, Peg-IFNa-2a WAL 5. 54172 594
HIREF Sz A9BSR A D, E O
A7 WT-E LTIFN B8 A EERO ALT

fili A% 40 TU/L LL L., AFP fiti A% 10 ng/mL 2L I
TdhbHIENRWShE LTz HCV-RNA ¥
BaPkqb U Ze o 7 BE LCh, $245- 24
ME @ ALT 40 TU/L i, AFP 10 ng/mL &
WOWT DD EN T & FIEBII BT, 5EAH°
AWM SN T ERW S E R -7 (K1),
PER), M boORER E e~ v FEE
I IFN $5& -1 59 Bl & IFEN 2 45k 59 % % i
L 7z propensity matched control study & 174>
N, IEN 5T B0 2 BRUIE DS A AT 3
WCACTF 2 2 AW Sk ho .

Z O, KBS SO IFN A

AR,

i R
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logrank test p<0.005
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I
igk
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IFN 2B REFREDEBR EFERRICE T B RE

(%)
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logrank test p<0.0001
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20 AFP<10
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A

K1 Peg-IFN A& S 24 BE D ALT fE/AFP B & FntAE

RAT L 7EPNC BV CokiiT, ALT 72
£ AFP 2MICTF L 220 THRAEATA S p3LE
TdholzZ &0, D IFN RO i HE HEE
Y ALT F7213 AFP LT & 3% LITIEATA
fjfillll T2 &EEZLNS.

F 7z, HALT-C EROFEY & AR & 05
A H A%, HALT-CIFED EH O
IEMAEPE N T &, W R OV EH A
52 i & HHENI BT A C BUSEITF 2 3 o
AR L VWS &5, EORNO—2TH D
S EPEEISNTW A,

BbDIC : DAAs BERICH TS IFN
L ERIEE

013412 H, B fCo 7 a5 7 — B
T H B simeprevir PWIFUZLGEIT T, vk
W EARIFBICB TG & oo 72 telapre-
vir fEHIE O 3 A OF FE S L A~TRIME T & %
WL, & DLREHEBESITR D EMNfEs R
Twad., L Lads, KIFISBIT S Phase

WRBI B W CHHAMRAIS NI BT 5 SVR 5
(& 36~54% & AR L VIR TH - 7o B
A AEE & B B i L AT HE S RIS BT,
EEAGHE] - IF PRI MRS R LT, £ D
AU - kO F I DAAs OMIEA g & 4

% FE

[k 6) X v o, ekl

THMEAHEAL, IS A & W % 2

FEETHEE, IEN LR BN R
WA 7 a vk b, S8 BAEDA

(-
R 25— EH

G TEHITH 5 genotype 1 IIZHF LT o#;

4 & NSSA FILsE3E %

“ite, I3 %4 IFN—-free OFEITHE O WD
T s L 2 EANFRIE TV,

L Ldses, Bk 4 v A ORSEHIAE L

B OISR/ PR TSI ERNIC B W T, 7

B

vy,

3R A C & 5 D] B AT
IFN 0> i B W 001, DAAS 5

~ bridging therapy & L C, £7-DAAs AN
e LRI BI MR R Ty a v bld

F 74 DAAs ORI L LG p &

IFN % G4 EEHENIC B 2 BRI W -
WHEITO AFP % ALT i o f)g, o

TR IEDS AT DL U B ME TR Y2 ik

i jn Jl’_l& A awff/"\: f)j’LZg.

X
D
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CCETEL2E=DMILVAFRDAE

[CEBHRTR]
C BB HRTRICHT 5 DAAs SRR A v F— 7 = 1 LRk
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(C BUBIERFX]

C BUSHATRICHT 2 DAAs (9 —Jz0Y

o (T

Z8H HE - IR B

RO TS,

%iFNF‘J‘G

AFRLZ I\ T C TIP3 71 150 T3 A BA
PAFAEL, J89678 T 2 2 v W DR L 3 B o i
'TKODI“}“UM&;L C\Wd, Lo CRUIP LT
AL 70 BATEZ BV DPAVEI-93E 08 - 00 1 A
Tdh), TAUZRT DH0Y AV AP,
B A EAE L 2OV AT L, CIF 22020
THENHE 1992 S0 A > —7 2112 (interferon:
[EN) AL B A S AL, fai T 28 & (rib-
avirin : RBV) 255 A S, IFN EOGEEAT
btz E5122004 FIZ Peg b vy —7 21
(Peg~1FN) B3 od L 01 A%l figs b, 1 o
B AV AR B B AL A )
(sustained virological response:SVR) #: it 50%
WECHEL

L'/J*Lf"/)"v‘) ‘ir«'«i"ﬁ R e i 2T, IFN
PLAL o if it SRy LRSS AL 1999 4R
Baltcnschlagm Bz J:”) in vitro CH HCV i
SRAP I IE SIS LR TG 7 AN AL R
EEAGLZL 72 DAASs (dlrect acting antivirals) 35
PSS SAL, HEAR, SO M\ L Z b

1 o ¥R A L AEE DAAS (TS LUEIL, AT LEIL, NZ
(IFN)EGAIC RN, HEBHITH D genotype 1 8 - Z )L A HHE

® TSPV WHFHEGEICBWV T, FICKE - E
yxfu&i‘)bfﬁﬁﬁ%ﬁ{& Peg-IFN/UNEY > EfEED DR S

FTﬁED‘WJ!«JEL\Uaﬁ DAAs DA JLANE
FHHEN I DEFIARE 30~60%IZETH 5.

FSTUEN, IXTUE I, NZFUE)

TLEIVHRA I —Dx0Y
MICHBNTHEVEED

SRS - HMGEDEIHEISERNRETHS.
TNTWLa.
SERICFHET D,

DIz N IEANIEA 72097 HCV
Ty T =R TH L, HCV JE i dr 1T

HAH NS3AA 1L 7oy 7 —H LT, R
S/ HCV I il de 1o e YLz Ui 2. L7z
HCV 777 =B ka4 52

e A S E AT ER e B,
LS o AN

HiaTC,
L2k oL AL Gl 4
HCV Va7 — vl

B

i

BN 735 — 29, KE2 BT BILA,
1 oWk, &5 1S a5 7 — BB AR s SIS,

SIMED L LR O 57 TR LD 55 7 L L
WCREN L7V —TTCdh b, bHr— ML, 51
VBEDRREE (macrocyclic) #7214 45 Il A6
ATLUI, INZT LA FES LA 2 (L
T 7 — LRI Ch D

AN TH, 2011 XY 7T 7L EVE Peg-
[FN/RBV @ 3 B H 2 (WL b, 7771 3

A BT SRS AUES D TR 07270,
s e wil e e & oL iE 7. LT 2013 41
12 HEDHESL BT € AT o AT L
WAVKESAL, Peg-IFN RBV & 3 Al HI#géid:

G TS - Db BBY A RE IR B SEEHLEE RO = 060-8638  FLRMILESI: 15 i 7

0025-7699/15/ ¥ 800/ i L/ JCOPY

medicina Vol.52 No.2 2015-2 305
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306

(LLF, A7V 3 B 2SBdh s /e,
522014 4F 9 FICIE N T L UL DS GEE A,
[i4E 11 H& D Peg-IFN/RBV & o 3 7 B JH 2
(LIF, =7V 3 B 23l 3T
Wb,

AT, CHRITFRISHT 5777 LEN, V2

TLEW, NZTLEWPEH Peg-IFN/RBV fi#
LD T 5.

FITLEN
3 AIDF A

AIFIZ BT 2011 FFE LDk E M CH D geno-
type 1 B - &7 ANV ARAEBNIRLC, 771K
b 3 FIBE FEEEAS R I BN fgd 7 o 7
IR BT B8 MAHFER T IFN W) [alfz 56012

AP ASVR #HIX 73%E, avha— v #ETH A
Peg-IFN/RBV 48 s $%5-HE X045 BIE Wik
WHA D7V F e WTEEEE RGBT
SQ%t;JV‘SVR-,«LE{WJK A% — T, WG
R BNZBNTUE 34% & T3 T Cld e r o 72,

RITEFNCBIL CTid, BERBE TR R o7
WRRER ARSI 797 L 3 FIE
PR KA RRIE L, AR, A,
oLy = B GRS

‘:

ER R IECTd 4.
PRI B R RE IR R B 2 BIE I C, 85% D i
[ZISBIL, FAEL X Peg-IFN/RBV #f HH# LY
4,5 <, Stevens—Johnson #iE 5 i (SJS) < 3 #1l14:
38 Tl i o 55 T (drug induced hypersensitivity
syndrome : DIHS), BXOREBEERAPES 2 BIAT
Brzpd, MEBZRBLENY 1.5% (4 61/267 ) (B
L7 %@f:é@ 777N 3B BEEEEAT)
PR R M E oD, R RS
alZ»%ré’C“o*o"), Y/ c@EéiﬂﬂL%:}"‘?ﬂU@L%ﬁV/ﬁ;@E
PEEEZEZ LT

F I CHF B L OB G % 12 & A NORTE
STUDY GROUPIZBWT, 777 LN 3H|

medicina Vol.52 No.2 2015-2

B EAT 2 7N BT B EZE O FEBIZD W T
INAA T =N — DR ZT, 7 F7ZaT742 212
FHLZ 7922942208 FFa2IhF5—
(natural killer : NK) #5549 Ty o8
Bk (cytotoxic T lymphocyte : CTL) 7 & {8 7 11
RN B4 15 kDa D& H'E T, SJS @
FHRETZM G 54 2 e STz b
WHNOBE T, M7 I =294 AMllidT5
TVEWZEDLEE O T SEFEEAHB L TR R 5
L. &HFERERD grade 3 DBV
TEALTAHHIS, $ TRy =294 ol
AL TWBIEMNMERTE, FMETFLRDH S
g 2 i 2.

F72, WIREROMAIZT, 65 L LOwEf#E I
BOWTETI7TLENVOFRL BAMRT HZE12L
DEIER R CE AW REMEATRIBE N TEY, &
BBV TS T 5 _ETh 4.

DAAs I OBMIE M E LT, BRIk 1)V A
DIMBIAZET NS, 77T VEI 12 # (V36,
T54, R155, A156, V17T0)% b2 1)LV AL, &
AT P10 80~90% FR I B4 2 = & A
HIN D, ZOP 7/ BBIL /277 7 L Vi
PED AV ANERER I 29 A9 B Sl ST
BN, RIGIROBEDRZEI DN UL S ERON L)

HTh5,

JATVEN
3 AF H Rk

7T VEMIHNT, 2013 4F 12 XDk Fic
BT T AT L ENDPSARIE THRFEEN PEG-
IFN/RBV &0 3 #l i I R B IG S Lz o 4
TLE I EEY T REA T L CBY, 1H 1 [
DFE G- TR RSB, SR AT 5
TLENERIEL CHFHEERIE AL,
FARL R 5T D,

RIBZ BT S IFN PIAREIE G352 27
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LV Bl J95¢ #2:0) CONCERTO-1 bl Tt SVR
07 80% & 5 VA A TR, I I O Peg-
[N RBVAS i § - L0 AT S o7 F7e,
LN 30 7 356 PR R B o TR TR S L7z
CONCERT-3 ikl Zd5u T, SVR24 14 90% (44

749 B & oAl e 2 [N i

)i,

WEMER Pl BV CA b AL/ CONCERT-2 ikl ¢
(L SVR A% 36~51%Cdh- /.

AT L T, BRI A TSR LS 50T
ko> PEG-IFN/RBV fl Sk JHM" JETHY,
WG RE AL 2 AT L VAR

et I, FO T 2 AR — 7 — R s KA & ML
DILD, ALT EREED Al b

AT, 40.7% DHEBNZ BV CREOH L

YAT VAR S DI VEY AV AL, 77

TLENEDOHE O D 720, 36 4 54 fr

170 o7 3 /A8 B L Tl &S 23 dy b,
L 165 #1656 7 I /AR T i"’,'é’l

ifPEA 7R3, Se12, 80, 168 W7 I/ AL it
I AT LU LT ORIED S S, 7571
OV &SRS, AN BT 90% P
‘C"i'*J“l"l*’J»f}l/ZJﬁ‘«I"ﬂ?H ThY, ZOIFEAED
168 DA WAATL T/,

RETLEL
3 FlPF IR

5 2 T T — B

AT VAT
LT, NV 2014 4F 11 Figgsesiu/e

[EI A 55 TAH BRBRCLE, WA HER) 196 AL x‘JL C,
TV 12 Y& Peg-IFN/RBV 24 4%
1 (98 1) A%, Peg-IFN/RBV 48 # ¢ 4- (98 #1)
PR lEEEE L Cirb L N2 T LEVED

SVR24 14 83.7% (82 (/98 7)) &, =1 hra— L&
7 55.1% (34 (0,798 1) & YU LAy LS o e
bl

IFN f i MO0 B C o Tk, IFN
FHE L 7T b — A ZSOMG S AL,
SVR245792% (23 1/ 25 1) & FLIF il YTy o7,
Fz MG S Bl s =T L L B
OFJRIRE T 24 A3 42 BHRILCFibdL7z. SVR24
W, T 61.9% (26 B1/42 1), 1 i 9 partial
76.9% (10 G1/13440), i i 9
null responder 12 45 W C 1L 55.2% (16 #1719 1)
Tz,

responder € i,

Ebylc

DAAs §EHA % — 7 T fEER 172 125D,
G VR 0 genotypel BHAEBILZ B WTL, wiv

SVR A&l H 2L TELI o7z L
LZAve, i PEry A b A0 i e e gl 5 75 & oo [
WL AR A BUEE, IFN 71)—0) DAAs2
FNZEDE RO RAT I HEE 2 > Cnd, &L,
TPy A N A2 &b LTI oA R %
SEDSROLLS.

3k

1) Kumada I, et al: Telaprevir with peginterferon and
ribavirin for treatment-naive patients chronically in-
fected with HCV of genotype 1 in Japan. ] Hepatol
56:78-84, 2012

2) Suda G, et al: Serum granulysin levels as a predictor
of serious telaprevir-induced dermatological reac-
tions. Hepatol Res. 2014 (in press)

3) Hayashi N, et al:simeprevir with peginterferon/rib-
avirin for treatment-naive hepatitis C genotype 1
patients in Japan : CONCERTO-1, a phase III trial. ]
Hepatol 61:219-227, 2014

medicina Vol.52 No.2 2015-2

- 692 -

307



© Springer Science+Business Media New York 2015

Abdom Imaging (2015)
DOI: 10.1007/s00261-015-0352-9

Intratumoral artery on contrast-enhanced
computed tomography imaging: differentiating
intrahepatic cholangiocarcinoma from poorly
differentiated hepatocellular carcinoma

Seiji Tsunematsu,' Makoto Chuma,® Toshiya Kamiyama,? Noriyuki Miyamoto,®
Satoshi Yabusaki,® Kanako Hatanaka,* Tomoko Mitsuhashi,* Hirofumi Kamachi,?
Hideki Yokoo,? Tatsuhiko Kakisaka,? Yousuke Tsuruga,? Tatsuya Orimo,?

Kenji Wakayama,? Jun lto,’ Fumiyuki Sato," Katsumi Terashita,’ Masato Nakai,’
Yoko Tsukuda,! Takuya Sho," Goki Suda,’ Kenichi Morikawa,! Mitsuteru Natsuizaka,'
Mitsuru Nakanishi,! Koji Ogawa,’ Akinobu Taketomi,? Yoshihiro Matsuno,*

Naoya Sakamoto’

'Department of Gastroenterology and Hepatology, Graduate School of Medicine, Hokkaido University, 15 Kita, 7 Nishi, Kita-ku,

Sapporo 060-8638, Japan

?Department of Gastroenterological Surgery, Graduate School of Medicine, Hokkaido University, Sapporo, Japan
*Department of Diagnostic and Interventional Radiology, Graduate School of Medicine, Hokkaido University, Sapporo, Japan
“Department of Surgical Pathology, Hokkaido University Hospital, Sapporo, Japan

Gastroenterological Center, Yokohama City University Medical Center, Yokohama, Kanagawa, Japan

Abstract

Aim: Differentiating intrahepatic cholangiocarcinoma
(ICC) from poorly differentiated hepatocellular carci-
noma (p-HCC) is often difficult, but it is important for
providing appropriate treatments. The purpose of this
study was to examine the features differentiating ICC
from p-HCC on contrast-enhanced dynamic-computed
tomography (CT).

Methods: This study examined 42 patients with patho-
logically confirmed ICC (n = 19) or p-HCC (n = 23)
for which contrast-enhanced dynamic CT data were
available. CT images were analyzed for enhancement
patterns during the arterial phase, washout pattern,
delayed enhancement, satellite nodules, capsular retrac-
tion, lesion shape, and presence of an intratumoral
hepatic artery, intratumoral hepatic vein, intratumoral
portal vein, and bile duct dilation around the tumor,
portal vein tumor thrombus, lobar atrophy, or lymphad-
enopathy.
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Published online: 13 January 2015

Results: Univariate analysis revealed the presence of rim
enhancement (p = 0.037), lobulated shape (p = 0.004),
intratumoral artery (p < 0.001), and bile duct dilation
(p = 0.006) as parameters significantly favoring ICC,
while a washout pattern significantly favored p-HCC
(r < 0.001). Multivariate analysis revealed intratumoral
artery as a significant, independent variable predictive of
ICC (p = 0.037), and 15 ICCs (78.9%) showed this
feature. Washout pattern was a significant, independent
variable favoring p-HCC (p = 0.049), with 15 p-HCCs
(65.2%) showing this feature.

Conclusion: The presence of an intratumoral artery in the
arterial phase on contrast-enhanced dynamic CT was a
predictable finding for ICC, and the presence of a
washout pattern was a predictable finding for p-HCC,
differentiating between ICC and p-HCC.

Key words: Intrahepatic cholangiocarcinoma—
Intratumoral artery—Poorly differentiated
hepatocellular carcinoma—Contrast-enhanced
CT—Differential diagnosis
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Intrahepatic cholangiocarcinoma (ICC) is the second
most common primary liver malignancy after hepato-
cellular carcinoma (HCC) and originates from the epi-
thelial lining of the intrahepatic bile duct [1]. Several
studies have shown that the incidences of ICC and HCC
have been increasing [2—4]. Contrast-enhanced dynamic-
computed tomography (CT) has a primary role to play in
the differential diagnosis of focal liver lesions, including
HCC and ICC. Bile duct dilatation and rim-like contrast
enhancement are frequently seen on contrast-enhanced
CT of ICC [5]. Classic advanced HCC appears as a
round tumor showing intense hyperenhancement in the
arterial phase, followed by washout during dynamic
imaging [6]. Knowledge of the typical imaging features of
ICC and HCC would facilitate accurate diagnosis in
most cases.

However, advanced HCCs such as poorly differenti-
ated HCC (p-HCC) might not be as hypervascular as
classic HCC, which might cause difficulty in differentia-
tion from ICC. Differentiating ICC from p-HCC can
reduce the risk of inappropriate treatments for ICC, such
as transarterial chemoembolization aimed at HCC. ICC
is usually fatal because of the lack of effective non-sur-
gical therapeutic modalities, so correct diagnosis of ICC
based on radiological findings may have prognostic sig-
nificance, particularly in determining treatment methods
[7]. Furthermore, definitive diagnosis of ICC will help
oncologists to consider adequate treatments, such as
complete resection including lymph node dissection.

Although some reports have described the radiologi-
cal characteristics of ICC and HCC [3, 6, 8, 9], no reports
appear to have described imaging findings for patho-
logically confirmed ICC and p-HCC. On contrast-en-
hanced CT, intratumoral arteries were often seen in ICC.
However, there have been no previous reports that in-
tratumoral arteries on CT distinguish ICC from HCC.

The purpose of this study was to assess the CT fea-
tures and enhancement patterns differentiating ICC from
p-HCC; furthermore, we evaluated whether the presence
of an intratumoral artery could be an independent pre-
dictor for differentiating ICC from p-HCC.

Methods
Patients

This study was approved by the ethics committees of
Hokkaido University Hospital. All study protocols were
approved by the institutional review board and per-
formed in compliance with the Declaration of Helsinki.

We retrospectively searched the surgical treatment
database at our hospital from July 2003 to December
2012, using the search terms “‘poorly differentiated
HCC” and “ICC.” Forty-two patients with histopa-
thological confirmation of either ICC (n = 19) or
p-HCC (n = 23) who had undergone contrast-enhanced
CT in our institution were included in this study. The

S. Tsunematsu et al.: CT features of ICC and p-HCC

final diagnosis of all tumors was confirmed by histopa-
thological examination of surgical specimens. Histologi-
cal diagnosis was made according to World Health
Organization criteria [10, 11]. Combined-type liver can-
cers were excluded to more clearly investigate differential
points of CT imaging between poorly differentiated HCC
and ICC. Patient demographics and tumor characteris-
tics are summarized in Table 1.

The 19 patients with ICC included 13 men and 6
women (age range 48-79 years), while the 23 patients
with p-HCC included 19 men and 4 women (age range
37-79 years). Serum levels of hepatitis B surface antigen
and hepatitis C antibody, alpha-fetoprotein (AFP),
protein induced by vitamin K absence or antagonist-II
(PIVKA-II), carcinoembryonic antigen (CEA), and car-
bohydrate antigen 19-9 (CA19-9) were examined preop-
eratively in all patients.

Image analysis

CT images were obtained by using Aquilion 64 (n = 16,
Toshiba Medical Systems, Tochigi, Japan), Aquilion
4-slice CT (n = 12, Toshiba Medical Systems, Tochigi,
Japan), light Speed VCT (n = 6, GE, Waukesha, WI,
USA), Somatom Volume Zoom (n = 4, Siemens Medi-
cal Solutions, Erlangen, Germany), and Somatom Sen-
sation 64 (n = 4, Siemens AG Medical Solutions,
Erlangen, Germany).

Unenhanced and 3-phase contrast-enhanced helical
CT images were obtained. An automatic bolus-tracking
program (Real Prep; Toshiba Medical Systems) was used
to time the start of scanning for each phase after contrast
material injection. Monitoring was performed at the level
of the L1 vertebral body, with the region of interest
cursor (0.8-2.0 cm?) placed in the abdominal aorta.
Real-time serial monitoring studies began 10 s after the
start of contrast injection. The trigger threshold level was
set at 200 Hounsfield units. Arterial phase and portal
venous phase scanning started at 20 and 40 s after trig-
gering, respectively. Delayed phase scanning started
180 s after the contrast injection. Contrast material
(mean, 450 mg of iodine per kilogram body weight) was
delivered over a period of 30 s.

Two radiologists (N.M. and S.Y. with 18 and 8 years
of post-training experience in interpreting body CT
images, respectively) who had no knowledge of clinical
patient information performed all measurements by
using a commercially available Digital Imaging and
Communications in Medical viewer (VOX BASE; J-
MAC, Sapporo, Japan).

The following CT features were evaluated: (1) lesion
size; (2) satellite nodules (Fig. 1A); (3) capsular retrac-
tion (Fig. 1B); (4) lobulated shape of lesion (Fig. 1C); (5)
rim enhancement during arterial phases (Fig. 1C); (6)
intrahepatic bile duct dilation around the tumor
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