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Abstract

Background: The efficacy of oral anti-viral therapy for chronic hepatitis B
(CHB) is still not satisfactory till now. Short term therapy might lead to the
flares of hepatitis after the cessation of therapy, whereas long-term therapy was
often associated with the emergence of drug-resistant mutants It is crucial to
tailor the treatment strategy according to the clinical manifestations, virological
effect, baseline and on-treatment response as well as cost-effectiveness.
Methods: To evaluate the factors to be associated with therapy efficacy,
virological breakthrough as well as the emergence of drug-resistant hepatitis for
CHB patients with oral antiviral therapies.

Results: This study has enrolled 1123 CHB patients receiving lamivudine
therapy, including 618 patients with positive HBeAg and the remaining 505
patients with negative HBeAg. We have analyzed the therapy efficacy of the 353
patients with complete demographic, virological, and biochemical data. It
showed that 42.4% of the patients with baseline serum HBVDNA < 10°
copies/mL, ALT levels > 200 1U/L, and serum HBVDNA < 10* copies/mL at 6
months of therapy had lower incidence of developing biochemical breakthrough
and drug resistant mutants. They may be the better responder of lamivudine
therapy. They have significantly lower incidence of clinical and genotypic
resistance following the treatment. Besides, for patients with baseline HBVDNA
level more than 10° copies/mL or serum HBVDNA> 10 copies/mL at 6 months
of therapy had higher incidence of developing hepatitis relapse after the
cessation of therapy in comparison to their counterparts. We have analyzed 170
patients with biochemical breakthrough (ALT> 40 IU/mL) during lamivudine
therapy and cloned 516 viral variants. There were 119 patient with genotype B
and 51 with genotype C. We have analyzed 347 patients by INNO-LiPA. 134
patients were found to have several mutation patterns, especially in rt204.

INNO-LIiPA is more sensitive than the Sanger sequencing method. 13 patients



had drug-resistant mutants detected by INNO-LiPA when the Sanger sequencing
method was unable to detect those mutants. INNO-LiPA detected drug-resistant

mutants 0.97 to 7.5 months earlier than the Sanger sequencing method (3.37 +

2.520 mo). 51% of patients had mutants detected by INNO-LIiPA at the time of
receiving re-treatment of antiviral therapy. These mutants can be detected in the
early stage of antiviral treatment. Higher pre-treatment ALT and lower ALT level
at 6 months of therapy were associated with undetectable mutants at the time of
re-treatment. Failure to detect mutant by INNO-LiPA at 6 months of therapy was
associated with better virological response in the follow-up antiviral therapy of
adefovir. Variants potentially resistant to other anti-viral drugs were disclosed
such as rtA194T/rtV214A. .

Conclusion: For patients receiving lamivudine therapy for CHB, baseline serum
HBVDNA < 10° copies/mL, ALT levels > 200 IU/L, and serum HBVDNA < 10°
copies/s/mL at 6 months of therapy had lower incidence of developing
biochemical breakthrough and genotypic resistance. Lamivudine adding
adefovir is better than switching to adefovir in treating lamivudine-resistance.
They may be the better responders of lamivudine therapy. INNO-LIiPA is more
sensitive than the Sanger sequencing method does, and may detect drug-resistant
mutants earlier. High percentage of patients had mutants detected by INNO-
LiPA at the time of receiving re-treatment. Failure to detect mutant by INNO-
LiPA at 6 months of therapy was associated with better virological response in
the follow-up therapy of adefovir.

Suggestion: Baseline HBV DNA, serum ALT level and HBVDNA level at 6
months of lamivudine therapy could predict the emergence of drug-resistant
hepatitis flares during therapy, as well as reactivation of virus and hepatitis
flares after the cessation of therapy. Lamivudine adding adefovir is better than
switching to adefovir in treating lamivudine-resistance. A more sensitive

mutational analysis method such as INNO-LIiPA provides better understandings



to guide the therapy during treatment or at re-treatment.

Keywords: hepatitis B, drug resistance, lamivudine
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B BELRAF S 2B REAF 4 5 4 w2 Fisher’s exact
test ~ chi-square test ~ 2« §_Wilcoxon rank-sum test +* # o B2 58404 2 do
- RN EN-T RN EE MR

(3) i Ak # (baseline) 2 jnf t6F = B 7 2 5 Fyp4 £ 0 14t 4 area under
the curve from corresponding receiver operating curves (AUROC)z. = ;% »

P& Do R F tE 2 AL F b f (super responder) & Hjf R 2 7
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F & (non-responder) 2 & & 3E ip] F]+ o
(4) 1 o o7 S B 4 R 2 (B R AA 2 5 INNO-LIPA 32)» v
Fisher’s exact test & chi-square test +t i H A7 44 ~ £ R 4 ~ BB {70 R
TGRS R RS e
v Kaplan-Meyer = ;% ~ Log-rank test 12 2 Cox regression test & iz 3+ % vv $&

PR s RvE L ARE 2 g T g TS o
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LA AR 1123 R BAPFU AR FY R T LK
®oefih L 618 o e LR ELE D05 1 g R & AR ARE
381 i+ EiEpAELE RIS ‘#’hin/p)%—*‘ 274 i+ > ¥ ¢ 468 > p ‘m‘
FroBwe G 3Bk EX RS FREERSRRASAT -

B A gAY 0 F B3R F AT BAM I L ¥ & W IREER
PLREA® O HG AT e % g (Biochemical breakthrough, ALT > 80
UIL) » il 4 (07 0 A 4 B 1 A5 TRAGE LR T % i 2
AL F *z]ﬁsl&é‘tm&ﬁ = £ (23.8+21.0movs. 21.3 + 16.6 mo, P=
0.005)

BiRFEHERY § 121 = A 2R R % (ALT > 80 IU/mL) ;
AN éﬁz P PR T F Ry 2 ARPL T % ’? % 72(19. 1+ 18.0 mo vs.
32.6 + 21.6 mo, P=0.008) -

LM F s EFURBEIEZ 650 R H P 0 G 124 B in 5= A
A ERRFAZF R EAPM FF 2 A4 E - 0 FRISRHE T &
albumin, bilirubin, ALT, AST, HBV DNA & 1 % ;5% & % 3 B ? ch HBV
DNA B Z B EEHEFRJ L2 & FF > ePu@ L hthFr b
E

C BT A A R R T AR B BT A AT AR IR T
HBV DNA & & B FAn B2 > fe &i5 @ % 6 B 7 pFu i HBV DNA
» 10% copies/mL ¥ #-% 3 4 4 1 E RALI % K #o] ¥ & F 20 10°
copies/mL ﬁ %= B (P=0.001) - (4r®l =)

. F & Riad 0 s F HBV DNA < 10° copies/mL ~ ALT & > 200 IU/L =
Gisf? % 6 7 pra F HBV DNA -+ 10" copies/mL 2 £ % (4 ik 2
WEF 424%) 0 3 F 3 3 BHFLRFL AL > SRELF R
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% (better responder) - (4= =)

7. it 2 & s (better responder) A Kk 3 24 fR b HEE & AL B3| B
(genotypic resistance) ¥ & ¥ i 1< (P & 4 %] 5 0.001 2 2 <0.001) - (4=
2 -BR=z22)-

8. - H AT F X ERLY kY ¥ 6B B i HBVDNA ]3¢
10* IU/mL 2 R dupd inpi@ae? o %2 HBV DNA /| 5 1 ipl
Tt plEGE (P s 0.002) o 4ok s iEF2? HBV DNA | 3t 5% 1
PRI idsdein R P A 2 B RS n A REUR % G (28,7 & 37.3
B2)> THRAFLRGFE(182188B 7 PP EA YL 00312
0.002) -

9. I BELAY o sk T s HBV DNA + »t 10° copies/mL 2 &5
% 6 1 1 i i HBV DNA < » 10° copies/mL & » #% % § B # (44
B F AP EL W E 0.005 2% 0.045) -

1083 e MF LR > PR ERZEF T aicka L Tk ipfi8#
2 FF 4 FF k(HBeAg Seroconversion) 2 +* F i~ X in iy H & i
(57.7%Vs. 79.7%) = e #f i} 4 g 4 & 40| (35.3 fr vs47.2 A,
P<0.001)° iss ® % 6 @ * PFr 7 HBV DNA | 3¢ 10° IU/mL 2 %-}ﬁ ’
AR e A ant kg (50.0% vs 28.7%, P 0.002) -

11475 b P52 17 170 bl % £ =i 58 % s 4 2 0 INNO-LIPA i)
@ b iR ¢ 51%(77 =)egm & F INNO-LIPA 7 18 2 %
ot ST ALT e e 5 6 0 B ALT feisent o - 4
e PEy B ke 5 P 4 $%(510.7 vs 305.7 IU/mL ~ 29.1 vs 37.4
IU/mL, P @& 0.002 £ 0.01) » £ =xipfpe » %22 Rk S ALT 49 $ i

(446.8 vs 306.3, P0.13) » I % e Ll if 4 PERF e (159 B * Vs
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286 " ,P0.09)> 24 efidlicrpr A lg Fi® (164 B vs29 @ P
0.03) -

D21 iRk A 4 B T 0P8 - A7 o Jpfp T HcAR 5 @ o AT AR
Eofh AL RE 5 6B RS RR s pd £ - & INNO-
LIPA 5 *c& 22 T frfmh s B o (£ 2) -

BEZpFEATFPRTDRZRFRESFTER? 5 6B s
BAAmy Y Tt BEPRM I o it £ % & g.e0 INNO-LIPA # 3 >
£ XipfE T RERADEF > wich @AY > INNO-LIPA ¥ ip| ¥ % 3
LRV Z RBHROPBFREFRE (66 B* vs29.9  * , P<0.001) -

M AFPTREAY > TPREGSAZFLZRNAERY - iofh® %687 0
INNO-LIPA 4% ;2 B F R %tk > & % F i a0 175 fe88 02 > Pk
okt pd 22D e R RIT VTR P U2 (18.6 vs 35 B
»,P0.09) iag % 6 B 7 P i HBV DNA /| 10° IU/mL 2 &

C BREFURF o R EARY o pF LRI RSR BRI U F G
Fé‘*é%’p?—?iﬁ—@(l?.l vs 49.7 i 7 ,P0.02)

15.i8 - # A 45+ & i B i 4% (switch) &t 4c + (addon)+ i st in o * K

o BREREE S TR RETALT #éﬁ*rfﬁwi i
DA ek 0BT U T R S AR F R E (11.2vs6.29 B 1 27 331 v
153 % 7 ,P £ 0.03£ 0.002) e i&— # A 45 > i ® % 6 B 7 B o
4 £ ] 10" IU/mL 2 B o i (witch) s K ? - pd
FRP e R T U E P B A F e (26.7vs52.9 PP

0.02) -

16.; 5% @427 » £ A4 ALT>401U/mL & HBe i Bl 2 e B3 B » (%5
E ORI AT o AT A5 170 4§ 5 BE 516 Bop A tRen A T A
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A A5 o HARLTF & A 4p B e rt180/181/204 Fg it g FAEL 8L > 5 96 A
RAFNAERR LA o (Fle) 12 tM204AV+HITLIBOM 4 * % %2
WEEkg o 27 rtM204V+rtL180M 42 i+ > rtM2041 37 = >
rtM2041+rtL180M 15 = -

17.7F 7 PeiZ st 5 %Fu,é?lé‘_}?a i 17 INNO-LIPA epl3& o 257§ P45
tauj:)}*;3+,~ 689 i x 77+ %8 7 INNO-LIPA jJz% - 2 @ » 260 % R 97 2
TR H AR 134 AP R FAILEN )}%4%%’ ort204 A2 4 RF T A
B0 £ 122 4 (91%) -

18477 & 13 bl b)Y AT > Tt i R A TR 217 50 2 A
1% 7] > INNO-LIPA ¢ Rl FBM 2 2% 30 o (BT ® 22) FFEF
> INNO-LIPA # Bl ¥ { 5 |8 i 4 /,%ar o P m e %A e
TR TS 0.97 3| 7.5 B 1 pE #’@%'E‘Jﬁi* k(L35 3.37 £ 2.520
mo)

9.2 AL FTHFREEL F X RNREFLRFRZ BAFLpEE P 0 © 530
AR AR ERREL 2 RER o okt BB DT IRILR
# Z i 4 4p B rt80/ 135/ 173/ 180/ 181/ 184/ 194/ 202/ 204/ 214/ 229/
236/ 250 7 fApa 2> 3 106 A 3R il x:%xéz:}}%i R o e
rtA194T/rtV214A % tenofovir # e 2 4p B R % - (B =)

2077 FEHFER - A XN AFRR R BAF LR Y 0L
REFFEG LG RATIRE - AT 10 Rp kY o 5od & g
Fou Vo 4p B oehd @ FUR % R % (vaccine escape mutants) i SR126S -
W 53% A AT HF AT L o AFIRFF 2 PFE Y 2P
KAPBE o (BR1-)
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7w

AT HE T X ek > & 7 HBVDNA < 10° copies/mL ~ ALT &>
200 IU/L & Bis @ % 6 % * ¥ i HBVDNA /] »* 10 copies/mL 2 £ %
(2L K 424%) 0 K7 FE R SREFEFLRF2L AL > LREL
)3 1@ (better responder) » iz i iE K f@;i’ A KB4 Tk e H 5
$71& (genotypic resistance) ‘s &F & i 1€ o (e izt fo i F )1;32 G 5EF 4
i RBLO K 33.4% o Fpt TR AR F GF 0 PR nE RFRL
WHE & s g NERFIRFEARELLHRL > AT L s R

FHehed foens o

AFIT R AT F AR > TRPIEFRI LA RATFR >+ H s AT
BhR 84472 0% 0 4o INNO-LIPA > 27 @3B B2 2% 5 o ks

INNO-LIPA # ip| 7 { 5 il WHB i md bk o L SipF § - Lo ¢ i
Fo g R ERE R R A v A T F B A RS his g b
S wTRIE o FPERN T RFUBF ER o R BT X ok AR
SR E B M A R 2 5 FURAR SR B 0 TR BT
B FPL I E NIRRT REEPRBHRAN 2T HERPES o
P AT R SN e RABIRLE PR ELET XN
RS PEY/ - SEINEY/ S FE JeaE S R Ffﬁ%i/’ VA e f 5 oM
BBl BRSPS R s B RAL s H LY 0 F
e FRAER R R PATEAFAN S R ALK AR R
SURH AT L AEE RS0 - L RSN BAARA A EFER
SR T W g AR E R A RPN B S e ideY i A2
FLEN o FIPE R U T JRFUR S B e R B B AT 0 A TR B
B DG RIEEREFADES > of Y FEETRPTERL e d
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2 HBVDNA > EFlink P g5t FE P FrRBL Lo > > 7 2
Foodop o LR RS
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B BER
BRSO FREE IR G A A AR T
FiieR o LRI SRBEBIRLALZRF BT L EHT -
Al &G aEART o B2 BB R 0 rtM204V4rtL180M & L F
H oo
L PTG 6 R HBVDNA » LG IR Rk £ F 68
ARER RIS BELURAFE R F LRSS LT TR n R
P ZRIpF BRI R RE AR R 2 E R Y ik
. FF a0 i F HBVDNA < 10° copies/mL ~ ALT > 200 IU/L =
&%%ﬂ¥6ﬁgﬁl¢FBW%ML%&W&W%MLi&i’@JE
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FRip R 2 8 B A RE 2 TR b FLE & 2L B3] 3% (genotypic
resistance) ' & ¥ f i o
B e ipp o - A g {1 R DR ERAS AT 2
S EVRIFREL RS R 6 wms ity FRELREL RS RS LR
deie R DS B T RIE o jn R ALT $3f ~inf? % 6 1B 7 ALT &
Mg Y o BRI R T R e L0 ke
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G
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10.

Fih A PR RN T L e M 2 B R %4k o 7 INNO-LIPA &
RIS RIFRE RS o 7S 097 1 7.5 B 7 pIERE MRS K
(3> 3.37 £ 2520 mo) -

ﬁ‘\)—i

BALTZNFAFEREHRLBATFLRAY o F AR F AL
Hiw Pz 28R 4o tAL94T/V214A % tenofovir ¥ 5c 2 4p B
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FEERFL AR EHER

. FF@isp o 5 HBVDNA < 10° copies/mL ~ ALT > 200 IU/L ®
Gisf? % 6 " pFi F HBVDNA /|2t 10° copies/mL 2. &% - #.7 %
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% - ~ T TR % (direct sequencing) (v B & fs4ar Ji® * 2513 B 7

PCR primer sequence(5'to 3') nt. no. at
name HBV
genome
HBMF2 GTC,TAGACT,CGT,GGT,GGA,CTT,CTC,TC  246-271
B840R ACC,CCATCTTTT,TGT,TTT,GTT,AGG 861-838
B377F GGA,TGT,GTC, TGC,GGC,GTT,T 375-393
B840R ACC,CCATCTTTTTGT,TTT,GTT,AGG 861-838
Direct
sequencing
primer name
B840R ACC,CCATCT,TTT,TGT,TTT,GTT,AGG 861-838
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Table 1. Demographic data according to clinical resistance

All patients Resistance No resistance p*a
(n=268)a (n=159)@ (n=109)2
Patient demographics? ] ] ] @
Age (years) (mean, 25 and 75 percentiles)a 42.4 (31.4-50.3) 42.0(32.9-48.9)a  42.8 (29.8-52.5)@ 0.66
Sex (M:F)& 203:64@ 120:392 83:260 1
HBeAg (positive:negative) 139:129 89:70 50:59 0.11
Genotype (A:B:C) 1:142:83 1:87:55 0:55:28 0.67
Total number of treatment (mean) 1.64 1.76 1.47 0.009
Total duration of treatment (weeks) 250.1 (89.1-367.7) 298.3 (156.1-397.1) 179.9 (67.0-275.7) <0.0001
BaselineX
Total bilirubin (mg/dL) 2.8;0.8-1.8 2.52;0.6-1.6 3.3;0.8-2.0 0.35
ALT (U/L)2 440.3; 154-548 398;134.5-533.2  502.5; 198-582 0.09
AST (U/L) 265.4; 83.8-302.2 244.5; 74.5-285 296.1; 95-312.5 0.22
Viral load (1U/ml)@ 7.8x107; 8.7x107; 6.5x107; 0.25
2.7x10°-1.1x10° 5.3x10%-1.1x10°  1.1x10°-9.1x10’
6-month of 1% course of treatment ] ]
Total bilirubin (mg/dL)& 0.9;0.6-1.1 0.9; 0.6-1.0 1.0;0.6-1.3 0.08
ALT (U/L)& 41.0; 21-40 49.8; 23-45.3 28.7; 18-35 0.02
AST (U/L) 30.2; 21-33 32.5; 22-36.8 26.9; 19-31 0.03
Viral load (1U/ml)@ 1.6x10% 34-1.1x10%  2.6x10%; 44-8.3x10°@5.3x10*; 16-3160 0.07
INNOLIPA (LAM wildtype:resistance) 140:33 77:25 63:8 0.03
End of 1* course of treatment B
Total bilirubin (mg/dL)2 0.8;0.5-1.1 0.8;0.5-1.1 0.9;05-1.1 0.59
ALT (U/L) 37.9; 19-35 49.2; 21.8-435.5 25.8;17-31 0.04
AST (U/L) 28.3; 19-29 32.4;21-31 23.8;19-28 0.02
Viral load (1U/ml) 3.5x10°% ND-1.4x10°2 5.6x10°% 1.3x10% ND-188a 0.25

ND-8.7x10°@

Note. Data presented are means, 25 and 75 percentiles.

ND, undetectable. LAM, lamivudine.

* p value: comparison between patients with presence of resistance defined by either biochemical or virological

breakthrough, switch or add on an antiviral drug for rescue.
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HEREREHR

K o4 $7- HBeAg loss at 3 months
" HBeAg at 3 months of LAM therapy: 124/650 (19.1%)

Sex (M/F) (%) 312/138 71/29 0.836
(69.3%/30.7%) (71%/29%)
Age (yr), mean + SD 35.9+11.4 33.2+8.9 0.132

3 Months HBVDNA < 104 copies/ml 61 (49.2%) 20(69.0%) 0.086

BTG ILER K

Nt P Wy
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The correlation of serum HBVDNA levels at the 6 months of
lamivudine therapy and the emergence of biochemical breakthrough

One Minus Survival Functions

DNAGe4
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HBVDNA < 10000 copies/mlL. (241

Years 3 4
HBVDNAK< 104 copies/ml 24.3% 39.6% 39.6%
HBVDNA> 104 copies/ml 46.6% 49.9% 49.9%
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One Minus Survival Functions

ALT0200DNAOe9DNA(]

(2) Other patients (170 A) e
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(1) Baseline ALT> 200 IU/L, DNA < 10? copies/ml,
6 month DNA< 10000 copies/mL (125 \), 42.4%

T T
100 125

Years 2 4
1 (better responder) 8.3% 15.7% 34.3%
2 24.0% 39.4% 46.7%
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rtM204V+rtL180M @ rtM204V
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Variants potentially resistant to other drugs

. Total, N =170 Patient(s) with genotype
Mutation ,(%) B, N =119 (%) C, N =51 (%) p
Adefovir
rtA181T 2(2.1) 0(0) 2(6.9) 0.09
MA181V 4(4.2) 2(3.0) 2(6.9) 0.58
N236T 7 (4.1) 6 (5.0) 1(2.0) 0.45
RL8OI/V + rtM2041 11 (6.5) 7(5.9) 4(7.8) 0.74
MV84M/rS85A 0(0) 0(0) 0(0) 1.00
Entecavir
1697 0(0) 0 (0) 0 (0) 1.00
rtT184A 2(1.2) 2(1.7) 0(0) 0.58
nT184L 1(0.6) 0(0) 1(2.0) 0.30
rtS2021 0(0) 0(0) 0 (0) 1.00
rtM250V 2(1.2) 2(1.7) 0 (0) 0.58
Tenofovir
nA194T 5(2.9) 5(4.2) 0(0) 0.32
T 0(0) 0 (0) 0(0) 1.00
rV214A 3(1.8) 0 (0) 3(5.9) 0.03
nQ215S 0(0) 0(0) 0(0) 1.00

45



Bl= ~ FEAsRhsAM i RRL R R

S gene escape mutants

Patient(s) with genotype
C, N =51 (%)

Mutation ot

N =170 (%)

Vaccine escape mutants
sT126S 9 (5.3)
sT131N 2(1.2)
sM133L 5 (2.9)
sK141E 2(1.2)
sD144E 0(0)
sG145R 6 (3.5)

Any 24 (14.1%)
Diagnostic escape mutants
sP120T/A/Q 1 (0.6)

sT131K 0(0)
sD144A 3(1.8)
sG145R 6 (3.5)

Any 10 (5.7%)

B, N =119 (%)

7 (5.9)
1(0.8)
5 (4.2)
1(0.8)
0 (0)
5 (4.2)

19 (16.0%)

1(0.8)
0(0)
2(1.7)
5 (4.2)

8 (6.4%)
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2(3.9)
1(2.0)
0 (0)
1(2.0)
0 (0)
1(2.0)

5(19.8%)

0(0)
0(0)
1(2.0)
1(2.0)

2 (3.9%)




