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[Abstract] Objective To analyze the detection characteristics of entecavir (ETV) genotypic resistance mutations in patients

(EETH] ERAREERE(82470632); F5E AL T (2023YFC2306800)
MEE®IA] M, WLrged:, TZAF HBVEYAR TR 7 T A RERS ARG RUFE
[EfE1EE] XIWF, E-mail: liuyan5360@163.com; 414¢, E-mail: jidg302@126.com



R A 4R 20264E2 28 0 His1d: ol

with chronic hepatitis B virus (HBV) infection from 2019 to 2024, aiming to elucidate the evolving patterns of ETV resistance and
provide a basis for rational clinical antiviral therapy. Methods A total of 4697 chronic HBV-infected patients who underwent HBV
resistance mutation testing and received nucleos(t)ide analogs (NAs) treatment at the Fifth Medical Center of Chinese PLA General
Hospital between July 2019 and July 2024 were included in this retrospective study. Based on the detection of ETV resistance
mutations, patients were divided into ETV-resistance mutation group (n=547) and non-ETV resistance mutation group (n=4150).
Viral genomes were extracted from serum, and the HBV reverse transcriptase (RT) gene region was amplified using single-tube nested
PCR, followed by Sanger sequencing to analyze NAs resistance-associated mutations. Clinical data were analyzed using logistic
regression to identify risk factors for ETV resistance. Results ETV resistance mutations were detected in 547 (11.6%) of the 4697
patients. These mutations were predominantly found in patients with prior NAs therapy, mainly those receiving lamivudine (LAM)-
to-ETV sequential therapy (66.5%) or LAM-to-adefovir (ADV)-to-ETV therapy (20.0%). Among the 59 detected ETV resistance
mutation patterns, mutations involving the rt§202 site were the most common (302 cases, 55.2%), followed by those involving the
rtT184 site (233 cases, 42.6%), and the rtM250 site (71 cases, 13.0%). Compared with non-ETV resistance mutation group, ETV-
resistance mutation group had a significantly higher proportion of males, older age, elevated alanine aminotransferase (ALT) levels,
higher HBV DNA loads, higher HBeAg positivity rate, higher prevalence of HBV genotype C, cirrhosis, and a history of LAM therapy
(P<0.05). Multivariable analysis identified age >45 years, HBeAg positivity, HBV DNA >3.0 log,, IU/ml, HBV genotype C, cirrhosis,
and prior LAM therapy as independent risk factors for ETV resistance. Among the 184 patients who received tenofovir disoproxil
fumarate (TDF)/tenofovir alafenamide (TAF) -based rescue therapy and were followed up, 148 (80.4%) achieved virological
response at week 48. Notably, two patients receiving a TAF+pegylated interferon o (PEG IFN-a) regimen achieved HBeAg
seroconversion. Conclusions  As a first-line potent oral nucleoside antiviral drug recommended by current guidelines, the clinical
resistance pattern of ETV is evolving, with the rtS202G+rtL180M+rtM204V mutation combination becoming predominant. Older
age, HBeAg positivity, high HBV DNA load, HBV genotype C, cirrhosis, and prior LAM therapy are key risk factors. For ETV-
resistant patients, rescue therapy based on TDF/TAF in combination with PEG IFN-a may be an effective strategy to achieve a
functional cure.
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rtN236., rtM250 45 NAs ffif 24 A GV 45 iy 28 AR 0]
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Tab.1 Comparison of clinical data between ETV-resistant and non-ETV-resistant mutation groups

=] At (n=4697) ETVIHZi R (n=547)  JCETV RAEY (n=4150) Itz P
B[ (%)) 3581(76.2) 437(79.9) 3144(75.8) 4328 0.037
AERE (%, xts) 47.1+12.6 51.3£10.9 46.5+12.6 9.458 <0.001

178.0(111.0, 231.0)
32.0(21.0, 58.0)
31.0(23.0, 56.0)

PLT[x10°/L, M(Q,, Q,)]
ALT[U/L, M(Q, Q,)]
AST[U/L,M(Q,, Q,)]

173.0(113.50, 221.0)
38.0(22.5, 66.5)
33.0(24.0, 56.5)

179.0(110.0, 232.0)
31.0(21.0, 56.0) 2.863 0.004
31.0(23.0, 56.0) 0.529 0.597

-1.582 0.114

TBIL[pmol/L, M(Q,, Q,)] 15.1(11.0,23.4) 15.1(11.5,21.3) 15.10(11.0,23.7) -0.042 0.967
HBsAg FH T [1](%)] 4680(99.6) 547(100) 4133(99.6) 0.001 0.975
HBeAg FHYE[171(%)] 2028(60.2) 281(75.7) 1747(58.3) 41322 <0.001
HBV DNA[log,, IU/ml, M(Q,, Q,)] 2.9(2.1,4.2) 4.8(3.3,6.6) 2.7(2.0,3.9) 19202  <0.001
HBV S A [ (%)] 7.961 0.019

B 909(19.3) 88(16.1) 821(19.8)

C 3615(77.0) 446(81.5) 3169(76.4)

D 173(3.7) 13(2.4) 160(3.8)
FFREAL (5] (%)] 386(8.2) 149(27.2) 237(5.7) 217.03 <0.001
BEAE LAMIRYT 52 [441(%)] 3648(77.7) 473(86.5) 3175(76.5) 27.62 <0.001

ETV. BAEFRS; PLT. /M ALT. RS ; AST. A% % ; TBIL. MHZIER; HBsAg JTUHRFMPUE; HBeAg LT R e
PR LAM. B RE
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Tab.2  ETV-resistant mutational patterns of RT region and
detection frequencies in 547 HBV-infected patients

ETV-r(f3l) RT [X BTV i 24 28R (1)
115202 (253) 1t$202G+L180M+M204V (233)

rtS202G+L180M+M2041 (7)
1tS202G+A181V+L180M+M204V (7)
t$202G+M2041 (3)
rtS202G+L180M+M2041/V (3)
rtT184L+L180M+M204V (63)
rtT184A+L180M+M204V (60)
rtT1841+M2041 (31)

tT184 (179)

rtT1841/L+L180M+M204V (7)
rtT184S+L180M+M204V (5)
rtT1841+L180M+M204V (3)
rtT184F+L180M+M204V (2)
rtT184G+L180M+M204V (1)
rtT184A/I+L180M+M204V (1)
rtT184F/1/L+L180M+M204V (1)
rtT184L+M204I (1)
rtT1841/L+N236T+L180M+M204V (1)
rtT184F/L/S+L180M+M204V (1)
rtT1841+L180M+M2041/V (1)
rtT1841/L+L180M+M2041/V (1)
tM250 (57) rtM250V+L180M+M204V (30)
rtM250L+M2041 (11)
rtM250L+L180M+M204V (7)
rtM250V+M2041 ()
rtM2501+M2041 (2)
rtM250L+L180M+M204V/I (1)
rtM250V+L180M+M204V/I (1)
tS202+T184 (44) rtS202G+T1841+L180M+M204V (27)
1tS202G+T1841/L/P+L180M+M204V (8)
tS202G+T184A+L180M+M204V (5)
tS202G+T184L+L180M+M204V (3)
tS202G+T184A/I+L180M+M204V (1)
tS202+M250 (4) t$202G+M250V+L180M+M204V (3)
t$202G+M250L+L180M+M204V (1)
rtT184+M250 (9) rtT184A+M250V+L180M+M204V (2)
rtT1841/L+M250V+L180M+M204V (3)
rtT184L+M250V+L180M+M204V (3)
rtT1841+M250L+M2041 (1)
tS202+T184+M250 (1) rtS202G+T1841+M250L+L180M+M204V (1)

HBV. ZHINF 40575 ETV. B, RT. i 51

normal, ULN, P<0.001). HBeAg [H V£ (P<0.001).
HBV DNA>3.0 log,, IU/ml(P<0.001) , HBV 3 X I C #l
(P=0.019). JIT fifi fk (P<0.001) 2 B £ LAM V& J7
(P<0.001) 5 ETV it 245 548 XU B AH OG5 i i /MR
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(P=0.592) . AST>ULN(P=0.904). TBIL>ULN(P=0.762).
HBsAg PH M (P=0.961) 5 ETV Tiif 2 %8 28 XU JC 1 2
S

2 A & logistic [ I 73 #7 .71, AF % =45 %
(P<0.001). HBeAg FH 4 (P<0.001), HBV DNA
>3.0log,, IU/ml(P<0.001) . HBVJE[HH C #I(P=0.041) .
JiF i1k (P<0.001) FIREAE LAM 67 5 (P<0.001) 42 ETV
T 245 5748 (1) FE ZE A f IR 2R (3R 3)
2.5 ETVZyRABE IREIRTT IA5T 18 547 1
ETV i 25 R A5 &, 3L 184 1] (33.6%) 171 5 4 1)
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0B E LA HBV DNA<20 TU/ml) . Hady7 I %8 &
HIHEAR K. (1)73 #l#H TDF+ETVIRYY, 5845k
P48 IR A HE B, 15 1 R RS A0 75 UAE (HBV
DNA 20~2000 IU/ml); (2)64 {545 FH & =5 FR 73 ) 2 A
1845 (TAF)+ETVIRYT , SLISEIN 48 JE R #4456 191,
13 IFF LR BE MLAE 5 (3)41 19 TDF+ETV J5 5294
Fh TAF HL2453R 07 (5 D RB R B S ol i % AH OCAR
KRS ), 33 IS B0 48 JRG AR 2FHEBH, 8 I 4
LEARIRFEINAE ; (4)6 B R TAF+ R " E TR «
(PEG IEN-a) 697 (¥ M4EH: . HBeAg FHIEARE), 4
RSB 48 JEE BEAE A, o 2 5 [W] Bt B HBeAg

WRAOTT MEEUEEE (BEVIL FONRIT IR 48 J, WieE AR (R 4).
F3 BPECRTF R R BTV i 24 5828 i fa o IR R 4 At

Tab.3 Risk factor analysis for ETV-resistant mutations in patients with chronic hepatitis B infection

it BRI EASEw0
OR (95% CI) P OR (95% CI) P

ik 1.271(1.019~1.585) 0.033 1.302(0.974~1.744) 0.077
Filiy=45 % 2.454(2.002~3.009) <0.001 3.098(2.365~4.059) <0.001
PLT<LLN 1.075(0.826~1.398) 0.592
ALT>ULN 1.430(1.178~1.738) <0.001 1.162(0.915~1.476) 0218
AST>ULN 0.988(0.808~1.207) 0.904
TBIL>ULN 0.970(0.797~1.181) 0.762
HBsAg FH - 0.961
HBeAg fH 2.236(1.744~2.866) <0.001 2.297(1.752~3.011) <0.001
HBV DNA>3.0 log, IU/mL 5.590(4.421~7.066) <0.001 4.606(3.445~6.159) <0.001
HBV FE[H # C #l 1.367(1.058~1.765) 0.019 1.298(1.011~1.666) 0.041
JiiRSEa 6.170(4.933~7.718) <0.001 5.201(4.123~6.557) <0.001
REFE LAMIGYT 2 1.690(1.357~2.105) <0.001 1.964(1.573~2.453) <0.001

“=" 7R HBsAg PV Ry AR AR, TCXMAUE M . BTV, & -R5; PLT. Ml/MiR; ALT. N6 %S ; AST. A4 Hif6 %4 ; TBIL. &
JHLLZ; HBsAg LR RFHBUT; HBeAg LB R e HUi; LAM. FKKAE; LLN. IEF{H FIY; ULN. IE#(EH LR

R4 ETVIR 5B E BRI T 5 K 48 NI A6 UL [n=184,

11(%)]

Tab.4 Rescue treatment regimen and 48-week outcome for

ETV-resistant mutations [n=184, n(%)]
IGAPIES Wl ORERERIE RREIREE AR
TDE+ETV 73(39.7) 58(79.5) 15(20.5)
TAF+ETV 64(34.8) 51(79.7) 13(20.3)
TDF+ETV—TAF 41(22.3) 33(80.5) 8(19.5)
TAF+PEG IFN-a 6(3.3) 6(100)" 0

*Horb 2 il SC B HBeAg I T 2 et . ETV. K35 TDE. &
SR AR T MLk TAF. & SN &R T ; PEG IFN-a.
RO R

Hap, okl i S I O FPURfERTT
B NEE, EIRIT R T SC L RFZEAY HBV DNA

TR FBR . HBeAg I~ . HBsAg K[
G B 225 RAE R ff, AT RAALK s A B2 9
B RN . B 2005 AEAEFRESAE BT, ETV R
SR CHTE 5T 1 (HBV DNA 1 2%£>90% ). KTt 24
RWNERH S ETH 255 <1.2% ) Fl B2 41k (f
FEILE XA I B RE A2 0E M), B RhFE m i
TR PE ORI 5 A PURBEIRYT — 2Pk
SR, ETV S NAs [IWPURE A2 HBV RT X, X
HBV JLUf & Hil AR LA 4] 5 PR cccDNA JFJC B %
WHIVER, TRIAHZ, ERTE £ R E R
JI N HBV &7 AT 2598748, DI 5 i hi s 8 7 AU
EP Rt . BTV I 243 i £ 5@ AL &I BT HBV
DNA SE & — 7 i B S g, 80
SLIGTEIUAE , MNP R4 MRS 5 55 — D7 T IR
o RE T, YEZE HBs Ag V5 AR, MBS EE
DI REPEIA AL AR P10 A2 K00 Wi %) s 2



R A 4R 20264E2 28 0 His1d: ol

BAE o, TE432 HBV M 25 5828 K BTk #E96 97
NEAMER BRE T, ETVINZGRASA R E H1 20104
) 3.4%(128/3800) [ TH % 11.6%(547/4697)4; H#H
PUONIR R 2B (B) PRI K, ARG H AR
(HBsAg 17 BR) (9 SE A R PR . X — IR doR
TESZEE “ROERIAR” R, 20867 2 W
B TR 25 Wl 545 3 . 2023 4E 7 1, S T AR 40 41
(World Health Organization, WHO)%%*’I’ L RS
WARLTE Y, YT 589K B2 i 2)) (hepatitis B virus drug
resistance, HBVDR)’U}@(;E%?Z M4 BR I R HBV H R0y
EEPRIY WAL B IRYT TR L AR
IRACR, RS 2030 2 EKIEEE HBV H AR ik £ o
() BB 2 [ R

12 1 1BV i 24 28 28 i A AR X B BT 24
ST I TR B T IR Bk, o ASBIFSE 38 1 X 4697 fi) 422
i 2RI A P HBV B B 5 T 25 28 A8 T ) &R
GiorHT, s T BTV 258 AR B ) I 25 5% AR I
I R = fa U R R . ARFR R B, TEPDKR R E T2y
(Lamivudine resistant, LAM-r)E£AE [ 1) rtS202G & 48
(25.8%—55.2% ) . M B B AR H 18 719 rt T 184 R A8 (61.7%
—42.6%)Y, NN YR ETV I 25 258w, BE
AR LE 43 B e i 2 s 2 o B T R 2 vty 2007 —
2009 4F- it 25 R A B X B BF 98 & B, rtT184 R AE N
ETV I RA R, EETVINZGRAS T Y 61.7%, i
rt$202G 278 7 25.8%, BTV iX PR 528 Y o L 22 1
2016 4EJLF- %%, Bl rtT184 875 7E ETV i 25 28 7%
H O R A 38.5%, 1T rtS202G 7% i e M 25.8% |-
T3] 39.9%"2), S i X T S 4F (2019 —2024 4F) B 5L I
IRECHE AT, LA Bt 25 A A BA R Z2 i e 45
EH R IAE 17 B R L, rtS202G 848 % 4 Ui
rtT184 58745 , WA ETV HT 245 P #5kk o

M TR , rtS202G MM 25 #nl fig 5 H:
MRRRY AR 2 FRHAR G AR T rtT184L 4558
T SRR B AEAR /N ETV 454 AR R4S, 1tS202G
18 1 B PR T184-S202 [8] K2 $202-M204 [a] Y & 8 W 4%
51 K& B 2 IR - R 2 R - K 4 2 R - K 4 24 1R (Tyrosine-
Methionine—Aspartate—Aspartate S YMDD) %1‘@ %Zj]?&/ﬂz
B XML AR AR IRETV S SR M
[, 3hEG0 1 N1 D 235 g e 2 ot 2 52 o A 1 ol
FH - DT T~ 28 A% b B 8 9 3 7 P M 38 T i 24 454
AREXT F ETVIRIFRCR 2w, Hh—Iix ok A
4AFETVIG RIS Y 5111 5535 43 B R A i 24 22 780 4y
Mras B s, DL rtL180M+rtM204V A JE il Y rtS202G
58745 bR B T 24 485 AR S S T T184A/1/L/S A5 5% AR
BRI, T 55 — T4 X 6 191] ETV IR YT 2% W 5 AU i o
W, A9 rtS202G 5278 i 2 A8 Bk BE H >6000 114 T
IR, IBAh, AT ISR R rtS202G 5 rtL180M

rtM204V [ P [ 8 28 SR 1535 90.9% , 1% 41 A AN iR
W W RE S, BT LAM, LT AY3C Xt 24,
BIRROR YT R T IRMED AT 184 141 F 3 1Y
bt 45 B H2 78, TDF/TAF+ETV 8, TAF+PEG IFN-«
J5 ZEXT ETV i 245 88 3% BA RIFITa0, 2 I ETV 2
HHE i TAF+PEG IFN-o JRYT )5, 5280 T HBV DNA
KA 2 H HBeAg LG #5465 . {HEVAA 209 i1 i
HA TR B AR A . AR I 2 i B — 300 307 f41)
YU BRI N A AMERE WAL BN, FEIRIT T
R4}y TDF/ETV+TDE 48 A5, #BaG)r MR
k82,7975 1M s — TR X A 2 AL ETV i 2 £ 1
17 48 Jil TDF/TDF+ETV . KURIT 45 R Bon, JEEN
B RALN 70%~74% , PR T BTV il 25 2878 #3516
577 RARAL R BB 3 e

LA DL LRSS R, M ETV BTz h HAIG
SRS RE K, B R4k e T IE 4 Sl 24 28 AR A = 1Y)
EN T . AR Z R AT R T ETV i
RARAEMEERE: . HBeAg PHAE M
AR NMSIAER, R 4L A 5005
S T DR A Y IR ) 0007 T sk i 245 9 A% () 0 % o
JH-EE Ak £8 25 R )y i 7™ S A2 A2 ) T P EE 25 A
PRI R oA, Rl S R TIREREAS , 15 V5 6k
JRTERE S N ML R A BRI A . N
RAMINEIIAE RN, R FERFLE R R ETV M2
AR S R A PR AL T REREE), 1 HB V 3 R C A 5
240 B AT RE 5 H A T S A e AR OC . R EI b 7 Hb
X C FEPRIBR AT 5 5 ik 80% ~90% ,  H. H: & hil 5
TR G R T RE kit 2 S AL A8 T R,
EIFE A, AHESE & B LAM VAT T S0 AT 24 Y IXURS:
BRIZ, R I 245 5t B 25 ) i A B BB 97
AT Z A B DRSS U, I 5 24 4 b i s ) A R
ZUHRMWERAE —E R R, EEMENETV AR
R RS TR LAM Z89A H OB SRR RO DA G
AWFFEH 86.5% [ ETV i 25 H 4 77 7F LAM 2 58 51
HAF T rM204V 1 58728 38 1 B IL ETV 35t 4% B i
i 5 22 AN 75 B — B 3G 28 A8 (U0 rtS202 . rtT184,
rtM250) R ATJE B o8 AT 25 R A . BEAE AR b,
NAs H2Y 5] figii o 2 1 245 8 28 {37 1 (re sis tance -
associated polymorphisms, RAMs )& M J5 2L i 24
PR AR,

AW 5Y T 22 24 R AR K ROl 1.46% (8/
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