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Executive Summary

(J Background and Purpose

Complete cure for hepatitis is extremely difficult and only occurs in few
cases. Therefore, majority of hepatitis patients require life-long antiviral
treatment. Although the rate of complications from antiviral treatment in
chronic hepatitis B patients is less than 1% annually, it is crucial to
understand the effects of long-term antiviral medication on the patients’
health conditions. Previous studies have reported potential risks of antiviral
drugs against chronic hepatitis B, but the risks of long-term antiviral
treatment remain unknown as majority of these studies had small cohort size
and short follow-up duration. This study aimed to identify the risks of
complications according to primary and secondary treatments in chronic
hepatitis B patients under long-term antiviral treatment by using various
public databases, and to develop a monitoring index for drug safety based on

the observations.

J Methods

We performed a retrospective cohort study with health insurance data
from the National Health Insurance Corporation of Korea and death index
database from National Cancer Center and Statistics Korea, in order to
identify the risks of primary and secondary treatment complications in
chronic hepatitis B patients under long-term antiviral treatment and develop
a monitoring index for drug safety

The primary treatment group included patients who had prescriptions of
Entecavir 0.5mg/day and Tenofovir 300mg/day for over 150 days in 6 months
period based on the Health Insurance Claims data. Following categories were
used to define the final exclusion criteria: age; hepatitis D or C; acute viral
hepatitis or AIDS; antiviral treatment prior to index date; bone marrow or
organ transplant; and cancer or renal failure. Primary outcome was

hepatocellular carcinoma and secondary outcomes were death, liver
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transplantation, and renal failure. Risks of complication were estimated using
Cox proportional hazards model after propensity score (PS) matching based
on gender, age, socio-economic status, type of medical institution, smoking,
liver cirrhosis, and hypertension.
The target population for the secondary treatment was composed of patients
who received medical care for chronic hepatitis B between 2012 and 2014
as well as prescribed either second-line adefovir or second-line tenofovir for
over 150 days in 6 months due to antiviral drug resistance. Following
categories were used to define the final exclusion criteria: age: hepatitis D or
C; acute viral hepatitis or AIDS: bone marrow or organ transplant; and
cancer or renal failure. Primary/secondary outcomes and risks of
complication were calculated using the same method as primary treatment.
Subjects included in the study to develop a monitoring index for drug
safety were the patients who were prescribed with Entecavir 0.5mg/day alone
for over 150 days in 6 months period, according to the National Health
Claims data. In order to confirm clinical outcomes based on drug
compliance, the subjects were divided into three groups based on the
proportion of days covered (PDC). BExclusion criteria and outcomes were
identical to the primary treatment assessment. Cox proportional hazards
model with covariate adjustment and inverse probability of treatment

weighting (IPTW) were applied for final outcomes

OJ Results

The number of subjects in primary treatment assessment was 37,925,
where 18,359 (48.4%) were in Entecavir group and 19,566 (51.6%) were in
Tenofovir group. After matching, there were 17,423 subjects in each group.
Prevalence of complication per 100 person-year (liver cancer, death or liver
transplantation, or renal failure) was higher in Entecavir group. Furthermore,
based on the results from Cox proportional hazards model, the risk of
complications (liver cancer, death or liver transplantation, or renal failure)
appeared to be higher in Entecavir group compared to Tenofovir group.

The number of subjects in secondary treatment assessment was 29,480,
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where 10,277 (34.7%) were in Adefovir group and 19,253 (65.3%) were in
Tenofovir group. After matching, there were 10,227 subjects in each group.
.The risk of liver cancer was significantly higher in Adefovir group,
compared to Tenofovir; however, there was no significant difference in the
risk of death or liver transplantation or renal failure between two groups.
The number of subjects for the development of monitoring index was
51,975, with 9,689 (18.6%) subjects in (80% group, 10,197 (19.6%) subjects in
80 - 89% group, and 32,089 (61.7%) subjects in =90% group based on PDC.
The risks of death, liver transplantation, and renal failure were significantly
lower in 290% group compared to the other two groups, but no significant
difference was observed for the risk of liver cancer. Similar result was

deduced even after applying IPTW.

O Conclusion and Suggestions for Policy

This study assessed the risks of complication according to primary and
secondary treatments in chronic hepatitis B patients by using various public
databases. In case of the primary treatment group, the risks of death, liver
transplantation or renal failure were significantly lower in Tenofovir group
than Entecavir group while there were no significant difference in the risk of
liver cancer in the primary treatment group. In case of the secondary
treatment group, the risks of liver cancer were significantly lower in
Tenofovir group (alone or concomitant) than Adefovir group (concomitant);
however, no significant differences were found in the risk of death, liver
transplantation or renal failure between two groups. From the analysis - in
order to develop a monitoring index — on the patients prescribed with
Entecavir who were categorized based on PDC, the risk of complication was
lower in >=90% group compared to the other two (80 — 89% or (80%) group.
Since this study utilized data from large databases that include all citizens in
Korea, we believe that our analysis on the effects of primary and secondary
treatments on the risk of complications (liver cancer, deaths, liver
transplantation, or renal failure) in large-scale chronic hepatitis B patients

can be used as a crucial medical basis when choosing the treatment for

Vi
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different individuals. However, since there are limitations in this study - such
as retrospective nature of the study based on public databases with limited
variables — additional studies with adequate clinical variables and longer

follow-up period must be performed to validate our findings.
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1. 2t BZiE Jie L HiojZAX

Y BY7MES BEZEEHIo| Y A(Hepatitis B Virus, HBV) %Y ¥ 67/1Y o4

g Adolth. w4 BRTE ol&EH 7Hol |5 ARt A

Pe i AR Aol F7kstn, WARE7](Immune tolerant), HAZLF7]

(Immune active phase, HBeAg positive), BHHZ%57|(Immune control phase,

inactive phase), HY¥<7|(Immnue escape phase, HBeAg negative), HBsAg &
A7](HBsAg clearance phase)d YATAE AAA HT}7,

A AAACE W BIHEL 29 44T B A7 3, Wid 607t B o]4o
o dgos Apgsts, =W 304 ol ARlAAY T BIUY RHE
3.7%2 ENEHYHS. 2 W BIUAY FH AY AEE Ao B
o|x, 1990do] ExA ot WAilo] AlotofA HFE ARH o|F o 30do] Ztst
ARt fEEC] WotA Al gttt o]0k AoprlE JFHFL 19919, HE Ao}
A AAEE 19959, SARY APARYS 20029 =0 AP Qi)

2 FIO
)
o
=
Ny
ML S

P

S x2 of

=
A Bt ES AmSHA @ow & F F 3/%e ST AYPHL, il of
1%9] SAtolA Zhgro] WA 20159 TFATES HA olo 2HE AATAL
o, 7041 o] 1L@SolA st wAH 2, A2 40~60TH A EF AFS

oA 7HE &2 THES ATES 2L AT

iekiete]. whgBaziel AEstel=ael. 2015,
B.awmeEE 2014 2UAZAERA} - ZulAZERAF A67] 22PAE(2014); 2015.12.
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iy BELY B 3 AT 190 THAFL 509 W olFo|mz, Ty @
4 BRREoR A% 4% 9o AT BAL MAREAD 504 olFE A
Yt BT 2097 A48 Aoz FPuG

B8 Qe vy BEY SO SAAYL Y 2996, ] $AAR 7
92 HBeAg BHAWBol £I, 1AWS 4 ALY Ao manl, Fulolgad] Az
T Agol £& Ao BYolnt

g BILE ARAZR ALEHE AT FHolYAA FF+= 2Ed(Lamivudine),
otd| :H|oj(Adefovir), HHEH(Telbivudine), Zd5H(Clevudine), <IE]|7}H]0]
(Entecavir) ¥ HkXH|o}(Tenofovir)o|H, $5H EAFL (& 2-1)7} Zt}.

H 2-1. 27 HHOHAH 524 54

4

NES

Am

- 199840 =ZLHo = == L-nucleoside analogue AZ
2t0|eH - BEUIY HIO|HA9 YA AN AMHOZ X250 HEO|Z
(Lamivudine) dideoxy-3'~thiacytidine2 (-) enantiomer

- HIO[HA BA AR 50| H1 W a0 et MEd0l HOtM Aol MUEX| 43

[Shn B |

[>
01
1z
njo
12
>
on

T
N
wW

- Cyclopentane-nucleoside analogue A&
OIC|ZH|0f - ZEME L{OIA diphosphate HE§Z HBV DNA polymerase® Zgist= dATPRL ZX5H0Y
(Adefovir) polymerase A&8 XITH0] HIO|HA 4| X

- ZHO[HA 253 U LM FH0| JOtM YRAH=z= AY OIZLRX| %2

- Thymidine2 L-nucleoside analogue A%
- HBVO| S0[XQl 30|24 SIS HO0|0, RHRH2 20|fHI= g2l & Hi 7159

S]] ) .
(TeIEb' Td'ne) HBV DNA 42 E0[5tA MOz AX|St= Pyrimidine nucleoside analogue
ivudi _ . -
- K& A28 FQ IYOtE 7|L40|H|(Creatine kinase) 4% ¥ Z#S 50| M3t 4 9
1, e 4NE0| XENCE =0t Uit URzs ALK 21 Q2
Sasg - ZU0A 4= L-nucleoside HE9l 24X
(CIEe Td';e) - K& AB Al g & U= 2EB(Myopathy)olLt g LY S22 Qlsh M HeY AE
vudi

=0 R U2



SEL] sy
2-deoxyguanosine?| carbocyclic analogue
M LHOIIA &M3F SHE§Ql Entecavir-triphosphate2 27| F&tT/0f HBY DNA £&&
49 AlS(priming), Pregenomic RNAZEE HBYV DNA SHIIHO=Z9l HHMAL HBV
DNA 7t g9l Al DA0M HBY 3412 X

AE] 7| Of BHAHOIA OFMY & 2tOfH LA HO|ZHAO Ciof 2tO|RTO[L; OfH|ZH|0{&E0t of

(Entecavir)

Uy ZY YHo= N =Yz Ty BYUHY UM

]
o
o
i=)
&
o
=
4
ro
=
ox
%
k=)
~

o
rir

N
o

, HEIZHHIUE F712 AL Al AEFHI0f9] U

Bl 2O
(Tenofovir)

Ol Al 5'-2LTAHO|EQ QAMZE HIV 2 XZHZE QM= AR HAQLHZ Of
HIZH0QE fARH £2 9 &8 11X

SHRA0 oo HOl2A U2 RUF2ZM A4 52 S Oi7Hote] HBYV DNAS|
SME A
ol A4 AOM LA Y0 EUEX| 42 MOZ Qld

ot BHOAA 35T AN
it o




Y B HHIOHAK B71 A8 EAY ASAZL FES YT it Huaney

9 3ol NE HBeAg ¥4 T4 BRI, HBeAg o4 W4 BILY, B4H4
Z WAy 2Auzd de w4 BETE A7 Fuolade Aol @
Aw AL AL o,

B 2-2. B4 BEZY x|z H9101)
7 e
1 X2

- HEIFHH, BL=EH|0f 2
HUH| - 0=, 78, Hetzrsts] 7H0[=2rlolA "‘ilﬁ Az PHH %_‘—id
(F AHMQ HoHA &5

=

et - 1 99 HolHARSS R=0f et ¢80 222l HYHE 49 FUE 1 £
O, Xz 2SO et X N&H ME 52 WY HREE 28 £ 98
22t A2
- A8olH YHIOIZAHNO LYo Ldst 32
CHe Uy g2 229 S ARots S28 242, HOlRA SV HHEHD RHAY
LHgol =tQlote Zthot &e| WY =S A0 &
- oiO0|EO, S SO, HH|20, O TIE 0 D= LA
Bl ZH|0] OE, BL-RH0f9 S2HQAIS QAH S HEtkR HT
X 2i0|RT, SR, 2HRL WYl ABTHH0 S5 AZ2 ABTHHI0] LIS R
HELA + A0 FHEX e
- OIHIEHI0 TS WY
AEIZHIY B= LY 24 AA(0=2retE])
BI-2H|0] o5 = HRH019 AE7H0 PERE AI(erzrete)
X =L OHHZEHOf Wy BXte) RIS 7120 241RH0 =EH0] S
oLy CHE ALY F 7HA] Ol ORI et LIGHOPTE SA0 LEtE 39
|20 25 = HIEH09 AETHN PRz AT
et - A ZS0E HORAZ N&HOZ AEEHE B Hi0[2A B A YRt 2US X
42, W YH0| %2 ANE AZ F0/T U FHO0| 52 x|z MeS 2faore

0) deizists). WBELS AEslol=akel 2015,
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treatment of chronic hepatitis B. Hepatology. 2016 Jan;63(1):261-83.
11) European Association For The Study Of The Liver. EASL clinical practice guidelines:

Management of chronic hepatitis B virus infection. ] Hepatol. 2012 Jul:57(1):167-85.
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Lok 5(2016)19& gxr]oje} <lg7e[oje] HA4gS 1719 RCT &

=
T

|
Aggo] GEE 1~2do

A
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B 0-4 BEH0j2 ANE|FHI0{o OPHA B 23

gAgos wofotdth(E 2-4). 1,300 FAE
715780 B AYAETAN Fot vt ey,

#i, Z7AeE0] WA

ddez Hd

. Tenofovir  Entecavir
Ail::r, ::;\ ﬁ:lt)rte:t?o:u(r:g;hg;/ Outcomes reported Events  Events RR (95% CI)
/Total /Total
) ~Tenofovir: 12 Increase in creatinine >0.5 mg/dL from B
;Ioa;/\; et al, RCT  -Tenofovir+Emtricitabine: 12 baseline 4/45 /22 1.96(0.23-16.47)
-Entecarvir: 12 Phosphorus ¢2.0 mg/dL 1/45 0/22  1.50(0.00-35.40)
Huang et -Tenofovir: 13.4(6.2-28.0) CK levels 2 times over the upper limit ~
al., 2015 Cohort ~Entecarvir: 16(6.0-27.0) of normal 1/33 1/65  1.97(0.13-30.50)
Cholongitas Cohort ~Tenofovir: 25(6-66) eGFR (50 mL/minute 3/31 2/21 1.02(0.19-5.57)
et al., 2015 ~Entecarvir: 18(7-68) Serum phosphate levels NR NR NA
Baseline serum creatinine 0.5 mg/dL 2/30 2/99  3.30(0.49-22.44)
Hung et al., Cohort -Tenofovir: 6 108 to 87 92 to 84
2015 -Entecarvir: 6 Reduction of eGFR mL/min/  mL/min/ NA
1.73 m2 173 m2
- 0.6 -0.1
Mallet et ¢ ort Tenofowr.IZZ Mean eGFR variation (-081to (15 to NA
al.,, 2014 -Entecarvir: 22
1.94) 1.3)
Phosphate threshold for renal tubular B
reabsorption { 2.8 mg/dL 18/42 10/44  1.89(0.99-3.60)
Tien et al Tenofovir: 26213 GFR by Cockcroft-Gault {60 mL/min 1/42 2/44  0.52(0.05-5.56)
sora 7 Cohort oo 5, GFR by MDRD {60 mL/min 1/42 " 2/44  0.52(0.05-5.56)
Ut Serum phosphate (mg/dL) (2.8 mg/dL 6/42 2/44  3.14(0.67-14.71)
SCr (mg/dL) »1.5 mg/dL 0/42 2/44 NA
Serum alkaline phosphatase )145 U/L 0/42 1/44  0.35(0.01-8.33)
Batirel et ~Tenofovir: 30.2+15.7 ! 5.82(0.28-119.75
al. 2014 Cohort Entecarvir: 30.2+15 7 Hypophosphatemia 2/90 0/105 )
. Renal impairment 1/72 0/77  3.21(0.13-77.44)
poxl ot &b conort onoMov 214597 Hypophosphatemia 172077 3210.13-77.49)
e Increase of creatinine kinase 0/72 1/77  0.36(0.01-8.60)
Dogan et ~Tenofovir: 12(6-36) Virologic response
al, 2011 M Eriecanic 24(6-48)  (HBV-DNA (400 copies/ml) 2029 47/65 NR
Gish et al Retro- Tenofovir: 20(2-45) Confirmed SCr increase 0.5 mg/dL 3/80 11/80  0.27(0.08-0.94)
26312 LA spective —Ei?:c:\r/\l/ri.r' 29(1-55) New Cockcroft-Gault eGFR <60 mL/min  15/80 6/80  2.50(1.02-6.12)
cohort ' Decrease in eGFR 20% (MDRD) 33/80 35/80  0.94(0.66-1.35)
Mauss et ~Tenofovir: 12(6-36) Changes in eGFR(CKD-EPI formula) '6'92. 'L”)Q NA
al, 2011 M Entecanir 24(6-48) mL/min. mk/min
v Decrease of eGFR )20 mL/min 1/37 2/32  0.43(0.04-4.55)

Abbreviations: CK, creatine kinase; CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration; eGFR, estimated glomerular
filtration rate; MDRD, Modification of Diet in Renal Disease; NA, not available; NR, not reported; SCr, serum creatinine.

13) Lok AS, McMahon BJ, Brown RS Jr, et al., Antiviral therapy for chronic hepatitis B viral
infection in adults: A systematic review and meta-analysis. Hepatology. 2016 Jan;63(1):284-306.
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14) Guidelines for the prevention, care and treatment of persons with chronic hepatitis B

infection. 2015 World Health Organization.
15) Lim YS, Yoo BC, Byun KS, Kwon SY, Kim YJ, An J, Lee HC, Lee YS. Tenofovir monotherapy

versus tenofovir and entecavir combination therapy in adefovir-resistant chronic hepatitis B
patients with multiple drug failure: results of a randomised trial. Gut. 2016:65(6)1042-51.
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Iy HkexHo] dmg¥o] HEaH Hs Tolu HRA I E, ATES A
2A7)E tﬂ ARo] 7} %i—t—xlfl‘r #dd d+e FAR d4olt.

1EY, AAHGZGHo| YA T WATA A 5dEo] HE 3= AT
7 ASEAE g9 BE1EY Sle ¥, A HolHAA 7ol di dFe RS
AAoltt. Lieveld 5(2013)100 AAY £ o WA BITNA 2 CELHAA
gHtol2 A FEQHY 3% ¥ FE oSk HolPA Y HRTAE st
t}. PubMed, Embase, The Cochrane Library, Web of Knowledge H°|EH|o]AE
3 20129 4€ 20970 E7E HE 29 252 AAGglon, HAo:
“adherence”, “compliance”, ‘hepatitis B”, “hepatitis C”, “viral hepatitis’& &
sttt &3 AN Zx, F 19749 £3o] HF Ad9Eglow o] F 612 WA BIL
A, 1342 T4 CFE digt A+ w48 BYLE A+ F Chotiyaputta &

01D)17L = A9 27} WA BE7IY IIE AE(n=11,100)2 HEgoZ FELS
B Fe eeke I 88%slen =8E(90% o)E Hel &

U 454 o4, B ey

SO

% = gl o) ﬂ ]a
oj9le] okEg E&u e AR usydt ©d 1w #dxg wIG
Chotiyaputta 5(2012)18)914 100%2] £e=& B IAE F 74%%FoH A5} ¢
ol ¥& 359 i e 4 B 3=t w2 AR FUHT

16) Lieveld FI, Vlerken LG, Siersema PD, Erpecum K]J. Patient adherence to antiviral treatment for
chronic hepatitis B and C: a systematic review. Annals of Hepatology. 2013;12(3):380-391.
17) Chotiyaputta W, Peterson C, Ditah FA, Goodwin D, Lok AS. Persistence and adherence to

nucleos(t)ide analogue treatment for chronic hepatitis B. ] Hapatol 2011; 54:12-8.
18) Chotiyaputta W, Hongthanakorn C, Oberhelman K, Fontana RJ, Licari T, Lok AS. Adherence

to nucleos(t)ide analogues for chronic hepatitis B in clinical practice and correlation with
virological breakthroughs (VBT). J Viral Hepat 2012; 19:205-12.
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(Ell:=3H|0] 300mg/day

SLE FHio| 22|
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HER 1. NHMHIS(HQAI|E)

yes yy3c MysHICE
Dl=Fdat B18.0

cad B18.2

a4H0[2A 7+ B15,B16,B17

B20,821,822,823,B24
794,786

794.4,786.4.

C22

N10,N11,N12,N15,N16,N17,N18,N19,N25,N28,N29,R
398,R34,R798,E720,E833

V005,v013,v014,V015
V013

V193

BEH 2. 7E H0[HAH =92

AHE= FYEIC
Tenofovir 300mg/day 248100ATB, 493901ATB, 599900ATB, 623400ATB
Entecavir 0.5mg/day 487201ASY, 487202ATB, 487202ATD
Entecavir Tmg/day 487203ATB, 487203ATD, 487230ASY
Lamivudine 180901ASY, 180901ATB, 180902ATB, 180930ASY, 513100ATB,
517300ATB, 641600ATB,
Adefovir 457501ATB
Telbivudine 506001ATB
Clevudine 487801ACH, 487802ACH, 487803ACH,
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