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Prevaléncia estimada da hepatite crénica B

Adultos de 19 — 45 anos - 2005

Mg Prevalnce

HBsAg seroprevalence and endemicity
1101t GA Stevens?, ) Groeger®. ST. Wiersma*

Global epidemiology of hepatitis B virus infection: New estimates of age-specific
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FARMACOCINETICA

* Dosagem plasmatica do antiviral: confirmar nao adesdo
* 12 avaliagdo de adesao

- Grupo com HBV-DNA +
« Cromatografia Liquida (HPLC) — Espectrometria de Massas (MS)

s ™
Y=01121+000858 (109995 201851000102 (120996,

3TC TFV

V=00867x+000117 (1=09998)_~ ¥=0570x+0.00626 r=0.5993]

AV | ) ETV

Faixa linear para os quatro analitos:
3TC 1 - 800 ng/mL; TFV 0.05 — 400 ng/mL; ADV 0.25 — 400 ng/mL; ETV 0.01 - 20 ng/mL.

12 avaliacio de adesdo

20 avaliagio de adesdo

30 avaliagio de adeso

Figura 10. Representac&o esquematica do desenho do estudo
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RESPOSTA VIROLOGICA DE ACORDO COM A AVALIACAO DE
ADESAO, DIVIDIDOS POR REGIME DE TRATAMENTO

Histéria Natural da Hepatite B cronica

|~ AgHBs Anti-HBs
Sorologia X
T Adeséo Néo adeséo AgHBe Anti-HBe
ALT
HBV-DNA Neg | HBV-DNA Pog Tota HBV DNA Neg |HBV DNA Pos (Tota
n (%) n (%) I n (%) n (%) | DNA VHB
3TC,n=98 (viremia)
ADV,n=6 Doenca Inflamagdo minima | Hepatite crénicaativa | .+ Hepatite cronica ~ Normal a
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TDF,n=20 Estagio de Imunotolerancia Imunidade ativa Nao Reativagéo Resolvido
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Ono-Nita et al. BMC Family practice 2004

lam

CHC

Carrilho FJ, Ono-Nita et al. Brazilian J Med and Biol Res 2005

Organizagdo do Genoma
do VHB

- Familia Hepadnaviridae

- Tropismo por hepatécitos

« Replicacdo dependente da
transcriptase reversa

- Particula icosaédrica e envelopada

- Proteinas
+ Envelope (AgHBs, MHBs e LHBs)
+ Core (AgHBc) e AgHBe
» Polimerase

+ Proteina X

Kao J-H. Korean J Intern Med 2011

Replicacao do VHB
DNA Fita dupla
l transcricao
A RNA pregendmico

Inibidor
Transcriptase = l

Reversa

Transcrigdo reversa

DNA fita simples
(fita negativa)

DNA

DNA fita dupla

l Sintese fita positiva

Perillo R in: Sleisenger & Fordtran’s, 9th Ed - 2010
Doo & Ghany, Clin Liver Dis - 2010
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Ciclo de vida e replicagao do HBV

= Ligacéo e entrada;

— = Remocéo do envelope e

transporte nuclear;

-=» AMA e Generation of
=

= Reparo do genoma;

= Transcricao e tradugao;

= Formacéo do

nucleocapsideo;
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= Sintese do DNA viral;

= Secregdo de virions e

particulas néo infecciosas.
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Fig. 1. Schematic representation of the inhibitors of Hepatitis B virus replication cycle. cccDNA, covalently closed circular DNA; ER,
‘endoplasmic reticulum; HBV, hepatiis B virus; INF, interferon; mRNA, messenger RNA; pgRNA, pregenormic RNA; rcDNA, relaxed
El

Sebastien Boucle, Leda Bassit, Maryam Ehteshami, Raymond F. Schinazi
Toward Elimination of Hepatitis B Virus Using Novel Drugs, Approaches, and Combined Modalities
Glinics in Liver Disease, Volume 20, Issue 4, 2016, 737-749

http:/dx.doi.org/10.1016/j¢ld.2016.07.001
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Avangos no tratamento da hepatite B

1990
Descoberta 2001 2008
PMEA Descoberta 2005 Aprovado
| telbivudine Aprovado Tenofovir
Peginterferon alfa-2a
1957 1991 1998

Peginterferon alfa-
Descoberto  Descoberta 2
interferon lamivudina (3TC)

Descoberta
entecavir

1991 2003 2007
; a- Aprovado Aprovado
’”‘X’”(Sé:gz B Adefovir dipivoxil Telbivudine
i (PMEA prodrug)
2006
1999
Lamivudina Aprovado
(31C) Entecavir
aprovada

Modificado de ClinicalCareOptions.com

Table 1
4 and disad of IFN versus NUC therapies for chronic hepatitis B
IFN NUCs Advantage
Duration of treatment Finite (approx. 12 mo) Indefinite IFN
Antiviral resistance None LMV >TBV>ADV>ETV/ IFN
HBeAg and HBsAqg loss Modest, Genotype Rare IFN
Dependent
Route of administration __Injection Oral NUC
Antiviral activity Modest Potent ETV/TDF/ NUC
TBV > LMV > ADV
Side effects Common, Potentially Negligible NUC
Severe
Safety in pregnancy Pregnancy dass C Pregnancy class B: TBV NUC
and TDF
Safety data in humans:
LMV, TBV and TDF
Safety in No Yes NUC
decompensated
cirrhosis or liver
failure
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Fig. 1. Mechanism of action of interferon (IFN) therapy for chronic hepatitis B virus (HBV)
infection. HBV lifecycle and mechanisms of action of IFN therapy in chronic hepatitis B. Po-
tential effects of IFN include blocking (1) virus entry, (2) uncoating of virion, (3) transcription
of viral DNA into RNA, (4) degradation of ccc DNA, (5) translation of viral RNA into proteins,
(6) assembly of nucleocapsids, (7) increase HLA1 antigen expression, and (8) activation of

CD8 Tcells. Konerman Clin liv Dis 2016

Journal of Viral Hepatitis, 2015

REVIEW

dokr10.1111/vh 12418

Pegylated interferon alfa for chronic hepatitis B: systematic

review and meta-analysis

V. Kim, R. M. Abreu, D. M. Nakagawa, R. M. Baldassare, F. ]. Carrilho and S. K. Ono owisin

of Clinical Gastroenterology and Hepatology, Department of Gastroenterology,

eived November 2014; accepted for publication March 2015

University of Sdo Paulo School of Medicine, Sao Paulo, Brazil

SUMMARY. Conventional interferon alfa and nucleos(t)ide
analogues, such as lamivudine, are Fequently used for
chronic hepatitis B (CHB) treatment, but are associated
with adverse effects and viral resistance. Here we per-

better virological and biochemical responses than PEG-
IFNu monotherapy in HBeAg-positive and HBeAg-negative
patients at the end of treatment. PEG-IFNa + adefovir dipi-
voxil achieved better seroconversion rate than PEG-IFNa in

formed a systematic review and lysis evaluating
all studies of pegylated interferon alfa (PEG-IFNa)
treatment in hepatitis B e antigen (HBeAg)-positive and
HBeAg-negative patients with CHB. We searched electronic
databases — PubMed, EMBASE, Cochrane Library and
LILACS — for randomized controlled trials evaluating PEG-
IFNo therapy between 1999 and September 2014. Virolog-
ical response was the primary outcome. We identified 14
studies involving 2829 patients. Our analysis revealed that
PEG-IFNo + lamivudine  combination therapy ~produced

HBeAg-positive patients at the end of treatment. The pres-
ent findings demonstrated a beneficial response rate bllow-
ing PEG-IFNa combination therapy with nucelos(t)ides
among HBeAg-positive and HBeAg-negative patients with
CHB. Further trials are needed to investigate simultancous
and sequential therapy strategies.

Keywords: chronic hepatitis B, meta-analysis, pegylated
interferon alfa, randomized controlled trials.
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REVIEWS

Antiviral Drug-Resistant HBV: Standardization of
Nomenclature and Assays and Recommendations for
Management

Anna S. Lok," Fabien Zoulim,? Stephen Locarnini,? Angeline Bartholomeusz,? Marc G. Ghany,* Jean-Michel Pawlotsky,>
Yun-Fan Liaw," Masashi Mizokami,” and Carla Kuiken,® and the Hepatitis B Virus Drug Resistance Working Group

Substantial advances have been made in the treatment of chronic hepatitis B in the past
decade. Approved treatments for chronic hepatitis B include 2 formulations of interferon
and 4 nucleos(t)ide analogues (NAs). Sustained viral suppression is rarely achieved after
withdrawal of a 48-week course of NA therapy, necessitating long, and in many cases,
indefinite treatment with increasing risk of d of drug resistance. Antiviral resis-
tance and poor adherence are the most important factors in treatment failure of hepatitis B.
Thus, there is a need to standardize nomenclature relating to hepatitis B antiviral resistance,
and to define genotypic, phenotypic, and clinical resistance to NA therapy. (HEPATOLOGY
2007:46:254-265.)

Resisténcia antiviral e baixa aderéncia ao tratamento

Fatores mais importantes na falha ao tratamento da Hepatite B

Definicdes Resisténcia

Genotipica — mutagées no genoma do VHB selecionadas

durante tto.

Virolégica — aumento da viremia durante o tramento

Clinica — aumento da ALT,
histolégica

Fenotipica — diminuigdo da
antiviral

piora da fungéo hepatica e/ou

susceptibilidade in vitro ao

Cruzada — antiviral seleciona variante resistente a outro

antiviral

Obs: Recorréncia — reaparecimento da viremia apés
interrupgéo do tratamento

Re-take over — retorno do VHB selvagem apos

interrupgéo do antiviral
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Mutacoes de resisténcia primaria

Terminal
Protein

1 183 349 (rt1)

POL/RT RNaseH

692 (rt 344) 845a.a.

F_V_ LLAQ_YMDD
I(G) II(F) A B c D E

A

Hindlll  Ssf Sapl  HBV 5" 1821-18413

P1 CCGGA AAGCTT GAGCICTIC TTTTICACCTCTGCCTAATCA
518251806 3°

P2 CCGGA AAGCTT GAGCTCTTC AAAAAGTTGCATGGTGCTGG

\
HBY DNA
inthe

Primer P1/P3

A OR1
’

’
s ’J¢>anm P2/P4
. S s
e DR1__1821 S
Fegtotecacti

B

[

Sapl Sstl Hind Il
L]

(non-HBY part)

Hind Il Sst1 Sapl
¥

Firer
Hev

Direct transfection of
cloned genomes o
Head-to-tail PCR products.
multimerization of

+ 3 Y
LMV Resistance rtA181T/V. rtM204V/ rtQ215S - 7agagetgattadecasagrrgasengtt catggtgorgotese CM‘Tmon
(rtL180M) ol Dimer via sph 1 Tansfecton Rsp\.ca.ml
L-dT Resistance rtM2041 e e =
ADV Resistance rtveé4am rtA181T/V rtV214A rtQ215S rtN236T
TDF Resistance* rtA194T/rtV214A/rtQ215S
ETV Resistance* rtS184G rtS2021 rtM250V
* Em associacao a resisténcia a lamivudina Locamini
www.vidrl.org.au/publications/hep_updates.htm
T,aHSIec"O" 2 0 0.0001 0.001 0.01 0.1 (uM)
HBV K
< pNA
a4
3

Day 1 H Transfection
/
HuH -7 cels
H co,
; Incubator 37°C

Day 2 H Add antiviral
’

Day 5 ‘ | Harvest cells for
, Southern Blot

2,

Relative ratio

" .
0- -oc
2- . -Ds
0- P

ss

EC 5= 0.00036 uM

00001 0.001 001 01 (M)

Concentration

Ono-Nita SK et al. Hepatology 1999.
Ono SK etal. J Clin Invest 2001.

YMDD Motif in Hepatitis B Virus DNA Polymerase Influences
on Replication and Lamivudine Resistance:

A Study by In Vitro Full-Length Viral DNA Transfection

SuzaNE KIoKO ONO-NITA,! NAOYA KATO,! YAsuSHI SHIRATORI,! TsuTOMU Masakl,! KENG-HSIN LaN,!
FLAIR JoSE CARRILHO,2 AND MASAO OMATA!
HEPATOLOGY 1999;29:939-945

HBV DNA POLYMERASE

PRINASE REVERSE 7

2179 ne 1157 ne

593 nt 634 ne
|
Nild Typs 5C TG TIG GOT TIC AGT TAT ATG GAT GAT GTG GIA TIG GGG G 3

A MIAVKLRT

Kbp
oc 40
DS . 32
55+ 20

MIAVKLRT

FOLTWERASE GEVE

HBsAg-secretion positive

vHoD

¥100

YvoD

yLoD

YRDD

HBsAg-secretion negative

YADD

YKDD.

vron

s ORF.
GTT ATA T6G ATG ATG T6G
v.1 w ow owow
GTT ATA TIG ATG ATG TGG
Vo1 L ou owow
GTT ATG T6G ATG ATG 166

A ]

GIT ATE GG ATG ATG T6G
VoI oW oM oM oW

GIT ATA GGG ATG ATG TGG

V.1 6 m M w

GTT ATG €3G ATG ATG T6G
VoM R oM MW

GTT ATA AGG ATG ATG TGG

v RoM_M oW

GIT ATA €4G ATG ATG TGG
VI R M. M w

Ono-Nita SK et al. Hepatol 1999.
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Sobreposicao das fases de leitura
aberta da polimerase e gene de

Polymersse - Toninal Potsin

Surface

cinarfiria

The polymerase L528M mutation cooperates
with nucleotide binding-site mutations,
increasing hepatitis B virus replication and drug resistance

Suzane Kioko Ono,'2 Naoya Kato,! Yasushi Shiratori,! Jun Kato,! Tadashi Goto,!
Raymond F. Schinazi,’ Flair José Carrilho,? and Masao Omata!

J. Clin. Invest. 107:449-455 (2001).

Relative

i 100 115 14 55 10 68 (%)

Table 1
ECs; values of compounds and level of replication of wild-type and five mutants HBV at 10 1M concentration treatment

wild L528M Mss21 Ms52V L528M/M5521  L528M/MS52V

Compound  10uM*  ECsy  10pM*  ECsp 10uMA  ECn  10uM*  EC  10uM*  ECs  10uMA ECx
Lamivudine 1302 056 592286 >10 1768179 >80° >80°
Adefovir  10.5+61  0.58 3081420.0 4.5
Entecavir  3.604 0.0004
(+)-BCH-189 103.2
(+)FTC 136+

(-)}FTC 2 >10 >10
()-FTC +45 >10 >10
LD4FC 145.5+31.6 >10 >10
LFMAU 9181138 >10 >10
D-DAPD 132299 >10 >10
(-)-Carbovir 9571303 >10 >10  957£303 >10

ANumbers indicate the mean  SD in percent of replication of wild-type and mutant HBV treated with 10 M of compounds. BRef. 25.

Hepatitis B drugs

Drug
Lamivudine

Adefovir
Peg-IFN a2a

Entecavir

Tenofovir

Ldt (Telbivudine)

Emtricitabine(Coviracil)
Val-LdC

Clevudine (L-FMAU)

*Ono-Nita SK, JCI, 2001.
**Lada O, Antiviral Ther 2004

Company

Glaxo

Roche - Schering Plough
Roche

BMS

Gilead Sciences

Indenix Pharmaceuticals

Gilead Sciences

Indenix Pharmaceuticals

Pharmasset

Phase
v
v
v
v
v
v

IIT
II

IIT

Halt 2009

EC50% uM
0.56*
0.58*

0.00036*
0.1%*

0.24*

0.053*

DNA do VHB indetectéavel
Pacientes AgHBe positivos *

*Composigéo dos dados disponiveis — ndo foram
100 - estudos comparativos

1 Usando diferentes ensaios de DNA do VHB com
804 74% sensibilidade de 300 — 400 cp/mL

4 67%

25%

21%

DNA VHB indetectavel (%)

10%

n=266
PEG-IFN Adefovir® PEG-IFN
o-2at -2b®

Tenofovir' 2Ente(:avir Telbivudina®.amivudina?

‘Heathcote, AASLD 2007; *Chang, NEJM 2006; *Lai CL AASLD 2005;
“Lau, NEJM 2005; Marcellin, NEJM 2003
SJanssen, Lancet 2005




18/11/2016

Comparacédo dos antivirais para pacientes AgHBe (-)
Porcentagem de DNA do VHB indetectavel*

Lamivudine mm Adefovir g Entecavir L Telbivudine Tenofovir
<400 cps/mL(1) <1000 cps/mL (2,3) <300 <300 cps/mL6 <300 cps/mL7
cpsimLa,5
100 90 % 91,98 98
80
. 60
2
40
20
0
NS N S N vN
7

Duragdo do tratamento (anos)
*Composicdo dos dados disponiveis — ndo foram estudos comparativos

1. Hadziyannis S, et al. :32:847-851. 2. S, et al. NEJM 2005; 352: 2673-2681. 3. Hadziyannis S, et al.
Hepatology 2005; 42 (suppl 1):754A (Abstract LB14). 4. Lai C-L et al. NEJM 2006;354: 1011-1020; 5. Shouval D, et al. EASL 2006, Vienna,
Austria, Oral abstract 45 6. Lai CL, AASLD 2006

Incidéncia cumulativa
resisténcia antiviral

Ano 1 Ano 2 Ano 3 Ano 4 Ano 5 Ano 6
72
Wegks
I

LVD!

ADV 5a AgHBe
! (- Resisténcia

1 genoltipica 29%,
ADV# virolégica 20%,
clinica (ALT

H 11%).
LdT?23 5% " - - -
1
i
TEN4 0% ! 0%S - - -
|
ETV*5.6 <1% <1% 1.2% 1.2% 1.2% 1.2%

Estudos com populagdes, critérios de exclusdes, seguimentos e desfechos diferentes* ; T Virgens AgHBe (+) ; ¥ Virgens AgHBe (-);
N/A not available

1. Locarini S. Hepatol Int. 2008;2:147-51. 2. Lai CL, et al. N Engl J Med, 2007;357:2576-8; 3. Liaw YF, et al. Gastroenterology 2009;136:486-95. 4. Snow-
Lampart A, et al. AASLD Oct 31-Nov 4, 2008, San Francisco, USA. Oral Presentation 977 Hepatology 2008;48:745A. 5. Baraclude EU SmPC, February 2009. 6.
Tenney et al, EASL April 22:26, 2009, C Denmark, Oral Presentation 176; 7Hadzianis et al. 006,

Primary resistance mutations

Terminal
Protein - POL/RT RNaseH

1 183 349 (rt1) 692 (rt 344) 845 a.a.

F_V_ LLAQ_YMDD

I(G) 1I(F) A B Cc D E
LMV Resistance rtA181T/V. rtM204V/I  rtQ215S
(rtL180M)
L-dT Resistance rtM2041
ADV Resistance rtveé4am rtA181T/V rtV214A rtQ215S rtN236T

TDF Resistance* rtA194T/rtV214A/rtQ215S
ETV Resistance* S184G  rtS202I rtM250V

* In association to lamivudine resistance Locamini S

www.vidrl.org.au/publications/hep_updates.htm

Mutacoes de resisténcia Primaria
Codons importantes

B-domain 169 C-domain 202
180 204
181
184
D-domain 236 E-domain 250
TOTAL 8

169 180 181 184 202 204 236 250

Proposed Key Pathways:
C L-NUCLEOSIDES (LMV, LdT)
ETV in LMV-Experienced

* rtN236T —————————————> ACYCLIC PHOSPHONATES (ADV, TDF)
* rtA181TV SHARED

* L180M+rtM204V+T184 or $202 or M250 —————  ETV (naive)

* FA181T+rtI233V-+1tN236T+tM250L —— MNDR

Barreira Genética

Numero necessério de mutagdes no VHB para diminuir eficacia do medicamento

Lamivudina
e Telbivudine

C;
Adefovir EEEm O

204 e/ou 180 @@®

0

184 ou 202 ou 250
180 1O
Entecavir 204 fcic?

US prescribing information for Epivir-HBV®, Hepsera® and Baraclude™
Fung SK, et al. J Hepatol 2006; 44:283-290

Locarnini S, et al. J Hepatol 2006; 44:422-431

Tenney DJ, et al. Antimicrob Agents Chemother 2004; 48:3498-3507

Schildgen O et al. J Clin Microbiol 2010; 48: 6314

Table 2. In vitro and in vivo Significance of Antiviral-Resistant Mutations

Lamivudine Clevudine Telbivudine Entecavir Adefovir Tenofovir
BV Fold Resistance  -Fold Resistance  -Fold Resistance -Fold Resistance -Fold Resistance  -Fold Resistance,
Wild-ype 1 1 1 1 1 1
M2041 >100" >100° 40 19 <1gebe <t
L180M + M204V >100" >100* NA 5% <tgpve 364e
181 TV 1290 NA 569 14¢ 13¢ 1e
N236T 1en NA 3¢ <t 3 51
11697 + V173L + M250V >1000%" NA >1000 ¢ >700° 1e <t
11846 + 52021 * >10004 NA 3¢ >700 ¢ 20 6¢
194 NA NA NA NA NA 20

* (+ L18OM + M204I/V); NA = Not Available
2- 9 fold — o or ow level of resistance; 10 - 99 fold — medium level of resistance; >100 fold —> high level of resistance
References: ® Chin et al.% ® Delaney et al. (2001)3% © Ono et al.™; ¢ Sozi et al.™ * Tenney et al.”; * Brunele et al‘; € Sheldon et a5 " Delaney et al. (2006).%

Lok et al. Hepatology 2007




18/11/2016

Fatores associados com a emergéncia de virus
resistentes

Estratégia para evitar ou detectar
precocemente a resisténcia

«Poténcia Antiviral . .

“Niveldo exposio 2 Monitorar a carga viral do DNA do VHB a cada
roga

«Estrutura quimica 3 a 6 meses.

+Numero de mutagées
necessarias para
resisténcia (barreira
genética)

12 linha - antiviral com a maior poténcia e com
répida capacidade de supresséo viral
(desenvolvimento de resisténcia depende da
replicacao viral)

Importancia da aderéncia ao tratamento

| +Velocidade de Replicacao
«Fidelidade de Replicacdo
+Mutagbes prré-existentes
+Replicagao fitness
+Replicagao espaco

| «AgHBe (+) vs AgHBe (-)
A Shaw T & cols. HBV drug resistance: Mechanisms,

detection and interpration. Journal of Heptaology, 2006
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Tabela 12. Frequéncia de mutagdes de resisténcia antiviral de acordo com o
esquema terapéutico. HCFMUSP, dezembro de 2010 a agosto de 2011 (n = 183)

T iviral i paci Mutantes - n (%)
Lamivudina % 25(255)
Adefovir 6 000
Tenofovir 2 160)
Entecavir 2 000
Lamivudina + Adefovir % 11(393)
Lamivudin + Tenofovir 19 6(316)
Total 183 43(235)

Frequéncia total e por genétipos das mutagdes de
resisténcia antiviral segundo EASL (n = 54)
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Mutages de resisténcia antiviral {EASL)

Mutagdes de interesse baseado no EASL v2012 (DeepChek®- HBV/HDV software v1.4).
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Principais fatores envolvidos na
falha ao tratamento

Alta taxa de ndo adesao na 12 avaliacdo (43%).

s W As principais causas de falha do tratamento s&o mutagdes de

resisténcia as drogas (51%) e ndo-adesdo aos antivirais
33 (50,8%) (37%).

Conhecimento sobre o perfil de resisténcia antiviral e status
de adeséo possibilita a troca do antiviral e a implementacédo

24(36,9%) P ~ .
de estratégias para melhorar a adeséo, respectivamente.

= Mutants uNon-adherence

uTreatment duration  Non-determined
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