HBV FORUM 14 MEETING 1) THE FORUM

For Collaborative Research™
Berkeley’s Hub for Regulatory Science

MASLD in patients with chronic hepatitis B

Dr. M.J. Sonneveld

Gastroenterologist & Hepatologist
Epidemiologist

Erasmus MC University Medical Center
Rotterdam, the Netherlands
m.j.sonneveld@erasmusmc.nl




Research grants Gilead Sciences, Vir, Roche, GSK, Fujirebio
Advisory boards Gilead Sciences, Fujirebio, Vir, Albireo/Ipsen

EEEEEEEEENEEEENEEEEEEEEEEEEEEEEEEEEEEEENEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEENEEEEEEEEER Eras'mAUSAQC

EE EEEEEEEE FEEEEEEEEEEEEEE NN EEEEEEESEEEENEEESESE EEENEESESE EEENEEESESEEEEEEEEEEEEEEEEEEETSR rad /'?C«,/,?'l/(.’"\j’j
Pe ( = P
&G v



' HBV Forum 14th Meeting
Epidemiology

SV THEFORUIV] "sssussasuassnaunnauasas s s SnSnau SN NN SN N SN NN NN NN N NNNN NN NN ENNRNNE RS Erasmus MC

FOI' Collaboratlve R eeeeee TS EEEEE N EEEE EEEEEEEE SN NN NN NN EEEE SN NN EEEE SN NN NSNS ENEEEEEEEEEEEESE
ry Scienc



Prevalence of overweight

The metabolic syndrome pandemic
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The metabolic syndrome pandemic

57%
71%
75%
= Hypertension = Dyslipidemia = Hyperglycemia
No hypertension No dyslipidemia No hyperglycemia
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Chronic hepatitis B and metabolic comonrbidities

0, -
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MASLD = steatotic liver disease + =1 metabolic comorbidity
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Van der Spek et al, Eur J Internal Med 2023.
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Impact of metabolic comorbidities and
MASLD on the natural history of CHB
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' CHB patients with MASLD

Older
More frequently men
More metabolic comorbidities

Y VYV V

Higher ALT
Negative HBeAg
Lower HBV DNA
Lower HBV RNA
Lower HBsAg
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Choi, Hepatology 2020; van Kleef JHEP Report 2021; Yi Virology Journal 2024; Huang, J Hepatol 2025; Yang, Liver Int 2022



Steatotic liver disease in CHB

0.20 4 Baseline
Prospective follow-up study of 330 treatment s
naive CHB patients with normal ALT and low 015 — Mo
HBVDNA in Hong Kong T

0.10

Leg-rank: p = 0.008

Cumulative probability
of HBsAg seroclearence

Characteristics m

0.05

S
Age, years 51 —
Male 41% 0.00 4 *Defined as CAP 2248 dB/m
Metabolic syndrome 31% 0 12 24 36
HBV DNA (IU/mL) 189 Time (months)
qHBsAg (log IU/mL) 5.2
C_AP (dmlm) 2 + Patients with steatosis were older, had lower HBsAg
Liver stiffness (kPa) 4.8 + Steatosis independently associated with HBsAg clearance
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Mak, J Hepatol 2020



Steatotic liver disease in CHB

-« Systematic review and meta-analysis Study TE seTE Odds Ratio OR  95%-Cl Weight
Bacaksiz (2021)™ 0.73 0.3364 ———— 2.07 [1.07;:4.00) 15.4%
Chang (2021)™ 0.36 0.2354 - 1.44 [0.91;2.28] 22.0%
. . . Chen (2020 -0.08 0.6925 0.92 [0.24:3.58] 5.3%
° 6 StUdleS, 3870 patlentS (47% SteatOSIS) Chmztomfl)*l: 0.90 0.2794 —— 247 E1.43; 4_25} 18.8%
Li (2021)™ 1.12 0.1531 —— 3.07 [2.27:4.14] 28.9%
Mak (2020 1.18 0.4755 ——=—— 325 [1.28;8.24] 9.6%
D g . . Random effects model — 2.22 [1.58; 3.10] 100.0%
« Steatosis significantly associated with Heterogeneity: I = 49%, ¢ = 0.0779,p =008 | 1
HBsAg clearance (OR 2.2, p<0.001) B
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Metabolic dysfunction in CHB
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Metabolic dysfunction in CHB
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' MASLD in patients with CHB
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Van Kleef, JHEP Reports 2021; Choi et al, Hepatology 2020



'HBV and metabolic dysfunction

Long-term follow-up study of 1850 CHB patients

from the Netherlands and Canada

Characteristics

Cumulative incidence (%)

Age, years

Ethnicity, n (%)
Caucasian
Asian
Other

Cirrhosis, n (%)
Diabetes, n (%)
Dyslipidemia, n (%)
Hypertension, n (%)
Overweight, n (%)
Events, n (%)

HCC

Ltx

Liver-related death

37 (28-47)

749 (40.5)
779 (42.1)
322 (17.4)

)

186 (10.1
82 (4.4)
116 (6.3)
161 (8.7)

926 (50.1)
111 (6.0)
71(3.8)
43 (2.3)
42 (2.3)
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'HBV and metabolic dysfunction

Study
+ 8718 CHB patients with steatotic
liver disease

* 6562 had MASLD

* Median follow-up 9.1 years

» Endpoints: all-cause and cause-
specific mortality

All-cause mortality

6% -

4%-

2%

0%

All-cause mortality
Adjusted HR 1.79 (1.24-2.58)
p=0.002

- Non-MASLD

012 3 456 7 8 9 10
Follow-up time (years)

Percentage

2.04 MASLD status
p=0.022 [ MASLD
— [ Non-MASLD
1.51
p=0.030
p <0.001
1.0
p=0.049
0.51
S @
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Cause of death
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'Treatment of diabetes mellitus

Diabetes mellitus alone Diabetes mellitus + CHB

3 = Time-weighted mean HbA, < 7%
— = Time-weighted mean HbA, = 7%
=
= 5 40%
& 2 4 -——%
< SHR: 0.70 3 |
g 27 8 e |
3 I, A
= 5 ;
© Suboptimal glycemic control § ==
= - 5 _
= 1 - B
E
L s
° Optimal glycemic control E
0 S
T I T 1 o
O 4 8 1 2 1 6 Log-rank test, P = .035
0
Number of at-risk Years 3 ) . : ! .
. Follow-up duration (years)
Suboptimal control 73,215 54,952 29,717 13,675 2,031 ﬁ;ﬁ:ﬁi{gﬂ;ﬁtmn
HbA, < 7% 843 681 558 431 324 241
Optimal control 73,215 58,305 30,812 13,407 2,267 mfigjgﬁ“ed mean 1o o 366 293 236 180
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Mao, AP&T 2024; Yip, CGH 2018



' HBV Forum 14th Meeting

Impact on response to antiviral treatment
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Steatotic liver disease in CHB patients on NUCs

HBV DNA suppression

Study %
D ) OR (95%CI) Weight
'
Fehmi Ateg (2011) I 0.36 (0.07,1.73) 8.07
XiJin (2012) —ﬁ—;— 0.56 (0.31, 1.02) 17.33
L. Gong (2015) —:— 1.00 (0.42, 2.40) 14.20
Xudong Liu (2015) : 0.33 (0.07,1.70) 772
'
Zhu, L. Y (2016) —4-—— 0.55 (0.26, 1.19) 15,39
Li, J. (2020) -é—-b— 1.12 (0.78, 1.62) 19.69
Huiging Liang (2020) : D — 3.10 (1.75, 5.50) 17.60
Overall (l-squared = 75.6%, p = 0.000) <> 0.87 (0.50, 1.53) 100.00
E
NOTE: Weights are from random effects analysis E
T

T
0.0655 1 15.3
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Steatotic liver disease in CHB patients on NUCs

HBV DNA suppression ALT normalisation

Study %
D OR (95%CI) Weight Study %

: D OR (95%CI) Weight
Fehmi Ateg (2011) - 0.36 (0.07,1.73) 807

| Xi Jin (2012) R P 0.58 (0.31, 1.06) 20.18

) ’
Xi Jin (2012) B 0.56 (0.31,1.02) 17.33 !

! L. Gong (2015) e 1.00 (0.42. 2.40) 15.31
L. Gong (2015) —_— 1.00 (0.42, 2.40) 14.20

: Xudong Liu (2015) ‘ 047 (0.1, 1.81) an
Xudong Liu (2015) - 0.33 (0.07, 1.70) 7.72 !

: Zhu, L. Y (2016) _— 0.44 (0.19, 1,00) 16.19

'

Zhu, L. Y (2016) —_— 0,55 (0.26,1.19) 15.39 1

‘ Li, J. (2020) — 0.56 (0.29, 1.12) 18.71
Li, J. (2020) B 1.12 (0.78, 1.62) 19.60 !

' '

: Huiqing Liang (2020) %o— ' 0.19 (0.11, 0.34) 2087
Huiging Liang (2020) ' —_— 3.10 (1.75, 5.50) 17.60 ]

. Overall (l-squared = 60.7%, p = 0.026) <> 0.47 (0.28, 0.77) 100.00
Overall (-squared = 75.6%, p = 0.000) <> 0.87 (0.50,1.53) 100.00

i ]

! NOTE: Weights are from random effects analysis )
NOTE: Weights are from random effects analysis ' .

N T T

T T 0.108 1 9.22
0,0655 1 15.3
Erasmus MC
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Prospective follow-up study of 4769 CHB patients
from around the globe who received antiviral

therapy with entecavir or tenofovir

Characteristics N=4769

Age, years

Male

Diabetes mellitus
Hyperlipidemia
Alcohol use

Fatty liver (imaging)
ETV / Tenofovir

Steatotic liver disease in CHB patients on NUCs

6.0

5.0

4.0

P= .02

With fatty liver

Stratified by fatty liver at sonography

Without fatty liver

Cumulative Incidence of HBsAg Loss, %
3 |U

0 2 4 6
Time, y

Number at risk

Without fatty liver2635 2400 1868 1389
With fatty liver 1037 929 375 336

Hsu, JID 2021

8 10

962 344
187 51
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'Steatotic liver disease in CHB

s 277 o om.
E 0] ; {n' © MASH
» Presence of MASH reduces IFN and macrophage & 0de N oan

gene signatures fol

-20 0 20
PC1: 53% variance
Study %
10 OR (95%CI) Weight
PEG-IFN
Fehmi Ates (2011) _— 036(0.07,1.73)  9.09

L. Gong (2015) _ 040(0.11,140) 1155

" Association with response to IFN in CHB is unclear il ] e et e o

NOTE: Weights are from random effects analysis

T T
0.0655 1 153

Study HR [85% CI] HR £ 95% CI Immunotherapy n Control n - Weight
Honsirai ('i;\eckMat% 459 095 {0.7;. 1.23% - 168 168 25.;32
. . . ' - IMbrave15 0.97 [0.52, 1.5 —_— 100 5 :
| | MASH I t t _t ” d H HCC  KEYNOTE-240 0.88 [0.84, 1.21] — 163 85 18.6%
IMItS ant-tumor survelllance an CC i S 12 - 1es L
tumor response to anti-PDL1 thera G pipss 0 |
Viral  IMbravei50 0.48 [n,aa, 0.70] 236 12 15.7%
HCC  KEYNOTE-240 0.70[0.42, 1.1 —_— 115 50 10.7%
Subtotal 0.64 [0.48, 0.84] - 554 365 49.4%
Test for subgroup differences:
=458 df=1(P=003) F=782%
Total 0.77 [0.63, 0.94] - 085 671 100.0%
[——
0.2 0.5 1.0 2.0
Favours immunotherapy Favours control
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Osmani, J Hepatol 2025; Liu, WJH 2024; Pfister, Nature 2021



nntiviral therapy for CHB

91% regression of fibrosis 74% regression of cirrhosis

= Regression

No regression
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Marcellin, Lancet 2013.



'MASLD in patients with CHB

Baseline LSM N = 1055 Follow-up LSM

Follow-up +/- antiviral therapy for ~5 years

U v U v
LSM decrease LSM increase
207
Overall 48% MASLD Overall MASLD
77%
P <0.001 P <0.001
No MASLD 10 I No MASLD
il 87%

= Decrease in LSM stage

= Increase in LSM stage
No decrease in LSM stage I =

No increase in LSM stage
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Patmore, Liver Int 2025



' Metabolic comorbidities in CHB

Study

* N=1307 CHB patients from 8
RCTs and 2 academic
hospitals

* All underwent liver biopsy at
baseline and 48-72 weeks
after treatment initiation

» Metabolic risk factors

assessed
» Overweight
* Diabetes mellitus
* Dyslipidemia

* Hypertension

Van Velsen, CGH 2025
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No of metabolic risk factors
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m 1 risk factor

>2 risk factors

Fibrosis regression

Metabolic risk factors: overweight, diabetes, hypertension, dyslipidemia
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' Metabolic comorbidities in CHB

Study

* N=1307 CHB patients from 8
RCTs and 2 academic
hospitals

* All underwent liver biopsy at
baseline and 48-72 weeks
after treatment initiation

» Metabolic risk factors

assessed
» Overweight
* Diabetes mellitus
* Dyslipidemia

* Hypertension

% with regression of fibrosis

80%

70%

60%

50%

40%

30%

20%

10%

0%

No of metabolic risk factors

P <0.001
49% P <0.001

17%

m 0 risk factors
m 1 risk factor

>2 risk factors

Fibrosis regression Regression of advanced fibrosis

Metabolic risk factors: overweight, diabetes, hypertension, dyslipidemia

Erasmus MC

Van Velsen, CGH 2025



' Metabolic comorbidities in CHB

No of metabolic risk factors

80% m O risk factors
Study 2 709 m 1 risk factor
* N=1307 CHB patients from 8 o 2 risk factors
RCTs and 2 academic E 60% P < 0.001
hospitals L ° 49% P <0.001 P <0.001
* All underwent liver biopsy at o 50% i
baseline and 48-72 weeks §
after treatment initiation 5 40% 9
» Metabolic risk factors L
o 30%
assessed =
. Overweight z
R X 20% {
e Diabetes mellitus
* Dyslipidemia 10% 3
* Hypertension
0% d

Fibrosis regression Regression of advanced fibrosis Regression of cirrhosis

Metabolic risk factors: overweight, diabetes, hypertension, dyslipidemia
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' Metabolic comorbidities in CHB

Study

* N=1307 CHB patients from 8
RCTs and 2 academic
hospitals

* All underwent liver biopsy at
baseline and 48-72 weeks
after treatment initiation

» Metabolic risk factors

assessed
» Overweight
* Diabetes mellitus
* Dyslipidemia

* Hypertension

Van Velsen, CGH 2025

% fibrosis progression

No of metabolic risk factors
0 risk factors

40% =

m 1 risk factor
35%

m>2 risk factors
30% 9§ P <0.001

0,

25% | 24%
20% o

P <0.001

15% 4  13%

10% o
5% o
0%
Any fibrosis progression Progression to advanced
fibrosis

Metabolic risk factors: overweight, diabetes, hypertension, dyslipidemia
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Potential implications for
drug development
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' Potential implications for drug development

The model used for

Duration Transporter expression
the study of study Protein mRNA
R Methionine- 8 weeks 1 DATP1A1 (‘!IED
Serum albumin © choline-deficient | OATP1B2 ! m XTPIAL
Serum AAG < or T (MC-) diet and | OATP1A4
Protein binding o pEIv—— high fat diet in | OATP1B2
ptying T rats | OAT2
Gut permeability T | OAT3
o T Gut enzym activity T Zucker rats 8-weeks- 1OATP2 | DATP2
ardiac output - — 1d NTCP MRP2
Oral bioavailability < “ tmm’z i NTCP
or T (morbidly obese) « Oatpl
SC bioavailability L] x Mrp3
x Mip4
Liver blood flow T or < « BSEP
CYP3A4 activity N GFR initially T « BCRP
CYP2E1 activity T later ‘L Fatty human liver - tMRP1 ABCCL
CYP1A2 activity o Tubular secretion T samples TMRP3 TABCCA
e MRP4 ABCC3
Other CYP activity :D or <> Renal clearance ;les :ABCCS
Phase Il reactions ) initially I IMRPS 1ABCCE
Drug transporter activity $ later IMDR1 TABCB1
- - 1ABCG2 1ABCG2
CYP-mediated clearance <3 Adipose tissue T x ABCC2
or Lean:fat ratio J, Methionine- and & weeks tMRP1
ghl“fc:romdatmn &> or ;F:: Volume of $ choline-deficient :m::ﬁ;
ulfation & or ictributi *
Glucuronide elimination | ** dllstrlbutlon /1B
& Tissue penetration 1 ORTITAL
10OATP1B2
Patient with NASH - INCTP INTCP
Patient with - IBSEP 1BSEP

NAFLD
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Smit, Exp Opn on Drug Met & Tox 2018; Laddha, Mol Basis Disease 2024



' Potential implications for drug development

* Drug-drug interactions with medication used for metabolic comorbidities

+ Class specific side-effects (e.g. thrombocytopenia) of anti-HBV therapies can be relevant for
patients with specific conditions (e.g. those taking antiplatelet drugs)

» Sequelae of ALT flares may be more severe in patients with an underlying chronic liver
disease like MASLD
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Smit, Exp Opn on Drug Met & Tox 2018; Laddha, Mol Basis Disease 2024;



' Potential implications for drug development

* MASLD can influence biochemical response
Important when ALT is used as response or safety endpoint

«  MASLD might influence HBsAg loss rates in untreated and NUC treated patients
Can therefore influence ‘background’ rates of HBsAg loss
Relevant for sample size calculation and comparisons of HBsAg loss rates accross cohorts

*  MASLD could influence response to immunomodulators like IFN and checkpoint inhibitors
Implications for patient selection

+ Patients with MASLD have a persistent risk of adverse liver-related outcomes despite virological response
Especially relevant when using surrogate endpoints

EEEEEEEEENEEEENEEEEEEEEEEEEEEEEEEEEEEEENEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEENEEEEEEEEER Erasmus MC



Steatotic liver disease and HBV

Primary endpoint Fibrosis / Biochemical/ Other liver disease Metabolic comorbidity
clinical endpoints criteria criteria

B-Clear 2b HBsAg loss Biochemical response moderate-severe liver uncontrolled hypertension,
disease other than uncontrolled diabetes
chronic HBV

PIRANGA 2 HBsAg loss Clinically significant
liver disease other than
CHB

REEF-1 2 % meeting withdrawal ALT LSM <9 ‘medically stable’

criteria (includes ALT BMI <35
<3xULN)

REEF-2 2b HBsAg loss ALT Evidence of liver ‘medically stable’
disease of non-HBV BMI <35
etiology
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Primary endpoint

Fibrosis / Biochemical/
clinical endpoints

Other liver disease
criteria

Steatotic liver disease and HBV

Metabolic comorbidity
criteria

B-Clear 2b HBsAg loss

PIRANGA 2 HBsAg loss

REEF-1 2 % meeting withdrawal
criteria (includes ALT
<3xULN)

REEF-2 2b HBsAg loss

Biochemical response

ALT

ALT

moderate-severe liver
disease other than
chronic HBV

Clinically significant
liver disease other than
CHB

LSM <9

Evidence of liver
disease of non-HBV
etiology

uncontrolled hypertension,
uncontrolled diabetes

‘medically stable’
BMI <35

‘medically stable’
BMI <35

Agarwal J Hepatol 2024; Yuen, Lancet gastroHep 2023; Yuen NEJM 2022; Hou, NEJM 2024
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'Steatotic liver disease and HBV

Primary endpoint

Secondary
endpoints that

might be
influenced by
MASLD?

Other liver disease criteria

Metabolic comorbidity criteria

NCT05630807

NCT05970289

NCT04856085

NCT06537414

NCT06550128

NCT06491563
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2b

HBsAg loss

HBsAg loss

HBsAg loss

HBsAg loss

HBsAg loss

HBsAg loss

Biochemical
response

Moderate-severe non-HBYV liver disease

History of chronic liver disease other
than HBV

History of chronic liver disease other
than HBV

moderate-severe liver disease other
than chronic HBV

severe non-alcoholic fatty liver disease

History of chronic liver disease from any
cause other than chronic HBV infection

uncontrolled hypertension,
uncontrolled diabetes

BMI <32

uncontrolled hypertension,
uncontrolled diabetes

BMI <32

BMI <32

Eras,mus MC



'Steatotic liver disease and HBV

Primary endpoint

Secondary
endpoints that

might be
influenced by
MASLD?

Other liver disease criteria

Metabolic comorbidity criteria

NCT05630807

NCT05970289

NCT04856085

NCT06537414

NCT06550128

NCT06491563

2b

HBsAg loss

HBsAg loss

HBsAg loss

HBsAg loss

HBsAg loss

HBsAg loss

Biochemical
response

Moderate-severe non-HBYV liver disease

History of chronic liver disease other
than HBV

History of chronic liver disease other
than HBV

moderate-severe liver disease other
than chronic HBV

severe non-alcoholic fatty liver disease

History of chronic liver disease from any
cause other than chronic HBV infection

uncontrolled hypertension,
uncontrolled diabetes

BMI <32

uncontrolled hypertension,
uncontrolled diabetes

BMI <32

BMI <32
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