W 2

AP P FEREEFIVRY HE

(P2 ) mad@% 38 BAWFLAadihiy 4 122t A8
AP FHREDIFEFATE

( & = ) Host Genetic Determinants of Hepatitis B Surface Antigen
Seroclearance: A Two-Stage Cross-Sectional and Longitudinal Study
from the Taiwan BioBank

M i =] 3] L & 3

PHEER  DAAFE02 4 FEERA FEOF R sOF g 20K LB F
S

SETE SO R BHRTAEALFR
Yao-Chun Hsu
P R i - FEFLH

TR A BT P RECHEAEIIR

BT (02)6150011, 0988687726

PFEHEAHA(p 115 £ 1 P 1 pA=3 115 & 12 * 31 pit

S SR = IR U C I AR g 2 W

(-) FA g

LRigEA |t BB

(= B%‘n;f' ¥~

ERAFA L W

(=) BLA H o




FPriiHfe

-~ R

AR # T g d T4 E (Taiwan BioBank, TWB) | 5 A# > 1%
T B ARG A PR 0 e e B AR 4 s #ik (HBsAg) i
AAp M h2t HLA 72 B 53 > 3 5 R R L 2P L7, 95
(NAFLD) ifprﬁg;tma 5 A p % A #c (PRS) & ¢ » 114 4t % HBsAg
/)ai“f B Rl ~ BB AT NN S Ao o B BB ALT 2 g &
P& o R SO el o

I~ FETF R

HBsAg i} % Ak 5 Mt B A% 2. T functional cure ;> ¥ & ¥ "% (34 v 2
e R R ' o XA p 1 HBsAg ;—;w% EF A FEY 1-2% HpaAdw
¥+ 1 4 1’5%* R o pow e ool BIpR TS AT 358 ¢ 3 HLA class 11
Tkt 0 2 HLA =2beamgdpt ' o 3T # 5 B0k BLRN T " 505 (NR f o
HBsAg 7 “f T ApR (Mak 2020 ; Hsu 2024 ; Mao 2023 ) » fe & Hsueh %
(2022) %A 2385 &9 i 30 F e A9 B E¥% PNPLA3-148M %
B IH P pFE HBsAg '}pi“ﬁiﬁ Rk e A Mo R T AT L R
f PR A Rk AL ARDE HLA 7~ 9 2 7 A
NAFLD #p i £ %] (TM6SF2 ~ GCKR ~ SAMMS50 ~ HSD17B13) % % A %k *%
4 #ic (PRS) - Taiwan BioBank ## 7 * £ z AFA 2 feh 4 L T2 2 &> &
B 6 gt PATSEE T 5 o

N <5 Tl
AT HDSPFER - FFE - (H %5 discovery) #- ~ TWB *© & &xpF
HBcAb F 42 % kf’—‘F*f (% 80,000 ~ >HBsAg+ % 28,500 HBsAg— % 50,000)>
™ HBsAg Bt (Bt d &) vs. & (= j‘“f) A% EF (1) 2AF e
g4 47 (GWAS )5 (2) &iE & #1447 (PNPLA3 ~ TM6SF2 ~ GCKR ~ SAMMS50 ~
HSD17B13);(3)NAFLDPRS % ?f@ 2 PRS-wide % 17;(4)HLA x NAFLD
PRS % 3 &% [(5 ) MAGMA/SKAT & & B j5 A 45 o Fg - = (45 1% replication )
# ~ TWB #3 HBsAg B2 = 4B (4 5000 o 5 B ifrk ¥
£ 200 * ) 12 cloglog i Ae In(AT) offset )L B S Y A AN SN
BiEH R B4 (Model 1 & F14) + # & + 4% +PCI1 - 10 ; Model 2 4 HLA ;
Model 3 +c HBeAg : 5 1% S1-S4 &4 e » $igs4 * % + ALT ~ FLUBMI
»g;ep&»;zz A B C 2 F) > £0215)% ¢ 42474 j2 NAFLDPRS e - &
S LT 1')1"5%1‘&&‘;1%' ‘hivgkE 0 2% & HLA - NAFLD PRS 2
?’g«}% ﬂ+ 1 HBsAg i %ﬁ&ljﬁiﬂ‘] » 7 12 DeLong’ stest +“fiz4c » PRS w0 {s 2.
AAUC -



B4t © B 4]%F% ; HBsAg ‘if",ﬁ% s i@ NAFLD ; % A %1k ' A &
Taiwan BioBank ; & [ &7 3



e IR
Part I. Background and Literature Review
1.1 Clinical significance of HBsAg seroclearance

Loss of hepatitis B surface antigen (HBsAg) is regarded as the functional cure of
chronic hepatitis B (CHB) and is associated with markedly reduced risks of cirrhosis
and hepatocellular carcinoma (HCC). However, the annual incidence of spontaneous
HBsAg seroclearance is only about 1-2%, and its host determinants remain
incompletely defined.
1.2 Known predictors of HBsAg seroclearance

Low baseline HBV DNA, low quantitative HBsAg (qHBsAg < 250 IU/mL),
HBeAg-negative status, and HBV genotypes A and B (vs. C and D) are viral
predictors of seroclearance. Older age increases cumulative clearance, and females
clear HBsAg more often than males (pooled OR = 0.54 for male sex). Metabolic
factors have emerged as important modulators: Mak et al. (2020, J Hepatol) showed
that concomitant hepatic steatosis tripled the probability of HBsAg clearance (HR
3.246); Hsu et al. (2024, CGH) reported 17.6% vs. 9.8% clearance with vs. without
MASLD in 4,084 CHB patients; Mao et al. (2023, Hepatology) meta-analyzed 34
studies (n = 68,268) confirming this association (OR 2.22; 95% CI 1.58-3.10).
Known host genetic determinants, however, are almost exclusively in the HLA class
II region (HLA-DPBI1 19277535, HLA-DQB1). The TWB own GWAS (Ou 2020)
confirmed HLA class II as the dominant determinant of chronic carriage; Kim (2018)
reported non-HLA loci (MPEG1, DTX4) using a very small extreme-phenotype
design (100 vs. 100) that has not been replicated.
1.3 NAFLD-related genes and HBsAg seroclearance: the only direct evidence

Hsueh et al. (2022, J Hepatocell Carcinoma) followed 2,385 HBsAg-positive

male Taiwanese civil servants for up to 30 years and reported that both PNPLA3-



148M and ultrasonographic fatty liver were associated with higher HBsAg
seroclearance; homozygosity for PNPLA3-148M simultaneously conferred higher
HCC risk (sHR 1.83), illustrating a paradoxical dual effect. Critically, the study was
restricted to men, examined only PNPLA3, and did not adjust for HLA.
1.4 Knowledge gaps

(1) Only one study has directly tested an NAFLD gene (PNPLA3) against HBsAg
seroclearance, in men only, without HLA adjustment.

(i) Whether TM6SF2, GCKR, SAMMS50, HSD17B13 predict HBsAg clearance
is unknown.

(ii1)) Whether NAFLD polygenic risk scores (PRS) predict HBsAg seroclearance
has not been tested.

(iv) Whether NAFLD-gene effects are independent of HLA is the single most
critical methodological gap.

(v) Causal pathways (direct vs. steatosis-mediated vs. ALT/treatment-mediated)
have not been dissected.

(vi) Whether metabolic factors retain independent effects after adjustment for
host genetics is unknown.

(vii) Effects in female carriers are unknown.

(viii) Systematic PRS-wide interrogation against HBsAg clearance has never
been performed.

(ix) No prior GWAS has searched for non-HLA loci for HBsAg clearance after
HLA adjustment.
Part II. Causal Pathway Framework

We propose four plausible pathways from NAFLD-related genotype to HBsAg
clearance. Pathway A (direct effect): NAFLD genotypes alter hepatic lipid

metabolism and thereby directly modulate HBV persistence without going through



clinically measurable steatosis, ALT, or antiviral treatment; this is the core hypothesis.
Pathway B (steatosis/metabolic mediation): NAFLD genotype — hepatic
steatosis/metabolic abnormality — HBsAg clearance. Pathway C (ALT/treatment
mediation): NAFLD genotype — elevated ALT — antiviral treatment — treatment-
associated clearance. Pathway D (HLA/immune): HLA genotype — antigen
presentation — HBsAg clearance, independent of NAFLD genotype. Because
genotype is fixed at conception, it is immune to reverse causation and to virtually all
conventional confounders except population structure; therefore, main analyses
estimate total effects by not adjusting for mediators, and sensitivity analyses
progressively add mediators to infer each pathway from effect attenuation.

Part II1. Objectives and Hypotheses

Using TWB’s cross-sectional registry (~80,000 HBcAb+ participants) and
longitudinal follow-up (~5,000 baseline HBsAg-positive participants, ~200 with
subsequent seroclearance), we will systematically identify non-HLA host genetic
determinants of HBsAg seroclearance, focusing on NAFLD-related loci.

Specific Aim 1 (cross-sectional discovery). Hla: In HBcAb+ individuals, non-
HLA host genetic variants are independently associated with HBsAg
clearance/persistence; selected NAFLD loci (PNPLA3/SAMMS0, TM6SF2, GCKR)
may reach genome-wide significance after HLA adjustment. H1b: NAFLD PRS
independently predicts HBsAg clearance after adjustment for HLA. Hlc: At least one
metabolic PRS (NAFLD, BMI, TG, T2DM) independently predicts HBsAg clearance.

Specific Aim 2 (longitudinal replication, causal-pathway dissection). H2a: Top
GWAS hits and NAFLD PRS predict incident HBsAg clearance during prospective
follow-up. H2b: The total effect of NAFLD PRS can be decomposed into direct,
steatosis-mediated, and ALT/treatment-mediated components, with a substantial direct

contribution. H2c: Genetic effects differ between treated and untreated participants;



gene % treatment interaction is clinically meaningful.

Specific Aim 3 (integration). H3: A prediction model combining HLA genotype,
NAFLD PRS, and clinical factors (age, sex, HBeAg) yields significantly higher AUC
than an HLA-only model.

Part IV. Study Design

Two-stage design. Stage 1 (cross-sectional discovery): TWB participants testing
HBcAb-positive at enrollment; exclude anti-HCV positive, heavy alcohol use (>150
mL/week for >6 months), QC failure (call rate < 97%, HWE P < 1x107¢), and first- or
second-degree relatives. Outcome: HBsAg+ (chronic carrier = case) vs. HBsAg—
(cleared = control). Stage 2 (longitudinal replication): TWB participants with baseline
HBsAg-positive status and completed follow-up with HBsAg testing and complete
genotype data; same exclusions. Outcome: conversion from baseline HBsAg+ to
follow-up HBsAg— (binary); secondary endpoints are longitudinal changes in ALT,
FLI, FIB-4. Follow-up interval varies (~2—4 years); handled with complementary log-
log regression plus In(AT) offset. All covariates use baseline values To to guarantee
temporal ordering.

Part V. Exposures

Genetic exposures (both stages, time-invariant): PNPLA3 rs738409 G
(additive/dominant/recessive), TM6SF2 rs58542926 T, GCKR rs1260326 T,
SAMMS0 rs3761472 A, HSD17B13 rs72613567 T, NAFLD PRS-EA (4-SNP East-
Asian model, standardized), NAFLD PRS-TWB (16 FLI-GWAS variants from TWB,
standardized), and ~8 million imputed SNPs (Stage 1 GWAS only). Metabolic
exposures (FLI, BMI, waist circumference, TG, fasting glucose, HbAlc, metabolic
syndrome) are supporting variables in Stage 1 (reverse-causation risk because cleared
individuals may have already altered metabolism) and use baseline values To in Stage

2.



Part VI. Covariate Strategy Based on Causal Structure

Because genotype is fixed at conception, no post-natal factor can confound a
genotype—outcome association; the only true confounder is population structure.
Covariates other than ancestry PCs are included for precision, for answering specific
scientific questions (e.g., independence from HLA), or for mediation dissection.
Crucially, main analyses do not adjust for ALT, FLI, or antiviral treatment, because
they lie on the causal pathway; adjusting for them blocks causal paths (Pathways B
and C) and may introduce collider bias (ALT is jointly affected by genotype and by
viral activity). Roles: PC1-PC10 (confounder, always adjusted); age (precision,
always adjusted); sex (precision + effect modifier, adjusted and stratified/interaction);
HLA genotype (independent effect, added in Model 2); HBeAg (precision in Stage 2,
added in Model 3); ALT, FLI/BMI/MetS, antiviral treatment (mediators, not in main,
stepwise in sensitivity); FIB-4 (ambiguous, sensitivity only).
Part VII. Statistical Analyses

Stage 1 (~80,000 HBcAb+). Logistic-regression GWAS for HBsAg+ vs. HBsAg—
with age, sex, and PC1-PC10; threshold P < 5x107%; HLA top hits (rs3077,
rs9277535) then added as covariates and GWAS repeated to search for non-HLA loci.
Candidate NAFLD SNPs analyzed in a stepwise framework (Model 1: PCs + age +
sex; Model 2: + HLA). NAFLD PRS-EA and PRS-TWB analyzed per SD and by
quartiles. PRS-wide analysis for NAFLD, BMI, TG, HDL, T2DM, and CRP PRSs
with Bonferroni correction. Gene- and pathway-based analyses with MAGMA/SKAT,
focusing on lipid metabolism (KEGG hsa00071), lipid-droplet regulation
(GO:0005811), cholesterol metabolism, and innate immunity. HLA x NAFLD-PRS
interaction tested. All analyses stratified by birth cohort (pre-/post-1986). Power: with
28,500 cases and 50,000 controls, GWAS can detect OR > 1.08 at MAF 30% (80%

power).



Stage 2 (~5,000 HBsAg+, ~200 events). Primary model is complementary log-log
regression with In(AT) offset; exp(p) interpreted as hazard ratio. Stepwise adjustment:
Model 1 (SNP/PRS + ageo + sex + PC1-10 + offset) — Model 2 (+HLA) — Model 3
(tHBeAgo); sensitivity analyses S1 (+antiviral treatment), S2 (+ALTo), S3 (+FLIo +
BMlo), and S4 (strictest direct effect with mediators all included). Causal mediation
analysis decomposes total PRS effect into Pathway B (PRS — FLIo — clearance),
Pathway C (PRS — ALTo — treatment — clearance), and Pathway A (residual direct
effect), with bootstrap 95% Cls. Interaction analyses include gene x treatment, gene x
steatosis, gene x sex. Secondary analysis of AALT, AFLI, AFIB-4 uses all ~5,000
participants with change-score regression and linear mixed-effects models (SNP x
time interaction) to substantially boost power. Additional sensitivity: exclude ALTo >
2xULN; exclude FIB-4 > 2.67; stratify by sex and birth cohort; logistic with AT;
restrict to never-treated.

Cross-stage integration. Stage-1 top hits (P < 1x107° outside HLA) formally
replicated in Stage 2 (one-sided P < 0.05, concordant direction). Stage-1 and Stage-2
genotype effects combined in fixed-effects meta-analysis. Prediction models built on
Stage 1 (base: HLA + age + sex; extended: + NAFLD PRS + metabolic PRSs) with
10-fold cross-validation; AAUC evaluated with DeLong’s test and externally
validated in Stage 2.

Part VIII. Statistical Power

Stage 1 GWAS: 28,500 / 50,000; MAF 30%, detectable OR > 1.08 at P < 5x10°%;
MAF 10%, OR > 1.13. Stage 1 candidate PNPLA3: MAF 35%, detectable OR > 1.04
at P <0.007. Stage 1 PRS per SD: detectable OR > 1.04 at P <0.007. Stage 2
candidate/PRS (~200 events): detectable HR > 1.40 at P < 0.007. Stage 2 continuous
AALT (all ~5,000): B>0.08 SD at P <5x1078.

Part IX. Genotype Quality Control



SNP-level: call rate > 97%; HWE P > 1x107%; MAF > 1% (candidate) / > 0.5%
(GWAS). Individual-level: call rate > 97%; sex concordance; PI HAT > 0.2
exclusion. TWBv1/v2 harmonized over ~100,000 overlapping markers with batch
adjusted as covariate. HLA alleles (HLA-DPB1, HLA-DQBI1) imputed with
HIBAG/CookHLA using East-Asian reference panel with posterior probability > 0.5.
Ancestry PCs: PC1-PC10 from PCA; >6-SD outliers excluded.

Part X. Expected Contributions

Scientifically: (1) first genome-wide search for non-HLA determinants of HBsAg
clearance after explicit HLA adjustment in a large East-Asian cohort; (ii) systematic
test of multiple NAFLD-related variants and PRSs, extending host genetics of HBV
beyond HLA; (iii) first formal dissection of direct, steatosis-mediated, and
ALT/treatment-mediated pathways; (iv) clarification of the paradoxical dual effect of
PNPLA3 reported by Hsueh et al. Translationally, if NAFLD PRS independently
predicts clearance, combining with HL A enables precision risk stratification; if
Pathway B is substantial, metabolic intervention is plausible as functional-cure
adjunct; if Pathway A exists, hepatic lipid-metabolism pathways may be novel HBV
therapeutic targets.

Part XI. Limitations and Mitigation

No quantitative HBV DNA (HBeAg proxy in Stage 2; genotype is free from
reverse causation). No quantitative HBsAg (acknowledged). No HBV genotype
(Taiwanese B/C roughly balanced). Reverse causation for metabolic factors in Stage 1
(Stage 1 focuses on genotype; pathway dissection deferred to Stage 2). Short follow-
up (2—4 years) in Stage 2 (~200 events): candidate/PRS power adequate, GWAS
discovery via Stage 1. Imprecise treatment information (main analyses estimate total
effect; interaction in sensitivity). Cross-sectional design lacks event timing (addressed

by Stage 2 longitudinal). Survivor bias (bias toward null). Over-adjustment for



mediators (main analyses exclude them; stepwise sensitivity only).
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