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ABSTRACT 

In a multicenter, genome-wide association study to identify host genetic factors 

associated with treatment response in adult chronic hepatitis B patients, genotype 

data were obtained by microarray analysis from 1669 patients who received 

peginterferon alfa-2a for ≥24 weeks with/without a nucleos(t)ide analog. Treatment 

response was assessed at least 24 weeks post-treatment, using serological and/or 

virological endpoints. Thirty-six single-marker analyses and a gene-by-gene analysis 

were conducted. No single nucleotide polymorphisms (SNPs) achieved genome-

wide significance (P<5 × 10–8) in single-marker analyses, but suggestive 

associations (P<1 × 10–5) were identified for 116 SNPs. In gene-by-gene analyses, 

one gene, FCER1A (rs7549785), reached genome-wide significance (P=2.65 × 10–8) 

in East Asian patients for hepatitis B surface antigen (HBsAg) clearance, with a 

moderate effect size (odds ratio = 4.74). Eleven of 44 carriers (25%) of the A allele at 

rs7549785 achieved HBsAg clearance compared with 69/1051 (7%) noncarriers. 

FCER1A encodes the alpha subunit of the immunoglobulin E receptor. In a post hoc 

analysis of a homogenous patient subset, the strongest intra-genic association was 

for rs7712322 (POLR3G, P=7.21 × 10–7). POLR3G encodes the G subunit of the 
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Polymerase (RNA) III enzyme, involved in sensing and limiting infection by 

intracellular bacteria and DNA viruses, and as a DNA sensor in innate immune 

responses. FCER1A (rs7549785), and possibly POLR3G (rs7712322), are shown to 

be associated with peginterferon alfa-2a response in adult patients with chronic 

hepatitis B. Independent confirmation of these findings is warranted (clinicaltrials.gov 

number NCT01855997). 

 

KEYWORDS 

chronic hepatitis B, peginterferon alfa-2a, genetic variation, response 

 

Abbreviations: CHB, chronic hepatitis B; CHC, chronic hepatitis C; EA, East Asian; 

GWAS, genome-wide association study; NA, nucleos(t)ide analog; SKAT, SNP-set 

(Sequence) Kernel Association Test; SNP, single nucleotide polymorphism. 

 

 

1 | INTRODUCTION 

Chronic hepatitis B (CHB) is a major global public health problem. An estimated 

240 million people are chronically infected worldwide and 650,000 die each year 

from CHB sequelae.1 The prevalence of CHB varies widely by geography and is 

substantially higher in Asia (>8%) than in Western Europe and North America 

(≤2%).2 Several genome-wide association studies (GWAS) have revealed the 

influence of host genetic factors on the natural history of CHB; variations in the 

human leukocyte antigen (HLA)-DP region were shown to be associated with CHB 



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved. 

development and spontaneous hepatitis B surface antigen (HBsAg) clearance.3-7 

Moreover, variations in KIF1B, STAT4 and GLB1 genes were implicated in the 

development of hepatocellular carcinoma (HCC) and/or cirrhosis.8-10  

 

Current CHB treatments aim to achieve sustained suppression of hepatitis B virus 

(HBV) replication, in order to prevent disease progression and CHB sequelae, 

namely liver cirrhosis, hepatic decompensation and HCC. While peginterferon alfa-

2a [40KD] (PEG-IFN, PEGASYS®; Roche, Basel, Switzerland) is recommended as a 

first-line therapy, it is associated with a high treatment burden (weekly subcutaneous 

injections for 1 year) and with frequent and bothersome side effects, and durable 

treatment response is only observed in approximately one-third of patients.11-13 Thus, 

the ability to identify patients likely to respond to PEG-IFN is of significant clinical 

value, as it would allow a personalized healthcare approach, minimize unnecessary 

treatment-exposure in patients unlikely to respond to therapy, and increase the cost-

effectiveness of treatment. Although host and viral factors for prediction of response 

have been extensively studied, the prediction of response remains imperfect.14-16  

 

Very few GWAS have explored the impact of host genetic factors on treatment 

response in CHB patients. While variations in the IL28B gene have been shown to 

be strongly associated with spontaneous (as well as interferon-induced) viral 

clearance in patients with chronic hepatitis C,17,18 the role for IL28B in the PEG-IFN 

response in patients with CHB is unclear.19-21 Two studies have suggested that 

variations in the HLA-DQA2 and SLC16A9 may be associated with PEG-IFN 

response in CHB patients,7,22 although both studies were limited in size and the 
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findings have not yet been validated. The objective of the current GWAS was to 

identify genetic polymorphisms predictive of PEG-IFN response within a large cohort 

of patients with CHB. 

 

2 | MATERIALS AND METHODS 

2.1 | Patients 

The PEG–BE–YOND (GV28855, NCT01855997) study was a phase IV, multicenter, 

exploratory GWAS in adult patients with CHB who received PEG-IFN treatment, at 

180 μg/week for ≥24 weeks, with/without a nucleos(t)ide analog (NA). All 

participating patients provided written informed consent and the study was 

conducted in accordance with the principles of the Declaration of Helsinki and Good 

Clinical Practice. 

Patients enrolled between August 2013 and November 2014 from three ongoing or 

completed clinical trials (MV22430, NCT00927082;23 ML21827, NCT00922207;24 

ML18253, NCT0109583525) or clinical practice across 105 centers in 20 countries 

located in the European Union or Asia-Pacific region. Patients coinfected with 

hepatitis A or C or with human immunodeficiency virus were excluded from the 

clinical trials and were ineligible for recruitment from clinical practice. The trials also 

excluded patients with other severe concomitant diseases including cardiac, 

respiratory, and psychiatric illnesses. Assuming a 2:1 ratio of nonresponders to 

responders in an ethnically homogenous cohort, a sample size of 1200 provides 

>90% power to detect common genetic variants (frequency >0.2) with a small effect 

size (odds ratio >1.5). 
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2.2 | Genotyping and quality control  

Whole blood samples were either prospectively collected or, where available, 

obtained from previously collected Roche Clinical Repository samples for patients in 

ongoing/completed clinical trials. Genomic DNA was extracted from peripheral blood 

lymphocytes using standard procedures at a central laboratory, Shanghai 

Biotechnology Corporation (Pudong, Shanghai, China). Genotyping was performed 

using Illumina OmniExpressExome microarray (Illumina, Inc., San Diego, CA, USA), 

which includes >750,000 non-exonic single nucleotide polymorphisms (SNPs) and 

>250,000 exonic markers.  

 

Quality checks were conducted on unfiltered GWAS data. Patients whose genetic 

data satisfied the following criteria were retained for statistical analyses: <30% 

heterozygosity genome-wide; <5% missing genotype data; reported sex consistent 

with X-chromosome data; <30% genotype concordance with another sample. Quality 

checks were also conducted by marker. Markers with >5% missing data were 

excluded. 

 

2.3 | Statistical analysis 

Treatment response was defined according to six serological and/or virological 

efficacy endpoints: hepatitis B ‘e’ antigen (HBeAg) or HBsAg seroconversion in 

HBeAg-positive patients (endpoint 1); HBeAg seroconversion plus HBV DNA <2000 

IU/mL or HBsAg clearance in HBeAg-positive patients (endpoint 2); and HBV DNA 

<2000 IU/mL or HBsAg clearance in HBeAg-negative patients (endpoint 3). Endpoint 



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved. 

4 (the combination of endpoints 1 and 3), endpoint 5 (the combination of endpoints 2 

and 3) and endpoint 6 (HBsAg clearance) pertained to all patients combined. The 

efficacy endpoints were assessed ≥24 weeks post-treatment, whereby available data 

closest to (but not less than) the target 24-weeks post-treatment timepoint was used 

in the evaluation of each endpoint. This methodology was implemented as it was 

anticipated that available data on post-treatment assessments would likely be 

variable for patients enrolled from clinical practice.  

 

Analysis populations were derived based on principal component analysis of 

ancestry, with the aim of determining clusters of individuals who shared a 

homogenous genetic background. A suitable set of GWAS markers for ancestry 

analysis was obtained as follows. Markers were excluded if they had minor allele 

frequency <5% or corresponded to regions with known high linkage disequilibrium or 

inversion. To facilitate merging, markers encoding complementary base-changes 

were also removed. The remaining markers were thinned such that all SNPs within a 

window of size 1000 had r2<0.25. HapMap version 3 data were downloaded for the 

resultant marker set26-28 and data were merged, taking care to resolve any strand 

differences between the two sources. Any marker not available for HapMap subjects 

was excluded from the merged file. Principal component of ancestry was applied, 

and plots were colored according to bio-geographic origin. A scree plot was used to 

show the contributions of the first ten principal components.  
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Considering most patients were anticipated to be enrolled from China, three analysis 

populations were prespecified: the overall (ALL) patient population, the East Asian 

(EA) population who shared a common genetic background with the Chinese or 

Japanese HapMap reference individuals, and the non-East Asian (non-EA) 

population. 

 

All markers were tested for departure from Hardy-Weinberg Equilibrium by chi-

square test. Univariate/single-marker association analyses were conducted using 

multivariate logistic regression adjusted for covariates under both additive and 

dominant modes of inheritance. Baseline covariates considered in the model 

included age, sex, log10 HBV DNA level, log10 alanine aminotransferase activity, HBV 

genotype, concomitant use of NA, study, and the first and second principal 

components of ancestry. Multi-marker/gene-by-gene analysis of rare and non-rare 

variants was conducted using the SNP-set (Sequence) Kernel Association Test 

(SKAT).29,30 The unit of analysis for this aggregate technique was a gene region. 

Rare and common SNPs were grouped using physical location and known gene 

boundaries. 

The genomic control lambda was calculated for each GWAS analysis and quantile–

quantile plots were examined. Markers with unadjusted P-values <1 × 10–5 and  

<5 × 10–8 were considered suggestive and of genome-wide significance, 

respectively. No P-value adjustment was made for multiple endpoints or rounds of 

analysis due to the exploratory nature of the study. Statistical analyses were 

performed using PLINK v1.07 (http://pngu.mgh.harvard.edu/purcell/plink/), 

EIGENSOFT v4.0,31,32 and R v3.0.2 (https://www.r-project.org/) software.  
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3 | RESULTS 

3.1 | Patient demographics and baseline characteristics 

Genotype data were available for 1669 patients (564 [34%] from clinical trials and 

1105 [66%] from clinical practice). Thirty-three patients were excluded from analyses 

as their genetic data failed quality control checks: four samples had ≥5% missing 

genotypes, six samples had X-chromosome homozygosity inconsistent with reported 

sex, and 23 sample-pairs had high genotype concordance consistent with first-

degree familial relationship (one of each pair was excluded).  

Baseline characteristics of 1636 individuals included in the overall population are 

shown in Table 1. The majority of patients were male (72%), HBeAg-positive (55%), 

and of Asian/Oriental race (68%), with a mean age of 39 years and infected with 

HBV genotype B (21%) or C (28%). Principal component analysis of ancestry shows 

the study participants were a genetically more diverse cohort than the HapMap 

reference, with EA (n=1120) and non-EA (n=516) population subgroups depicted 

(Figure 1). 

A summary of efficacy outcomes according to analysis population is shown in Table 

2. In HBeAg-positive patients, the incidence of HBeAg or HBsAg seroconversion 

(endpoint 1) was 30% (276/907) overall, and 31% and 24% in EA and non-EA 

patients respectively. In HBeAg-negative patients, the incidence of HBV DNA <2000 

IU/mL or HBsAg clearance (endpoint 3) was 62% (393/638) overall, and 78% and 

50% in EA patients and non-EA patients, respectively. The incidence of HBsAg 

clearance (endpoint 6) was 7% (104/1399) overall, with similar incidence in EA and 

non-EA subgroups. Notably, three analysis subgroups contained fewer than 
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30 patients, such that statistical comparisons of response rates between subgroups 

were not expected to be informative, due to low statistical power.   

 

3.2 | Single-marker analyses  

Thirty-six univariate association analyses were conducted (ie, three analysis 

populations, six response endpoints, two modes of inheritance). No SNP achieved 

genome-wide significance (P<5 × 10–8). One hundred and sixteen SNPs, the majority 

of which lay in noncoding intergenic regions, were suggestive of an association with 

PEG-IFN response (P<1 × 10–5): 24, 16, 18, 23, 26 and nine SNPs associated with 

efficacy endpoints 1 to 6, respectively. A total of 27 SNPs mapped to 24 genes 

(Table 3), of which rs7549785 (FCER1) provided the strongest association (P<1 × 

10–6) for endpoint 6. In contrast to the other 26 identified SNPs, rs7549785 is an 

uncommon variant (minor allele frequency = 2%) with a large genetic effect size 

(odds ratio = 8.2). 

 

Manhattan and Quantile–Quantile (QQ) plots for HBsAg clearance (endpoint 6) in 

the EA population under the additive model of inheritance are shown in Figure 2. A 

single marker on chromosome 1 (rs7549785) had a P-value of 4.83 × 10–7 which 

surpassed the suggestive threshold for association with PEG-IFN response. The QQ 

plot supports the significance of this SNP, wherein the distribution of observed P-

values closely follows the expected P-values (thereby excluding presence of 

confounders) until the sharp tail at the end (driven by rs75498SNP). The association 

was absent in the non-EA population. rs7549785 maps to the 3’UTR of the gene for 
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the Fc fragment of immunoglobulin E (IgE) high affinity I receptor for alpha 

polypeptide (FCER1A), located on chromosome 1. Similar results were obtained in 

the dominant model of inheritance (not shown). 

 

3.3 | Gene-by-gene analyses 

One gene, FCER1A, reached genome-wide significance (P=2.65 × 10–8) in the EA 

population for HBsAg clearance. The result was driven by a single low-frequency 

(2%) marker, with a moderate effect size (estimated odds ratio = 4.74). Eleven of the 

44 carriers (25%) of the rs7549785 A allele achieved HBsAg clearance compared 

with 69/1051 (7%) noncarriers. The association was not observed in the non-EA 

population. 

 

The genomic context of the FCER1A gene is shown in Figure 3. Markers located 

within 10 kilobases on either side of rs7549785 SNP were not associated with 

HBsAg clearance (Figure 3A). This is explained by linkage disequilibrium 

phenomena (Figure 3B), whereby rs7549785 falls outside of a block of inheritance 

(ie, a portion of DNA-containing genes that are frequently inherited in association 

with each other) that spans the rest of the FCER1A gene. 
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3.4 | Post hoc re-analysis in an homogenous patient subset 

Review of the study data confirmed a moderate degree of phenotypic heterogeneity, 

with approximately 20% of patients receiving prolonged (>58 weeks) PEG-IFN 

treatment duration. Subsequently, a post hoc genome-wide analysis was conducted 

in a targeted, more homogenous, subset of patients who satisfied additional criteria: 

PEG-IFN treatment duration of 48 weeks (± 12 weeks), more stringent visit windows 

for serology data at baseline (PEG-IFN start date –24 to +4 weeks) and post-

treatment follow-up (PEG-IFN stop date +12 to +36 weeks), no treatment with NA 

during post-treatment follow-up.   

 

The post hoc homogenous subset included 1132/1636 (69%) patients, consisting of 

716 and 416 EA and non-EA patients, respectively. A summary of the efficacy 

outcomes according to analysis population is shown in Supplementary Table 1. In 

general, the response rates were comparable to, or slightly higher than, those in the 

per-protocol population. Notably, eight analysis subgroups contained fewer than 

30 patients. 

 

Consistent with the primary analysis, no marker achieved genome-wide significance 

in the single-marker analysis. Seventy-two SNPs, the majority of which were 

intergenic, were suggestive (P<1 × 10–5) of an association with PEG-IFN response: 

14, 5, 6, 17, 21 and nine SNPs associated with efficacy endpoints 1 to 6, 

respectively. Fourteen SNPs mapped to 13 genes (Supplementary Table 2), of which 

rs7712322 provided the strongest association (P<1 × 10–6) for endpoints 1 and 4. 
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rs7712322 maps to the Polymerase (RNA) III Subunit G (POLR3G) gene located on 

chromosome 5.  

 

None of the markers identified in the post hoc analysis match those identified in the 

per-protocol primary analysis. No associations exceeded the threshold for genome-

wide significance in the gene-by-gene analysis. 

 

4 | DISCUSSION  

To our knowledge, we have conducted the largest GWAS specifically exploring the 

influence of genetic factors on PEG-IFN response in patients with CHB. The natural 

history of CHB has been well studied in a genome-wide setting, and variations within 

HLA-DP, KIF1B, STAT4 and GLB1 genes have been shown to be significantly 

associated with development and/or progression of CHB.3-10 However, none of the 

aforementioned genes were identified as being associated with PEG-IFN response 

in the current study. 

 

In the single-marker analysis, we identified a large number (116 and 72 in per-

protocol and post hoc analyses, respectively) of suggestive associations (P<1 × 10–

5) with PEG-IFN response, the majority of which were located in noncoding 

intergenic regions. It is unknown whether one or more of the identified intergenic 

markers may play a functional role; for example, in terms of regulating gene 

expression. Forty-one markers mapped to within the boundaries of 37 genes, of 
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which the strongest associations (P<1 × 10–6) were for rs7549785 (FCER1) and 

rs7712322 (POLR3G). The identified associations are not likely to be due to 

confounders as the GWAS model was adjusted for several known predictors of PEG-

IFN response (eg, age, HBV genotype, baseline HBV DNA level), and the QQ plots 

did not suggest presence of bias/confounders (that would manifest as a constant 

deviation from the expected P-value distribution [XY] line). 

 

The FCER1A gene encodes the alpha subunit of the IgE Fc receptor, which is 

involved in the initiation of the allergic response.33 When two or more high-affinity IgE 

receptors are brought together by allergen-bound IgE molecules, mediators such as 

histamine are released. Our analysis suggests that this gene may also exert an 

influence on whether a patient with CHB may achieve HBsAg clearance, although 

the exact underlying mechanism remains unclear. The POLR3G gene encodes the 

G subunit of the Polymerase (RNA) III enzyme, which catalyzes the transcription of 

DNA into RNA. It plays a key role in sensing and limiting infection by intracellular 

bacteria and DNA viruses, and acts as nuclear and cytosolic DNA sensor involved in 

innate immune response.34 Interestingly, this gene has previously been found to be 

associated with decreased hepatitis C virus replication.35  

Some of the remaining genes identified in the current study have previously been 

implicated directly or indirectly with HBV-associated HCC, including von Willebrand 

Factor (vWF) (rs5216312), LASP1 (rs646097) and CENPO (rs1550116). vWF is a 

recognized biomarker of tumor development in HBV-associated HCC, LASP1 is 

involved in proliferation and migration of hepatoma cells, and CENP-A expression is 

upregulated in hepatoma cells.36-38 
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Conversely, some genes shown in previous studies to be associated with PEG-IFN 

response were not identified in this analysis. Notably, a major scientific finding via 

GWAS was that variations in the IL28B gene are strongly associated with treatment 

outcome in patients with chronic hepatitis C.17 Although few studies proposed IL28B 

plays a similar role in CHB,19,20 and other studies show no association,21 these 

findings were not validated in the present study. Further, we did not identify 

SLC16AP as being associated with PEG-IFN response, a result which is contrary to 

a previous report of an association with HBsAg clearance in a small cohort of 

patients treated with PEG-IFN and adefovir.22 Similarly, no association between 

rs9276370 and response was identified in this analysis, contrary to a report of an 

association with response to antiviral treatment in Taiwanese patients with CHB.7 

The reasons for these differences are unclear; they may be due to differences in 

genotyping platform, patient characteristics, treatment response definition, study 

population size and genetic heterogeneity. It may be that the results of previous 

small studies were false-positive findings, or that the SNPs previously identified are 

real but of small effect size, thus missed in our study.  

 

No SNP achieved genome-wide significance in the single-marker analysis for any 

treatment endpoint. However, in the prespecified gene-by-gene analysis, the 

FCER1A gene was associated with HBsAg clearance in EA patients treated with 

PEG-IFN. The association was driven by a single low-frequency marker (rs7549785) 

in the 3'UTR of the FCER1A gene, with a moderate effect size (odds ratio 4.74). The 

minor allele frequency of rs7549785 was 6%, 2% and 15% in overall, EA, and non-

EA populations, respectively. There was no association between this SNP and PEG-
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IFN response in non-EA patients, possibly due to low statistical power of this sub-

analysis (there were only 24 non-EA responders for endpoint 6). Likewise, this 

marker was not identified in the post hoc analysis, possibly because of the smaller 

post hoc analysis population. If the association between rs7549785 and HBsAg 

clearance is confirmed, it may have arisen due to the presence of one or more 

causal variants in linkage disequilibrium (co-inherited) with the tested marker. 

There are several limitations with our study. The low number of patients in some 

analyses resulted in low statistical power; thus, modest effects may have been 

missed. Further, review of study data confirmed the presence of moderate 

phenotypic heterogeneity. GWAS are particularly sensitive to phenotypic 

heterogeneity; 20% heterogeneity can result in genome-wide significant SNPs to 

become unequivocal, while 50% heterogeneity results in a three-fold increase in 

sample size requirements (ie, reduced study power).39 While we conducted a post 

hoc re-analysis in a more homogenous subset, the derived subset was 

approximately 30% smaller, meaning these analyses had potentially reduced 

statistical power. This may account for the lack of correlation between markers 

identified in the per-protocol and post hoc analyses. Covariates such as baseline 

HBsAg level and virus mutations, which are not included in the current model, may 

also influence response to peginterferon.40-42 Moreover, due to the complexity of 

CHB treatment endpoints and the exploratory nature of the study, a large number of 

analyses were conducted without P-value adjustment for multiplicity. Such a 

strategy, although comprehensive, increases type I error and likelihood of false-

positive findings. Finally, the study design consisted only of a one-stage discovery 

GWAS, and there was no independent cohort to validate the study findings. 
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In conclusion, our findings demonstrate the need for very large cohorts to conduct 

pharmacogenetic response analyses in a heterogenous disease such as CHB. 

Although no markers achieved genome-wide significance in the single-marker 

analysis, 37 genes were found to be suggestively associated with PEG-IFN 

response. Two novel genes identified with strongest associations (P<1 × 10–6) were 

FCER1A (rs7549785) and POLR3G (rs7712322), and FCER1A reached genome-

wide-significance (P=2.65 × 10–8) in a gene-by-gene analysis for HBsAg clearance in 

EA patients. The genetic basis of PEG-IFN response in CHB is definitely not simple 

or monogenic; rather, it appears to be highly polygenic and may have important, as 

yet unknown, environmental components. Independent replication of the study 

findings is required and further interrogation of genomic context and potential 

biological rationale for these findings is warranted. 
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TABLES 

Table 1 Baseline patient characteristics. 

Characteristic  
Total 

N=1636 

Male gender, n (%) 1173 (72) 

Mean age, years ± SD  39.0 ± 11.0 

Self-reported race, n (%)  

 Asian/Oriental 1108 (68) 

 White 465 (28) 

 Other 63 (4) 

HBeAg status, n (%)  

 Positive 907 (55) 

 Negative 668 (41) 

 Unknown 61 (4) 

HBV genotype, n (%)  

 A 87 (5) 

 B 339 (21) 

 C 457 (28) 

 D 243 (15) 

 Other/unknown 510 (31) 

Mean ALT, U/L ± SD 121.6 ± 133.8 

Mean HBV DNA, log10 IU/mL ± SD 5.0 ± 2.2 
ALT, alanine aminotransferase; HBeAg, hepatitis B e antigen; HBV, hepatitis B virus; 
SD, standard deviation. 
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Table 2 Efficacy outcomes according to analysis population.  

Three subgroups contain fewer than 30 patients. 
ALL, all patients; EA, East Asian; HBeAg, hepatitis B ‘e’ antigen; HBsAg, hepatitis B 
surface antigen; HBV, hepatitis B virus. 
a91 patients were missing endpoint data. 
b133 patients were missing endpoint data. 
 

 

 

 

Efficacy endpoint 
(at ≥24 weeks post-treatment) 

Analysis 
population

Nonresponders, 
n (%) 

Responders, 
n (%) n 

HBeAg-positive patients: 
 

1. HBeAg seroconversion or 
HBsAg clearance 

EA 564 (69) 255 (31) 819 

non-EA 67 (76) 21 (24) 88 

ALL 631 (70) 276 (30) 907a 

2. HBeAg seroconversion 
and HBV-DNA  
<2000 IU/mL, or HBsAg 
clearance 

EA 644 (79) 175 (21) 819 

non-EA 70 (80) 18 (20) 88 

ALL 714 (79) 193 (21) 907 

HBeAg-negative patients: 
 

3. HBV DNA <2000 IU/mL 
or HBsAg clearance 

EA 58 (22) 209 (78) 267 

non-EA 187 (50) 184 (50) 371 

All 245 (38) 393 (62) 638 

All patients: 
 

4. Endpoints 1 and 3 
combined 

EA 622 (57) 464 (43) 1086 

non-EA 254 (55) 205 (45) 459 

ALL 876 (57) 669 (43) 1545a 

5. Endpoints 2 and 3 
combined 

EA 702 (65) 384 (35) 1086 

non-EA 257 (56) 202 (44) 459 

ALL 959 (62) 586 (38) 1545a 

6. HBsAg clearance 

EA 1015 (93) 80 (7) 1095 

non-EA 384 (94) 24 (6) 408 

ALL 1,399 (93) 104 (7) 1503b 
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Table 3 Gene-based single nucleotide polymorphism (SNP) markers suggestive of 
association (P<10–5) with peginterferon alfa-2a response. Common variants have a 
minor allele frequency of >5%. The strength of genetic effect is illustrated by the 
odds ratio, whereby a score of >3 indicates a large effect size. 

Chromosome SNP Gene MAF OR P-value 

Endpoint, 
population 
(model) 

1 rs7549785 FCER1A 0.02 8.22 4.83 × 10–7  6, EA (add/dom) 

2 

rs9287655 ENSG151779
0.44 0.66 1.37 × 10–6  4, ALL (add) 
0.44 0.64 1.18 × 10–6  5, ALL (add) 

rs1550116 
CENPO 

0.22 0.56 8.05 × 10–6 5, EA (add) 
rs2082881 0.22 0.56 7.02 × 10–6 5, EA (add) 
rs1550115 0.22 0.56 7.02 × 10–6 5, EA (add) 

3 rs2302503 LRRFIP2 0.42 0.37 9.50 × 10–6  5, non-EA (dom)

4 
rs1040084 

LNX1 0.31 2.37 4.26 × 10–6  3, ALL (add) 
rs1913484 0.34 2.36 4.35 × 10–6  3, ALL (dom) 

6 rs2803073 PARK2 0.42 1.5 3.39 × 10–6  4, ALL (add) 

7 
rs10236906 HDAC9 0.17 0.57 8.46 × 10–6  4, ALL (dom) 
rs9691873 CREB5 0.09 2.32 9.46 × 10–6  5, EA (add/dom) 

9 

rs2370220 DMRT1 0.14 1.75 8.02 × 10–6  5, ALL (dom) 
rs10814834 GLIS3 0.38 0.46 7.38 × 10–6 6, ALL (dom) 
rs11139349 TLE1 0.27 1.84 9.52 × 10–6 2, EA (add) 

rs7042473 CDC14B, 
CDC14C 0.26 1.71 4.97 × 10–6  4, ALL (dom) 

rs10491723 CORO2A 0.37 2.11 4.51 × 10–6  6, ALL (add) 
10 rs1411283 ANKRD26 0.48 0.49 9.25 × 10–6  1, ALL (dom) 
11 rs2279519 GRAMD1B 0.21 1.75 8.02 × 10–6  5, ALL (dom) 

12 
rs216312 VWF 0.36 0.66 5.31 × 10–6  5, ALL (dom) 

rs7968170 DERA 
0.50 0.49 4.50 × 10–6 4, EA (dom) 
0.50 0.46 4.87 × 10–6 5, EA (dom) 

14 
rs8012912 

SMOC1 
0.41 1.62 7.29 × 10–6  5, EA (add) 

rs11158827 0.42 1.62 8.28 × 10–6 5, EA (add) 

15 
rs6576456 ATP10A 0.27 0.41 7.57 × 10–6  3, ALL (dom) 
rs2899723 IQCH 0.36 2.04 2.89 × 10–6  3, ALL (add) 

17 
rs646097 LASP1 0.36 0.46 9.45 × 10–6 2, ALL (dom) 
rs11868362 MSI2 0.15 0.34 4.07 × 10–6 2, EA (add/dom) 
rs16943470 YPEL2 0.06 2.97 5.21 × 10–6 6, ALL (dom) 

add, additive; ALL, all patients; OR, odds ratio; dom, dominant; EA, East Asian; 
MAF, minor allele frequency;  
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FIGURE LEGENDS 

Figure 1. Biplot for principal components analysis of ancestry. (A) HapMap 

reference data; 988 subjects with four ancestry clusters evident (Chinese and 

Japanese, Mexican and Indian, Northern/Western European, and African). (B) 1636 

GWAS patients overlaid on HapMap data; East Asian (n=1120) and non-East Asian 

(516) subgroups represented by black and grey crosses. GWAS, genome-wide 

association study. 

 

Figure 2. (A) Manhattan plot for HBsAg clearance endpoint, in the East Asian 

subgroup under an additive model of inheritance. Horizontal blue and red lines depict 

thresholds for suggestive (P<1 × 10–5) and genome-wide significant (P<5 × 10–8) 

associations. SNP rs7549785 for FCER1A gene (P=4.83 x 10–7) shown. (B) 

Corresponding Quantile-Quantile plot. Diagonal (X=Y) red line representing the 

expected distribution of association P-values. Observed P-values shown by blue 

circles. 

HBsAg, hepatitis B surface antigen; SNP, single nucleotide polymorphism. 

 

Figure 3. Genomic context of FCER1A gene. (A) Univariate association plot, under 

an additive model of inheritance, for markers in FCER1A plus 10 kilobase flanking 

sequence. (B) Linkage disequilibrium analysis of markers in FCER1A; red shading 

indicates high pairwise correlation (linkage disequilibrium) between the markers. 
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