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ABSTRACT
This study compared the immunogenicity and safety of a booster dose of HepB-CpG (HEPLISAV-B® vaccine) 
with HepB-Eng (Engerix-B®) and HepB-AS04 (Fendrix®) in patients receiving chronic hemodialysis. This was 
a multicenter, randomized, open-label, phase 3 study of adults receiving hemodialysis with antibodies to 
HBsAg (anti-HBs) <10 mIU/mL at study entry. The objective was to compare the seroprotection rate (SPR) 
induced by HepB-CpG with HepB-Eng or HepB-AS04. The SPR was defined as the percentage of patients 
with anti-HBs ≥10 mIU/mL post-vaccination. At 20 sites in Germany, 155 participants were randomized: 
HepB-CpG = 54; HepB-Eng = 50; and HepB-AS04 = 51. Of the 149 participants in the modified intention-to- 
treat population, 76.5% had not previously responded to at least one series of hepatitis B vaccine. Based on 
a post hoc analysis, the SPR in HepB-CpG recipients (52.8%; 95% confidence interval [CI]: 38.6%, 66.7%) was 
significantly higher than in HepB-Eng recipients (32.6%; 95% CI: 19.5%, 48.0%), and non-inferior to that in 
HepB-AS04 recipients (43.1%; 95% CI: 29.3%, 57.8%). Local post-injection reactions occurred in significantly 
fewer HepB-CpG (9.3%) than HepB-AS04 recipients (31.4%; p = .007) and at a similar rate to HepB-Eng 
recipients (8.2%). Systemic post-injection reactions in HepB-CpG recipients (18.5%) were similar to the HepB- 
AS04 group (19.6%) and higher than in the HepB-Eng group (12.2%). In this difficult-to-immunize popula
tion, a booster dose of HepB-CpG induced significantly higher levels of seroprotection than HepB-Eng with 
a similar safety profile. The higher levels of immunogenicity were not accompanied by higher levels of local 
post-injection reactions compared with HepB-AS04.
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Introduction

Hepatitis B virus (HBV) infection is a major global public 
health problem. The World Health Organization estimates 
that 2 billion people have been infected worldwide and, in 
2019, more than 296 million people were chronic carriers of 
HBV. Up to 20% of infected individuals are expected to 
develop cirrhosis, liver failure, or hepatocellular carcinoma. 
HBV infection accounted for over 820,000 deaths in 2019.1

HBV is transmitted through exposure to infected blood and 
body fluids. Patients with end-stage renal disease (ESRD) are at 
increased risk of exposure to HBV in the hemodialysis setting 

where frequent and prolonged vascular access is required. In an 
environment where multiple patients receive dialysis concurrently, 
repeated opportunities exist for person-to-person transmission of 
infectious agents, directly or indirectly via contaminated devices, 
equipment and supplies, environmental surfaces, or hands of 
personnel. In one study (2007–2009), 30% of 129 patients with 
new HBV infection were thought to have become infected with 
HBV through hemodialysis.2 At the end of 2017, an estimated 
743,000 patients were on chronic dialysis in the United States with 
more than 124,000 patients initiating hemodialysis that year, many 
of whom were likely unvaccinated for hepatitis B.3 In 2015, 
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546,000 patients were receiving chronic dialysis in Europe, 
a number that has doubled since 1990.4 While the number of 
HBV infections reported in patients receiving hemodialysis is 
low, the risk of transmission remains high, and dialyzing patients 
with HBV infection requires special precautions, including using 
dedicated rooms, machines, instruments, medications, supplies, 
and staff to reduce the risk of infecting other patients.5

Due to a compromised immune system, patients receiving 
hemodialysis who become infected with HBV have a high risk of 
developing chronic hepatitis B infection if infected with HBV 
and its sequelae, including chronic active hepatitis, cirrhosis, and 
hepatocellular carcinoma.5 Vaccination is an important tool in 
preventing the transmission of HBV in the hemodialysis 
setting.5 Patients with chronic renal failure have defects in 
both humoral and cellular immunity, which lead to reduced 
responses to vaccination.6 The vaccine regimens for ESRD cur
rently recommended in the US and Europe result in seroprotec
tion rates (SPRs) of 33% to 92%, with most below 70%.7–10

In individuals with ESRD, unlike in healthy individuals, 
long-term protection by vaccination against HBV infection 
depends on persistence of a seroprotective level of antibodies 
against hepatitis B surface antigen (HBsAg).11 An antibody 
against HBsAg (anti-HBs) concentration of ≥10 mIU/mL has 
been shown to correlate with protection against HBV 
infection;12,13 long-term maintenance of an anti-HBs level of 
≥10 mIU/mL in the ESRD population is necessary because 
breakthrough infections have occurred in persons with levels 
less than 10 mIU/mL.14,15 An anti-HBs concentration ≥100 
mIU/mL after vaccination is desirable in patients with ESRD 
because the duration of seroprotection is longer than for 
patients with an anti-HBs concentration 10–99 mIU/mL.16

This study was conducted to evaluate the response to 
a booster dose of hepatitis B vaccine in patients receiving hemo
dialysis who had previously received hepatitis B vaccine. This 
study compared hepatitis B vaccines with different adjuvants: 
CpG 1018® adjuvant, a toll-like receptor 9 (TLR9) agonist, in 
HepB-CpG (referred to elsewhere as HBsAg-1018), aluminum 
hydroxide adjuvant in HepB-Eng (referred to elsewhere as 
HBsAg-Eng), and aluminum hydroxide plus monophosphoryl 
lipid A (MPL) adjuvant, a TLR4 agonist, in HepB-AS04 (referred 
to elsewhere as HBV-AS04). There are no recent reports on the 
response of patients on chronic hemodialysis to a booster dose 
of hepatitis B vaccine. This study presents data on a randomized, 
open-label, multicenter phase 3 trial comparing the immuno
genicity and safety of a single dose of HepB-CpG with one 
double dose of HepB-Eng, and a single dose of HepB-AS04, in 
patients receiving chronic hemodialysis.

Materials and methods

Study design and patients

This trial was conducted at 20 sites in Germany from 
December 2010 to April 2012; was approved by the appropriate 
central and local ethics committees; and was conducted accord
ing to the Declaration of Helsinki and Good Clinical Practices. 
Written informed consent was obtained in the patient’s native 
language prior to enrollment. This study was registered on 
ClinicalTrials.gov (NCT01195246) on September 6, 2010.

Eligible patients were aged 18 y and older who had loss of 
renal function, were receiving hemodialysis, and had an anti- 
HBs concentration of <10 mIU/mL at enrollment. Patients 
could have either previously responded (anti-HBs ≥10 mIU/ 
mL) to one series of commercially available hepatitis B vaccine 
with or without booster(s), or failed to develop anti-HBs ≥10 
mIU/mL after receiving at least one series of hepatitis B vaccine 
and one or more booster(s). Patients were excluded if they: were 
at high risk for recent exposure to HBV, hepatitis C virus, or 
HIV through a mode other than hemodialysis; had a known 
history of autoimmune or inflammatory diseases; had uncon
trolled diabetes mellitus; had received a kidney transplant; had 
received any blood product or immunoglobulin within 3 months 
prior to study entry; had received any inactivated viral or bac
terial vaccine 21 d prior to the vaccination or received any live 
viral or bacterial vaccine or systemic corticosteroids 28 d prior to 
the vaccination; and had an injection of DNA plasmids or 
oligonucleotides or an investigational hepatitis B vaccine at 
any time or an intradermal hepatitis B vaccine, if given as 
a primary vaccine series.

Eligible patients were randomly assigned 1:1:1 to receive 
HepB-CpG, HepB-Eng, or HepB-AS04. Randomization was 
stratified by site and response to the previously received hepa
titis B vaccine series. Patients with prior seroprotection (here
after referred to as “prior responders”) had an anti-HBs level of 
≥10 mIU/mL after at least one series of hepatitis B vaccine, 
with or without booster(s). Patients without prior seroprotec
tion (hereafter referred to as “prior non-responders”) never 
had an anti-HBs level of ≥10 mIU/mL after at least one series of 
hepatitis B vaccine and one or more booster injections of 
hepatitis B vaccine.

Study vaccines and administration

The test product, HepB-CpG (HEPLISAV-B® vaccine), was com
posed of 20 µg recombinant HBsAg, and 3000 µg of the TLR9 
agonist, CpG 1018® adjuvant (lot TDG010).17 Participants in the 
HepB-CpG group received a single intramuscular (IM) injection 
(0.5 mL) in the deltoid muscle at week 0. One active comparator 
was HepB-Eng (Engerix-B®) (20 µg recombinant HBsAg com
bined with 500 µg alum adjuvant9) (lots AHBVB747AA, 
AHBVB988AB, and AHBVB825BE). Participants in the HepB- 
Eng group received a double dose of HepB-Eng in either the left 
or the right deltoid muscle (both injections in the same arm) at 
study week 0 consisting of two 1.0-mL injections of 20 µg HBsAg 
for a total dose of 40 µg HBsAg. The second active comparator 
was HepB-AS04 (Fendrix®) (20 µg recombinant HBsAg com
bined with 500 µg alum adjuvant and 50 µg 3-O-4ˈ-desacyl- 
MPL)18 (lots AFENA009AA and AFENA012AA). Participants 
in the HepB-AS04 group received a single IM injection (0.5 mL) 
into the deltoid muscle at week 0.

Study procedures

Demographic information, medical history, medication his
tory, and smoking history were collected and physical exam
ination including vital signs was conducted during the 
screening visit. In addition, laboratory testing for HBV (includ
ing HBsAg, anti-HBs, and anti–hepatitis B core antigen), 
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hepatitis C virus, and HIV was conducted. Eligible participants 
were required to be serum negative for HBsAg, hepatitis 
C virus, and HIV. At study visits, patients underwent clinical 
safety evaluations and had blood drawn for measurement of 
anti-HBs levels.

Safety assessments

The safety and tolerability assessments included monitoring 
and recording of local and systemic post-injection reactions, 
adverse events, autoimmune adverse events, and serious 
adverse events.

Diary cards solicited information about the presence and 
severity of local post-injection reactions (redness, swelling, 
pain at or near the injection site), systemic post-injection 
reactions (malaise, headache, myalgia, fatigue), and oral tem
perature for 7 d after study injection. Adverse events were 
collected through 4 weeks after the injection, and serious 
adverse events and autoimmune adverse events were collected 
through 12 weeks after the study injection.

Immunogenicity

Anti-HBs serum concentrations were measured using the 
Ortho Vitros® enhanced chemiluminescence immunoassay 
(Ortho Clinical Diagnostics, Rochester, NY).

Statistical methods

The primary objective was to compare the immune response of 
HepB-CpG with HepB-Eng and HepB-AS04 as measured by 
the SPR defined as the percentage of patients with anti-HBs 
≥10 mIU/mL at 4 weeks after the booster injection.

Secondary objectives included evaluation of the safety of 
HepB-CpG compared with HepB-Eng and HepB-AS04; 
a comparison of the immunogenicity of HepB-CpG with 
HepB-Eng and HepB-AS04 as measured by the percentage of 
patients with anti-HBs ≥100 mIU/mL following booster injec
tion; and a comparison of the immunogenicity of HepB-CpG 
with HepB-Eng and HepB-AS04 as measured by anti-HBs 
geometric mean concentration (GMC) following booster 
injection.

This was a hypothesis-generating trial to compare the 
immune responses to a booster dose of HepB-CpG, HepB- 
Eng, and HepB-AS04. Because only descriptive analyses were 
to be performed, the sample size of approximately 50 per group 
was chosen. The safety population included patients who 
received at least one study injection and had a post-injection 
safety evaluation. Immunogenicity analyses used the modified 
intent-to-treat analysis population comprising patients who 
received at least one study injection and had an immunogeni
city evaluation.

SPRs were calculated with associated two-sided 95% confi
dence intervals (CIs) using the Clopper–Pearson method.19 

Adjusted GMCs were calculated with associated CIs. Analysis of 
variance (ANOVA), with the log transformation (log10) of the 
concentrations as the dependent variables, was used to calculate 
the least square mean log10 concentrations and CIs. Geometric 
means and 95% CIs of the GMCs were obtained by taking the 

anti-log of the least square mean and the CIs in the log10 concen
trations scale.

Statistical methods and criteria for non-inferiority and 
superiority used in previous pivotal trials of HepB-CpG20 

were applied post hoc in this hypothesis-generating trial. For 
the non-inferiority of the SPR, the lower limit of the 95% CI for 
the differences between vaccination groups (HepB-CpG minus 
HepB-Eng or HepB-AS04) was greater than or equal to –10%. 
The result was statistically significantly higher if the lower limit 
of the 95% CI was greater than 0%. Post hoc statistical tests of 
safety were performed at the two-sided 0.05 level of signifi
cance using the 2-tailed Fisher's exact test. All data analyses 
were performed using SAS® version 9.2.

Results

Study patients

In this trial, 155 patients were randomized (Figure 1); 117 
(HepB-CpG: n = 38; HepB-Eng: n = 38; HepB-AS04: n = 41) 
had not responded to at least one prior hepatitis B vaccine series 
and 38 (HepB-CpG: n = 16; HepB-Eng: n = 12; HepB-AS04: 
n = 10) patients had previously responded to a hepatitis 
B vaccine series. Three patients died prior to having blood 
drawn for anti-HBs concentrations. Two patients had negative 
anti-HBs test results at screening but at Day 1 had anti-HBs 
concentrations of 13.4 mIU/mL and 12.6 mIU/mL, respectively, 
and were excluded from immunogenicity analyses. Overall, 
96.1% of patients completed the trial. Six patients died prior to 
the end of the study.

Demographic and baseline characteristics were balanced 
among vaccination groups, except a higher proportion of 
HepB-Eng recipients were aged ≥70 y compared with patients 
who received HepB-CpG or HepB-AS04, and a lower propor
tion of HepB-Eng recipients were smokers compared with 
patients who received HepB-CpG or HepB-AS04 (Table 1). 
Participants had received hemodialysis for a median of 3.8 y.

Prior to participating in this study, patients were vacci
nated with HBVAXPRO (HBVAXPRO or HBVAXPRO 
40 µg [MSD Vaccines]), HepB-Eng (Engerix, Engerix-B, 
Engerix-B Erwachsene [GlaxoSmithKline]), or Gen- 
H-B Vax (Aventis Pasteur). Prior non-responders had 
received an average of 5.3 hepatitis B vaccinations prior 
to this trial, and responders had received an average of 7.0 
hepatitis B vaccinations prior to this trial.

Immunogenicity

The SPR was 52.8% in HepB-CpG recipients (42.1% in prior 
non-responders); the SPR was 32.6% in HepB-Eng recipients 
(18.9% in prior non-responders); and the SPR was 43.1% in 
HepB-AS04 recipients (29.3% in prior non-responders). The 
SPR in the HepB-CpG group was statistically significantly 
higher than in the HepB-Eng group and non-inferior to the 
SPR in the HepB-AS04 group (Table 2). The percentage of 
patients with anti-HBs concentrations of ≥100 mIU/mL was 
26.4% in the HepB-CpG group, was 13.0% in the HepB-Eng 
group, and was 25.5% in the HepB-AS04 group.
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The baseline anti-HBs concentration was similar among the 
three groups (Table 3). The median GMC after vaccination in 
the HepB-CpG group was 9.64 mIU/mL (3.8 mIU/mL in prior 
non-responders), in the HepB-Eng group was 2.57 mIU/mL 
(1.2 mIU/mL in prior non-responders), and in the HepB-AS04 
group was 4.98 mIU/mL (1.9 mIU/mL in prior non- 
responders) (Table 3). The GMC in the HepB-CpG group 
was statistically significantly higher than in the HepB-Eng 
group.

Safety

Local post-injection reactions occurred in a similar proportion of 
HepB-CpG recipients (9.3%) to HepB-Eng recipients (8.2%) and 
a significantly lower proportion of patients than HepB-AS04 
recipients (31.4%; p = .007) (Table 4). All post-injection reactions 
in HepB-CpG and HepB-Eng recipients were of mild severity. 
Four patients who received HepB-AS04 reported moderate injec
tion-site pain. No local post-injection reaction was reported as 

Enrollment

Assessed for eligibility (N = 198)

Excluded (n = 43)

Randomized (N = 155)

Allocation

Allocated to HepB-CpG
(n = 54)
• Received allocated 

intervention (n = 54)
• Prior response (n = 16)
• No prior response (n = 38)

Allocated to HepB-Eng
(n = 50)
• Received allocated 

intervention (n = 50)
• Prior response (n = 12)
• No prior response (n = 38)

Allocated to HepB-AS04
(n = 51)
• Received allocated 

intervention (n = 51)
• Prior response (n = 10)
• No prior response (n = 41)

Completed trial (n = 52)
• Death (n = 2)

Completed trial (n = 46)
• Death (n = 4)

Completed trial (n = 51)

Analysis

mITT population (N = 53)
• Excluded from analysis

Death (n = 1)

Safety population
(N = 54)

mITT population (N = 46)
• Excluded from analysis

Death (n = 2)
Anti-HBs ≥10 mIU/mL at 
baseline (n = 2)

Safety population
(N = 50)

mITT population (N = 51)

Safety population
(N = 51)

Follow-Up

Figure 1. Patient disposition.
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severe in any of the vaccination groups. Most post-injection reac
tions peaked in frequency between 1 and 3 d after the injection 
and were infrequent by 7 d after the injection.

Systemic post-injection reactions occurred in a lower per
centage of patients in the HepB-Eng group compared with the 
HepB-CpG and HepB-AS04 groups. Malaise, headache, fati
gue, and myalgia were most common in the HepB-CpG group. 
Myalgia and fatigue were the most common in the HepB-AS04 

group. One patient in each group reported severe systemic 
post-injection reactions.

Rates of adverse events were comparable across all vaccina
tion groups, and medically important events were infrequent. 
No new-onset autoimmune events were reported. The frequency 
of serious adverse events was similar across the three vaccine 
groups, and no serious adverse event was considered by the 
investigator as possibly or probably related to study vaccine.

Table 1. Demographics and baseline characteristics (safety population).

Characteristic HepB-CpG (N = 54) HepB-Eng (N = 50) HepB-AS04 (N = 51) Total (N = 155)

Age (years)
Median 68.0 72.0 71.0 70.0
Range 26-88 36-91 23-89 23-91

Age by category, n (%)
18 to <50 4 (7.4) 4 (8.0) 3 (5.9) 11 (7.1)
50 to <60 6 (11.1) 2 (4.0) 7 (13.7) 15 (9.7)
60 to <70 19 (35.2) 12 (24.0) 13 (25.5) 44 (28.4)
≥70 25 (46.3) 32 (64.0) 28 (54.9) 85 (54.8)

Sex, n (%)
Male 35 (64.8) 30 (60.0) 33 (64.7) 98 (63.2)
Female 19 (35.2) 20 (40.0) 18 (35.3) 57 (36.8)

Race, n (%)
White 54 (100.0) 50 (100.0) 51 (100.0) 155 (100.0)

BMI (kg/m2)
n 53 50 51 154
Median 27.2 26.6 26.5 26.7
Range 17.4-51.7 17.3-46.5 17.3-40.2 17.3-51.7

Smoking status,a n (%)
Yes 11 (20.4) 5 (10.0) 14 (27.5) 30 (19.4)

History of diabetes mellitus, n (%)
Yes 25 (46.3) 22 (44.0) 25 (49.0) 72 (46.5)

Duration of hemodialysis (y)
Median 4.2 3.9 3.6 3.8
Range 0.9-17.4 0.5-16.7 0.6-10.2 0.5-17.4

Response to prior hepatitis B vaccination, n (%)
Responded 16 (29.6) 12 (24.0) 10 (19.6) 38 (24.5)
Did not respond 38 (70.4) 38 (76.0) 41 (80.4) 117 (75.5)

BMI, body mass index. 
aSubject smoked within the past year.

Table 2. Seroprotection rate at week 4 (mITT population).

HepB-CpG HepB-Eng HepB-AS04

Difference in SPRs  
(HepB-CpG – HepB-Eng)  

(95% CI)a

Difference in SPRs  
(HepB-CpG – HepB-AS04)  

(95% CI)a

Difference in SPRs  
(HepB-Eng – HepB-AS04)  

(95% CI)aVisit

Number  
(n/N) of 
patients

SPR  
(95% CI)a

Number  
(n/N) of 
patients

SPR  
(95% CI)a

Number  
(n/N) of 
patients

SPR  
(95% CI)a

Week 4 28/53 52.8% 
(38.6, 66.7)

15/46 32.6% 
(19.5, 48.0)

22/51 43.1% 
(29.3, 57.8)

20.2%b (0.5, 38.3) 9.7%c (–9.5, 28.2) –10.5% (–29.1, 8.9)

anti-HBs, antibody to hepatitis B surface antigen; CI, confidence interval; mITT, modified intent-to-treat population; SPR, seroprotection rate. 
aExact binomial 95% CI (2-sided) for the percentage of patients. 
bStatistically significant difference because lower bound of the 95% CI is >0%. 
cNon-inferiority met because lower bound of the 95% CI is greater than –10%.

Table 3. Anti-HBs geometric mean concentrations at week 4 (mITT population).

Visit

Adjusted GMC (mIU/mL) (95% CI)a,b
Ratio of GMCs Ratio of GMCs Ratio of GMCs

HepB-CpG  
(Total N = 53)

HepB-Eng  
(Total N = 46)

HepB-AS04  
(Total N = 51)

HepB-CpG/HepB-Eng  
(95% CI)

HepB-CpG/HepB-AS04  
(95% CI)

HepB-Eng/HepB-AS04  
(95% CI)

Day 1 0.32 (0.2, 0.4) 0.31 (0.2, 0.4) 0.33 (0.2, 0.5) NC NC NC
Week 4 9.64 (4.2, 22.1) 2.57 (1.1, 6.0) 4.98 (1.9, 13.0) 3.74c (1.2, 12.2) 1.94 (0.6, 6.8) 0.52 (0.1, 1.9)

ANOVA, analysis of variance; anti-HBs, antibody to hepatitis B surface antigen; CI, confidence interval; GMC, geometric mean concentration; mITT, modified intent-to- 
treat population; NC, not calculated. 

aEstimates were obtained through ANOVA with vaccine as the only factor in the model. 
bTo estimate GMCs for each stratum, an ANOVA model with log10 anti-HBs as a dependent variable and vaccine as a factor was used. Adjusted GMC and the 

corresponding 95% CI were obtained by taking the anti-log of the least squares mean of log10 concentrations and the corresponding 95% CI. Since there is only one 
factor in the ANOVA model, the adjusted GMCs are identical to the unadjusted GMCs. 

cStatistically significant difference because lower bound of the 95% CI is >1.0.
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Two deaths occurred in the HepB-CpG group, four in the 
HepB-Eng group, and none in the HepB-AS04 group. The 
cause of death was typical for this population of patients with 
ESRD, including cardiovascular causes and sepsis. No death 
was considered by the investigator to be related to study 
vaccine.

Discussion

Long-term protection against HBV in individuals with ESRD 
depends on the persistence of seroprotective levels of antibodies 
to HBsAg.12,21 Patients with ESRD not only have lower peak 
antibody levels in response to primary vaccination but also have 
a more rapid decline of anti-HBs levels compared with healthy 
patients.22 To maintain protection against HBV, booster doses of 
vaccine need to be administered to patients receiving hemodia
lysis when anti-HBs levels decline to <10 mIU/mL.23

This was a randomized, phase 3 study of hepatitis B vaccines 
using different adjuvants in patients who had been on hemo
dialysis for a median of nearly 4 y, ~75% of whom had never 
been seroprotected by 1 or more previous series of hepatitis 
B vaccine. In this population, a single dose of HepB-CpG 

induced a statistically significantly higher SPR than a double 
dose of HepB-Eng and non-inferior SPR to a single dose of 
HepB-AS04. HepB-CpG induced seroprotection in more than 
40% of patients who had never responded to a previous series 
of hepatitis B vaccine, compared with 19% for HepB-Eng and 
29% for HepB-AS04. HepB-CpG also induced a significantly 
higher anti-HBs GMC than HepB-Eng and a similar anti-HBs 
GMC to HepB-AS04.

HepB-CpG induced similar levels of seroprotection as 
HepB-AS04 while inducing a significantly lower frequency of 
local injection-site reactions than HepB-AS04. Moderate injec
tion site pain was reported only by recipients of HepB-AS04, 
suggesting that the targeted stimulation of TLR9 was better 
tolerated than the broad immune stimulation induced by alum 
with the addition MPL, a TLR4 agonist. Safety was similar 
across the three vaccines, with similar frequencies of adverse 
events and serious adverse events. While there were six deaths 
in the study, none were considered related to vaccine. No new- 
onset autoimmune events were reported.

A limitation of this study was that a small number of patients 
receiving hemodialysis who had previously responded to hepatitis 
B vaccines were enrolled, precluding meaningful subpopulation 

Table 4. Safety events by vaccination group (safety population).

HepB-CpG (N = 54) HepB-Eng (N = 50) HepB-AS04 (N = 51)

N 54 49 51
Any post-injection reaction a 13 (24.1) 8 (16.3) 20 (39.2)

Local reactions
Total, n (%) 5 (9.3) 4 (8.2) 16 (31.4)
Severe 0 0 0

Injection site redness
Total, n (%) 0 0 1 (2.0)
Severe (>100 mm) 0 0 0

Injection site swelling
Total, n (%) 0 0 0
Severe (>100 mm) 0 0 0

Injection site pain
Total, n (%) 5 (9.3) 4 (8.2) 15 (29.4)
Severe 0 0 0

Systemic reactions
Total, n (%) 10 (18.5) 6 (12.2) 10 (19.6)
Severe 1 (1.9) 1 (2.0) 1 (2.0)

Fever (elevated body temperature), N 54 49 51
Total, n (%) 1 (1.9) 2 (4.1) 0 (0.0)
Severe (39°C or higher) 1 (1.9) 1 (2.0) 0 (0.0)

Malaise, N 54 48 51
Total, n (%) 5 (9.3) 2 (4.2) 1 (2.0)
Severe 0 0 0

Headache, N 54 48 51
Total, n (%) 5 (9.3) 1 (2.1) 1 (2.0)
Severe 0 0 0

Myalgia, N 54 49 51
Total, n (%) 4 (7.4) 2 (4.1) 4 (7.8)
Severe 0 0 0

Fatigue, N 54 48 51
Total, n (%) 4 (7.4) 0 5 (9.8)
Severe 0 0 1 (2.0)

Any AE, n (%) 24 (44.4) 22 (44.0) 22 (43.1)
Any related AE, n (%) 2 (3.7) 2 (4.0) 2 (3.9)
Any new-onset autoimmune AE, n (%) 0 0 0
Any SAE, n (%) 10 (18.5) 9 (18.0) 7 (13.7)
Any related SAE, n (%) 0 0 0
Any AE leading to withdrawal, n (%) 0 0 0
Death, n (%) 2 (3.7) 4 (8.0) 0

AE, adverse event; SAE, serious adverse event. 
aPercentages are based on the number of patients (N) providing data for each category. Two patients in each vaccination group did not 

provide oral temperature data. 
Local reactions include redness ≥25 mm, swelling ≥25 mm, and pain. Local pain, malaise, headache, myalgia, and fatigue were graded 

as severe if they were significant and prevented daily activity.
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analyses. Nonetheless, these data offer information to a clinician 
with a patient receiving hemodialysis who needs a booster dose of 
hepatitis B vaccine regardless of the patient’s response to previous 
hepatitis B vaccines. Another limitation of this study was an 
imbalance in the demographics between groups according to 
age and smoking status, both of which are factors known to affect 
immune response to hepatitis B vaccines.24,25

In conclusion, in this very difficult to immunize population 
of patients, a single booster dose of HepB-CpG induced statis
tically significantly higher levels of seroprotection and anti
body levels than HepB-Eng with a similar safety profile. Of 
note, the higher levels of immune response to HepB-CpG were 
not accompanied by higher levels of local reactions and pain as 
induced by HepB-AS04. In this population, a booster dose of 
HepB-CpG may provide protection in a high proportion of 
patients with a well-tolerated safety profile.
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