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Systemic immunosuppressive therapy (IS) renders patients with inflammatory bowel disease (IBD) vul-
nerable to fulminant hepatitis B virus (HBV) infection. Seroprotection against HBV through a full vacci-
nation scheme is preferably obtained before IS is initiated, but often conflicts with the clinical need to
initiate therapy rapidly. Consequently, the vast majority of patients will use IS during booster vaccina-
tions. In this retrospective cohort study, we examined the serological response after a modified vaccina-
tion schedule which includes an initial double dose of Fendrix in patients with IBD and compared the
results with the serological responses of patients with IBD who received the standard schedule.
Seroprotection rates were 86.2 % and 88.9 % in the modified and standard schedule groups respectively.
One-third of patients obtained seroprotection after only one double dose vaccine. A double dose may be
considered in patients with IBD at high short-term risk of HBV infection when a rapid protective response
is warranted.
� 2022 The Authors. Published by Elsevier Ltd. This is an openaccess article under the CCBY license (http://

creativecommons.org/licenses/by/4.0/).
1. Introduction

In countries where HBV is endemic, patients with inflammatory
bowel disease (IBD) are at increased risk of hepatitis B virus (HBV)
infection [1,2]. Moreover, the increased use of systemic immuno-
suppressive therapy renders patients with IBD vulnerable to fulmi-
nant infections and reactivation of chronic HBV infection with
potentially fatal outcomes [3]. As such, the consensus among
experts is to recommend screening for HBV in all patients at diag-
nosis of IBD and to vaccinate all who are seronegative [4]. Serolog-
ical responses to HBV vaccine in immunocompromised patients,
including those that have IBD treated with immunosuppressive
medication, are suboptimal with observed seroprotection rates of
61 %; considerably lower than the > 90 % seroprotection rates in
healthy individuals [5], mainly due to interference of immunosup-
pressive medication with vaccine responsiveness. The most widely
used schedule for hepatitis B vaccination is Engerix-B doses given
at timepoints 0, 1 and 6 months, but to increase vaccine efficacy,
different HBV vaccination schedules or novel adjuvanted vaccines
in patients with IBD are being considered [4,6,7].
Fendrix is a novel HBV vaccine registered for patients with
chronic kidney diseases, which contains GlaxoSmithKline’s propri-
etary AS04C adjuvant, a toll-like receptor 4 agonist. Through
increased immunogenicity of the antigen with the adjuvant, this
vaccine may also be beneficial to immunocompromised patients.
Indeed, revaccination with Fendrix of patients with HIV that were
nonresponding to other HBV vaccines resulted in high success
rates [8,9]. Recently, Fendrix was shown to induce higher seropro-
tective anti-HBs titers in patients with IBD, comparable with dou-
ble doses of Engerix-B [7].

In our tertiary center hospital, we vaccinate all newly diag-
nosed patients with IBD that are HBV seronegative with Fendrix
at timepoints 0, 1 and 6 months. Whereas the first vaccination
is often given before initiating immune suppressive therapy, we
found that at the time of the second and third dose the vast
majority of these patients have initiated systemic immune sup-
pressive therapy. To overcome diminished vaccine responses
due to these therapies, we modified the vaccination schedule to
provide the first two doses at the same time (initial double dose)
as to prime these patients with higher antigen doses. In this ret-
rospective study, we have evaluated the serological responses of
the modified schedule and compared them with the standard
schedule.
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2. Methods

2.1. Study participants and vaccination schedules

This retrospective single center cohort study was conducted at
the Leiden University Medical Center, department of Infectious
Diseases, Leiden, The Netherlands. We assessed data from adult
patients with IBD who were referred to the Infectious Diseases spe-
cialist for immunization counseling in anticipation of initiation or
change of systemic immunosuppressive therapy. Two HBV vacci-
nation schedules were assessed: a modified schedule and a stan-
dard schedule.

In 2016 and 2017, spanning a period of 22 months, all patients
with IBD that required HBV vaccinations were vaccinated with a
double dose of Fendrix at time of diagnosis, before initiation of
immunosuppressive therapy (per dose: 0.5 ml, 20 lg of recombi-
nant HBsAg adjuvanted by 50 lg of AS04C; GlaxoSmithKline), this
group is referred to as the modified schedule group. The rationale
was to induce a quick and early response to vaccination before sys-
temic immunosuppression would be administered. Anti-HBs anti-
body titers were assessed four weeks after a double dose
vaccination. Patients with anti-HBs titers � 10 IU/L were consid-
ered seroprotected and were not administered subsequent doses.
Patients that did not reach seroprotection received additional vac-
cinations with single doses of Fendrix until seroprotection was
reached or until they were considered non-responding. The timing
of subsequent vaccinations was > 4 weeks and aligned with the
patients visits to the gastroenterologist. Moreover, subsequent vac-
cinations were preferably not administered during the course of
increased immunosuppression such as during induction therapy
with systemic immunosuppressives. Generally, up to three
vaccinations were given to reach seroprotection, however any
subsequent vaccinations were given at the discretion of the treat-
ing physician. Serological status was assessed after each
vaccination.

As a comparison group, patients with IBD that received the
standard of care (referred to as the standard schedule group), i.e.
single Fendrix doses at 0, 1 and 6 months, were included from
2015 (before the modified schedule was implemented) and up to
2018. Patients were included until the same groups size as the
modified schedule group was obtained. The standard schedule
included an anti-HBs titer measurement four weeks after the sec-
ond vaccination, and after any subsequent vaccinations if seropro-
tection was not reached following the first two vaccinations. Any
additional vaccinations given (more than was intended in the 0,
1 and 6 months schedule) was at the discretion of the treating
physician.

All included patients had negative anti-HBs titers before
vaccination and none were previously vaccinated against
hepatitis B.

2.2. Outcomes

The primary endpoint was the seroprotection rate after comple-
tion of the vaccination schedule. Additionally, seroprotection rates
at intermediate timepoints were assessed. In addition, anti-HBs
geometric mean titers (GMT) were compared at the final time-
point. As an exploratory endpoint, clinical factors that were predic-
tive of early response, i.e. reaching seroprotection after the first
double dose of Fendrix, were evaluated.

2.3. Definitions

Seroprotection was defined as having an anti-HBs � 10 IU/L.
Exposure to systemic immunosuppressive therapy was catego-

rized as follows:
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1. No medication: patient was not receiving any systemic ther-
apies such as steroids, immunomodulators or biologicals.
2. Monotherapy immunosuppression (excluding biologicals):
patient only receives a steroid or other immunomodulator,
but not a biological. For example: patient receives azathioprine
or prednisone single therapy.
3a. Monotherapy biological: patient only receives a biological
such as adalimumab, infliximab, ustekinumab, vedolizumab et
cetera.
3b. Monotherapy TNF-a inhibitor.
4. Combination immunosuppression (excluding biologicals):
patient receives two or more immunosuppressives, but not a
biological. For example: patient receives azathioprine and
prednisone.
5a. Combination biological + other immunosuppression: patient
receives a biological and either an immunomodulator or ster-
oid. For example: patient receives adalimumab and
azathioprine.
5b. Combination TNF-a inhibitor + other immunosuppression.

Systemic medication at the day of first vaccination: any of the
above categories at the time of first vaccination.

Systemic medication during the vaccination period: the highest
number category after the first vaccination until the final dose
was given.
2.4. Statistical analyses

A Chi-squared test was used to compare seroprotection rates.
Univariate binary logistic regression was used to identify factors
that could predict early response. IBM SPSS Statistics for Windows,
version 25 (IBM Corp., Armonk, N.Y., USA) was used for the analy-
ses and GraphPad Prism 9 for graphs. P-values of � 0.05 were con-
sidered statistically significant. Missing data were not imputed.
3. Results

30 patients with IBD were included for analyses in both the
modified and the standard schedule groups. Patient characteristics
are shown in Table 1. Half of all patients, 17 (57 %) and 13 (43 %) in
the modified and standard schedule groups respectively, had no
systemic immunosuppressive therapy at the day of first
vaccination.

In the modified schedule group, seroprotection rates were
28.6 %, 70.0 %, 82.8 % and 86.2 % after the first (double dose), sec-
ond, third and additional vaccinations. Seroprotection rates were
58.6 %, 82.1 % and 88.9 % after the second, third and additional vac-
cinations in the standard schedule group; no titers were measured
after the first dose in the standard schedule. There were no statis-
tically significant differences in seroprotection rates between both
groups (Fig. 1). Anti-HBs GMTs were 84.8 (95 %CI: 38.7–185.8) IU/L
and 120.5 (95 %CI: 56.0–259.1) IU/L at the last titer check in
patients who completed the vaccination schedule with the modi-
fied and the standard schedule respectively (see Fig. 2). Note how-
ever that titers were not checked in the majority of patients
(n = 16) from the standard schedule group after their final vaccina-
tion as the schedule did not include a titer check after the final vac-
cination if the initial titer showed seroprotection. Titers were
missing from 2 patients in the modified schedule group after the
first vaccination and 1 patient did not complete the schedule. In
the standard schedule group, there were no titers measured in 1
patient, 1 patient had no titers measured after the third vaccine
despite being seronegative and 1 patient did not complete the
schedule after the first two vaccine doses and a seronegative
status.



Table 1
patient characteristics.

Modified
schedule

Standard
schedule

Total number of subjects 30 30
Mean age (SD) 47 (17,1) 39 (13,1)
Male sex 33 % 50 %
Inflammatory bowel disease type
Crohn’s disease, n (%) 16 (53) 19 (63)
Colitis Ulcerosa, n (%) 13 (43) 11 (37)
Microscopic colitis, n (%) 1 (3) 0 (0)
Systemic immunosuppressive medication at

the day of first vaccination
No medication, n (%) 17 (57) 13 (43)
Monotherapy immunosuppression (excl.

biological), n (%)
12 (40) 10 (33)

Monotherapy biological, n (%) 0 (0) 2 (7)
Monotherapy TNF-a inhibitor, n (%) 0 (0) 2 (7)
Combination immunosuppression (excl.

biological), n (%)
1 (3) 2 (7)

Combination biological + other
immunosuppression, n (%)

0 (0) 3 (10)

Combination TNF-a inhibitor + other
immunosuppresion, n (%)

0 (0) 2 (7)

Systemic immunosuppressive medication
during the vaccination period

No medication, n (%) 2 (7) 0 (0)
Monotherapy immunosuppression (excl.

biological), n (%)
6 (20) 10 (33)

Monotherapy biological, n (%) 13 (43) 12 (40)
Monotherapy TNF-a inhibitor, n (%) 5 (17) 7 (23)
Combination immunosuppression (excl.

biological), n (%)
1 (3) 1 (3)

Combination biological + other
immunosuppression, n (%)

8 (27) 7 (23)

Combination TNF-a inhibitor + other
immunosuppresion, n (%)

5 (17) 6 (20)
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To identify factors that could predict early response (i.e. sero-
protection after a single vaccination with a double dose of Fendrix)
we performed univariate binary logistic regression (Table 2) and
Fig. 1. Seroprotection rates. Average seroprotection rates for patients vaccinated with
Numbers of patients included for analyses are shown in the table below the graph.
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found that lower age was significantly associated with an early
response (P = 0.046). 62.5 % of patients (5 out of 8) below age
35 years had early response. Patient sex, type of IBD (Crohn’s,
ulcerative colitis or microscopic colitis) or type of immunosuppres-
sion at the first day of vaccination was not associated with early
seroprotection.

4. Discussion

In this retrospective cohort study we show that both the mod-
ified and standard Fendrix HBV vaccination schedules resulted in
high seroprotection rates against hepatitis B infection. One-third
of patients with IBD achieved seroprotection after one double dose
Fendrix and young age was associated with obtaining a successful
early response in this group. There was no difference in final sero-
protection rates after completion of the vaccination schedule
between the modified and standard schedule groups.

We confirm the findings from a recent randomized clinical trial
that showed high rates of seroprotection with anti-HBs � 10 IU/L
in 67 % and 88 % of patients receiving three and four doses of Fen-
drix respectively [7]. Seroprotection rates in our study are consid-
erably higher than the pooled rate of 61 % that was identified in a
previous meta-analysis of HBV vaccination in patients with IBD [5].
Fendrix may cause high seroprotection rates in immunocompro-
mised patients due to the addition of the AS04C adjuvant, a Toll-
like receptor 4 agonists, thought to increase immunogenicity of
the HBsAg, however we have not performed a direct comparison
of antibody responses between Fendrix and other HBV vaccines
in patients with IBD. Nevertheless, a previously published clinical
trial showed that single doses of Fendrix were as efficacious (re-
garding antibody responses) as double doses of the widely used
Engerix-B vaccine [7]. Larger prospective studies are needed to
establish whether Fendrix is superior to other HBV vaccines in
immunocompromised patients, however initial data seems to sup-
port it.

The 28.6 % seroprotection rate after only one double dose Fen-
drix in the modified schedule group is interesting, as it suggests
the modified (black) and standard schedule (grey) with standard error of the mean.



Fig. 2. Anti-HBs titers at final measurements Titers of patients after completion of
the vaccination schedule. Geometric mean titers (GMT) are shown with 95 %
confidence intervals (95 %CI).
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that a substantial proportion of patients with IBD could benefit
from only a single vaccination, reducing the time and dose needed
to achieve seroprotection, which is relevant in this patient group as
often there is little time between first vaccination and the start of
immunosuppressive therapy. This early response rate may even be
higher when selecting only younger patients for the modified
schedule as 62.5 % of patients below age 35 years obtained early
seroprotection in our study. In addition, rapid achievement of sero-
protection against HBV is especially important in patients with IBD
when bowel surgery, blood transfusions and repeated endoscopy
are anticipated (factors that may increase HBV infection risk)
because of ongoing severe IBD [10,11] or when protection against
reactivation of chronic or occult HBV infection is warranted before
initiation of systemic immunosuppression [12].

The study has several limitations. We did not obtain data on the
duration of protective antibody titers. Previously, a loss of protec-
tive antibodies was observed in 20 % of patients with IBD that
received four single doses of Fendrix at timepoints 0, 1, 2 and
6 months [7]. However, waning of antibody titers may not neces-
sarily reflect loss of immune memory. Another limitation is the
absence of a titer check after the first vaccination in the standard
schedule group, which complicates comparison of early seropro-
tection with the modified schedule. Furthermore, we did not for-
mally assess potential adverse events of an initial double dose of
Fendrix, although we did not have patients reporting severe
adverse events. Moreover, apparent absence of association of clin-
ical factors with early response (Table 2), such as systemic
Table 2
Association of clinical variables with early response.

Response
double do
N = 8

Mean age (SD) 35 (10,1)
Male sex 3 (37.5 %)
Inflammatory bowel disease type
Crohn’s disease, n (%) 4 (50 %)
Colitis Ulcerosa, n (%) 4 (50 %)
Microscopic colitis, n (%) 0 (0 %)
Systemic medication at the day of first vaccination
No medication, n (%) 5 (62.5 %)
Monotherapy immunosuppression (excl. biological), n (%) 3 (30 %)
Monotherapy biological, n (%) 0 (0 %)
Monotherapy TNF-a inhibitor, n (%) 0 (0 %)
Combination immunosuppression (excl. biological), n (%) 0 (0 %)
Combination biological + other immunosuppression, n (%) 0 (0 %)
Combination TNF-a inhibitor + other immunosuppresion, n (%) 0 (0 %)
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immunosuppression at first vaccination, should be interpreted
with caution due to small sample sizes. Lastly, our study showed
high rates of anti-HBs conversion, however protection against
actual HBV infection was not assessed. None of the included
patients were reported to have an active hepatitis B infection at
the time of our analyses.

In conclusion, high seroprotection rates for HBV can be
achieved by vaccinating immunocompromised patients with Fen-
drix. An initial double dose of Fendrix does not result in higher
seroprotection rates as compared to a normal schedule, however
an initial double dose of Fendrix may be considered when quick
seroprotection is warranted in patients with an increased risk of
HBV infection.
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