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A B S T R A C T

Objectives

This is a protocol for a Cochrane Review (intervention). The objectives are as follows:

Primary objectives
We aim to evaluate the beneficial and harmful eCects of:

• hepatitis B immunisation in people with end-stage kidney disease.

Secondary objectives
We aim to evaluate the beneficial and harmful eCects of:

• reinforced vaccination series (three doses plus one additional booster) versus traditional triple inoculations; and

• intradermal versus intramuscular hepatitis B vaccination, in people with end-stage kidney disease.

Hepatitis B immunisation for adults with end-stage kidney disease (Protocol)
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B A C K G R O U N D

Description of the condition

Hepatitis B infection has been considered a life-threatening
liver infection and impactful disease responsible for significantly
increasing morbidity and mortality worldwide (Harpaz 2000;
Shah 2017; World Health Organization 2019). Although the
association between end-stage kidney disease and hepatitis B
infection is still inconclusive in the literature, the hepatitis B
virus can lead to several end-stage kidney diseases (Kimmel
2020). Besides causing liver inflammation, it causes end-stage
liver dysfunction and gives extra-hepatic complications in multiple
organs, such as the kidneys (Baig  2008; Fabrizi 2017; Shah
2017), either through horizontal or perinatal transmission. The
association of both diseases becomes even more expressive
when people at higher risk of infection are considered (mainly
people with end-stage kidney diseases) due to numerous and
highly complex pathogenic processes, such as membranous
nephropathy, membranoproliferative glomerulonephritis, and
polyarteritis nodosa (Hong 2018). Interestingly, as a disease control
standard practice, all stages of end-stage kidney disease require
regular blood samplings, a factor that contributes to the increased
number of invasive therapies and procedures (Cordeiro 2018;
Fabrizi 2015a; Fabrizi 2015b) and, ultimately, to the increased risk of
hepatitis B infection in people (Schroth 2004). Their compromised
immune system and the potential requirement for haemodialysis
also increase the chances of patients being contaminated with the
hepatitis B virus (Guan 1990; Hsu 1988).

Epidemiologically, end-stage kidney disease aCects approximately
9.1% of the general population worldwide and has been associated
with a significant economic and health-related impact in low-,
middle-, and high-income countries (Coresh  2003; GBD Chronic
Kidney Disease Collaboration 2020; Golestaneh 2017). Its diagnosis
fundamentally relies upon a comprehensive physical examination
and laboratory examination (assessing the glomerular filtration
rate (GFR), albuminuria, and evaluation of urine sediments)
(Vaidya 2019). The diagnosis of end-stage kidney disease is usually
incidental, shown through routine medical screening of serum
chemistry profiles and urine studies. However, some histological
and imaging studies might show shreds of evidence suggesting
kidney damage. Clinically, the presence and severity of clinical
signals and symptoms are directly related to the disease stage,
which can frequently be reported as gross haematuria, "foamy
urine", nocturia, flank pain, or even as oliguria. More severe
or advanced cases can also be registered as weight loss, poor
appetite, swollen ankles, feet, or hands, dyspnoea, and tiredness.
Considering data from the Centers for Diseases Control and
Prevention, just amongst individuals assisted by the USA Medicare
system, treating end-stage kidney disease cost $87.2 billion in
2019, with $37.3 billion designated to end-stage kidney disease
patients (CDCP 2020a; GBD Chronic Kidney Disease Collaboration
2020). End-stage kidney diseases vary in severity and worsen over
time, eventually leading to kidney failure. For this end-stage renal
disease, dialysis or kidney transplant are required for survival
(CDCP 2020a).

Regarding preventive measures against hepatitis B infection,
vaccination still stands as an eCicient and safe alternative
against hepatitis B infection (Poorolajal 2016). However, because
of the impaired immunological response amongst end-stage
kidney disease patients, its eCectiveness is reduced beyond a

specific limit, and a decrease in vaccine-driven seroconversion
performance is hypothesised. To note, if the driving causes are
not identified, or major underlying diseases associated with kidney
deterioration are not treated intensively, patients commonly evolve
to end-stage kidney disease, which requires kidney replacement
therapies (dialysis or kidney transplantation) and, consequently,
increases the economic and medico-epidemiological burden
(Nistor 2015; Perazella 2006; Webster 2017). Therefore, identifying
and implementing a safe, eCicient, and adequate vaccination
schedule or programme is essential to avoid elevated morbidity
and decreased quality of life amongst end-stage kidney disease
patients (Chen 2016; Valderrábano 2001).

Description of the intervention

Vaccination is the safest way to protect people with end-stage
kidney disease against hepatitis B infection, and most countries
administer the first dose at birth if no contraindication is identified
(Chen 2005). Immunisation, usually distributed in public healthcare
organisations, is given intramuscularly into the anterolateral thigh
muscle for infants and the deltoid muscle for children and adults.
The route of administration can be altered to the subcutaneous
site if patients have severe bleeding disorders. Despite the number
of pathogens being targeted, monovalent and polyvalent hepatitis
B vaccines contain a purified hepatitis B virus surface antigen
(HBsAg), obtained through a genetics engineer, buCered with
aluminium hydroxide as an adjuvant and thimerosal as antigen
preservative (Greenberg 2002; Lee 2019). Dose regimens vary
widely and depend on countries' policies around the world. For
instance, the North American vaccination schedule proposes either
immunisation at one or six months aPer initial administration
or aPer six and 14 weeks of age, and six months of age.
Similarly, the Brazilian government has routinely endorsed only the
administration of three shots given at one and six months aPer
the initial immunisation (Ministério da Saúde 2007). Regardless
of dose regimen, it is worthwhile mentioning that the minimum
administration interval between the first and second dose is four
weeks and eight weeks between the second and the third dose,
provided that the interval from the first dose is at least four months
and the child is already six months old (Ministério da Saúde 2007).
Interestingly, studies have shown that the vaccine administration
with larger intervals in between the doses has proportional
and equivalent results, not suggesting the need to resume the
vaccination schedule as primarily prioritised among international
recommendations (Schweitzer 2017). Recent studies have also
suggested that additional shots of the hepatitis B vaccine (booster
vaccine) should be considered only for those immunocompromised
patients (including those with HIV, haematopoietic stem-cell
transplant recipients, and people receiving chemotherapy) (Chen
2005).

With regard to the levels of protective antibodies against hepatitis
B infection (anti-HBs), both monovalent and combined vaccines
were found to provide similar seroprotection or vaccine response
rates in healthy populations (Greenberg 2002; Lee 2018; Lee 2019).
Commonly used commercial brands are Engerix-B, Recombivax
hepatitis B virus, OHBVaxPro, Elovac B, Genevac B, and Shanvac B.
Current recommendations for adults on haemodialysis are either
40 µg of Recombivax HB administered intramuscularly at 0, 1, and
6 months or 40 µg of Engerix-B  administered intramuscularly at
0, 1, 2, and 6 months (Lewis-Ximenez 2001; Reddy 2019; Schillie
2018). These are greater doses than the  regular doses of 10 µg
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of Recombivax HB or 20 µg of Engerix-B administered at  0, 1,
and 6 months to adult individuals that are immunocompetent
(Kim 2018). Notably, the titers of anti-HBs should be evaluated
one to two months aPer the final dose, especially in people with
end-stage kidney disease (Mast 2005). If the anti-HBs titer is < 10
mIU/mL, repeating the entire dosing series is suggested  with the
determination of the antibody response in 1 to 4 months (Kim
2018; Lewis-Ximenez 2001). For people on haemodialysis, the need
for booster doses should be assessed by an annual assessment
of the anti-HBs levels. It is recommended that a booster dose be
administered when anti-HBs levels decline to < 10mIU/mL (Reddy
2019).

Recently, several studies reported that the proportion
of  haemodialysis patients who develop a protective antibody
response aPer  vaccination with the HBsAg vaccine (even at
higher dosages) is lower than in adults with normal immune
status (CDCP 2001; Finelli 2005). Numerous approaches have been
adopted to improve the immunogenicity of recombinant hepatitis
B virus vaccine in  people with end-stage kidney disease
including reinforced schedule  (Fabrizi 1996), concomitant use
of  immunomodulatory agents  (Fabrizi 2010; Fabrizi 2020; Sali
2008), use of third-generation vaccines, vaccination by intradermal
route (Fabrizi 1997), use of newer adjuvant agents (Fabrizi 2020;
Leroux-Roels 2015), vaccination at pre-dialysis stage (Da Roza
2003), and development of vaccines containing the pre-S1 and pre-
S2 portions of the HBsAg (Shouval 2015).

How the intervention might work

In general, all available hepatitis B virus vaccines contain specific
components of the virus envelope protein, including HBsAg, pre-
S1, and pre-S2 proteins (Shouval 2015). The administered HBV
vaccine enters antigen-presenting cells, mainly dendritic cells,
where it is processed and subsequently presented to T-helper
cells, inducing their proliferation and activation together with the
production of memory T cells (Das 2019). The presented antigen
is also recognised by lymphocytes B (Das 2019). Binding to the
antigen and stimulation from cytokines released by T-helper cells
results in maturation of lymphocytes B to plasma cells, which
then undergo clonal proliferation to produce specific antibodies
against HBsAg (anti-HBs) and form memory cells as well (Das 2019).
The generation of immune memory and the production of anti-
HBs antibodies are crucial for long-term protection by providing
an anamnestic response aPer exposure to the hepatitis B virus
(Das 2019). Although anti-HBs titre decreases during time aPer
vaccination, the acquired immunologic memory of B cells enables
the rapid production of specific antibodies upon a future encounter
with the same antigen (West 1996).

People with end-stage kidney disease have been shown to have
lower rates of immunisation aPer standard vaccination compared
to healthy controls (Kausz 2004). Apart from factors directly linked
to impaired immunity and end-stage kidney disease itself, a variety
of other factors have been implicated to aCect vaccination eCicacy,
including age, sex, smoking, nutritional status, concomitant end-
stage disease, and route of vaccine administration  (Fabrizi  2004;
Kausz 2004). Widely available recombinant second-generation
vaccines achieve an insuCicient seroconversion rate of 60% to 70%
in adult dialysis patients (Fabrizi 2004; Grzegorzewska 2014).

Third-generation recombinant hepatitis B vaccines contain pre-S1
and pre-S2 epitopes. They are expected to be more immunogenic

and are aimed at boosting the immune response in non-responders
and immunocompromised people, including people with end-
stage kidney failure (Halperin  2013; Janssen 2013). Furthermore,
various adjuvant systems have been investigated as substances
that may enhance immunogenicity and modulate the immune
response induced by vaccines. Some of these adjuvants include
derivatives from bacterial lipopolysaccharide (monophosphoryl
lipid, MPL), substances based on vitamin E and squalene,
immunostimulatory DNA sequences, etc. (Leroux-Roels 2015).
Some of these adjuvants have shown promising results, but there
are also certain safety concerns, which all require further research
(Leroux-Roels 2015).

Why it is important to do this review

Some Cochrane and non-Cochrane systematic reviews have been
published lately in order to understand multiple preventive
alternatives against hepatitis B infection in people with end-stage
kidney disease (Schroth 2004; Yousaf 2015). For instance, in 2004, a
Cochrane review focusing on randomised clinical trials comparing
several combinations of immunisation found that plasma vaccine
was significantly more eCective than placebo in achieving hepatitis
B antibodies (RR 23.0, 95% CI 14.39 to 36.76, 3 trials) and
no statistically significant diCerence between plasma vaccine or
placebo regarding hepatitis B virus infections (RR 0.50, 95% CI
0.20 to 1.24) was observed (Schroth 2004). However, the review
included a limited number of trials and did not find suCicient
evidence of any preferred or more eCective vaccination protocol
for hepatitis B in end-stage kidney disease patients. In addition, an
earlier review from 2015 assessed additional vaccination protocols
of immunisation, but lacked critical methodological components,
hindering the decision-making process and exact definition of a
standardised vaccination programme for end-stage liver disease
individuals (Yousaf 2015).

Based on the recognition of recent literature improvement
assessing hepatitis B vaccines for people with end-stage kidney
disease and the increased interest of pharmaceutical companies
and academics, the development of a high-quality and timely
review is essential to provide a global evidence summary for
healthcare providers and patients. Therefore, this review aims
to assess the beneficial and harmful eCects of hepatitis B
immunisation in people with end-stage kidney disease and the
beneficial and harmful eCects of a reinforced vaccination series
(three doses plus one additional booster) versus traditional triple
inoculations as well as to compare the beneficial and harmful
eCects of intradermal versus intramuscular hepatitis B vaccination
in people with end-stage kidney disease.

O B J E C T I V E S

Primary objectives
We aim to evaluate the beneficial and harmful eCects of:

• hepatitis B immunisation in people with end-stage kidney
disease.

Secondary objectives
We aim to evaluate the beneficial and harmful eCects of:

• reinforced vaccination series (three doses plus one additional
booster) versus traditional triple inoculations; and
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• intradermal versus intramuscular hepatitis B vaccination, in
people with end-stage kidney disease.

M E T H O D S

Criteria for considering studies for this review

Types of studies

We plan to include adequately randomised clinical trials (RCTs)
evaluating the administration of the hepatitis B vaccine to people
with end-stage kidney disease. We will also include cluster-
randomised trials (trials in which groups of participants are
randomised) if the trial authors have accounted for the clustering
eCect, or these trials contain suCicient data to account for it in
the statistical analysis. We will include the first phase of cross-over
trials, but we will exclude the second phase because of a potential
'bystander eCect' (residual eCect) (Elbourne 2002; Higgins 2022c).

We will include trials irrespective of language of publication or
the format in which they were reported. If we identify trials with
unpublished data, these will also be considered for inclusion in the
review. We will include trials irrespective of the reported outcomes.

We will exclude quasi-randomised studies as the method of their
allocation is not truly random (e.g. medical record numbers, date
of birth) as well as other observational studies.

Types of participants

We will include trials with participants diagnosed with end-
stage kidney disease or undergoing dialysis  interventions (either
peritoneal or haemodialysis) because of  chronic kidney disease.
Furthermore, we will include seronegative trial participants
for HBsAg and for anti-HBsAg antibodies, or those previously
immunised against the hepatitis B virus without success (< 10 mIU/
mL, < 10 IU/L, or equivalent) (CDCP 2006; CDCP 2020b).

We will exclude trials involving mixed populations unless they
reported their results separately or the results were shared by
the authors (aPer two ResearchGate (www.researchgate.net/) and
two email attempts). Based on the 'Improving Global Outcomes'
study, we will define a person with end-stage kidney disease if
they had kidney damage for more than three months, with or
without decreased glomerular filtration rate, manifested by either:
(1) pathological alterations; (2) biomarkers of kidney damage; or (3)

glomerular filtration rate lower than 60 mL/min/1.73 m2 for ≥ three
months, with or without kidney injury (Levey 2005). If no detailed
information is reported in the trial publications, then we will rely on
the definitions of the trial authors or the mention of "chronic kidney
disease" characterising the type of participants being evaluated.

Types of interventions

• Trials comparing any hepatitis B vaccination (plasma
or recombinant, therefore, experimental intervention) with
placebo or no vaccination (control intervention).

• Trials comparing reinforced programme of immunisation of
three inoculations plus additional administration (i.e. three
doses plus one additional booster) (experimental intervention))
versus regular vaccination (triple doses, therefore, control
intervention).

• Trials assessing the diCerences between intradermal
(experimental intervention)  versus intramuscular (control
intervention) hepatitis B vaccination.

We will accept adjuvants or co-interventions if provided similarly to
the intervention groups of the trial. Additionally, we will include any
dose, route of administration, and duration of treatment.

Types of outcome measures

We will extract data on the following outcomes, using the methods
specified below. Our main analysis will include outcome results at
the longest follow-up unless defined diCerently for each separate
outcome below.

Primary outcomes

• All-cause mortality.

• Proportion of participants with clinically confirmed acute
hepatitis B defined as hepatitis B core antigen positivity (anti-
HBc) or persistence of HBsAg positivity up to six months
aPer vaccination. Acute hepatitis B virus infection will be
defined as clinical diagnosis identified by the detection of
HBsAg, symptoms, high serum amino transferases, anti-HBc IgM
detected, and HBV DNA present.

• Proportion of participants with clinically confirmed  end-stage
hepatitis B infection, defined as persistent levels of HBsAg for
more than six months or relevant detection of HBsAg, and liver
biopsy compatible with a diagnosis of end-stage hepatitis B.

• Proportion of participants with one or more serious adverse
events following immunisation with hepatitis B vaccination,
regardless of the reporting period. We will follow the definition
of serious adverse events of the International Council for
Harmonisation (ICH) Guidelines; i.e. any untoward medical
occurrence that at any dose results in death, is life-
threatening, requires hospitalisation or prolongation of existing
hospitalisation, results in persistent or significant disability or
incapacity, or is a congenital abnormality or birth defect (ICH-
GCP 2016).

• Health-related quality of life measured by Kidney Disease
Quality of Life (KDQOL) or any other validated tool to assess the
impact of the disease in daily activities, physical, and mental
health (Rand Corporation 2020).

Secondary outcomes

• Proportion of participants without seroconversion (without

confirmed anti-HBs responses higher than 10 mIU x mL-1) (up to
one month aPer the last dose).

• Proportion of participants with one or more adverse medical
events considered to be non-serious following immunisation
with hepatitis B vaccine.

• Proportion of participants with recorded worsening kidney
function compared to baseline status (progressive and
permanent worsening in glomerular filtration rate, requiring
or not requiring kidney replacement therapy, reported as a
dichotomous outcome by authors).

• Proportion of participants with individual serious adverse
events.

• Proportion of participants with individual adverse events that
were considered not serious.
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• Proportion of participants with hyperkalaemia (defined as
serum potassium > 5.0 mEq/L or mmol/L).

• Time to achieve peak titres (months).

We decided to assess the time to achieve peak titers along with
the peak titer itself because it is  believed that the maintenance
of serum anti-HBs over time is frequently  associated with the
peak level of anti-HBs, right aPer initial vaccine administration
(Jilg  1989). Therefore, by evaluating the correlation of peak titer
and the time to achieve it, we plan to analyse the eCect on
the proportion of individuals with evolved both acute and end-
stage hepatitis B, as well as the proportion of individuals without
seroconversion.

For those trials reporting values at various time intervals, we will
consider only the latest reporting time point following vaccination
as a primary analysis of the outcome data.

Search methods for identification of studies

To minimise bias in our search results, we have followed the
guidance in Chapter 4 of the Cochrane Handbook (Lefebvre 2022a)
and in PRISMA-S (Rethlefsen 2021) to plan and describe the search
process for the review.

Electronic searches

We will perform electronic searches in the Cochrane Hepato-Biliary
Group Controlled Trials Register which will be searched internally
by the Cochrane Hepato-Biliary Group Information Specialist via
the Cochrane Register of Studies Web. We will also search the
Cochrane Central Register of Controlled Trials in the Cochrane
Library, MEDLINE Ovid, Embase Ovid, LILACS (Bireme), Science
Citation Index Expanded, and Conference Proceedings Citation
Index-Science.  The latter two will be searched simultaneously
through the Web of Science.

Appendix 1  gives the preliminary search strategies for the
respective databases, with the expected date range of the searches.
We will provide the actual date of the electronic searches at the
review stage.

Searching other resources

We will also search the Food and Drug Administration
(FDA; www.fda.gov); European Medicines Agency (EMA;
www.ema.europa.eu/ema/); WHO International Clinical Trial
Registry Platform (ictrptest.azurewebsites.net/Default.aspx);
ClinicalTrial.gov (clinicaltrials.gov/); Australian Clinical Trials
Registry (www.anzctr.org.au/); Latin American Ongoing Clinical
Trial Register and Registro Brasileiro de Ensaios Clínicos (Brazilian
Clinical Trials Registry; ensaiosclinicos.gov.br/); the first 1000
entries of Google Scholar, as well as pharmaceutical company
sources, reference lists of potentially eligible studies, and relevant
reviews for ongoing or unpublished trials.

We will contact authors of identified trials for additional published
or unpublished trials.

We will also examine any relevant retraction statements and errata
for information, as errata can reveal important limitations or even
fatal flaws in the included studies (Lefebvre 2022b).

We will use the PubMed/MEDLINE “similar articles search” tool on
all included trials. We will manually check citations and reference

lists of the included trials, and any relevant systematic reviews
identified.

We will provide the actual date of searching other sources at
the review stage. We will also use, relevant to our review, items
from the PRISMA-S checklist to ensure that we have reported
and documented our searches as advised (PRISMA-S Checklist;
Rethlefsen 2021).

Data collection and analysis

We will perform the review following the recommendations of
Cochrane (Higgins 2022a), and we will perform the data analyses
using Review Manager Web (RevMan Web 2020).

Selection of studies

We will combine retrieved records from diCerent databases and
carry out the entire screening process using the Covidence soPware
(Covidence).  Of note, Covidence can also identify duplicates as
standard reference manager systems. Initially, two review authors
(IJBN and HMA)  will screen titles and abstracts and will identify
potentially eligible studies according to our eligibility criteria. In
case of any conflict between decisions, we will resolve them by
group discussion. Secondly, for those primarily qualifying studies
in the first review phase, we will acquire the full text and will
assess once more the eligibility of these trials for inclusion. During
this stage, we will also resolve any conflicts by group discussion.
If needed, we will contact the authors of primary studies for
further information (aPer two ResearchGate and/or two email
attempts). Lastly, we will identify study duplicates (those reporting
the same set of patients) and merge them under one study
identification. We will register this primary selection phase in order
to fulfil the PRISMA-S flow diagram (Page 2021a; Page 2021b) and
'Characteristics of excluded studies' section.

If, during the selection of trials, we identify observational studies
such as quasi-randomised studies or controlled or uncontrolled
clinical studies with the same characteristics of participants and
interventions as in our protocol and reporting adverse events
relevant to the outcomes of this review, we will extract the adverse
event data reported for the experimental or control groups, or both,
separately from the data found in the randomised clinical trials,
without doing a formal meta-analysis and risk of bias assessments.
We have decided to do so because uncommon and late adverse
events can be most oPen found in observational studies, or in
post-marketing phase publications of the use of drugs, and in case
reports.

 We will check if a trial is retracted. If yes, then we will exclude it
(Retraction Watch Database; Moylan 2016; Wager 2011).

Data extraction and management

Two independent authors (VTC and IJBN) will perform data
extraction and management by using a template layout
form in  Covidence. They will extract summary and study
identification  data (trial registration, ethics committee approval,
sponsorship resource, country, setting, and authors details),
data on the characteristics of the participants (age, sex, health
background, geographical location, and baseline conditions),
interventions (description of vaccine, dose, timing, and route
of intervention), outcome measures (as defined above), length
of follow-up, and study design. We will extract the number of
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participants with outcome results and the number of participants
evaluated. In case of disagreements, we will re-examine the
conflicts until a consensus is reached. When data are missing,
we will contact the study authors (initially by electronic
correspondence and occasionally by phone contact) for additional
information.

Assessment of risk of bias in included studies

Two review authors (IJBN  and VTC) will independently assess
the risk of bias of each included trial using version 2 of the
Cochrane 'Risk of bias' tool (RoB2) (Sterne 2019) according to
the recommendations in Chapter 8 of the Cochrane Handbook
for Systematic Reviews of Interventions  (Higgins 2022b)  and
methodological studies (Kjaergard 2001; Moher 1998; Savović
2012a; Savović 2012b; Savović 2018; Schulz 1995; Wood 2008). Any
disagreements will be resolved by consensus.

We will assess the eCect of assignment to the intervention. We will
analyse participants in the intervention groups to which they were
randomised, regardless of the intervention they actually received;
and we will include all randomised participants in the outcome
analyses, i.e. we will perform our analyses based on the intention-
to-treat principle. We will assess the risk of bias of all primary and
secondary outcomes. We will use the below five domains to assess
the risk of bias in the individual randomised trials (Higgins 2022b;
Higgins 2022c; Sterne 2019).

• Bias arising from the randomisation process;

• Bias due to deviations from intended interventions;

• Bias due to missing outcome data;

• Bias in measurement of the outcome;

• Bias in selection of the reported results.

For trials that allocated clusters of individuals, we will assess and
report on the risk of bias associated with one additional domain
(as a second domain), specific to the trial design to assess bias
(Eldridge 2016):

• Bias arising from the timing of identification and recruitment
of individual participants in relation to the timing of
randomisation.

For cross-over trials, as mentioned earlier, we will use the data only
from the first period of the cross-over, and therefore, we will use the
standard version of RoB2 (Sterne 2019).

For signalling questions within each domain for each outcome, we
will provide one of the five possible answers in the RoB2 tool ('Yes',
'Probably yes', 'No', 'Probably no' and 'No information'). APer this
step, we will make a judgement for each domain according to the
algorithm result as 'Low risk of bias', 'Some concerns' or 'High risk
of bias' for each outcome. The overall risk of bias judgement for
each outcome will be the least favourable assessment across the
domains.

The three levels of judgement to an overall rating are as follows:

• low risk of bias: the trial is judged to be at low risk of bias for all
domains for this result;

• some concerns: the trial is judged to raise some concerns in at
least one domain for this result, but is not at high risk of bias for
any of the remaining domains;

• high risk of bias: the trial is judged to be at high risk of bias in at
least one domain for this result, or the study is judged to have
some concerns for multiple domains in a way that substantially
lowers confidence in the result.

During our work on the review, we will use the RoB 2.0 MicrosoP
Excel tool to store the data (which can be received at request) until
we find a place to make them publicly available.

The RoB 2 assessments will feed into each domain of the GRADE
approach for assessing the certainty of a body of evidence for each
outcome (Schünemann 2022) (See "Summary of Findings" section
below).

We will summarise our findings in the Risk of bias tables and figures
('Risk of bias graph' and 'Risk of bias summary').

Measures of treatment e9ect

We will employ the soPware RevMan Web (RevMan Web 2020)
for all statistical analyses. For dichotomous outcomes, we plan to
calculate risk ratios (RR) with a 95% confidence interval (CI). For
continuous outcomes, we will measure the mean diCerence (MD)
with 95% CI if all retrieved records provide data on the same scale,
and as standardised mean diCerence (SMD) if diCerent scales were
used during reporting. For SMD, we will use the rule of thumb where
Cohen's d = 0.2 will be considered a 'small' eCect size, 0.5 represents
a 'medium' eCect size, and 0.8 a 'large' eCect size (Cohen 1998).

For the assessment of 'time to achieve peak titers (months)' and
'peak titers (IU/L)', we plan to analyse the results for the last
reported period (longest period of follow-up) using measures of MD
with its respective 95% CI.

Unit of analysis issues

For trials using parallel-group designs, we will assess participants
as randomised per intervention group. When more than one
intervention group is identified, we will collect data for
those intervention groups that meet the inclusion criteria of
approachable interventions. To overcome a unit of analysis error
for a trial that could contribute multiple, correlated comparisons,
we will combine all relevant experimental intervention groups of
the trial into a single group, and combine all relevant comparator
intervention groups into a single comparator group (Higgins
2022a). If we identify a trial with a common control group and two
trial experimental groups that fall within the same comparison, we
will halve the control group. If we identify a trial with a common
experimental group and two trial control groups that fall within the
same comparison, we will halve the experimental group. We will
include cross-over trials, but for the analysis of the results from
these trials, we will include in the overall analysis only the first
reported result (i.e. use only data from the first treatment period,
before the cross-over) (Higgins 2022c). We will include data from
trials where participants were individually and randomly assigned
to an experimental and a control group. In those trials where results
were based on a long follow-up, we will select only the longest
follow-up from each trial.

For cluster-randomised clinical trials, the unit of analysis will be the
cluster. In order to avoid a unit of analysis error, we will reanalyse
the data by taking account of the intra-cluster correlation (ICC). If
these data are not provided, then we will exclude the trial (Higgins
2022c).
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Dealing with missing data

As already mentioned, we will contact three main authors from
each primary included trial to obtain missing data. If data are
unavailable, we intend to perform an analysis, if possible, on
an intention-to-treat (ITT) principle that includes participants
regardless of compliance or follow-up. If intention-to-treat is still
not possible as some participants could have inevitably dropped
out, then we will impute the data for the missing participants. If this
is not possible either, then we will use the data that are available
to us, and we will ignore the missing data in our primary analyses
(Higgins 2008).

We plan to perform the below two sensitivity analyses of the
influence of participants with incomplete or missing outcome data
(risk of attrition bias) using two imputation methods, for our four
dichotomous primary outcomes (Hollis 1999).

• Extreme-case analysis favouring the experimental intervention
('best-worst' case scenario): none of the dropouts/participants
lost from the experimental group, but all the dropouts/
participants lost from the control group will be assumed to have
experienced the outcome, including all randomised participants
in the denominator.

• Extreme-case analysis favouring the control ('worst-best' case
scenario): all dropouts/participants lost from the experimental
group, but none from the control group, will be assumed to have
experienced the outcome, including all randomised participants
in the denominator.

Assessment of heterogeneity

First, we will analyse possible clinical heterogeneity documenting
the variability in the participants, interventions, and outcomes in
the included trials.

Second, we plan to assess methodological heterogeneity
by comparing the distribution of important trial factors
(randomisation concealment, blinding of outcome assessment,
loss to follow-up, treatment type).

Third, we will check for statistical heterogeneity through visual

inspection of the forest plots and assess it using the Chi2 test
of homogeneity to determine the strength of evidence that
heterogeneity is genuine. We will consider a threshold of P value <
0.1 as an indicator of whether heterogeneity (genuine variation in
eCect sizes) is present.

In addition, we will perform the I2 statistic (Higgins 2022a),
a quantity that describes the proportion of variation in point
estimates that is due to variability across studies rather than to
sampling error.

We will interpret the I2 statistic according to the following
recommendations in Chapter 10 of the Cochrane Handbook for
Systematic Reviews of Interventions (Deeks 2022):

• 0 to 40%: might not be important;

• 30% to 60%: may represent moderate heterogeneity;

• 50% to 74%: may represent substantial heterogeneity;

• 75% to 100%: considerable heterogeneity.

If we identify substantial or considerable heterogeneity (I2 greater
than 50%), we will report it and explore the possible causes by
prespecified subgroup analysis.

Assessment of reporting biases

We will examine the possibility of within-study selective outcome
reporting for each study included in the review. We will search
for trial protocols of included trials on electronic sources such as
PubMed, ClinicalTrials.gov, and the WHO ICTRP in order to assess
whether outcome reporting seems to be suCiciently complete and
transparent. We will investigate publication bias by using funnel
plots if we include 10 or more clinical trials in the systematic review
(Deeks 2022).

Data synthesis

We will perform statistical analysis according to the statistical
recommendations described in the Cochrane Handbook for
Systematic Reviews of Interventions (Higgins 2022a). We plan to
include all trials in our meta-analyses, regardless of their risk of
bias. We will compile RRs, hazard ratios (HR), and mean diCerence
(MD) if relevant, with 95% CIs of individual trials using a random-
eCects meta-analysis, as our main analysis, for data compilation.
We will use an intention-to-treat analysis as far as possible. We will
analyse data using RevMan Web (RevMan Web 2020).

If meta-analysis is not possible for any of the outcomes, we will use
narrative and table formats to present the data. We will provide the
reasons for our decision. The scenarios that may preclude meta-
analysis, with possible solutions, are presented in Table 12.1.a in
Chapter 12 of the Cochrane Handbook for Systematic Reviews of
Interventions (McKenzie 2022).

Subgroup analysis and investigation of heterogeneity

We plan to carry out the following subgroup analyses.

• Risk of bias: trials at low risk of bias compared to trials at some
concern and trials at high risk of bias because the latter two
may overstate benefits and understate harms (Higgins 2022b;
Kjaergard 2001; Moher 1998; Moynihan 2019; Savović 2012a;
Savović 2012b; Savović 2018; Schulz 1995; Wood 2008).

• Participants' age: trials including participants above 50 years
compared to trials including participants under 50 years. Ageing
reduces immune cell production and alters body response to the
vaccine (Fisman 2002), being, therefore, a potential interference
factor that results in a higher or lower rate of immunisation.

•  Stage of chronic kidney disease (I to V): each severity stage of
the kidney condition because studies suggest that vaccination in
the early stages of chronic kidney disease has a more successful
seroconversion rate compared to patients in the late stage of the
disease (Einollahi 2011; Krueger 2020).

• Type of hepatitis B vaccine: diCerent types of vaccination to find
out whether a recombinant or plasma vaccine from diCerent
manufacturers could aCect diCerently the immune system of a
person.

• Geographical area of the primary study: the prevalence,
vaccination coverage, epidemiological aspects, and clinical
presentation of hepatitis B might diCer from other global
geographic locations (Nelson 2016; Zampino 2015).

To determine whether a statistically significant subgroup diCerence
is detected, we will consider the P value from the test for
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subgroup diCerences. We will use this test to assess the diCerence
between the meta-analysed eCect estimates for each subgroup.
A P value of less than 0.1 will be considered indicative of a
significant subgroup eCect. We will perform subgroup analyses for
the following outcomes: 1. All-cause mortality at maximal follow-
up; 2. Proportion of participants with clinically confirmed acute
hepatitis B defined as hepatitis B core antigen positivity (anti-
HBc) or persistence of HBsAg positivity up to six months aPer
vaccination; 3. Proportion of participants with clinically confirmed
chronic hepatitis B infection, defined as persistent levels of HBsAg
for more than six months or relevant detection of HBsAg and
liver biopsy compatible with a diagnosis of chronic hepatitis B; 4.
Proportion of participants with one or more serious adverse events
following immunisation with hepatitis B vaccination, regardless of
the reporting period; and 5. Health-related quality of life measured
by Kidney Disease Quality of Life (KDQOL) or any other validated
tool to assess the impact of the disease in daily activities, physical
and mental health (Rand Corporation 2020).

Sensitivity analysis

We plan to conduct the following sensitivity analyses.

• Carrying out an assessment based on trials that were funded by
the pharmaceutical industry.

• Excluding trials at high risk of bias to explore the eCect of the
methodological quality of trials on the overestimation of the
treatment eCect.

• Excluding trials in which hepatitis B vaccine was compared with
no vaccination in order to explore diCerences with the placebo
eCect.

• Repeating the analysis with the fixed-eCect model to explore
the presence or absence of statistical heterogeneity of outcome
results.

• Excluding trials with missing data for all our four primary
outcomes (see Dealing with missing data).

• Conducting Trial Sequential Analysis to assess the imprecision
of the primary outcomes only (see below).

Trial Sequential Analysis

We plan to perform Trial Sequential Analysis for each meta-analysis
(with at least two trials included) related to primary  outcomes
to control the risk of random error caused by sparse data and
repetitive testing (Thorlund 2017; TSA 2017; Wetterslev 2017). We
will calculate the diversity-adjusted required information size
(DARIS) to estimate the number of participants needed to detect
or reject the intervention eCects in the meta-analyses, accounting
for the possible presence of diversity (TSA 2017; Wetterslev 2008;
Wetterslev 2009; Wetterslev 2017).

We will estimate the DARIS of the dichotomous outcomes based
on the proportion of participants with an outcome in the control
group, a relative risk reduction of 30%, an alpha of 1.67% because
of five primary outcomes, a beta of 10%, and the observed diversity
in the trials in the meta-analysis (Jakobsen 2014; Wetterslev 2017).
We will estimate the DARIS of the continuous outcome based on a
minimal relevant diCerence equal to half a standard deviation in
the control group. We will construct the trial sequential monitoring
boundaries to test statistical significance (for benefit or harm) and
futility. We will estimate the Z-curve and if it crosses or not the
trial sequential monitoring boundaries before reaching the DARIS
(further trials are still necessary to detect or reject an intervention

eCect unless the trial monitoring boundaries for futility are crossed)
or aPer reaching the DARIS (further trials are superfluous to detect
or reject an intervention eCect) (Thorlund  2017; Wetterslev 2008;
Wetterslev 2017). In Trial Sequential Analysis where the cumulative
Z-value does not cross the monitoring boundaries for benefit,
harm, or futility, we will downgrade our assessment of imprecision
in GRADE (see below) by two levels if the accrued number of
participants is below 50% of the DARIS, and by one level if between
50% and 100% of DARIS. We will not downgrade for imprecision
if the cumulative Z-value reaches or crosses benefit, harm, futility,
or DARIS. We will perform Trial Sequential Analysis with Trial
Sequential Analysis soPware, version 0.9.5.10 beta (TSA 2017).

Summary of findings and assessment of the certainty of the
evidence

We will consider The Grading of Recommendations Assessment,
Development and Evaluation (GRADE) approach for the preparation
of the summary of findings tables, using the GRADEpro GDT
soPware (GRADEpro GDT). We plan to create three summary of
findings tables on the comparison of i) hepatitis B vaccination
versus placebo or no vaccination;  on the comparison of II) a
reinforced programme of immunisation of three inoculations
plus additional administration versus regular vaccination; and on
the comparison of III) intradermal  versus intramuscular hepatitis
B vaccination, for six main outcomes. The outcomes to be
summarised in the summary of findings table are:  i) all-cause
mortality, ii) proportion of participants with clinically confirmed
hepatitis B, iii) proportion of participants with one or more serious
adverse events aPer immunisation with hepatitis B vaccination, iv)
health-related quality of life, v) proportion of participants without
seroconversion, and vi) proportion of participants with one or
more non-serious adverse medical events. We will provide outcome
results at the maximum follow-up, with median or mean, and the
range of follow-up for each of the outcomes (see Types of outcome
measures).

GRADE uses five factors for assessing the certainty of evidence,
i.e. risk of bias (i.e. overall RoB 2 judgement), heterogeneity,
imprecision (we will calculate the optimal information size),
indirectness, and publication bias. We will use the overall
judgement of risk of bias for an outcome result. ‘Low’ risk of bias will
indicate ‘no limitation (the certainty will not be rated down)’; ‘Some
concerns’ will indicate either ‘no limitation’ or ‘serious limitation
(the certainty will be rated down one level)’; and ‘High’ risk of bias
will indicate either ‘serious limitation’ or ‘very serious limitation
(the certainty will be rated down two levels)’. We will justify all
decisions to downgrade the quality of trials using footnotes, and we
will make comments to aid the reader’s understanding of the review
where necessary.

Based on defined criteria for risk of bias, inconsistency, indirectness
of evidence, imprecision, and presence of publication bias, we will
downgrade the evidence by one level for serious, or two levels for
very serious limitations.

The levels of summary evidence are defined as 'high', 'moderate',
'low', or 'very low'.

• High certainty: we are very confident that the true eCect lies
close to that of the estimate of the eCect.
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• Moderate certainty: we are moderately confident in the eCect
estimate: the true eCect is likely to be close to the estimate of the
eCect, but there is a possibility that it is substantially diCerent.

• Low certainty: our confidence in the eCect estimate is limited:
the true eCect may be substantially diCerent from the estimate
of the eCect.

• Very low certainty: we have very little confidence in the eCect
estimate: the true eCect is likely to be substantially diCerent
from the estimate of eCect.

Two review authors (IJBN and VTC) will use the GRADE tool to assess
the overall certainty of the evidence. Disagreement will be resolved
by consensus. We will incorporate the GRADE judgements about the
certainty of the evidence in our reporting of the results.
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A P P E N D I C E S

Appendix 1. Appendix 1 - Search strategies

 

Database Time span

 

Search strategy

 

The Cochrane Hepa-
to-Biliary Group Con-
trolled Trials Register
(via the Cochrane Regis-
ter of Studies Web)

Date of search will be
given at review stage

(hemodialysis or haemodialysis or hemofiltration or haemofiltration or he-
modiafiltration or haemodiafiltration or dialysis or CAPD or CCPD or APD or
end-stage renal or end-stage kidney or endstage renal or endstage kidney or
ESRF or ESKF or ESRD or ESKD or chronic kidney or chronic renal or CKF or
CKD or CRF or CRD or predialysis or pre-dialysis or ur?emi$) and (((hepatitis B
or HBV or hep B) and (vaccin* or re-vaccin* or immuni* or inject* or booster))
or (engerix or heptavax or recombivax or pediatrix or twinrix or vaxelis or HB-
VaxPro or Elovac or genevac or shanvac or fendrix or hepislav))

Cochrane Central Regis-
ter of Controlled Trials
in the Cochrane Library

Latest issue #1 MeSH descriptor: [Renal Replacement Therapy] this term only

#2 MeSH descriptor: [Renal Dialysis] explode all trees

#3 (hemodialysis or haemodialysis or hemofiltration or haemofiltration or he-
modiafiltration or haemodiafiltration or dialysis or CAPD or CCPD or APD)

#4 MeSH descriptor: [Renal Insufficiency] this term only

#5 MeSH descriptor: [Renal Insufficiency, Chronic] explode all trees

#6 MeSH descriptor: [Kidney Diseases] this term only

#7 MeSH descriptor: [Uremia] this term only

#8 (end-stage renal or end-stage kidney or endstage renal or endstage kidney
or ESRF or ESKF or ESRD or ESKD or chronic kidney or chronic renal or CKF or
CKD or CRF or CRD or predialysis or pre-dialysis or ur?emi$)

#9 #1 or #2 or #3 or #4 or #5 or #6 or #7 or #8

#10 MeSH descriptor: [Hepatitis B Vaccines] explode all trees
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Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

#11 ((hepatitis B or HBV or hep B) and (vaccin* or re-vaccin* or immuni* or in-
ject* or booster))

#12 (engerix or heptavax or recombivax or pediatrix or twinrix or vaxelis or HB-
VaxPro or Elovac or genevac or shanvac or fendrix or hepislav)

#13 #10 or #11 or #12

#14 #9 and #13

MEDLINE Ovid 1946 to date of search 1. Renal Replacement Therapy/

2. exp Renal Dialysis/

3. (hemodialysis or haemodialysis or hemofiltration or haemofiltration or he-
modiafiltration or haemodiafiltration or dialysis or CAPD or CCPD or APD).tw.

4. Renal Insufficiency/

5. exp Renal Insufficiency, Chronic/

6. Kidney Diseases/

7. Uremia/

8. (end-stage renal or end-stage kidney or endstage renal or endstage kidney
or ESRF or ESKF or ESRD or ESKD or chronic kidney or chronic renal or CKF or
CKD or CRF or CRD or predialysis or pre-dialysis or ur?emi$).tw.

9. 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8

10. exp Hepatitis B Vaccines/

11. ((hepatitis B or HBV or hep B) and (vaccin* or re-vaccin* or immuni* or in-
ject* or booster)).mp. [mp=title, abstract, original title, name of substance
word, subject heading word, floating sub-heading word, keyword heading
word, organism supplementary concept word, protocol supplementary con-
cept word, rare disease supplementary concept word, unique identifier, syn-
onyms]

12. (engerix or heptavax or recombivax or pediatrix or twinrix or vaxelis or HB-
VaxPro or Elovac or genevac or shanvac or fendrix or hepislav).mp. [mp=title,
abstract, original title, name of substance word, subject heading word, float-
ing sub-heading word, keyword heading word, organism supplementary con-
cept word, protocol supplementary concept word, rare disease supplementary
concept word, unique identifier, synonyms]

13. 10 or 11 or 12

14. 9 and 13

15. (randomized controlled trial or controlled clinical trial).pt. or clinical trials
as topic.sh. or trial.ti.

16. (random* or blind* or placebo* or meta-analys*).mp. [mp=title, abstract,
original title, name of substance word, subject heading word, floating sub-
heading word, keyword heading word, organism supplementary concept
word, protocol supplementary concept word, rare disease supplementary con-
cept word, unique identifier, synonyms]

17. 14 and (15 or 16)

Embase Ovid 1974 to date of search 1. exp Renal Replacement Therapy/

  (Continued)
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2. (hemodialysis or haemodialysis or hemofiltration or haemofiltration or he-
modiafiltration or haemodiafiltration or dialysis or CAPD or CCPD or APD).tw.

3. Kidney Disease/

4. Chronic Kidney Disease/

5. Kidney Failure/

6. Chronic Kidney Failure/

7. Uremia/

8. (end-stage renal or end-stage kidney or endstage renal or endstage kidney
or ESRF or ESKF or ESRD or ESKD or chronic kidney or chronic renal or CKF or
CKD or CRF or CRD or predialysis or pre-dialysis or ur?emi$).tw.

9. 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8

10. exp hepatitis B vaccine/

11. ((hepatitis B or HBV or hep B) and (vaccin* or re-vaccin* or immuni* or in-
ject* or booster)).mp. [mp=title, abstract, heading word, drug trade name,
original title, device manufacturer, drug manufacturer, device trade name,
keyword, floating subheading word, candidate term word]

12. (engerix or heptavax or recombivax or pediatrix or twinrix or vaxelis or HB-
VaxPro or Elovac or genevac or shanvac or fendrix or hepislav).mp. [mp=title,
abstract, heading word, drug trade name, original title, device manufacturer,
drug manufacturer, device trade name, keyword, floating subheading word,
candidate term word]

13. 10 or 11 or 12

14. 9 and 13

15. Randomized controlled trial/ or Controlled clinical study/ or trial.ti.

16. (random* or blind* or placebo* or meta-analys*).mp. [mp=title, abstract,
heading word, drug trade name, original title, device manufacturer, drug man-
ufacturer, device trade name, keyword, floating subheading word, candidate
term word]

17. 14 and (15 or 16)

LILACS (Bireme)

 

1982 to date of search (hemodialysis or haemodialysis or hemofiltration or haemofiltration or he-
modiafiltration or haemodiafiltration or dialysis or CAPD or CCPD or APD or
end-stage renal or end-stage kidney or endstage renal or endstage kidney or
ESRF or ESKF or ESRD or ESKD or chronic kidney or chronic renal or CKF or
CKD or CRF or CRD or predialysis or pre-dialysis or ur$emi$) [Words] and ((he-
patitis B or HBV or hep B) and (vaccin$ or re-vaccin$ or immuni$ or inject$
or booster)) or (engerix or heptavax or recombivax or pediatrix or twinrix or
vaxelis or HBVaxPro or Elovac or genevac or shanvac or fendrix or hepislav)
[Words]

Science Citation In-
dex Expanded (Web of
Science)

1900 to date of search #6 #5 AND #4

#5 TI=(random* or blind* or placebo* or meta-analys* or trial*) OR TS=(ran-
dom* or blind* or placebo* or meta-analys*)

#4 #1 AND (#2 or #3)

#3 TS=(engerix or heptavax or recombivax or pediatrix or twinrix or vaxelis or
HBVaxPro or Elovac or genevac or shanvac or fendrix or hepislav)
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#2 TS=((hepatitis B or HBV or hep B) and (vaccin* or re-vaccin* or immuni* or
inject* or booster))

#1 TS=(hemodialysis or haemodialysis or hemofiltration or haemofiltration or
hemodiafiltration or haemodiafiltration or dialysis or CAPD or CCPD or APD
or end-stage renal or end-stage kidney or endstage renal or endstage kidney
or ESRF or ESKF or ESRD or ESKD or chronic kidney or chronic renal or CKF or
CKD or CRF or CRD or predialysis or pre-dialysis or ur?emi*)

Conference Proceed-
ings Citation Index
– Science (Web of
Science)

1990 to date of search #6 #5 AND #4

#5 TI=(random* or blind* or placebo* or meta-analys* or trial*) OR TS=(ran-
dom* or blind* or placebo* or meta-analys*)

#4 #1 AND (#2 or #3)

#3 TS=(engerix or heptavax or recombivax or pediatrix or twinrix or vaxelis or
HBVaxPro or Elovac or genevac or shanvac or fendrix or hepislav)

#2 TS=((hepatitis B or HBV or hep B) and (vaccin* or re-vaccin* or immuni* or
inject* or booster))

#1 TS=(hemodialysis or haemodialysis or hemofiltration or haemofiltration or
hemodiafiltration or haemodiafiltration or dialysis or CAPD or CCPD or APD
or end-stage renal or end-stage kidney or endstage renal or endstage kidney
or ESRF or ESKF or ESRD or ESKD or chronic kidney or chronic renal or CKF or
CKD or CRF or CRD or predialysis or pre-dialysis or ur?emi*)
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