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Chapter 1

Epidemiology

Viral hepatitis is considered a global public health threat. Worldwide, 296 million
individuals are infected with the hepatitis B virus (HBV) and 93 million with the
hepatitis C virus (HCV)."? The prevalence of hepatitis varies across the globe. The
highest prevalence of HBV is observed in East Asia and sub-Saharan Africa, where
approximately 5-10% of the population is chronically infected."® For HCV, the
highest prevalence is observed in Central and East Asia, West Africa, and the
Eastern of Europe, with a prevalence of up to 3.6%.%4

The Netherlands is considered a low-endemic country, with a prevalence of 0.34%
for HBV (~40,000 individuals) and 0.16% for HCV (~28,000 individuals).® The highest
prevalence has been observed among high-risk groups, including migrants,
incarcerated people, people who (have) inject(ed) drugs (PWID) and men who have
unsafe sex with men (MSM).5¢

Disease burden

Patients with a chronic viral hepatitis infection are at risk to develop cirrhosis, hepatic
decompensation and hepatocellular carcinoma (HCC)."? Chronic hepatitis B (CHB)
and C (CHC) are leading causes of HCC, as they are together responsible for 73%
of HCC cases and 63% of cases with liver cirrhosis.”®

In 2019, approximately 820,000 and 290,000 patients died worldwide due to
respectively hepatitis B and C related morbidity.'? Nowadays, the mortality from
hepatitis B and C exceed the mortality from Human Immunodeficiency Virus (HIV),
tuberculosis, and malaria (Figure 1).3

Virology

Viral hepatitis B and C are noncytoplasmatic, blood-borne viruses. Replication takes
place in the hepatocytes. Transmission of both HBV and HCV occurs via blood-blood
contacts such as needle stick injury, intravenous drug abuse, tattooing, piercing and
exposure to infected blood and body fluids. For HBV, one of the most common
transmission routes, especially in high-endemic countries, is perinatal
transmission. -2
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Figure 1. The number of deaths of viral hepatitis as compared with deaths from
Human Immunodeficiency Virus (HIV) infection, malaria and tuberculosis
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Hepatitis B

HBYV, first isolated in 1965, is a member of the Hepadnavirus. It includes a small
enveloped DNA virus. Currently, nine genotypes have been identified (genotype
A-1)."" The distribution of HBV genotypes varies across the world, with the highest
prevalence of HBV genotypes A and D in Europe, Africa and India, and HBV
genotypes B and C in Asia."?

After infection, HBV travels via the blood to the liver. The circulating virion contains
an envelope (hepatitis B surface antigen; HBsAg) and a nucleocapsid which contains
a core protein (hepatitis B core antigen; HBcAg) and partially double-stranded
circular DNA (Figure 2). After viral entry in the hepatocyte, HBsAg is shed and the
nucleocapsid enters the nucleus. In the nucleus of the hepatocyte, HBV DNA is
incorporated into the host genome. 314

Covalently closed circular DNA (cccDNA) persists in the hepatocytes and acts as a
template for all viral particles via transcription of four overlapping open reading
frames (ORFs). Each ORF encodes for a polyadenylated RNA subtype, which
subsequently serves as a template for the transcription of a number of proteins.'>!”

Functional cure of hepatitis B is defined as loss of HBsAg."® However, cccDNA
persists in the liver in the majority of patients, resulting in a major barrier to cure a
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CHB infection. These patients remain at risk for HBV reactivation during or after
treatment with high-risk immunosuppressive agents.'®? Therefore, the ultimate goal
is the eradication of intrahepatic cccDNA. Monitoring its kinetics during therapy is
therefore desired. However, cccDNA can only be quantified invasively using liver
biopsy. Therefore, non-invasive serological markers that correlate with cccDNA are
needed to assess the efficacy of anti-viral agents.

Recently, HBV RNA and hepatitis B core-related antigen (HBcrAg) have emerged
as such serum biomarkers, as they correlate with transcriptional activity of cccDNA
and therefore may reflect intrahepatic replication activity.2"??

Figure 2. Simplified representation of the hepatitis B virus (HBV)

Hepatitis B e antigen

Hepatitis B core
antigen (HBcAg)

Partially double-stranded DNA

Hepatitis C

HCV was first isolated in 1989 as a blood-borne non-A, non-B viral hepatitis.?> HCV
is a single-stranded, positive-sense RNA virus of the family Flaviviridae. The viral
genome contains an ORF encoding for structural proteins (core, E1 and E2), an ion
channel, and non-structural proteins (NS2, NS3, NS4A, NS5A and NS5B).%
Currently, eight genotypes have been identified (genotype 1-8), with around 90
subtypes (a-k).?> HCV genotypes 1 and 3 are globally the most prevalent
genotypes.?®
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Natural course

An acute infection with HBV or HCV remains asymptomatic in the majority of patients
and is often self-limiting. However, the infection becomes chronic if the virus persists
for at least six months.

Hepatitis B

During an acute HBV infection, serum aminotransferase activity is elevated. After
this first phase, they often normalise but the virus persists in the liver. HBsAg
becomes present in serum three weeks after the infection, which is a marker for
active viral replication. Four to six weeks after exposure, hepatitis B e antigen
(HBeAg) and IgM antibodies to HBcAg (anti-HBc IgM) become detectable in serum.
Anti-HBc IgM disappears four to eight months after an acute infection. When the
HBYV infection is cleared, HBsAg and HBeAg disappear and anti-HBs, anti-HBc and
anti-HBe IgG antibodies become detectable in the serum. HBV DNA is detectable
as long as HBsAg is present in serum.?7-2°

Among individuals infected with HBV, the age of infection is an important predictor
for developing a chronic infection. In case of perinatal transmission, the risk of
developing a chronic infection is 95%. In case of infection at adult age, this risk is
~5%.1:2

A chronic HBV infection, or carrier state, is defined as HBsAg present in serum for
more than six months. Four phases of chronic HBV infection have been reported in
the natural course: (1) HBeAg-positive chronic HBV infection (previously known as
the “immune tolerant phase”), (2) HBeAg-positive chronic hepatitis B (previously
known as the “immune clearance or immuno-active” phase), (3) the HBeAg-negative
chronic HBV infection (previously known as the “inactive carrier state”), and (4)
HBeAg-negative chronic hepatitis B (previously known as the “resolving/reactivation
state”).'827-29 The duration of each phase shows great inter-individual variation. This
is due to the host’s immune response against the virus. Figure 3 displays the serum
markers of a chronic HBV infection.
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Figure 3. Serum markers of a chronic HBV infection
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In the first phase, patients are asymptomatic.?”*° This phase is characterised by high
serum HBV DNA levels and normal aminotransferases, together with the presence
of HBsAg and HBeAg in serum. In the liver, there is no or minimal necroinflammation
or fibrosis. This phase may last for decades and is mostly seen in patients infected
at birth. During the symptomatic “immune clearance” phase, a rise in
aminotransferase levels and a decrease in HBV DNA levels occur. In the liver, there
is moderate to severe necroinflammation and progression to fibrosis can occur. In
most patients with a chronic HBV infection, an HBeAg-seroconversion takes place
at a certain time point where the HBeAg is cleared and anti-HBe antibodies are
formed, leading to a next phase called the “inactive carrier state”. This phase is
characterised by a low level of HBV DNA in the liver and serum, but in most cases
without damaging the liver significantly (and with normal aminotransferases).
However, some inactive carriers have intermittent symptomatic phases, which are
called exacerbations or flares. During these flares, serum aminotransferase and
HBV DNA levels rise. This may lead to clearance of the HBV infection (HBsAg-
seroconversion). However, in most cases, the chronic HBV infection persists, and
new flares may occur. These flares of HBV infection cause hepatocyte necrosis,
which may lead to progressive liver damage: fibrosis and eventually cirrhosis.?”-2°
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Hepatitis C

An acute infection with HCV results in a chronic infection in 70% of the individuals.
Most of these chronically infected patients remain asymptomatic.2 However, 20-30%
of the patients develop liver cirrhosis over a period of 20-30 years. The natural history
is influenced by host-, viral-, and environmental-related factors. Older age at
infection, male sex, comorbidities associated with metabolic syndrome (including
obesity, liver steatosis and diabetes mellitus), HCV genotype 3, co-infection with
HBV or HIV, and alcohol use have been associated with (accelerated) fibrosis
progression.®

Current treatment options

Viral suppression or eradication halts further progression of the liver disease and
improves life expectancy.3?32 Currently, several therapeutic options are available.

Hepatitis B

Viral suppression is the main goal of therapy, as it is difficult to achieve functional
cure (HBsAg loss) with antiviral treatment. Current treatment guidelines recommend
pegylated interferon (PEG-IFN) or nucleos(t)ide analogues (NA) for the treatment of
chronic HBV infection.’® PEG-IFN acts as an immune modulator but has only
moderate antiviral effects. PEG-IFN can induce long-term immunological control
after a finite treatment duration in a proportion of the patients.3* However, an
important limitation of PEG-IFN therapy are the (significant) side effects.'® Therefore,
the indication for PEG-IFN mono-therapy is currently limited.

Nucleos(t)ide analogues (such as entecavir and tenofovir) suppress HBV DNA
replication by inhibiting the HBV reverse transcriptase. The effectiveness and use of
nucleos(t)ide analogues have been extensively shown as long-term viral
suppression can be accomplished in the majority of patients and herewith
progression to liver cirrhosis and hepatocellular carcinoma can be delayed or
prevented. Another advantage of NA is the favourable safety profile, as it has shown
limited side effects and it can be used in every HBV infected patient.'® Therefore, NA
therapy forms nowadays the cornerstone in the treatment of CHB patients.

There is growing interest if serum biomarkers can be used in the prediction of
treatment response. Chapter 2 of this thesis aimed to explore the role of concomitant
decline in HBV RNA and viral antigens HBsAg and HBcrAg during antiviral therapy
in the prediction of off-treatment response. Chapter 3 studied the association
between serum levels of antibodies to HBcAg (anti-HBc) and other viral antigens,
histological inflammatory activity, and response to immunomodulatory therapy.

17




Chapter 1

Hepatitis C

In the last decade, enormous progress has been made in the treatment of patients
infected with hepatitis C. Nowadays, virological cure can be achieved in >95% of the
patients treated 8-12 weeks with direct-acting antiviral agents (DAAs). Viral cure is
defined as a sustained virological response (SVR), which includes undetectable
HCV RNA >12 weeks after therapy.%®

Reactivation of hepatitis B and flares

As previously described, chronic hepatitis B infection is a dynamic disease. Acute
elevations in alanine aminotransferases (ALT) can occur during the natural course
of a chronic infection, which are also known as flares. Most flares are asymptomatic.
However, ALT flares can cause symptomatic hepatitis which can lead to hepatic
decompensation and, in rare cases, death.3®

Flares can be influenced by host-, viral- and therapy-related factors. Host factors
include age, sex and ethnicity. ALT flares are more frequently observed in younger
adults, but rarely in children. In addition, ALT flares are more frequently observed in
men compared to women, and in Asian compared to white individuals.3® Viral factors
include HBeAg-status and HBV genotype, as more flares are observed in HBeAg-
positive patients and in patients infected with HBV genotype C (compared to
genotype B).%¢

Furthermore, ALT flares can also be iatrogenic: during PEG-IFN therapy, after finite
NUC therapy, and provoked by high-risk immunosuppressive or cytotoxic agents
such as rituximab or corticosteroid.*

It has been debated whether ALT flares are beneficial, as there are thought to
represents the attempts of the hosts host’s immune system to eliminate the virus.3¢
In Chapter 4, we aimed to study whether off-treatment ALT flares are associated
with favourable virological outcomes.

Finite antiviral therapy — NA cessation

Although NA is very effective in suppressing HBV replication, HBsAg loss is rarely
observed during therapy. Therefore, lifelong continuous treatment has been the
backbone of antiviral management in CHB patients for many years.'® However,
lifelong therapy is associated with costs, antiviral resistance to NA agents and drug-
related side effects. Therefore, a growing interest has risen in finite NA therapy.

The first reports originated from Asia, where NA therapy is only reimbursed for a
limited time period. The former Asian-Pacific (APASL) clinical practice guideline on
the management of hepatitis B recommended NA cessation in case of undetectable
HBY DNA on three occasions at least six months apart among HBeAg-negative
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patients and on two occasions after on-treatment HBeAg seroconversion among
patients who were HBeAg-positive at start of NA therapy, regardless whether a
patient had liver cirrhosis or not.’” These studies demonstrated that a proportion of
patients achieved durable off-treatment HBV DNA suppression (sustained response)
and even functional cure (HBsAg loss).*®#! Based on these favourable outcomes,
the European Association for the study of the Liver (EASL) included in the updated
guideline the suggestion that NA could be discontinued. However, they pointed out
the possible risks of NA cessation caused by viral relapses and possible concomitant
ALT flares. Therefore, NA cessation is discouraged among patients with liver
cirrhosis.'® The American Association for the Study of Liver Diseases (AALSD)
remains with its former statement, including that NA may only be stopped if HBsAg
loss is achieved.*?

Following the updated guideline, Western countries commenced NA stop
studies.**** These studies showed a typical course after NA cessation, which has
been displayed in Figure 4. After NA cessation, ALT and HBV DNA initially remain
suppressed (lag phase). The duration of this lag phase differs among patients.
However, in the majority of patients a reactivation phase follows. This reactivation
phase is marked by a rise in HBV DNA load (viral relapse), which is often followed
by ALT elevation (combined relapse or biochemical relapse). These ALT increases
can be mild and transient, but severe hepatic flares have been observed during this
phase. These flares require immediate re-treatment to prevent further progression
to liver decompensation. After this reactivation phase, several outcomes have been
described, including a long-term low or undetectable HBV DNA load with normal ALT
levels (sustained response). Some patients even achieve HBsAg loss. However, a
proportion of patients remain viremic and some also keep elevated ALT levels. The
latter patient group require therefore also re-treatment.#

However, these studies also pointed out the potential risks, as a number of (fatal)
liver decompensation has been described.*64” Therefore, NA should only be ceased
in a strict selection of HBeAg-negative patients without signs of (advanced) liver
fibrosis or cirrhosis, and closely monitored after NA withdrawal and re-treated if
necessary. However, no definite consensus has been reached regarding patient
selection, off-treatment monitoring plan and re-treatment criteria.
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Figure 4. Graphical representation of the typical course of a patient after stopping long-
term NA treatment

Treatment phase Lag-phase Reactivation phase Consolidation phase
(> 3 years) (variable (~ 3 months) (~ 12 months)
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Nucleos(t)ide Analog (NA) Risk of
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Limit of HBV DNA detection

___________________________________________________________

TIME
ALT levels are presented in red and HBV DNA levels in blue. During the first phase (treatment
phase) both ALT and HBV DNA levels are low. Figure originates from the paper by Lampertico
and Berg.#

Chapter 5 of this thesis investigated the safety and off-treatment response among a
cohort of patients that ceased NA therapy. This cohort included patients that were
selected with strict inclusion criteria and closely monitored. That NA discontinuation
is not without risk, has been demonstrated in chapter 6, which describes a fatal case
of a patient who developed acute liver failure due to hepatitis B reactivation.
Therefore, predictors of severe hepatic flares are needed. Therefore, chapter 4
aimed to assess if serum levels of serum biomarkers HBV RNA, HBsAg and/or
HBcrAg at the end-of-treatment can predict ALT flares. These findings can be used
to guide decision-making regarding therapy discontinuation and off-treatment follow-

up.

Global elimination of viral hepatitis

With the emerging morbidity and mortality caused by viral hepatitis, and available
effective antiviral agents and vaccines, the World Health Organization (WHO) has
called for action. In 2016, the WHO published its Global Health Sector Strategy,
setting the goal of global elimination of viral hepatitis as a public health threat by
2030. This elimination target has been defined as a reduction of 90% in new cases
(95% decline in hepatitis B virus infections, 80% decline in hepatitis C virus
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infections) and 65% reduction in mortality, compared with incidence and mortality
numbers of 2015.3

Dutch situation

In response to this WHO report, a National Hepatitis Plan was developed in the
Netherlands, focusing on five key pillars of interest: (1) awareness and vaccination,
(2) identification of infected persons, (3) diagnostics and treatment, (4) improving
care organisation and surveillance, and (5) monitoring the disease landscape.*®

Awareness and vaccination

In the Netherlands, primary prevention strategies have resulted in a low incidence of
viral hepatitis. These strategies include the screening of blood products and harm
reduction strategies for PWID and MSM. In addition, HBV vaccination has been
offered to high-risk populations, including new-borns (between 1989-2011 to new-
born born from HBsAg-positive mothers, and since 2011 to all new-born), travellers
to endemic countries, MSM, sex workers, PWID, and healthcare workers.*

Identification of infected persons

Another important strategy to reach elimination, is to identify infected persons.
Presumably, many individuals with chronic hepatitis are currently still undiagnosed.®
As nationwide screening has been proven to be less (cost-) effective in low-endemic
countries such as the Netherlands,>4°% micro-elimination has been considered the
more favourable approach. Micro-elimination is the concept of elimination within
populations with a high prevalence. These so-called key populations include
migrants, MSM, PWID, and people with inherited bleeding disorders.>48

In addition, it is currently unknown whether diagnosed patients are adequately being
managed and treated according to current guidelines.*® Retrieval of ever-diagnosed
patients who are lost to follow-up has been considered another key population for
(micro-) elimination. Regional retrieval projects have been performed in the past,
which have shown that a substantial part of the ever-diagnosed hepatitis C
population did not receive curative treatment and might still be chronically infected.5"
53 Chapter 7 of this thesis includes a nationwide retrieval project of lost to follow-up
chronic hepatitis C patients, which can serve as a blueprint for other low-endemic
countries.

Currently, routine screening for hepatitis B is performed among blood/organ/stem
cell donors, pregnant women, patients treated with high-risk immunosuppressive/
cytotoxic agents, high-risk groups (HIV-positive patients and MSM), and healthcare
workers. Hepatitis C screening is performed among blood/organ/stem cell donors
and high-risk groups (MSM and patients with HIV, haemophilia, and haemodialysis).
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However, routing screening is currently not performed in migrants, PWID and
incarcerated people.*® Therefore, many patients could remain undetected.

Diagnostics and treatment

An active hepatitis B or C infection is diagnosed using laboratory tests. These tests
include respectively the quantification of serum HBsAg and anti-HCV. In case of a
positive test result, HBeAg plus HBY DNA and HCV RNA should be performed
respectively to determine the disease stage.>*

Treatment is important to reduce the prevalence, incidence and mortality. In the
Netherlands, every patient with a chronic HCV infection is eligible for antiviral
treatment.3>%% For HBV-infected patients, the indication for antiviral therapy is based
on viral load, HBeAg-status, the amount of inflammation (ALT levels), fibrosis stage,
family history, and the presence of extra-hepatic manifestation of the disease.'®% In
addition, patients with a chronic or prior hepatitis B infection who are treated with
high-risk immunosuppressive or cytotoxic agents, do also have an indication for
antiviral therapy to prevent an HBV reactivation.'®% However, compliance with the
current medical guidelines is currently unknown. In chapter 8 of this thesis, we
evaluated the performance of hepatitis B screening in patients treated with rituximab,
as well as whether those patients with a resolved or chronic hepatitis B infection
received antiviral therapy as advised.

Improving care organisation and surveillance

In the Netherlands, several disciplines are involved in viral hepatitis care. These
include general practitioners (GPs), microbiologists, public health services (in Dutch:
GGD), obstetricians (for HBV), physicians in prisons/addiction care/asylum centres,
and medical specialists including Hepatologists and infectious disease specialists.

GPs, obstetricians and public health services are involved in the identification and
detection of infected patients. The Dutch guideline for GPs advises HCV and HBV
screening among high-risk groups or patients with elevated ALT levels. Next, the
guideline advises biannual surveillance of chronic hepatitis B patients, and referral
of every hepatitis C patient and patients with an active hepatitis B infection (HBeAg-
positive, high viral load and/or elevated ALT levels).>* These patients are referred to
an hepatitis treatment centre, a hospital which is certificated for the treatment of viral
hepatitis. However, it is currently unknown whether the surveillance, referral and
treatment of viral hepatitis patients is performed correctly in primary care or hospitals.

Chapter 9 of this thesis provides insight into the prevalence of hepatitis B and C in
primary care, and studied whether the management of these patients was in
accordance with the guideline of general practitioners. Chapter 10 assessed the
adherence to medical guidelines in a high-expert academic hospital.
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In addition, chapter 11 is about individualising viral hepatitis care beyond medical
guidelines. In this chapter, we evaluated the possibilities of a medical guideline add-
on that includes patient-profiled data from high-quality publications on pharmaco-
therapy of hepatitis C. With this add-on, treatment can be tailored for the individual
patient.

Monitoring the disease landscape

A national registration system including every patient with viral hepatitis is
important to monitor the quality of care. However, such a database is not (yet)
available. However, a pilot is currently executed for viral hepatitis C in collaboration
with the Stichting HIV monitoring (SHM).
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Hepatitis B virus RNA decline without
concomitant viral antigen decrease is
associated with a low probability of sustained
response and hepatitis B surface antigen loss
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Chapter 2

ABSTRACT

Background & Aim(s): Serum hepatitis B virus (HBV) RNA may reflect intrahepatic
HBV replication. Novel antiviral drugs have shown potent HBV RNA decline without
concomitant hepatitis B surface antigen (HBsAg) decrease. How this relates to off-
treatment response is yet unclear. We aimed to study the degree of on-treatment
viral antigen decline among patients with pronounced HBV RNA decrease in relation
to off-treatment sustained response and HBsAg loss.

Methods: HBV RNA, HBsAg and hepatitis B core-related antigen (HBcrAg) were
quantified in chronic hepatitis B patients who participated in two randomised
controlled trials of peginterferon-based therapy. Sustained response (HBV DNA
< 2,000 1U/mL) and/or HBsAg loss were assessed in patients with and without on-
treatment HBV RNA response (> 2 log HBV RNA decline or > 1 log decline resulting
in an undetectable value at on-treatment week 24), stratified by concomitant HBsAg
decline (< 0.5/0.5-1/> 1 log).

Results: We enrolled 279 patients; 176 hepatitis B e antigen (HBeAg)-positive, 103
HBeAg-negative. Sustained response was achieved in 20.4% of patients. At on-
treatment week 24, HBV RNA response was associated with higher sustained
response rates (27.4% versus 13.0% in non-responders, p = 0.004). However,
among patients with an HBV RNA response (n = 135), 56.4% did not experience
> 0.5 log HBsAg decline. Amongst HBV RNA responders, sustained response was
achieved in 47.6% of those with > 1 log HBsAg decline (n = 20/42), versus 16.0%
with < 0.5 log decline (n = 12/75, p = 0.001). Similar results were obtained with
HBcrAg and when response was defined as HBsAg loss.

Conclusion: In this cohort, many patients with HBV RNA response during
peginterferon-based treatment did not experience HBsAg and/or HBcrAg decline.
Absence of concomitant decline in these viral antigens was associated with low rates
of treatment response and HBsAg loss. Future trials should therefore consider
kinetics of combined biomarkers to assess antiviral efficacy.
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HBV RNA decline and treatment outcome

INTRODUCTION

Chronic hepatitis B (CHB) infection is one of the main causes of end-stage liver
disease and hepatocellular carcinoma (HCC)." The optimal goal of antiviral treatment
is the achievement of an off-treatment sustained response to reduce the incidence
of HCC and limit the progression of liver disease.%” However, this remains difficult to
achieve, as covalently closed circular DNA (cccDNA) persists in the
hepatocytes.'®%85° On-treatment maintained viral suppression is therefore a second-
best alternative.

While novel compounds are emerging, current therapeutic options are still limited to
nucleos(t)ide analogues (NAs) and pegylated interferon (PEG-IFN). Nucleos(t)ide
analogues are well tolerated and suppress HBV replication effectively.
Nonetheless, nucleos(t)ide analogues do not directly affect cccDNAS' and are
therefore associated with a limited off-treatment sustained response rate.3362 A finite
duration of PEG-IFN can result in higher sustained response rates, as it is able to
inhibit HBV transcription and reduces the production of viral particles through
targeting cccDNA.%% However, sustained response is only achieved in a limited
proportion of patients.®3-%5 PEG-IFN therapy is currently experiencing a revival, as it
may be more effective when combined with novel antivirals.6:67

Eradication of intrahepatic cccDNA is considered to be a crucial step in the clearance
of the hepatitis B virus (HBV), and monitoring its kinetics during therapy is highly
desirable. However, cccDNA can only accurately be quantified invasively by liver
biopsy. Therefore, non-invasive serological markers that correlate with intrahepatic
replicative activity of HBV are needed to assess the efficacy of (novel) antiviral
agents in CHB patients.

Recently, hepatitis B virus (HBV) RNA has emerged as a potential prognostic
biomarker for treatment response, as it correlates with transcriptional activity of
cccDNA and therefore may reflect intrahepatic replication activity.?!%%70 Recent
studies suggest that a decline in serum HBV RNA levels during treatment with
nucleos(t)ide analogues or PEG-IFN is associated with treatment response,
although overall declines during treatment were limited.”"7® Interestingly, recent
phase 1 studies of novel capsid assembly modifiers have shown substantially
stronger HBV RNA declines, which has been interpreted as a possible sign of a more
potent effect on the intrahepatic HBV reservoir.””

However, besides the observed decline in serum HBV RNA during capsid assembly
modifiers therapy, little changes in hepatitis B surface antigen (HBsAg) and hepatitis
B core-related antigen (HBcrAg) concentrations were observed in these patients.””
How this relates to long-term off-treatment response is yet unclear.”® We therefore
aimed to study the degree of on-treatment HBsAg and HBcrAg decline among
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patients with pronounced HBV RNA decrease, both in relation to off-treatment
sustained response and HBsAg loss.

PATIENTS AND METHODS

Study population

For the current study, we enrolled chronic hepatitis B (CHB) patients who
participated in two global randomised controlled trials (the 99-01 and PARC study;
trial registration numbers NCT00114361 and NCT00146705). Detailed information
regarding inclusion criteria and study design have been described elsewhere.®*"° In
short, the 99-01 study enrolled hepatitis B e antigen (HBeAg)-positive patients
(n = 266), who were randomised to treatment with PEG-IFN alpha-2b 100 ug/week
plus lamivudine 100 mg/day or PEG-IFN plus placebo for 52 weeks.3* In the PARC
study, HBeAg-negative patients (n = 133) were treated with PEG-IFN alpha-2a 180
pg/week monotherapy or PEG-IFN combination therapy with the addition of ribavirin
1000-2000 mg for 48 weeks.”® Response was assessed at six months after therapy
discontinuation (end of follow-up; EOF). For both studies, eligible patients had been
HBsAg positive for at least six months, had a serum HBV DNA level of more than
10,000 copies/mL (equals £ 2,000 IU/mL) and an elevated ALT greater than
1.5-2 times the upper limit of normal (ULN) within eight weeks before randomisation.
The original study protocols were in line with the ethical guidelines of the 1975
Declaration of Helsinki and approved by the medical ethical committees. Both the
99-01 and PARC studies demonstrated that combination therapy was not superior
to PEG-IFN monotherapy, and data were therefore pooled for the current
analysis.3*™ For the current study we selected patients from the original studies if
data was available for our primary outcome (sustained response) and a baseline
HBV RNA measurement was available.

Serum HBV RNA, HBsAg and HBcrAg quantification

HBV RNA was quantified from serum samples using rapid amplification of
complimentary DNA (cDNA)-ends (RACE)-based real-time polymerase chain
reaction (PCR) at a central laboratory (University Hospital Leipzig, Germany). The
PCR technique has been described previously.” The lower limit of detection (LOD)
for HBV RNA in this assay was 800 copies/millilitre (c/mL).&° Quantitative HBsAg
levels were assessed using Abbott Architect (Abbott, Abbott Park, IL). The assay’s
LOD for HBsAg levels was 0.05 IU/mL HBcrAg was quantified using the Lumipulse®
G HBcrAg assay (Fujirebio Europe). The LOD of HBcrAg measurements was
100 U/mL (2 log U/mL).8'" As HBcrAg partially depends on HBeAg-status and is low
or undetectable in most HBeAg-negative patients during therapy,?' the relationship
between HBcrAg and response was assessed in the HBeAg-positive subgroup only.
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Endpoints

Primary outcomes were sustained response and HBsAg loss. Sustained response
was defined as HBV DNA < 2,000 IU/mL six months after end-of-treatment. HBsAg
loss was assessed at end of follow-up and during long term follow-up.3*747° HBV
RNA, HBsAg and HBcrAg levels were measured at baseline, on-treatment week 12,
on-treatment week 24, end-of-treatment (EOT) and during follow-up. HBV RNA
response was defined as HBV RNA decline of either > 2 log or an HBV RNA decline
or > 1 log which resulted in HBV RNA level below the LOD. HBsAg decline was
categorised as < 0.5 log, 0.5-1 log and > 1 log. HBcrAg decline was categorised as
<1 log, 1-3 log and > 3 log. For this study, we assessed HBV RNA response and
concomitant HBsAg or HBcrAg decline at on-treatment week 24. For sensitivity
analysis, HBV RNA response at different time points (on-treatment week 12 and
EOT) and in different subgroups (HBeAg-status and type of treatment) were also
assessed.

Statistical analysis

Statistical analysis was performed using IBM SPSS for Windows version 25.0 (SPSS
Inc., Chicago, lllinois, USA). Descriptive data were reported as percentages, means
(+ standard deviation; SD) and medians (with interquartile range; IQR) when
appropriate. Data was tested for significance using chi-squared test, Fisher exact
test or student t-test where appropriate. Univariate logistic regression analysis was
used to estimate odds ratios (OR) of HBsAg decline for sustained response in
patients with HBV RNA response at on-treatment week 24. Differences were
considered statistically significant when p < 0.05. Graphic representation of the
results was performed using Graph Pad Prism version 5 for Windows (GraphPad
Software, San Diego, California, USA).

RESULTS
Patient characteristics

This study included 279 patients; 176 HBeAg-positive, 103 HBeAg-negative.
Baseline characteristics of these patients are displayed in Table 1. Mean baseline
HBV RNA levels were 5.9 log c/mL (+ 1.6) in the overall study population. HBV RNA
levels were higher in HBeAg-positive patients; 6.8 log ¢/mL (+ 1.2) compared to 4.3
log c/mL (£ 0.9) in HBeAg-negative patients. Baseline HBV RNA levels were already
below the LOD in 12 patients (4.3%). Mean quantitative HBsAg levels were 4.2 log
IU/mL (£ 0.7) at baseline. In HBeAg-positive patients mean baseline HBcrAg levels
were 8.3 log U/mL (x 0.7). In the overall population, sustained response was
achieved in 57 patients (20.4%) and HBsAg loss in 18 patients (6.5%)
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Table 1. Patient characteristics

Characteristics

HBeAg-positive

HBeAg-negative

(n=176) (n=103)

"z‘rﬂz ;L'n’j‘l’g‘;;“’ years 32 (23-41) 41 (33-50)
Male (n, %) 135 (76.7) 74 (71.8)
Race (n, %)

Caucasian 116 (65.9) 98 (95.1)

Asian 43 (24.4) 3(2.9)

Other 17 (9.7) 2(1.9)
HBYV genotype (n, %)

A 53 (30.1) 15 (14.6)

B 18 (10.2) 0 (0)

C 35 (19.9) 2(1.9)

D 64 (36.5) 81 (78.6)

Other 6 (3.4) 5(4.9)
Study treatment (n, %)

PEG-IFN mono 86 (48.9) 52 (50.5)

PEG-IFN + LAM 90 (51.1) NA

PEG-IFN + RBV NA 51 (49.5)
Laboratory results at baseline

HBV RNAS (mean, +SD) 6.8 (+1.2) 4.3 (x0.9)

HBsAg* (mean, £SD) 4.4 (x0.7) 3.8 (x0.5)

HBV DNA* (mean, +SD) 8.3 (£1.0) 6.0 (£1.2)

HBcrAgt (mean, +SD) 8.3 (x0.7) 5.1 (x1.2)

HBYV, hepatitis B virus; PEG-IFN, peginterferon; LAM, lamivudine; RBV, ribavirin; HBSAg,
quantitative hepatitis B surface antigen; HBcrAg, hepatitis B core-related antigen; HBeAg,
hepatitis B e antigen; IQR, interquartile range; n, number; SD, standard deviation; NA, not

applicable.

§ Logarithmic scale, copies/mL
1 Logarithmic scale, IU/mL

1 Logarithmic scale, U/mL
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On-treatment HBV RNA response is associated with sustained response and
HBsAg loss

HBV RNA data at on-treatment week 24 was available in 258/279 patients. Of those,
135 experienced an HBV RNA response (52.3%) at week 24 of therapy. Patients
with an HBV RNA response had significantly higher rates of sustained response and
HBsAg loss (Figure 1A). Among 135 patients with an HBV RNA response, sustained
response was observed in 37 patients (27.4%) and HBsAg loss in 14 patients
(10.4%). In contrast, of the 124 patients that did not experience an HBV RNA
response, only 16 patients achieved sustained response (13.0%) and one patient
achieved HBsAg loss (0.8%; p = 0.004 for sustained response and p = 0.001 for
HBsAg loss).

Similar results were obtained after stratification by HBeAg-status. Among the
HBeAg-positive patients with an HBV RNA response (n = 85, 54.1%), sustained
response was observed in 20 (23.5%) and HBsAg loss in ten patients (11.8%). In
contrast, of the 72 patients (45.9%) that did not experience an HBV RNA response,
only seven (9.7%) achieved sustained response and none (0.0%) achieved HBsAg
loss (p = 0.022 for sustained response and p = 0.003 for HBsAg loss). Among the
HBeAg-negative patients with an HBV RNA response (n = 50, 49.5%), 17 patients
(34.0%) achieved sustained response and four patients (8.0%) achieved HBsAg
loss. In contrast, of the 51 patients (50.5%) without an HBV RNA response,
sustained response was observed in only nine patients (17.6%) and HBsAg loss in
one patient (2.0%; p = 0.060 for sustained response and p = 0.162 for HBsAg loss).

Similar results were obtained when HBV RNA response was assessed at on-
treatment week 12 or at end-of-treatment.

Low response rates in the absence of HBsAg decline in patients with HBV RNA
response

Among the 135 patients with an HBV RNA response at on-treatment week 24,
HBsAg data was available in 133 patients. Among patients with an HBV RNA
response, a more prominent decline in HBsAg was observed in those who achieved
sustained response, compared to those who did not (Figure 2A); mean HBsAg
declines were 1.7 versus 0.6 log IlU/mL (p = 0.001, Figure 1B), with an OR of 1.779
(p <0.001).

Among the 133 HBV RNA responders, 75 patients (56.4%) did not experience at
least 0.5 log HBsAg decline at that same time point. Of those 75 patients, only 12
achieved sustained response (16.0%) and one achieved HBsAg loss (1.3%). Of the
42 patients (31.2%) with a concomitant HBsAg decline of more than 1 log, sustained
response was achieved in 20 patients (47.6%) and HBsAg loss in 12 patients
(28.6%; p = 0.001).
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Figure 1
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(A) Rates of sustained response (HBV DNA <2,000 IU/mL) and hepatitis B surface antigen
(HBsAg) loss in patients with and without hepatitis B virus (HBV) RNA response at on-
treatment week 24 (n=258).

(B) Rates of sustained response and HBsAg loss in subgroup of patients with HBY RNA
response at on-treatment week 24 (n=133), stratified by HBsAg decline (<0.5, 0.5-1 or >1 log).
Abbreviations: HBV, hepatitis B virus; HBsAg, hepatitis B surface antigen.
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Similar results were obtained when data were stratified according to HBeAg-status
at baseline. HBV RNA response at on-treatment week 24 was observed in 85/157
HBeAg-positive (54.1%) and in 50/101 HBeAg-negative (49.5%) patients. Among
the 85 HBeAg-positive patients with an HBV RNA response, sustained response
rates were 10.8% in patients with HBsAg decline of < 0.5 log versus 42.4% in
patients with > 1 log HBsAg decline; HBsAg loss rates were 0.0% versus 30.3%
(p = 0.006 for sustained response and p < 0.001 for HBsAg loss).

Among the 50 HBeAg-negative patients with an HBV RNA response, sustained
response rates were 21.1% (with HBsAg decline < 0.5 log) versus 66.7% (with
HBsAg decline > 1 log); and HBsAg loss rates were 2.6% versus 22.2% (p = 0.002
for sustained response and p = 0.037 for HBsAg loss). Findings were also consistent
when analyses were limited to patients treated with PEG-IFN monotherapy;
sustained response rates were 18.0% in patients with HBsAg decline < 0.5 log,
versus 65.2% in patients with HBsAg decline > 1 log; HBsAg loss rates were 2.0%
versus 30.4% (p < 0.001).

Low response rates in the absence of HBcrAg decline in HBeAg-positive
patients with HBV RNA response

In the 157 HBeAg-positive patients HBV RNA response was observed in 85 patients
(54.1%) at on-treatment week 24. HBV RNA responders who achieved sustained
response showed a more prominent on-treatment decrease in HBcrAg than those
who did not (Figure 2B); mean declines were 2.7 versus 1.9 log U/mL at week 24 (p
= 0.002, Figure 2).

Of the 85 patients with an HBV RNA response at week 24, 79 had HBcrAg data
available. A total of 14 patients (17.7%) did not experience at least 1 log HBcrAg
decline, of whom only one (7.1%) achieved sustained response and HBsAg loss
(Figure 3). Conversely, sustained response was observed in 69.2% (9/13) and
HBsAg loss in 53.8% (7/13) of the patients with > 3 log HBcrAg decline (p < 0.001
for both sustained response and HBsAg loss).
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Figure 2
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A) Hepatitis B surface antigen (HBsAg) decline during treatment and follow-up in patients with
an hepatitis B virus (HBV) RNA response at on-treatment week 24, stratified by patients with
and without sustained response (HBV DNA <2,000 IU/mL; SR). B) Hepatitis B core-related
antigen (HBcrAg) decline during treatment and follow-up in patients with an HBV RNA
response at on-treatment week 24, stratified by patients with and without SR. Assessed in
patients with positive hepatitis B e antigen (HBeAg) at baseline. P-value for comparison at
week 24.

Abbreviations: HBsAg, hepatitis B surface antigen; HBcrAg; hepatitis B core-related antigen;
wk, week; SR, sustained response; BL, baseline; EOT, end-of-treatment; EOF, end of follow-
up.
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Figure 3
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A) Rates of sustained response (HBV DNA <2,000 IU/mL) and hepatitis B surface antigen
(HBsAg) loss in patients with and without hepatitis B virus (HBV) RNA response at on-
treatment week 24. Assessed in patients with positive hepatitis B e antigen (HBeAg) at
baseline (n=157). B) Rates of sustained response and HBsAg loss in subgroup of patients
with HBV RNA response at on-treatment week 24 (n = 79), stratified by hepatitis B core-related
antigen (HBcrAg) decline (<1, 1-3 or >3 log). Assessed in patients with positive HBeAg at
baseline.

Abbreviations: HBV, hepatitis B virus; HBsAg, hepatitis B surface antigen;, HBcrAg, hepatitis
B core-related antigen.
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DISCUSSION

The current study, a pooled analysis of two randomised trials, confirms that on-
treatment HBV RNA decline is associated with higher rates of sustained off-
treatment response and HBsAg loss in patients treated with finite PEG-IFN based
treatment regimens. However, many patients with HBV RNA decrease did not
experience a decline in the viral antigens HBsAg and/or HBcrAg. In our study,
treatment response was predominantly observed in patients with both HBV RNA and
viral antigen decline, whereas response rates in patients without concomitant viral
antigen decrease were very low. These findings suggest that combinations of
biomarkers should be used to ascertain a clinically relevant response to antiviral
therapy and may have important implications for the interpretation of the antiviral
efficacy of novel antiviral agents, such as capsid assembly modifiers.

In the past years, several viral biomarkers have been identified that may be used to
estimate the probability of response to antiviral therapy, possibly through correlations
with intrahepatic HBV transcriptional activity. Examples include serum levels of viral
antigens, such as HBsAg, HBeAg and HBcrAg, and more recently also serum levels
of HBV RNA. It is important to note that the intrahepatic cccDNA acts as a template
for all of these biomarkers through transcription of four overlapping open reading
frames (ORFs). Each ORF encodes for a subtype of polyadenylated RNAs, which
subsequently serve as templates for the transcription of a number of proteins.'6:17
Their relative expression may be influenced by many factors, including host immune
responses and antiviral therapy. Interpretation of kinetics of a single biomarker may
therefore be misleading if changes in other biomarkers are not considered.

The potential advantage of HBV RNA as a biomarker is based on the assumption
that serum HBV RNA levels reflect an early step in the HBV replication process. A
decline of HBV RNA levels has therefore been postulated to directly reflect a
decrease in HBV transcriptional activity, either through a reduction in the cccDNA
template or inhibition of transcriptional activity. This phenomenon is elegantly
demonstrated by studies that show potent HBV DNA, but limited HBV RNA,
decreases with NA therapy,’2® since NA therapy does not influence HBV RNA
production nor the cccDNA reservoir.6' On the other hand, among the few patients
experiencing significant HBV RNA declines during treatment with nucleos(t)ide
analogues or PEG-IFN, HBV RNA decline was associated with higher rates of off-
treatment sustained response.’07275.76
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Interestingly, two preliminary reports of recent studies in patients treated with novel
capsid assembly modifiers have demonstrated superior HBY RNA declines.?%77
Whether these declines also translate to higher rates of off-treatment sustained
response remains to be determined as off-treatment data have not yet been
reported. Importantly, both studies showed virtually no declines in viral antigens such
as HBsAg and HBcrAg, despite the potent effects on HBV RNA. This apparent
disconnection between the different markers may be accounted for by the relative
short treatment duration of capsid assembly modifiers in experiment trials, as well
as the different mode of action of the capsid assembly modifiers, which may have
direct effects on HBV RNA production whilst not interfering with viral antigen
production. The observed decrease in HBV RNA may therefore not reflect cccDNA
decline. Until now, it has been unclear how such a response, i.e. a strong HBY RNA
decline but with persistently high levels of viral antigens, relates to the prospect of
subsequent treatment response.

Our study shows to the best of our knowledge for the first time that many patients
experiencing HBV RNA decline during treatment with conventional antiviral agents
do not experience concomitant decreases in HBsAg and HBcrAg. In this cohort,
response rates were extremely low in this group, underscoring the complex interplay
between these biomarkers. These findings may have important implications for
studies evaluating novel antiviral agents, in particular the capsid assembly modifiers
and other agents interfering with HBV RNA production, as it appears that HBVY RNA
decline itself might not be an adequate predictor of sustained response. We
therefore argue that HBV RNA decline should not be used as a primary endpoint for
treatment trials.

Strengths of our study include the large and very well characterised patient sample
enrolled from two global randomised trials and the availability of data on a wide range
of biomarkers. We were also able to assess both sustained response and HBsAg
loss. However, despite the large number of patients, subgroup analysis did limit the
number of available cases per group. Nevertheless, our findings were consistent
when separately analysing patients according to HBeAg-status or treatment regime.
However, validation of our findings among these subgroups, as well as confirmation
of our hypothesis on the applicability to novel agents, warrants further investigation.

In conclusion, HBV RNA decline without concomitant viral antigen (HBsAg and/or
HBcrAg) decline is associated with low off-treatment sustained response rates an
HBsAg loss. Combinations of viral markers should be used to accurately assess
response to antiviral therapy.
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ABSTRACT

Background & Aim(s): Emerging evidence suggests a pivotal role for B cell
responses in the natural history of chronic hepatitis B. Serum levels of antibodies to
hepatitis B core antigen (anti-HBc) vary across infection stages, but their role in
predicting response to antiviral therapy is uncertain.

Methods: Anti-HBc levels were assessed before peginterferon (PEG-IFN) therapy
in chronic hepatitis B patients who either initiated de novo PEG-IFN (n = 299; 195
hepatitis B e antigen [HBeAg] positive) or started PEG-IFN as add-on to an existing
nucleo(s)tide analogue backbone (n = 91; all HBeAg-positive). Associations were
explored between anti-HBc and (1) serum biomarkers, (2) liver histological findings,
and (3) treatment response.

Results: We studied 390 patients. The hepatitis B virus (HBV) genotype were A, B,
C,and D in 24%, 9%, 16%, and 49%, respectively; 72% of patients were Caucasian.
Among currently untreated HBeAg-positive patients, anti-HBc was correlated with
HBV DNA, hepatitis B core-related antigen (HBcrAg), hepatitis B surface antigen
(HBsAg) and HBV RNA, but not with alanine aminotransferase (ALT). Higher anti-
HBc was associated with more severe histological inflammatory activity (p < 0.001),
irrespective of HBeAg status. After de novo PEG-IFN, higher anti-HBc levels were
associated with HBeAg loss, sustained response, HBsAg decline and HBsAg-
clearance (p < 0.050). Among patients treated with add-on PEG-IFN, higher anti-
HBc was associated with HBeAg loss (p = 0.012).

Conclusion: Serum anti-HBc levels correlate with histological inflammatory activity.
Higher anti-HBc levels were associated with favourable treatment outcomes. These
findings suggest that anti-HBc could be used to select patients most likely to respond
to immunomodulatory therapy.
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INTRODUCTION

The natural history of chronic hepatitis B (CHB) infection is marked by distinct clinical
phases, which are characterised by different patterns of serum HBeAg status, viral
load and transaminase levels reflecting the highly complex host-virus interplay.®?

The immune system appears to act as a double-edged sword in patients with CHB;
in an attempt to clear infected cells it causes liver inflammation and injury that may
result in development of liver fibrosis and, ultimately, cirrhosis.®> Emerging evidence
suggests that, besides the innate immune system and virus-specific T cells, B cells
play a role in the defence against HBV.838 A recent study showed that that the
humoral immune response among CHB patients is mainly mediated by HBcAg-
specific memory B cells and not HBsAg-specific B cells. Furthermore, serum levels
of antibodies to hepatitis B core antigen (anti-HBc) varied across the different phases
in the natural history of chronic hepatitis B (CHB), with higher levels observed during
phases with more pronounced liver inflammation.®® The relationship between serum
anti-HBc levels and hepatic inflammation is compelling, as currently used biomarkers
(such as alanine aminotransferase [ALT]) correlate rather poorly with histological
activity.®” This is especially relevant in the light of studies suggesting that circulating
immune markers may predict response to immunomodulatory therapy.28-8°

We therefore aimed to study the association between serum levels of anti-HBc and
(1) other serum biomarkers, (2) histological inflammatory activity, and (3) response
to immunomodulatory therapy in patients with CHB.

PATIENTS AND METHODS

Study population

This study included CHB patients who participated in four global randomised
controlled trials (the 99-01, PARC, ARES, and PEGON studies). Trial design and
inclusion criteria have been described in detail elsewhere.?47%%9 |n short, the
99-01 study included HBeAg-positive patients (n = 266) who were randomised to de
novo PEG-IFN treatment with either PEG-IFN alpha-2b 100 ug/week alone or in
combination with lamivudine for 52 weeks.? In the PARC study, HBeAg-negative
patients (n = 133) were randomised to de novo PEG-IFN treatment with either PEG-
IFN alpha-2a 180 pg/week mono-therapy or PEG-IFN plus ribavirin 1000-2000 mg
combination therapy for 48 weeks.”® The ARES study enrolled HBeAg-positive
patients (n = 175) who started with entecavir (ETV) 0.5 mg/day monotherapy, and
were subsequently randomised to receive either PEG-IFN alpha-2a add-on therapy
from week 24 to week 48 (n = 85) or to continue ETV mono-therapy (n = 90).%° In the
PEGON (n = 77), HBeAg-positive patients who have been treated for at least one
year with nucleo(s)tide analogue (NA) therapy were enrolled and randomised to

43




Chapter 3

receive 48 weeks of add-on PEG-IFN therapy (n = 39) or to continue NA mono-
therapy (n = 38).%"

All patients had CHB defined as HBsAg-positivity for at least six months. For the 99-
01, PARC and ARES studies, additional inclusion criteria comprised serum HBV
DNA levels of more than 10,000 copies/ml (£ 2,000 IU/ml) and ALT = 1.3 times
(ARES study) or = 1.5-2 times (99-01 and PARC studies) the upper limit of normal
(ULN) at baseline.3#7%% Additional inclusion criteria of the PEGON study included
serum HBV DNA levels < 2,000 IU/mL and ALT levels <5 ULN during NA therapy.®’
The original study protocols have been approved by the medical ethical committees
and are in line with the Declaration of Helsinki of 1975. All patients provided written
consent.

For this study, we selected patients who received de novo PEG-IFN (ie. patients
from 99-01 and PARC) or add-on PEG-IFN (i.e, the patients enrolled in the add-on
PEG-IFN arms from ARES and PEGON) as shown in Supplementary Figure 1.

Biochemistry and virology

Anti-HBc (IgG) was measured at baseline (i.e. before initiation of IFN; pre-treatment
levels) and at end of PEG-IFN treatment (EOT levels), using Lumipulse® G CLEIA
anti-HBc assay (Fujirebio Europe, lower limit of detection [LLOD] 15 IU/mL). HBsAg
was quantified using the Abbott Architect (Abbott Park, IL) with a LLOD of 0.05
IU/mL. For HBV DNA the LLOD was 400 copies/mL (~80 IU/mL; in-house TagMan
PCR assay, Rotterdam, the Netherlands) for 99-01%4, 35 copies/mL (~10 IU/mL;
Tagman, Roche Diagnostics, Basel, Switzerland) for PARC’® and 20 IU/mL (Cobas
TagMan 48, Roche Diagnostics, Basel, Switzerland) for ARES®® and PEGON?®'
participants. HBV RNA (University Hospital Leipzig, Germany) was measured using
rapid amplification of complementary DNA (cDNA)-ends (RACE)-based real-time
polymerase chain reaction (LLOD 800 copies/mL).”"8° HBcrAg was quantified using
Lumipulse® G HBcrAg assay (Fujirebio Europe) according to the manufacturer's
instructions, with a lower limit of quantification (LLOQ) of 1,000 U/mL (3 log) and
LLOD of 2 log.8” Serum interferon-y inducible protein 10 (IP-10) was quantified using
ELISA (Alta Analytical Laboratory, San Diego, USA). ALT was quantified using
automated techniques at the participating centres.3+79.90.91

Liver histology

Pre-treatment liver histology was assessed in patients treated with de novo PEG-
IFN (i.e. those enrolled in 99-01 or PARC). Liver inflammation was scored using to
the histological activity index (HAI, range 0-18).8"92 HAI scores were categorised as
no inflammation (HAI 0-3), mild inflammation (HAI 4-8), and moderate-severe
inflammation (HAI 9-18).4293 Liver fibrosis classification was based on Ishak fibrosis
stage.
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Definitions of treatment response

Treatment response was assessed at end of PEG-IFN treatment (EOT) and at six
months after PEG-IFN withdrawal (end of follow-up [EOF]; in de novo PEG-IFN
patients only). On-treatment ALT flares were defined as an increase of serum ALT
> 5x ULN during PEG-IFN treatment.®®42 Qutcomes assessed at EOT included
HBeAg loss and decline in HBsAg (= 1 log from baseline). Outcomes assessed at
EOF included sustained response (HBV DNA < 2,000 IU/mL) and HBsAg loss.

Statistical analysis

Analyses were performed in the overall population, and stratified by treatment
strategy (de novo or add-on PEG-IFN) or baseline HBeAg status. Descriptives are
presented as numbers (with percentages), medians (with interquartile range; IQR)
and means (+ standard deviation; SD). Correlations between pre-treatment anti-HBc
levels and age, HAI score, and pre-treatment serum ALT, IP-10, HBV DNA, HBsAg,
HBcrAg and HBV RNA levels were assessed using Pearson correlation coefficient
in the subset of patients treated with de novo PEG-IFN (stratified by HBeAg status).
Associations between anti-HBc levels and histology or treatment outcomes were
assessed using continuous data (with associations assessed using student t-test,
ANOVA, logistic regression and area under the ROC curve; AUROC), and, since no
cut-offs are defined in current literature, after categorisation into three groups of
equal size (low/intermediate/high).

Multivariable analyses were performed by entering anti-HBc levels (as units of 0.1
log IU/mL) and other potential predictors (including age, sex, HBV genotype A,
HBeAg status at baseline, and serum ALT, HBsAg and HBV DNA levels at baseline)
into a backward selection based logistic regression model. Differences were
considered statistically significant when p < 0.05. IBM SPSS for Windows version
25.0 (SPSS Inc., Chicago, lllinois, USA) was used for statistical analysis. Graph Pad
Prism version 5 for Windows (GraphPad Software, San Diego, California, USA) was
used for graphical representation of the results.

RESULTS
Patient characteristics

In total, we enrolled 390 patients; 299 treated with de novo PEG-IFN (195 HBeAg-
positive) and 91 treated with add-on PEG-IFN. Patient characteristics are displayed
in Table 1. The HBeAg-positive de novo PEG-IFN cohort included predominantly
Caucasian patients (76.4%), with genotypes A or D (respectively 37.9% and 39.0%).
The HBeAg-negative de novo PEG-IFN cohort included predominantly Caucasian
patients (94.2%), with genotype D (78.8%). The add-on PEG-IFN cohort included
predominantly Asians (61.5%), with genotype A/B/C/D in 4.4/23.1/38.5/34.1%.
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Table 1. Characteristics of the patients with pre-treatment antibodies
against hepatitis B core antigen

De Novo PEG- De Novo PEG- Add-on PEG-
IFN, IFN, IFN,
HBeAg-Positive HBeAg-Negative HBeAg-Positive
n =195 n =104 n =91
‘(“rr?: dia;r:f‘l‘g‘;g““’ years | 33 (25-44) 41 (33-49) 30 (24-38)
Male (n, %) 153 (78.5) 75 (72.1) 65 (71.4)
Race (n, %)
Caucasian 149 (76.4) 98 (94.2) 33 (36.3)
Asian 31 (15.9) 4(3.8) 56 (61.5)
Other 15 (7.7) 2(1.9) 2(2.2)
HBV genotype (n, %)
A 74 (37.9) 14 (13.5) 4(4.4)
B 15(7.7) 0 (0.0) 21 (23.1)
C 23 (11.8) 3(2.9) 35 (38.5)
D 76 (39.0) 82 (78.8) 31(34.1)
Other 7 (3.6) 5(4.8) -
Pre-treatment Liver
inflammation (HAI
score; n, %)
None (HAI 0-3) 37/155 (23.9) 18/98 (18.4) -
Mild (HAI 4-8) 106/155 (68.4) 72/98 (73.5) -
X‘;g‘;rate'se"ere (HAI 12/155 (7.7) 8/98 (8.2) ;
Study treatment (n, %)
PEG-IFN monotherapy 104 (53.3) 51 (49.0) -
PEG-IFN + LAM 91 (46.7) - -
PEG-IFN + RBV - 53 (51.0) -
NA + add-on PEG-IFN - - 91 (100)
Baseline Laboratory
results
ALT? (median, IQR) 130 (89-186) 94 (65-183) 102 (63-169)
Anti-HBc* (mean, +SD) 3.80 (+0.46) 4.16 (£0.39) 2.88 (£0.73)
HBsAg# (mean, +SD) 4.41 (+0.60) 3.86 (+0.50) 3.72 (x0.66)
HBV DNA (mean,+SD) 8.37 (x0.83) 6.08 (x1.21) 2.74 (+1.49)
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HBV RNAT” (mean, +SD) | 6.79 (+1.11) 4.38 (+0.98) 4.85 (+1.50)
HBcrAg> (mean, +SD) 8.35 (+0.70) 5.00 (x1.42) 8.11 (x0.76)

Treatment response (n,

%)
Of:‘;;esf:me”t ALT 102/194 (52.6)  48/103 (46.6) 690 (6.7)
HBeAg loss EOT? 78 (40.0) - 16/90 (17.8)
Hfﬁ)’zg) decline EOT (2 | ' 53/174 (30.5) 191102 (186) 889 (9.0)
Sustained response® 37/170 (21.8) 25/95 (26.3) -
HBsAg loss¥ 16/173 (9.2) 1/100 (1.0) 3 (3.3)

T UL

* Logarithmic scale, 1U/mL

™ [ ogarithmic scale, copies/mL

2 [ ogarithmic scale, U/mL

“On treatment ALT flare is defined as ALT = 5x the upper limit of normal during PEG-IFN
therapy.

QHBeAg loss at end-of-treatment in pre-treatment HBeAg-positive patients

£ Sustained response was defined as HBY DNA < 2,000 IU/mL six months after end of PEG-
IFN treatment

¥HBsAg loss was defined as HBsAg clearance at EOF.

Abbreviations: HBV, hepatitis B virus; PEG-IFN, peginterferon; LAM, lamivudine; RBYV,
ribavirin, NA, nucleos(t)ide analogue; anti-HBc, antibodies to hepatitis B core antigen;
HBcrAg, Hepatitis B core-related Antigen; HBeAg, Hepatitis B e Antigen; HAI, histological
activity index; HBsAg, quantitative hepatitis B surface antigen;, EOF, end of follow-up (i.e. six
months after PEG-IFN treatment withdrawal); EOT, end of PEG-IFN treatment; IQR,
interquartile range; c¢/mL, copies/millilitre; IU/mL, international units/millilitre

Anti-HBc levels correlate with age, serum IP-10 and markers of viral
replication, but not with ALT

Among untreated HBeAg-positive patients, positive correlations were observed for
anti-HBc levels with age and pre-treatment serum IP-10 levels, but not with ALT.
Negative correlations were observed with markers of viral replication including with
HBV DNA, HBcrAg, HBsAg and HBV RNA levels (Figure 1A). Serum anti-HBc levels
did not correlate with any of the serum biomarkers in untreated HBeAg-negative
patients (Figure 1B). Mean anti-HBc levels varied significantly across HBV genotype.
Anti-HBc levels were highest among patients with HBV genotype A and lowest
among patients with HBV genotype D: 3.98 log vs 3.61 log IU/mL (p < 0.001) among
HBeAg-positive and 4.44 log vs 4.16 log IU/mL (p = 0.036) among HBeAg-negative
patients (Supplementary Figure 2).

47



Chapter 3

Figure 1. Correlation between anti-HBc levels with age, ALT, histological
activity index and markers of viral replication among HBeAg-positive (A) and

HBeAg-negative (B) patients
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Abbreviations: anti-HBc, antibodies to hepatitis B core antigen; ALT, alanine
aminotransferase; ¢/ml, copies/millilitre; IU/mL, international units/millilitre; HAI, histological
activity index; HBeAg, hepatitis B e antigen; HBsAg, hepatitis B surface antigen; HBcrAg,
hepatitis B core-related antigen; HBV hepatitis B virus; IP-10, interferon-y inducible protein
10.
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Serum anti-HBc levels correlate with intrahepatic inflammatory activity

Among the 253 patients with pre-treatment liver histology data available, anti-HBc
levels correlated with the severity of inflammatory activity (r = 0.38 for HBeAg-
positive and r = 0.36 for HBeAg-negative patients, p < 0.001, Figure 1). Among the
89 patients with the lowest pre-treatment anti-HBc levels, only 3 patients (3.4%) had
moderate to severe inflammation (HAI 9-18) compared to 11/80 (13.8%) with the
highest anti-HBc levels (p < 0.001, Figure 2; AUROC 0.666, 95% CI 0.550 — 0.781,
p = 0.014). Similar results were obtained in multivariable logistic regression (aOR for
moderate-severe inflammation: 1.24, 95% CI 1.04 — 1.48, p = 0.015).

Figure 2. Relationship between anti-HBc levels and intrahepatic inflammatory
activity

p < 0.001
100+ 3% 7% 14%
754
% 50-
25+
37%
16% 11%
0 T T T
Low Intermediate High
(n=89) (n=84) (n=80)

Pre-treatment anti-HBc levels

= No inflammation (HAI 0-3)

B Mild inflammation (HAI 4-8)

Hl Moderate-severe inflammation (HAI 9-18)
Liver inflammation was defined as no inflammation (HAI 0-3), mild inflammation (HAI 4-8), and
moderate-severe inflammation (HAl 9-18). Anti-HBc levels were categorised as low,
intermediate or high (<3.82/3.82-4.0/24.0 log IU/mL for HBeAg-positive and <3.95/3.95-
4.40/24.40 log IU/mL for HBeAg-negative patients) to create 3 groups of equal size.
Abbreviations: anti-HBc, antibodies to hepatitis B core antigen; HAI, histology histological
activity index; EOT, end of PEG-IFN treatment; IU/mL, international units/millilitre
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Serum anti-HBc levels decrease during PEG-IFN based antiviral therapy

Baseline anti-HBc levels were higher in untreated patients (i.e., the de novo PEG-
IFN patients, 3.93 log IU/mL (£ 0.47)) when compared to patients on NA therapy (i.e.
add-on PEG-IFN patients, 2.88 log IU/mL (+ 0.73); p < 0.001). Furthermore, PEG-
IFN therapy significantly reduced serum anti-HBc levels: mean declines from
baseline to EOT were 0.25 log (+ 0.36) among HBeAg-positive patients treated with
de novo PEG-IFN, 0.47 log (+ 0.41) in HBeAg-negative patients treated with de novo
PEG-IFN, and 0.29 log (+ 0.28) among patients who received add-on PEG-IFN
(p <0.001).

Higher pre-treatment anti-HBc levels are associated with favourable treatment
outcomes

De Novo PEG-IFN

Pre-treatment anti-HBc levels were higher in patients with favourable outcomes after
PEG-IFN therapy (Figure 3 and 4). Patients with the highest anti-HBc levels achieved
sustained response in 35% and HBsAg loss in 13%, compared to 13% and 2%
among patients with the lowest anti-HBc levels (p < 0.004; Figure 3). Interestingly,
HBeAg-positive patients with on-treatment ALT flares had higher pre-treatment
anti-HBc levels (Figure 4).

The association between higher anti-HBc levels and favourable treatment outcomes
were generally consistent after stratification by HBeAg status, although associations
were less pronounced in the smaller HBeAg-negative subset (Supplementary Figure
3). Consistent results were obtained in multivariable analysis (Table 2).

51




Chapter 3

Figure 3. Treatment outcome according to pre-treatment anti-HBc level
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Anti-HBc levels were categorised
as low, intermediate or high
(<3.82/3.82-4.0/24.0 log IU/mL for
HBeAg-positive and <3.95/3.95-
4.40/24.40 log IU/mL for HBeAg-
negative patients) to create 3
groups of equal size. An on-
treatment ALT flare was defined as
an increase of serum ALT = 5x ULN
during PEG-IFN treatment. HBsAg
decline was defined as a decline 2
1 log at EOT. Sustained response
was defined as HBV DNA levels of
< 2,000 IU/mL six months after end
of PEG-IFN treatment. HBsAg loss
was defined as HBsAg clearance at
EOF.

Abbreviations: EOT, end of PEG-
IFN treatment; EOF, six months
after PEG-IFN treatment
withdrawal; ALT, alanine amino-
transferase; HBeAg, hepatitis B e
antigen; HBsAg, hepatitis B
surface antigen; PEG-IFN, peg-
interferon; int, intermediate; IU/mL,
international units/millilitre
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Figure 4. Pre-treatment anti-HBc levels according to treatment response

Mean anti-HBc (log IU/mL) Mean difference (log IU/mL) p-value
% No event Event
All patients .
On-treatment ALT flare 50.5 3.87 (¢0.55) 3.98 (z0.36) H-' 0.039
HBeAg loss EOT 40.0 3.72(x0.53) 3.92 (x0.27) |—|—| 0.001
HBsAg decline EOT (1log) 26.1 3.91(+0.45) 4.05(x0.33) |—|—| 0.023
Sustained response 23.4 3.88 (x0.51) 4.08 (+0.30) |_|_1 <0.001
HBsAg loss 8.2 3.92(x0.49) 4.05(x0.23) ; | 0.279
-1I.0 -QI.E 0].0 0[5 1!0
HBeAg-positive patients )
On-treatment flare 526 3.71(x0.59) 3.88 (x0.28) |—|—| 0.012
HBeAg loss EOT 40.0 3.72 (£0.53) 3.92 (20.27) - 0.001
HBsAg decline EOT (1log) 30.5 3.78 (+0.43) 3.93 (x0.24) |_|_| 0.003
Sustained response 21.8 3.74 (x0.52) 3.99 (x0.17) |_|_| <0.001
HBsAg loss 9.2 3.77 (x0.49) 4.00 (x0.14) ! 0.060
——
-1I.D -OI.S 0!0 0!5 130
HBeAg-negative patients ;
On-treatment flare 48.0 4.13(x0.36) 4.19(x0.42) |_|_| 0.442
HBsAg decline EOT (1log) 18.6 4.11(+0.38) 4.36 (x0.37) I—'—{ 0.013
Sustained response 26.3 4.14(+0.39) 4.23 (x0.38) i——|—| 0.312
HBsAg loss 1.0 4.15(+0.38) 4.76 , | 0.117
I 1 I 1 T I 1
-1.0 -0.5 0.0 0.5 1.0

An ALT flare was defined as an increase of serum ALT = 5x ULN during PEG-IFN treatment.
HBsAg decline was defined as a decline of 2 1 log at EOT. Sustained response was defined

as HBV DNA levels of < 2,000 IU/mL six months after end of PEG-IFN treatment.

Abbreviations: anti-HBc, antibodies to hepatitis B core antigen; EOT, end of PEG-IFN
treatment; EOF, end of follow-up (i.e. six months after PEG-IFN treatment withdrawal); ALT,
alanine aminotransferase; HBeAg, hepatitis B e antigen;, HBsAg, hepaititis B surface antigen;
PEG-IFN, peginterferon; IU/mL, international units/millilitre.
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Table 2. Association between antibodies to hepatitis B core antigen and
treatment outcomes in multivariable analysis in patients receiving de novo
peginterferon

All HBeAg-positive HBeAg-negative
95% P- 95% P- 95% P-
aOR Cl  value aOR Cl  value aOR Cl  value
On- 1.02 1.02 0.92
treatment 1.09 - 0.014]| 112 - 0.016] 1.05 - 0.497
ALT flare 1.17 1.23 1.20
HBsAg 1.07 1.00 1.03
decline 1.18 — 0.0011] 1.14 - 0.0581 1.19 - 0.017
EOT 1.31 1.31 1.37
1.00 1.00
EEE‘E%T 113 - 0049|113 - o0049]| - ; ]
1.28 1.28
Sustained 1.04 1.01 0.96
response 1.13 - 0.006 ] 1.30 - 0.0401] 1.09 - 0.177
1.23 1.66 1.24
0.95 0.86
:1':2”‘9 137 - 0091|127 - o227 =+ - ;
1.98 1.88

On-treatment ALT flare was defined as an ALT level = 5x ULN during PEG-IFN treatment.
HBsAg decline was defined as a decline of 2 1 log 6 months after the EOT. Sustained
response was defined as HBV DNA levels of < 2,000 IU/mL six months after end of PEG-IFN
treatment. HBsAg loss was defined as loss of HBsAg at any time during treatment or off-
treatment follow-up. *Insufficient number of events for multivariable analysis.

Abbreviations: anti-HBc, antibodies to hepatitis B core antigen; EOT, end of PEG-IFN
treatment; ALT; alanine aminotransferase; aOR, adjusted odds ratio; Cl, confidence interval;
HBeAg, hepatitis B e antigen; HBsAg, hepatitis B surface antigen; PEG-IFN, peginterferon.

Add-on PEG-IEN

Among patients treated with add-on PEG-IFN, anti-HBc levels were significantly
higher in patients with than in patients without subsequent HBeAg loss (3.12 log
versus 2.84 log IU/mL, p = 0.012). Anti-HBc levels did not predict on-treatment
HBsAg decline. None of the patients in the PEG-IFN add-on cohort achieved HBsAg
loss.

In addition, findings were consistent when anti-HBc levels were included in the
baseline scoring system of Lampertico et al.** Among patients with a predicted low
(score 0—1) or moderate (score 2-3) probability to response, but high levels of
anti-HBc (= 4.0 log among HBeAg-positive and = 4.40 log among HBeAg-negative
patients) were associated with a higher probability of sustained response and HBsAg
loss (Figure 5).
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Figure 5. Treatment outcome according to pretreatment levels of antibodies
against hepatitis B core antigen (anti-HBc) and predicted probability.

Low Moderate High
Predicted probability (score, 0-1) (score, 2-3) (score, 24)
n=89 n=125 n=48
3 Low High Low High Low High
Anti-HBa n=59 n=31 n=83 n=42 n=29 n=19
Sustained response 10.3% 419% 169% 31.0% 31.0% 316%
Low Moderate High
Predicted probability (score, 0-1) (score, 2-3) (score, 24)
n=290 n=128 n=>50
i Low High Low High Low High
Anti-HBc n=59 n=31 n=86 n=42 n=30 n=20
HBsAg loss 3.4% 226% 23% 7.1% 0% 10%

The predicted probability was based on the baseline prediction model including age, sex,
hepatitis B surface antigen (HBsAg), hepatitis B virus (HBV) DNA, and alanine
aminotransferase levels [20]. Anti-HBc levels were categorised as low versus high; <4.0
versus 24.0 log for hepatitis B e antigen (HBeAg)—positive patients and <4.40 versus 24.40
log for HBeAg-negative patients. Sustained response was defined as an HBV DNA level
<2000 IU/mL 6 months after the end of peginterferon treatment; HBsAg loss, as loss of HBsAg
6 months after the end of treatment.
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DISCUSSION

There is emerging evidence suggesting that B cells play a pivotal role in the natural
history of CHB.8386.95 |n the current study, higher serum anti-HBc levels correlated
with other immune markers, such as IP-10, and were associated with more severe
liver inflammation on liver biopsy. Furthermore, higher pre-treatment anti-HBc levels
were associated with favourable responses to PEG-IFN therapy. These findings
suggest that serum anti-HBc levels could be a valuable new serum biomarker to
monitor immune activity in patients with CHB.

During an acute HBV infection, the innate immune response is triggered first,
followed by activation of the adaptive immune system. This generally leads to
functional cure (i.e. HBsAg loss) among adults.?3% However, among CHB patients
in whom functional cure is not achieved, alterations in both innate and adaptive
immune responses are observed.®® The important role for B cells in the immune
control over HBV has been demonstrated in clinical practice through the risk for HBV
reactivation among patients treated with B cell depleting agents such as rituximab,
and by detailed analysis of their phenotype and function ex vivo.838586.97.98 B cells
secrete antibodies targeted against various antigens including antibodies to HBsAg
(anti-HBs), HBeAg (anti-HBe) and HBcAg (anti-HBc). A previous study showed that
serum levels of anti-HBc vary across the natural history of CHB, with higher levels
observed in disease states with more active inflammation. In our cohort, serum anti-
HBc levels correlated with other immune markers, such as serum levels of IP-10,
and higher serum levels of anti-HBc were also associated with more severe hepatic
inflammation on liver biopsy. Higher anti-HBc levels were also associated with lower
levels of markers of viral replication and cccDNA transcriptional activity, such as HBV
DNA, HBV RNA, HBcrAg and HBsAg.?"?2% Taken together, these findings highlight
an association between B cell activation and control over HBV replication. The
observed associations with intrahepatic inflammation suggest that there may also be
an important clinical diagnostic application for anti-HBc assessment, as currently
used biomarkers (such as ALT) correlate poorly with liver histology.®” High serum
anti-HBc levels may be reflective of having increased degrees of liver inflammatory
activity, which could potentially influence decision making regarding initiation of
antiviral therapy or performing liver biopsy. 100101

Another interesting observation in our study was that antiviral therapy reduced serum
anti-HBc levels. One year of PEG-IFN therapy was associated with a significant
decline in serum anti-HBc levels, and patients currently on NA therapy had the lowest
anti-HBc levels in the cohort. These findings are in line with previous studies which
showed a more profound on-treatment decline in anti-HBc levels among HBeAg-
positive patients treated with NAs than with PEG-IFN.8¢8 Thus, antiviral agents
seem to impact anti-HBc levels although the exact mechanism is unclear and may
differ for PEG-IFN versus NAs. Previous studies hint that PEG-IFN therapy might
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influence the number of B cells or B cell function directly or via bone marrow
suppression.’021% Whether NA have a direct effect on B cell production or function
is uncertain, but the observed effects on anti-HBc levels may also be due to the rapid
decline in viral load."%*

In our cohort, higher levels of anti-HBc were associated with a higher probability of
favourable outcomes after treatment with PEG-IFN. Among patients treated with de
novo PEG-IFN, findings were consistent for multiple endpoints, including HBeAg
clearance, sustained HBV DNA suppression, HBsAg decline and HBsAg loss. In the
subset of patients treated with add-on PEG-IFN, higher anti-HBc levels also
predicted on-treatment HBeAg clearance. These findings are in line with a previous
Asian study, comprising HBeAg-positive patients treated with PEG-IFN or NA
therapy, which demonstrated that anti-HBc levels of 4.4 log IU/mL were associated
with an increased chance of HBeAg seroconversion at EOT.® Interestingly, in our
study, higher pre-treatment anti-HBc levels were also associated with a higher
chance of on-treatment ALT flares, which previous studies have shown to be pivotal
in achieving sustained response and HBsAg loss with immunomodulators.'% When
seen in the light of the associations between anti-HBc levels and intrahepatic
inflammatory activity, our findings provide further support for the hypothesis that the
pre-treatment immune status is an important determinant of response to
immunomodulatory therapy. This hypothesis warrants further exploration, especially
in studies involving novel immunomodulatory agents.

Our study has several potential limitations. Although our cohort is relatively large and
enrolled patients from four randomised controlled ftrials, stratification by HBeAg
status resulted in limited numbers of subjects and events per subgroup, increasing
the risk of type 2 statistical error. However, the association between higher anti-HBc
levels and favourable outcomes after antiviral therapy was consistent across sub-
cohorts, supporting the robustness of our findings (Figure 4, Supplementary Figure
3). Furthermore, the anti-HBc assay we applied assessed only IgG anti-HBc, and
whether there is a difference in diagnostic performance with assays that also
measure IgM anti-HBc is yet unclear. Also, it is important to note that our de novo
PEG-IFN studies enrolled predominantly Caucasians, whereas the add-on studies
enrolled predominantly Asian patients. External validation of our findings in cohorts
with other ethnicities/genotypes is therefore warranted.

In conclusion, our study shows that serum anti-HBc levels correlate with intrahepatic
inflammatory activity. Higher serum anti-HBc levels are associated with favourable
outcomes after PEG-IFN therapy. These findings provide further support for the
importance of B cells in control of HBV infection and suggest that assessment of
anti-HBc levels may have important clinical applications.
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SUPPLEMENTARY FIGURES
Supplementary Figure 1. Graphical representation of the included studies
End of PEG-IFN End of follow-up
treatment response response

i ALT Flares i
Baseline End of PEG-IFN End of follow-up

At

99-01 study (n=135)

PEG-IFN de novo, HBeAg-positive Follow-up

PARC study (n=104)

PEG-IFN de novo, HBeAg-negative Follow-up

ARES & PEGON study (n=91)
PEG-FN add-on, HBeAg-positive NA

I

. i i
-52(-24 0 48-52 72-78 weeks

End-of-treatment response was evaluated at end of PEG-IFN treatment and included HBeAg
loss and HBsAg decline EOT (= 1 log decline). End of follow-up (EOF) response was
evaluated six months after PEG-IFN cessation, and included sustained response (HBV DNA
< 2,000 1U/mL), and HBsAg loss. On-treatment ALT flares were defined as an elevation of
serum ALT levels of = 5x ULN during PEG-IFN treatment.

Abbreviations: PEG-IFN, peginterferon; HBeAg, hepatitis B e antigen; ALT, alanine
aminotransferase; NA, nucleos(t)ide analogues
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Supplementary Figure 2. Pre-treatment anti-HBc levels among HBeAg-positive
(A) and —negative (B) patients treated with de novo PEG-IFN therapy, stratified
by HBV genotype
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Outliners below 2.5 log were not shown, including 4 HBeAg positive patients with serum levels
of 0.70 log (HBV genotype D), two patients with 1.48 log (HBV Genotype D), and 2.29 log
(HBV Genotype A).

Abbreviations: anti-HBc, antibodies to hepatitis B core antigen; HBeAg, hepatitis B e antigen;
PEG-IFN, peginterferon; HBV hepatitis B virus; IU/mL, international units/millilitre.
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Supplementary Figure 3. Treatment outcome according to pre-treatment anti-
HBc level among HBeAg-positive (A) and HBeAg-negative (B) patients
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Anti-HBc levels were categorised as low, intermediate or high (<3.82/3.82-4.0/24.0 log IU/mL
for HBeAg-positive and <3.95/3.95-4.40/24.40 log IU/mL for HBeAg-negative patients) to
create 3 groups of equal size. An on-treatment ALT flare was defined as an increase of serum
ALT = 5x ULN during PEG-IFN treatment. HBsAg decline was defined as a decline =2 1 log at
EOT. Sustained response was defined as HBV DNA levels of < 2,000 IU/mL six months after
end of PEG-IFN treatment. HBsAg loss was defined as HBsAg clearance at EOF.

Abbreviations: EOT, end of PEG-IFN treatment; EOF, six months after PEG-IFN treatment
withdrawal; ALT, alanine aminotransferase; HBeAg, hepatitis B e antigen; HBsAg, hepatitis B
surface antigen; PEG-IFN, peginterferon; int, intermediate; IU/mL, international units/millilitre.
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ABSTRACT

Background & Aim(s): Since ALT flares after therapy withdrawal are associated
with adverse outcomes, risk stratification is of major importance. We aimed to study
whether off-treatment flares are related with virological outcomes, and if serum levels
of novel biomarkers at end-of-treatment (EOT) can predict flares.

Methods: Chronic hepatitis B patients who participated in three global randomised
trials of peginterferon-based therapy were studied (99-01, PARC, ARES). HBV RNA,
HBsAg and HBcrAg were quantified at EOT. Associations between EOT biomarker
levels and flares were assessed as continuous data and after categorisation. Flares
were defined as ALT = 5x ULN during six months after therapy cessation.

Results: We included 344 patients; 230 HBeAg-positive and 114 HBeAg-negative.
Patients were predominantly Caucasian (77.0%) and had genotype A/B/C/D in
23.3/7.3/13.4/52.3%. Flares were observed in 122 patients (35.5%). Flares were
associated with lower rates of sustained response (3.5% vs 26.8% among patients
with and without a flare; p < 0.001). Higher HBsAg (OR 1.586, 95% CI 1.231 —2.043),
HBV RNA (OR 1.695, 95%CI 1.371 — 2.094) and HBcrAg (OR 1.518, 95% CI 1.324
—1.740) levels were associated with higher risk of flares (p < 0.001). Combinations
of biomarkers further improved risk stratification, especially HBsAg + HBV RNA.
Findings were consistent in multivariate analysis adjusted for potential predictors
including HBeAg-status and EOT-response (HBV DNA < 200 IU/mL).

Conclusion: Off-treatment ALT flares were not associated with favourable
virological outcomes. Higher EOT serum HBsAg, HBcrAg and HBV RNA were
associated with a higher risk of flares after therapy withdrawal. These findings can
be used to guide decision-making regarding therapy discontinuation and off-
treatment follow-up.
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INTRODUCTION

First-line treatment options for chronic hepatitis B (CHB) patients comprise
pegylated-interferon (PEG-IFN) and nucleos(t)ide analogues (NAs). The main goal
of antiviral treatment is off-treatment sustained suppression of viral replication or
HBsAg loss, thereby limiting hepatic complications, such as progression to liver
cirrhosis and hepatocellular carcinoma (HCC).%” Unfortunately, treatment withdrawal
in HBsAg-positive patients may result in viral rebound, which has been associated
to the occurrence of ALT flares.*>** Whether such ALT flares are beneficial or
harmful for the host is a contentious issue because they have been associated with
increased sustained response rates as well as a higher risk of subsequent liver
decompensation.36.1%

Given the potential risk of adverse outcomes with off-treatment ALT flares, risk
stratification is of major importance. The occurrence of ALT flares has been reported
to be associated with both host-related characteristics, such as age and sex, and
viral factors, such as HBeAg-status and end-of-treatment HBV DNA levels.3%% The
recently identified serum biomarkers hepatitis B virus (HBV) RNA and hepatitis B
core-related antigen (HBcrAg), and hepatitis B surface antigen (HBsAg) reflect
covalently closed circular DNA (cccDNA) transcriptional activity, and consequently,
intrahepatic viral replication.?"?27° These factors could therefore also be related to
the risk of off-treatment flares.

In this study, we therefore aimed to study (1) the relationship between off-treatment
ALT flares and virological outcomes and (2) whether EOT levels of HBsAg, HBcrAg
and HBV RNA can be used to predict the risk of ALT flares.

PATIENTS AND METHODS

Study population

In this study we included chronic hepatitis B (CHB) patients who participated in three
global randomised controlled trials (the 99-01, PARC and ARES studies). Trial
design and inclusion criteria have been described in detail elsewhere.3479% |n short,
in the 99-01 study HBeAg-positive patients (n = 266) were randomised to receive
either 100 uyg/week PEG-IFN alpha-2b mono-therapy or PEG-IFN plus 100 mg/day
lamivudine combination-therapy for 52 weeks.3* The PARC study enrolled HBeAg-
negative patients (n = 133), who were randomised for 180 pg/week PEG-IFN alpha-
2a monotherapy or PEG-IFN plus 1000-2000 mg ribavirin combination therapy for
48 weeks.”® In the ARES study, HBeAg-positive patients (n = 175) started with 0.5
mg/day entecavir (ETV) monotherapy and were subsequently randomised to either
PEG-IFN alpha-2a add-on therapy from week 24 to week 48 (n = 85) or continuing
ETV (n = 90). Responders (defined as HBeAg loss and HBV DNA < 200 IU/ml at

65




Chapter 4

week 48) continued with ETV consolidation therapy until week 72, after which
treatment was ceased.®® For this study, we included only those patients with PEG-
IFN add-on therapy, who received ETV consolidation therapy until week 72 (i.e.
those who discontinued therapy). The original study protocols have been approved
by the medical ethical committees and are in line with the Declaration of Helsinki of
1975.

For the current analysis, only patients with EOT data on at least one biomarker
(HBsAg, HBcrAg and/or HBsAg) were eligible for enrolment. Since the risk of an off-
treatment flare is negligible in patients with HBsAg loss, we excluded patients who
were HBsAg negative at EOT (Figure 1).

Endpoints

An off-treatment flare was defined as an increase of serum ALT five times the ULN
within six months after EOT.3642 The time point of a flare was defined at the peak
value of the ALT rise. If a patient experienced more than one flare, the first one was
used for classification. An early flare was defined as a flare that occurred within 12
weeks after EOT, whereas a late flare was defined as a flare that occurred beyond
12 weeks after EOT. Sustained response (SR) was defined as HBV DNA < 2,000
IU/mL six months after treatment cessation. HBsAg loss was assessed at end of
follow-up and during long term follow-up.34747® EOT response was defined as
patients who had suppressed HBV DNA (< 200 IU/mL) levels at EOT, in line with the
original ARES study protocol.®

Laboratory measurements

Serum HBV RNA, HBsAg, HBcrAg were measured at EOT and during follow-up.
HBV DNA and ALT were quantified at EOT and, in most patients, every four weeks
during the six months follow-up period. HBV RNA was quantified using rapid
amplification of complementary DNA (cDNA)-ends (RACE)-based real-time
polymerase chain reaction (University Hospital Leipzig, Germany). This technique
has been described in detail elsewhere.”! The assays’ lower limit of detection (LOD)
was 800 copies/millilitre (c/mL).2° Quantification of HBsAg was performed using
Abbott Architect (Abbott, Abbott Park, IL), with a LOD of 0.05 IU/mL. HBcrAg was
quantified using Lumipulse® G HBcrAg-assay (Fujirebio Europe) according to the
manufacturer’s instructions, with a lower limit of quantification (LOQ) of 1000 U/mL
(3 log) and lower limit of detection of 2 log.8! The LOD for HBV DNA was 400
copies/mL (~80 IU/mL, in-house TagMan PCR assay, Rotterdam, the Netherlands)
for 99-01%, 35 copies/mL (Tagman, Roche Diagnostics, Basel, Switzerland) for
PARC"® and 20 IU/mL (Cobas TagMan 48, Roche Diagnostics, Basel, Switzerland)
for ARES® participants. ALT, prothrombin time and bilirubin tests were performed
by automated techniques at the participating centres.3+79.%0
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Statistical analysis

Descriptive data were described as numbers (with percentages), medians (with
interquartile range; IQR) and means (+ standard deviation; SD). Associations
between biomarker levels and ALT flares were assessed using continuous data (with
associations assessed using logistic regression and AUROC) and after
categorisation (< 3 log versus > 3 log for HBsAg, undetectable versus detectable for
HBV RNA, and for HBcrAg < 3 log versus > 3 log for HBeAg-negative and < 6 log
versus > 6 log for HBeAg-positive patients; based on mean levels at EOT). HBsAg
and HBcrAg were also combined by calculating the previously reported SCALE-B
score, calculated as 35*HBsAg (log IU/mL) + 20*HBcrAg (log U/mL) + 2*age (year)
+ ALT (U/L). This scoring system has been developed to predict the risk of a clinical
relapse in patients with finite NA therapy.'®” For this score HBcrAg levels of 2 log
were recoded to 1 log, in compliance with the original report.'”

Associations between novel biomarkers and off-treatment outcomes (flares and SR)
were also assessed using multivariate logistic regression, for which each biomarker
was entered into a model comprising age, sex, HBV genotype A, EOT response,
ALT at EOT, and HBeAg-status at baseline. Differences were considered statistically
significant when p < 0.05. IBM SPSS for Windows version 25.0 (SPSS Inc., Chicago,
lllinois, USA) was used for statistical analysis. GraphPad Prism version 5 for
Windows (GraphPad Software, San Diego, California, USA) was used for graphical
representation of the results.

RESULTS
Patient characteristics

In total, 344 patients were included (Figure 1, Table 1); 230 HBeAg-positive and 114
HBeAg-negative. An EOT response was observed in 147 patients (57.1%).
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Figure 1. Flowchart

99-01 study PARC study ARES study
n=266 n=133 n=175

No PEG-IFN-based
therapy

> n=90

Did not discontinue
antiviral therapy

v n=71

No off-treatment
follow-up data

Study population

n=344 n=50
HBsAg negative EOT
n=19
Available EOT
measurements
HBsAg 344/344
HBV RNA 199/344
HBcrAg 324/344

Abbreviations: ALT, alanine aminotransferase; EOT, end-of-treatment; HBV, hepatitis B virus;
HBcrAg, Hepatitis B core-related Antigen; HBeAg, HBsAg, quantitative hepatitis B surface
antigen; PEG-IFN, peginterferon.
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Table 1. Patient characteristics

Characteristics (:Iz':lez";) T::Ig?zc)o P-value
"z‘rﬂz ;;'n"‘l‘g‘g;“ years 35(28-44)  34(26-46)  0.930
Male (n, %) 86 (70.5) 173 (77.9) 0.126
Race (n, %)
Caucasian 92 (75.4) 173 (77.9) 0.588
Asian 22 (18.0) 40 (18.0)
Other 8 (6.6) 9(4.1)
HBV genotype (n, %)
A 20 (16.4) 60 (27.0) 0.232
B 8 (6.6) 17 (7.7)
C 18 (14.8) 28 (12.6)
D 71 (58.2) 109 (49.1)
Other 5(4.1) 8 (3.6)
Study treatment (n, %)
PEG-IFN mono 61 (50.0) 105 (47.3) 0.108
PEG-IFN + LAM 42 (34.4) 65 (29.3)
PEG-IFN + RBV 18 (14.8) 39 (17.6)
PEG-IFN + ETV 1(0.8) 13 (5.9)
Laboratory results at end-of-
treatment
HBeAg status EOT, positive (n, %) 74 (60.7) 67 (30.2) < 0.001
ALT (median, IQR) ¢ 1.7(1.0-27) 1.1(0.8-1.7) <0.001
HBV DNA*(mean, +SD) 5.1 (x2.7) 3.1 (x2.4) < 0.001
HBV RNAS (mean, +SD) 4.4 (+1.6) 3.2 (x1.3) < 0.001
HBsAg* (mean, +SD) 3.8 (20.8) 3.4 (+1.3) < 0.001
HBcrAgt (mean, £SD) 6.4 (x1.7) 4.9 (x2.0) < 0.001
Treatment response
EOT response® 30 (24.6) 117 (52.9) < 0.001
Sustained responsef (n, %) 4/113 (3.5) 53/198 (26.8) < 0.001
HBsAg loss 0 (0) 6/209 (2.9) 0.061

¢ times the upper limit of normal (ULN), U/L
§ Logarithmic scale, ¢/mL
* Logarithmic scale, 1U/mL
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T Logarithmic scale, U/mL

¥ HBV DNA < 200 IU/ml at end-of-treatment

a EOT response is defined as HBV DNA < 200 IU/mL at end-of-treatment

B Sustained response is defined as HBV DNA < 2,000 IU/mL six months after end-of-
treatment

~Flare is defined as ALT > 5x the upper limit of normal after end-of-treatment.
Abbreviations: HBV, hepatitis B virus; PEG-IFN, peginterferon; LAM, lamivudine; RBYV,
ribavirin; ETV, entacavir; HBcrAg, Hepatitis B core-related Antigen; HBeAg, Hepatitis B e
Antigen; HBsAg, quantitative hepatitis B surface antigen; EOT, end-of-treatment; IQR,
interquartile range.

Off-treatment ALT flare characteristics

An off-treatment ALT flare was observed in 122 patients (35.5%); median ALT level
at the peak of the flare was 9.4 x the ULN (IQR 6.9 — 16.4). In 74 patients (60.7%)
the peak of the flare occurred = 12 weeks after EOT (i.e. a late flare; median 12
weeks after EOT, IQR 8-20). Among the 122 patients with an off-treatment ALT
flare, 38 patients (31.1%) experienced concomitant bilirubin elevation, with a median
of 24 ymol/mL (range 11 — 152). A bilirubin level > 50 ymol/mL was observed in
seven patients (5.7%). Prothrombin time elevation was observed in 20 patients
(range 1.01 — 10.4x ULN). None of the patients developed encephalopathy.

Off-treatment ALT flares are associated with lower rates of sustained response
and HBsAg loss

Occurrence of an off-treatment flare was associated with a lower probability of SR;
4/113 patients (3.5%) with a flare achieved SR compared to 53/198 (26.8%) patients
without a flare (OR 0.100, 95% CI 0.035 — 0.286, p < 0.001). Findings were
consistent among the subgroup of patients with an EOT response; 0% of the patients
with an off-treatment flare achieved SR compared to 40.0% without a flare
(p < 0.001). Similarly, occurrence of a flare was not associated with a more
pronounced off-treatment HBsAg decline, and none of the patients with an off-
treatment ALT flare achieved HBsAg loss during follow-up (Table 1).

Associations between viral biomarkers and off-treatment ALT flares

HBsAg

Higher HBsAg levels at EOT were associated with a higher risk of off-treatment ALT
flares (OR 1.586, 95% CIl 1.231 — 2.043, p < 0.001; AUROC 0.608, 95% CI 0.548 —
0.668, p = 0.001). Among the 261 patients with HBsAg levels of > 3 log, 107 patients
(41.0%) experienced a flare. In contrast, only 15/83 patients (18.1%) with HBsAg
levels of < 3 log experienced a flare (p < 0.001, Figure 2).

Conversely, higher HBsAg levels at EOT were associated with a lower risk of SR
(OR 0.480, 95% C1 0.371 - 0.621, p < 0.001; AUROC 0.237, 95% CI1 0.171 — 0.304,
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p < 0.001). SR was achieved in 25/234 (10.7%) versus 32/77 (41.6%) patients with
HBsAg levels of > 3 log versus < 3 log at EOT (p < 0.001, Figure 3). HBsAg loss was
exclusively observed in patients with HBsAg levels of < 3 log (7.3% versus 0.0% in
patients with HBsAg > 3 log, p < 0.001).

Findings were consistent in multivariate analysis adjusting for other potential
predictors (Table 2), in a subgroup of patients with an EOT response (Supplementary
Figure 1), and when data was stratified on HBeAg-status and treatment regime
(Supplementary Figure 2 — 5).

HBV RNA

Higher HBV RNA levels at EOT were associated with an increased risk of off-
treatment ALT flares (OR 1.695, 95% CI 1.371 — 2.094, p < 0.001; AUROC 0.726,
95% CIl 0.645 — 0.807, p < 0.001). Amongst the 72 patients with detectable HBV
RNA levels, 39 patients (54.2%) experienced a flare compared to 18/127 patients
(14.2%) with undetectable HBV RNA levels (p < 0.001, Figure 2).

Conversely, higher HBV RNA levels at EOT were associated with a lower risk of SR
(OR 0.119, 95% C1 0.017 — 0.807, p = 0.029; AUROC 0.278, 95% CI1 0.202 — 0.354,
p < 0.001). SR was achieved in 2/68 (2.9%) patients with detectable HBV RNA,
versus 35/107 (32.7%) patients with undetectable HBV RNA levels at EOT
(p < 0.001, Figure 3). HBsAg loss was exclusively observed in patients with
undetectable HBV RNA levels (2.5% versus 0.0% in patients with detectable levels,
p =0.184).

Findings were consistent in multivariate analysis adjusting for other potential
predictors (Table 2), in a subgroup of patients with an EOT response (Supplementary
Figure 1), and when data was stratified on HBeAg-status and treatment regime
(Supplementary Figure 2 — 5).
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Figure 2. Rates of off-treatment ALT flares (ALT 2 5x ULN) in the overall cohort,
according to HBsAg, HBcrAg and HBV RNA levels at end-of-treatment
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Biomarker levels were categorised as low versus high for HBsAg (< 3 log versus
> 3 log), HBV RNA (undetectable versus detectable) and for HBcrAg (< 3 log versus > 3 log
for HBeAg-negative and < 6 log versus > 6 log for HBeAg-positive patients). Concomitant
HBsAg and HBV RNA were categorised as both low (HBsAg < 3 log and undetectable HBV
RNA), both high (HBsAg > 3 log and detectable HBV RNA), and mixed.

Abbreviations: HBsAg, quantitative hepatitis B surface antigen; HBV, hepatitis B virus;, HBsAg,
Hepatitis B core-related Antigen.

Figure 3. Rates of sustained response (HBV DNA < 2,000 IU/mL six months
after treatment withdraw) in the overall cohort, according to HBsAg, HBcrAg
and HBV RNA levels at end-of-treatment
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Biomarker levels were categorised as low versus high for HBsAg (< 3 log versus
> 3 log), HBV RNA (undetectable versus detectable) and for HBcrAg (< 3 log versus > 3 log
for HBeAg-negative and < 6 log versus > 6 log for HBeAg-positive patients). Concomitant
HBsAg and HBV RNA were categorised as both low (HBsAg < 3 log and undetectable HBV
RNA), both high (HBsAg > 3 log and detectable HBV RNA), and mixed. Abbreviations: HBsAg,
quantitative hepatitis B surface antigen; HBV, hepatitis B virus; HBcrAg, Hepatitis B core-
related Antigen.
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HBcrAg

Higher HBcrAg levels were associated with off-treatment ALT flares (OR 1.518, 95%
Cl 1.324 — 1.740, p < 0.001; AUROC 0.720, 95% CI 0.663 — 0.777, p < 0.001).
Amongst the 185 patients (57.1%) with high HBcrAg levels (> 3 log for HBeAg-
negative and > 6 log for HBeAg-positive), 87 patients (47.0%) experienced an off-
treatment flare. On the contrary, only 26/139 patients (18.7%) with low HBcrAg levels
(< 3 log for HBeAg-negative and < 6 log for HBeAg-positive patients) experienced a
flare (p < 0.001, Figure 2).

Conversely, higher HBcrAg levels at EOT were associated with a lower risk of SR
(OR 0.658, 95% C1 0.565 — 0.767, p < 0.001; AUROC 0.240, 95% CI1 0.181 — 0.299,
p < 0.001). SR was achieved in 42/125 (33.6%) with low HBcrAg levels versus
14/179 (7.8%) in patients with high HBcrAg levels (p < 0.001, Figure 3). HBsAg loss
was exclusively observed in patients with low HBcrAg levels (4.4% versus 0.0% in
patients with high levels, p = 0.004).

Findings were consistent in multivariate analysis adjusting for other potential
predictors (Table 2), in a subgroup of patients with an EOT response (Supplementary
Figure 1), and when data was stratified on HBeAg-status and treatment regime
(Supplementary Figure 2 — 5).

Table 2. Multivariate analysis

Flare Sustained response
aOR 95% CI P-value aOR 95% CI P-value
HBsAg* 1.386 1.041 - 0.025 0.562 0.423 — < 0.001
1.845 0.745
HBV RNA* | 1.494 1.129 - 0.005 0.127 0.017 — 0.041
1.976 0.919
HBcrAg* 1.517 1.208 - < 0.001 0.476 0.332 — < 0.001
1.905 0.681

* adjusted for age, sex, genotype A, EOT response (HBV DNA < 200 IU/mL), ALT at EOT,

and HBeAg-status at baseline.

Abbreviations: HBsAg, hepatitis B surface antigen; HBcrAg, hepatitis B core-related antigen;

aOR, adjusted odds ratio
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Combinations of biomarkers may further stratify ALT flare risk

HBsAg and HBV RNA

Among the 69 patients with both detectable HBV RNA levels and HBsAg > 3 log, 36
patients (52.2%) experienced an off-treatment ALT flare. In contrast, none of the 42
patients (0.0%) with undetectable HBV RNA levels and HBsAg < 3 log experienced
a flare (p < 0.001, Figure 2). Findings were consistent among patients with an EOT
response; 62.5% of the patients with concomitant elevated levels of HBV RNA and
HBsAg experienced a flare, compared to 0.0% of whom both biomarkers were low
(p <0.001).

Conversely, higher concomitant HBsAg and HBV RNA levels at EOT were
associated with a lower risk of SR. SR was achieved in 23/36 (63.9%) with low levels
versus 2/65 (3.1%) in patients with high levels (p < 0.001, Figure 3). HBsAg loss was
exclusively observed in patients with low levels of concomitant HBsAg and HBV RNA
(7.3% versus 0.0% in patients with high levels, p = 0.004).

HBsAg and HBcrAg: SCALE-B

Higher SCALE-B scores were associated with higher risk of an off-treatment flare.
Among the 218 patients with a SCALE-B score of = 320, 98 patients (45.0%)
experienced an off-treatment flare. In contrast, a flare was observed in 2/45 patients
(4.4%) with a SCALE-B score of < 260 (p < 0.001, Figure 2). A similar trend was
observed among patients with an EOT response; 20/58 patients (34.5%) with a
SCALE-B score of =2 320 experienced a flare, compared to 2/39 patients (5.1%) with
a SCALE-B score of < 260 (p = 0.001).

Conversely, higher SCALE-B score at EOT was associated with a lower risk of SR.
SR was achieved in 16/42 (38.1%) with a SCALE-B score of < 260 versus 23/206
(11.2%) in patients with a SCALE-B score of =2 320 (p < 0.001, Figure 3). HBsAg loss
was exclusively observed in patients with SCALE-B score of < 320 (6.0% versus
0.0% in patients with levels of = 320, p < 0.001).

DISCUSSION

Off-treatment ALT flares are frequently observed after therapy withdrawal in patients
with CHB, with previous studies hinting at a possible beneficial effect.*®'% This
study, a pooled analysis of three randomised controlled trials, demonstrates that off-
treatment flares were not associated with increased rates of HBsAg decline or
sustained response. Higher EOT levels of HBsAg, HBcrAg and HBV RNA were
associated with higher risk of ALT flares and a lower risk of sustained response or
HBsAg loss. These biomarkers could therefore be used to stratify relapse risk in
patients being evaluated for therapy discontinuation.
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Rapid increases in ALT levels, also known as flares, can occur during the natural
course of the chronic HBV infection, or in relationship with (discontinuation of)
antiviral therapy. It has been debated whether rise in ALT after antiviral therapy
withdrawal could be beneficial. This concept is illustrated by a study by Hadziyannis
and colleagues, who observed an off-treatment ALT rise in 76% patients of the
patients who discontinued NA treatment, with a high subsequent rate of HBsAg loss
(20%) within the first year of follow-up, suggesting a beneficial effect of an ALT
flare."® In addition, on-treatment flares during PEG-IFN therapy have been
associated with rapid subsequent HBsAg decline and clearance.'®® However, such
a benefit may be restricted to patients with a host-dominant flare (i.e. a flare not
preceded by rapid HBV DNA increase),'?>1% and the benefit of off-treatment flares
remains uncertain. The findings from the current study provides no support for the
hypothesis that off-treatment ALT flares lead to favourable virological outcomes.

Given the absence of sufficient evidence that off-treatment ALT flares increase the
chances of treatment response, it is important to consider that ALT flares may also
be harmful.36.1%8-110 Hepatic decompensation, some with fatal outcome, have been
described in patients that discontinued NAs and experienced rise in ALT, particularly
in patients with more advanced liver disease.*’-'"! Moreover, severe off-treatment
ALT flares are not restricted to finite NA therapy, but are also observed in trials with
PEG-IFN therapy or novel HBV agents such as nucleic acid polymers
(NAPs).67.110.112 Thys, ALT flares are commonly observed during or after finite
treatment with all different antiviral therapies, making risk stratification essential.®
Identification of patients at high risk of flares may trigger intensive post-treatment
follow-up and early re-treatment, which might help prevent hepatic decompensation
or other fatalities.

Since HBV DNA levels are often low or undetectable in patients considered eligible
for finite treatment, other biomarkers are required for risk stratification. In the last
couple of years, several more serum biomarkers have been identified, including
quantitative HBsAg, HBV RNA and HBcrAg. These serum biomarkers might reflect
intrahepatic viral replication in various degrees during the different phases of HBV
infection, through associations with the cccDNA.2"2270 Therefore, these biomarkers
may serve as marker for intrahepatic transcriptional activity and consequently predict
off-treatment sustained response and the risk of flares. In our study, higher levels of
these biomarkers were associated with higher risk of flares and lower risk of
sustained response or HBsAg loss. These associations were sustained in
multivariate analysis and were consistent across subgroups. Albeit the biomarkers
are interrelated, a combination of low biomarker levels identified patients with the
highest likelihood of favourable outcomes after therapy cessation. Our findings are
consistent with previous smaller studies that only studied viral antigens and/or HBV
RNA. 13
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Our findings may have important clinical implications, as they can be used both to
select patients most likely to achieve sustained viral suppression (or HBsAg loss)
after therapy withdrawal, and to identify patients in need of careful monitoring.
Furthermore, the observation that individual biomarkers are also able to predict off-
treatment outcomes suggests that they should be evaluated in studies of novel
antivirals that target specific parts of the HBV replication cycle and therefore have
profound effects on some, but not all biomarkers (e.g. capsid assembly modulators
[CAMSs], which have a profound effect on HBV DNA and RNA, but less so on HBcrAg
and HBsAg).%%78

Strengths of this study include the large cohort of both HBeAg-positive and —negative
patients who participated in three global randomised controlled trials. In addition,
since ALT levels were quantified in the majority of patients every four weeks during
a follow-up period of six months, we were able to identify a large number of off-
treatment ALT flares. Also, since HBcrAg and HBV RNA levels are frequently low or
undetectable in HBeAg negative patients, more sensitive assays may further
improve predictive performance. This also applies to HBV RNA, which is frequently
below the LOD in virally suppressed patients. Finally, our results are based on
patients treated with PEG-IFN (+/-NA) therapy. Validation in NA treated patients
and/or patients treated with combination regimens containing novel antivirals is
warranted. In addition, despite the large number of patients in the overall cohort,
stratification resulted in a limited number of patients per subgroup. Nevertheless,
subgroup analysis across HBeAg-status, treatment regime and EOT response
categories showed homogeneous results (Supplementary Figures 1-3) with the
overall population, supporting the robustness of our findings.

In conclusion, our study demonstrated that off-treatment ALT flares were not
associated with favourable virological outcomes and should therefore be considered
an undesirable event. Higher levels of HBV RNA, HBcrAg and HBsAg at EOT are
associated with higher risk of flares. These findings may be used to select patients
most likely to achieve sustained response or HBsAg loss after therapy
discontinuation, and to identify patients eligible for intensive post-treatment follow-

up.
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SUPPLEMENTARY FIGURES

Figure S1. Rates of off-treatment ALT flares (ALT 2 5x ULN) in patients with an
EOT response (HBV DNA < 200 IU/mL at EOT), according to HBsAg, HBcrAg
and HBV RNA levels at end-of-treatment
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HBsAg HBV RNA HBcrAg HBsAg + HBV RNA SCALE-B

Biomarker levels were categorised as low versus high for HBsAg (< 3 log versus
> 3 log), HBV RNA (undetectable versus detectable) and for HBcrAg (< 3 log versus > 3 log
for HBeAg-negative and < 6 log versus > 6 log for HBeAg-positive patients). Concomitant
HBsAg and HBV RNA were categorised as both low (HBsAg < 3 log and undetectable HBV
RNA), both high (HBsAg > 3 log and detectable HBV RNA), and mixed.

Abbreviations: HBsAg, quantitative hepatitis B surface antigen; HBV, hepatitis B virus;
HBcrAg, Hepatitis B core-related Antigen.

Figure S2. Rates of off-treatment ALT flares (ALT 2 5x ULN) in HBeAg-positive
patients, according to HBsAg, HBcrAg and HBV RNA levels at end-of-
treatment
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Biomarker levels were categorised as low versus high for HBsAg (< 3 log versus
> 3 log), HBV RNA (undetectable versus detectable) and for HBcrAg (< 3 log versus > 3 log
for HBeAg-negative and < 6 log versus > 6 log for HBeAg-positive patients). Concomitant
HBsAg and HBV RNA were categorised as both low (HBsAg < 3 log and undetectable HBV
RNA), both high (HBsAg > 3 log and detectable HBV RNA), and mixed. Abbreviations: HBsSAg,
quantitative hepatitis B surface antigen; HBV, hepatitis B virus; HBcrAg, Hepatitis B core-
related Antigen.
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Figure S3. Rates of off-treatment ALT flares (ALT = 5x ULN) in HBeAg-negative
patients, according to HBsAg, HBcrAg and HBV RNA levels at end-of-
treatment
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Biomarker levels were categorised as low versus high for HBsAg (< 3 log versus
> 3 log), HBV RNA (undetectable versus detectable) and for HBcrAg (< 3 log versus > 3 log
for HBeAg-negative and < 6 log versus > 6 log for HBeAg-positive patients). Concomitant
HBsAg and HBV RNA were categorised as both low (HBsAg < 3 log and undetectable HBV
RNA), both high (HBsAg > 3 log and detectable HBV RNA), and mixed. Abbreviations: HBSAg,
quantitative hepatitis B surface antigen; HBV, hepatitis B virus; HBcrAg, Hepatitis B core-
related Antigen.

Figure S4. Rates of off-treatment ALT flares (ALT 2 5x ULN) in patients treated
with PEG-IFN mono-therapy, according to HBsAg, HBcrAg and HBV RNA
levels at end-of-treatment
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Biomarker levels were categorised as low versus high for HBsAg (< 3 log versus
> 3 log), HBV RNA (undetectable versus detectable) and for HBcrAg (< 3 log versus > 3 log
for HBeAg-negative and < 6 log versus > 6 log for HBeAg-positive patients). Concomitant
HBsAg and HBV RNA were categorised as both low (HBsAg < 3 log and undetectable HBV
RNA), both high (HBsAg > 3 log and detectable HBV RNA), and mixed. Abbreviations: HBsAg,
quantitative hepatitis B surface antigen; HBV, hepatitis B virus; HBcrAg, Hepatitis B core-
related Antigen; PEG-IFN, peginterferon.
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Figure S5. Rates of off-treatment ALT flares (ALT 2 5x ULN) in patients treated
with PEG-IFN combination-therapy (PEG-IFN + NA), according to HBsAg,
HBcrAg and HBV RNA levels at end-of-treatment
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Biomarker levels were categorised as low versus high for HBsAg (< 3 log versus
> 3 log), HBV RNA (undetectable versus detectable) and for HBcrAg (< 3 log versus
> 3 log for HBeAg-negative and < 6 log versus > 6 log for HBeAg-positive patients).
Concomitant HBsAg and HBV RNA were categorised as both low (HBsAg < 3 log
and undetectable HBV RNA), both high (HBsAg > 3 log and detectable HBV RNA),
and mixed. Abbreviations: HBsAg, quantitative hepatitis B surface antigen; HBV,
hepatitis B virus; HBcrAg, Hepatitis B core-related Antigen; PEG-IFN, peginterferon;
NA, nucleos(t)ide analogues.
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ABSTRACT

Background & Aim(s): The number of chronic hepatitis C virus (HCV)-infected
patients who have been lost to follow-up (LTFU) is high and threatens HCV
elimination. Micro-elimination focusing on the LTFU population is a promising
strategy for low-endemic countries like the Netherlands (HCV prevalence 0.16%).
We therefore initiated a nationwide retrieval project in the Netherlands targeting
LTFU HCV patients.

Methods: LTFU HCV-infected patients were identified using laboratory and patient
records. Subsequently, the Municipal Personal Records database was queried to
identify individuals eligible for retrieval, defined as being alive and with a known
address in the Netherlands. These individuals were invited for re-evaluation. The
primary endpoint was the number of patients successfully re-linked to care.

Results: Retrieval was implemented in 45 sites in the Netherlands. Of 20,183 ever-
diagnosed patients, 13,198 (65%) were known to be cured or still in care and 1,537
(8%) were LTFU and eligible for retrieval. Contact was established with 888/1,537
(58%) invited individuals; 369 (24%) had received prior successful treatment
elsewhere, 131 (9%) refused re-evaluation and 251 (16%) were referred for re-
evaluation. Finally, 219 (14%) were re-evaluated, of whom 172 (79%) approved
additional data collection. HCV-RNA was positive in 143/172 (83%), of whom 38/143
(27%) had advanced fibrosis or cirrhosis and 123/143 (86%) commenced antiviral
treatment.

Conclusion: Our nationwide micro-elimination strategy accurately mapped the ever-
diagnosed HCV population in the Netherlands and indicates that 27% of LTFU HCV-
infected patients re-linked to care have advanced fibrosis or cirrhosis. This
emphasises the potential value of systematic retrieval for HCV elimination.
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INTRODUCTION

Achieving hepatitis C virus (HCV) elimination as a global health threat has been a
priority of many countries since the World Health Organisation published their
elimination targets.’?® In low-endemic countries, like the Netherlands (prevalence
0.16%)°, micro-elimination may be a favourable approach.?*

In the Netherlands, HCV is restricted to key populations such as people who
inject(ed) drugs, migrants from HCV endemic countries, men who have unsafe sex
with men and people with inherited bleeding disorders.® These key populations are
commonly identified as targets for HCV micro-elimination initiatives. A population
worthy of attention are people with HCV who have been lost to follow-up (LTFU).
Despite earlier diagnosis they dropped out of the continuum of care before adequate
management had been delivered or after antiviral treatment without formal proof of
HCV eradication.

Several Dutch regional projects demonstrated that the LTFU rate in people with HCV
runs up to 30%.5'-53 These pilot studies drove the development of the current micro-
elimination project “Hepatitis C Elimination in the Netherlands (CELINE)”, that aimed
to retrieve and re-evaluate LTFU HCV patients in a nationwide manner. Successful
implementation would support the concept of micro-elimination in the LTFU HCV
population as a tool towards achieving the World Health Organisation (WHO)
hepatitis C elimination targets in low endemic countries.'?3

PATIENTS AND METHODS

Study setting and ethics

Care for patients with viral hepatitis in the Netherlands is covered by mandatory
health insurance and centred in certified hepatitis treatment centres. Between 2018
and 2020 all 46 certified centres in the Netherlands were invited to participate. If a
treatment centre had executed an independent, regional retrieval project, the
outcomes were included in this study once a data sharing agreement was reached.
Other non-certified centres were invited to participate if there was a close
collaboration with a certified hepatitis treatment centre.

Local approval was provided by all participating centres. Retrieval and re-evaluation
activities in the CELINE project were part of standard care. Collected clinical data of
successfully retrieved patients were analysed for research purposes after patients
provided informed consent. Participation in the research was voluntary and did not
influence clinical care.
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Study population and retrieval strategy

The study protocol has been described in detail previously.'?® An overview can be
seen in Supplementary Figure 1. In short, patients with a previously diagnosed HCV
infection who had become LTFU were identified based on laboratory results and
medical chart review. Patients with severe comorbidity or short life expectancy
resulting in an expected lack of benefit from antiviral treatment were excluded. The
Municipal Personal Records Database was queried to identify patients eligible for
retrieval, defined as being alive and with a registered address in the Netherlands.
Subsequently, patients eligible for retrieval were invited by letter for a re-evaluation
visit at a hepatitis treatment centre of their choice. Patients younger than 18 were
invited for re-evaluation but were not included in data collection.

Study endpoints and statistical analysis

The primary outcome was the number of LTFU patients successfully re-linked to
care, defined as at least one visit at the outpatient clinic of a certified hepatitis
treatment centre. Secondary outcomes included the total number of diagnosed and
number of LTFU individuals, case ascertainment rate (i.e. established contact with
invited patients), proportion of HCV-viraemic patients among re-evaluated patients,
reasons for becoming LTFU, mode of HCV transmission, proportion of individuals
with at least advanced liver fibrosis (liver stiffness measurement value = 9.5 kPa or
radiological, histological or clinical signs of cirrhosis'?%'?") among HCV-viraemic
patients, and DAA treatment outcome.

Descriptive data are reported as percentage, mean (+/- standard deviation; SD) or
median (with interquartile range; IQR). Analyses were performed using IBM SPSS
Statistics® version 25 (IBM Corp. Released 2017. IBM SPSS Statistics for Windows,
Version 25.0. Armonk, NY: IBM Corp.).

RESULTS

In total, CELINE was implemented in 45 sites, including 39/46 (85%) of certified
hepatitis treatment centres in the Netherlands, five non-certified centres and one
laboratory mainly serving primary care. Six centres with previously executed regional
projects were included.®'*® Among the remaining seven hepatitis treatment centres
not included in the analyses, five centres had initiated own retrieval initiatives prior
to CELINE roll-out and were not able to share data while two centres refused
participation.

A total of 20,183 previously diagnosed patients were identified using laboratory
records spanning median 14 years (IQR 11 — 17 years). The majority (n = 10,929,
54%) had already been successfully treated or spontaneously cleared infection
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(Figure 1). In total 1,537 patients (8%) were identified as LTFU and eligible for
retrieval.

Figure 1. Outcome of 20,183 anti-HCV positive patients, identified in 45 centres

HCV cleared or cured
In outpatient care or referred elsewhere
Deceased

Moved abroad or unknown whereabouts
Comorbidity/old age

Other

Eligible for retrieval

Abbreviations: HCV, hepatitis C virus.

Contact could not be established in 649 cases (Figure 2), resulting in a case
ascertainment rate of 58% (888/1,537). Of the 1,537 invited patients, 369 (24%) were
already cured or in care elsewhere and 131 (9%) refused to be re-linked to care. In
total, 251 (16%) patients were referred, of whom 219 (87%) attended their visit.
Three of the remaining 32 patients have their screening visit planned and 29
disregarded their scheduled visit.

Of the 219 screened individuals, 172 (79%) provided informed consent for data
collection (Table 1). One hundred and ten patients ever had a liver stiffness
measurement (n = 51) and/or abdominal ultrasound (n = 105), of whom 14 patients
(13%) had evidence of advanced liver fibrosis or cirrhosis. One LTFU patient had a
prior focal hepatocellular carcinoma (HCC). Among the re-evaluated patients, 27
patients (16%) never had a prior HCV-related appointment at an outpatient clinic and
18 patients (11%) reported being unaware of their possible HCV infection. HCV-RNA
was positive in 12 of these 18 patients (67%), of whom three (25%) had advanced
fibrosis or cirrhosis at the re-evaluation visit.
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Figure 2. Flowchart of patients eligible for retrieval, who were invited for re-
evaluation

Invited for

re-evaluation
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re-evaluation
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Re-evaluation - LTFU before re-evaluation (n=29)
planned <
n=3 Y
Re-evaluated
n=219

Excluded (n=47)
- No informed consent (n=47)

Y

Included in
data collection
n=172

Abbreviations: LTFU: lost to follow-up.

In total, 143/172 patients (83%) tested HCV-RNA positive at re-evaluation (Table 2).
HCV-RNA was negative in 24 patients (14%) and not (yet) tested in five (3%). Among
the 167 patients with a known HCV-RNA status at re-evaluation, HCV-RNA was
positive in 127/145 (88%) of those with a positive HCV-RNA status before becoming
LTFU and 16/27 (59%) of those with positive HCV antibodies with unknown HCV-
RNA status. At re-evaluation, none of the patients tested HIV-positive, but two
patients (1%) had a newly diagnosed hepatitis B virus infection.
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Table 1. Characteristics of re-linked patients who provided consent for data

collection
Re-linked
patients (n = 172)
Male sex 121 (70%)

Age in years at re-linkage to care (median, IQR)
Reason for becoming LTFU'
Patient-related
Therapy-related
Care-related
Other/unknown
Years since last HCV-related hospital visit (median, IQR)
First-generation migrant
Route of HCV transmission
Injecting drug use
Transfusion
Other?
Unknown
(History of) substance abuse
Injecting drug use
Alcohol®
Currently on opioid substitution therapy
HCV treatment experience
(PEG-)Interferon
Direct-acting antivirals
HCV-RNA positive

58 (52 - 63)

76 (44%)
44 (26%)
41 (24%)
11 (6%)
7 (4-11)
59 (34%)

119 (69%)
18 (11%)
19 (1%)
16 (9%)

125 (73%)
57 (33%)
50 (29%)
44 (26%)*
40 (23%)
7 (4%)
143 (83%)

"Patient-related reasons for LTFU included: multiple no shows, therapy refusal, addiction,
or imprisoned. Therapy-related reasons for LTFU included: no indication for therapy, lack
of therapy options. Care-related reasons for LTFU included: no consequence given to HCV
test, absent SVR check, HCV follow-up postponed due to other comorbidities or pregnancy,
absent FU appointment, treatment deferred, waiting for a new appointment. 2Nosocomial
(5), needle prick injury (4), sexual (3), vertical (2), tattoo (1), injecting drug use or
transfusion (1), injecting drug use or sexual (2), nosocomial or sexual (1). 3Defined as > 14
units/week for females and > 21 units/week for males. “Several patients received both
(PEG-)interferon and direct-acting antivirals. Abbreviations: IQR: interquartile range; LTFU,

lost to follow-up; HCV, hepatitis C virus; PEG: pegylated.
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Table 2. Characteristics of HCV-RNA positive patients

HCV-RNA positive
(n =143)
Advanced fibrosis or cirrhosis at re-evaluation’ 38 (27%)
HCV Genotype
1a 61 (43%)
1b 29 (20%)
1, other/unknown subtype 4 (3%)
2 9 (6%)
3 27 (19%)
4 10 (7%)
unknown 3 (2%)
Co-infection
Prior HBV (HBsAg-, anti-HBc+) 50 (35%)
Chronic HBV (HBsAg+) 2 (1%)
HIV 0 (0%)
DAA treatment initiated after retrieval 123 (86%)
SOF/LDV 10 (8%)
SOF/VEL 28 (23%)
GLE/PIB 67 (54%)
ELB/GRZ 13 (11%)
SOF/VEL/VOX 1 (1%)
Unknown 4 (3%)
Treatment outcome
SVR 91 (75%)
Awaiting SVR-12 measurement 27 (22%)
Discontinued DAA therapy 4 (3%)

'Defined as a liver stiffness value = 9.5 kPa or radiological, histological or clinical signs of
cirrhosis.

Abbreviations: HCV, hepatitis C virus; HBV, hepatitis B virus; HBsAg, hepatitis B surface
antigen; anti-HBc, antibodies to hepatitis B core antigen; HIV, human immunodeficiency
virus; DAA, direct-acting antiviral; SOF, sofosbuvir; LDV, ledipasvir; VEL, velpatasvir; GLE,
glecaprevir; PIB, pibrentasvir; ELB, elbasvir; GRZ, grazoprevir; VOX, voxilaprevir; SVR,
sustained virological response.

Among HCV-RNA positive patients, 38 (27%) had advanced fibrosis or cirrhosis, of
whom two were classified as Child-Pugh B and one as Child Pugh C. Additionally,
two patients were diagnosed with an HCC at the time of the re-evaluation visit and
another three patients developed an HCC during the period after their re-evaluation
visit.

In 86% of HCV-RNA positive patients (123/143) DAA therapy was initiated.
Sustained virological response (SVR) was achieved in all of the 91 individuals with
a known HCV-RNA result twelve weeks after cessation of treatment. Four patients

discontinued DAA, 10 finished the treatment course but became LTFU again without
formal proof of SVR, and 27 patients are awaiting their SVR-12 result. Among the
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20 patients who did not initiate DAA, six refused treatment, four became LTFU again,
five had severe comorbidity or short life expectancy, two died, two had addiction
problems, while one will start DAA treatment shortly.

DISCUSSION

CELINE was a nationwide retrieval project aiming to re-engage LTFU HCV patients
with care. It was designed as a micro-elimination initiative to advance progress
towards the WHO HCV elimination targets in the Netherlands. We demonstrated that
the majority of individuals diagnosed in the past with HCV in the Netherlands had
been cured prior to rollout of CELINE. We found that 8% was LTFU and eligible for
retrieval. Advanced fibrosis or cirrhosis was diagnosed in 27% of HCV-RNA-positive
retrieved individuals.

Our retrieval efforts resulted in 219 patients that we could re-link to care,
corresponding to 14% of individuals invited for re-evaluation. Thus, the retrieval rate
of our nationwide approach was within the bandwidth observed in several previously
conducted regional Dutch projects.’'%3 Our study included the vast majority of
hepatitis treatment centres in the Netherlands, thereby maximising its impact and
providing valuable insight into the epidemiology of patients ever diagnosed with HCV
infection in the Netherlands. A higher number of re-linked patients might have been
achieved if a national registry had been in place as this would improve adequate
coordination of retrieval. Nevertheless, our retrieval was successful as a significant
number of patients with advanced fibrosis or cirrhosis were re-linked to care.
Furthermore, our study provided valuable insight into the HCV epidemiology of the
Netherlands and demonstrated the feasibility of retrieval as a micro-elimination
strategy. The robust and extensive framework that was laid out can serve as a
blueprint for retrieval of patients with other diseases and in other countries.

The most common reasons for LTFU in our study were frequent no shows and
refusal of HCV therapy. The most common reasons for unsuccessful retrieval were
the inability to make contact with the patient, refusal of re-evaluation or substance
abuse problems which complicated re-linkage to care. For these individuals it could
be beneficial to perform retrieval as a standard annual or bi-annual procedure,
instead of a one-time effort. Since current HCV treatment is highly effective, it could
be argued that loss to follow-up is an unacceptable outcome and should be
prevented or dealt with by all HCV care providers.

An important limitation of retrieval is that retrieval efforts are labour intensive. The
current nationwide project was led by three full-time PhD candidates and required a
commitment that is most likely impossible to meet by physicians and/or nurse
consultants on top of the regular healthcare they provide. There are, however, some
measures that can reduce the investments needed for future retrieval projects. First,
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make retrieval part of routine care and eliminate the collection of data for research
purposes. This will bypass the laborious institutional review board process and will
thereby reduce workload. Second, implementing digital innovations such as a case-
finding algorithm that successfully identifies diagnosed but untreated HCV patients
further reduces workload.'® Last but not least, the framework now laid out by
CELINE will increase efficacy and reduce costs of future retrieval efforts.

CELINE results must be placed in the greater context of HCV elimination. A recent
modelling study predicting the Netherlands’ progress towards the WHO HCV
elimination targets concluded that the Netherlands is currently on track to meet these
targets by 2030.'%° However, this was only met under the assumption that annual
HCV diagnosis and treatment rates were maintained at the 2019 levels. HCV micro-
elimination in LTFU patients will mainly contribute to maintaining high treatment
rates, especially if done repeatedly. In the Netherlands however, this contribution will
be minor. Micro-elimination in other subpopulations in the Netherlands has already
been highly successful, such as people living with HIV and people with inherited
bleeding disorders.'3%'3" Increased efforts to find and cure HCV-viraemic individuals
in other subpopulations, like migrants from high-endemic countries, PWID and
incarcerated individuals, are needed.

To conclude, the majority of patients in the Netherlands who received the diagnosis
of chronic HCV infection since the early 2000s has been cured. Our nationwide
micro-elimination effort retrieved another 14% of the population who were LTFU and
eligible for retrieval. LTFU patients have a high risk of advanced liver disease,
illustrated by the 27% of HCV-RNA-positive retrieved individuals with evidence of
advanced liver fibrosis or cirrhosis. With CELINE we demonstrated that systematic
retrieval provides great value for a better understanding of the HCV epidemiology.
Additionally, we established a robust diagnostic pipeline targeting the LTFU
population that is worthy of replication in other health care environments. As such,
our study supports the view that micro-elimination through retrieval is feasible and
contributes to HCV elimination.
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ABSTRACT

Background & Aim(s): Patients with chronic or resolved hepatitis B are at risk of
hepatitis B reactivation (HBVr) when treated with high-risk immunosuppressive
therapy such as rituximab. Therefore, international guidelines recommend HBV
screening prior to rituximab treatment and subsequent antiviral prophylaxis among
patients with a (resolved) infection. In this study, we evaluated the adherence to
those recommendations.

Methods: This is a retrospective multicentre study including patients treated with
rituximab between 2000-2021. Performance of correct screening was assessed,
defined as the measurement of hepatitis B surface antigen (HBsAg) and hepatitis B
core antibodies (anti-HBc). Next, initiation of antiviral prophylaxis and HBVr rate
among patients with a chronic or resolved HBV infection was studied.

Results: We enrolled 3,176 patients of whom 1,448 (46%) were screened correctly.
Screening rates differed significantly between academic and non-academic
hospitals; respectively 65% vs 32% (p < 0.001). In addition, screening rates differed
across specialties and improved throughout the years; from 32% before 2012 to 75%
after 2020 among academic prescribers, versus 1% to 60% among non-academic
prescribers (both p < 0.001). Antiviral prophylaxis was initiated in 58% vs 36% of the
patients with a chronic or resolved HBV infection. Seven patients experienced HBVT,
including one fatal liver decompensation.

Conclusion: Many patients treated with rituximab were not correctly screened for
HBV infection and antiviral prophylaxis was often not initiated. Although screening
rates improved over time, rates remain suboptimal. With the increasing number of
indications for rituximab and other immunosuppressive agents these findings could
raise awareness among all medical specialties prescribing these agents.
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INTRODUCTION

Hepatitis B virus infection (HBV) is considered a global health threat as it is
associated with liver decompensation, liver cirrhosis and primary liver cancer.’
Worldwide, approximately 269 million individuals have a chronic active hepatitis B
infection.”'32 In the Netherlands, the prevalence of chronic hepatitis B has been
estimated at 0.2-0.4%, and approximately 3.5% of the population has a resolved
hepatitis B infection.>'3313 Since most HBV infections progress asymptomatically,
many patients are unaware of their infection. However, both active and quiescent
infections can re-activate in the setting of immunosuppressive or cytotoxic
treatment. '

The anti-CD20 monoclonal agent rituximab is considered a high risk
immunosuppressive agent.'3%'3 The risk for hepatitis B viral reactivation (HBVr) is
9% among patients with a resolved HBV infection and up to 80% among chronic
hepatitis B (CHB) patients when treated with rituximab. %2° An HBVr can result in
severe and even fatal complications such as symptomatic hepatitis, liver failure, and
death. However, HBVr can be prevented using antiviral prophylaxis such as
nucleos(t)ide analogues (NAs).19:138.139

Itis therefore, according current national and international guidelines, recommended
to screen patients who start high-risk immunosuppressive therapy.'84212! A correct
screening includes testing for both hepatitis B surface antigen (HBsAg) and
antibodies to hepatitis B core antigen (anti-HBc) to identify both patients with a
chronic (HBsAg positive) and resolved (HBsAg negative, anti-HBc¢ positive) infection.
In addition, antiviral prophylaxis is recommended for patients with either a chronic or
resolved hepatitis infection if treated with rituximab. 842

Nevertheless, findings from several studies suggest that screening might be
performed sub optimally (Supplementary Table).'#%%5 |In the Netherlands, a low
endemic country, data on the screening rates among patients treated with high risk
immunosuppressive agents are lacking. We therefore aimed to study (1) hepatitis B
screening performance in patients treated with rituximab, (2) management of
patients with a resolved or chronic hepatitis B infection, and (3) the number of
patients that experienced hepatitis B reactivation.

PATIENTS AND METHODS

Study design and patient population

This is a retrospective, observational, multicentre cohort study in the area of
Rotterdam, the Netherlands, including one large tertiary academic hospital and four
non-academic hospitals. Adult patients who received rituximab between 2000 and
2021 were identified by hospital pharmacy records. Patients were excluded if
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rituximab was initiated in a different hospital. Data was retrieved from medical notes
and laboratory records of each participating hospital. This study was conducted
according to the principles outlined in the 1964 Declaration of Helsinki and its later
amendments. The original study protocols have been approved by the medical
ethical committees. No patients consent was obtained for the study due to its
retrospective design and to prevent selection bias as many patient were deceased.

Outcomes

The main outcome was the proportion of correctly performed HBV screenings in
patients who started rituximab treatment. Correct screening was defined as the
measurement of both HBsAg and anti-HBc within one year prior to and one month
after start of rituximab treatment. Patients were categorised as correctly screened,
unscreened, and incorrectly screened. Incorrectly screened patients were divided
into subgroups; 1) HBsAg only, 2) anti-HBs or HBV DNA only, and 3) not screened
one year prior or one month after start of rituximab treatment.

Secondary outcome included the initiation of antiviral prophylaxis (i.e. NAs) at the
start of rituximab treatment in patients with evidence of a chronic hepatitis B
[HBsAg(+)] or resolved hepatitis B [HBsAg(-) but anti-HBc(+)] infection. Next, we
studied the number of patients that experienced hepatitis B reactivation (HBVr),
defined as alanine aminotransferase (ALT) increase in combination with an elevated
HBYV DNA level (unknown DNA baseline: = 10,000 IU/mL or known HBV DNA
baseline: = 2 log increase), and/or HBsAg seroreversion within prior HBsAg negative
patients.

Statistical Analysis

Results are presented as mean (x standard deviation [SD]), numbers (in
percentages), and medians (with interquartile range [IQR]). Associations between
screening performance and prescribers or hospital type (academic vs non-
academic) were studied using Chi-square test. To study the screening rates over
time, year of rituximab was categorised as screening before 01.01.2012 (< 2012),
01.01.2012 — 31.12.2014 (2012-2015), 01.01.2015 — 31.12.2017 (2015-2018),
01.01.2018 — 31.12.2019 (2018-2020), and after 01.01.2020 (> 2020). Etiological
multivariable analysis was used to study risk factors for screening failure,#6.147
including sex, ethnicity, hospital type (academic versus non-academic), setting
(outpatient clinic versus hospitalised patients), and year of rituximab treatment.
Differences were considered as statistically significant if p < 0.050. Statistical
analysis was performed using IBM SPSS for Windows, version 25.0 (SPSS Inc.,
Chicago, lllinois, USA). Graph Pad Prism version 5 for Windows (GraphPad
Software, San Diego, California, USA) was used for graphical representation of the
results.
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RESULTS
Study population

In total 3,176 patients were included; 1,290 academic and 1,886 non-academic. The
patient characteristics are displayed in Table 1. High-volume rituximab prescribers
included haematologists (61.0%), and low-volume prescribers included neurologists
(2.8%), ophthalmologists (2.7%), pulmonologists (0.9%), dermatologists (0.3%), and
gastroenterologists (0.3%). Patients received rituximab predominantly in outpatient
care setting (94.6%). Haematological malignancies (58.0%) were the most common
indications for rituximab.

HBYV screening performance was suboptimal and differed significantly
between academic and non-academic hospitals, and between rituximab
prescribers

Overall, 1,448 patients (45.6%) were screened correctly and 959 patients (30.2%)
were never screened (Figure 1). In addition, 308 patients (9.7%) were screened for
HBsAg only, 10 patients for anti-HBc only (0.3%), and 34 patients (1.1%) were
screened for other HBV serological markers (i.e. anti-HBs or HBYV DNA only).
Another 417 patients (13.1%) were screened correctly, but not within the predefined
period (Figure 1). The screening rates differed significantly between academic and
non-academic hospitals; screenings were performed correctly in 65.0% versus
32.3% of the patients in respectively academic and non-academic hospitals (Figure
1; p < 0.001). In addition, screening rates differed between rituximab prescribers
(Figure 2), with highest rates among academic rheumatologists but lowest rates
among non-academic rheumatologists.
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Table 1. Patient characteristics

Academic Non-academic Total
n = 1,290 n = 1,886 n=3,176
Age at start rituximab
(years: median, IQR) 57 (45-66) 66 (56-74) 63 (51-71)
Sex (male; n,%) 708 (54.9) 1,015 (53.8) 1,723 (54.3)
Etnicity (n,%)
Caucasian, white 1,140 (88.4) 1,714 (90.9) 2,854 (89.9)
Black 73 (5.7) 20 (1.1) 93 (2.9)
Asian 26 (2.0) 21(1.1) 47 (1.5)
North African/Middle East 35 (2.7) 84 (4.5) 119 (3.7)
Other 16 (1.2) 47 (2.5) 63 (2.0)
Prescriber (n,%)
Haematologist 610 (47.3) 1,325 (70.3) 1,935 (60.9)
Internist 397 (30.8) 218 (11.6) 615 (19.4)
Rheumatologist 86 (6.7) 314 (16.6) 400 (12.6)
Pulmonologist 26 (2.0) 4(0.2) 30 (0.9)
Neurologist 73 (5.7) 17 (0.9) 90 (2.8)
Dermatologist 8 (0.6) 0(0.0) 8(0.3)
Ophthalmologist 80 (6.2) 7(0.4) 87 (2.7)
Gastro-enterologist 10 (0.8) 1(0.1) 11 (0.3)
Clinical setting (n,%)
Outpatient care 1,140 (88.4) 1,863 (98.8) 3,003 (94.6)
Hospitalised patients (non- 139 (10.8) 21 (1.1) 160 (5.0)
ICU)
Hospitalised patients (ICU) 11 (0.9) 2 (0.1) 13 (0.4)
Indication* (n,%)
Haematological 574 (44.5) 1,268 (67.2) 1,842 (58.0)
malignancies
Thrombocytopenia 25 (1.9) 30 (1.6) 55 (1.7)
Anaemia 10 (0.8) 28 (1.5) 38 (1.2)
Vasculitis 150 (11.6) 103 (5.5) 253 (8.0)
Rheumatoide arthritis 62 (4.8) 309 (16.4) 371 (11.7)
Renal disorders 69 (5.3) 63 (3.3) 132 (4.2)
Autoimmune diseases 147 (11.4) 51(2.7) 198 (6.2)
Encephalopathy 40 (3.1) 1(0.1) 41 (1.3)
Transplantation-related 66 (5.1) 0 (0.0) 66 (2.1)
Other/unknown 147 (11.4) 33 (1.7) 180 (5.7)
Year of rituximab
treatment
<2012 47 (3.6) 242 (12.8) 289 (9.1)
2012-2015 174 (13.5) 284 (15.1) 458 (14.4)
2015-2018 476 (36.9) 507 (26.9) 983 (31.0)
2018-2020 404 (31.3) 557 (29.5) 961 (30.3)
> 2020 189 (14.7) 296 (15.7) 485 (15.3)
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* Haematological malignancies included lymphoma, leukemia, and monoclonal gammopathy
of undetermined significance (MGUS). Trombocytopenia included thrombocytopenia eci,
Immune thrombocytopenic purpura (ITP) and Thrombotic thrombocytopenic purpura (TTP).
Anaemia included hemoglobinopathy, autoimmune anaemia. Vasculititis included
granulomatosis with polyangiitis (Morbus Wegener) and other vasculitis-related diseases.
Renal disorders included nephrotic syndrome, glomerulonephritis. Autoimmune disorders
included systemic lupus erythematosus (SLE), anti-synthetase syndrome, anti-phospholipid
syndrome, and Morbus Graves.

Abbreviations: ICU, intensive care unit

Figure 1. Screening performance in overall study group, and stratified by
academic versus non-academic hospitals

Screening performance
p<0.001

P
1001 1 Correctly screened
804 Anti-HBc only
1 Never screened
60- 30% B3 Not screened within
% 40% pre-defined time period
40- 65% @2 Screened for HBsAg only
46% El Screened for anti-HBs,
20- ? 309 anti-HBc or HBV DNA only
0 T L] !
All Academic Non-academic
(n=3,176) (n=1,290) (n=1,886)

Correct screening was defined as screening on HBsAg and anti-HBc within one year prior or
one month after start of rituximab treatment.

Abbreviations: HBsAg, hepatitis B surface antigen; anti-HBc, antibodies to hepatitis B core
antigen; anti-HBs, antibodies to hepatitis B surface antigen; HBV, hepatitis B virus.

Screening rates improved over time, but remain suboptimal

The screening rates improved over time; from 31.9% before 2012 to 75.1% after
2020 in the academic hospital, and from respectively 1.2% to 59.5% in non-academic
hospitals (Figure 2, p < 0.001). When data were stratified on prescriber, screening
rates also improved over time (< 2018 versus > 2018; Figure 3).

Findings were consistent in multivariable analysis, which demonstrated that hospital
type (academic versus non-academic; OR 4.30, 95% CIl 3.62 - 5.11, p < 0.001) and
year of rituximab treatment (OR 1.41, 95% CI 1.37 — 1.46, p < 0.001) were
significantly associated with screening performance, but not sex, ethnicity, or setting
(outpatient clinic versus hospitalised patients). No difference was observed when
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screening rates were stratified for race; correct screening among 45/45/40% of the
Caucasian/North African or Middle East/Asian patients.

Figure 2. Rates of correct screening over time in academic (A) and non-
academic (B) hospitals
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Correct screening was defined as screening on HBsAg and anti-HBc within one year prior or
one month after start of rituximab treatment.

P-value included the p for trend.Abbreviations: HBsAg, hepatitis B surface antigen; anti-HBc,
antibodies to hepatitis B core antigen.
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Management of patients with a chronic or resolved hepatitis B infection

Among the 2,183 patients with available HBV serology, 12 patients (0.5%) were
HBsAg(+), 111 patients (5.1%) were HBsAg(-) but anti-HBc(+), and two patients
were anti-HBc(+) without known HBsAg status (0.1%; Figure 4). Among those 125
patients, 47 received antiviral prophylaxis (37.6%); including 7/12 HBsAg(+) patients
(58.3%), 40/111 HBsAg(-) anti-HBc(+) patients (36.0%) and none of the anti-HBc(+)
only patients (Figure 4).

When data were stratified on hospital type, antiviral prophylaxis was started in 31 of
the 70 academic patients (44.3%) and in 16 of the 55 non-academic patients (29.1%;
p = 0.082). In addition, the number of patients receiving antiviral prophylaxis
increased over time, from 27.1% before 2018 to 47.0% after 2018 (p = 0.057); an
increase from 50.0% to 66.7% among HBsAg(+) patients (p = 0.565), and 25.0% to
45.8% among HBsAg(-) but anti-HBc(+) patients (p = 0.035).

In total, seven patients experienced HBVr, including four chronic hepatitis B patients
and three patients with a resolved HBYV infection (Figure 4). Of those, two patients
experienced hepatic decompensation, of whom one patient died. Among the seven
patients with an HBVr, five (71.4%) had an haematological disease. None of the
patients who received antiviral prophylaxis experienced HBVr.
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Figure 3. Rates of correct screening over time in academic (A) and non-
academic hospitals (B), stratified per prescriber
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Low volume prescribers included neurologists, ophthalmologists, pulmonologists,
dermatologists, and gastroenterologists. Time period was stratified as < 2018 (i.e. before
31.12.2017) and > 2018 (i.e. after 01.01.2018)
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Figure 4. Management of patients with a past or chronic hepatitis B infection
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HBV prophylaxis included treatment with nucleos(t)ide analogues at start of rituximab.

Abbreviations: HBV, hepatitis B virus; HBsAg, hepatitis B surface antigen; anti-HBc,
antibodies to hepatitis B core antigen.

DISCUSSION

Hepatitis B reactivation (HBVr) is a severe complication among patients with a
chronic or resolved hepatitis B infection treated with high risk immunosuppressive
agents such as rituximab.® In this multi-centre study, including one large academic
hospital and four non-academic hospitals in the Netherlands, we demonstrated that
screening rates were suboptimal. In seven patients lack of antiviral prophylaxis
resulted in HBVr, including one fatal liver decompensation. This stresses the
importance of insight in screening performances and HBVr risk to raise more
awareness on this issue.

Current international guidelines for hepatitis B are comprehensive regarding
screening on HBV markers for patient with high risk immunosuppressive
agents.'®42121 For instance, the current guideline of the European Association for
the Study of the Liver ([EASL] published in 2017)'® and the previous EASL guideline
(published in 2012)'*® raised attention on this topic. In line with the publication of
those guideline updates we observed that the screening rates improved significantly
after 2012 and 2018. Our findings are in line with a study, performed in the USA,
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which demonstrated that testing for anti-HBc and HBsAg increased from 9% to 87%
from 2005 to 2017.14°

Despite the recommendations of those guidelines we observed that hepatitis B
screening is not consistently practiced. A possible explanation is that physicians from
low endemic countries have limited knowledge about hepatitis B, because they rarely
treat patients with an hepatitis B infection. In addition, physicians prescribing high
risk immunosuppressive agents, for instance haematologists or rheumatologists,
might be unaware of the international hepatitis B guidelines and consult
subsequently only guidelines that are published by their medical association(s). A
recent survey, conducted among Dutch oncologists showed that only 27% of the
respondents indicated to follow a standardised protocol.’® However, although
current (inter)national guidelines (for instance for rheumatoid arthritis and B cell
lymphoma) address the risk of HBV reactivation they are unclear on how to screen

patients or how to manage patients with resolved or chronic hepatitis B infection.'>"-
155

Our results showed a significant difference in screening rates between academic
and non-academic hospitals. Several factors could contribute to the discrepancy in
screening performance between academic and non-academic hospitals, and
between prescribers. First, awareness of HBVr might be higher among medical
specialists that prescribe rituximab more frequently and routinely. However, it is
remarkable that in this study high-volume prescribers did not necessarily perform
screening more adequately compared to low-volume prescribers. Secondly, there is
a possibility that within the same institution some specialties have (had) access to
computerised screening tools while others did not have this access.

Adequate screening can prevent HBV reactivation and potentially fatal outcomes by
administering antiviral prophylaxis.'38140.156.157 Cyrrent guidelines from the European
and American associations for liver diseases therefore recommend antiviral
prophylaxis over monitoring of HBV DNA, HBsAg and/or ALT levels among patients
treated with rituximab.'®42 However, we observed that many patients with a resolved
or chronic hepatitis B did not receive antiviral prophylaxis. Although the
administration of antiviral agents increased after 2018 many patients still did not
receive adequate management. This resulted in seven HBVr, of whom one patient
developed fatal liver decompensation. Therefore, all patients starting on high risk
immunosuppressive agents who have evidence of a (resolved) hepatitis B infection
should be treated in collaboration with a Hepatologist or infectious disease specialist.

It should be noted that not only rituximab has been listed as high risk
immunosuppressive agent, also anthracycline derivates and high dose
corticosteroids (prednisone = 20 mg per day for = 4 weeks) are considered high risk
agents."®® Those patients should also been screened for HBV serology and treated
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with antiviral prophylaxis if they are HBsAg positive or anti-HBc positive (HBsAg-
negative). Pre-emptive therapy (screening for HBsAg and HBV DNA every 1-3
months during and after immunosuppression) is recommended among patients
receiving agents with a moderate or low risk of HBV reactivation.’® Moderate risk
agents includes tumour necrosis factor (TNF)-a inhibitors, cytokine inhibitors and
integrin inhibitors, tyrosine kinase inhibitors and moderate dose of corticosteroids
(prednisone < 20 mg for = 4 weeks). Low risk agents includes low dose
corticosteroids and traditional immunosuppression such as azathioprine, 6-
mercaptopurine, and methotrexate.'®® Antiviral prophylaxis should be started among
HBsAg positive patients. However, each clinician could consider also starting
antivirals in anti-HBc positive only patients, as these agents are inexpensive, have
limited side effects, and are very effective in preventing HBVr.

Our study included a large cohort of patients that were treated with rituximab in one
tertiary and four non-academic hospitals in a time period of 20 years. However, some
limitations should be acknowledged. First, the number of HBVr can be an
underestimation, since HBVr can occur > 6 months after last rituximab infusion,'®
and some of the included patients started rituximab treatment in 2020 or 2021. Also,
we were not able to assess the incidence of HBVr among patients who were not
screened. Since rituximab is often combined with cytotoxic agents which can cause
toxic hepatitis, it is unknown what could have caused a possible rise in ALT (or even
liver failure) among those without any HBV serology/HBV DNA measurements. In
addition, there will be patients with unknown toxicity of rituximab probably due to an
unknown HBVr. Another issue not addressed in this study is the use of electronical
tools for screening which could have affected screening results per medical
specialty. Furthermore, we defined correct screening as the measurement of both
HBsAg and anti-HBc, in line with the current international guidelines. However, it
could be debated that the patients who were screened for anti-HBc only could be
considered as correctly screened since both patients with an active and resolved
HBYV infection (both anti-HBc positive) have an indication for antiviral prophylaxis.
Nevertheless, with the limited number of patients in our cohort who were screened
for anti-HBc only, screening rates will remain suboptimal when redefining the
definition of correct screening. Moreover, additional data that was not part of the first
data extraction, such as the treatment duration of antiviral prophylaxis among the
patients who received antivirals, could not be collected due to protocol regulation
restrictions. Next, we observed a significant difference in screening among academic
and non-academic hospitals. However, we included only one large academic
hospital. It is therefore unknown whether our findings could be translated to other
(Dutch) academic hospitals. Also, the included hospitals are located in a multi-ethnic
area of the Netherlands. Therefore, it is unknown whether our findings could be
translated to other areas in the Netherlands. However, multivariate analysis
demonstrated that ethnicity was not associated with screening performance. Finally,
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our findings might only be generalisable to other low-endemic countries, although

similar HBV screening rates were reported in both low- and higher-risk areas as
well 140,142,145

With an increasing number of indications for rituximab treatment, as well as other
high risk immunosuppressive and cytotoxic agents such as TNF-a inhibitors and
other biologic agents,'®® awareness of risk of HBVr and the importance of HBV
screening is necessary among a wide variety of medical specialties. Therefore, both
international and national guidelines should be revised and targeted education
sessions might improve screening rates, as demonstrated in a study by Dyson et
al.'®' In addition, screening rates might also be improved using Information
Technology (IT) tools. A computer-assisted reminder system alerting physicians of
HBV screening might improve screening rates.'®? Another IT system initiated in a
Japanese hospital automatically provided information on HBV screening and status
of the patient to the attending physician when prescribing rituximab. Implementation
of this system was 100% effective, as all patients were treated according to the
hospital’s hepatitis B guidelines.'®® An Electronic Medical Record (EMR) template in
which a result of a recent HBV test is required prior to rituximab prescription could
be another solution.

In conclusion, many patients treated with rituximab were not adequately screened
for the presence of an HBV infection. Although screening rates improved significantly
over the years they remain suboptimal. Lack of adequate screening and antiviral
prophylaxis impacted patient outcomes and resulted in HBVr in a couple of patients
(including one fatal liver decompensation). Our findings could be used to raise
awareness among all medical specialties. Reinforcement of current guidelines,
ongoing education, and implementation of electronic systems could play a pivotal
role in optimising screening rates and subsequent management of patients with
hepatitis B treated with rituximab.
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ABSTRACT

Background & Aim(s): The Dutch guideline for general practitioners (GPs) advises
biannual surveillance of hepatitis B (HBV) patients and referral of every hepatitis C
(HCV) patient. We aimed to study the prevalence, incidence, and the management
of hepatitis B and C in primary care.

Methods: This is a retrospective cohort study using the Rijnmond Primary Care
database (RPCD), including health care data of medical records of GPs of
approximately 200,000 patients in the area of Rotterdam, the Netherlands. Patient
records were selected based on laboratory results, International Classification of
Primary Care (ICPC) codes, and free-text words.

Results: In total, 977 patients were included: 717 HBV, 252 HCV, and 8 HBV/HCV
coinfected patients. Between 2013 and 2019, the prevalence of HBV and HCV
declined from 5.21 to 2.99/1,000 person-years (PYs) and 1.50 to 0.70/1,000 PYs,
respectively. We observed that the majority of the patients had been referred to a
medical specialist at least once (71% HBV and 89% HCYV patients). However, among
chronic patients, we observed that 36.2% of the HBV patients did not receive
adequate surveillance by their GP (= 2 alanine aminotransferase checks within 3
years) or a medical specialist. In addition, 44.4% of the HCV patients had no record
about successful antiviral treatment.

Conclusion: This study demonstrated a declining prevalence in viral hepatitis B and
C in primary care in the Netherlands. However, a substantial part of the patients did
not receive adequate surveillance or antiviral therapy. It is therefore crucial to involve
GPs in case finding and in follow-up after treatment.
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INTRODUCTION

Chronic infection with viral hepatitis B or C is a global health threat, as it is associated
with the development of liver cirrhosis and primary liver cancer (hepatocellular
carcinoma). "2 Around the world, the prevalence of an infection with hepatitis B virus
(HBV) or hepatitis C virus (HCV) is estimated at, respectively, 296 million and 58
million."? In the Netherlands, the prevalence is estimated at 0.3% (40,000
individuals) for HBV and 0.2% (28,000 individuals) for HCV in 2016.5164

During the last years, the treatment of viral hepatitis B and C has improved
significantly. Suppression of the hepatitis B virus can be achieved with nucleos(t)ide
analoges (NAs)®%'%5 and eradication of the hepatitis C virus with direct-acting
antiviral agents (DAAs)."%618% Viral suppression or eradication halts further
progression of the liver disease and improves life expectancy.3?3 Therefore, the
World Health Organization (WHQO) has adopted a Global Health Sector Strategy on
viral hepatitis in 2016, aimed to eliminate viral hepatitis B and C as a public health
threat by 2030.2 In the Netherlands, these targets have been implemented in a
National Hepatitis Plan.*® Despite these effective treatment options and harm
reduction strategies in the last decade(s), the annual mortality does not change and
approximately 500 individuals die in the Netherland yearly.'®* In Europe, the
incidence and mortality rates differs considerably between different countries. The
highest prevalence is observed in countries in eastern and southern Europe,
especially among high-risk groups such as people who inject drugs (PWID) and men
who have sex with men (MSM).% In 2015, the annual mortality was 1.3 per 100,000
in Europe. The highest mortality rates were observed in Italy, Germany, and Spain
(accounted for two-thirds of all chronic hepatitis related deaths in Europe)."”® Thus,
adequate surveillance and treatment of patients with viral hepatitis is important.

General practitioners (GPs) play a key role in case detection and management of
viral hepatitis. Indication for HCV and HBYV screening include migrants originating
from high endemic countries, PWID and MSM, as well as patients with elevated liver
enzymes. Patients with an active infection should be referred to a medical specialist
to evaluate the presence of liver related complications and initiate antiviral therapy
when indicated. However, several studies demonstrated that many patients who are
at risk for viral hepatitis infection are not screened accordingly, resulting in many
undiagnosed. 1172

This could be explained by the fact that most clinical practice guidelines in European
countries lack information about the management of patients with viral hepatitis in
primary care. In a semi-quantitative study, a few GPs in Germany, Spain, and ltaly
have indicated to be involved in monitoring of serum liver enzymes, and refer
hepatitis B patients based on clinical indicators (such as hepatitis B e antigen
[HBeAg], alanine aminotransferase [ALT], HBV DNA, and comorbidities).'”174
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However, this study also highlighted non-uniform practices in screening and
monitoring of patients with viral hepatitis.'” In 2016, the Dutch guideline for viral
hepatitis of the Dutch College of General Practitioners has been updated.®* Whereas
the outdated guideline recommended HBV surveillance for at least 3 years, which
could be ceased if no sign of hepatitis (ALT elevation) or HBeAg levels were
negative, the updated guideline recommends lifelong surveillance (including ALT
measurement every 6 months and hepatitis B surface antigen [HBsAg]
measurement every 3 years) and referral of patients with an active viral hepatitis B
or C to an hepatitis treatment centre.>* However, the compliance with the Dutch
guideline, as well as the prevalence of viral hepatitis B and C in primary care in the
Netherlands, is unknown.

In this study, we therefore aim to provide insight in the prevalence of viral hepatitis
B and C in a multi-ethnic area in the Netherlands, as well as in the management of
hepatitis B and C patients in primary care.

PATIENTS AND METHODS

Study design

This is a retrospective cohort study using the Rijnmond Primary Care database
(RPCD). The RPCD is a region specific product of the Integrated Primary Care
Information (IPCI) database, supervised by the department of General Practice of
the Erasmus MC, University Medical Center, Rotterdam, the Netherlands. More
information about the IPCI database has been prescribed in detail elsewhere.'”® This
is a longitudinal observational dynamic database containing medical records of over
200,000 patients from the area of Rotterdam, the Netherlands. These
pseudonymised medical records contain demographics, medical notes (free text),
diagnoses (including International Classification of Primary Care [ICPC] codes),
laboratory results, and drug prescriptions that are routinely collected by GPs. The
database included approximately 25% of the population of the area of Rotterdam,
equally distributed across the region and including neighbourhoods with different
socioeconomic and migration levels. Rotterdam is a dense urban, multi-ethnic area;
52% of the residents have a non-Dutch background and the nearest GP practice has
an average distance of 0.6 km (0.37 miles)."”8'7” The study period started on 2013
Dec 1 and ended on 2019 Dec 31.

Study population

Patient records were selected based on laboratory results, ICPC codes and/or key
words for hepatitis B and C. The ICPC classification is managed by the Dutch
College of GPs and adopted by all Dutch GPs.'”® The database covers laboratory
results ordered by the GP and is not linked to hospital records. For hepatitis B,
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laboratory results included a positive result of HBsAg, ICPC codes D72.02 (acute
hepatitis B) or D72.04 (chronic hepatitis B). For hepatitis C, laboratory results
included a positive result of HCV antibodies (anti-HCV), ICPC codes D72.03 (acute
hepatitis C) or D72.05 (chronic hepatitis C). Patients were excluded if they were
identified by an HBV ICPC code, but were also (i) vaccinated for HBV (ATC code
JO7BCO01 or JO7BC20), (ii) had a negative HBsAg results within 24 weeks after the
ICPC code registration date, or (iii) based on free-text words (including words for
prior hepatitis B, vaccination HBV).

After selecting the patients that met these inclusion criteria, the medical charts were
reviewed. Cases were labelled as certain cases or uncertain cases (for example if a
patient was identified by an ICPC code, but without any additional information in the
medical file regarding medical notes and/or laboratory results). All cases were
manually categorised as viral hepatitis B (stratified as acute hepatitis B, chronic
hepatitis B, and hepatitis B reactivation), hepatitis C (stratified as acute hepatitis C
and chronic hepatitis C) and chronic HBV/HCV coinfection. Acute hepatitis B/C was
defined as HBsAg positivity for hepatitis B and HCV RNA positivity (or anti-HCV in
case of absent HCV RNA testing) for hepatitis C, typically with concomitant jaundice
and/or elevation of serum liver enzymes, that occurred within 6 months after viral
exposure. Chronic hepatitis B/C was defined as serum HBsAg/HCV RNA positivity
(or anti-HCV in case of absent HCV RNA testing) of at least 6 months. HBV
reactivation was defined as HBsAg positivity and elevated HBV DNA, in previously
HBsAg negative patients but anti-HBc positive patients who underwent high-risk-
immunosuppressive treatment. If the medical diagnosis was clearly formulated in a
GP note or letter from a hepatitis specialist, this diagnosis was adopted as well. Date
of first diagnosis was extracted from the RPCD, but manually altered during chart
review if it was evident that the date of diagnosis was different.

End points

First, we studied the prevalence and incidence of viral hepatitis B and C in the study
period. Follow-up ended when a patient transferred out of the GP practice, died, or
when the end of the study period was reached, whichever occurred first. In addition,
follow-up ended as well when a patient cleared the virus spontaneously or after
antiviral treatment, i.e. HCV RNA or HBsAg negativity in previous HCV RNA or
HBsAg positive patients.

Next, the management of viral hepatitis B and C patients was studied. For chronic
hepatitis B patients, management was categorised as surveillance by medical
specialist (at least one letter or note of medical specialist about viral hepatitis B),
surveillance by GP (at least 2 ALT checks within 3 years), and no surveillance. The
management was only determined in a sub-cohort of certain cases with a chronic
infection. For hepatitis C, the number of referrals and antiviral treatment was studied.
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Prescriptions for antivirals were extracted using the ATC codes: JO5AP (antivirals for
treatment of HCV infections; direct-acting antiviral agents), JOSAF (nucleoside and
nucleotide reverse-transcriptase inhibitors), and LO3AB (interferons). Subsequent
curation rate (HBV suppression with or without antivirals, HBsAg loss among
patients with hepatitis B, and sustained virological response [SVR] or spontaneous
clearance for hepatitis C patients), with the corresponding date, was recorded.

Statistical analysis

Descriptive data were described as numbers (with percentages), medians (IQR), and
means (x SD). Analyses were performed in the overall included study population, as
well as a subpopulation of certain cases. Incidence was calculated by dividing the
number of incident cases by the midterm population at risk (person-years [PYs] at
risk within the study population on July first).'”® Prevalence was calculated as year-
prevalence proportion, using the number of patients with diagnosis of hepatitis B or
C divided by the total number of PY. Both certain and uncertain patients were
included for the prevalence/incidence calculation. IBM SPSS for Windows version
27.0 (SPSS Inc., Chicago, IL, USA) was used for statistical analysis. Graph Pad
Prism version 5 for Windows (GraphPad Software, San Diego, CA, USA) was used
for graphical representation of the results.
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RESULTS

Study population

In total, 1,381 patients were identified by the initial search. After reviewing the
medical records, 977 patients were included: 717 HBV, 252 HCV, and 8 HBV/HCV
coinfection (Figure 1). Baseline patient characteristics are displayed in Table 1. The
mean follow-up period was 55 months (IQR 19-98; Supplementary Table 1). After
manual validation of these 977 patients, 809 were classified as certain cases: 588
HBV, 214 HCV, and 7 HBV/HCYV coinfection.

Table 1. Patient characteristics (all patients, n = 977)

Hepatitis B Hepatitis C  Co-infection
n=717 n =252 n=28
Sex (male; n, %) 384 (53.6) 170 (67.5) 7 (87.5)
Age at diagnosis (median, IQR) 37 (27-47) 47 (40-53) 36 (33-45)
Body Mass Index (kg/m?; mean 27.0 (£t5.4) 26.6 (£t5.4) 24.5 (£5.0)
+SD)
Diagnosed by (n,%)
Known infection 251 (35.0) 86 (34.1) 3 (37.5)
Primary care 367 (51.1) 113 (44.8) 4 (50.0)
Hospital 55 (7.7) 40 (15.9) 1(12.5)
Obstetrics 24 (3.3) 1(0.4) 0 (0)
Other 20 (2.8) 12 (4.8) 0 (0)
Liver related comorbidities
(n,%)
Compensated cirrhosis 17 (2.4) 27 (10.7) 0 (0)
Decompensated cirrhosis® 11 (1.5) 16 (6.3) 0 (0)
Liver transplantation 1(0.1) 1(0.4) 1(12.5)
Hepatocellular carcinoma 14 (2.0) 4 (1.6) 1(12.5)

@ Decompensated cirrhosis was defined as ascites, oesophageal or fundus varices, jaundice

and/or hepatic encephalopathy.
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Figure 1. Flowchart of the included study population
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Incidence and prevalence of hepatitis B and C

The prevalence of viral hepatitis B and C are displayed in Figure 2 and
Supplementary Table 2. For HBV, the prevalence declined from 5.21 cases/1,000
PYs (4.16 certain cases/1,000 PYs) in 2013 to 2.99 cases/1,000 PYs (2.42 certain
cases/1,000 PYs) in 2019 (—43%). For HCV, the prevalence declined from 1.50
cases/1,000 PYs (1.31 certain cases/1,000 PYs) in 2013 to 0.70 cases/1,000 PYs
(0.55 certain cases/1,000 PYs) in 2019 (—-53%).

The incidence rates are displayed in Figure 2B and Supplementary Table 3. In 2013,
the incidence was 0.34/1,000 PYs for HBV and 0.25/1,000 PY for HCV. In 2019, the
incidence was 0.12/1,000 PYs for HBV and 0.03/1,000 PY for HCV.
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Fig. 2. Prevalence (A) and incidence (B) of hepatitis B and C (per 1,000 PYs)
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certain + uncertain cases (upper line of the shaded area).
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Management of viral hepatitis in primary care
Hepatitis B patients

Among the 588 certain hepatitis B cases, 406 patients chronic hepatitis B patients
were studied to assess the management of viral hepatitis in primary care. Among
those, 289 patients (71.2%) were referred to a medical specialist at least once (Table
2). However, when studying the actual management, medical specialist performed
HBYV surveillance in 185 patients (45.6%) and the GP in 59 patients (14.5%). In total,
147 patients (36.2%) received no surveillance of their hepatitis B infection.

Table 2. Management of patients with viral hepatitis in general practice

Hepatitis B Hepatitis C  Co-infection
n =406 n =153 n=6
Referral hepatitis centre (n, %) 289 (71.2) 136 (88.9) 6 (100.0)
Surveillance by GP#(n, %) N/A
Yes 59 (14.5) 0 (0)
No 147 (36.2) 3 (50.0)
N/A, surveillance specialist 185 (45.6) 3 (50.0)
N/A, cured infection 15 (3.7) 0 (0)
Ultrasound performed in 33/112 2/16 (12.5) -
patients without referral (29.1)
Medication (n, %)
Yes 130 (32.0) 113 (73.9) 4 (66.7)
No indication for antivirals 94 (23.2) 1(0.7) 0 (0)
No, other 174 (42.9) 33 (21.6) 2 (33.3)
Unknown 8 (2.0) 6 (3.9) 0 (0)
Curation (n, %)
Viral suppression 126 (31.0) - 1(16.7)
HBsAg loss 22 (5.4) - 0 (0)
SVR - 82 (53.6) 2(33.3)
Spontaneous clearance - 3(2.0) 0 (0)
No/unknown 258 (63.5) 68 (44.4) 3 (50.0)

Among certain chronic hepatitis B or C patients with at least 2 years of follow-up.

¥ Surveillance was categorised as surveillance by the GP (at least 2 ALT checks within 3
years), no surveillance by the GP or medical specialist, surveillance by medical specialist (at
least 1 letter or note of medical specialist about viral hepatitis B) or absent surveillance due to
a cured infection.

2 Viral suppression with or without antivirals

Abbreviations: GP, general practitioner; HBsAg, hepatitis B surface antigen; SVR, sustained
virological response;
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To gain insight in the adherence of the updated GP guideline, we extracted a sub-
cohort of patients, including certain cases of chronic hepatitis B patients who had at
least 2 years of follow-up, including the period after March 2016 (when the GP
guideline update was published), and who did not had HBV surveillance by medical
specialist at that moment. In total, this sub-cohort included 226 patients of whom 148
patients (65.5%) received ALT surveillance at least once. Among these 148 patients,
the mean number of ALT tests was 2.3 per patient (range 1-8) in 4 years. In addition,
ALT levels were elevated (> 35/45 U/mL for female/male) at least once in 34/148
patients (23.0%; range 36-275 U/mL). Consequently, after reviewing the medical
records of those 34 patients with elevated ALT levels, 20 patients (58.8%) were
referred to a medical specialist. Thus, no consequence was given to abnormal liver
test in 14/34 patients (41.2%; mean 60 U/mL, range ALT 38-120 U/mL). Among
those 14 patients, ALT levels were repeatedly increased in 8 patients (57.1%).
HBsAg was only tested among 11 patients (4.9%).

Hepatitis C patients

Among the 153 certain hepatitis C cases who had at least 2 years of follow-up, 136
patients (88.9%) were referred to a specialised hepatitis treatment centre (Table 2).
In total, 113 patients (73.9%) received antiviral treatment; of whom 82 patients
(53.6%) achieved SVR and 3 patients (2.0%) had a spontaneous clearance of the
virus. Thus, 68 patients (44.4%) might still have a chronic hepatitis C infection on
2019 Dec 31, besides the 17 patients without referral to a hepatitis treatment centre.

Tables 3 and 4 display the patient characteristics of, respectively, the 147 chronic
hepatitis B patients and 68 chronic hepatitis C patients without adequate surveillance
or successful treatment. Notably, among the hepatitis C patients, 54.5% had a
registration of (prior) alcohol abuse (p = 0.005).
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Table 3. Patient characteristics of chronic hepatitis B patients with inadequate
management

Hepatitis B Hepatitis B p-value$
Adequate Inadequate
management  management
N =259 N =147
Sex (male; n, %) 147 (56.8) 68 (46.3) 0.042
Age at 31 December 2019 50 (£14) 48 (x13) 0.153
(mean £SD)
Alcohol use” (n, %) 121/136 (89.0) 57/62 (91.9) 0.521
Never/socially active 15/136 (11.0) 5/62 (8.1)
Alcohol abuses (prior
or active)
Body Mass Index (kg/m?)¥ 26.6 (+5.4) 27.4 (+4.4) 0.364
(mean £SD)
Liver related comorbidities
(n, %)
Compensated cirrhosis 13 (5.0) 3 (2.0) 0.138
Decompensated cirrhosis® 4 (1.5) 1(0.7) 0.448
Liver transplantation 0 (0) 0(0) 0.451
Hepatocellular carcinoma 7(2.7) 3(2.0) 0.679

“alcohol use was stratified as none (defined as zero units/day or key words such as “alcohol
-“) or social use (defined as < 5 units/day, or text words that indicated non-excessive alcohol
use), and alcohol abuses (defined as = 5 units/day or ICPC code P15 — Chronic alcohol
abuses).

¥ Body mass index measurements were available among 120 patients with adequate
management and 58 patients with inadequate management.

o Decompensated cirrhosis was defined as ascites, oesophageal or fundus varices, jaundice,
and/or hepatic encephalopathy.

§ Chi-square test.
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Table 4. Patient characteristics of chronic hepatitis C patients with inadequate

management
Hepatitis C Hepatitis C  p-value$
Not cured Cured
n =68 n =285
Sex (male; n, %) 51 (75.0) 54 (63.5) 0.129
Age at 31 December 2019 57 (£11) 57 (£9) 0.881
(mean £SD)
Alcohol use” (n, %) 20/44 (45.5) 45/62 (72.6) 0.005
Never/socially active 24/44 (54.5) 17162 (27.4)
Alcohol abuses (prior
or active)
Body Mass Index (kg/m?)¥ 25.1 (£5.1) 26.6 (+4.8) 0.196
(mean £SD)
Liver related comorbidities
(n, %)
Compensated cirrhosis 9 (13.2) 12 (14.1) 0.875
Decompensated cirrhosis® 3(4.4) 5(5.9) 0.685
Liver transplantation 1(1.5) 0 (0) 0.262
Hepatocellular carcinoma 2(2.9) 1(1.2) 0.434

“alcohol use was stratified as none (defined as zero units/day or key words such as “alcohol
-“) or social use (defined as < 5 units/day, or text words that indicated non-excessive alcohol
use), and alcohol abuses (defined as = 5 units/day or ICPC code P15 — Chronic alcohol
abuses).

¥ Body mass index measurements were available among 54 patients with adequate
management and 27 patients with inadequate management.

o Decompensated cirrhosis was defined as ascites, oesophageal or fundus varices, jaundice,
and/or hepatic encephalopathy.

§ Chi-square test.

DISCUSSION

The Netherlands is a low-endemic country for viral hepatitis B and C.*5 However,
due to migration, low-endemic countries have local regions with high hepatitis
endemicity, such as large cities as Rotterdam. Therefore, more insight in the
prevalence and surveillance of viral hepatitis B and C in these areas is important.
Using a large longitudinal observational dynamic database containing medical
records of GPs in the area of Rotterdam, this study showed a decreasing prevalence
of viral hepatitis B and C in primary care between 2013 and 2019. In addition, we
demonstrated that the majority of patients with viral hepatitis B and C are referred at
least once to a medical specialist. However, we found that a substantial part of the
patients did not receive adequate surveillance or curative treatment.
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In 2016, the WHO has implemented a global viral hepatitis elimination target.® In this
report, elimination was defined as a 90% reduction in new infections (95% for HBV
and 80% for HCV) and 65% reduction in mortality by 2030, compared with incidence
and mortality numbers of 2015. The interim targets for 2020 however, included a
30% reduction in incidence of viral hepatitis B and C in primary care. Our data
showed a reduction of HBV incidence of 48% and a reduction of HCV incidence of
77% in 2019. This means that the Netherlands seems on track to reach the incidence
target of the hepatitis elimination goal, in contrast to the results of a recent report.'8°
A decline in incidence has also been observed among other low-endemic countries
such as United Kingdom and Iceland, possibly due to increased antiviral treatments
using nationwide retrieval of lost to follow-up patients, and people who are
imprisoned or inject(ed) drugs.'®'-'8 However, the observed decline in incidence
might also be caused by a potential decrease in diagnostic test for viral hepatitis in
primary care, due to the barriers that GPs experience in case finding such as limited
knowledge about viral hepatitis and subsequent risk groups or less attention for
follow-up of abnormal liver tests.'"'8 The increase of the number of GP practices
in RPCD that originate from low-endemic areas of Rotterdam might also (partly)
explain the decline in prevalence.

In the Netherlands, risk groups account for most cases of hepatitis B and C, including
(first-generation) migrants, PWID, and men who have sex with men (MSM).185-189 A
possible explanation for the observed decline in prevalence could be the improved
treatment options, especially for hepatitis C which can now eradicated with an 8- to
12-week cure with DAAs.3 However, an absent steep decline in prevalence after
introduction of DAAs in 2015 among HCV patients indicates that other factors are
also responsible for the decline in HCV prevalence, such as the improved harm
reduction strategies for PWID and MSM, HBV surveillance among pregnant women
and vaccination among children born from HBV-infected women.

In addition, we demonstrated that the referral rate to a hepatitis specialist was 71—
89%. However, our data showed that 36.2% of the hepatitis B patients was not under
surveillance by a hepatitis specialist or GP. Furthermore, we observed that many
patients received ALT performance at least once, but an annual ALT check was only
performed in the minority of patients. This is in line with the study results of Hofman
et al.'® In this study, the researchers observed a low performance of annual ALT
monitoring among chronic hepatitis B patients in the period 2008—-2015. This implies
that the updated Dutch GP guideline has not been implemented sufficiently in daily
practice. Moreover, we observed that 44.4% of the hepatitis C patients has not been
successfully treated (or the GP has not been updated by the hepatitis specialist
about viral eradication). In the Netherlands, the nationwide project CELINE has been
initiated to retrieve ever diagnosed HCV patients who are not treated because they
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have become lost to follow-up (LTFU)."?® Our data suggest that GPs should initiate
retrieval of their LTFU patients.

A possible explanation for the suboptimal surveillance of hepatitis B patients by the
GP might be the lack of an appointment scheduling system. Consequently, the
responsibility for the biannual ALT check lies with the patient instead of the GP.
Another explanation could be limited knowledge about the updated guideline or viral
hepatitis in general. This could be the consequence of the small number of viral
hepatitis patients in every GP practice due to the low prevalence of viral hepatitis in
the Netherlands.® This has been confirmed in a recent Dutch qualitative study among
GPs about case finding of hepatitis B and C patients showed that many GPs
indicated that they have limited knowledge about the (updated) GP guideline, lack of
time during a consult to address hepatitis screening and an insufficient registration
system.’® Although this study reported barriers for case finding, we believe this
barriers (and possible interventions) are also applicable for the suboptimal
management for viral hepatitis. However, this warrants confirmation in another
(quantitative) study.

Multiple interventions are needed to improve hepatitis B surveillance and retrieval of
untreated HCV patients in primary care. First, an appointment scheduling system is
warranted to invite hepatitis B patients biannually for their laboratory check. Second,
IT changes, such as pop-up messages, could facilitate GPs to perform adequate
HBV surveillance, referral of untreated HCV patients or screening among high-risk
individuals. Hence, a registration system is crucial, including information about
medical diagnosis, laboratory results, and background information such as country
of birth. Third, GPs should be encouraged to participate in already available training
courses for viral hepatitis. Fourth, a standard set of serum hepatitis markers and liver
tests on laboratory forms could facilitate screening, which has been supported by
the study of Helsper et al.'®! Finally, as mentioned above, retrieval of LTFU HCV and
HBV patients can be worthwhile and should therefore be performed in every GP
practice.

Despite that this is a large GP-based database, the following limitations need
mentioning. Since migrants account for the majority of prevalent HBV and HCV
cases, our results cannot be not directly translated to other (low-endemic) areas of
the Netherlands, as our results are based on a multi-ethnic area in the Netherlands.
Another limitation that should be acknowledged is the retrospective design and the
fact that our results depend on the available data within the GP database, which is
subjected to the input of individual GPs. Therefore, management and laboratory
results of medical specialist are only available if the specialist sends communication
to the GP. This could give an underestimation of the real number of patients that
receive adequate HBV screening in the hospital or successfully treated hepatitis C
patients. Since our data indicated that a few patients with liver cirrhosis or liver
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transplantation would not receive surveillance by a hepatitis specialist supports the
suggestion that our data is limited by the retrospective design. Finally, due to privacy
restrictions, if a patient changes GP within the network of affiliated GP practices of
the RPCD, the patient enters the database with a new patient number. This could
have resulted in duplicate cases. However, in the Netherlands, very few patients
change of GP over time, when they do it is because of moving to a different region.
Thus, the impact of duplicate cases to our findings is limited. In addition, for our
calculations of the incidence and prevalence, we took the medical history into
account. Therefore, a change of GP will not influence the incidence and prevalence
rates.

In conclusion, we observe that the prevalence of viral hepatitis B and C is declining
in a multi-ethnic area of the Netherlands. This implies that the Netherlands seems
on track to achieve the WHO elimination target. However, many patients with
hepatitis B and C might not receive adequate surveillance or antiviral therapy. It is
therefore crucial to involve primary care in the road to complete elimination.
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SUPPLEMENTARY TABLES
Supplementary Table 1. Follow-up
Overall Hepatitis B Hepatitis C Co-
n=717 n =252 infection
n=_§
Mean follow-up 55 (19-98) 57 (19-103) 54 (21-96) 54 (35-101)
period (months)
No available time 75 (7.7%) 55 (7.7%) 19 (7.5%) 1(12.5%)
<1 year 111 (11.4%) 85 (11.9%) 26 (10.3%) -
1-2 years 96 (9.8%) 70 (9.8%) 26 (10.3%) -
> 2 years 695 (71.1%) 507 (70.7%) 181 (71.8%) 7 (87.5%)
Supplementary Table 2. Prevalence of viral hepatitis B and C
Total PYs Number of Number of HBV/1,000 HCV/1,000
HBV cases HCV cases PYs PY
2013 101,860.04 424 - 531 133 - 153 416-521 1.31-1.50
2014 115,120.43 429 -530 138 - 160 3.72-460 1.20-1.39
2015 119,483.61 426 - 531 135- 160 357-444 113-1.34
2016 133,048.47  431-535 136 - 159 3.24-402 1.02-1.20
2017 146,935.38  435-537 120 - 143 296-3.65 0.82-0.97
2018 157,176.59 427 - 526 101 -126 272-3.35 0.64-0.80
2019 162,214.48 392 -485 90-114 242-299 0.55-0.70

Range of number of HBV/HCV cases, with corresponding prevalence per 1,000 PYs, was
displayed as total certain cases — certain plus uncertain cases.
Abbreviations: PYs, person years; HBV, hepatitis B virus; HCV, hepatitis C virus

Supplementary Table 3. Incidence of viral hepatitis B and C

Total PYs Number of Number of HBV/1,000 HCV/1,000
HBV cases HCV cases PYs PY

2013 101,860.04 26 — 35 20-25 0.26-0.34 0.20-0.25
2014 115,120.43 26 — 26 18 - 23 0.23-0.23 0.16-0.20
2015 119,483.61 22 - 27 10-15 0.18-0.23 0.08-0.13
2016 133,048.47 23 -24 9-10 0.17-0.18 0.07-0.08
2017 146,935.38 22-25 8-9 0.15-0.17 0.05-0.06
2018 157,176.59 13-15 7-9 0.08-0.10 0.04 -0.06
2019 162,214.48 18-19 5-6 0.11-0.12 0.04-0.03

Range of number of HBV/HCV cases, with corresponding prevalence per 1,000 PYs,
displayed as total certain cases — certain plus uncertain cases.
Abbreviations: PYs, person years; HBV, hepatitis B virus; HCV, hepaititis C virus
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ABSTRACT

Background & Aim(s): Adherence to guidelines is associated with improved long-
term outcomes in patients with chronic hepatitis B (CHB). We aimed to study the
degree of adherence and determinants of non-adherence to management guidelines
in a low endemic country.

Methods: We reviewed the medical records of all CHB patients who visited our
outpatient clinic in 2020. Adherence to guidelines was assessed based on
predefined criteria based on the EASL guidance, and included initiation of antiviral
therapy when indicated, optimal choice of antiviral therapy based on comorbidities,
assessment of HAV/HCV/HDV/HIV serostatus, renal function monitoring and
enrolment in HCC surveillance program if indicated. Adherence rates were
compared across types of outpatient clinic (dedicated viral hepatitis clinic versus
general hepatology clinic).

Results: We enrolled 482 patients. Among the 276 patients with an indication for
antiviral therapy, 268 (97.1%) received treatment. Among patients with renal and/or
bone disease, 26/29 patients (89.7%) received the optimal choice of antiviral agent.
Assessment of HAV/HCV/HDV/HIV  serostatus was performed in
86.1/91.7/94.4/78.4%. Among the 91 patients treated with tenofovir disoproxil, 57
(62.6%) underwent monitoring of renal function. Of 241 patients with an indication
for HCC surveillance, 212 (88.3%) were enrolled in a surveillance program. Clinics
dedicated to viral hepatitis had superior adherence rates compared to general
hepatology clinics (complete adherence rates 63.6% versus 37.2%, p < 0.001).

Conclusion: Follow-up at a dedicated viral hepatitis clinic was associated with
superior adherence to management guidelines.
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INTRODUCTION

Chronic hepatitis B (CHB) is a global healthcare problem which currently affects
approximately 248 million persons worldwide."'® The prevalence of CHB varies
widely across countries. In Western nations the prevalence of CHB is generally low
(< 2%) whereas the prevalence may be up to 5% in North-Africa, 5-8% in parts of
Asia and is estimated to be over 8% in sub-Saharan Africa.'%? In the Netherlands,
the prevalence has been estimated at 0.34%.5 Various studies have hinted that the
uptake of recent recommendations with regard to optimal choice of antiviral therapy
and hepatocellular carcinoma (HCC) surveillance is suboptimal, leading to worse
outcomes for patients.'%'% This may be particularly relevant in countries with a low
hepatitis B virus (HBV) prevalence, as expertise may vary across physicians. We
therefore sought to investigate the degree of adherence to management guidelines
in a low endemic country.

PATIENTS AND METHODS

Study design and study population

This study is part of an Initiative to Improve CARe for cUrrent and future patientS
with chronic hepatitis B in the Netherlands (ICARUS). For this study, all consecutive
patients with HBV mono-infection (defined as HBsAg positivity for at least six
months) who visited the outpatient clinic of the department of Gastroenterology and
Hepatology of the Erasmus MC in 2020 were enrolled. The Erasmus MC, University
Medical Center, is a large tertiary referral hospital located in the centre of Rotterdam,
the second largest city in the Netherlands.

Patients with CHB are seen at either one of the dedicated viral hepatitis outpatient
clinics or at one of several general hepatology outpatient clinics. Both the viral
hepatitis and general hepatology clinics were overseen by experienced
Hepatologists. General hepatitis clinics care for patients with a variety of liver
diseases, with viral hepatitis accounting for a minority of the patient population,
whereas the viral hepatitis clinics cater exclusively to patients with viral hepatitis.
Patients with viral hepatitis are preferably allocated to one of the viral hepatitis clinics.
However, due to lack of capacity and/or patient preference some patients cannot
attend one of the viral hepatitis clinics and are therefore managed at general
hepatology clinics. Allocation is therefore unrelated to severity of liver disease or
phase of HBV infection.

Data collection

For all eligible patients, patient charts were reviewed and data was obtained
regarding patient demographics, virology, stage of liver disease and relevant
comorbidities. Diagnosis of cirrhosis was based on histology, ultrasound findings
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compatible with cirrhosis in the presence of signs of portal hypertension or a liver
stiffness of 2 12.5 kPa (based on Fibroscan®, Paris France).

Definition of standard of care

Standard of care was based upon the recommendations set forth in the European
Association for the Study of the Liver (EASL) guideline.'® Adherence to the guideline
was assessed through ascertainment of compliance with several predefined criteria
covering the whole spectrum of CHB care, including (1) treatment indications, (2)
optimal choice of therapy in the presence of renal and/or bone disease, (3)
assessment HAV, HCV, HDV and HIV serostatus, (4) monitoring of renal function
during high-risk treatment and (5) enrolment in HCC surveillance programs if
indicated.

Patients meeting any of the following criteria were considered to be in need of
antiviral therapy with nucleo(s)tide analogues: presence of cirrhosis with detectable
HBV DNA levels, = F2 liver fibrosis with HBY DNA > 2,000 IU/mL and ALT > the
upper limit of normal (ULN), HBV DNA > 20,000 IU/ml and ALT > 2x ULN, or serum
HBV DNA > 107 IU/ml (irrespective of fibrosis stage), positive family history for
cirrhosis or HCC, presence of extra-hepatic symptoms, patients starting on high-risk
immunosuppressive agents, and HBV DNA > 200,000 Ul/mL in pregnant women.

Optimal choice of antiviral therapy in patients with renal and/or bone disease was
defined as use of tenofovir alafenamide (TAF) or entecavir (ETV) among patients
with an indication for antiviral therapy.

Presence of (protection against) co-infections were studied by assessment of the
presence of IgG anti-HCV, IgG anti-HIV, IgG anti-HAV and IgG anti-HDV at least
once prior to patient’s visit to the outpatient clinic in 2020.

Adequate monitoring of renal function was defined as regular (at least yearly)
assessment of serum creatinine levels and serum phosphate levels in patients
treated with tenofovir disoproxil (TDF).

Indications for HCC surveillance comprised either a positive family history of HCC,
presence of liver cirrhosis, ethnicity (Sub-Saharan patients aged = 20 years, Asian
male patients aged = 40 years and Asian female patients aged = 50 years). Adequate
HCC surveillance was defined conservatively as the presence of at least three
imaging studies in the previous two years.

Outcomes and statistical analysis

The primary outcome of this study was the proportion of patients not managed
according to guidelines as assessed using the individual indicators described above.
We also calculated composite measure of complete adherence, which was based
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on adherence to all individual components. Adherence rates were assessed in the
overall population, and stratified according to type of outpatient clinic (dedicated viral
hepatitis clinic versus general hepatology clinic).

Descriptive data were described as numbers (with percentages), medians (with
interquartile range; IQR) and means (+ standard deviation; SD). The association
between type of outpatient clinic and adherence was explored using chi square test.
Differences were considered statistically significant when p < 0.05. For statistical
data analysis, IBM SPSS for Windows version 25.0 (SPSS Inc., Chicago, lllinois,
USA), was used.

Ethical considerations

The study was conducted in accordance with the guidelines of the declaration of
Helsinki and the principles of Good Clinical Practice. The study was also reviewed
by the Institutional Review Board of the Erasmus MC (MEC-2020-0823).

RESULTS

Patient characteristics

We enrolled 482 patients. The patient characteristics are shown in Table 1. The
mean age was 49 years (+ 14) and 54.4% were male. The most common ethnicities
were Asian (38.2%) and North-African/Middle Eastern (26.1%; Table 1). Liver
cirrhosis was present in 12.0% of the patients.

Table 1. Patient characteristics

n =482

Age (years; mean, £SD) 49 (x14)
Sex (male; n, %) 262 (54.4)
Ethnicity (n, %)

Caucasian, white 78 (16.2)

Asian 184 (38.2)

Black, Sub-Saharan 66 (13.7)

Black, non-Sub-Saharan 24 (5.0)

North-African or Middle Eastern countries 126 (26.1)

Hispanic 4 (0.8)
Comorbidities (n, %)

Osteoporosis 5(1.0)

Renal dysfunction® 32/395 (8.1)
Liver stiffness (kPa; median, IQR) 6.1 (4.7-8.3)
Liver cirrhosis® (n, %) 58 (12.0)

% Renal dysfunction was defined as an eGFR under 60 ml/min/1.73 m2.
B Diagnosis of cirrhosis was based on histology, ultrasound findings compatible with cirrhosis
in the presence of signs of portal hypertension or a liver stiffness measurement of =2 12.5 kPa.
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Adherence rates in the overall population

Overall, complete adherence to all assessed components was observed in 254
(52.7%).

In total, 276 (57.3%) patients had an indication for antiviral therapy. The most
common indication was HBV DNA > 20,000 IU/ml and ALT > 2x ULN (116/276,
42.0%). Among patients with indication for antiviral therapy, 268 (97.1%) patients
received antiviral therapy (Table 2).

Among the 29 patients with renal and/or bone disease, 26 (89.7%) were treated with
TAF or ETV (Table 2).

IgG anti-HAV, anti-HCV, anti-HDV were assessed in the majority of patients (> 86%),
whereas anti-HIV was assessed in 378 (78.4%; Table 2).

In total, 91 patients were treated with TDF. None of the patients were treated with
ADV in 2020. Creatinine and phosphate level measurements were regularly
performed in 57/91 (62.6%) patients (Table 2).

In total, 241 (50.0%) had at least one HCC risk factor and had therefore an indication
for HCC surveillance. Among these, 212 (88.3%) received adequate surveillance
(Table 2). Among the 58 patients with cirrhosis, 52 patients (89.7%) underwent
adequate surveillance.
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Table 2. Adherence of clinical guideline'®

Adequate Inadequate Total
adherence adherence
guideline guideline
Indication to start therapy (n, %) 268 (97.1) 8(2.9) 276
- Cirrhosis with detectable HBV DNA 56 (100) 0 (0) 56P
levels (> 20 IU/mL)
- HBV DNA > 2,000 IU/mL with 35 (97.2) 1(2.8) 36
ALT > ULN and at least F2 fibrosis
- HBV DNA >20,000 1U/ml with 111 (95.7) 5(4.3) 116
ALT > 2 x ULN
- HBV DNA > 107 IU/ml 24 (96.0) 1(4.0) 25
- Positive family history for cirrhosis 15 (100) 0(0) 15
or HCC
- Presence of extra-hepatic symptoms 0(0) 0(0) 0
- Starting immunosuppressive agents 25 (96.2) 1(3.8) 26
- HBV DNA > 200,000 Ul/mL 2 (100.0) 0(0) 2
in pregnant women
Optimal choice of antiviral (n, %)
Use of TAF or ETV in patients 26 (89.7) 3(10.3) 29
with renal or bone disease
Assessment of serostatus (n, %) 482
- anti HAV (IgG) 415 (86.1) 67 (13.9)
- anti-HCV (IgG) 442 (91.7) 40 (8.5)
- anti HDV (IgG) 455 (94.4) 27 (5.6)
- anti-HIV (IgG) 378 (78.4) 104 (21.6)
Monitoring creatinine and 57 (62.6%) 34 (37.4) 91
phosphate levels among patients
treated with TDF¥ (n, %)
HCC surveillance among patients 212 (88.3) 28 (11.7) 241
with an indication™ (n, %)

B Total cohort included 58 patients with liver cirrhosis. However, two patients were excluded
in the analysis as the viral load was undetectable.

% One patient ceased antiviral therapy in 2020 in study context.

X Assessment of the presence of IgG anti HCV, IgG anti HIV, IgG anti HAV and IgG anti HDV
at least once during follow-up

¥ Adequate monitoring was defined as the quantification of serum creatinine and phosphate
levels at least once a year among patients treated with ADV, TDF or TAF.

™ Enrolment in an HCC surveillance program if indicated based on family history of HCC,
presence of liver cirrhosis, ethnicity (Sub-Saharan patients aged = 20 years, Asian male
patients aged = 40 years and Asian female patients aged = 50 years). Adequate HCC
surveillance was defined conservatively as at least three ultrasounds (or one MRI)
performances in the previous two years.

Abbreviations: ALT, alanine aminotransferase; ETV, entecavir; HAV, hepatitis A virus; HCC,
hepatocellular carcinoma; HCV, hepatitis C virus; HDV, hepatitis delta virus; HIV, human
immunodeficiency virus; IU/mL, international units/millilitre; TAF, tenofovir alafenamide; TDF,
tenofovir disoproxil; ULN, upper limit of normal.
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Dedicated viral hepatitis clinics have superior adherence rates

Among the 283 patients treated at a dedicated viral hepatitis clinic, complete
adherence to all indicators was observed in 180 patients (63.6%), compared to
74/199 patients (37.2%) treated at a general hepatology clinic (p < 0.001). Findings
were consistent across the individual indicators, such as renal function monitoring
(68.9 vs 34.6%, p < 0.001), assessment of HAV (94.0 vs 74.9%, p < 0.001), HCV
(94.0 vs 88.4%, p = 0.030), HDV (96.8 vs 91.0%, p = 0.006) and HIV (84.5 vs 69.8%,
p < 0.001) serostatus. Adequate HCC surveillance rates were higher among
dedicated viral hepatitis clinics (92.4 vs 82.3%, p = 0.016), particularly among
patients without liver cirrhosis (94.1 vs 76.9%, p < 0.001). Adherence to guidelines
for initiation of antiviral therapy was high regardless of clinic type (p = 0.159).
Findings were consistent after adjustment for patient age, sex and ethnicity.

DISCUSSION

Adherence to guidelines is of paramount importance for improving patient care. In
the current study conducted in a large tertiary care hospital in a low endemic country,
the majority of patients received optimal care based on EASL guideline
recommendations. However, a significant number of patients remained untested for
viral co-infections, did not receive the optimal antiviral agent based on comorbidities
and, perhaps most importantly, did not receive adequate HCC surveillance. A major
risk factor for non-adherence to guideline recommendations was management at a
non-viral hepatitis specialised liver clinic, suggesting that centralising care for CHB
patients may be critical in optimising clinical management.

CHB is a complex disease with a heterogeneous natural history. Treatment
indications are established on multiple factors based on biochemistry, virology and
stage of liver disease, as well as patient factors including family history of liver-
related complications. When deciding on initiating antiviral therapy, the optimal
choice of antiviral agent is not just based on virological factors, but should also take
into consideration the presence of comorbidities such as renal or bone diseases.
During treatment, follow-up for treatment related complications is mandatory in
some, but not all, agents. We observed that the majority of patients with a treatment
indication received antiviral therapy, although ~3% of patients with obvious treatment
indications remained untreated. Even though the specific reason for under-treatment
are difficult to ascertain from our retrospective study (patient-related or physician-
related), this is a missed opportunity as antiviral therapy may improve liver histology
and reduce the risk of HCC and development of cirrhosis.'?”

Recent studies indicate that treatment with TDF may be a risk factor for impaired
proximal tubular reabsorption known as the Fanconi syndrome.'® Monitoring of
renal function and serum phosphate levels is therefore advised in both guidelines
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and Summary of Product Characteristics (SMPCs). However, we observed that 63%
of the patients treated with TDF were not monitored for creatinine and phosphate
levels, suggesting that this potentially devastating complication requires more
attention.

In addition, we observed a suboptimal screening rate for co-infections, especially the
measurement of anti-HIV. HIV-HBV co-infection accelerates the progression of liver
related complications such as liver cirrhosis or HCC compared to patients with an
HBV mono-infection. Moreover, among patients with an undiagnosed HIV co-
infection, treatment with a single antiviral agent could induce drug resistance.'®
Therefore, the identification of patients with a co-infection is of clinical importance.

A final important aspect of CHB management is identifying patients at high risk of
developing HCC. Besides the presence of cirrhosis as an established risk factor,
various other subgroups have also been identified as high risk and considered
eligible for enrolment in HCC surveillance programs, such as combinations of
ethnicity, age and family history. It is therefore not surprising that management of
CHB is challenging for most physicians, especially in low-endemic countries where
physicians may care for limited numbers of CHB patients and therefore build limited
experience. In the current study, 50% of patients were potentially eligible for HCC
surveillance. Only 88% of these patients underwent adequate HCC surveillance
during the study timeframe. Notably, HCC surveillance was adequately performed
among 82% of patients managed at general hepatology clinics, compared to 92% in
patients seen at a dedicated viral hepatitis clinic (p = 0.016). The suboptimal HCC
surveillance rates are in line with previous data,?® and are unfortunate as HCC
surveillance has been associated with improved outcomes.'?3

The findings reported here corroborate those from a previous study,?°' and are in
line with reports from other fields.2°2-204 Furthermore, we have recently published a
study showing that general practitioners generally do not provide adequate follow-
up to patients with viral hepatitis despite the availability of a specific guideline,2%®
further underscoring the importance of centralising care in CHB. Additional
interventions that could potentially improve adherence are focused training sessions
and/or implementation of tools in the electronic medical records that support
standardised care, for example through reflex testing for co-infections in patients with
viral hepatitis.

Strengths of this study include a large cohort of CHB patients that visited a large
academic hospital in 2020. Several limitations of this study should be considered.
First, the retrospective design of the study utilised data from patient charts, which
may not always contain complete information on potential reasons for deviating from
the guidelines. Secondly, this study has been conducted in a tertiary centre with high
expertise for liver-related care. Whether our findings could be extrapolated to other
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(non-)academic hospitals, or other low endemic countries, warrants further
exploration.

In conclusion, the majority of CHB patients in our hospital were monitored and
treated according to the management guidelines. Follow-up at a dedicated viral
hepatitis outpatient clinic was associated with superior adherence rates.
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Chapter 12.1

Part Il of this thesis investigated how serum HBV biomarkers could be used to
predict off-treatment outcomes and the prospects of nucleos(t)ide analogues
cessation in chronic hepatitis B patients.

In chapter 2, we investigated the on-treatment viral kinetics of HBV biomarkers and
treatment response among patients that received one year of peginterferon-based
therapy. We demonstrated that at on-treatment week 24, a decline in HBV RNA
levels was associated with a higher probability of sustained response (HBV DNA
< 2,000 IU/mL six months post-treatment); 27% versus 13% among patients without
HBV RNA decline. However, 56% of the patients with an HBV RNA decline did not
experience a concomitant decline in HBsAg levels. Among those patients, the
chance of a sustained response was significantly lower compared to patients who
did experience a concomitant decline in HBsAg; sustained response was achieved
in 48% versus 16% among patients with > 1 log HBsAg decline versus those with
< 0.5 log HBsAg decline. Findings were consistent for HBcrAg and if treatment
response was defined as HBsAg loss. These findings suggest that combinations of
viral biomarkers should be used to accurately assess response to antiviral therapy.

Chapter 3 studied the correlation between serum anti-HBc and other HBV
biomarkers, intra-hepatic inflammatory activity, and treatment response. We found
that anti-HBc levels correlated with age, IP-10, HBV DNA, HBcrAg, HBsAg, and HBV
RNA levels among untreated HBeAg-positive patients, but not among HBeAg-
negative patients. In addition, anti-HBc levels varied across HBV genotypes, with the
highest levels among patients with HBV genotype A and the lowest among patients
with HBV genotype D. Next, we showed that anti-HBc levels correlated with the
severity of intrahepatic inflammatory activity, with a higher risk of severe
inflammation among patients with high anti-HBc levels. Finally, we assessed the
association between anti-HBc levels and treatment response. We showed that anti-
HBc levels were higher among patients that did not receive antiviral treatment
compared to patients treated with peginterferon. In line with this finding, anti-HBc
levels declined during antiviral therapy. Higher anti-HBc levels were associated with
favourable treatment outcomes such as HBeAg loss, sustained response, HBsAg
decline, and HBsAg clearance. These findings stress the importance of B cells in the
control of HBV infection and suggest that quantitative anti-HBc levels may be useful
in clinical practice.

In chapter 4, we assessed the relationship with off-treatment ALT flares and
virological outcomes and if these flares could be predicted using HBV biomarkers.
We demonstrated in a pooled analysis of peginterferon-treated patients that off-
treatment ALT flares (ALT levels > 5x ULN within six months after end-of-treatment)
were associated with lower rates of sustained response compared to patients without
an off-treatment ALT flare (3.5% vs 26.8%). Therefore, off-treatment ALT flares must
be seen as an undesired event. Next, we observed that higher end-of-treatment
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HBsAg, HBV RNA, and/or HBcrAg levels were associated with a higher risk of off-
treatment ALT flares, but with a lower chance of sustained response or HBsAg loss.
Especially, when these biomarkers were combined (HBsAg + HBV RNA or HBsAg
+ HBcrAg), the off-treatment outcome could be predicted more accurately. These
findings could be used in clinical practice, as they can select patients eligible for
antiviral therapy discontinuation and guide off-treatment follow-up.

Chapter 5 includes a prospective study in which 33 HBeAg-negative patients ceased
nucleos(t)ide analogue (NA) therapy. We demonstrated that after 96 weeks, 39% of
the patients achieved a sustained response (HBV DNA < 2,000 IU/mL) and 12%
achieved HBsAg loss. However, a severe hepatic flare (ALT > 10x ULN) was
observed in 21% of the patients. None of the patients developed hepatic
decompensation or died. Chapter 6 describes a case of an HBeAg-positive patient
that ceased NA treatment and was scheduled for a follow-up appointment after
several months. In the meantime, this patient developed a viral relapse, that
processed into acute liver failure. Although the patient had undergone liver
transplantation, he died because of post-operative complications. These two
chapters showed that NA cessation is possible, but only in a strict selection of
HBeAg-negative patients and if close follow-up can be guaranteed. The higher
chance of HBsAg loss must be balanced against the risk of severe hepatic flares.

Part lll of this thesis investigated how retrieval of lost to follow-up (LTFU) patients
could contribute to hepatitis C elimination in the Netherlands. In chapter 7, we
performed a nationwide retrieval project. In this study, we included 45 sites in the
Netherlands. LTFU patients were identified based on laboratory results and medical
chart review. Every patient eligible for retrieval (defined as being alive and with a
registered address in the Netherlands) was invited for re-evaluation at the outpatient
clinic and antiviral therapy. We showed that the majority (65%) of ever-diagnosed
patients were already treated or still in outpatient care. In total, 8% of the patients
were eligible for retrieval. Of them, 14% were relinked to care. This project supports
that micro-elimination through retrieval of LTFU patients is feasible and might
contribute to HCV elimination, but also time-consuming.

Part IV of this thesis investigated adherence to clinical guidelines.

HBV reactivation (HBVr) is a severe complication in patients treated with high-risk
immunosuppressive agents, particularly the anti-CD20 monoclonal agent rituximab.
As this risk is present in both patients with an active and quiescent hepatitis B
infection, the guidelines recommend that every patient starting with rituximab must
be screened for hepatitis B. Next, it is recommended to initiate antiviral prophylaxis
in every patient with a (resolved) hepatitis B infection. In chapter 8, we performed a
multi-centre cohort study and found that only 46% of the patients were screened
correctly (measurement of both HBsAg and anti-HBc). Interestingly, screening rates
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differed significantly between academic and non-academic hospitals (65% versus
32% respectively), as well as across medical specialties. Screening rates were not
necessarily higher among high-volume prescribers (such as haematologists)
compared to low-volume prescribers. In addition, screening rates improved
throughout the years; 32% before 2012 to 75% after 2020 in the academic hospital
and respectively 1% to 60% in non-academic hospitals. Among patients with a
chronic or resolved HBV infection, antiviral prophylaxis was initiated in 58% versus
36% respectively. In total, seven patients experienced HBVr of whom one patient
died due to liver decompensation. This addresses the importance of screening
patients that start treatment with high-risk immunosuppressive agents, and initiation
of antiviral prophylaxis among patients with a (resolved) hepatitis B infection.

In the Netherlands, general practitioners (GPs) play an important role in the
identification of patients with hepatitis B and C, and the surveillance of chronic
hepatitis B patients. The current guideline for GPs recommends biannual
surveillance (ALT levels) and referral of every patient with an active hepatitis B or C
infection to a specialised hepatitis treatment centre. In chapter 9, we assessed the
performance of this GP guideline using a large healthcare database of medical
records of GPs in a multi-ethnic area in the Netherlands. We observed that 71% and
89% of respectively chronic hepatitis B and C patients were referred to a hepatitis
treatment centre at least once in their life. However, a substantial part of the patients
did not receive adequate surveillance or curative treatment during follow-up. Among
chronic hepatitis B patients, only 15% received regular ALT measurements ordered
by the GP and 46% were still in care with a medical specialist. In total, 36% of the
patients did not receive surveillance of their HBV infection. Among the chronic
hepatitis C patients, 74% received antiviral therapy, but only 54% had a registration
of successful viral eradication. These findings are important to create awareness
among GPs and medical specialists, and suggest that GPs should initiate retrieval
of their LTFU patients.

In chapter 10, we studied the adherence and determinants of non-adherence to the
clinical hepatitis B guideline in a high-expert academic hospital in the Netherlands.
Every chronic hepatitis B patient that visited the outpatient clinic in 2020 was
included. We observed that 97% of the patients with an indication for antiviral therapy
received antiviral treatment, and 90% of the patients with renal/bone disease were
treated with entecavir or tenofovir alafenamide. Screening for co-infections hepatitis
A, C, or D was performed in > 86% of the patients, but the presence of a co-infection
with HIV was assessed in only 78% of the patients. The majority of patients with an
indication for HCC surveillance did receive adequate surveillance (88%).
Interestingly, we observed that adherence to medical guidelines was significantly
better among patients treated at a dedicated viral hepatitis clinic compared to
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patients that were treated at a general hepatology clinic. These findings suggest that
hepatitis B care should be centralised in expert clinics.

Part V of this thesis investigated if hepatitis care can be individualised beyond the
general clinical guidelines. In chapter 11, we assessed the added value of an add-
on guideline for the treatment of chronic hepatitis C patients. This add-on guideline,
the HCV TherapySelector, displays patient-profiled data from high-quality studies on
the treatment of hepatitis C patients. Using a mobile or web-based application, the
efficacy of several treatment regimens is shown for an individual patient based on
his/her specific patient profile. This application is updated monthly and offers
herewith up-to-date information. In our study, we showed that the treatment of
patients would have been optimised if the TherapySelector was used. The use of
such an add-on might be of great interest in diseases with suboptimal curation rates
or clinically relevant adverse effects for which treatment options rely on specific
patient characteristics. This article should therefore be seen as a proof of concept
for other diseases.
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General

Viral hepatitis B and C are major global health problems, as a chronic infection can
progress to liver cirrhosis and hepatocellular carcinoma (HCC). Nowadays, very
effective antiviral therapies are available that can suppress the hepatitis B virus
(HBV) or eradicate the hepatitis C virus (HCV).18:35

However, many patients die every year due to the consequences of their infection.
In the Netherlands, the annual mortality has been estimated at 500 individuals.®*
Therefore, the world health organization (WHO) has called for action to eliminate
viral hepatitis as a global health threat.?

In this thesis, we investigated how to optimise the care of patients infected with HBV
or HCV. First, we studied off-treatment follow-up after discontinuation of antiviral
therapy in chronic hepatitis B patients and how serum biomarkers can contribute to
patient selection and off-treatment follow-up guidance. Secondly, we investigated
how nationwide retrieval of chronic hepatitis C patients who have become lost to
follow-up can contribute to micro-elimination. Thirdly, hepatitis care was evaluated
in primary care and in specialised hepatitis treatment centres. Fourthly, we tested
the possibilities to improve medical decision-making using a guideline add-on which
is based on individual patient characteristics.

Novel biomarkers for treatment response prediction

The main barrier to HBV cure is covalently closed circular DNA (cccDNA).
Intrahepatic cccDNA acts as a template for the transcription of all HBV RNAs
responsible for HBV DNA replication and viral antigen production. The elimination of
cccDNA has therefore been seen as the true (sterilizing) cure.??* However, as this is
difficult to achieve, functional cure, i.e. loss of hepatitis B surface antigen (HBsAg),
is (currently) the goal of antiviral therapy.'®

Nowadays, available biomarkers in clinical practice are HBV DNA, HBeAg, anti-HBe,
HBcAg, anti-HBc, HBsAg, and anti-HBs. Besides HBV DNA, the majority of
laboratories can only measure the qualitative results of these biomarkers (i.e.
positive or negative). These are useful in the diagnosis of hepatitis B and/or to gain
insight into the disease stage, but have imperfect sensitivity to predict treatment
response.

Current antiviral options include one year of pegylated interferon (PEG-IFN) or long-
term nucleos(t)ide analogues (NA)."“8 NAs block reverse transcriptase and herewith
suppress viral replication. However, NAs do not impact cccDNA. In contrast, PEG-
IFN acts as an immune modulator and stimulates a cell-mediated immune response.
This immune response targets HBV-infected hepatocytes which act as a reservoir
for cccDNA, causing degradation of cccDNA in HBV-infected hepatocytes.??
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The aim of PEG-IFN is the induction of long-term immunological control. However,
the response to PEG-IFN differs greatly between patients. Predictors of treatment
response include HBV genotype, ALT levels, HBV DNA levels, sex, and age.?%®
Nevertheless, sustained response or HBsAg loss is only achieved in a fraction of
patients with the most favourable characteristics.??® In both clinical and scientific
worlds, there is a growing interest in the use cccDNA transcriptional activity or the
hosts’ immune response to estimate the probability of treatment response more
accurately. 70227228 As cccDNA can only be invasively measured using liver biopsy,
the use of serum biomarkers reflecting cccDNA activity is more attractive. Growing
evidence suggests that hepatitis B core-related antigen (HBcrAg) and HBV RNA can
be good candidates. In addition, antibodies to HBcAg (anti-HBc) might be useful
reflecting the host’s immune activity.

HBcrAg

HBcrAg is a marker that incorporates several viral antigens, including HBcAg,
HBeAg, and p22 core-related antigen. A liver biopsy-proven study demonstrated that
HBcrAg correlated with cccDNA levels and cccDNA transcriptional activity. In
addition, HBcrAg levels were higher among HBeAg-positive compared to HBeAg-
negative patients, and correlated with serum HBV DNA, intrahepatic HBV DNA, and
pre-genome HBV RNA (pgRNA). They found lower levels of cccDNA and lower
cccDNA activity among patients with undetectable HBcrAg levels.??° Chuaypen et al.
demonstrated that HBcrAg decline during PEG-IFN treatment was associated with
durable off-treatment HBV DNA suppression (sustained response).??® In addition,
studies with finite NA therapy discovered that low HBcrAg levels were associated
with sustained response and HBsAg loss.?®023" A prediction algorithm has been
developed including HBcrAg, HBsAg, age, and tenofovir use (SCALE-B score),
showing that HBcrAg and HBsAg levels were predictors for clinical relapse after NA
withdrawal.'®” In this thesis, we also demonstrated that low levels of HBcrAg were
associated with a higher probability of sustained response and a lower risk for ALT
flares among PEG-IFN treated patients (chapter 4). In addition, a decline in both
HBV RNA and HBcrAg during PEG-IFN therapy was associated with a favourable
off-treatment response (chapter 2).

However, most clinical studies exploring the clinical use of HBcrAg are limited by
small sample sizes and included predominantly Asian patients.?32233 Also, as the
level of HBcrAg is influenced by the HBeAg status and HBV DNA levels, these
patient characteristics need to be taken into account for the interpretation of HBcrAg
levels.?** Subsequently, no defined cut-off values are available yet to guide medical
decision-making. Finally, HBcrAg is currently only available for experimental
purposes, but not in clinical practice.
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HBV RNA

The next biomarker includes HBV RNA. pgRNA is the product of cccDNA
transcription, and serum HBV RNA serves as a surrogate marker of pgRNA and
herewith cccDNA activity.?3®* HBV RNA levels also correlate with HBeAg-status, with
higher levels of HBV RNA among HBeAg-positive patients.?3 Different studies have
been conducted exploring the predictive value of HBV RNA for treatment response.
Van Bémmel et al. demonstrated that HBV RNA levels before PEG-IFN initiation and
during therapy were associated with treatment response (HBeAg seroconversion at
week 24 post-treatment).”® In line with these findings, we observed that HBY RNA
kinetics during PEG-IFN therapy and at end-of-treatment could predict off-treatment
outcomes (chapter 2 and chapter 4). Just like HBcrAg, HBV RNA use is also limited
in clinical practice due to unavailable cut-off values, and because it is currently only
available for experimental purposes.

Anti-HBc

Another barrier to HBV cure is an impaired immune response of the host against the
virus. Evidence suggests that B cells play an important role in the natural course of
a chronic hepatitis B infection.?389 |n chapter 3, we explored the role of B cells,
using anti-HBc, and treatment response. We showed that higher anti-HBc levels
were associated with a higher probability of treatment response. This suggests that
patients with low levels of anti-HBc might have an impaired immune response,
resulting in a lower chance of a favourable outcome after immunomodulatory
therapy. In addition, we found that higher levels of anti-HBc were associated with
hepatic inflammation. This supports the hypothesis that the enhanced immune
activity of the host, in order to attack HBV, causes intrahepatic damage. Finally, anti-
HBc levels were correlated with HBV RNA, HBcrAg, and HBsAg. Thus, anti-HBc
levels might also reflect cccDNA activity.

Our findings are in line with the study by Fan et al.%° and Chi et al. 2%%, showing that
higher anti-HBc levels are associated with favourable off-treatment outcomes.
Conversely, Hu et al., using a large cohort of Asian HBeAg-negative patients without
antiviral treatment, found that low levels of anti-HBc were associated with
undetectable HBV DNA and HBsAg loss.?¥" It should be noted that this study mainly
included patients with low baseline HBV DNA and ALT levels. These patients might
have suppressed immune activity (and thus low anti-HBc levels), which has resulted
in these conflicting findings. Currently, the use of anti-HBc in clinical/experimental
settings is limited, as more evidence is needed to explore the role of anti-HBc and
treatment response prediction, and also because quantitative levels can only be
measured using commercial Kits.
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Recommendations and future perspectives

The findings of this thesis support the literature that HBcrAg, HBV RNA, and/or anti-
HBc could be used to assess treatment response.

Although we studied patients treated with PEG-IFN, which is a treatment regime that
is currently not often used in clinical practice, the findings of this thesis might be
translated into current practice. First, our studies are in line with studies exploring
off-treatment outcomes after finite NA therapy. These showed that the combination
of viral antigens and/or HBV RNA did improve the prediction of off-treatment
outcomes.?%%:23" |n addition, the quest for novel antiviral agents is going on. PEG-IFN
is currently experiencing a revival, as it is often used in combination with novel
agents.?%%” Therefore, the findings of this thesis might be used in the studies of novel
(immunomodulatory) agents.

In addition, we observed in chapter 2 and chapter 4 that the kinetics of sole HBV
biomarkers can be used for response prediction, but that the combination of
biomarkers was able to predict treatment outcomes more accurately. A combination
of biomarkers should therefore be used for patient selection, off-treatment guidance,
and to assess antiviral efficacy. However, we also found that quantitative HBsAg
levels, a biomarker that has been studied for many years and is available in clinical
practice, remains essential for response prediction.

Furthermore, a promising new marker includes particular components of HBsAg.
HBsAg consists of three co-carboxyterminal proteins: small, medium, and large
surface proteins (respectively SHBs, MHBs, and LHBs).?*® Recent studies found an
association between LHBs and MHBs levels, and HBsAg loss. These researchers
found a more profound decline of LHBs and (in particular) MHBs levels among
patients with HBsAg loss compared to patients without. Among the patients that
achieved HBsAg loss, LHBs and MHBs levels became undetectable early on-
treatment (i.e. several months before HBsAg clearance) and showed superior
predictive value compared to total HBsAg levels.?39:240

Thus, although the search for the implementation of novel biomarkers is going on,
HBsAg levels should be included in patient selection, follow-up during and after
therapy, and research exploring novel agents. However, more translational and
clinical research is needed to explore the relationship between serum biomarkers
HBsAg, HBcrAg, HBV RNA, and anti-HBc, and treatment response, including
studying viral kinetics, the host immune response, and to establish clinically relevant
cut-off values.
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ALT flares

ALT flares occur during the natural course of a chronic hepatitis B (CHB) infection,
but also in relation to antiviral therapy.® It has been debated that ALT flares could
be beneficial.'® However, flares can also cause hepatic decompensation (chapter
6).3% For a long time, physicians and researchers aim to differentiate ALT flares into
“good” (or “host-dominating”) and “bad” (or “virus-dominating”) flares.'° A good flare
might reflect an effective immune response of the host against the HBV, whereas a
bad flare reflects an ineffective immune response. Usually, every flare is preceded
by a rise in HBV DNA. Among patients with bad flares, HBV DNA remains high or
ascends during the ALT flare, followed by a little decline in viral antigens and ongoing
hepatitis. These patients require immediate re-treatment to prevent liver damage or
even decompensation. In contrast, patients with a good flare experience a
concomitant decline in viral antigens, which are followed by a decline in HBV
DNA."%8.110 However, the kinetics of serum antigens and HBV DNA could only
differentiate between good and bad flares during or after the flare. Therefore, viral-
and/or host-related predictors that can be quantified before the rise in ALT (or even
HBV DNA) might be preferred.

In chapter 4, we observed that higher levels of serum HBsAg, HBV RNA, and
HBcrAg were associated with a higher risk of ALT flares compared to patients with
low levels of these biomarkers. In our cohort, we did not observe that patients with
off-treatment ALT flares had a higher probability of sustained response or HBsAg
loss.

Recommendations and future perspectives

We did not observe an association between ALT flares and favourable off-treatment
outcomes such as sustained response or HBsAg loss. Therefore, ALT flares should
be seen as an undesirable event, as they can potentially lead to hepatic
decompensation and death. As PEG-IFN therapy and many novel antiviral agents
require a finite treatment duration, and the clinical world is exploring the possibilities
of stopping NA therapy after long-term viral suppression, it is important to have
access to predictors for off-treatment ALT flares. Serum biomarkers such as HBsAg,
HBcrAg, and HBV RNA at end-of-treatment can be used for patient selection off-
treatment follow-up guidance. However, pre-defined cut-off values of these
biomarkers are not yet available.

Finally, instead of aiming for or defining characteristics of a “good” flare, severe ALT
flares should not be pursued or seen as a (potential) favourable outcome.
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Selecting and monitoring chronic hepatitis B patients eligible for finite
NA therapy

NA therapy is the backbone of current antiviral treatment in CHB patients, as it is
very effective in suppressing viral replication. This halts further progression of the
liver disease and leads to liver fibrosis regression in the majority of patients. But
although the HCC risk decreases among patients with on-treatment viral
suppression, they remain at risk to develop HCC."® Since HBsAg loss during NA
treatment is very rare, several studies explored the possibility of ceasing NA therapy
before the loss of HBsAg.'®'"* Combining the results of the studies exploring the
possibilities of ceasing NA therapy, it can be concluded that NA withdrawal could be
associated with favourable outcomes but also with substantial risks. These are
displayed in Table 1.

Table 1. Pro’s en con’s of NA cessation

Pro’s Con’s
e Higher rates of HBsAg loss e Viral rebound in the majority of
patients
e Durable viral suppression in a ¢ Risk of severe hepatic flares, and
substantial proportion of patients herewith risk of hepatic

decompensation and death
e Close off-treatment monitoring

e Careful patient selection

Pro’s

One of the advantages of NA discontinuation includes the higher rates of HBsAg
loss compared to patients that remain on-NA therapy. Although the probability of
HBsAg loss differed greatly between the studies (from 2% to 18% after two years of
follow-up),'96:116 the majority of studies showed higher HBsAg rates among patients
that stopped NA therapy compared to patients that continue NA therapy.*344114 |n
our prospective stop study, we observed an HBsAg clearance rate of 12% after two
years of follow-up (chapter 5). This is higher than the expected HBsAg rate of < 1%
per year among patients that remain on-treatment.''%24! Besides HBsAg loss, many
patients achieved durable viral suppression (HBV DNA levels < 2,000 IU/mL). The
higher probability of HBsAg loss could be explained by the restoration of T-cell
response and induction of immune activation.?*? This concept was first introduced by
Hadziyannis et al. In this study, re-treatment was withheld in patients with a
virological rebound or even (mild) hepatic flare but only initiated among patients with
a persistent ALT rise or severe hepatitis. Many patients in this study achieved HBsAg
loss."06

Another advantage is that we can now discuss this option with patients that desire
to stop daily medication intake and inform them about the advantages but also about
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the potential risks. Finally, although some researchers pointed out the rationale of
NA cessation to prevent antiviral resistance to NA agents,3®'"7 this is not applicable
in many Western countries that have access to entecavir and tenofovir (both agents
with no or limited risk to resistance).'®

Con’s

Besides these favourable outcomes, there are several risks that need to be taken
into account when considering NA cessation. First, almost every patient experiences
a viral rebound after NA discontinuation.*® This HBV reactivation leads to a rise in
ALT levels in the majority of patients and severe ALT flares (ALT > 5x or > 10x ULN)
in a substantial proportion of these patients.*34562 In our prospective stop study, we
observed that 21% of the patients experienced a rise of ALT levels > 10x ULN
(chapter 5). Although some researchers claim that these flares might be
beneficial,'%6243 cases of hepatic decompensation have been described, some with
fatal outcomes.3®4” These occurred predominantly in cirrhotic patients, but also in
non-cirrhotic patients (chapter 6).4647.111.119 Patients with severe hepatitis (ALT
> 10x ULN) should be re-treated immediately to prevent hepatic decompensation.
Since the ALT flares can occur anytime during follow-up, close off-treatment
monitoring is essential. This results in additional visits, which require a time
investment for the physician and patient, and more costs due to the extra laboratory
tests. Finally, it can be hypothesized that severe ALT flares or persistent HBV load
can cause liver damage and increase the HCC risk. Recently, a large multicentre
study observed no differences in HCC risk among non-cirrhotic patients who ceased
NA therapy compared to a matched control group of patients. However, the median
follow-up duration of this study was 44 months.?** As HCC development could take
many years,?* this follow-up period might be too short to rule out an increased HCC
risk. Long-term follow-up data is currently still lacking.

Furthermore, it should be emphasised that results from previously published NA stop
papers are heterogeneous. This could be the consequence of the differences in
study design, patient selection, and re-treatment criteria. Many Asian studies had a
retrospective design, as the NA cessation approach is mainly driven by
reimbursement policies. In Asia, NAs are also ceased in cirrhotic patients, leading to
a higher risk of severe safety outcomes. Additionally, the differences in outcome
could also be related to ethnicity. It has been suggested that Asian individuals have
a lower risk of favourable outcomes compared to Caucasians. If this is the result of
genetic differences, differences in HBV genotype, duration of HBV infection, or type
of NA agent (older regimens are still approved in most Asia Pacific countries'?") is
still unknown. Finally, as re-treatment criteria have not been yet defined, every NA
stop study (especially those with a retrospective design) applied different re-
treatment definitions. This might also have led to the heterogeneous off-treatment
results.
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Recommendations and future perspectives

Emerging evidence suggests that NA therapy can be ceased before HBsAg loss.
However, due to the potential off-treatment risks, patient selection and strict off-
treatment follow-up are crucial.

Patients eligible for NA discontinuation include HBeAg-negative patients with long-
term on-treatment viral suppression (i.e. undetectable HBV DNA levels). The
duration of on-treatment viral suppression has not been explored in detail, but
current guidelines suggest at least one year of viral suppression after durable on-
treatment HBeAg seroconversion among patients who were HBeAg-positive at the
start of NA treatment, and at least two/three years among patients who were HBeAg-
negative at start of NA treatment.’®'"” Next, to limit the risk of hepatic
decompensation, only patients without (history of) cirrhosis, hepatic decompensation
or HCC should be included. Moreover, although current guidelines do not include
HBsAg levels at the end-of-treatment as inclusion criteria to select patients, evidence
suggests that HBsAg levels are the best reliable predictor for off-treatment
outcomes. These should therefore also be included in patient selection, excluding
patients with high HBsAg levels (for instance > 1,000 IU/mL, and possibly
> 100 IU/mL among Asian patients) as these patients have a very limited chance of
favourable outcomes but an increased risk of ALT flares.""* Therefore, a complete
evaluation of every patient before NA cessation is crucial. This includes at least a
full laboratory assessment, comprising HBeAg, HBV DNA levels, quantitative HBsAg
levels, liver enzymes, and (if not performed in the past) serology to exclude co-
infections (HCV, HDV, HIV). Liver elastography could be performed to assess the
risk for the presence of advanced fibrosis or cirrhosis. Finally, NA cessation should
only be considered among patients who are willing to be objected to close follow-up
and who are informed about the potential risks.

Current EASL guideline states that “NAs may be discontinued only in patients who
can be followed closely with ALT and HBV DNA determinations at least during the
first year following NAs cessation”.'® However, they are not specific about how this
off-treatment follow-up should be managed. As HBV reactivation and ALT flares can
occur any time during off-treatment follow-up but especially during the first 6
months,* it could be advocated that off-treatment follow-up might include monthly
evaluation in the first 3-6 months, thereafter every 3 months and every 6 months
after 1 year (i.e. the follow-up schedule described in chapter 5). Every visit should
include the assessment of liver enzymes, coagulation tests, HBeAg, HBV DNA, and
if possible HBsAg levels. In case of a profound rise in HBV DNA levels or any
elevation in ALT levels, additional visits should be planned and re-treatment should
be initiated in case of imminent severe hepatitis or hepatic decompensation. Also,
re-treatment should be considered in case of persistent flares or HBeAg
seroreversion. In addition, treatment might also be re-started after one or two years
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if the patients then again meet the indication criteria for antiviral therapy according
to the medical guidelines.'®

The remaining challenges include reliable predictors to assist patient selection and
off-treatment follow-up. Promising predictors might include biomarkers reflecting
cccDNA transcriptional activity such as HBV RNA and HBcrAg, or the host’s
immunological state using anti-HBc. But although some studies demonstrated that
these biomarkers could be useful,23%23123¢ more research is needed to determine the
cut-off values of these biomarkers. Also, various studies hinted that ethnicity might
be another important predictor.'4246 More research is needed to confirm these
differences and to search for the underlying mechanisms. Next, long-term outcomes
of untreated patients without HBsAg loss should be evaluated.

Nationwide retrieval of lost to follow-up patients contributes to micro-
elimination

The Netherlands is a low-endemic country for viral hepatitis C, making nationwide
screening not (cost-) effective. Instead, we should target key populations, including
patients with a high risk of viral hepatitis infection. This is also described as micro-
elimination. One of these key populations includes patients who have become lost
to follow-up (LTFU) before they were successfully treated.*® Chapter 7, includes a
nationwide retrieval project (CELINE) in which the majority of hepatitis treatment
centres in the Netherlands were included. Using laboratory results and medical
records

of 20,183 patients with a positive HCV test result, we were able to re-link 219 LTFU
patients to care. Although invitation letters were sent and patients were contacted by
phone, contact could have been established in only 58% of the patients. In addition,
among the patients in which contact could be established, 9% refused evaluation
and some retrieved patients became LTFU again before treatment could have been
initiated, indicating that this remains a hard-to-reach population. Among the patients
that were successfully re-linked to care, 83% tested HCV RNA positive. The majority
of those patients were successfully treated with DAA treatment. In addition, 27% of
the HCV RNA positive patients had liver stiffness measurements indicating
advanced fibrosis or cirrhosis, stressing the importance of identifying these infected
patients.

Recommendations and future perspectives

Chapter 7 demonstrated that systematic evaluation of laboratory records and
medical files is able to identify patients eligible for retrieval. However, it is also a time-
consuming project. Nevertheless, CELINE can be used as a blueprint for other low-
endemic countries and for future retrieval efforts. It remains important to continue
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retrieval of patients who have become LTFU, for instance annually. This could be
less time-consuming compared to this nationwide project, which included laboratory
records over the last 15 years, and could be more effective as contact information is
more likely to be still up-to-date.

Another option to increase the efficacy of retrieval could be the decentralising of
care. Among the retrieved patients, the main transmission route of HCV infection
was injecting drug abuse. A proportion of LTFU patients were still struggling with
drug abuse and consequently might have declined evaluation and became LTFU
again after re-linkage to care. If evaluation and treatment could be offered in
addiction centres, the re-linkage rate might increase. Soon, the first results of the
chain of addiction care (CAC) project will be expected, in which antiviral treatment is
offered in addiction care centres.?*”

Hence, the retrieval of LTFU patients can be seen as low-hanging fruit and is able to
re-link patients in care for antiviral therapy. This contributes to micro-elimination. The
remaining challenges to achieving the elimination of viral hepatitis in the Netherlands
include the identification of infected individuals in other key populations. These
include men who have unsafe sex with men (MSM), people who (have) inject(ed)
drugs (PWID), migrants, and incarcerated people.

For MSM, multiple projects have been initiated. The NoMoreC project offers
information, HCV self-tests (a service that was offered in the past but unfortunately
cannot be offered anymore), and toolboxes including protective materials such as
gloves, condoms, and sterile needles.?*® In addition, high-risk individuals using pre-
exposure prophylaxis (PrEP) for HIV prevention (which is offered to people with high-
risk behaviour) are screened regularly for HCV infection.?*°® Finally, current harm
reduction strategies for PWID include opioid substitution therapy and needle and
syringe exchange programs have led to a reduction of infection rate of HBV and
HCV.2%0

Next, one of the key populations in the Netherlands includes migrants.® Therefore,
screening (first-generation) migrants would be an important strategy.?5'252 Currently,
migrants are only screened for tuberculosis. In the past, a pilot study added voluntary
HBV and HCV testing to tuberculosis screening for immigrants. Among the
individuals that were tested (only 54% of the approached accepted screening), up to
4.5% tested positive for HBsAg and up to 1.2% for anti-HCV.2%® Although it has been
suggested that screening of migrants from countries with an HBV and HCV
prevalence of =2 0.41% and 2 0.22% are cost-effective,?®* no screening programs
have been initiated (yet). Only GPs are encouraged to perform hepatitis C and B
screening among migrants.'”® The uptake of this recommendation is unknown. A
qualitative study showed that many GPs are unaware of their responsibility to screen
patients that originate from high-risk countries.'® In addition, according to the law
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for the protection of privacy (AVG) it is not allowed to register the country of origin in
the patient file, making it challenging to select patients eligible for screening.®

Recently, the Dutch Health Council (Gezondheidsraad) declared that screening of
first-generation migrants of non-Western origin is in line with the Population
Screening Act (in Dutch: Wet op het Bevolkingsonderzoek).?%® Therefore, screening
does not require permission from the Ministry of Health. The remaining barriers that
must be overcome include funding and a care pathway comprising the identification
of migrants eligible for retrieval, testing, and linkage to care. Migrants with residence
permits could be identified using the Municipal Personal Records Database, as this
database contains information about their place of birth. Next, these individuals must
be informed, preferably in their native language, and invited for screening. The
screening could be performed in health facilities using blood tests but also using self-
tests. These self-tests, using dry blood spots or saliva, might be attractive as people
can experience a low threshold to participate. In addition, people are more familiar
with self-tests since the covid-19 crisis. Finally, individuals with positive test results
should be referred to a hepatitis treatment centre for complete evaluation and (if
necessary) treatment. However, asylum seekers and refugees without residence
permits are not registered, making this care pathway more complicated. In addition,
as these patients do not have health insurance, funding for the screening and
antiviral treatment is another barrier to screen this population.

Finally, prisons should also be included in our strategy to achieve elimination.
Incarcerated people can be considered a high-risk group, as many of them have a
history of intravenous drug use and have tattoos/piercings.?®® Although exact
numbers are missing, the prevalence of viral hepatitis C is therefore expected to be
high. In 2010, a report was published in which the prevalence of hepatitis C was
studied using the medical files of inmates in 11 prisons in the Netherlands, showing
an HCV prevalence of 2-8%.25" Multiple (foreign) reports demonstrated that
screening and treatment of incarcerated individuals with hepatitis C is essential to
reach elimination while it is feasible and cost-effective. These reports not only show
a high prevalence of hepatitis C in prisons, but also a high uptake of DAA therapy
when treatment is offered in prison setting.?%%2% However, testing and treatment of
hepatitis C (and B) in Dutch prisons are currently low. Systematic screening is not
(yet) performed due to restrictions by the Custodial Institutions Agency (in Dutch:
‘Dienst Justiti€le Inrichtingen’). The main reason might be the fact that the treatment
of hepatitis C must be financed by the Ministry of Justice, as incarcerated individuals
do not have health insurance.?®® Thus, funding and/or policy changes might be
required before screening in prisons could be performed.

Nevertheless, in chapter 9 we observed a decline in the prevalence and incidence
of viral hepatitis B and C in a multi-ethnic area in the Netherlands. This implies that
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the Netherlands seems to be on track to reach the WHO elimination target by 2030.
However, exact numbers in the remaining area of the Netherlands are lacking.

Adherence to medical guidelines — how to improve hepatitis care

Current guidelines used in the Netherlands include the international guidelines
prepared by the EASL,'335 the national richtsnoer for hepatitis specialists,®®*¢ and
the NHG guideline for general practitioners (GPs)'"8. For HCC, various studies
showed that limited adherence to the guidelines leads to worse patient
outcomes.'%31%4 This highlights the importance of adherence to medical guidelines.
In this thesis, we investigated the adherence to current guidelines including HBV
screening among patients treated with rituximab (chapter 8), the adherence to
surveillance of viral hepatitis B and referral of hepatitis C patients in the GP practice
(chapter 9), and the adherence to the international guideline among hepatitis B
patients who visited the outpatient clinic in a large tertiary hospital (chapter 10).

In chapter 8, we found that many patients that were treated with rituximab did not
receive the correct screening for HBV. Screening is recommended by the guidelines,
as patients with a (prior) hepatitis B infection require antiviral prophylaxis to prevent
hepatitis B reactivation. Several potential explanations for inadequate adherence
can be imagined. First, a lack of knowledge of the risk of HBV reactivation may lead
to unawareness about the need for screening. Secondly, the lack of knowledge
about HBV serology results might result in ordering the wrong serology markers (for
instance HBsAg only) as well as the misinterpretation of the test results.
Consequently, patients with prior HBV infections remain undiagnosed and receive
inadequate management. Thirdly, local guidelines, generated by hospitals, might not
be available or lack information about HBV screening in patients treated with
rituximab. Consequently, many physicians are unaware of the need for screening.

Our findings are, unfortunately, not unique. Several studies have highlighted the poor
screening rates and antiviral prophylaxis initiation among patients with a (prior) HBV
infection.40.141,143-145,149 Although these studies used different definitions for correct
screening (anti-HBc testing, HBsAg + anti-HBc, and HBsAg + anti-HBs + anti-HBc),
screening rates were 27-71% and initiation of antiviral prophylaxis 17-74%.140.141.143-
145149 These findings are in line with our study, highlighting the need for
improvement. Our findings could raise awareness among physicians in the
Netherlands and in other countries.

Next, in chapter 9, we studied the management of hepatitis B and C patients in GP
practices and adherence of the Dutch guideline for GPs, which advises biannual
surveillance of hepatitis B patients and referral of every hepatitis C patient. Although
we observed that the majority of patients have been referred to a hepatitis specialist
at least once in their life, many hepatitis B patients did not receive adequate
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surveillance by either the GP or hepatitis specialist accordingly. In addition, many
hepatitis C patients did not have a confirmed HCV eradication following antiviral
therapy.

Due to the low prevalence of viral hepatitis in the Netherlands, each GP only has a
few patients in care. It can therefore be imagined that the knowledge about viral
hepatitis and/or the guideline is limited, leading to inadequate management of these
patients in the GP practice. Another reason could be the fact that Dutch GPs do not
have an automated appointment scheduling system, hampering the organisation of
regular screening visits.

Finally, we observed that the majority of patients with a chronic hepatitis B infection
received care in line with the international hepatitis B guideline (chapter 10).'®
Interestingly, if follow-up was performed by one of the viral hepatitis specialists,
adherence rates were superior compared to patients that were in care with a general
Hepatologist.

Recommendations and future perspectives

To increase adherence to current guidelines, first (ongoing) education is essential
for all healthcare providers prescribing rituximab or other high-risk
immunosuppressive agents, GPs, and Hepatologists. However, although annual
training is offered to GPs, it seems that the number of GPs attending this course is
decreasing. GPs are offered a large number of trainings for various diseases, making
it impossible to attend all, especially due to the increasing workload in GP
practises.?®® For Hepatologists, biannual education is offered during the national
Digestive Disease Days Meetings. How the education for other healthcare providers
prescribing rituximab has been organised is unknown.

Next, Information Technology (IT) tools might enhance adherence rates. These
might include an alert (if possible also showing recent laboratory results) linked to
the prescription of certain agents. For example, a warning to screen for hepatitis B
in case of high-risk immunosuppressive agents and to check the renal function
among patients treated with tenofovir disoproxil fumarate. In addition, a standard set
of laboratory tests might facilitate screening and the management of hepatitis
patients. Finally, a standard note in the patient file including patient characteristics,
treatment, and HCC screening information might be useful as “checklist’. More
research is warranted about which IT tools are able to optimise hepatitis care.

Another IT tool that might facilitate the management of viral hepatitis patients is the
guideline add-on the TherapySelector. At one glance, up-to-date information about
treatment options is offered, based on high-quality studies, adjusted for specific
patient characteristics. Currently, the TherapySelector is only validated for hepatitis
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C. In chapter 11, we showed that the management of patients treated for chronic
hepatitis C could have been improved when the TherapySelector would have been
used. However, due to the development of pangenotypic direct-acting antiviral
agents (DAAs), the need for such a guideline add-on might be limited for HCV. When
novel HBV agents are licensed, the TherapySelector could be extended for this
patient group. As the application is updated monthly, maintenance could be time-
consuming and expensive. In spite of this, these limitations are marginal when
applying a very specific search string to select relevant high-quality studies (chapter
11, Supplementary Table 1). Next, to enhance its use in clinical practice, publicity
among physicians will be required.

Finally, based on the findings of chapter 10, it might be debated whether viral
hepatitis care should be centralised in high-expert hepatitis treatment centres. But
first, it should be determined whether this is supported by Hepatologists and whether
they have sufficient capacity to reschedule the care of hepatitis patients from the
GPs to Hepatology departments.

Conclusion

Hepatitis B is a dynamic disease that is associated with liver-related morbidity and
mortality. Currently, antiviral therapy is only able to suppress viral replication, but
novel agents are emerging to eradicate HBV. To accurately evaluate the efficacy of
these agents, a combination of serum biomarkers associated with cccDNA
transcriptional activity must be used. Ceasing NA therapy must be handled with
caution and only in a very selected group of patients and preferably executed in high-
expert (academic) hospitals. In the years to come, trials exploring the efficacy of
novel agents and how serum biomarkers can be used to evaluate the treatment
outcome are needed.

For hepatitis C, very effective antivirals make it possible to cure every patient.
However, before we can reach global elimination, LTFU patients must be retrieved,
and undiagnosed individuals need to be identified and linked to care. Until high-risk
groups such as migrants and incarcerated individuals are neglected, the elimination
target may be jeopardized.

In conclusion, the care of patients with hepatitis B and C could be optimised when
using serum biomarkers correlated with cccDNA activity. In addition, the use and
adherence of clinical guidelines are essential, but also new innovations such as the
add-on guideline TherapySelector could optimise the care for hepatitis patients
further.

219







CHAPTER 1 2 . 3

Nederlandse samenvatting



Chapter 12.3

Deel Il van dit proefschrift beschrijft het onderzoek hoe HBV-biomarkers kunnen
worden ingezet om de response op antivirale therapie te voorspellen en wat de
uitkomsten zijn van het staken van nucleos(t)ide analogen bij chronisch hepatitis B
patiénten.

Hoofdstuk 2 beschrijft hoe we de kinetiek van HBV-biomarkers tijdens behandeling
onderzochten bij patiénten die gedurende één jaar met peginterferon alfa-2a (PEG-
IFN) werden behandeld. Vervolgens bestudeerden we of deze biomarkers de
response op behandeling konden voorspellen. We toonden aan dat een daling in
HBYV RNA 24 weken na het starten van de behandeling, geassocieerd was met een
hogere kans op een duurzame response (HBV DNA < 2,000 IU/mL zes maanden na
einde van behandeling); 27% versus 13% bij patiénten zonder daling in HBV RNA.
Echter, werd er bij 56% van de patiénten met een daling in HBV RNA geen
gelijktijdige daling in HBsAg-spiegels waargenomen. Bij deze patiénten was de kans
op een duurzame response significant lager ten opzichte van patiénten die wel een
gelijktijdige daling in HBsAg hadden; duurzame response werd bereikt in 48% versus
16% van de patiénten met > 1 log HBsAg-daling versus de patiénten met < 0.5 log
HBsAg-daling. De bevindingen waren consistent voor de biomarker HBcrAg en
wanneer response werd gedefinieerd als HBsAg-verlies. Deze bevindingen
suggereren dat een combinatie van virale biomarkers moet worden gebruikt om
accuraat de response op antivirale therapie te voorspellen.

Hoofdstuk 3 beschrijft de studie van de correlatie tussen anti-HBc en andere HBV-
biomarkers, intra-hepatisch inflammatoire activiteit, en response op behandeling.
We observeerden dat anti-HBc-spiegels correleren met leeftijd, IP-10, HBV DNA,
HBcrAg, HBsAg en HBV RNA-spiegels bij onbehandelde HBeAg-positieve
patiénten, maar niet bij HBeAg-negatieve patiénten. Daarnaast varieerden anti-HBc-
spiegels tussen de verschillende HBV-genotypen. De hoogste spiegels werden
waargenomen bij patiénten met HBV-genotype A, en de laagste spiegels bij
patiénten met HBV-genotype D. Daarnaast toonden we aan dat anti-HBc-spiegels
correleren met de ernst van intra-hepatische inflammatie. Patiénten met hoge anti-
HBc-spiegels hadden een verhoogd risico op ernstige inflammatie. Tot slot
onderzochten we de associatie tussen anti-HBc en response op behandeling. We
observeerden dat anti-HBc-spiegels hoger waren bij patiénten die niet werden
behandeld, dan patiénten die wel werden behandeld met PEG-IFN. Overeenkomstig
met deze bevindingen daalden de anti-HBc-spiegels tijdens de behandeling met
antivirale therapie. Hogere anti-HBc-spiegels waren geassocieerd met gunstige
uitkomsten zoals HBeAg-verlies, duurzame response, HBsAg-daling en HBsAg-
verlies. Deze bevindingen benadrukken het belang van B-cellen in de beheersing
van de HBV-infectie en suggereren dat de toepassing van kwantitatieve anti-HBc-
spiegels nuttig zou kunnen zijn in de klinische praktijk.
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Hoofdstuk 4 beschrijft het onderzoek naar de relatie tussen ALAT-opvlammingen
en virologische uitkomsten plus de vraag of serum HBV-biomarkers deze ALAT-
opvlammingen konden voorspellen. Gebruikmakend van een gepoold cohort van
PEG-IFN-behandelde patiénten, toonden we aan dat ALAT-opvlammingen (ALAT-
spiegels > 5x ULN), die optraden binnen zes maanden na het staken van de
behandeling, geassocieerd waren met een lagere kans op een duurzame response
ten opzichte van patiénten zonder een ALAT-opvlamming (3.5% versus 26.8%).
Derhalve zullen ALAT-opvlammingen die ontstaan na staken van antivirale therapie,
moeten worden gezien als een ongewenste gebeurtenis. Daarnaast observeerden
we dat hogere HBsAg-, HBV RNA- of HBcrAg-spiegels op het einde van behandeling
geassocieerd waren met een hoger risico op ALAT-opvlammingen, maar met een
lagere kans op een duurzame response of HBsAg-verlies. In het bijzonder kon de
uitkomst accuraat worden voorspeld indien deze biomarkers werden gecombineerd
(HBsAg + HBV RNA of HBsAg + HBcrAg). Deze bevindingen kunnen worden
toegepast in de klinische praktijk voor het selecteren van patiénten die mogelijk
geschikt zijn om hun antivirale therapie te staken en om handvatten te bieden ten
aanzien van de begeleiding van deze patiénten.

Hoofdstuk 5 beschrijft een prospectieve studie waarin de nucleos(t)ide analogen
(NA) werden gestaakt bij 33 HBeAg-negatieve patiénten. We toonden aan dat na 96
weken, 39% van de patiénten een duurzame response hadden bereikt (HBV DNA
< 2,000 IU/mL) en 12% HBsAg-verlies. Echter, werd er een ernstige hepatische
opvlamming (ALAT > 10x ULN) in 21% van de patiénten geobserveerd. Geen van
de patiénten ontwikkelde leverdecompensatie of is overleden.

Hoofdstuk 6 beschrijft een casus van een HBeAg-positieve patiént die zijn
nucleotide analoog staakte en waarbij vervolgens een vervolgafspraak na een aantal
maanden werd gepland. Hij ontwikkelde in de tussentijd een virale relapse, wat
uiteindelijk acuut leverfalen veroorzaakte. Ondanks dat deze patiént een
levertransplantatie onderging, overleed hij aan de gevolgen van postoperatieve
complicaties. De onderzoeken die beschreven zijn in deze twee hoofdstukken, tonen
aan dat het staken van NAs mogelijk is, maar alleen in een zeer selecte groep
HBeAg-negatieve patiénten en indien nauwgezette follow-up kan worden
gegarandeerd. De hogere kans op HBsAg-verlies moet dus worden afgewogen
tegen het risico op ernstige ALAT-opvlammingen.

Deel lll van dit proefschrift beschrijft het onderzoek hoe heropsporing van uit zorg
verdwenen patiénten kan bijdragen aan hepatitis C eliminatie in Nederland.

Hoofdstuk 7 beschrijft een nationaal heropsporingsproject, waarbij in deze studie
45 centra in Nederland zijn geincludeerd. Patiénten die uit zorg waren verdwenen,
werden geidentificeerd op basis van laboratoriumuitslagen en de beoordeling van
patiéntendossiers. Patiénten die geschikt waren voor heropsporing (gedefinieerd als
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in leven zijn en met een adres geregistreerd in Nederland), werden uitgenodigd voor
herevaluatie en behandeling op de polikliniek. We toonden aan dat de meerderheid
(65%) van de ooit-gediagnosticeerde al reeds behandeld, of nog onder poliklinische
controle waren. In totaal was 8% van de patiénten geschikt voor heropsporing. Van
deze patiénten werd uiteindelijk 14% succesvol naar de poli verwezen. Dit project
ondersteunt dat micro-eliminatie middels heropsporing van deze groep patiénten
haalbaar is en zou kunnen bijdragen aan de eliminatie van hepatitis C, maar dat het
ook tijdrovend is.

Deel IV van dit proefschrift beschrijft het onderzoek van de navolging van klinische
richtlijnen.

Hepatitis B reactivatie (HBVr) is een ernstige complicatie bij pati€nten die worden
behandeld met hoog-risico immunosuppressiva, met name met het anti-CD20
monoklonaal geneesmiddel rituximab. Aangezien dit HBVr-risico aanwezig is bij
zowel patiénten met een actieve als doorgemaakte hepatitis B infectie, moet elke
patiént voorafgaand aan de start met rituximab worden gescreend. Vervolgens wordt
aangeraden om te starten met antivirale profylaxe bij elke patiént met een
(doorgemaakte) hepatitis B infectie. Hoofdstuk 8 beschrijft de uitvoering en
resultaten van een multicenter cohortstudie, waarbij de bevinding was dat slechts
46% van de patiénten correct werd gescreend (bepaling van zowel HBsAg en anti-
HBc). Opvallend was dat de screeningspercentages significant verschilden tussen
academische en niet-academische ziekenhuizen (respectievelijk 65% versus 32%),
en tussen medische specialismen. Screeningspercentages waren opvallend genoeg
niet per se hoger onder hoog-volume voorschrijvers (zoals hematologen) ten
opzichte van laag-volume voorschrijvers. Wel verbeterden de screenings-
percentages door de jaren heen; 32% voor 2012 tot 75% na 2020 in het academisch
ziekenhuis en respectievelijk 1% tot 60% in de niet-academische ziekenhuizen. Bijj
patiénten met een chronische of doorgemaakte hepatitis B infectie werd antivirale
profylaxe gestart bij respectievelijk 58% versus 36%. Zeven patiénten ontwikkelde
een HBVr. Van deze patiénten overleed een patiént aan de gevolgen van
leverdecompensatie. Dit benadrukt het belang van het screenen van patiénten die
worden behandeld met hoog-risico immunosuppressiva, alsmede het starten van
antivirale profylaxe bij patiénten met een (doorgemaakte) hepatitis B infectie.

De huisarts speelt in Nederland een belangrijke rol bij de identificatie van patiénten
met hepatitis B en C. De huidige richtlijn voor huisartsen adviseert halfjaarlijkse
ALAT-controle en verwijzing van elke patiént met een actieve hepatitis B of C infectie
naar een gespecialiseerd hepatitisbehandelcentrum. Hoofdstuk 9 beschrijft het
onderzoek naar de navolging van deze richtlijn middels een grote database van
huisartsendossiers afkomstig uit een multi-etnisch gebied in Nederland. We
observeerden dat respectievelijk 71% en 89% van de chronische hepatitis B en C
patiénten ooit in hun leven zijn verwezen naar een hepatitisbehandelcentrum.
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Echter, werd een substantieel deel van de patiénten niet adequaat gesurveilleerd of
curatief behandeld gedurende follow-up. Bij slechts 15% van de chronische hepatitis
B patiénten werden regelmatig ALAT-controles uitgevoerd door de huisarts en 46%
was reeds onder behandeling van een medisch specialist. Dit betekent dat 36% van
de patiénten niet adequaat werd gesurveilleerd. Daarnaast werd 74% van de
hepatitis C patiénten ooit behandeld met antivirale middelen. Echter, had slechts
54% een bewezen virale eradicatie. Deze bevindingen zijn belangrijk om het
bewustzijn te vergroten onder huisartsen en medisch specialisten, en het impliceert
dat heropsporing van uit zorg verdwenen patiénten in de huisartspraktijk waardevol
kan zijn.

Hoofdstuk 10 beschrijft het onderzoek naar de naleving van de klinische hepatitis
B richtlijn, met eventuele voorspellers van inadequate naleving, in een high-expert
academisch ziekenhuis in Nederland. Chronische hepatitis B patié€nten die in 2020
de polikliniek hadden bezocht, werden geincludeerd. We observeerden dat 97% van
de patiénten met een indicatie voor antivirale behandeling ook daadwerkelijk werd
behandeld, en dat 90% van de patiénten met een verminderde nierfunctie of
botziekte werd behandeld met entecavir of tenofovir alafenamide. Screening op co-
infecties met hepatitis A, C of D was uitgevoerd in > 86% van de patiénten, maar
screening op HIV bij slechts 78% van de patiénten. De meerderheid van de patiénten
met een indicatie voor HCC-surveillance werd ook adequaat gesurveilleerd (88%).
Opvallend was de bevinding dat de navolging van de richtlijn beter was bij patiénten
die onder controle waren op de gespecialiseerde hepatitiskliniek ten opzichte van de
algemene hepatologiekliniek. Deze bevindingen suggereren dat hepatitis B
behandeling zou moeten worden gecentraliseerd naar high-expert klinieken.

Deel IV van dit proefschrift beschrijft het onderzoek naar het individualiseren van de
zorg van hepatitispatiénten buiten de algemene klinische richtlijnen om.

Hoofdstuk 11 beschrijft het onderzoek naar de toegevoegde waarde van een add-
on richtlijn voor de behandeling van chronische hepatitis C patiénten. Deze add-on
richtlijn, de HCV TherapySelector, toont middels een mobiele of web-gebaseerde
applicatie de effectiviteit van verschillende behandelopties voor de individuele
patiént op basis van zijn/haar specifieke patiénten profiel, gebaseerd op
hoogwaardige studies. Doordat deze applicatie maandelijks wordt bijgewerkt, toont
het up-to-date informatie. In ons onderzoek toonden we dat de behandeling van
patiénten geoptimaliseerd kon worden als de TherapySelector zou zijn gebruikt. Het
gebruik van een dergelijke add-on richtlijn kan nuttig zijn bij ziekten met suboptimale
genezingspercentages of klinisch relevante bijwerkingen, waarvoor behandelings-
opties afhangen van specifieke patiéntkenmerken. Dit artikel moet daarom worden
gezien als een proof of concept.

225







APPENDICES

References
Abbreviations
Contributing Authors
Bibliography

PhD Portfolio
Dankwoord

About the Author



References

References

10.

1.

12.

13.

14.

15.

16.

228

World Health Organization. Hepatitis B factsheet. 2022, updated 24-06-2022
[Access Date 05-12-2022]; https://www.who.int/news-room/fact-
sheets/detail/hepatitis-b.

World Health Organization. Hepatitis C factsheet. 2022, updated 24-06-
2022 [Access Date 05-12-2022];
http://www.who.int/mediacentre/factsheets/fs164/en/

World Health Organization. Global health sector strategy on viral hepatitis
2016-2021. 2016.

Polaris Observatory HCVC. Global prevalence and genotype distribution of
hepatitis C virus infection in 2015: a modelling study. Lancet Gastroenterol
Hepatol. 2017;2(3):161-176.

Koopsen J, van Steenbergen JE, Richardus JH, et al. Chronic hepatitis B
and C infections in the Netherlands: estimated prevalence in risk groups and
the general population. Epidemiol Infect. 2019;147:e147.

Falla AM, Hofstraat SHI, Duffell E, Hahné SJM, Tavoschi L, Veldhuijzen IK.
Hepatitis B/C in the countries of the EU/EEA: a systematic review of the
prevalence among at-risk groups. BMC Infect Dis. 2018;18(1):79.

Ott JJ, Ullrich A, Mascarenhas M, Stevens GA. Global cancer incidence and
mortality caused by behavior and infection. Journal of public health.
2011;33(2):223-233.

Alberts CJ, Clifford GM, Georges D, et al. Worldwide prevalence of hepatitis
B virus and hepatitis C virus among patients with cirrhosis at country, region,
and global levels: a systematic review. The Lancet Gastroenterology &
Hepatology. 2022;7(8):724-735.

Thomas DL. Global Elimination of Chronic Hepatitis. N Engl J Med.
2019;380(21):2041-2050.

Foreman KJ, Marquez N, Dolgert A, et al. Forecasting life expectancy, years
of life lost, and all-cause and cause-specific mortality for 250 causes of
death: reference and alternative scenarios for 2016&#x2013;40 for 195
countries and territories. The Lancet. 2018;392(10159):2052-2090.

Tong S, Revill P. Overview of hepatitis B viral replication and genetic
variability. J Hepatol. 2016;64(1 Suppl):S4-S16.

Liu CJ, Kao JH. Global perspective on the natural history of chronic hepatitis
B: role of hepatitis B virus genotypes A to J. Semin Liver Dis. 2013;33(2):97-
102.

Wei L, Ploss A. Hepatitis B virus cccDNA is formed through distinct repair
processes of each strand. Nature Communications. 2021;12(1):1591.
Suk-Fong Lok A. Hepatitis B Treatment: What We Know Now and What
Remains to Be Researched. Hepatology Communications. 2019;3(1):8-19.
Lucifora J, Protzer U. Attacking hepatitis B virus cccDNA--The holy grail to
hepatitis B cure. J Hepatol. 2016;64(1 Suppl):S41-S48.

Datta S, Chatterjee S, Veer V, Chakravarty R. Molecular biology of the
hepatitis B virus for clinicians. J Clin Exp Hepatol. 2012;2(4):353-365.



References

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.
20.

30.

31.

32.

33.

Diab A, Foca A, Zoulim F, Durantel D, Andrisani O. The diverse functions of
the hepatitis B core/capsid protein (HBc) in the viral life cycle: Implications
for the development of HBc-targeting antivirals. Antiviral Res. 2018;149:211-
220.

European Association for the Study of the Liver. EASL 2017 Clinical Practice
Guidelines on the management of hepatitis B virus infection. J Hepatol.
2017;67(2):370-398.

Pei SN, Chen CH, Lee CM, et al. Reactivation of hepatitis B virus following
rituximab-based regimens: a serious complication in both HBsAg-positive
and HBsAg-negative patients. Ann Hematol. 2010;89(3):255-262.

Tang Z, Li X, Wu S, et al. Risk of hepatitis B reactivation in HBsAg-
negative/HBcAb-positive patients with undetectable serum HBV DNA after
treatment with rituximab for lymphoma: a meta-analysis. Hepatol Int.
2017;11(5):429-433.

Giersch K, Allweiss L, Volz T, Dandri M, Lutgehetmann M. Serum HBV
pgRNA as a clinical marker for cccDNA activity. J Hepatol. 2017;66(2):460-
462.

Mak LY, Wong DK, Cheung KS, Seto WK, Lai CL, Yuen MF. Review article:
hepatitis B core-related antigen (HBcrAg): an emerging marker for chronic
hepatitis B virus infection. Aliment Pharmacol Ther. 2018;47(1):43-54.
Choo QL, Kuo G, Weiner AJ, Overby LR, Bradley DW, Houghton M. Isolation
of a cDNA clone derived from a blood-borne non-A, non-B viral hepatitis
genome. Science. 1989;244(4902):359-362.

Lindenbach BD, Rice CM. Unravelling hepatitis C virus replication from
genome to function. Nature. 2005;436(7053):933-938.

Shah R, Ahovegbe L, Niebel M, Shepherd J, Thomson EC. Non-epidemic
HCV genotypes in low- and middle-income countries and the risk of
resistance to current direct-acting antiviral regimens. J Hepatol.
2021;75(2):462-473.

Messina JP, Humphreys |, Flaxman A, et al. Global distribution and
prevalence of hepatitis C virus genotypes. Hepatology. 2015;61(1):77-87.
Liaw YF, Chu CM. Hepatitis B virus infection. Lancet. 2009;373(9663):582-
592.

Lok AS. Chronic hepatitis B. N Engl J Med. 2002;346(22):1682-1683.
Villeneuve JP. The natural history of chronic hepatitis B virus infection. J Clin
Virol. 2005;34 Suppl 1:S139-142.

Hsu YN, Pan CQ, Abbasi A, Xia V, Bansal R, Hu KQ. Clinical presentation
and disease phases of chronic hepatitis B using conventional versus
modified ALT criteria in Asian Americans. Dig Dis Sci. 2014;59(4):865-871.
Lingala S, Ghany MG. Natural History of Hepatitis C. Gastroenterol Clin
North Am. 2015;44(4):717-734.

Yip TC, Chan HL, Tse YK, et al. On-Treatment Improvement of MELD Score
Reduces Death and Hepatic Events in Patients With Hepatitis B-Related
Cirrhosis. Am J Gastroenterol. 2018;113(11):1629-1638.

van der Meer AJ, Veldt BJ, Feld JJ, et al. Association between sustained
virological response and all-cause mortality among patients with chronic
hepatitis C and advanced hepatic fibrosis. JAMA. 2012;308(24):2584-2593.

229



References

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

230

Janssen HL, van Zonneveld M, Senturk H, et al. Pegylated interferon alfa-
2b alone or in combination with lamivudine for HBeAg-positive chronic
hepatitis B: a randomised trial. Lancet. 2005;365(9454):123-129.

European Association for the Study of the Liver. Electronic address eee,
Clinical Practice Guidelines Panel C, representative EGB, Panel m. EASL
recommendations on treatment of hepatitis C: Final update of the series().
J Hepatol. 2020;73(5):1170-1218.

Ghany MG, Feld JJ, Chang KM, et al. Serum alanine aminotransferase
flares in chronic hepatitis B infection: the good and the bad. Lancet
Gastroenterol Hepatol. 2020;5(4):406-417.

Liaw YF, Leung N, Kao JH, et al. Asian-Pacific consensus statement on the
management of chronic hepatitis B: a 2008 update. Hepatol Int.
2008;2(3):263-283.

Jeng WJ, Sheen IS, Chen YC, et al. Off-therapy durability of response to
entecavir therapy in hepatitis B e antigen-negative chronic hepatitis B
patients. Hepatology. 2013;58(6):1888-1896.

He D, Guo S, Zhu P, et al. Long-term outcomes after nucleos(t)ide analogue
discontinuation in HBeAg-positive chronic hepatitis B patients. Clin Microbiol
Infect. 2014;20(10):0687-693.

Pan HY, Pan HY, Chen L, et al. Ten-year follow-up of hepatitis B relapse
after cessation of lamivudine or telbivudine treatment in chronic hepatitis B
patients. Clin Microbiol Infect. 2015;21(12):1123 e1121-1129.

Seto WK, Hui AJ, Wong VW, et al. Treatment cessation of entecavir in Asian
patients with hepatitis B e antigen negative chronic hepatitis B: a multicentre
prospective study. Gut. 2015;64(4):667-672.

Terrault NA, Lok ASF, McMahon BJ, et al. Update on prevention, diagnosis,
and treatment of chronic hepatitis B: AASLD 2018 hepatitis B guidance.
Hepatology. 2018;67(4):1560-1599.

Berg T, Simon KG, Mauss S, et al. Long-term response after stopping
tenofovir disoproxil fumarate in non-cirrhotic HBeAg-negative patients -
FINITE study. J Hepatol. 2017;67(5):918-924.

Papatheodoridis GV, Rigopoulou El, Papatheodoridi M, et al. DARING-B:
discontinuation of effective entecavir or tenofovir disoproxil fumarate long-
term therapy before HBsAg loss in non-cirrhotic HBeAg-negative chronic
hepatitis B. Antivir Ther. 2018;23(8):677-685.

Lampertico P, Berg T. Less can be more: A finite treatment approach for
HBeAg-negative chronic hepatitis B. Hepatology. 2018;68(2):397-400.
Jeng WJ, Chen YC, Chien RN, Sheen IS, Liaw YF. Incidence and predictors
of hepatitis B surface antigen seroclearance after cessation of nucleos(t)ide
analogue therapy in hepatitis B e antigen-negative chronic hepatitis B.
Hepatology. 2018;68(2):425-434.

Van Hees S, Bourgeois S, Van Vlierberghe H, et al. Stopping nucleos(t)ide
analogue treatment in Caucasian hepatitis B patients after HBeAg
seroconversion is associated with high relapse rates and fatal outcomes.
Aliment Pharmacol Ther. 2018;47(8):1170-1180.

Hogenbirk R DS, van Steenbergen J, Urbanus A. Meer dan opsporen :
Nationaal hepatitisplan: een strategie voor actie. 2016. RIVM rapport 2016-
0166; 01-11-2016. 2016-0166.



References

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Kileng H, Gutteberg T, Goll R, Paulssen EJ. Screening for hepatitis C in a
general adult population in a low-prevalence area: the Tromsg study. BMC
Infect Dis. 2019;19(1):189.

Djebali-Trabelsi A, Marot A, André C, Deltenre P. Large-scale screening is
not useful for identifying individuals with hepatitis B or C virus infection: A
prospective Swiss study. J Viral Hepat. 2021;28(12):1756-1758.

Beekmans N, Klemt-Kropp M. Re-evaluation of chronic hepatitis B and
hepatitis C patients lost to follow-up: results of the Northern Holland hepatitis
retrieval project. Hepatol Med Policy. 2018;3:5.

Heil J, Soufidi K, Stals F, et al. Retrieval and re-evaluation of previously
diagnosed chronic hepatitis C infections lost to medical follow-up in the
Netherlands. Eur J Gastroenterol Hepatol. 2019;32(7):851-856.

Kracht PAM, Arends JE, van Erpecum KJ, et al. REtrieval And cure of
Chronic Hepatitis C (REACH): Results of micro-elimination in the Utrecht
province. Liver Int. 2019;39(3):455-462.

Numans ME PM, Van Putten AM, Richter C, Vrolijk JM, Sijpom M, Bouma
M. NHG-Standaard Virushepatitis en andere leveraandoeningen. Versie
4.0. Utrecht: NHG, 2016.

HCV richtsnoer. 2022, updated November 2020 [Access Date December
2022]. https://hcvrichtsnoer.nl/.

HBYV richtsnoer. Wie te behandelen. 2022, updated July 2022 [Access Date
December 2022]. https://www.hbvrichtsnoer.nl/wie-te-behandelen/.
Martinez MG, Testoni B, Zoulim F. Biological basis for functional cure of
chronic hepatitis B. J Viral Hepat. 2019;26(7):786-794.

Petersen J, Thompson AJ, Levrero M. Aiming for cure in HBV and HDV
infection. J Hepatol. 2016;65(4):835-848.

Kostyusheva A, Kostyushev D, Brezgin S, Volchkova E, Chulanov V. Clinical
Implications of Hepatitis B Virus RNA and Covalently Closed Circular DNA
in Monitoring Patients with Chronic Hepatitis B Today with a Gaze into the
Future: The Field Is Unprepared for a Sterilizing Cure. Genes (Basel).
2018;9(10):483.

Buti M, Riveiro-Barciela M, Esteban R. Long-term safety and efficacy of
nucleo(t)side analogue therapy in hepatitis B. Liver Int. 2018;38 Suppl 1:84-
89.

Lopatin U. Drugs in the Pipeline for HBV. Clin Liver Dis. 2019;23(3):535-
555.

Papatheodoridis G, Vlachogiannakos I, Cholongitas E, et al. Discontinuation
of oral antivirals in chronic hepatitis B: A systematic review. Hepatology.
2016;63(5):1481-1492.

Wursthorn K, Lutgehetmann M, Dandri M, et al. Peginterferon alpha-2b plus
adefovir induce strong cccDNA decline and HBsAg reduction in patients with
chronic hepatitis B. Hepatology. 2006;44(3):675-684.

Lau GK, Piratvisuth T, Luo KX, et al. Peginterferon Alfa-2a, lamivudine, and
the combination for HBeAg-positive chronic hepatitis B. N Engl J Med.
2005;352(26):2682-2695.

Zhou Y, Yan R, Ru GQ, Yu LL, Yao J, Wang H. Pegylated-interferon
consolidation treatment versus nucleos(t)ide analogue consolidation

231



References

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

232

treatment in non-cirrhotic hepatitis B patients with hepatitis B e antigen
seroconversion: an open-label pilot trial. Hepatol Int. 2019;13(4):422-430.
Yuen MF, Gane EJ, Kim DJ, et al. Antiviral Activity, Safety, and
Pharmacokinetics of Capsid Assembly Modulator NVR 3-778 in Patients
with Chronic HBV Infection. Gastroenterology. 2019;156(5):1392-1403
e1397.

Bazinet M, Pantea V, Placinta G, et al. Safety and Efficacy of 48 Weeks REP
2139 or REP 2165, Tenofovir Disoproxil, and Pegylated Interferon Alfa-2a in
Patients With Chronic HBV Infection Naive to Nucleos(t)ide Therapy.
Gastroenterology. 2020;158(8):2180-2194.

Liu Y, Jiang M, Xue J, Yan H, Liang X. Serum HBV RNA quantification:
useful for monitoring natural history of chronic hepatitis B infection. BMC
Gastroenterol. 2019;19(1):53.

Wang J, Yu Y, Li G, et al. Natural history of serum HBV-RNA in chronic HBV
infection. J Viral Hepat. 2018;25(9):1038-1047.

van Bommel F, van Bommel A, Krauel A, et al. Serum HBV RNA as a
Predictor of Peginterferon Alfa-2a Response in Patients With HBeAg-
Positive Chronic Hepatitis B. J Infect Dis. 2018;218(7):1066-1074.

van Bommel F, Bartens A, Mysickova A, et al. Serum hepatitis B virus RNA
levels as an early predictor of hepatitis B envelope antigen seroconversion
during treatment with polymerase inhibitors. Hepatology. 2015;61(1):66-76.
Huang YW, Takahashi S, Tsuge M, et al. On-treatment low serum HBY RNA
level predicts initial virological response in chronic hepatitis B patients
receiving nucleoside analogue therapy. Antivir Ther. 2015;20(4):369-375.
Jansen L, Kootstra NA, van Dort KA, Takkenberg RB, Reesink HW, Zaaijer
HL. Hepatitis B Virus Pregenomic RNA Is Present in Virions in Plasma and
Is Associated With a Response to Pegylated Interferon Alfa-2a and
Nucleos(t)ide Analogues. J Infect Dis. 2016;213(2):224-232.

Farag MS, van Campenhout MJH, Pfefferkorn M, et al. Hepatitis B virus RNA
as Early Predictor for Response to PEGylated Interferon Alfa in HBeAg
Negative Chronic Hepatitis B. Clin Infect Dis. 2021;72(2):202-211.

van Campenhout MJH, van Bommel F, Pfefferkorn M, et al. Serum hepatitis
B virus rna predicts response to peginterferon treatment in HBeAg-positive
chronic hepatitis B. J Viral Hepat. 2020;27(6):610-619.

Luo H, Tan N, Kang Q, et al. Hepatitis B virus pregenomic RNA status can
reveal the long-term prognoses of chronic hepatitis B patients treated with
nucleos(t)ide analogues. J Viral Hepat. 2019;27(3):323-328.

Yuen MF, Agarwal K, Gane EJ, et al. Safety, pharmacokinetics, and antiviral
effects of ABI-HO731, a hepatitis B virus core inhibitor: a randomised,
placebo-controlled phase 1 trial. Lancet Gastroenterol Hepatol.
2019;5(2):152-166.

Sonneveld MJ. Core inhibitor therapy for chronic hepatitis B. Lancet
Gastroenterol Hepatol. 2020;5(2):99-100.

Rijckborst V, ter Borg MJ, Cakaloglu Y, et al. A randomized trial of
peginterferon alpha-2a with or without ribavirin for HBeAg-negative chronic
hepatitis B. Am J Gastroenterol. 2010;105(8):1762-1769.



References

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

van Campenhout MJH, van Bommel F, Pfefferkorn M, et al. Host and viral
factors associated with serum hepatitis B virus RNA levels among patients
in need for treatment. Hepatology. 2018;68(3):839-847.

van Campenhout MJH, Rijckborst V, Brouwer WP, et al. Hepatitis B core-
related antigen monitoring during peginterferon alfa treatment for HBeAg-
negative chronic hepatitis B. J Viral Hepat. 2019;26(10):1156-1163.

Song LW, Liu PG, Liu CJ, et al. Quantitative hepatitis B core antibody levels
in the natural history of hepatitis B virus infection. Clin Microbiol Infect.
2015;21(2):197-203.

Khanam A, Chua JV, Kattilil S. Immunopathology of Chronic Hepatitis B
Infection: Role of Innate and Adaptive Immune Response in Disease
Progression. Int J Mol Sci. 2021;22(11):5497.

Vanwolleghem T, Hou J, van Oord G, et al. Re-evaluation of hepatitis B virus
clinical phases by systems biology identifies unappreciated roles for the
innate immune response and B cells. Hepatology. 2015;62(1):87-100.
Wang Q, Sachse P, Semmo M, et al. T- and B-cell responses and previous
exposure to hepatitis B virus in 'anti-HBc alone' patients. J Viral Hepat.
2015;22(12):1068-1078.

Vanwolleghem T, Groothuismink ZMA, Kreefft K, Hung M, Novikov N,
Boonstra A. Hepatitis B core-specific memory B cell responses associate
with clinical parameters in patients with chronic HBV. J Hepatol.
2020;73(1):52-61.

Sonneveld MJ, Brouwer WP, Hansen BE, et al. Very low probability of
significant liver inflammation in chronic hepatitis B patients with low ALT
levels in the absence of liver fibrosis. Aliment Pharmacol Ther.
2020;52(8):1399-1406.

Sonneveld MJ, Arends P, Boonstra A, Hansen BE, Janssen HL. Serum
levels of interferon-gamma-inducible protein 10 and response to
peginterferon therapy in HBeAg-positive chronic hepatitis B. J Hepatol.
2013;58(5):898-903.

Fan R, Sun J, Yuan Q, et al. Baseline quantitative hepatitis B core antibody
titre alone strongly predicts HBeAg seroconversion across chronic hepatitis
B patients treated with peginterferon or nucleos(t)ide analogues. Gut.
2016;65(2):313-320.

Brouwer WP, Xie Q, Sonneveld MJ, et al. Adding pegylated interferon to
entecavir for hepatitis B e antigen-positive chronic hepatitis B: A multicenter
randomized trial (ARES study). Hepatology. 2015;61(5):1512-1522.

Chi H, Hansen BE, Guo S, et al. Pegylated Interferon Alfa-2b Add-on
Treatment in Hepatitis B Virus Envelope Antigen-Positive Chronic Hepatitis
B Patients Treated with Nucleos(t)ide Analogue: A Randomized, Controlled
Trial (PEGON). J Infect Dis. 2017;215(7):1085-1093.

Ishak K, Baptista A, Bianchi L, et al. Histological grading and staging of
chronic hepatitis. J Hepatol. 1995;22(6):696-699.

Rozario R, Ramakrishna B. Histopathological study of chronic hepatitis B
and C: a comparison of two scoring systems. J Hepatol. 2003;38(2):223-
229.

Lampertico P, Messinger D, Oladipupo H, Bakalos G, Castillo M, Asselah T.
An easy-to-use baseline scoring system to predict response to peginterferon

233



References

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

234

alfa-2a in patients with chronic hepatitis B in resource-limited settings. Antivir
Ther. 2018;23(8):655-663.

Zhang ZQ, Shi BS, Lu W, Huang D, Wang YB, Feng YL. Quantitative serum
HBV markers in predicting phases of natural history of chronic HBV infection.
J Virol Methods. 2021;296:114226.

Thimme R, Wieland S, Steiger C, et al. CD8(+) T cells mediate viral
clearance and disease pathogenesis during acute hepatitis B virus infection.
J Virol. 2003;77(1):68-76.

Kusumoto S, Arcaini L, Hong X, et al. Risk of HBV reactivation in patients
with  B-cell Ilymphomas receiving obinutuzumab or rituximab
immunochemotherapy. Blood. 2019;133(2):137-146.

Salimzadeh L, Le Bert N, Dutertre CA, et al. PD-1 blockade partially recovers
dysfunctional virus-specific B cells in chronic hepatitis B infection. J Clin
Invest. 2018;128(10):4573-4587.

Chuaypen N, Sriprapun M, Praianantathavorn K, et al. Kinetics of serum
HBsAg and intrahepatic cccDNA during pegylated interferon therapy in
patients with HBeAg-positive and HBeAg-negative chronic hepatitis B. J
Med Virol. 2017;89(1):130-138.

Hou FQ, Song LW, Yuan Q, et al. Quantitative hepatitis B core antibody level
is a new predictor for treatment response in HBeAg-positive chronic hepatitis
B patients receiving peginterferon. Theranostics. 2015;5(3):218-226.

Zhou J, Song L, Zhao H, et al. Serum hepatitis B core antibody as a
biomarker of hepatic inflammation in chronic hepatitis B patients with normal
alanine aminotransferase. Sci Rep. 2017;7(1):2747.

Aspord C, Bruder Costa J, Jacob M-C, et al. Remodeling of B-cell subsets
in blood during pegylated IFNa-2a therapy in patients with chronic Hepatitis
B infection. PLoS One. 2016;11(6):e0156200.

de Groen RA, Groothuismink ZM, Liu BS, Boonstra A. IFN-A is able to
augment TLR-mediated activation and subsequent function of primary
human B cells. J Leukoc Biol. 2015;98(4):623-630.

Boeijen LL, Spaan M, Boonstra A. The effects of nucleoside/nucleotide
analogues on host immune cells: the baseline for future immune therapy for
HBV? Antivir Ther. 2020;25(4):181-191.

Sonneveld MJ, Zoutendijk R, Flink HJ, Zwang L, Hansen BE, Janssen HL.
Close monitoring of hepatitis B surface antigen levels helps classify flares
during peginterferon therapy and predicts treatment response. Clin Infect
Dis. 2013;56(1):100-105.

Hadziyannis SJ, Sevastianos V, Rapti I, Vassilopoulos D, Hadziyannis E.
Sustained responses and loss of HBsAg in HBeAg-negative patients with
chronic hepatitis B who stop long-term ftreatment with adefovir.
Gastroenterology. 2012;143(3):629-636 €621.

Hsu YC, Nguyen MH, Mo LR, et al. Combining hepatitis B core-related and
surface antigens at end of nucleos(t)ide analogue treatment to predict off-
therapy relapse risk. Aliment Pharmacol Ther. 2019;49(1):107-115.

Liaw YF. Hepatitis B flare after cessation of nucleos(t)ide analogue therapy
in HBeAg-negative chronic hepatitis B: To retreat or not to retreat.
Hepatology. 2020;73(2):843-852.



References

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

Chi H, Arends P, Reijnders JG, et al. Flares during long-term entecavir
therapy in chronic hepatitis B. J Gastroenterol Hepatol. 2016;31(11):1882-
1887.

Flink HJ, Sprengers D, Hansen BE, et al. Flares in chronic hepatitis B
patients induced by the host or the virus? Relation to treatment response
during Peg-interferon {alpha}-2b therapy. Gut. 2005;54(11):1604-1609.
Chen CH, Hung CH, Wang JH, Lu SN, Hu TH, Lee CM. Long-term incidence
and predictors of hepatitis B surface antigen loss after discontinuing
nucleoside analogues in noncirrhotic chronic hepatitis B patients. Clin
Microbiol Infect. 2018;24(9):997-1003.

Sonneveld MJ, Gehring AJ, Janssen HLA. Nucleic Acid Polymer Therapy
for Hbv - Strong Hbsag Decline but Many Unanswered Questions.
Gastroenterology. 2020;160(3):966-967.

Kaewdech A, Tangkijvanich P, Sripongpun P, et al. Hepatitis B surface
antigen, core-related antigen and HBV RNA: Predicting clinical relapse after
NA therapy discontinuation. Liver Int. 2020;40(12):2961-2971.

Hirode G, Choi HSJ, Chen CH, et al. Off-Therapy Response After
Nucleos(t)ide Analogue Withdrawal in Patients With Chronic Hepatitis B: An
International, Multicenter, Multiethnic Cohort (RETRACT-B Study).
Gastroenterology. 2022;162(3):757-771 e754.

Hsu Y-C, Yeh M-L, Wong GL-H, et al. Incidences and determinants of
functional cure during entecavir or tenofovir disoproxil fumarate for chronic
hepatitis B. The Journal of Infectious Diseases. 2021;224(11):1890-1899.
Liem KS, Fung S, Wong DK, et al. Limited sustained response after stopping
nucleos(t)ide analogues in patients with chronic hepatitis B: results from a
randomised controlled trial (Toronto STOP study). Gut. 2019;68(12):2206-
2213.

Kao JH, Jeng WJ, Ning Q, et al. APASL guidance on stopping nucleos(t)ide
analogues in chronic hepatitis B patients. Hepatol Int. 2021;15(4):833-851.
Rivino L, Le Bert N, Gill US, et al. Hepatitis B virus-specific T cells associate
with viral control upon nucleos(t)ide-analogue therapy discontinuation. J Clin
Invest. 2018;128(2):668-681.

Hirode ASG, Hansen BE, Chen CH, et al. Incidence of hepatic
decompensation after nucleos(t)ide analogue withdrawal: Results from a
large, international, multi-ethnic cohort of patients with chronic hepatitis B
(RETRACT-B study). Am J Gastroenterol. 2023.

European Association for the Study of the Liver. Electronic address eee,
Clinical practice guidelines p, Wendon J, et al. EASL Clinical Practical
Guidelines on the management of acute (fulminant) liver failure. J Hepatol.
2017;66(5):1047-1081.

Sarin SK, Kumar M, Lau GK, et al. Asian-Pacific clinical practice guidelines
on the management of hepatitis B: a 2015 update. Hepatol Int. 2016;10(1):1-
98.

Choi HSJ, Hirode G, Chen CH, et al. Differential Relapse Patterns After
Discontinuation of Entecavir vs Tenofovir Disoproxil Fumarate in Chronic
Hepatitis B. Clin Gastroenterol Hepatol. 2022:51542-3565(1522)00672-
00673.

235



References

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

236

World Health Organization. Global Health Sector Strategy on Viral hepatitis,
2016-2021. Geneva: World Health Organization;2016.

Lazarus JV, Wiktor S, Colombo M, Thursz M. Micro-elimination - A path to
global elimination of hepatitis C. Journal of Hepatology. 2017;67(4):665-666.
Isfordink CJ, Brakenhoff SM, van Dijk M, et al. Hepatitis C elimination in the
Netherlands (CELINE): study protocol for nationwide retrieval of lost to
follow-up patients with chronic hepatitis C. BMJ Open Gastroenterology.
2020;7(1):e000396.

Castéra L, Vergniol J, Foucher J, et al. Prospective comparison of transient
elastography, Fibrotest, APRI, and liver biopsy for the assessment of fibrosis
in chronic hepatitis C. Gastroenterology. 2005;128(2):343-350.

Colli A, Fraquelli M, Andreoletti M, Marino B, Zuccoli E, Conte D. Severe
liver fibrosis or cirrhosis: accuracy of US for detection--analysis of 300
cases. Radiology. 2003;227(1):89-94.

Wyatt B, Perumalswami PV, Mageras A, et al. A Digital Case-Finding
Algorithm for Diagnosed but Untreated Hepatitis C: A Tool for Increasing
Linkage to Treatment and Cure. Hepatology. 2021;74(6):2974-2987.

van Dijk M, Brakenhoff SM, Isfordink CJ, et al. The Netherlands Is on Track
to Meet the World Health Organization Hepatitis C Elimination Targets by
2030. J Clin Med. 2021;10(19):4562.

Isfordink CJ, Gouw SC, van Balen EC, et al. Hepatitis C virus in hemophilia:
Health-related quality of life after successful treatment in the sixth
Hemophilia in the Netherlands study. Res Pract Thromb Haemost.
2021;5(8):e12616.

Isfordink CJ, Smit C, Boyd A, et al. Low HCV-viremia prevalence yet
continued barriers to direct-acting antiviral treatment in people living with
HIV in the Netherlands. Aids. 2022.

Organization WH. Global hepatitis report, 2017. 2017,
https://www.who.int/publications/i/item/global-hepatitis-report-2017.
Accessed 22th of March 2021., 2021.

CM van Marrewijk IV, MAE Conyn-van Spaendonck, H Kooy, S van den Hof,
JW Dorigo-Zetsma. Prevalence of hepatitis B viral markers in the Dutch
population: a population-based serosurveillance study (Pienter project).
Report number 243680001. 11/03/1999 1999. 243680001.

Hahné SJ, De Melker HE, Kretzschmar M, et al. Prevalence of hepatitis B
virus infection in The Netherlands in 1996 and 2007. Epidemiol Infect.
2012;140(8):1469-1480.

Reddy KR, Beavers KL, Hammond SP, Lim JK, Falck-Ytter YT, American
Gastroenterological ~ Association |.  American  Gastroenterological
Association Institute guideline on the prevention and treatment of hepatitis
B virus reactivation during immunosuppressive drug therapy.
Gastroenterology. 2015;148(1):215-219; quiz €216-217.

Drossler L, Lehmann C, Topelt K, et al. HBsAg-negative/anti-HBc-positive
patients treated with rituximab: prophylaxis or monitoring to prevent hepatitis
B reactivation? Infection. 2019;47(2):293-300.

Lynch JP, 3rd, Derhovanessian A, Tazelaar H, Belperio JA. Granulomatosis
with Polyangiitis (Wegener's Granulomatosis): Evolving Concepts in
Treatment. Semin Respir Crit Care Med. 2018;39(4):434-458.



References

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

Huang H, Li X, Zhu J, et al. Entecavir vs lamivudine for prevention of
hepatitis B virus reactivation among patients with untreated diffuse large B-
cell ymphoma receiving R-CHOP chemotherapy: a randomized clinical trial.
JAMA. 2014;312(23):2521-2530.

Buti M, Manzano ML, Morillas RM, et al. Prevents HBV reactivation with
tenofovir in Anti-HBC positive patients with hematologic malignancies
treated with rituximab. Results final visit 18-months (preblin study). J
Hepatol. 2016;2(64):S369.

Méndez-Navarro J, Corey KE, Zheng H, et al. Hepatitis B screening,
prophylaxis and re-activation in the era of rituximab-based chemotherapy.
Liver Int. 2011;31(3):330-339.

Schmajuk G, Tonner C, Trupin L, et al. Using health-system-wide data to
understand hepatitis B virus prophylaxis and reactivation outcomes in
patients receiving rituximab. Medicine (Baltimore). 2017;96(13):6528.

Hall SAL, Shaikh A, Teh K, et al. Hepatitis B screening before rituximab
therapy: a multicentre South Australian study of adherence. Intern Med J.
2018;48(8):936-943.

Leonard AN, Love BL, Norris LB, Siddiqui SK, Wallam MN, Bennett CL.
Screening for viral hepatitis prior to rituximab chemotherapy. Ann Hematol.
2016;95(1):27-33.

Junus K, Aguilar M, Patel P, et al. Improvements in hepatitis B virus
screening before rituximab therapy: A community-based, safety-net hospital
experience. Cancer. 2017;123(4):650-656.

Bozkurt I, Ozturk Cerik H, Kir S, Ustaoglu M, Turgut M, Esen S. Evaluation
of Hepatitis B screening and reactivation in patients receiving rituximab
containing chemotherapy: A single-centre study. Int J Clin Pract.
2021;75(10):e14685.

Ramspek CL, Steyerberg EW, Riley RD, et al. Prediction or causality? A
scoping review of their conflation within current observational research. Eur
J Epidemiol. 2021;36(9):889-898.

van Diepen M, Ramspek CL, Jager KJ, Zoccali C, Dekker FW. Prediction
versus aetiology: common pitfalls and how to avoid them. Nephrology
Dialysis Transplantation. 2017;32(suppl_2):ii1-ii5.

European Association For The Study Of The Liver. EASL clinical practice
guidelines: Management of chronic hepatitis B virus infection. J Hepatol.
2012;57(1):167-185.

Haider M, Flocco G, Lopez R, Carey W. Retrospective observational study
of temporal trends and outcomes of hepatitis B screening in patients
receiving rituximab. BMJ Open. 2020;10(12):e043672.

Leber K, Otten H, Brandjes DPM, Claassen MAA, Lauw FN. Clinical practice
of hepatitis B screening in patients starting with chemotherapy: A survey
among Dutch oncologists. Eur J Cancer Care. 2021;30(6):e13495.

Smolen JS, Landewé RBM, Bijlsma JWJ, et al. EULAR recommendations
for the management of rheumatoid arthritis with synthetic and biological
disease-modifying antirheumatic drugs: 2019 update. Ann Rheum Dis.
2020;79(6):685-699.

237



References

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

238

Dreyling M, Ghielmini M, Rule S, et al. Newly diagnosed and relapsed
follicular lymphoma: ESMO Clinical Practice Guidelines for diagnosis,
treatment and follow-up. Ann Oncol. 2021;32(3):298-308.

Tilly H, Gomes da Silva M, Vitolo U, et al. Diffuse large B-cell lymphoma
(DLBCL): ESMO Clinical Practice Guidelines for diagnosis, treatment and
follow-up. Ann Oncol. 2015;26:v116-v125.

Federatie Medisch Specialisten. Richtlijn - Reumatoide Artritis (RA). 2019.
HOVON Lymfoom werkgroep. Diffuus grootcellig B-cel lymfoom (DLBCL).
2021.

Paul S, Shuja A, Tam [, et al. Gastroenterologists Have Suboptimal Hepatitis
B Virus Screening Rates in Patients Receiving Immunosuppressive
Therapy. Dig Dis Sci. 2016;61(8):2236-2241.

Zappulo E, Nicolini LA, Di Grazia C, et al. Efficacy of lamivudine prophylaxis
in preventing hepatitis B virus reactivation in patients with resolved infection
undergoing allogeneic SCT and receiving rituximab. Infection.
2019;47(1):59-65.

Perrilo RP, Gish R, Falck-Ytter YT. American Gastroenterological
Association Institute technical review on prevention and treatment of
hepatitis B virus reactivation during immunosuppressive drug therapy.
Gastroenterology. 2015;148(1):221-244 €223.

Evens AM, Jovanovic BD, Su YC, et al. Rituximab-associated hepatitis B
virus (HBV) reactivation in lymphoproliferative diseases: meta-analysis and
examination of FDA safety reports. Ann Oncol. 2011;22(5):1170-1180.
Delate T, Hansen ML, Gutierrez AC, Le KN. Indications for Rituximab Use
in an Integrated Health Care Delivery System. J Manag Care Spec Pharm.
2020;26(7):832-838.

Dyson JK, Jopson L, Ng S, et al. Improving testing for hepatitis B before
treatment with rituximab. Eur J Gastroenterol Hepatol. 2016;28(10):1172-
1178.

Sun WC, Hsu PI, Yu HC, et al. The compliance of doctors with viral hepatitis
B screening and antiviral prophylaxis in cancer patients receiving cytotoxic
chemotherapy using a hospital-based screening reminder system. PLoS
One. 2015;10(2):e0116978.

Notsumata K, Nomura Y, Tanaka A, et al. Efficient Prophylactic
Management of HBV Reactivation by an Information Technology Encoding
System: Results of a 6-year Prospective Cohort Study. Intern Med.
2020;59(20):2457-2464.

Hofman R, Nusselder WJ, Veldhuijzen IK, Richardus JH. [Mortality due to
chronic viral hepatitis B and C infections in the Netherlands] Sterfte aan
chronische hepatitis B en C in Nederland. Ned Tijdschr Geneeskd.
2016;160:D511.

Wang HM, Hung CH, Lee CM, et al. Three-year efficacy and safety of
tenofovir in nucleos(t)ide analog-naive and nucleos(t)ide analog-
experienced chronic hepatitis B patients. J Gastroenterol Hepatol.
2016;31(7):1307-1314.

Ponziani FR, Mangiola F, Binda C, et al. Future of liver disease in the era of
direct acting antivirals for the treatment of hepatitis C. World J Hepatol.
2017;9(7):352-367.



References

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

180.

Asselah T, Lee SS, Yao BB, et al. Efficacy and safety of
glecaprevir/pibrentasvir in patients with chronic hepatitis C virus genotype 5
or 6 infection (ENDURANCE-5,6): an open-label, multicentre, phase 3b trial.
Lancet Gastroenterol Hepatol. 2019;4(1):45-51.

Asselah T, Shafran SD, Bourgeois S, et al. Deferred treatment with a fixed-
dose combination of sofosbuvir-velpatasvir for chronic hepatitis C virus
genotype 1, 2, 4 and 6 infection. J Viral Hepat. 2019;26(10):1229-1232.
Tsuji K, Kurosaki M, ltakura J, et al. Real-world efficacy and safety of
ledipasvir and sofosbuvir in patients with hepatitis C virus genotype 1
infection: a nationwide multicenter study by the Japanese Red Cross Liver
Study Group. J Gastroenterol. 2018;53(10):1142-1150.

Mardh O, Quinten C, Amato-Gauci AJ, Duffell E. Mortality from liver
diseases attributable to hepatitis B and C in the EU/EEA - descriptive
analysis and estimation of 2015 baseline. Infect Dis (Lond). 2020;52(9):625-
637.

Bielen R, Koc OM, Busschots D, et al. Assessing testing rates for viral
hepatitis B and C by general practitioners in Flanders, Belgium: a registry-
based study. BMJ Open. 2019;9(5):e026464.

Wolffram |, Petroff D, Batz O, et al. Prevalence of elevated ALT values,
HBsAg, and anti-HCV in the primary care setting and evaluation of guideline
defined hepatitis risk scenarios. J Hepatol. 2015;62(6):1256-1264.

A. Falla AA, M. Levi, |. Veldhuijzen, A. Bechini, J. Tanoey, S. Niesslein, P.
Bonanni, J. H. Richardus and R. Reintjes. The HEPscreen Project:
Screening for Hepatitis B and C among migrants in the European Union
(Work Package 4 - Report) 2014.

Bechini A, Levi M, Falla A, et al. The role of the general practitioner in the
screening and clinical management of chronic viral hepatitis in six EU
countries. J Prev Med Hyg. 2016;57(2):E51-60.

de Ridder MAJ, de Wilde M, de Ben C, et al. Data Resource Profile: The
Integrated Primary Care Information (IPCI) database, The Netherlands. Int
J Epidemiol. 2022;51(6):e314-e323.

Centraal Bureau voor de Statistiek. Bevolking; Leeftijd, Migratieachtergrond,
Geslacht, Regio, 1 Jan. 1996-2020. Last updated on October 15, 2021.
Accessed on January 17, 2022. Available at
"opendata.cbs.nl/#/CBS/nl/dataset/37713/table".

Centraal Bureau voor de Statistiek. Huisarts in 2019 gemiddeld op 1
kilometer afstand. Last updated on April 24, 2021. Accessed on January 17,
2022. Available at "https://www.cbs.nl/nl-nl/nieuws/2020/17/huisarts-in-
2019-gemiddeld-op-1-kilometer-afstand".

Nederlands Huisartsengenootschap. NHG-tabel 24-ICPC-Versie 8. 2020.
Spronk |, Korevaar JC, Poos R, et al. Calculating incidence rates and
prevalence proportions: not as simple as it seems. BMC Public Health.
2019;19(1):512.

Razavi H, Sanchez Gonzalez Y, Yuen C, Cornberg M. Global timing of
hepatitis C virus elimination in high-income countries. Liver Int.
2020;40(3):522-529.

239



References

181.

182.

183.

184.

185.

186.

187.

188.

189.

190.

191.

192.

193.

194.

195.

240

Olafsson S, Tyrfingsson T, Runarsdottir V, et al. Treatment as Prevention
for Hepatitis C (TraP Hep C) - a nationwide elimination programme in Iceland
using direct-acting antiviral agents. J Intern Med. 2018;283(5):500-507.
Harris RJ, Harris HE, Mandal S, et al. Monitoring the hepatitis C epidemic in
England and evaluating intervention scale-up using routinely collected data.
J Viral Hepat. 2019;26(5):541-551.

Cullen W, Macias J, Oprea C, et al. Hepcare Europe - bridging the gap in
the treatment of hepatitis C: study protocol AU - Swan, Davina. Expert Rev
Gastroenterol Hepatol. 2018;12(3):303-314.

Generaal E, van Dulm E, Thomas F, van der Veldt W, van Bergen J, Prins
M. Case-finding voor hepatitis B en C bij patiénten uit risicolanden. Huisarts
en wetenschap. 2021;64(6):17-22.

van de Laar TJ, Langendam MW, Bruisten SM, et al. Changes in risk
behavior and dynamics of hepatitis C virus infections among young drug
users in Amsterdam, the Netherlands. J Med Virol. 2005;77(4):509-518.
Schreuder |, van der Sande MA, de Wit M, et al. Seroprevalence of HIV,
hepatitis b, and hepatitis ¢ among opioid drug users on methadone
treatment in the netherlands. Harm Reduct J. 2010;7:25.

European Centre for Disease Prevention and Control. Epidemiological
assessment of hepatitis B and C among migrants in the EU/EEA. Stockholm:
ECDC2016.

Urbanus AT, Van De Laar TJ, Geskus R, et al. Trends in hepatitis C virus
infections among MSM attending a sexually transmitted infection clinic;
1995-2010. AIDS. 2014;28(5):781-790.

Hahné SJ, Veldhuijzen IK, Smits LJ, Nagelkerke N, van de Laar MJ.
Hepatitis B virus transmission in The Netherlands: a population-based,
hierarchical case-control study in a very low-incidence country. Epidemiol
Infect. 2008;136(2):184-195.

Hofman R, Veldhuijzen IK, van der Lei J, Richardus JH. [Follow-up
diagnostics, referral and follow-up of hepatitis B and C patients]
Vervolgdiagnostiek, follow-up en verwijzing van pati€nten met hepatitis B en
C. Ned Tijdschr Geneeskd. 2018;162:D2047.

Helsper C, van Essen G, Frijling BD, de Wit NJ. Follow-up of mild alanine
aminotransferase elevation identifies hidden hepatitis C in primary care. Br
J Gen Pract. 2012;62(596):e212-e216.

Terrault NA, Bzowej NH, Chang KM, et al. AASLD guidelines for treatment
of chronic hepatitis B. Hepatology. 2016;63(1):261-283.

Costentin CE, Layese R, Bourcier V, et al. Compliance With Hepatocellular
Carcinoma Surveillance Guidelines Associated With Increased Lead-Time
Adjusted Survival of Patients With Compensated Viral Cirrhosis: A Multi-
Center Cohort Study. Gastroenterology. 2018;155(2):431-442 e410.

Singal AG, Pillai A, Tiro J. Early detection, curative treatment, and survival
rates for hepatocellular carcinoma surveillance in patients with cirrhosis: a
meta-analysis. PLoS Med. 2014;11(4):e1001624.

Nguyen VH, Le AK, Trinh HN, et al. Poor Adherence to Guidelines for
Treatment of Chronic Hepatitis B Virus Infection at Primary Care and
Referral Practices. Clin Gastroenterol Hepatol. 2019;17(5):957-967 €957.



References

196.

197.

198.

199.

200.

201.

202.

203.

204.

205.

206.

207.

208.

209.

210.

211.
212.

Juday T, Tang H, Harris M, Powers AZ, Kim E, Hanna GJ. Adherence to
chronic hepatitis B treatment guideline recommendations for laboratory
monitoring of patients who are not receiving antiviral treatment. J Gen Intern
Med. 2011;26(3):239-244.

Marcellin P, Gane E, Buti M, et al. Regression of cirrhosis during treatment
with tenofovir disoproxil fumarate for chronic hepatitis B: a 5-year open-label
follow-up study. Lancet. 2013;381(9865):468-475.

Lampertico P, Berg T, Buti M, et al. Treatment with tenofovir disoproxil
fumarate or entecavir in chronic hepatitis B virus-infected patients with renal
impairment: results from a 7-year, multicentre retrospective cohort study.
Aliment Pharmacol Ther. 2020;52(3):500-512.

Cheng Z, Lin P, Cheng N. HBV/HIV Coinfection: Impact on the Development
and Clinical Treatment of Liver Diseases. Frontiers in Medicine. 2021;8.
Zhao C, Nguyen MH. Hepatocellular Carcinoma Screening and
Surveillance: Practice Guidelines and Real-Life Practice. J Clin
Gastroenterol. 2016;50(2):120-133.

Ye Q, Kam LY, Yeo YH, et al. Substantial gaps in evaluation and treatment
of patients with hepatitis B in the US. J Hepatol. 2022;76(1):63-74.

Bruins HM, Veskimae E, Hernandez V, et al. The Importance of Hospital and
Surgeon Volume as Major Determinants of Morbidity and Mortality After
Radical Cystectomy for Bladder Cancer: A Systematic Review and
Recommendations by the European Association of Urology Muscle-invasive
and Metastatic Bladder Cancer Guideline Panel. Eur Urol Oncol.
2020;3(2):131-144.

Han S, Kolb JM, Hosokawa P, et al. The Volume-Outcome Effect Calls for
Centralization of Care in Esophageal Adenocarcinoma: Results From a
Large National Cancer Registry. Am J Gastroenterol. 2021;116(4):811-815.
Stone BV, Hill SC, Moses KA. The effect of centralization of care on overall
survival in primary urethral cancer. Urol Oncol. 2021;39(2):133 e117-133
e126.

Brakenhoff SM, de Man RA, de Knegt RJ, Bindels PJE, de Schepper EIT.
Epidemiology and management of hepatitis B and C in primary care in the
Netherlands: data from the Rijnmond Primary Care database. Fam Pract.
2022;40(1):83-90.

Khan KS, Kunz R, Kleijnen J, Antes G. Five steps to conducting a systematic
review. J R Soc Med. 2003;96(3):118-121.

Goldstein BA, Navar AM, Pencina MJ, loannidis JP. Opportunities and
challenges in developing risk prediction models with electronic health
records data: a systematic review. J Am Med Inform Assoc. 2017;24(1):198-
208.

Bashir R, Surian D, Dunn AG. Time-to-update of systematic reviews relative
to the availability of new evidence. Syst Rev. 2018;7(1):195.

Shea KG, Sink EL, Jacobs JC, Jr. Clinical practice guidelines and guideline
development. J Pediatr Orthop. 2012;32 Suppl 2:595-100.

ZonMw. Oproep indienen projectideeén: Innovatie van Richtliinen. 24 juli
2019 2019.

U.S. Food & Drug Administration. Available via https://www.fda.gov/.
European Medicines Agency. Available via https://www.ema.europa.eu/en.

241



References

213.

214.

215.

216.

217.

218.

219.

220.

221.

222.

223.

224.

225.

226.

227.

228.

229.

242

European Association for Study of L. EASL Recommendations on
Treatment of Hepatitis C 2015. J Hepatol. 2015;63(1):199-236.

European Association for the Study of the Liver. Electronic address eee.
EASL Recommendations on Treatment of Hepatitis C 2016. J Hepatol.
2017;66(1):153-194.

Association for the Study of the Liver. EASL Recommendations on
Treatment of Hepatitis C 2018. J Hepatol. 2018;69(2):461-511.

loannidis JP. The Mass Production of Redundant, Misleading, and
Conflicted Systematic Reviews and Meta-analyses. Milbank Q.
2016;94(3):485-514.

Medicines Evaluation Board. Beschikbaar via https://english.cbg-meb.nl/.
NCBI. MeSH. Beschikbaar via https://www.ncbi.nim.nih.gov/mesh [bezocht
op 11-05-2020].

Ghany MG, Marks KM, Morgan TR, et al. Hepatitis C Guidance 2019
Update: AASLD-IDSA Recommendations for Testing, Managing, and
Treating Hepatitis C Virus Infection. Hepatology. 2019;71(2):686-721.
Pecoraro V, Banzi R, Cariani E, et al. New Direct-Acting Antivirals for the
Treatment of Patients With Hepatitis C Virus Infection: A Systematic Review
of Randomized Controlled Trials. J Clin Exp Hepatol. 2019;9(4):522-538.
Volkmann A, De Bin R, Sauerbrei W, Boulesteix AL. A plea for taking all
available clinical information into account when assessing the predictive
value of omics data. BMC Med Res Methodol. 2019;19(1):162.

Sparano JA, Gray RJ, Ravdin PM, et al. Clinical and Genomic Risk to Guide
the Use of Adjuvant Therapy for Breast Cancer. N Engl J Med.
2019;380(25):2395-2405.

Kent DM, Rothwell PM, loannidis JP, Altman DG, Hayward RA. Assessing
and reporting heterogeneity in treatment effects in clinical trials: a proposal.
Trials. 2010;11:85.

Wong RJ, Kaufman HW, Niles JK, Kapoor H, Gish RG. Simplifying
Treatment Criteria in Chronic Hepatitis B: Reducing Barriers to Elimination.
Clin Infect Dis. 2022;76(3):e791-e800.

Lucifora J, Xia Y, Reisinger F, et al. Specific and nonhepatotoxic
degradation of nuclear hepatits B virus cccDNA. Science.
2014;343(6176):1221-1228.

Buster EH, Hansen BE, Lau GK, et al. Factors that predict response of
patients with hepatitis B e antigen-positive chronic hepatitis B to
peginterferon-alfa. Gastroenterology. 2009;137(6):2002-2009.

Wang X, Chi X, Wu R, et al. Serum HBV RNA correlated with intrahepatic
cccDNA more strongly than other HBV markers during peg-interferon
treatment. Virol J. 2021;18(1):4.

Chuaypen N, Posuwan N, Chittmittraprap S, et al. Predictive role of serum
HBsAg and HBcrAg kinetics in patients with HBeAg-negative chronic
hepatitis B receiving pegylated interferon-based therapy. Clin Microbiol
Infect. 2018;24(3):306 e307-306 €313.

Testoni B, Lebosse F, Scholtes C, et al. Serum hepatitis B core-related
antigen (HBcrAg) correlates with covalently closed circular DNA
transcriptional activity in chronic hepatitis B patients. J Hepatol.
2019;70(4):615-625.



References

230.

231.

232.

233.

234.

235.

236.

237.

238.

239.

240.

241.

242.

243.

244,

Sonneveld MJ, Park JY, Kaewdech A, et al. Prediction of Sustained
Response After Nucleo(s)tide Analogue Cessation Using HBsAg and
HBcrAg Levels: A Multicenter Study (CREATE). Clin Gastroenterol Hepatol.
2022;20(4):e784-e793.

Carey |, Gersch J, Wang B, et al. Pregenomic HBV RNA and Hepatitis B
Core-Related Antigen Predict Outcomes in Hepatitis B e Antigen-Negative
Chronic Hepatitis B Patients Suppressed on Nucleos(T)ide Analogue
Therapy. Hepatology. 2020;72(1):42-57.

Seto WK, Wong DK, Fung J, et al. Linearized hepatitis B surface antigen
and hepatitis B core-related antigen in the natural history of chronic hepatitis
B. Clin Microbiol Infect. 2014;20(11):1173-1180.

Huang D, Wu D, Wang P, et al. End-of-treatment HBcrAg and HBsAD levels
identify durable functional cure after Peg-IFN-based therapy in patients with
CHB. J Hepatol. 2022;77(1):42-54.

Ghany MG, King WC, Lisker-Melman M, et al. Comparison of HBV RNA and
Hepatitis B Core Related Antigen With Conventional HBV Markers Among
Untreated Adults With Chronic Hepatitis B in North America. Hepatology.
2021;74(5):2395-2409.

Liu S, Zhou B, Valdes JD, Sun J, Guo H. Serum Hepatitis B Virus RNA: A
New Potential Biomarker for Chronic Hepatitis B Virus Infection. Hepatology.
2019;69(4):1816-1827.

Chi H, Li Z, Hansen BE, et al. Serum Level of Antibodies Against Hepatitis
B Core Protein Is Associated With Clinical Relapse After Discontinuation of
Nucleos(t)ide  Analogue Therapy. Clin  Gastroenterol  Hepatol.
2019;17(1):182-191 e181.

Hu H-H, Liu J, Chang C-L, et al. Level of Hepatitis B (HB) Core Antibody
Associates With Seroclearance of HBV DNA and HB Surface Antigen in HB
e Antigen-Seronegative  Patients. Clin  Gastroenterol = Hepatol.
2019;17(1):172-181.e171.

Rinker F, Bremer CM, Schroder K, et al. Quantitation of large, middle and
small hepatitis B surface proteins in HBeAg-positive patients treated with
peginterferon alfa-2a. Liver Int. 2020;40(2):324-332.

Pfefferkorn M, Schott T, B6hm S, et al. Composition of HBsAg is predictive
of HBsAg loss during treatment in patients with HBeAg-positive chronic
hepatitis B. J Hepatol. 2021;74(2):283-292.

Lin X, Zheng Y, Li H, et al. Serum hepatitis B virus large and medium surface
proteins as novel tools for predicting HBsAg clearance. Front Immunol.
2022;13:1028921.

Trepo C, Chan HL, Lok A. Hepatitis B virus infection. Lancet.
2014;384(9959):2053-2063.

Honer Zu Siederdissen C, Rinker F, Maasoumy B, et al. Viral and Host
Responses After Stopping Long-term Nucleos(t)ide Analogue Therapy in
HBeAg-Negative Chronic Hepatitis B. J Infect Dis. 2016;214(10):1492-1497.
Berg T, Lampertico P. The times they are a-changing - A refined proposal
for finite HBV nucleos(t)ide analog therapy. J Hepatol. 2021;75(2).474-480.
Papatheodoridi M, Su T-H, Hadziyannis E, et al. Hepatocellular carcinoma
after treatment cessation in non-cirrhotic HBeAg-negative chronic hepatitis
B: A multicentre cohort study. Liver International. 2022;42(3):541-550.

243



References

245,

246.

247.

248.
249.

250.

251.

252.

253.

254.

255.

256.

257.

258.

259.

260.

244

Severi T, van Malenstein H, Verslype C, van Pelt JF. Tumor initiation and
progression in hepatocellular carcinoma: risk factors, classification, and
therapeutic targets. Acta Pharmacol Sin. 2010;31(11):1409-1420.
Sonneveld MJ, Chiu SM, Park JY, et al. Probability of HBsAg loss after
nucleo(s)tide analogue withdrawal depends on HBV genotype and viral
antigen levels. J Hepatol. 2022;76(5):1042-1050.

Von den Hoff DW, Berden FAC, Drenth JPH, Schellekens AFA, HepNed N.
Implementation of a decentralized hepatitis C care pathway for people who
use drugs in Dutch addiction care. Study protocol for the Hepatitis C: chain
of addiction care (CAC) project. Addict Sci Clin Pract. 2022;17(1):67.
NoMoreC. https://nomorec.nl/en [accessed 09-02-2023]

Nederlandse multidisciplinaire richtlijn Pre-expositie profylaxe (PrEP) ter
preventie van hiv. Update 2022.

van Santen DK, Boyd A, Matser A, et al. The effect of needle and syringe
program and opioid agonist therapy on the risk of HIV, hepatitis B and C
virus infection for people who inject drugs in Amsterdam, the Netherlands:
findings from an emulated target trial. Addiction. 2021;116(11):3115-3126.
Lee C, Emeto TI, Walsh N. Prevalence of hepatitis B virus amongst
refugees, asylum seekers and internally displaced persons in low- and
middle-income countries: A systematic review. J Viral Hepat. 2023;30(1):4-
18.

Rossi C, Shrier |, Marshall L, et al. Seroprevalence of chronic hepatitis B
virus infection and prior immunity in immigrants and refugees: a systematic
review and meta-analysis. PLoS One. 2012;7(9):e44611.

Bil JP, Schrooders PA, Prins M, et al. Integrating hepatitis B, hepatitis C and
HIV screening into tuberculosis entry screening for migrants in the
Netherlands, 2013 to 2015. Euro Surveill. 2018;23(11):17-00491.
Suijkerbuijk AWM, van Hoek AJ, Koopsen J, et al. Cost-effectiveness of
screening for chronic hepatitis B and C among migrant populations in a low
endemic country. PLoS One. 2018;13(11):e0207037.

Gezondheidsraad. WBO: reikwijdte-advies hepatitisscreening. Nr. 2020/01,
Den Haag, 27 januari 2020.

Bhandari R, Morey S, Hamoodi A, et al. High rate of hepatitis C re-infection
following antiviral treatment in the North East England Prisons. J Viral Hepat.
2019;27(4):449-452.

Leemrijse CJ, Bongers, M., Nielen, M., Devillé, W. . Hepatitis C in
penitentiaire inrichtingen, Nivel. 2009.

Winter RJ, Holmes JA, Papaluca TJ, Thompson AJ. The Importance of
Prisons in Achieving Hepatitis C Elimination: Insights from the Australian
Experience. Viruses. 2022;14(3):497.

Klemt-Kropp M, Weijer S, Croes E. Screen gevangenispopulatie op
hepatitis. Medisch Contact (Bussum). 2019.

Stuijver D. Huisartsen stoppen vanwege steeds hogere werkdruk. Ned
Tijdschr Geneeskd. 2022 April.



Abbreviations

Abbreviations

AASLD
ALT

anti-HBc
anti-HBs
anti-HCV
aOR
APASL

BL

c/mL
CAMs

cccDNA
cDNA
CELINE
CHB
CHC

Cl

DAA
DCV
DSV

EASL
ELB
EMA
EOF
EOT
ETV

FDA

GLE
GP
GRZ

HAI
HAV

American Association for the Study of Liver Diseases
alanine aminotransferase

antibodies to hepatitis B core antigen

antibodies to hepatitis B surface antigen

antibodies to hepatitis C virus

adjusted odds ratio

The Asian Pacific Association for the Study of the Liver

baseline

copies/millilitre

capsid assembly modulators

covalently closed circular DNA
complementary DNA

Hepatitis C Elimination in the Netherlands
chronic hepatitis B

chronic hepatitis C

confidence interval

direct-acting antivirals
daclatasvir
dasabuvir

European Association for the Study of the Liver
elbasvir

European Medicine Agency

end of follow-up

end-of-treatment

entacavir

Food and Drug Administration

glecaprevir
general practitioner
grazoprevir

histological activity index
hepatitis A virus

245



Abbreviations

HBCcAg hepatitis B core antigen

HBcrAg hepatitis B core-related antigen

HBeAg hepatitis B e antigen

HBsAg hepatitis B surface antigen

HBV hepatitis B virus

HBVr hepatitis B reactivation

HCC hepatocellular carcinoma

HCV hepatitis C virus

HDV hepatitis delta virus

HIV human immunodeficiency virus

ICARUS Improve CARe for cUrrent and future patientS with
chronic hepatitis B in the Netherlands

ICPC International Classification of Primary Care

ICU intensive care unit

int intermediate

IP-10 interferon-y inducible protein 10

IQR interquartile range

V) international units

LAM lamivudine

LDV ledipasvir

LLOQ with a lower limit of quantification

LOD lower limit of detection

LTFU people who inject(ed) drugs

MEB Medicine Evaluation Board

MSM men who have sex with men

n number

NA nucleos(t)ide analogues

NA not applicable

NAPs nucleic acid polymers

0]\ Y] ombitasvir

OR odds ratios

ORF open reading frames

PCR real-time polymerase chain reaction

PEG-IFN pegylated interferon

PIB pibrentasvir

246



Abbreviations

PPDRTD
PTV
PWID

PY

RACE
RBV
RCT
RTV

SD
SHM
SIM
SMPCs
SOF
SR

SVR

TAF
TDF

tiab
TNF
TS

ULN

VEL
VOX

WHO
wk

patient profile therapy regimen data
paritaprevir

people who inject(ed) drugs
person-year

rapid amplification of complimentary DNA (cDNA)-ends
ribavirin

radomised controlled trial

ritonavir

standard deviation

Stichting HIV monitoring

simeprevir

Summary of Product Characteristics
sofosbuvir

sustained response

sustained virological response

tenofovir alafenamide
tenofovir disoproxil
title and abstract
tumour necrosis factor
TherapySelector

units
upper limit of normal

velpatasvir
voxilaprevir

World Health Organisation
week

247



Contributing Authors

Contributing Authors

List of contributing authors in alphabetical order. Affiliations at the time that research

was conducted

Joop E. Arends

Infectious Diseases

University Medical Centre Utrecht
Utrecht, the Netherlands

Thomas Berg

Division of Hepatology, Department of
Medicine Il

Leipzig University Medical Center

Leipzig, Germany

Geert Bezemer
Gastroenterology and Hepatology
Ikazia Hospital

Rotterdam, the Netherlands

Patrick J. Bindels

General Practice

Erasmus Medical Center
Rotterdam, The Netherlands

Florian van Bommel

Division of Hepatology, Department of
Medicine Il

Leipzig University Medical Center

Leipzig, Germany

André Boonstra
Gastroenterology and Hepatology
Erasmus Medical Center
Rotterdam, The Netherlands

Willem P. Brouwer
Gastroenterology and Hepatology
Erasmus Medical Center
Rotterdam, The Netherlands

248

Jonathan F. Brozat

Internal Medicine llI

University Hospital RWTH Aachen
Aachen, Germany

Margo J.H. van Campenhout
Gastroenterology and Hepatology
Erasmus Medical Center
Rotterdam, The Netherlands

Heng Chi

Gastroenterology and Hepatology
Erasmus Medical Center
Rotterdam, The Netherlands

Marc Claasen

Internal Medicine,
Rijnstate Hospital
Amhem, The Netherlands

Marleen van Dijk
Gastroenterology and Hepatology
Radboud University Medical Centre
Nijmegen, the Netherlands

Michail Doukas

Pathology

Erasmus Medical Center
Rotterdam, The Netherlands

Joost P.H. Drenth
Gastroenterology and Hepatology
Radboud University Medical Centre
Nijmegen, the Netherlands



Contributing Authors

Annemiek A. van der Eijk
Viroscience

Erasmus Medical Center
Rotterdam, The Netherlands

Hajo J. Flink

Gastroenterology and Hepatology
Catharina hospital

Eindhoven, the Netherlands

Pieter Friederich
Gastroenterology and Hepatology
Catharina hospital

Eindhoven, the Netherlands

Bettina E. Hansen

Toronto Center for Liver Disease

Toronto General Hospital, University
Health Network

Toronto, Canada

Institute of Health Policy, Management
and Evaluation

University of Toronto

Toronto, Canada

Caroline M. den Hoed
Gastroenterology and Hepatology
Erasmus Medical Center
Rotterdam, The Netherlands

Erasmus MC Transplant Institute
Erasmus Medical Center
Rotterdam, The Netherlands

Roos Hoekstra
Gastroenterology and Hepatology
Erasmus Medical Center
Rotterdam, The Netherlands

Jan G. den Hollander
Intemal Medicine

Maasstad Medical Centre
Rotterdam, the Netherlands

Pieter Honkoop
Gastroenterology and Hepatology
Albert Schweitzer Hospital
Dordrecht, the Netherlands

Cas J. Isfordink
Gastroenterology and Hepatology
University Medical Centre Utrecht
Utrecht, the Netherlands

Infectious Diseases,

Amsterdam Infection & Immunity
Institute Amsterdam UMC, University
of Amsterdam

Amsterdam, the Netherlands

Harry L.A. Janssen

Toronto Center for Liver Disease

Toronto General Hospital, University
Health Network

Toronto, Canada

Warshan K. Katwaroe
Gastroenterology and Hepatology
Erasmus Medical Center
Rotterdam, The Netherlands

Laurens A. van Kleef
Gastroenterology and Hepatology
Erasmus Medical Center
Rotterdam, The Netherlands

Patricia A.M. Kracht

Infectious Diseases

University Medical Centre Utrecht
Utrecht, the Netherlands

249



Contributing Authors

Robert J. de Knegt
Gastroenterology and Hepatology
Erasmus Medical Center
Rotterdam, The Netherlands

Robert A. de Man
Gastroenterology and Hepatology
Erasmus Medical Center
Rotterdam, The Netherlands

Adriaan J.P. van der Meer
Gastroenterology and Hepatology
Erasmus Medical Center
Rotterdam, The Netherlands

Ulrike Mihm

Internal Medicine 1

Goethe University Hospital
Frankfurt am Main, Germany

Jeffrey Oliveira
Gastroenterology and Hepatology
Erasmus Medical Center
Rotterdam, The Netherlands

Dirk Posthouwer

Internal Medicine, Division of Infectious

Diseases

Maastricht University Medical Centre

Maastricht, the Netherlands Medical

Microbiology, Division of
Infectious Diseases

Maastricht University Medical Centre

Maastricht, the Netherlands

Robert Roomer
Gastroenterology and Hepatology
Franciscus Gasthuis en Vlietland
Rotterdam, the Netherlands

250

Solko W. Schalm
TherapySelector
Rotterdam, the Netherlands

Evelien L.T. de Schepper
General Practice

Erasmus Medical Center
Rotterdam, The Netherlands

Daniel P.C. van der Spek
Gastroenterology and Hepatology
Erasmus Medical Center
Rotterdam, The Netherlands

Milan J. Sonneveld
Gastroenterology and Hepatology
Erasmus Medical Center
Rotterdam, The Netherlands

Frank Tacke

Hepatology and Gastroenterology
Charité - Universitdtsmedizin Berlin
Berlin, Germany

Thymen Theijse
Gastroenterology and Hepatology
Erasmus Medical Center
Rotterdam, The Netherlands

Christian Trautwein

Internal Medicine llI

University Hospital RWTH Aachen
Aachen, Germany

Marc van der Valk

Infectious Diseases, Amsterdam
Infection & Immunity Institute
Amsterdam UMC

University of Amsterdam

Amsterdam, the Netherlands



Contributing Authors

Thomas Vanwolleghem
Gastroenterology and Hepatology
Antwerp University Hospital
Antwerp, Belgium

Viral Hepatitis Research Group

Laboratory of Experimental Medicine
and Pediatrics

University of Antwerp

Antwerp, Belgium

Anneke J. van Vuuren
Gastroenterology and Hepatology
Erasmus Medical Center
Rotterdam, The Netherlands

Heiner Wedemeyer
Gastroenterology, Hepatology and
Endocrinology

Hannover Medical School
Hannover, Germany

Peter van Wijngaarden
Internal Medicine
Amphia hospital

Breda, the Netherlands

Stefan Zeuzem

Internal Medicine 1

Goethe University Hospital
Frankfurt am Main, Germany

251



Bibliography

Bibliography

* Indicates shared authorship

1.

252

Hepatitis C elimination in the Netherlands (CELINE): study protocol for nationwide
retrieval of lost to follow-up patients with chronic hepatitis C. Isfordink CJ*,
Brakenhoff SM*, van Dijk M, van der Valk M, de Knegt RJ, Arends JE, Drenth JP; HepNed
study group. BMJ open Gastroenterol. 2020. 12;7(1):e000396.

Liver stiffness improvement in hepatitis C patients after successful treatment.
Brakenhoff SM*, Verburgh ML*, Willemse SB, Baak LC, Brinkman K, van der Valk M. Neth
J Med. 2020 Dec;78(6):368-375.

Hepatitis B virus RNA decline without concomitant viral antigen decrease is
associated with a low probability of sustained response and hepatitis B surface
antigen loss. Brakenhoff SM, de Man RA, Boonstra A, van Campenhout MJH, de Knegt
RJ, van Bommel F, van der Eijk AA, Berg T, Hansen BE, Janssen HLA, Sonneveld MJ.
Aliment Pharmacol Ther. 2021 Jan;53(2):314-320.

Editorial: HBV cure-the quest for biomarkers to predict off-treatment sustained
response. Authors' reply. Brakenhoff SM, de Man RA, de Knegt RJ, Janssen HLA,
Sonneveld MJ. Aliment Pharmacol Ther. 2021 Feb;53(4):555-556.

Direct-Acting Antiviral Treatment for Hepatitis C Genotypes Uncommon in High-
Income Countries: A Dutch Nationwide Cohort Study. Isfordink CJ, van de Laar TJW,
Rebers SPH, Wessels E, Molenkamp R, Knoester M, Baak BC, van Nieuwkoop C, van
Hoek B, Brakenhoff SM, Blokzijl H, Arends JE, van der Valk M, Schinkel J; HepNed Study
Group. Open Forum Infect Dis. 2021 Aug 4;8(8):0fab197.

Effects of on-treatment ALT flares on serum HBsAg and HBV RNA in patients with
chronic HBV infection. Choi HSJ, Sonneveld MJ, Farag MS, Brouwer WP, Brakenhoff
SM, Hirode G, Gehring AJ, de Man RA, Hansen BE, Janssen HLA. J Viral Hepat. 2021
Dec;28(12):1729-1737.

The Netherlands Is on Track to Meet the World Health Organization Hepatitis C
Elimination Targets by 2030. van Dijk M, Brakenhoff SM, Isfordink CJ, Cheng WH,
Blokzijl H, Boland G, Dofferhoff ASM, van Hoek B, van Nieuwkoop C, Sonneveld MJ, van
der Valk M, Drenth JPH, de Knegt RJ. J Clin Med. 2021 Sep 30;10(19):4562.

Off-Therapy Response After Nucleos(t)ide Analogue Withdrawal in Patients With
Chronic Hepatitis B: An International, Multicenter, Multiethnic Cohort (RETRACT-B
Study). Hirode G, Choi HSJ, Chen CH, Su TH, Seto WK, Van Hees S, Papatheodoridi M,
Lens S, Wong G, Brakenhoff SM, Chien RN, Feld J, Sonneveld MJ, Chan HLY, Fomns X,
Papatheodoridis GV, Vanwolleghem T, Yuen MF, Hsu YC, Kao JH, Comberg M, Hansen



Bibliography

10.

11.

12.

13.

14.

15.

16.

BE, Jeng WJ, Janssen HLA; RETRACT-B Study Group. Gastroenterology. 2022
Mar;162(3):757-771.e4.

Probability of HBsAg loss after nucleo(s)tide analogue withdrawal depends on HBV
genotype and viral antigen levels. Sonneveld MJ, Chiu SM, Park JY, Brakenhoff SM,
Kaewdech A, Seto WK, Tanaka Y, Carey |, Papatheodoridi M, van Bémmel F, Berg T,
Zoulim F, Ahn SH, Dalekos GN, Erler NS, Honer Zu Siederdissen C, Wedemeyer H,
Comberg M, Yuen MF, Agarwal K, Boonstra A, Buti M, Piratvisuth T, Papatheodoridis G,
Chen CH, Maasoumy B; CREATE study group. J Hepatol. 2022 May;76(5):1042-1050.

Hepatitis C Elimination in the Netherlands (CELINE): How nationwide retrieval of
lost to follow-up hepatitis C patients contributes to micro-elimination. Isfordink CJ*,
van Dijk M*, Brakenhoff SM*, Kracht PAM, Arends JE, de Knegt RJ, van der Valkk M,
Drenth JPH; CELINE Study Group. Eur J Intemn Med. 2022 Jul;101:93-97.

Levels of antibodies to hepatitis B core antigen are associated with liver
inflammation and response to peginterferon in patients with chronic hepatitis B.
Brakenhoff SM, de Knegt RJ, Oliveira J, van der Eik AA, van Vuuren AJ, Hansen BE,
Janssen HLA, de Man RA, Boonstra A, Sonneveld MJ. J Infect Dis. 2022 Dec
28;227(1):113-122.

Differential relapse patterns after discontinuation of entecavir vs tenofovir
disoproxil fumarate in chronic hepatitis B. Choi HSJ, Hirode G, Chen CH, Su TH, Seto
WK, Van Hees S, Papatheodoridi M, Lens S, Wong GLH, Brakenhoff SM, Chien RN, Feld
JJ, Sonneveld MJ, Chan HLY, Forns X, Papatheodoridis GV, Vanwolleghem T, Yuen MF,
Hsu YC, Kao JH, Comberg M, Hansen BE, Jeng WJ, Janssen HLA; RETRACT-B study
group. Clin Gastroenterol Hepatol. 2023 Jun;21(6):1513-1522.e4.

Epidemiology and management of hepatitis B and C in primary care in the
Netherlands — data from the Rijnmond Primary Care database. Brakenhoff SM, de
Man RA, de Knegt RJ, Bindels PJE, de Schepper EIT. Fam Pract. 2023 Feb;40(1):83-90.

End-of-treatment HBsAg, HBcrAg and HBV RNA levels predict the risk of off-
treatment ALT flares in chronic hepatitis B patients. Brakenhoff SM, de Knegt RJ, van
Campenhout MJH, van der Eijk AA, Brouwer WP, van Bommel F, Boonstra A, Hansen
BE, Berg T, Janssen HLA, de Man RA, Sonneveld MJ. J Microbiol Immunol Infect. 2023
Feb;56(1):31-39.

Assessment of adherence to clinical guidelines in patients with chronic hepatitis B.
Katwaroe WK*, Brakenhoff SM*, van der Spek DPC, de Knegt RJ, van Kleef LA, de Man
RA, van der Meer AJP, Sonneveld MJ, The Icarus Study Group. Viruses. 2022
Oct;14(10):2229.

Patients treated with rituximab are poorly screened for hepatitis B infection: Data
from a low-incidence country. Brakenhoff SM*, Hoekstra R*, Honkoop P, Roomer R,
den Hollander JG, Bezemer G, de Knegt RJ, Sonneveld MJ, de Man RA. Eur J Intem
Med. 2023 Feb;108:68-73.

253



Bibliography

17.

18.

19.

20.

21.

22.

254

Incidence of hepatic decompensation after nucleos(t)ide analogue withdrawal:
Results from a large, international, multi-ethnic cohort of patients with chronic
hepatitis B (RETRACT-B study). Hirode G, Hansen BE, Chen C, Su T, Wong G, Seto
W, Van Hees S, Papatheodoridi M, Brakenhoff SM, Lens S, Choi HSJ, Chien R, Feld JJ,
Foms X, Sonneveld MJ, Papatheodoridis GV, Vanwolleghem T, Yuen M, Chan HLY, Kao
J, Hsu Y, Comberg M, Jeng W, Janssen HLA. Am J Gastroenterol. 2023 Mar. Online
ahead of print.

Lower pretreatment HBV DNA levels are associated with better off-treatment
outcomes after nucleo(s)tide analogue withdrawal in patients with HBeAg-
neegative chronic hepatitis B: A multicentre cohort study. Sonneveld MJ, Chiu S,
Park JY, Brakenhoff SM, Kaewdech A, Seto W, Tanaka Y, Carey |, Papatheodoridi M,
Colombatto P, van Bommel F, Berg T, Zoulim F, Ahn SH, Dalekos GN12, Erer NS,
Brunetto M, Wedemeyer H, Comberg M, Yuen M, Maasoumy B. JHEP reports. 2023 Aug.
Online ahead of print

Socioeconomic factors associated with lost to follow-up for individuals with
hepatitis C: results from a Dutch case control study. van Dik M*, Isfordink CJ*,
Brakenhoff SM, Zoest RA. de Knegt RJ, Drenth JPH, van der Valk M. Liver intermational.
In Press

A new area of medical decision-making: The TherapySelector as an add-on to
clinical guidelines. Brakenhoff SM, Theijse T, van Wijngaarden P, Trautwein C, Brozat
JF, Tacke F, Honkoop P, Vanwolleghem T, Posthouwer D, Zeuzem S, Mihm U,
Wedemeyer H, Berg T, Schalm S, de Knegt RJ. Submitted.

A fatal outcome after cessation of nucleotide analogue therapy in a patient with
chronic hepatitis B — a case report. Brakenhoff SM, Chi H, Friederich P, Doukas M, den
Hoed C, Flink HJ, de Knegt RJ, de man RA. Submitted.

Sustained response and HBsAg loss after nucleo(s)tide analogue discontinuation
in chronic hepatitis B patients: the prospective SNAP study. Brakenhoff SM, Claasen
M, Honkoop P, de Knegt RJ, van der Eilk AA, Boonstra A, de Man RA, Sonneveld MJ.
Submitted.



PhD Portfolio

PhD Portfolio

Name PhD student:  Sylvia Merel Brakenhoff

PhD period: January 2019 — April 2023

Promotor: Prof. Dr. Robert A. de man

Co-promotor Dr. Robert J. de Knegt

Department: Gastroenterology and Hepatology

Year

Courses
Basic course in legislation and organisation for clinical 2019
researchers (BROK), Nederlandse Federatie van Universitair
Medische centra, Rotterdam.
Endnote, Molecular medicine postgraduate school, Erasmus 2019
MC, Rotterdam
Hepatitis masterclass, Virology education, Utrecht 2019
Practical Biostatistics, Molecular medicine postgraduate 2019
school, Erasmus MC, Rotterdam
Basic introductions course on SPSS, Molecular medicine 2019
postgraduate school, Erasmus MC, Rotterdam
Patient Oriented Research (CPO), Erasmus MC, Rotterdam 2019
Workshop Microsoft Excel basic, Molecular medicine 2019
postgraduate school, Erasmus MC, Rotterdam
Systematic literature research in Pubmed, Molecular 2020
medicine postgraduate school, Erasmus MC, Rotterdam
Biomedical English Writing and Communication, Molecular 2020
medicine postgraduate school, Erasmus MC, Rotterdam
Research integrity, Erasmus MC, Rotterdam 2020
English C1.1, Netherlands Institute for Health Sciences, 2020
Rotterdam
Biostatistical Methods I: Basic Principles (CC02), 2021
Netherlands Institute for Health Sciences, Rotterdam

Seminars and workshops
Het Richtsnoer Hepatitis B en C in de praktijk, Rotterdam 2018
Ronde tafel conferentie virale hepatitis, 8 uur in oudaen, 2019

Utrecht

255



PhD Portfolio

9¢ Lagerhuisdebat leverziekten, Utrecht 2019
Workshop “lang leve het donororgaan”, Rotterdam 2019
Summit hepatitis C elimination, Valencia, Spain 2019
Elimination leaders preceptorship meeting, Mainz, Germany 2019
34e Erasmus Liver Day, Rotterdam 2019
10¢ Lagerhuisdebat leverziekten, Utrecht 2020
1¢ HepNed symposium, Utrecht 2020
35e Erasmus Liver Day, digital 2020
36e Erasmus Liver Day, digital 2021
2¢ HepNed symposium, digital 2022
37e Erasmus Liver day, Rotterdam 2022
(Inter)National conferences
54t EASL International Liver Congress, Vienna, Austria 2019
Digestive Disease Days, Veldhoven 2019
27" UEG Week, Barcelona, Spain 2019
55" EASL International Liver Congress, digital 2020
Digestive Disease Days, digital 2021
The Liver Meeting 2020, AASLD, digital 2020
56" EASL International Liver Congress, digital 2021
The Liver Meeting 2021 AASLD, digital 2021
NHG wetenschapsdag, Leiden 2022
57t EASL International Liver Congress, London, United 2022
Kingdom
Poster presentations
Hepatitis C Elimination in the Netherlands (CELINE): a 2019
nationwide study retrieving lost to follow-up chronic
hepatitis C patients, 27" UEG week, Barcelona, Spain
HBV RNA decline without concomitant HBsAg decrease is 2020
not associated with off-treatment sustained response or
HBsAg loss, 55" EASL International Liver Congress, digital
End-of-treatment HBsAg, HBcrAg and HBV RNA levels 2021
predict sustained response and HBsAg loss in chronic
hepatitis B patients, 56" EASL International Liver Congress,
digital (awarded with registration bursary)
Hepatitis C elimination in the Netherlands (CELINE): 2021

256

Nationwide retrieval of lost to follow-up chronic hepatitis C
patients is feasible, The Liver Meeting 2021 AASLD, digital




PhD Portfolio

Serum levels of anti-HBc are associated with response to 2021
pegylated interferon in HBeAg-positive chronic hepatitis B
patients, The Liver Meeting 2021 AASLD, digital

Early increase in HBcrAg levels after peginterferon 2022
withdrawal predicts subsequent ALT flares, 57" EASL
International Liver Congress, London, United Kingdom

Epidemiology and management of hepatitis B and C in 2022
primary care in the Netherlands — data from the Rijnmond
Primary Care database, 57" EASL International Liver
Congress, London, United Kingdom

Oral presentations

HBV stop study: Discontinuation of nucleo(s)tide analogues 2020
in chronic hepatitis B patients, HepNed symposium — edition
1, Utrecht

End-of-treatment HBsAg, HBcrAg and HBV RNA levels 2020
predict risk of off-treatment ALT flares in patients with
chronic hepatitis B, The Liver Meeting 2020, AASLD, digital

End-of-treatment HBsAg, HBcrAg and HBV RNA levels 2021
predict risk of off-treatment ALT flares in patients with
chronic hepatitis B, Digestive Disease Days (digital)

Discontinuation of nucleo(s)tide analogues in chronic 2022
hepatitis B patients, HepNed symposium — edition 2, digital

Epidemiology and management of hepatitis B and C in 2022
primary care in the Netherlands — data from the Rijnmond
Primary Care database, NHG wetenschapsdag, Leiden

Early increase in HBcrAg levels after peginterferon 2022
withdrawal predicts subsequent ALT flares, 57" EASL
International Liver Congress, London, United Kingdom
(awarded with full bursary)

Teaching
Lecturing

e College minor geneeskundestudenten 2020
Supervising master students

¢ Roos Hoekstra 2020

e Thymen Theijse 2020

e Warshan Katwaroe 2020
Memberships
NVH member 2019-2023
EASL member 2019-2023
AASLD member 2020-2021

257



PhD Portfolio

Extracurricular

Dutch HCV Richtsnoer Committee

Journal clubs, department of Gastroenterology
and Hepatology, Erasmus MC, Rotterdam

Editor 4GH abstracts, hepatology section
HepNed member
Organisation first and second HepNed symposium

2019-now
2019-2021

2019-2022
2019-now
2020, 2021

258



Acknowledgements (dankwoord)

Dankwoord

Had iemand mij jaren geleden gevraagd of ik zou willen promoveren, dan was mijn antwoord
nee geweest. Ik kwam er tijdens mijn masteronderzoek echter achter hoe leuk onderzoek doen
is. Dit project kwam vervolgens op mijn pad en ik twijfelde niet en pakte met beide handen de
kansen aan die mij werden geboden. Ik heb geen moment spijt gehad van deze keuze en ik
kilk met veel plezier en frots terug op de afgelopen periode. Zonder de steun die ik mocht
ontvangen uit vele hoeken, was dit proefschrift ongetwijfeld nooit gerealiseerd.

Allereerst gaat mijn dank uit naar mijn promotor prof. dr. R.A de Man. Beste Rob, dank voor
de begeleiding en alle kansen die mij geboden zijn. |k voelde mij in alles enorm gesteund en
waardeerde jouw zogenoemde helikopterview en zetjes in de juiste richting. Er werd mij veel
vrijheid geboden in het vormgeven van mijn proefschrift. Daamaast gaat mijn dank uit naar mijn
copromotor dr. R.J. de Knegt. Beste Rob, veel dank voor je onvoorwaardelijke steun en
begeleiding in de afgelopen jaren. Ik herinner mij onze eerste (informele) kennismaking buiten
mijn sollicitatie om nog goed. Deze vond plaats viak voordat ik begon met mijn PhD-traject, bij
een virale hepatitis nascholing in Rotterdam. Met een wijntjie in de hand spraken we over de
bijeenkomst en mijn toekomstige promotietraject. Ik besefte toen al dat ik de goede keuze
maakte om naar Rotterdam te gaan. Dat gevoel is tijdens de jaren van mijn PhD-traject alleen
maar bevestigd. Ik kijk met veel plezier terug op de supervisiemomenten voor de virale hepatitis
poli. Bedankt voor je vertrouwen gedurende mijn PhD-traject. Je staat rotsvast achter je
promovendi en dat maakt je niet alleen een fijne begeleider, maar ook een goede opleider. Dit
laatste ga ik de komende jaren ervaren.

Naast Rob de Knegt, wil ik dr. LM.JW. (Lydi) van Driel en de rest van de
sollicitatiecommissie bedanken voor de kans die mij is geboden om opgeleid te worden tot
Maag-, Darm- en Leverarts.

Mijn dank gaat bovendien uit naar mijn leescommissie, prof. dr. B.J.A. Rijnders, prof. dr.
H.G.M. Niesters en prof. dr. A. Verbon voor het beoordelen van dit proefschrift. Daamaast
dank ik prof. dr. H.J.A. Janssen, prof. dr. J.P.H. Drenth en prof. dr. M. Prins voor het
plaatsnemen in mijn promotiecommissie.

Dr. M.J. Sonneveld, Milan, zonder jou was dit proefschrift er zeker niet gekomen. Dank voor
de samenwerking, het bieden van kansen om nieuwe onderzoeksvragen uit te werken en de
hulp bij de statistiek en het schrijven van manuscripten. Jouw kritische noot en onuitputtelijke
bron aan ideeén waren zeer leerzaam. Mede door jou is er een uitgebreid hepatitis B onderdeel
in mijn proefschrift opgenomen. De rol van copromotor zal je goed staan, dat heb ik al officieus
mogen ervaren.

Mijn dank gaat uit naar Cas en Marleen. Als CELINE-team hebben we het maar mooi geflikt:
het uitrollen van een landelijk hepatitis C heropsporingsproject. Het was een hele bevalling,
maar we mogen trots zijn op het resultaat. Ik kijk met veel plezier terug op onze samenwerking.

259



Acknowledgements (dankwoord)

Naast het volbrengen van een groot landelik project, was een van de hoogtepunten ons
gezamenlijke tripje naar Valencia, voor het deelnemen aan een eliminatie-symposium. Met
kannen vol Agua de Valencia, zaten we de dagen wel uit tot we voor de United European
Gastroenterology Week doorreisden naar Barcelona voor het presenteren van onze eerste
resultaten van CELINE. Een ander hoogtepunt was de organisatie van het eerste HepNed
symposium. De geboekte zaal bleek niet bestand te zijn tegen het enthousiasme van de virale
hepatitis geinteresseerden in Nederland. Veel succes met jullie loopbanen.

Prof. dr. A. Boonstra, André, enorm veel dank voor de samenwerking en mogelijkheden die
je mij bood. Er was altijd ruimte voor de inbreng van ideeén om nieuwe hepatitis B biomarkers
te bepalen. Uiteraard was dit niet mogelijk zonder de hulp van Gertine, Antony en Jeffrey.
Dank voor jullie flexibiliteit om zelfs in de avond samples in ontvangst te nemen en te
analyseren.

Dr. A.A. van der Eijk, Annemiek, het was een luxe om toegang te krijgen tot het virologielab
en de beschikking te hebben over de samples die bewaard zijn van alle hepatitis B pati€énten
uit het Erasmus MC. Dit bood unieke mogelijkheden. Dank voor deze samenwerking.

Poli assistenten, in het biizonder Nermin, Wilma en Meltem, dank voor de enorm leerzame
en leuke tijd tijldens mijn werkzaamheden voor de virale hepatitis poli.

Prof. dr. S.W. Schalm, Solko, dank dat u mij betrok bij de TherapySelector. Ik heb uw
samenwerking en onvermoeibare enthousiasme met betrekking tot onderzoek en de
verbetering van pati€éntenzorg, als zeer stimulerend ervaren.

Daarbij gaat natuurlijik ook mijn dank uit naar alle deelnemende centra van CELINE en
HepNed-leden. Jullie maakten het mogelijik om mooie landelijke samenwerkingsverbanden
op te zetten op het gebied van virale hepatitis onderzoek. Uiteraard bedank ik eveneens de
patiénten die deelnamen aan mijn onderzoeken. Zonder jullie komt de medische wetenschap
niet verder.

Eveneens gaat mijn dank uit naar mijn collega arts-onderzoekers op Na-6. Door jullie werd
mijn PhD-tiid memorabel. In het bijzonder wil ik Laurélle en Laurens bedanken voor de mooie
tid. Al snel werden we partners in crime. We hielpen elkaar bij het beoordelen van
manuscripten, het sturen van politiek verantwoorde antwoorden per e-mail, maar vooral door
lekker frustraties te uiten bij het koffiezetapparaat. Dit luchtte enorm op, waardoor we weer met
frisse moed verder gingen. Ik kijk met plezier terug op onze koffiemomentjes (het liefst met taart,
en dan niet alleen wanneer we een PubMed+1 konden vieren), borrels, etenties en
spelletiesavonden. Laurélle, wat ben jij een bikkel en doorzetter. |k had respect voor jouw
manier van het managen van een uitdagende RCT, waarbij het je steeds lukte om de monitor
netjes en geduldig te woord te staan. Uiteraard dank voor je hulp bij mijn PhD-traject, maar ook
met eerste-hulp bij plantproblemen. Laurens, wat ben jij een manuscriptenmachine. Het is
bizar wat jij bereikte. Ik hoop dat je dit als postdoc mag voortzetten. Dank voor je hulp bij mijn
proefschrift, maar ook voor de leuke tijd tijidens de EASL in Londen en bij andere symposia. k

260



Acknowledgements (dankwoord)

ben blij dat we de komende jaren nog collega’s blijven tiidens de opleiding tot Maag-, Darm- en
Leverarts. Tot slot: Ik kan mij geen betere paranimfen bedenken als jullie beide. Bedankt dat
jullie mij bijstaan tijdens mijn verdediging.

David, dank voor je gezelligheid op Na-6. Je onbesuisde en enthousiaste manier van dingen
aanvliegen is soms jaloersmakend en tegelijkertijd vermakelijk. Lesley, Maria, Rozanne, en
Lisette, mijn “hepa’-collega’s, dank voor jullie gezelligheid tijdens congressen en hulp bij kleine
en grote vraagstukken. Edo, heel veel succes in het voortzetten van het onderzoek met HBV-
stopstudies. |k heb alle vertrouwen dat je dit heel goed gaat doen.

Collega arts-assistenten van het Reinier de Graaf Gasthuis, dank voor de gezelligheid
tidens het werk en tijldens borrels/etentjes/bowlen/wijnproeverijen en andere uities. Daarnaast
dank voor het overnemen van de werkzaamheden op zaal tiidens mijn parttime dagen, zodat
ik mijn proefschrift kon afronden. Uiteraard daarbij ook veel dank aan Dr. H. Boom en de staf
interne geneeskunde voor jullie begeleiding tijdens mijn ANIOS-periode en nu als AIOS. Ik
kijk enorm uit naar het voortzetten van mijn vooropleiding bij jullie.

Ook veel dank wil ik uiten aan Dr. B.J. Veldt en de andere Maag-, Darm-, Leverartsen van
het Reinier de Graaf Gasthuis. Dank voor jullie begeleiding bij mijn werkzaamheden als
ANIOS op de zaal en poli. Ik heb dit als een leuke en leerzame tijd ervaren en het heeft mij de
bevestiging gegeven om te solliciteren voor de opleiding.

Prof. dr. M. van der Valk en dr. S.B. Willemse, Marc en Sophie, dank voor jullie begeleiding
tiidens mijn wetenschapsstage over hepatitis C. Het vuurtje voor het onderzoek is tijidens deze
periode gaan branden en zette mij aan om te starten met een PhD-traject. Door de gouden tip
van jou, Marc, ben ik terecht gekomen in het Erasmus MC.

Veel dank gaat tevens uit naar Warshan, Roos en Thymen. |k heb de begeleiding van jullie
wetenschapsstage als een zeer plezierige en leerzame tijd ervaren. Dank voor het verzamelen
van de data voor onze gemeenschappelike onderzoeken. Hier ziin prachtige artikelen uit
ontstaan en daar mogen jullie trots op zijn.

Marion en Margriet, jullie mogen niet vergeten worden in mijn dankwoord. Zonder jullie kan
Na-6 immers niet functioneren. Dank voor al jullie hulp bij het plannen van afspraken en het
beantwoorden van alle andere (praktische) vragen waar je tegen aan kan lopen als arts-
onderzoeker. Marion, enorm veel dank met het helpen bij plannen en organiseren van mijn
promotie en het nemen van de nodige “Hora Finita-hobbels”.

Uiteraard wil ik mijn dank betuigen naar alle overige coauteurs met het tot stand komen van
de artikelen die in mijn proefschrift zijn verschenen.

Lieve papa en mama, dank voor jullie liefde en steun in alles wat ik doe. Jullie hebben mij de
basis bijgebracht die ik nodig had om te komen waar ik nu ben. Uiteraard hoort daar ook de
rest van mijn (schoon-) familie bij. Dank dat jullie er voor mij zijn.

261



Acknowledgements (dankwoord)

Daamaast wil ik al mijn vrienden bedanken. Michelle, wat ben jij een enorme doorzetter. Echt
petje af voor wat jij wist klaar te spelen. Je mag ontzettend trots zijn op jouw behaalde resultaat.
Ik kijk uit naar de dag dat jij jouw werk mag verdedigen. Ik was blij met jou als partner in crime
en om ervaringen uit te wisselen over ons promotietraject. Daamaast natuurlijk mijn “vriendjes
van vroeger”, en Daniél en Isabella, dank voor jullie interesse en steun in min
promotietraject.

Tot slot, mijn lieve Casper. Wat zou ik toch zonder jou moeten? Je stimuleert en motiveert mij
in mijn sterke kanten, helpt mij met mijn valkuilen en biedt mij de ruimte om mij te ontwikkelen.
Zonder jou had ik hier zeker niet gestaan. Dank voor het spelen van de Excel-hulplijn, het
aanhoren van mijn geklaag, het nalezen van bepaalde stukken, het helpen met het uitstippelen
van een bepaalde tactiek (oftewel rust en zakelijk, in plaats van emoties) om iets gedaan te
krijgen en natuurlijk te zorgen dat ik ook af en toe ontspan. Een gezonde werk-privébalans heb
ik echt van jou geleerd. Met jou aan mij zijde ben ik een gelukkig mens. Ik hou van jou.

262



About the Author

About the Author

Sylvia Merel Brakenhoff was born on June 18t
1992, in Hilversum, the Netherlands. In 2010,
she graduated secondary school at the
Comenius College, Hilversum. From 2010 until
2012 she studied Gezondheid & Leven at de
Vrije Universiteit, Amsterdam, before being
admitted to medical school at the University of
Amsterdam in 2012. During the bachelor, she
attended the Honours Programme.

During the study Medicine, her interest in
hepatology, especially viral hepatitis, emerged.
She investigated the immuno-logical response
during an acute hepatitis B infection
(bachelorthesis) and liver stiffness
improvement among successfully treated
hepatitis C patients (masterthesis). She went to the Diakonesse hospital in
Paramaribo, Suriname, for an additional internship. Her semi-arts internship was at
the department of Gastroenterology and Hepatology of the Rode Kruis hospital,
Beverwijk.

After medical school she started her PhD program under supervision of Prof. dr. R.A.
de Man and dr. RJ. de Knegt, at the department of Gastroenterology and
Hepatology, Erasmus MC, Rotterdam. During her PhD program, she was member
of HepNed and HCV richtsnoer.

In December 2021, she started as resident not in training (ANIOS) at the department
of internal medicine at the Reinier de Graaf Gasthuis, Delft. From March 2023
onwards, she started with her Internal Medicine residency at the Reinier de Graaf
Gasthuis as part of her specialist training in Gastroenterology and Hepatology at the
Erasmus MC, Rotterdam.

263






	Lege pagina

