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Scientific context

In 2019, according to the WHO, around 296 million people worldwide are living with the hepatitis B virus (HBV),
and this infection causes more than 520,000 deaths a year from cirrhosis and hepatocellular carcinoma (HCC)
(1,2). The epidemiology of hepatitis B is evolving rapidly, largely as a result of the introduction of vaccination at
birth or in childhood, and also due to the large-scale migration of people from highly endemic areas. In France, it
is estimated that around 135,000 people were living with HBV in 2016, giving a prevalence of 0.30% [0.13-0.70],
of whom 17.5% [4.9-46.4] knew their status (3), and 7% of cirrhosis and 10% of HCC related to HBV (4). Chronic
HBV infection can be divided into 5 phases: (1) HBe antigen-positive chronic infection (HBeAg+), (2) HBeAg+
chronic hepatitis, (3) HBeAg- chronic infection, (4) HBeAg- chronic hepatitis and (5) the undetectable HBsAg phase.
These phases do not always follow the same chronology and transitions from phase 3 to phase 2 (and also 3 to 1),
from phase 4 to phase 3 or even from phase 5 to phase 4 are always possible, depending on viral replication and
the intensity of the host immune response. All patients with chronic HBV infection are at risk of progressing to
cirrhosis and/or HCC, with different risks depending on the phase of the disease (5), but for patients with chronic
hepatitis B and HBeAg viral infection, this risk correlates with the extent of viral replication (6). For patients with
HBeAg+ viral infection, the risk is poorly assessed due to the absence of long-term longitudinal cohort studies. In
addition, the other risk factors for HCC (obesity, alcohol, diabetes) are poorly assessed in existing cohorts of HBV-
infected individuals. In the ANRS CO22 Hepather cohort, we used a structural model to show that age, male sex,
metabolic syndrome, alcohol consumption and B viral load had a direct and significant effect on the development
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of significant hepatic fibrosis, which in turn predicted the development of HCC (7), and it has now been established
that non-alcoholic fatty liver plays a major role in the progression of fibrosis in these patients (8). On the other
hand, the risk of HCC is reduced in patients with undetectable HBsAg (9).
In France in 2024, the treatment of patients suffering from chronic hepatitis B is essentially based on the use of
antivirals (nucleoside or nucleotide analogues (NUCs)), mainly tenofovir and entecavir. - mainly tenofovir and
entecavir, with the main aim of controlling viral replication and limiting its impact on the liver. There is some
controversy over the impact of these treatments on the risk of HCC (which is thought to be more significantly
reduced with tenofovir than with entecavir (10), a finding that we did not find in the Hepather cohort (11)), and
the long-term consequences of these treatments, particularly in terms of renal risk, are not known. A large
number of new therapeutic strategies (over 50) are currently being evaluated, with the aim of achieving a
functional cure defined by the undetectability of HBsAg (12). Finally, co-morbidities - which may either exacerbate
HBYV infection (e.g. superinfection with the Delta virus, diabetes) or be a consequence of it (e.g. lymphoma, other
cancers, cardiovascular events) - remain very poorly documented, as does the impact of associated metabolic
disorders or treatments taken for other indications but which are potentially hepatotoxic over the long term.
In an exploratory study based on the French national health data system (SNDS), we estimated that in 2022,
almost 115,000 people in mainland France will be living with HBV, of whom around 20% will require treatment
with NUC according to current management recommendations (13).

Objectives

The objectives of this thesis work are to explore the risks of comorbidities (cancer, cardiovascular) in people
living with HBV in the SNDS, in the different stages of this infection, and to quantify the impact of therapeutic
management and individual determinants on these risks.

In particular, the following will be explored

- The risks of cancer, cardiovascular events and renal failure in people living with HBV infection, compared with
a control sample of the general uninfected population matched on age and sex.

- The impact of different treatments (treatment, screening) and individual determinants on the risk of
progression of liver disease and co-morbidities.

Data

The main source of data used for this thesis is the National Health Data System / Systéme National des Données
de Santé (SNDS), enriched with data from the Hepather and Hepat-B cohorts linked to the SNDS.

The CLEPIVIR team at IPLESP coordinates the ANRS Hepather cohort, which has been following people living with
HBV since 2012 (n=6600). For 85% of the patients in this cohort, data are linked to the SNDS using a deterministic
method (reconstitution of the identification number in the NIR register). The Hepather cohort will be extended in
2025 by the ANRS Hepat-B cohort (funding obtained - 4,500 people expected), involving the collection of new
data (clinical, behavioural, sociological and biological) and the organisation of follow-up until 2029, as well as an
extension of the linkage with SNDS data. All this data is accessible within the team.

We have developed and validated various algorithms for identifying HBV-infected individuals in the SNDS (14),
and further work is planned for 2023-2024 (in particular as part of the Health Data Hub's "Bibliotheque Ouverte
d'Algorithmes pour le SNDS- BOAS" project) to optimise these algorithms in order to identify the various
phenotypes of HBV infection and in particular to distinguish between individuals infected with HBeAg, with HBeAg
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hepatitis or with undetectable HBsAg. In addition, our team is currently supervising several theses using SNDS
data, in which the assessment criteria concern cardiovascular risk and renal failure - and the present project will
be able to benefit from the expertise acquired on the SNDS in these fields. La source principale de données utilisée
pour cette these est le Systeme National des Données de Santé (SNDS), enrichie des données des cohortes
Hepather et Hepat-B chainées au SNDS

Methods

The methods used will aim to quantify the effects, taking into account time-dependent confounding factors and
the different stages of the disease and, where appropriate, competitive risks, or the effect of time-varying
exposures (15). We will use structural marginal models (already used on the SNDS in previous work by the team
on people infected with the hepatitis C virus (16)) or multi-state models to take account of the different stages
of infection. Depending on the estimated performance of the different algorithms for identifying infection
phenotypes, a correction for differential classification errors will be made to the estimates of strength of
association (17).

Power and sample size

The cohort of HBV-infected people identified in the SNDS is over 100,000 (>200,000 if a "control" cohort of
uninfected people is added), with a follow-up of 10 years; the events studied are not rare and the exposures
studied (treatments, metabolic syndrome, diabetes) are frequent: we can assume a power of over 99% for the
identification of relative risk, even if relatively low (i.e. RR> 1.2) over the entire cohort.

Provisional agenda

Semester 1 - SNDS training (if necessary), review of the literature on the subject, identification within the SNDS of
the different phenotypes of HBV infection.

Semester 2 - analysis of the SNDS - submission of article 1

Semester 3 - publication of article 1 and characterisation of the pathways and management of people living with
HBV in the SNDS

Semester 4 - analysis and submission of article 2

Semester 5 - writing the thesis - publication of article 2

Semester 6 - defense

Articles

Article 1: cancers, cardiovascular events, and renal failure in people living with HBV infection - incidence
according to infection status and risk factors.

Article 2: impact of different management (treatment, screening) of people living with HBV infection and
individual determinants on the risk of progression of liver disease and associated comorbidities.
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