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Abstract

Non-alcoholic steatohepatitis is a liver disease with no approved treatment methods. Because
of the severity of this disease, it is of uttermost importance to develop drugs that tackle this disease.
The severity of NASH is let by permanent scarring of the liver, with hepatocellular carcinoma and liver
failure as a consequence. Today, NASH screening is very difficult and mostly occurs at a later stage of
the disease. Current research is focussing on various types of targets to treat this disease. Potential
targets focus either on a single target, a double target or a triple target. Fibroblast growth factors are
described as key players to prevent the development of NASH because they have a key role in
metabolic processes that are heavily disturbed in NASH patients. Analogues of FGF19 and FGF21 have
been developed for the current clinical trials which are being performed on human patients diagnosed
with NASH. These FGFs have been extensively studied in mice and humans and can be used for drug
development. Multiple single agonist drugs have been described, resulting in body weight reduction,
impairment of liver fibrosis and a decrease in overall liver fat. Besides single agonist drugs, current
clinical trials focus more on treatments with dual or triple agonist drugs. However, they have mostly
been tested on mouse models, but they could make a promising option for treatment in human
patients with NASH because they target more than a single pathway. In that manner, dual or triple
agonist drugs can impair NASH better than single agonist drugs would. This thesis describes the drug
GLP-1-Fc-FGF21 with the most potential to impair NASH. It still needs to be tested in human patients
as more dual agonist drugs described in this thesis, but dual agonism looks like the most potent method

in treating patients with NASH.

Introduction

Metabolic diseases play a prominent role in western societies. Individuals with obesity are
growing every year and is estimated to keep on growing in the future at this rate. Most recent numbers
from the World Health Organisation show that in 2016, 39% of individuals worldwide over the age of
18 were overweight. 13% of these individuals were obese?. Obesity increases the chance of type 2
diabetes (T2D), non-alcoholic fatty liver disease (NAFLD), non-alcoholic steatohepatitis (NASH),
cardiovascular disease and certain types of cancer. NAFLD is a liver disease where fattening of the liver
occurs driven by a high calorie diet without the influence of alcohol consumption. NAFLD on itself is
considered to be benign but more advanced stages of NAFLD become more serious and can lead to
the development of NASH, in which the liver is an inflammatory state. NASH can cause fibrosis of the
liver resulting in liver damage which could lead to permanent scarring of the liver (cirrhosis)3C. Cirrhosis
of the liver can eventually lead to hepatocellular carcinoma, liver failure and death if left untreated?®.
To put NASH relevance in perspective, data from a previous study has shown that out of a group of

1620 people with morbid obesity, 91% were diagnosed with NAFLD and 37% with NASH,



Unfortunately NASH is mostly identified at a later stage of the disease, which could have already led
to severe consequences. Because cirrhosis of the liver is an irreversible process and earlier stages of
NAFLD/NASH are reversible, the most obvious treatment for NASH is weight loss. As most patients
diagnosed with NASH are (morbidly) obese, reducing calorie intake, more exercise, and healthy food
options help to tackle the pathology of NASH very well. By reducing weight in an individual with NASH,
overall fat in the liver can be reduced which is of uttermost importance to sustain a healthy liver.
Unfortunately there are no FDA-approved medicines for NASH treatment yet, but there are various
studies which are putting their efforts in finding a potential treatment for NASH. There are multiple
targets for drug development on trial, affecting many processes including lipid metabolism,

inflammation, fibrosis and weight loss.

Therefore a potential therapeutic target for NASH treatment are fibroblast growth factor
receptors (FGFRs). To target FGFRs, analogues for the corresponding fibroblast growth factors (FGFs)
need to be developed. FGFs are proteins that regulate processes like cell proliferation and
differentiation?2. FGFs play an important role in lipid, bile acid and carbohydrate metabolism. Because
these processes can be severely disturbed during metabolic diseases, drugs which are based on the
function of FGFs are interesting molecules for the development of a treatment for NASH. Researchers
have found three specific FGFs which play an important role during these processes, namely FGF1,
FGF19 and FGF21. Current research has shown that drugs based on FGF19 and FGF21, contribute to
an improvement in hepatic steatosis. Multiple medicines that are analogues based on FGF19 and
FGF21 are currently on trial for the treatment of NASH patients, but has not led to an FDA-approved
medicine. How these drugs work and why they have not been approved (yet), will be handled in this
thesis. A different therapeutic approach for NASH treatment are dual (or triple) agonist drugs. These
dual agonistic drugs show a lot of potential as they work on multiple targets. Therefore they can act
on different pathways at the same time instead of a more specific pathway. In this manner they could
impede more consequences that NASH has on the liver and thus provide a better approach for the
treatment of NASH. Current promising dual agonist drugs target various different molecules like GLP-

1, GLP-2, PPAR and FGF21 which will be clearly described in this thesis.

Therefore this thesis aims to make an overview of the most promising treatments for NASH
and to get a clear insight in how these drugs specifically work. To understand how these drugs work,
the mechanisms behind the above mentioned molecules which they are based on will be discussed.

An insight in the mechanisms of FGFs will be given along with the targets of the dual agonist drugs.



Function and mechanisms of FGFs

The entire family of FGFs consists of 18 distinctive fibroblast growth factors?2. FGFs bind and
activate fibroblast growth factor receptors (FGFRs) through autocrine, paracrine or endocrine
stimulation. Depending on the type of targeting, FGFs rely on co-receptors to activate FGFRs. Autocrine
and paracrine FGFs are mostly associated with the co-receptor heparan sulphate whereas endocrine
secreted FGFs depend on the co-receptor B-Klotho for activating a specific FGFR. The affinity of
endocrine FGFs for B-Klotho instead of heparan sulphate makes diffusion out of the secreted cell
possible. There are 4 different FGFRs to which FGFs can bind”-*2. Stimulation of an FGFR results in cell
signalling through the RAS/MAP kinase pathway, P13 kinase/Akt pathway, the PLCy pathway® and the
STAT pathway. When an FGF binds to an FGFR, a cascade of reactions occurs in the cytoplasm of a cell.
The cascade begins with the phosphorylation of tyrosine residues of the docking protein FRS2a. After
phosphorylation of FRS2a, it provides new binding sites for the complex consisting of the following
substances: GRB2, SOS, SHP2 and GAB1%*?’. This complex can activate RAS/MAP kinase, which
regulates cell growth and cell differentiation. The formed complex by FRS2a can also activate the PI3
kinase/Akt pathway, which is implicated in cell survival and cell fate determination?*. The third
pathway that is associated with FGF cell signalling is the PLCy pathway. Phosphorylation of the tyrosine
residues leads to activation of PLCy which hydrolyses phosphatidylinositol into IP3 and DAG. IP3 is
responsible for the release of calcium molecules from the endoplasmic reticulum. Increased levels of
calcium and the presence of DAG can activate PKC together?*. PKC is an important factor in regulating
the expression of immune genes®. The final pathway which can be activated by FGF stimulation is the
STAT pathway. STAT1, STAT3 and STATS5 regulate gene expression in the nucleus of a cell?*. Because
FGFs are vulnerable for degradation by proteases, they possess a relatively short half-life of 0,5 — 2
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Figure 1: Overview of the four pathways which FGFs are involved in. FGF signalling occurs via the
RAS/MAP kinase, P13 kinase/Akt, PLCy and STAT pathways?*.

The most prevalent FGFs associated with metabolism are FGF1, FGF19, and FGF21. FGF1 can
bind and activate all four different FGFRs. FGF1 is regulated by PPARy and is mostly expressed in white
adipose tissue (WAT)%. Previous study has shown that FGF1 knockout mice cannot expand or reduce
their WAT as a reaction to a fed or fasting state3®. Additionally, it was found that FGF1 administration
resulted in a decrease in blood glucose levels in diabetic mice. This mechanism was dependent on the

numbers of FGFR1 in adipose tissue, further emphasizing the importance of adipose tissue for FGF13.,

For the research of FGF19, researchers have used mouse models for the identification of the
function of FGF 19. In mice the orthologue for human FGF19, is FGF15!¢22, Mice FGF15 has shown that
it is a key regulator for bile acid synthesis in the liver. This was initially discovered in FGFR4 knockout
mice which showed an elevated level of bile acids®**. As shown in figure 2, an increase in bile acids

detected by FXR receptors leads to the production of FGF15 in the intestine (ileum). The produced



FGF15 travels to the liver where it has an Intestine

inhibitory function on cholesterol 7-a- Bile Acids
hydroxylase (CYP7A1) which is the rate- A A _—~
limiting enzyme during bile acid synthesis.

. L FGF15
Additionally to FGF15 production, increased

levels of bile acids leads to the production of

SHP in the liver which also has an inhibitory Liver

function on bile acid synthesis by inhibiting FGFR4 ..

v
CYP7A1 expression. Together they regulate
bile acid homeostasis under the influence of @
FXR'>1622 |n humans, FGF19 has a similar SHP

function as FGF15 in mice. A study has shown CYPM’

that FXR induces FGF19 in human | Figure 2: Mechanisms behind bile acid homeostasis.
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FGF15 in the intestine. Both factors have an
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enterohepatic damage, which emphasizes | Pile acid synthesis, CYP7AL"™.

why bile acid synthesis must be a tightly regulated process*2.

FGF21 in humans is expressed in multiple tissues including the liver, brain, pancreas, and
adipose tissue®. FGF21 is mainly produced in the liver and acts as a metabolic regulator. Findings have
shown that FGF21 promotes the oxidation of fatty acids, inhibits lipogenesis, and stimulates the
production of ketone bodies. Therefore, FGF21 can control energy expenditure which makes it an
interesting therapeutic factor for drug development for metabolic diseases®?. Research has shown that
FGF21 does not completely overlap in function between humans and mice. In mice, FGF21 shows a
clear indication that its levels are increased by fasting and ketogenic diets'®. Multiple studies tried to
investigate whether a response in FGF21 levels to fasting and ketogenic diets was present in humans,
but there was no correlation found3!. However, a clear correlation was found between increased
FGF21 levels and an increased BMI. In particular, obesity-related diseases like T2D, NAFLD and NASH,

tend to show an increase in FGF21%.
Mimetics of dual agonist targets

This thesis will cover 3 different dual agonist drugs that all target a different combination of
molecules. GLP-1 is one of the peptide hormones that dual agonist drugs base their treatments on.

GLP-1 is secreted from the intestines and mainly functions to lower blood glucose levels. GLP-1



achieves this by promoting glucose-dependent insulin secretion, and inhibition of glucagon secretion.
GLP-1 secretion is stimulated in response to food intake?. A different molecule that is used for NASH
treatment is GLP-2. GLP-2 is secreted by the intestines and reduces gut permeability. It functions as an
anti-inflammatory factor to maintain the mucosal immune barrier®. GLP-2 can stimulate crypt cell
proliferation and inhibition of apoptosis to enhance the surface area of the epithelium of the mucosa.

GLP-2 has also shown to regulate nutrient absorption in humans and rodents®3.

A final target for drug development are the so called peroxisome proliferator-activated
receptors (PPARs). There are three subtypes of PPARs namely: PPARa, PPARy, and PPARB/&3. All three
subtypes possess their own specific functions and are highly associated with energy metabolism.
PPARa is mostly found in hepatocytes where it is mainly involved in energy homeostasis. PPARa is
directly involved in fatty acid oxidation, to provide energy for other surrounding tissues. PPARy is an
already, well studied receptor to which drugs have already been developed. PPARy is involved in
adipocyte differentiation, fatty acid storage and glucose metabolism®®. Administration of
Thiazolidinediones, a PPARy agonist, resulted in an improvement in insulin resistance in diabetic
patients, suggesting the potential of PPARy agonism in metabolic diseases®’. The final PPAR is PPARB/S,
which is expressed in multiple tissues like adipocytes, the brain and skeletal muscle cells. PPAR-B/&
mainly functions to promote fatty acid metabolism and macrophage derived inflammation

suppression3®,

FGF based drugs in clinical trials

A lack of approved therapies for the treatment of NASH has led to more studies researching
therapeutic agents for NASH. Because of the severity of NASH as a disease, finding a cure to impede
the complications is of uttermost importance. The main downside of NASH is that it is very hard to
diagnose because the liver is not accessible for direct examination. Therefore the only possible way to
diagnose NASH is to take a liver biopsy?’. As mentioned before, FGFs play a prominent role in various
metabolic pathways, therefore they are interesting targets for drug development. There are multiple
types of drugs for the treatment of NASH. Trials with treatments for NASH focus on a single target or

multiple targets. This section will cover single agonist and dual agonist drugs.

NGM282, also known as Aldafermin, which is currently in phase 2b of its clinical trial, is an
FGF19 analogue that has an inhibitory effect on bile acid synthesis. The levels of C4, which is a marker
for the enzyme CYP7A1, were significantly lowered during different trials with Aldafermin which
indicates the inhibition of bile acid synthesis. This was paired with an eventual decrease in total liver
fat in patients with NASH®%C, Results show a decrease in liver fat up to 81% with an administration of

Aldafermin of 3 mg/day®°. Besides decreasing liver fat, Aldafermin treatment also showed that 51% of



patients that received a dose of 3 mg/day of Aldafermin, had an improvement in liver fibrosis®. Alanine
aminotransferase (ALT) and aspartate aminotransferase (AST) levels, which are common markers used
for liver injury, were significantly reduced. Results showed a decrease of 30% of AST levels in NASH
patients that received Aldafermin in contrast to patients that received a placebo which had a decrease
of 1% of AST. Alt levels decreased with 49% in NASH patients that received Aldafermin in contrast to a
decrease of 6% in NASH patients that received a placebo®. Histological analysis showed that 38% of
NASH patients that received Aldafermin, had an improvement of fibrosis. The negative side-effects
which were found during trials with Aldafermin were gastrointestinal symptoms. This mainly resulted
in diarrhea, which was consistent for all trials®® 1%, The downside of CYP7A1 inhibition was an elevation
in blood low-density lipoprotein (LDL). To tackle this problem, co-administration with the drug
Rosuvastatin was done to control cholesterol levels. This resulted in positive outcomes with a

significant decrease in LDL cholesterol in the blood®  °,

The first FGF21-based drug which was developed is LY2405319. LY2405319 is an engineered
variant of the classic FGF21 and was developed to improve the stability and productivity of FGF21.
Trials with LY2405319 have been performed in mice with NASH. Results showed that treatment with
LY2405319 decreased liver injury with almost 50% in both ALT and AST levels respectively. Liver fibrosis
was significantly decreased with LY2405319 treatment as well. Finally, mitochondrial dysfunction is
one of the consequences of NASH, but treatment with LY2405319 improved mitochondrial function
significantly by measuring oxygen consumption rate (OCR) and beta-oxidation. The results show that
mitochondrial function was improved due to an increase in in oxidative capacity and fatty acid
oxidation®. The first test of LY2405319 in humans was in patients with T2D®. Results provided a
decrease in total lipid concentrations and a reduction in body weight due to an increase in metabolic
rate but not a decrease in food intake. Adiponectin levels, which is an important homeostatic factor
for regulating glucose homeostasis, lipid metabolism and insulin sensitivity?, were also increased. A
decrease in overall adiponectin levels is associated with obesity and insulin resistance. The main
negative side-effects which occurred during trials with LY2405319 were relatively mild. However, there
were three subjects that discontinued the trial because of either: hypersensitivity, liver enzyme
elevation or reactions at the injection site, headache, and urticaria. There were also three very serious
cases in which patients showed more intense reactions to LY2405319 administration. Two of these
three cases were related to already present diseases in these patients (cholecystitis and optic
neuropathy), but one of these cases had a severe reaction to a dose of 20 mg of LY2405319 that

resulted in a significant drop in blood pressure, urticaria, and pruritis®.

Another promising drug for NASH treatment with FGF21 as a target, is BMS-986036 also known

as Pegbelfermin. Pegbelfermin is an FGF21 human analogue that has, in contrast to LY2405319, a



prolonged half-life to expand its duration of action®*. Clinical trials, which are currently in phase 2a,
have shown that Pegbelfermin decreases bile acid concentrations in patients with NASH. Patients who
received either a daily dose or weekly dose of Pegbelfermin, all showed a significant improvement in

1729 patients

decreasing bile acid concentrations in contrast to patients who received a placebo
administered with Pegbelfermin, also showed a decrease of up to 30% in liver fibrosis by
measurements of the biomarker PRO-C3%°. They also showed massive improvements in adiponectin
concentrations as these concentrations can be 50% less in patients with NASH%. This would suggest
that adiponectin molecules have an important effect that provide protection against NASH. The
reported adverse side effects of Pegbelfermin were mostly mild, resulting in patients with diarrhea

(16%) and nausea (14%)*" %°.

A third FGF21 analogue that has been used for research is Efruxifermin. Not many trials have
been performed yet with patients diagnosed with NASH, but a study examining the performance of
Efruxifermin has been done on NASH patients. Efruxifermin is a so-called fusion protein of I1gG Fc linked
to a modified FGF21 (Fc-FGF21). Fc-FGF21 has a higher receptor affinity than its human FGF21
analogue. Efruxifermin also has an extended half-life, like Pegbelfermin, in contrast to normal FGF2133,
A clinical trial in phase 2a performed by Harrison et al. including patients diagnosed with NASH, showed
that 88% of the patients treated with Efruxifermin saw a general reduction of 250% in liver fat. In
accordance, the liver injury marker ALT showed a decrease up to 69%**. Levels of liver fibrosis marker
pro-C3 also showed a decrease in patients administered with Efruxifermin. Treatment with
Efruxifermin mostly had mild to moderate adverse effects but 89% of all patients experienced at least
on adverse effect that was related to Efruxifermin treatment. As more of the current described drugs
in this thesis, Efruxifermin treatment resulted in symptoms like diarrhea (27 cases), nausea (26 cases)
and/or vomiting (15 cases). A more severe case let to the development of acute pancreatitis

subsequently with diabetic ketoacidosis related to Efruxifermin administration®?.

Dual agonist drugs in clinical trials

Multiple drugs have been defined with dual agonistic targets. The advantage of dual agonist
analogues, is that they can target multiple pathways at the same time. In that way, they can tackle

multiple sites which have been heavily disturbed by a metabolic disease like NASH. First of all, a GLP-1



and FGF21 dual agonist (GLP-1-Fc-FGF21)%. Because GLP-1
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function was measured by ALT and AST levels.

Both markers showed Ilowered levels in

comparison to Dulaglutide and FGF21 S1

suggesting an improvement in liver function. Liver fibrosis measurements could not be performed due

to the fact that the mouse models used for research had not developed fibrosis of the liver yet®.

Secondly, a GLP-1 and GLP-2 receptors dual agonist. A study performed by El-Jamal et al.
showed that treatment with GLP-2 promotes liver regeneration in mice?. Because of these properties,
combined with the properties of GLP-1, the dual agonist “GLP1/2-Fc”’ was evaluated as a therapeutic
agent for the treatment of NASH*3. The main results show that GLP1/2-Fc treated mice had a significant
improvement on liver fibrosis. By Sirius red staining, liver cells were examined and the lowest
concentrations of hepatic fibrosis was found in the group that was treated with GLP1/2-Fc. The solo
analogs, GLP1-Fc and GLP2-Fc did not show a decrease in liver fibrosis. Hepatic fat accumulation was
examined by fecal microbiota transplantation and showed a decrease when treated with GLP1/2-Fc.
Body weight was reduced in mice treated with GLP1/2-Fc and GLP1-Fc, but not in mice treated with
GLP2-Fc. As the properties of GLP-1 have already shown, GLP-1 administration reduces body weight,

perfectly mimicking the results of this research. GLP1/2-Fc treatment also positively changed the gut



microbiome by improving the structures of the intestine®®. Studies to this date, with GLP1/2-Fc in

human patients diagnosed with NASH, have not been performed yet.

The third dual agonist drug which will be looked at is a GLP-1 - Glucagon receptor-based drug
named ALT-801. In an obese mouse model, this drug was tested along with two single agonist drugs
Semaglutide and Elafibranor?!. Semaglutide is a GLP-1 receptor agonist and Elafibranor is a PPAR-o.and
PPAR-6 agonist. Mice received either one of the three drugs, and results were compared amongst each
other together with a vehicle control group. Administration of ALT-801 directly resulted in a significant
reduction in body weight. This was also observed in mice administered with Elafibranor and
Semaglutide, but this weight loss was around 3 grams less than ALT-801%. Total liver cholesterol levels
were significantly from 62 mg/liver to 13 mg/liver with ALT-801 administration. Semaglutide
administration showed a decrease of 62 mg/liver to 27 mg/liver. Elafibranor showed no differences in
total liver cholesterol levels®. To measure an improvement in liver fibrosis, the marker Col1A1 was
used. Total CollAl lowered from 475 mg to 125 mg with ALT-801 treatment. Elafibranor and
Semaglutide administration also showed a decrease in Col1A1 but not as significant as ALT-801%1. A
different study, which researched the effect of a GLP-1 and glucagon receptor dual agonist on mice
and monkeys, showed similar results in which body weight was significantly reduced in comparison to

a different drug called Liraglutide, which is a GLP-1R single agonist? .

The last drug that will be discussed in this thesis is the triple agonist Lanifibranor which is a
PAN — PPAR agonist. Lanifibranor targets the three different PPAR isotypes: PPARa, PPARy, and
PPARPB/6. A clinical trial in phase 2b has been performed on human patients diagnosed with NASH and
received either Lanifibranor or a placebo®. The main results showed a very distinct difference between
the two groups. 49% of the patients administered with a dose of 1200mg of Lanifibranor had an
impairment of hepatic fibrosis in comparison with the placebo group (22%). Body weight was not
positively influenced by Lanifibranor. Patients saw an increase in body weight possibly by the increase
in adiponectin levels which improves adipose tissue functioning. The main adverse effects of
Lanifibranor were gastrointestinal related consequences, peripheral edema (4 cases), anemia (6 cases)

and a reduction of 5 to 6% in blood hemoglobin levels in the patients that received Lanifibranor °.

Discussion

NASH is a very dangerous disease that is getting more prevalent in current societies. Because
of the rising cases of NASH, efforts are being put in finding possible treatments. The main
consequences of patients diagnosed with NASH are cirrhosis of the liver. Because of the fact that
cirrhosis is a permanent consequence of NASH, drugs which are in trial focus a lot on preventing liver

fibrosis and thus eventual liver cirrhosis. There are still no FDA-approved drugs for NASH, but multiple



clinical trials are being performed on human NASH patients. Trials are done with single agonist, dual

agonist, and even a triple agonist drug.

This thesis aimed to visualize various types of drugs, currently being developed to treat
patients with NASH. The focus lies on testing the efficacy and safety of these drugs. Targets for these
drugs, that have been described in this thesis, mostly had a single or dual target. One of the evaluated
drugs was a triple agonist. The single agonist drugs which have been described target the fibroblast
growth factors FGF19 and FGF21. The drugs Aldafermin, LY2405319, Pegbelfermin and Efruxifermin all
indicated that they improve liver fibrosis significantly, which is one of the important targets for NASH
improvement. Because later stages of liver fibrosis can lead into liver cirrhosis, preventing/inhibiting
liver fibrosis is very important. Accordingly, these drugs showed the same type of side-effects during
the trial with the exception of a few more severe cases. An interesting method for impairing a side-
effect of the drug Aldafermin was the combination of the drug together with Rosuvastatin. Because
administration of Aldafermin increased blood LDL cholesterol, Rosuvastatin was administered to
decrease the elevated levels of LDL cholesterol. Aldafermin administration together with Rosuvastatin
administration, resulted very positively and treatment with Aldafermin was, therefore, more effective
with co-administration of Rosuvastatin. The full potential of LY2405319 still needs to be fulfilled as this
drug has not yet been tested on human patients with NASH. Patients with T2D have been treated with
LY2405319 but liver fibrosis was not measured. Therefore trials in patients with NASH should take liver
fibrosis measurements into account, as already has been done in mice. Because obesity is one of the
main predictors of liver diseases, some trials for NASH were directed at lowering liver fat and reducing
body weight. Liver fat was decreased during Aldafermin, Pegbelfermin and Efruxifermin treatment and

body weight was reduced during trials with Aldafermin and LY2405319 (T2D).

Three dual agonist drug that have been described in this thesis have yet to be tested in human
patients diagnosed with NASH. The current state of various dual agonist drugs in mouse models show
the potential for success in human patients. The dual agonist GLP-1-Fc-FGF21 D1 used the properties
of GLP-1 and FGF21 to optimize the efficacy of NASH treatment. Treatment with GLP-1-Fc-FGF21 D1
mainly resulted in a considerable decrease in body weight paired with improved liver function. The
next step for preclinical trials with GLP-1-Fc-FGF21 D1 is to measure its effect on liver fibrosis
development. As described before, targeting FGF21 can result in a decrease in liver fibrosis. This has
been hypothesized by the researchers who performed this preclinical trial as well®®. GLP1/2-Fc and
ALT-801 both targeted GLP-1 for the treatment of mice with NASH, like GLP-1-Fc-FGF21 D1. Because
GLP-1 functions to regulate body weight by regulating energy intake, GLP-1 has shown to be a good
target to reduce body weight significantly. But only targeting GLP-1 as a single agonist for example,

Semaglutide, shows that it does not improve liver fibrosis on its own?!. The combined target of GLP1/2-



Fc, however did improve liver fibrosis which led to the hypothesis that GLP-2 possibly has a role in
improving liver fibrosis. The triple agonist, Lanifibranor has a completely different target in comparison
to all drugs described in this thesis. Lanifibranor showed that it impairs liver fibrosis in comparison with
the placebo group. A consequence of Lanifibranor administration was that patients who underwent a
trial with Lanifibranor, saw an increase in body weight. This could be traced back to the increase in

adiponectin molecules.

When analysing the properties of all the different clinical trials, it shows that only reducing
body weight does not improve liver fibrosis. However, body weight should be one of the main targets
for NASH treatment. Ideally, patients with NASH would decrease their body weight by exercising more
and eating healthier food. This transition in lifestyle is not that simple, or not achievable, which why it
is important to develop drugs to help people that show difficulty in exercising or a change in diet.
Fortunately, as shown in this thesis, there are a lot of potential drugs which positively influence body
weight. Liver fibrosis has also been one of the main targets for NASH treatment. Most clinical trials saw
a positive improvement in liver fibrosis as markers for liver fibrosis were significantly decreased. This
is a very positive development for NASH treatment as previous trials with less effective drugs did not
impair liver fibrosis®®. All treatments performed on human patients with NASH showed a similar
pattern in their adverse effects. Most studies depicted adverse effects like diarrhea and nausea as
mild. Yet, there has not been a single drug that has been FDA-approved. All current drugs in trial have
a few more severe cases, paired with the abundance of “mild” adverse effects, which questions the
safety of these drugs. Therefore it seems very difficult, to for example, develop an FGF-agonist that
shows less adverse effects. The benefits are still not outweighing the risks of the clinical trials.
Therefore, if the adverse effects are not ameliorating in future NASH treatments, we should reconsider
if the adverse effects are worth it, considering that the pathology of NASH is far worse than the adverse
effects of these drugs. As emphasized in the introduction, NASH can lead to hepatocellular carcinoma

with the consequence that liver transplantation is the only viable last resort.

Dual agonism is an upcoming manner for NASH treatment combining two different targets that
play a key role in tackling NASH development. Until this date, there have not been dual agonists which
target FGF19. As treatment with Aldafermin has shown, targeting FGF19 can ameliorate NASH.
However, Aldafermin did need the help of Rosuvastatin administration to impair its increase in LDL
cholesterol levels. This co-administration is not classified as a “dual agonist”, but it does use the
properties of two different types of drugs which together show the optimal improvement in NASH
impairment. Dual agonism has also shown in the case of GLP1/2-Fc that targeting two different sites
can lead to an improvement in liver fibrosis, that single agonism is not able to handle. The dual agonist

GLP-1-Fc-FGF21 looks like one of the best drugs displayed in this thesis. It tackles two major factors



which have shown to be of great value in treating NASH. FGF21 agonists have already shown that
targeting FGF21 ameliorates NASH progression to a great extent. GLP-1 function has also been clearly
described and why it makes for an important target in NASH treatment especially for weight loss. The

next step is to clinically trial GLP-1-Fc-FGF21 in human patients.

The current challenge for tackling NASH does not lie in how to impair the severe consequences
that NASH has on patients, but how to develop treatments which both show efficacy and safety. All
drugs described in this thesis, that have been clinically trialled on humans, resulted in positive
improvements of NASH impairment. The most promising approach for therapeutic targets for NASH
treatment are dual or triple agonist. In particular, an FGF-based target shows potential for drug
development. When developing a treatment that uses the properties of for example FGF21, efforts
should be put in extending the half-life of FGF21. In that way, the amount of administration needed,
could be minimized as it will function for a longer time period. Future research should definitely focus
on treating NASH by targeting more than one specific molecule as it shows a lot of potential, by
targeting multiple pathways that are involved in NASH development, in the eventual prevention of the

cirrhotic stage of the liver.
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