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4 priemyselné odvetvia zodpovedné za minimalne 1/3 global. amrti

Foto:archiv autora, zdroj internet
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Nadvaha / Obezita /Metabolicky syndrom
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No Significant Difference in Weight

Effects of dietary fructose restriction on liver fat and De Novo

lipogenesis in children with obesity

e 9 days isocaloric fructose restriction

e Obese children (n=41) with habitual high sugar consumption (fructose intake >50 g/d)

Changes in individual fat compartments

Short-term (9 days) isocaloric fructose restriction
decreased liver fat, VAT, and DNL, and improved

insulin kinetics in children with obesity. A

These findings support efforts to reduce sugar
consumption.

Changes in postprandial DNL

=]

All subjects Subjects who did not lose weight
A 2 1 Liver VAT SAT E 2 Liver VAT SAT
n=38) n=40) 40) - 8) in=# n=9)
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Schwarz JM., Gastroenterology 2017
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Fyzio & Patotyziologia

& M etab 01i zmus Foto:archiv autora, zdroj internet
* Glukéza = zdroj ATP

e Fruktdza

* Inzulin — rastovy faktor = energy storage hormone

* Metabolicka dysfunkcia = IR

* Inflamacia — chronicka negativna (stres, pro_zapal podnety, strava)
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Metabolizmus

...ako z niecoho cudzieho z vonka urobit telu vlastne
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jedlo/potrava:
. energia

2. rast (mozog, pecen, kosti, svaly...tuk)

* energla/burning (determinuje mitochondria)

* rast (determinuje inzulin)
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Glukoza

* energia/vznik ATP

* rast/stavebneé casti (lipidy, riboza-DNA, proteiny...tkaniva, organy)

* 80 mg/per dcl, v 6] krvi cca dg glukézy nalacno (mala lyzicka), ak soda drink, dzus tak
10 nasobne viac

* ciel ¢o najnizsiu gl, za o najmzsej hladiny INZ N —"
| Glucose x\ >

* gl nalacno reprezentuje produkciu v peceni Glucofe

ATP

Glucose \S\
Glucokinase ADP

Gl -6-P Blood
uco / GSK ‘\\ Vel
/ Rkt _pi3
Fructose-6-P Glycogen -IRS-
PFK | l ynthase }

Fr ctose—1 ,6-bis-P

G!urZ
Glucose

Dihydro y cetone-P
Glyceraldehyde-3-P

SREBP1c
ACLACE Fis
e — Acetyl-CoA — Acyl-CoA %Tﬁ VLDL
"~—-—-Cltrate ApoB
Ace tyl -CoA
ruva
COz

Graf :archiv autora,
internet

Glut4
Muscle
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regulacia: burning or growth (kontrolny mechanizmus)

* tyziologicky sy IR (deti, puberta, gravidita...)
* hypergl — hyperinzulinémia — IR — obezita — DIA — KVCh — C1 — GKD — POSy...
Ca

* INZ nezavislé tkaniva (CNS, ...), EXCES DO TUKU (more insulin =

more fat)

* Sval

* good and bad, nikdy good or bad
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regulacia: burning or growth (kontrolny mechanizmus)

* tyziologicky sy IR (det1, puberta, gravidita...)
* hypergl — hyperinzulinémia — IR — obezita — DIA — KVCh — C1 — CKD — POSy...
Ca

* INZ nezavislé tkaniva (CNS, ...), EXCES DO TUKU (more insulin =

more fat)

* Sval

* good and bad, nikdy good or bad
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‘ Normal I ‘ Total Energy \

ACTIVE ENERGY

Food (ATP) GOAL is to Keep ATP
(Energy) Levels HIGH

The Fructose ‘Trick’

ACTIVE ENERGY
(ATP) GOAL is to Keep ATP

Johnson RJ et al. Adv Nutr. 2017
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inflamacia: cytokiny, REDOX, stres, aging, stres, hormony(kortizol), predcasna smrt
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acCl

* reakcia na obranu pred invaziou (enviroment, strava, toxické

produkty...)
* LPS, PAMPS, DAMPS

* ...aging, civilizacné choroby

Senolytics

caspimmion 3o ¥ ¥
* crevo (bariéra prot1 zapalu) =
* mikrobiom, vlaknina... :
* nasa strava pro_zapalova W—
X el
e 'mmg:; :?_ﬂn » Metabolic abnormal

Spinelli, R., Parrillo, L., Longo, M. et al. Molecular basis of ageing in chronic metabolic diseases. J] Endocrinol Invest 43, 1373—1389 (2020)
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metabolicka dysfunkcia/IR

* mnoho taktorov, vek, stres, fajcenie, genetika...VOmax, fitness
* peak —amplitada
* plateau

¢ surrogate CGM 11:52 AM

Graf :archiv autora
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Global burden of liver disease: 2023 update

Harshad Devarbhavi', Sumeet K. Asrani**, Juan Pablo Arab”“, Yvonne Ayerki Nartey’, Elisa Pose®, Patrick S. Kamath’

Epidemiolgia a bremeno pecenovych chorob

2 million deaths worldwide
1 out of 3 liver deaths among females
11" leading cause of death worldwide

15" leading cause of disability-associated life-years
Cost of liver disease in the United States (2016): $32.5 billion
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zeeQObezita a MASLD
patofyziologia v kontexte metabolicke) dysfunkcie

Genetickeé faktory (epigenetika) + Enviroment/UPF-zapal + Psychologickée
faktory/Stres/Spanok + GNS, hormonalne a metabolické faktory

!
Dlhodoba energeticka nerovnovaha (prijem > vydaj) + obesogenes/ED
!
Hypertrofia a hyperplazia adipocytov (SCF1 a ektopic VAT)
o
Chronicky zapal w 2 1nzulinova rezistencia
!

Progresia obezity/metabolickej dystunkcie — Metabolické/zdravotné komplikacie

CAREMELO
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Koncept a savislosti

* multifaktorialne stvislosti (genet,
enviro...)

* preco liecit MASLD/MASH
« HCC
e Ix

* CA-RE-ME-LO

Normal Liver

Excess liver fat?3
Inflammation®?®  Dysregulated lipid Insulin resistance?®? B Francque et al J Hep Rep 2021
metabolism?? )

__) ‘xv_) ;yp02

diabetes

NY

»uri N & Noureddin M. Am J Manag Care 2024;30:S159-5174;2 Luo Y &Lin H. Immun Inflamm Dis 2021,9:59-73; 3. Qureshi K & Abrams GA. World J Gastroenterol 2007;13:3540-3553.
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Socio-ekonomicka
determinacia a vplyv
na zdravie

(medzigeneracny presun)

Ekonomické faktory

ekonomicka ntidza najsilnejsi prediktor obezity (Hardy et al, 2017)

EN asoc. s obezogénnym envirometom (Verde et al, 2024)

EN asoc. s nedostupnostou enviromentu podporujiceho tyzickt aktivitu

(Bantham, 2021)

EN asoc. s kaloricky denznou potravou — UPF (van Erpecum, 2022)
EN asoc. s nedostatkom zdravotnickej sluzby (Paulet al, 2016)

EN kontra iné priority (deti, praca, ucty)

Socialne f.

maltreatment v detstve (Offer et al, 2022)
dystunkcna rodina (Hemmingsson, 2018()
nizsie vzdelanie (Devaux, 2011)

bullying v detstve (Cheng et al, 2022)
chronicky stres (Kummar et al, 2023)
stigma (Lawrence, 2021, ....)
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Targeting HSCs or macro-

Targeting hepatocytes/ hages to reduce fibrosis and
Proposed . i i
treatment: N Hical thver for MASLD metabolism to reduce liver enhance regeneration +
’ e Sbs e fibrosis by =1 stage and resolve hepatocytes/metabolic
MASH pathways
Fibrosis
Stage:

Schwabe et al. Antifibrotic Therapies for Metabolic Dysfunction-associated Steatotic Liver Disease
J Hep Reports 2025
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Obezita a MASLD (vzfahy a savislosti

- [ NAFLD
A T Hepatic GR
FFA \ 2 > J-Ureagenesis
FFA o \ ;/ M AAs
/
‘ﬂ ;
| ' a-cell AR LA
Vi DPP4 T Glucagon g

#

J Peripheral AT MVLOLtriglyceride  AyenaticlR -y &
J SAT expandability JHDL B Glucose )
1FFA Dysfunctional T Small dense LDL
adipose tissue L Pancreatic islet
of Langerhans B
-cell
FFA
FFA T‘T‘ﬁ:'R T nsulin ‘\
A Ectopic fat Atherogenic Type 2 2 i 4 l
EFA dyslipidemia diabetes - -
FFA J-Adiponectin TNa*
@ 1 Pro-inflammatory Metabolic svndrome reabsorption
— adipokines ‘TSNS activity

T Muscle IR

al e --"'}l \—) i - (__//
J Glucose uptake I-T _j""_"' Central obesity Hypertension
Steatotic \

pancreas

Gater et al, Rehabilitation, 2021
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Metabolic disease trajectory Shared disease trajectory Alcohol-related disease trajectory

Normal liver
Metabolic drivers N I Alcohol

— Steatosis '
_ FO +* F1 > 2 4> F3

Cirrhosis (F4) cACLD
Hepatocellular
carcinoma l
. ' Liver
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Epidemiologia MASLD, prevalencia a OBE/DIA

Prevalence of SLD

of'the globalpopulation

(ranging from 25% in Western
Europe to 44% in Latin
America)

Prevalence of risk factors in SLD
P

ast decade

S

Cardiometabolic
risk factors
Have overweight Live with obesity Live with T2D
Consumptlon Consume alcohol drink heavily at least engage in harmful
regularly once a month alcohol consumption
1 Carry genetic risk alleles
Genetic @ in PNPLA3

PNPLAS, Patatin-like phospholipase domain-containing protein 3; SLD, steatotic liver disease; T2D, type 2 diabetes

Isroelsen M et al. Lancet, 2024,404(10464).1761-1778

[dentifying high-risk patients for early intervention

Prospective prevalence study of SLD and advanced fibrosis in overweight and obesity

90.0% - Primary care and community-based settings
79.0%
80.0% -
539 participants with overweight or obesity
RALIS 4 363 participants have MASLD or advanced stages of
o 60.0% - disease
=
o 500% -
O
C  40.0% 4
Q >1/6 patients had advanced fibrosis
g 30.0% -
Y 200% - 15.0% T2D and dyslipidemia in 60% and 28% of
Y008 o 5.8% par‘tICi[?a{‘ltS, respectively _ - _
* 15% eligible for therapy for non-cirrhotic, at-risk
0.0% - MASH (F2-F3)
MASLD Advanced Cirrhosis
fibrosis
F Advanced fibrosis is defined as MRE>3.63 kPa or VCTE>8.6 kPo if MRE not ovailable. Cirrhosis defined as MRE >4.67 kPa or VCTE=>13.1 kPo.

F2-F3, fibrosts stoge 2 and 3; MASH, metobolic dysfunction-associated steatohepotitis; MASLD, metabolic dysfunction-associated steatotic liver disease; SLD, steototic fiver disease; T2D, type 2 diabetes

Yang AH, et al, Gut 2024;73:2045-2053




The Case for Metabolic Targeting

Causes of death in MASH

619 patients with
bx-confirmed MASLD 1975-2005

US, Europe & Thailand
12.6 years f/u (range 0.3-35.1)

OQutcome

Number

Death or OLT
Cardiovascular disease
Nonliver cancer

(n = 193)
74 (38.3%)
36 (18.7%)

Cirrhosis complications 15 (7.8%)
HCC 2 (1%)
Liver transplantation 1 (0.5%)
Infections 15 (7.8)
-~
@ 10-25% Fy 7-20%

%-Of: T
CVD accountsfor 29% of HHEPBHGHHE i

people with MA

cvD
1,199 cases

Others
1,008 cases

No. of patients:

10,568
HCC Follow-up period:
186 cases 14.2 yrs

Total deaths: 4,338
cases

Liver
related

413 cases

Non-liver cancer
1,343 cases

Q@ 12-30%

Ischaemic stroke

Q 14-61%

All-cause death

Angulo et al, Gastro 2015, Simon TG et al, Gut 2021, Kim K-S et al, BMJ 2024




Nomenklatara a diagnostika MASLD 2, 25

Steatoticka choroba pecene

<

Steatoticka choroba
pecene asociovana s

dysfunkciou — (MASLD)

Prevaha ALD

Steatdza pecene asociovana s
metabolickou dysfunkciou

M30 40 50  60g/der
Z20 30 40 50g/den

Steatohepatitida

**Deficit lyzozomalnej kyslej lipazy, hypobetalipoproteinémia, Wilsonova choroba, vrodé chyby metabolizmu
***HCV, malnutricia, celiakia, HIV, .....



Diagnosticky algoritmus steatotickej choroby pecene

Steatoticka choroba peéene . ;
Steat6za peCene podla zobrazovacich vySetreni alebo biopsie —_—
l AIF:L:JI..'I:J;.' 2 g s hypertension
- i i . . Obesity MetALD Diabetes
Aspon 1 z 5 kardiometabolickych kriterii *
Ano Nie ALD
v v "N

Ina pricina steatdzy? Ina pricina steatézy? X oo ;

\\mxgse

Nie Ano Nie Ano
\4 \4 A 4 A 4
Steatoticka choroba MetALD alebo iné Kryptogénna steatoticka Ina Specificka etiologia***
asociovana kombinované choroba pecene _
s metabolickou dysfunkciou etioldgie liekova, geneticka™** ....
(MASLD) steatozy

* Kardiometabolické kritéria

. BMI 225, alebo obvod pasa M>94, 7>80 cm
. Glukéza nalacno = 5,6 mmol/l, alebo = 7,8 2 hod po zatazi glukézou, alebo HBA1C = 5,7%, alebo DM2 typu, alebo liecba DM2 typu

. Tlak krvi= 130/85, alebo antihypertenzivna lieCba

. Triacylglyceroly = 1.7 mmol/l, alebo hypolipidemicka lieCba
. HDL-cholesterolM < 1.0, Z <1.3 mmol/l, alebo hypolipidemicka lie¢ba

**Deficit lyzozomalnej kyslej lipazy, hypobetalipoproteinémia, Wilsonova choroba, vrodé chyby metabolizmu
***HCV, malnutricia, celiakia, HIV, .....
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Gastroent Hepatol 2025; 79(2): 102-105. doi: 10.48095/ccgh2025102.

Standardny postup pre skrining chordéb peéene na
Slovensku — Spolocne odporucania Slovenske]
hepatologickej spolocnosti (SHS) a Slovenskej

spolocnosti vSeobecného praktického lekarstva
(SSVPL)
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7| SHS|E Skrining choréb pecene v ambulancii VPL 30-60 rokov
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3.
alkohol

: AUDIT C **
- , nie > y
rizikovy seny 2 4
faktor muzi2 5
ano ”_"e ano ano ano
v
e Intervencia alkohol
ALT > 1,5%
= :_ﬁ nie — | opakovat
mesiacov 0 2 roky
-0 Klinické
ano y a laboratorni znaky
| zvy$ené riziko choroby pecene crnozy | ano
. nie ano :
'! v
centrum Fens 4 — A
grafia . : . : e =
shear wave lietba obezity, diabetes, hypertenzie, hyperlipidémie hepatolog
>7 kPa opakovat o 2 roky

Fibroscan nie
> 10 kPa | A

liecba obezity, diabetes, hypertenzie, hyperlipidemie
hepatolog opakovat o rok

ano
K




SO(
HEPA

CAvmyvi~lad M

prediktor prezivania

Sanyal, N Engl J Med 2021

Fibroza = prognosticky faktor

A Death from Any Cause

B Hepatic Decompensation Events

100+ 0.209 Crude hazard ratio: F4 vs. FO-2, 1.004 0304 rule’ F/evs. [F0-2,
0.90- 5.6 (95% C1, 2.8-11.5) 0.90- 50 ACH 5180 { i Bl
0.80 0.154 Crude hazard ratio: F3 vs. FO-2, 1~~~ F4 0.80- 0.0 Cramden. v ot Flve [F0=2, _
= 1 2.8 (95% Cl, 1.4-5.4) e £ T BT 183 (95% ), 5.4-626) £3
3 0704 0.10- g - F3 3 0.70- " r
B —m ot ¢! B - '
0.60 r— 0.60- 0.10- sca ~
£ 0.05 i £ -, N
v 0.50- R e ) B @ 0.50- el A
: i T L g L J—
i 0.40‘ O.W-J"'“-'F_ T T T 1 i 040" O.M"_‘_'_“T 1 *ﬁo—z
2 0.30- 0 2 4 i 8 10 2 0.30- 0 2 4 6 3 10
3 s |\ 0 je=es=-
U 0.204 O 0.20- T e N
0.10- B L 0.10- B ol T
_____.-""‘::. ______ g~ e __,——-—"‘ _______
D_m__——#— = - . OPW-——-’—P- — . - - )
0 4 4 & 8 10 0 2 4 6 & 10
Years of Follow-up Years of Follow-up
No. at Risk No. at Risk
F4 167 125 85 51 26 0 F4 153 110 71 42 20 0
F3 369 282 195 142 3l 0 F3 362 279 192 135 75 0
FO-2 1237 943 614 422 233 0 FO-2 1230 955 613 421 236 0
No. of Events No. of Events
Fa 4 4 3 2 0 0 F4 5 4 4 3 1 0
F3 4 3 2 3 2 0 F3 3 & 4 1 3 0
FO-2 5 4 5 4 0 0 FO-2 1 0 2 0 0 0
C Hepatocellular Carcinoma D Extrahepatic Cancer
1004 0.064 Crude hazard ratio: F4 vs. FO-2, 1009 0.254 Crude hazard ratio: F4 vs. FO-2, - F4
0904 0054 4.2 (95% Cl, 0.4-46.0) 090 a0 14 (95%CI,06-33)
04 Crude hazard ratio: F3 vs, FO-2, greeee Fi 0.80 ' Crude hazard ratio; F3 vs, FO-2, '
Z 0807 0044 9 (95% 1, 1.8-45.3) | Z 0807 515 14(e5%01,08-25) :
& 0.704 0.03- o & 0.70- -
£ 0604 0.02- & F4 £ 060 197 R
E ’ E = —F0-2
g 0.50«4 0.01- e el i ki | ; i g 0504 0.054 - —
3 0.40" 0.m - T L-‘: —_— T]_-J 1 1 & ::é 0.40' o.m- = 1§ _; T 1 |
2 0.30- 0 2 4 i 8 10 2 0.30- 0 2 4 6 8 10
s 3 n
v 0.20+ v 0.20+
0.10+ 0.10~ g o o s e s
D_M—-—-—"—-—.—r—--—ﬂ-u'-m:r “"'T._ _— ! om_'.__a-q‘-—-i_a'-d.-'i - :
0 2 4 6 8 10 0 2 4 b 8 10
Years of Follow-up Years of Follow-up
No. at Risk No. at Risk
F4 165 125 &3 51 26 0 Fé4 141 105 68 4] 19 0
F3 364 277 191 140 79 0 F3 313 234 162 109 61 0
FO-2 1232 940 609 420 233 0 FO-2 1128 846 547 367 197 0
No. of Events No. of Events
F4 0 0 0 1 0 0 F4 2 1 1 1 1 0
F3 0 . 1 2 1 0 F3 3 1 7 Kl 0 0
FO-2 0 0 0 2 0 0 FO-2 13 9 12 2 1 0
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Stadium fibrozy retlektuje prognozu

* diagnostika fibrézy (prevazne neinvazivna)

* prognosticky faktor rwesisessccer =

ore helps to estimate the amount of scarri g In

1the liver, Enter the reguired values 10 calculate the FIB-4 value it

will appear in the oval on the 13 e (highhehted in yebow)

FIB-4 =

Age (ywars) AST Level (U/T)

Platelet Count (10°/L)

ALT (L/L)
x

nMs probe

1.69 kPa 2.11 kPa 3.20 kPa 6.22 kPa 6.91 kPa



Ciel'e liecby musia byt globalne/holistické (MACE, MALO, renal, onkol, ...celkova
mortalita)

MASLD MASH F1 MASH F2
Liver disease
g Hepatic and non-hepatic malignancies
o Cardiovascular disease
§ Cerebrovascular
Renal disease
e (+ Drugs that can resolve steatohepatitis )b
- s
Q.
(1+]
- S " Drugs that improve glycaemic control/improve dyslipidaemia/decrease CVD/ .
= - induce weight loss/lower malignancy risk
Q
(]
§ Al RS S A e AN NSRS N e s (i Drugs that prevent fibrosis progression ). ................ >
a
" n v n e R N R R R R A R R R R R R R R R R AR R KRR R R RN R AR RN N AN R KR BN A RN N AR AR R AR A AR AR A KRR A KRR AR A AN AR EEAEEEASEAANEAEAEENEREAEESEEEAEEEEEEEEEEEEEEEEEE (i Drugs that reduce fibrosis >>

Liver-specific Metabolic benefits
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MAFLD - lieCba

Diéta
Aktivita a cvicenie
Farmakologicka liecba

Bariatrickd/metabolicka chirurgia

&

Fibrosis regression ?

ANTI FIBROTIC

~N

ANTI NASH DRUG

TARGET:METABOLIC
INFLAMMATION
FIBROSIS

Disease stage (fibrosis)

LIFESTYLE ONLY

METABOLIC et =08 .

Disease Activity

Drug therapy
targeting the
liver

Treating
metabolic
conditions



Weight loss by lifestyle modification needed to reach
NASH resolution and FIBROSIS regression

22 weeks of Hestyle ntervention
* Prospective study

* 293 NASH patients
* 52 weeks of lifestyle intervention (low fat diet + exercise + BT)

o P} - ™

Vilar-Gomez E., Gastroenterology 2015



High-intensity aerobic exercise improves iivr

fat and stiffness

52 NAFLD, 12 W follow-up, MRS, CAP, transient elastography

High-intensity interval aerobic Moderate-intensity continuous 3
Resistance training X 3/W (RT) training 85% VO2Max aerobic training 65% VO2Max
n=19 (HIAT) X 3/W/13 min (MICT) X 3/W /40 min

n=20 =13

No significant changes in weight, visceral fat or energy intake

AHepatic Fat ANAFLD-FS AHepatic Stffness

00 il e il 0 200 BRT DHIAT OMICT 1.000 BRT DHIAT DOMICT
-42.1 -38.4
10.0 0.150 0.500
0.100 ez
200 0.050 . 0.000
- m -
€ 300 T - 0330 l S 0500
@ -0.050 :
400 ' 0.100 -1.000
T 0.150 S bk
- ' a 0.200 ' |
) 4 -
600 0.250 .2.000

Sechang Oh., Scientific Reports 2017
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Mechanisms of action Sex hormone Pusive &ff & .’mﬁl;h

Growth hormone pients v\ - _Jobmvly.
PN S * Vhe sfiec. of medicaton o the
SHUCE S P0NMS 2 Covatnpaman: Corticosteroids heart is awaiting on most patients
Drugs in phase 3 development Minconilant with MASH.

K Drug development prograrmme

__ how ciosed > __ BRAN
(1) Drug development programme —:. ;

is On hold

_] i %
inhibitor Licoglifozin

K Cenicriviroc
Mitochondrial
uncoupler ~— ASK1 inhibitor — — LOXL2 inhibitor
HUS J K Selonsentib K Simtuzumab
Hepatoprotective
Pancaspase
inhibitor Nor-ursodeoxycholc acid
K Emncasan HTD1801 (Berberine
ursodeoxycholate)

| J 13

Noureddin M Hepatology 2024
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21 GLP-1 receptor agonist trial achieved both the prim. r;

endpoints
Phase 3 ESSENCE trial: (Part 1) 72 weeks

Resolution of steatohepatitis Reduction in liver fibrosis

ESSENCE part 1 trial information

with no worsening of liver fibrosis with no worsening of steatohepatitis

gpo partici]g ant.:l £5-F3 MAS 100.0% EDP [95% CI] 50.0% - EDP [95% CI]
Nfg?;mn Lo -F Al 90.0% ] 28.7 [21.1: 36.2), p<0.001 14.4 [7.5; 21.3], p<0.001
= ~ 80.0% - ” 40.0% 4 =
c 70.0% A c
Cardiometabolic parameters S 60.0% 3 30.0%
« >99% met >1 MASLD S 50.0% 62.9% =
cardiometabolic criteria S 40.0% Peot S 20.0%
« 43.3% met all five a‘g 30.0% ;
cardiometabolic risk factors 20.0% 10.0%
10.0%
Safety pmﬁle (N=1200): GI side 0.0% 0.0%
effects, mild to moderate nausea,
diarrhoea, constipation and
vomiting B Placebo, N=266 B Semaglutide 2.4 mg, N=534

CL confidence interval; EDP, estimated difference in responder proportions; F, fibrosis stage; Gl gostrointestinal; GLP-1 RA, glucagon-like peptide-1 receptor agonist: MASH, metabolic dysfunction-associated steatohepotitis; MASLD, metobolic
dysfunction-associated steatotic liver disease; NAS, non alcoholic fatty liver disease activity score. Sanyal Al, Newsome PN, et al. N Engl ] Med. Published online April 30, 2025. doi: 10.1056/NEfMoa2413258
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e NEW ENGLAND JOURNAL o MEDICINE

Tirzepatide for MASH with Liver Fibrosis

A PLAIN LANGUAGE SUMMARY

Based on the NEJM publication: Tirzepatide for Metabolic Dysfunction-Associated Steatohepatitis with Liver Fibrosis
by R. Loomba et al. {published June 8, 2024)

In this trial, researchers assessed the efficacy and
safety of once-weekly tirzepatide in persons with
metabolic dysfunction—associated steatohepatitis
(MASH) and moderate or severe fibrosis.

MASH, formerly known as MASH (nonalcoholic ste-
atohepatitis), is a progressive liver disease charac-
terized by excess fat in the liver, hepatic inflamma-
tion, and hepatocyte injury, with or without fibrosis.

WHY WAS THE TRIAL DOME? PARTICIPANTS

MASH is assopciated with liver-related
complications and death. Tirzepatide,
a glucose-dependent insulinotropic
polypeptide and glucagon-like pep-
tide-1 (GLP-1) receptor agonist, has
been shown to reduce liver fat and
improve biomarkers of MASH and
fibrosis in persons with type 2
diabetes. The efficacy and safety of
tirzepatide in persons with MASH and 18 to 80 years of age
moderate or severe fibrosis are unclear.

WHO 190 F-Erﬂl’.ipill‘l‘l‘j

Women: 57%; Men: 43%

cLMicAl  Biopsy-confirmed MASH
HOW WAS THE TRIAL COMDUCTED? ETATLS
190 aduls with a body-mass index (BMI) between 27 and 50, histologi- Stage 2 or 3 fibrosis
cally confirmed MASH, and moderate or severe fibrosis received
once-weekly subcutaneous tirzepatide at one of three doses (5 mg, 10 BMI, 27 to 50
mg, or 15 mg) or placebo for 52 weeks. The primary end point was
resolution of MASH without worsening of fibrosis at week 52. With or without type 2
diabetes mellitus
Tirzepatide Tirzepatide Tirzepatide Placebo
S Mg 10 mg 15 mg

TRIAL DESIGHM

= PHASE 2

= MULTICEMTEE

= OFURLE-ALIND

= PLACERD-LFNTHROLLED

s LOCATHON: 10 COUMTRIES
47 Participants 47 Participants 48 Participants 48 Participants

1 Copyright £ 2024 Massachuseits Medical Society.

The HEW ENGLAND JOQURNAL of MEDICINE

RESULTS FIBROSIS STAGE

The percentage of participants whe had resolution of MASH without
worsening of fibrosis was significantly higher in all three trzepatide
groups than in the placebo group.

The percentage of participants who
had an improvement (decrease) of
at least one fibrosis stage without
worsening of MASH (a key sec
ondary end point) also favored the
tirzepatide groups.

Resolution of MASH and No Worsening of Fibrosis

Pe0ME for all Fheee carmaanson

56% b2%
44%
[

Tirzepatide Tirzepatide Tirzepatide Placebo
5 mg 10 e 15 mg

Gastrointestinal events were the most common adverse events with
tirzepatide and were mostly mild or moderate in severity.

Adverse Events
B Tirzepatide, 5 mg [l Tezepatide, 10 mg [l Tirzepatide, 15mg I Flacebo Qﬁ
36%e 3498 3aa: 3006

4%
27% - s
..ll-. il ¥ i ]E% 15%
i B ==

Marses Diarrhea Constipation

LIMITATIONS AND REMAINING QUESTIONS

* The small sample size did not provide adequate CONCLUSIONS
statistical power to evaluate the effect of tirzep-

: : ; In participants with MASH and moderate
atide on fibrosis.

or severe fibrosis, once-weekly tirzepatide

* The trial was too short to assess the effect of at a dose of 5 mg, 10 mg, or 15 mg was

tirzepatide on major adverse liver outcomes.

* Persons with MASH that had progressed to
cirrhosis were not included in the trial.

more effective than placebo for resolution

of MASH without worsening of fibrosis.

LIMES: FULL ARTICLE | HEJM QUILCK TAEE I EDITORIAL

FURTHER INFORMATION
Trial registration: ClinicalTrials gov number, NCT04166773
Trial funding: Eli Lilly

Full citation: Loomba R, Hartman ML, Lawitz EJ. et al. Tirzepatide for metabolic dysfunction-associated steatohepatitis with liver fibrosis,
N Engl | Med 2024;391:299-310. DOI: 10.1056/NE|MoaZ2401943

For personal use only, Any commercial reuse of NEJM Group content requires permission. Copyright & 2024 Massachusetts Medical Society,
All rights reserved,

F
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Liver Outcomes Driven by Metabolic Improvement:
Tirzepatide Phase 2 SYNERGY trial

A Resolution of MASH and No Worsening of Fibrosis B Decrease of =1 Fibrosis Stage and No Worsening of MASH
Risk difference,
34 (95% Cl, 17-50) Risk difference,
P<0.00] 25 (95% CI, 5-46)
[ | l 1
Risk difference,
46 (95% CI, 29-62) Risk difference,
P<0.001 22 (95% ClI, 1-42)
| 1 : 1
Risk difference,
il 53 (95% CI, 37-69) ol Risk difference
90- P<0.001 90- 21 (95% CI, 1-42)
'E 80+ ' ' *E 80 I ]
& 79 i & 79
kY 1 56 S i 55 1
60+ L 60-
& 4 & IX
B 20+ T "= 50-
8 40- 8  40- 30
£ £ T
S 30- € 30- |
z v
= 20+ EI(_} K 20~
10+ 10+
|
L e : _
Tirzepatide, Tirzepatide, Tirzepatide, Placebo Tirzepatide, Tirzepatide, Tirzepatide, Placebo
5 mg 10 mg 15 mg (N=48) 5 mg 10 mg 15 mg (N=48)
(N=47) (N=47) (N=438) (N=47) (N=47) (N=48)

Loomba et al NEIM 2025



GLP-1 Glucagon combinations

GLP-1/GLP-1R GCG/GCGR
A Insulin secretion ¥V Food intake M Energy expenditure (metabolic rate)
Liver Pancreas Gl tract Brain Adipose tissue Liver
(indirect) _ (indirect)

*

&

+ A *

Steatosis Glucose- Gastric Food intake/ Lipolysis Fatty acid oxidation
dependent emptying appetite (hypothalamic Glycogenolysis
insulin secretion centers) Gluconeogenesis
Lipolysis

Pemvidutide (1:1) Cotadutide (5:1) Survodutide (8:1)
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Phase 2 Trial of Survodutide in MASH and Fibrosis —

A PLAIN LANGUAGE SUMMARY Survodutide was associated with significant improvement A decrease in liver fat content by at least 30% — a
in MASH with no worsening of fibrosis at 48 weeks as secondary end point — was more common with sur-
compared with placebo. vodutide than with placebo.

Based on the NEJM publication: A Phase 2 Randomized Trial of Survodutide in MASH and Fibrosis

by A.J. Sanyal et al. (published June 7, 2024) bilstologic Improvemunt i MASH

— (P<0.001) Decrease in Liver Fat Content by at Least 30%
In this trial, researchers evaluated the efficacy and
safety of multiple subcutaneous doses of survodutide, MASH, previously called NASH (nonalcoholic ste-
: B ‘ g i 5 %
a dual agonist of the glucagon receptor and gluca- atohepatitis), is associated with increased morbidity 62% L
gon-like peptide-1 (GLP-1) receptor, in participants and mortality. The prevalence of MASH is predicted 479 43% 57%
with metabolic dysfunction—associated steatohepatitis to increase worldwide.
(MASH) and liver fibrosis. 14% 14%
Survodutide Survodutide  Survodutide Placebo Survodutide Survodutide  Survodutide Placebo
2.4 mg 4.8 mg 6.0 mg 2.4mg 4.8 mg 6.0 mg
WHY WAS THE TRIAL DONE? PARTICIPANTS
Compounds in development for —
treating MASH include GLP-1 ' Survodutide Adverse Everits
recep.tor agf_.ot?llsml' Elowever, ;Ual dual agonist M Survodutide, all groups [l Placebo
450ILSImOF JIE gieagon an The most common adverse events were nausea, diarrhea,
GLP-1 receptors may be more Glucagon GLP-1 s :
i recevtor —— and vomiting, all of which occurred more frequently
effective than GLP-1 receptor P P : ; : -t : 66%
onlsn: dlone: hezause th @ with survodutide than with placebo. Trial discontinua-
et . . o
St SIELESOUS, Ak € t:f@\\ St 293 adults tion due to adverse events also occurred more often with 49% 41%
extrahepatic benefits of GLP-1 W survodutide than with placebo
receptor agonism are combined ' - f ' 23% 23% 20%
with the direct hepatic effects of i el o | 4% - 39
lucagon receptor agonism. ' —
S8 ¥ 8 Women: 53%; Men: 47% Nausea Diarrhea Vomiting Trial

Discontinuation

CLINICAL  Bigopsy-confirmed

HOW WAS THE TRIAL CONDUCTED? STATUS MASH
LIMITATIONS AND REMAINING QUESTIONS
293 adults with biopsy-confirmed MASH and fibrosis stage F1 through . )
F3 were randomly assigned to receive once-weekly subcutaneous sur- F}:br051}51 ngage Fl * Most participants were White, which may restrict CONCLUSIONS
vodutide, at a target dose of 2.4, 4.8, or 6.0 mg, or placebo. A 24-week e the generalizability of the findings. In a phase 2 trial involving participants
e oo ot v g
: ibrosis will need to be examined in future . .
MASH with no worsening of fibrosis at week 48. _ studies. was superior to placebo with respect to
T improvement in MASH without worsening
Survodutide Survodutide Survodutide Placebo of fibrosis over 48 weeks.
24 mg 4.8 mg 6.0 mg T PHASE 2

* DOUBLE-BLIND LINKS: FULL ARTICLE l NEJM QUICK TAKE I EDITORIAL

* RANDOMIZED

ST 1) 1) -G

+ PLACEBO-CONTROLLED
FURTHER INFORMATION

Trial registration: ClinicalTrials.gov number, NCT04771273; EudraCT number, 2020-002723-11
+ LOCATION: 155 SITES IN 25 COUNTRIES

73 Participants 72 Participants 74 Participants 74 Participants Trial funding: Boehringer Ingelheim

Full citation: Sanyal A}, Bedossa P, Fraessdorf M, et al. A phase 2 randomized trial of survodutide in MASH and fibrosis. N Engl ] Med
2024;391:311-9. DOI: 10.1056/NEJM0a2401755

For personal use only. Any commercial reuse of NEJM Group content requires permission. Copyright © 2024 Massachusetts Medical Society.
All rights reserved.

* DOSE-FINDING

24-week rapid-dose-escalation phase followed by a 24-week maintenance phase

1 Copyright © 2024 Massachusetts Medical Society. 7
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Survodutide — Phase 2 trial
Actual treatment: Improvementin liver Planned treatment: 21-stage
fibrosis with no worsening in MASH? decrease In fibrosis
(F1-F3 population) (F1-F3 population)

100 - 100 -
g ™ All data® 5 80 All data®
L X
& 60 > 60 -
2 R
2 40 1 | 2 40 - [
2 o
g 204 a 20 -

0 B
Survo Survo Survo  Placebo Survo  Survo  Survo  Placebo
Paired 24mg 48mg 6.0mg  (n=79) 24mg 48mg 60mg  (n=74)
biopsy (n=83)  (n=69)  (n=52) (n=73) (n=72) (n=74)
results®: 920.0% 45 3% 50.0% 21.1%
Nominal
P-values: 0.0587 0.0181 0.0011
Sanyal AJ, et al. EASL ILC 2024/ NEJM 2024.




lLiecba

hepatocentricka

* predpokladany efekt na inflamaciu a fibrézu

* THR beta RA
* Fibroblast Growth Factor 21 (FGF 21) RA
* FA Syntase Inhibitor
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EMA Recommends Rezdiffra for MASH

Liver Fibrosis

Annie Lennon
June 20, 2025
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Adipot! tizaue
Dietary fats

Tyreomimetika/ THR beta RA

Blood vessel

Hepatocyta
v y * Fatty acid uptake

uprava metabolickej dysregulacie a nastolenie homeostazy pouy T

¢ TAG assembDly

* beta R v peceni e e — ¢ D—
* downregulation aktivity DIO (deiodinazy) ) Vo

axicdation and
MNONOMesis

* redukcia konverzie T4 — '1'3 (Gprava IH hypotyre6z

lipid metabolic

genes
. CD36. Fabp, Fasn, Acc!

TAG metabolism : ApoB100, Me, Spotid,

...................... : Scdl, Gpat, Cptla, Pgcia csssssesssssssssssss

Cholesterol metabolism : Ucp2. Esrra, UlK1, B-trophin

Mcad Hmcr, Usf.2, Srebp2
Nf-y. Lolr, Pcsk®, Srbl,
Acetyl CoA miR181d, Cyp7al

+ THR beta RA riei lipidovii homeostazu 11 N

pathway

* lipofagie, beta oxidacie FA vou () — I Crotesoret — LG
" HDL uptake ]

* regeneracia/novotvorba — zlepsenie funkcie mitochondrii < Lo J

* clearance cholesterolu, FA YT 00k T DL uptake

Sile secrehon

* v konecnom dosledku \ l |
o u IH Steat(")zy, \S(D - 4 Cholesterol esters
* nekroinflamacie -MASH resolution, | LDL-C, I TG

Sinha et al. Nat Rev Gastroenterol Hepatol 2025
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# THR-B agonist achieved both the primary endpoint.
Phase 3 MAESTRO-NASH trial: 52 weeks

MAESTRO-NASH trial information MASH Resolution Fibrosis Improvement (= 1 stage)

with no worsening of fibrosis with no worsening of NAS

966 participants

- I . 40.0% 1 EDP [95% CI] 40.0% - EDP [95% CI]
Biopsy-confirmed F1-F3 MASH, 20.7 [15.3; 26.2], p<0.001 11.8 [6.4; 17.2], p<0.001
NAS >4

v 30.0% - v 30.0% 4

i -

Cardiometabolic parameters 2 2
« HTN: 78.1%: -§ 20.0% 1 § 20.0%

o S L -

« Dyslipidaemia: 71.3% - -
« T2D: 67.0% £ 10.0% - £ 10.0% A

0.0% 0.0%

Safety profile: GI side effects, mild
to moderate diarrhoea and nausea

¥ Placebo, N=318 B Resmetirom 80 mg, N=316 B Resmetirom 100 mg, N=321

Cl, confidence interval; EDP, estimated difference in percentage points; F, fibrosis stages; Gl, gostrointestinal; HTN, hypertension; MASH, metabolic dysfunction-associated steatohepatitis; NAS, non alcoholic fatty liver disease
activity score; T2D, type 2 diobetes; THR-B, thyroid hormone receptor 3
Harrison 5A et al. N Engl | Med 2024:390:497-509



Fibroblast Growth Factor 21 (FGF 21) RA

primarnym cielom metabolicka
alteracia

* reguluje vydaj energie, metabolizmus
sacharidov a lipidov

redukuje LFC

regresia inflamacie/fibrozy

etekt na HSCs a makrotagy
pleitropicky efekt

FFFFFFFF

Harrison S et al J Hepatol 2024
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Efruxifermin shows sustained fibrc
through 96 weeks

=+  Placebo (N=43)

g
"R 3
1 E = E =
- 2
E | % E
| - I
s Y
Screening Wieek 24
Liver Biopsy Liver Blopay

Conventional Histopathology:
Fibrosis Improvement 21 Stage
& No Worsening of MASH (LEAS-24 or LBAS-967)

5% **

2

Week 96 ITT Analysis®

Efruxifermin: evidence of disease reversal after 96 weeks

2-Stage Fibrosis Improvement
& No Worsening of MASH (LBAS-24 or LBAS-96)

Responder Type at W96 (Proportion of Participants)' T’IL! 2)
ELF {20.5 absolute reduction in score) 25%
Liver Stiffness (230% relative reduction by FibroScan VCTE) 19%
ELF + Liver Stiffness 6%
ELF + Liver Stiffness + Histopathology”’ 0%
ihose patlerms with baselne and YWeek 15LINETiE il El I
] i || | ':||_|,_;_,
e e withoul MASH w I

Substantial Reversal
F improvement

Near-Complete Reversal
Improvement to FO or F1

,_
-

ol Parscipants

Percanlagea

o5
="

P
-

6%
g9, T

20% 24%

A1 1

Wad

Placebo
(N=43)

19% 0%

EFX 50mg
(N=43)

49%

Noureddin et al, presented at AASLD TLM 2024

A% 369
§ 31:}.!‘ T
= gL
5 L_ij 1'!![_'..\,
l—h. I_
c g <0 16% 15%
i S
' Q. 109
Ll 2 Lo
3%
0% / W24 1 REL]
N=41 | k Infu 7]
[} F X JHTE |- X ST
Partial Reversal
£ F improvement G405 +oe
- & MASH resolution
% I.l'.r--
=N
] 42% ¥
:I‘E. Ly
[
&
[a 4]
5%
=
2 9%
I
N-34 N=26 -8
lacebo  EFX 28 mg  EEX S0mg

& MASH resolution

& MASH resolution
& LFC normalization

& LFC normalization

S?H LN
303& LR N

12%
8%

Noureddin et al, presented at AASLD TLM 2024

58%

S50%

38%

EFX 50 mg
(N=24)
1%

11%

54%
42%
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100 mg PBO 100mg PBC 50mg PBO SO0mg PBO 44amg PBO 44amg PBO

B *MASH resolution without worsening of liver fibrosis

300 mg PBO 300mg PBO 1200mg PBO 1200 mg PBO 24mg PBO 24mg PBO

TFibrosis improvement 21 stage without worsening of MASH

15mg PBO 15mg PBO

: 1
6.0mg PBO 60mg PBO
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EASL-EASD-EASO Treatment Guidelines

MASLD/MASH

without
cirrhosis

(FO-F3)

MASLD/
MASH with
compensated
cirrhosis (F4)

MASH-targeted

in F2/F3 fibrosis

Check indication for
liver transplantation in
case of

IVET '_"n"[_' ti.i“. pedl Association for the Study
ircinoma; MASH: metabolic dysfunction
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Preferred pharmacologic options for treating comorbidities

172D

GLP-1RA
(eg, semaglutide,
liraglutide, dulaglutide)
and co-agonists
(eg, tirzepatide)

SGLT2 inhibitors
(eg, empagliflozin,
dapagliflozin)

Metformin®

Insulin
(in case of
decompensated
cirrhosis)

. — .
FLAN |.| ] .
3 ‘ I-II 4

Dyslipidemia Obesity

GLP-1RA
(eg, semaglutide,
liraglutide) and co-
agonists
(eg, tirzepatide)

Bariatric interventions
(special caution in case
of compensated
cirrhosis)

AS - :L-l—l edl ‘II*-'I‘:'_‘-." iauon or f = I-_:'-Li'--! y Ol !
lucose cotransporter-2

SLOVENSKA
HEPATOLOGICK
LOCNOST




Zaver pre MASLD

* najcastejsSie ochorenie pecene (cca 35% populacie)
* narast hepatalnych dosledkov: T podielu ol'1x a HCC

* vcasna detekcia a nasledne vCasna intervencia
* NI'T na identifikaciu rizikového pac a monitoring liecby
* nefarmakologicka liecha fundamentom

* farmakologicka liecba (holisticka)

* metabolické modularory/metabol. dystunkcia
* liecba zamerana na hepar/hepatocyt
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