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Topics
A Etiologies , natural history of e.g. NAFLD
A Fibrosis development , extracellular matrix (ECM)
A Gold standard liver biopsy
A ECM markers of liver fibrosis
A Multiparametric  scores from standard measurands
A Multiparametric  scores from innovative measurands

A Guidelines (e.g. viral hepatitis , NAFLD)

Natural History of NAFLD

Etiology Group Quantitative Example
portance in
iddle Europe

Toxic frequent Alcohol (ARLD)
Metabolic frequent and B*) NASH
Malignant frequent HCC, Metastases i:f;
Viral medium Hepatitis B und C
Autoimmune rare AlH, PBC
Hereditary rare Hemochromatosis
Vasculary very rare Budd-Chiari-
Syndrome

*) NAFLD rapidly growing indication for liver transplantation
Need for screening strategy in high riskpoplation (obesity , type 2 diabetes )
(Wrong RJ et al. Gastroenterology 2015)
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Gained information

A Degree of fibrois (Staging)
A Degree of inflammation (Grading)
A Etiology

Complications

A Secondaryhemorrhage
A Injury to internal organs
A Hurt

A Death
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Histological Staging of Chronic Liver Diseases
Journal Year Grading Staging
Knodell RG etal. Hepatology 1981 I-11, 06 18 004
Ishak K et al. J Hepatol 1995 ABCD,0-18 0086
Scheuer PJ J Hepatol 1991 064 064
Desmet VJetal. Hepatology 1994 064 064
METAVIR Group Hepatology 1994 063 004
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Hepatopathologist vs. Community Pathologist

Percentage
disagreement
stratified by liver
biopsy specimen size

Chronic hepatitis C, n=391

Fibrosis stage Overall percentage

(study pathologist) disagreement <15cm =15cm
0 35.7 60 22.2
1 52.2 54.5 49.1
2 58.3 59.2 55.6
3 44.4 47.8 353
4 225 29.7 147
0-1vs 2-4 233 26.1 17.6

Robert M et aLlin Gastroenterol He206D
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Aimsin Laboratory Diagnosief Fibrosis

Detection of well -defined fibrosis stages
- Indication for therapy

Detection of fibrosis progression
- Therapy management

Detection of liver cirrhosis

- Further diagnostics
(e.g. varicose vein screening)
- HCCmonitoring
- Indication for liver transplantation

Methods of Non Invasive Fibrosis Detection=

Clinical Chemistry

Imaging

mono- vs. multiparametric

ATransaminases A Hyaluronan
AGGT AP, NP (Collagen i1ty
A Cholesterol ATIMP1
INREEES ALaminin

AA, Macroglobulin AMMP-2

A Haptoglobin ATenascin
ABilirubin AUndulin

AApo A1 A 7S (Collagen Iv)

AFibroScan AUltrasound &
AMR Elastograph . Doppler
AARFI AMR

A2D SWE Act
& é

Vs. gold standard liver biopsy  (amount of fibrosis (staging),inflammation, etiology)
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Expression Profiles of Components of the Hepatic ECM ==
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Diagnostic Validity of ECM -Markers T
for the Detection of Liver Fibrosis
FIBROSIS TIMP-1 Hyaluronan |Pro-MMP-2
Prevalence: 46%
(n=59)
Sensitivity
Specificity
Vgl: GGT AST ALT Albumin
Sensitivity 65 78 96 27
Specificity 53 40 16 90

Diagnostic Validity of HA, TIMP -1, and MMP -2~
in Liver Fibrosis and Cirrhosis
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Single serum marker measurements for

fibrosis and cirrhosis detection
B° k er @ih Charl Acta 2002

Diagnostic Validity of ECM -Marker =
for the Detection of Liver Cirrhosis
Cirrhosis TIMP-1 Hyaluronan |Pro-MMP-2
Prevalence: 30%
(n=78)
Sensitivity <
Specificity I I
Vgl: GGT AST ALT Albumin
Sensitivity 73 81 88 73
Specificity a7 60 11 86

Non invasive Diagnosisf HepaticFibrosis
New Development®
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RoutineDiagnosticdor Hepatitis C: e.g. ALT

Multiparametric Scoresfrom
- Standard measurands
- Innovative measurands

Transient Elastography

Increased ALT

Bridge Fibrosis

Normal ALT

Portal Fibrosis  Bridge Fibrosis

Portal
Fibrosi

Mild Fibrosis No Fibrosis

Mild Fibrosis Fibrosis

Shiffman ML et al., J Infect Dis




Routine Diagnosticsor NAFLD: e.g. ALT

80 % of NAFLD patients have OBESITY IS NOW A
normal range liver enzyme levels. GLOBAL EPIDEMIC!

AR I (111111

Women: ALT <19 U/l

Liver enzyme levels do not correlate
with histological staging and grading .

NO SIMPLE BLOOD TESTS DIFFERENTIATE NASH OH
FIBROSIS FROM SIMPLE STEATOSIS!!!

Despite of advanced fibrosis there are no obious symptoms .

(Browning JD et al Hepatology 2004)
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NorrinvasiveDiagnosticof LiverFibrosis =~
EstablishedRoutine Diagnostics; SpecialDiagnostics

A Liver biopsy and elastography require access
to specialist services

C Limitations for screening and monitoring tools
in at -risk patients

A Serological tests for liver fibrosis that permit
more widespread use are neccessary

A Rely on vigilance of non -hepatologists to
identify at -risk individuals
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NorrinvasiveDiagnosticof LiverFibrosis
EstablishedRoutine Diagnostics; SpecialDiagnostics

Adequatestagingis not possiblewith
availableroutine diagnostics

Speciabiagnosticgs well validatedin chronic
viral hepatitis

HCV > HB®r HCV/HIV

Clarificationof cirrhosis>> signfibrosis

Non invasive Diagnosisf HepaticFibrosis
New Development®

Multiparametric ~ Scores from

- Standard Measurands
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Aspartateto-AlanineAminotransferaseRatio (AAR)

A239 HCV patients

AcCaorrelation AAR vs. fibrosis in

histology
r= 0.57

.| APrediction of significant fibrosis
c-Index= 0.82
AAR 2® - PPV=0.89

‘| APrediction of cirrhosis
c-Index= 0.91

Wai CT et aHepatologg003 | Giannini E ettpatologg003

FibrosisScoresrom StandardMeasurands™

AST-to -Platelet -Ratio -Index (APRI)

AST[/UNL] 100
Platelets [109/1]

WaiCT et alHepatologg003

APRI =

Forns -Index (FI)

Fl = 7,811 - 3,131 In(Platelets ) + 0.781 In(aGT)
+ 3.467 In(Age ) 8 0.014 Cholesterol

FornsX et al.Hepatologg002

FIB-4-Index (FIB -4)

Age [J] x AST[U/]
Platelets [109/] x ALT[U/L]

w

FIB4 =




ASHo-Platelet-Ratio-Index (APRI)

Significant fibrosis Cut-offs <0.5 | > 1.5

1=0,60, p<0,01 -

Sensitivity 91%, Specificity 95%
— 51% of patients classifiable

Cirrhosis Cut-offs<1.0 | > 2.0

Sensitivity 89%, Specificity 93%
— 81%of patients classifiable

Ishak-Fibrose-Score

Patients n :.192.’ chronic hepatltls C, treatment na p v
Validating collective (n=72) Wai CT et al., Hepatology 20

Fornsindex

AST to Platelet Ratio Index (APRI) Calculator

This is an AST to Platelet Ratio Index (APRI) calculator tool, Enter the required values to calculate the APRI value. The APRI
Score will appear In the oval on the far right (highlighted In yellow). Most experts recommend using 40 IU/L as the value
for the AST upper limit of normal when calculating an APRI value.

AST Level (1U/L)
120
AST (Upper Limit of Normal)
)

APRI = 40 x100=  3.000

Platelet Count (10°/L)

100|

Interpretation:

In a meta-analysis of 40 studies, investigators conclud n APRI score greater than 1,0 had a sensitivity
of 76% and specificity of 72% for predicting cirrhosis. In addition, they concluded that APRI score greater
than 0.7 had a sensitivity of 77% and specificity of 72% for predicting significant hepatic fibrosis."

For detection of cirrhosis, using an APRI cutoff score of 2.0 was more specific (91%) but less sensitive (46%).
The lower the APRI score (less than 0.5), the greater the negative predictive value (and ability to rule out
cirrhosis) and the higher the value (greater than 1.5) the greater the positive predictive value (and ability to
rule in cirrhosis); midrange values are less helpful. The APRI alone is likely not sufficiently sensitive to rule out
significant disease. Some evidence suggests that the use of multiple indices in combination (such as APRI
plus FibroTest) or an algorithmic approach may result in higher diagnostic accuracy than using APRI alone.

https://www.hepatitisc.uw.edu/page/clinical -calculators/apri

FIB4 Index Calculato)

Cut -off <4.2: Sensitivity 94%, Specificity 51%

Significant Fibrosis o\ 6 9. sensitivity 30%, Specifcity 95%

— 519% (39+12) of patients classifiable

no significant Not Significant
fibrosis classifiable fibrosis

| |
Cut-off: 4.2 6.9

Pati n =351, chronic hepatitis C, treatment na
S Validation collective (n=125)

Fomns X et al., Hepatology 2002

The Flbrosis4 score helps to estimate the amount of scarringin the liver. Enter the required values to calculate the FIB-4 value,
Itwill appear in the oval on the far right (highlighted in yellow).

Cut-off <1.45:
NPV 90% (adv. fibrosis)
Age (years) AST Level (UL) Cut-off >3.2:
57 X 19 Specificity 97%, PPV 65%
FIB-4= = 123
Platses Count 16°1) Ty 70% patients classifiable
20 X ‘\/ 16 C avoid biopsy

accuracy 86%

Interpretation:

Using a lower cutoff value of 1.45, a FIB-4 score <1.45 had a negative predictive value of 90% for advanced fibrosis
(Ishak fibrosis score 4-6 which includes early bridging fibrosis to cirrhosis). In contrast, a FIB-4 >3.25 would have a
97% specificity and a positive predictive value of 65% for advanced fibrosis. In the patient cohort in which this
formula was first validated, at least 70% patients had values <1.45 or >3.25, Authors argued that these individuals
could potentially have avoided liver biopsy with an overall accuracy of 86%.

https://www.hepatitisc.uw.edu/page/clinical -calculators/fib -4
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FibrosisScored Nor+invasiveFibrosisScore (DFSpr Delta-Hepatitis
SCORE FORMULA/MEASURANDS ETIOLOGY REFERENCE — - E—
APRI AST [/UNL] x 100/Platelets [10°/1] HCV Wai CT etal, @ Fibrosis W7 @ Cirrhosis
Hepatology 2003 i 3

FORNS-INDEX 7,811 - 3,131 x In (Platelets) + 0,781 xIn HCv Forns X etal, * . o« A

(YGT)+3,467x In (Age)-0,014x (Cholest.) Hepatology 2002 7
FIB4 Age [y] xAST [U/1] / Platelets [10°/1] xALT HCV/HIV, NAFLD  Sterling RK etal, N P

17y Hepatology 2006 g g"’"
FIBROINDEX 1,738 - 0,064 x Platelets [10/mm?] + 0,005 HCV Koda M etal, 5 H —

x AST [U/I] + 0,463 yGlobulin [g/dl] Hepatology 2007 g g v
Guct AST x Prothrombin - INR x 100 / Platelets HCV Islam S etal. ” L R T e ’

[0/ Scand ] Gastroenterol 2005 4 e e Z
LOK-SCORE -5,56-0,0089 x Platelets [10%1] + 126x  HCV Lok AS etal. . p—fi 2 ASTALT

AST/ALT + 527 xI Hepatology 2005 s H o 7 T
HUI-SCORE €xp(3,148+ 0,167 x BMI [kg/m?]+ 0,088 x  HBV Hui AY etal, & e d e g

Bilirubin [umol/1] - 0,151 x Albumin [g/1] - Am ] Gastroenterp] 2005 4

8019 < Platala 1071/ e (5148 + a0 92 s oe o1 10 a6 o4 s o 10

0,167 x BMI [kg/m?}+ 0,086 x Billrubin 1 - Spocticty 1~ Spacticty

[mol/1] - 0,151 x Albumin (g/1] 0,019 x

10% ; - .

DELTA FIBROSIS SCORE 1, L{Alhmhfr{’.}'? [XLNL]+ 1,ifyGT >0,5 Delta Hepatitis  Lutterkort GL etal, ™ Delta Fibrosis Score (DFS)
(0FS) [XUNL) + 1, IfCHE < 1,46 [x LNL] + 1, f Age 1 Hepatol 2016 1, if Albumin < 1.19 (x LNL)
BARD - 1; AST/ALT Ratio 208 = 2; NAFLD Harrisson § l +1, if aGT >0.5 (x UNL)

Dlabetes = 1 sore 2, odis o o Gut 2008 I & +1, if CHE <1.46 (x LNL)
NAFLD-FIBROSIS-SCORE 1675 + 0.037 x Age [y] + 0.094 x BMI NAFLD Angulo P etal, ] f
(NFS) [kg/m?] +1.13 x IFG/Diabetes (yes = 1,no = Hepatology 2007 +1, if Age >42

0) + 0.99 x AST/ALT ratio - 0.013 x Platelets i

[10%/L] - 0.66 x Albumin (g/dI) o1 E . 0-4 points , n=72, 2 il
Simple, free available tests from well standardised clinical-chemical @ o o Lutterkort et al. Liver International 2016
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NAFLLCFibrosisScore NAFLOFibrosisScore Calculato)

Online calculator
Angulo P, Hui JM, Marchesini G et al. The NAFLD fibrosis score

A noninvasive system that identifies liver fibrosis in patients with NAFLD
Hepatology 2007;45(4):846-854 doi:10.1002/hep.21496

oL

1 Advanced Fibrosis

el -1.458

Age
BMI Age (yesrs) 57
hyperglycemia BMI gg/m?) 28
AST/ALT IGF/diabetes

Aagisuss

o
= platelets RET
albumin ALT 10
o] Platelets (xio°m 220
W Estimationn=480| AUC 0.88 Albumin @ 4
Validation n=253 AUC 0.82 | ' Score [-1.710 |
g_ < -1.455: predictor of absence of significant fibrosis (FO-F2 fibrosis)
T T T T T T < -1,455 to < 0.675: indeterminate score
00 02 04 06 08 10 > 0.675: predictor of presence of significant fibrosis (F3-F4 fibrosis)
1-specificity BMI: body mass index h // fld
IGF: i ired fasti I N
Angulo etal. Hepatology 2007 mpeired festing glucose ttp:// nafldscore.com

Non invasive Diagnosisf HepaticFibrosis FibrosisScored|

SCORE FORMLA / MEASURANDS ETIOLOGY REFERENCE
New DeVeIOpment§ ELF-TEST Patented formula (Siemens Healthcare) VARIOUS Rosenberg WM etal,
with TIMP-1, PIINP, Hyaluronan, (Age. Gastroenterology 2004
Gender must be taken into account) Lichtinghagen R etal,
] Hepatol 2013
FIBROMETER Patented formula (Echosens, France) with ~ VARIOUS Cales P etal,

az-Macroglobulin, Quick, (VIR HEPATITIS, ~ 2005; Boursier ] etal, ]
AST, ALT, YGT, Urea, Platelets, Ferritin, NAFLD, ALD) Hepatol 2016

Multiparametric ~ Scores from pr— P o B b

(Biopredictive, France)  VARIOUS Imberth-Bismuth F etal,
with ApoAy, Bilirubin, yGT, Lancet 2001
@:-Macroglobulin, Haptoglobin, Age, ‘www.blopredictive.com
Gender.
FIBROGENE Decision tree on the basis of Platelets (<185 HCV, Eslam M etal,,
resp. 2185 [x10°/1), and hereafter AST (<89, (HBV, NAFLD) ] Hepatol 2016
. . 289 and <57, 257 U/I), Age (<40, 240 and
- innovative Measurands <41,241).sage nuceoide sobmorphim
TFNL3 (IL28B) rs12979860 and yGT (<47,
247
FIBROSPECT Il hlzmsl Formula (Prometheus Laboratory, HCV Patel K etal,
USA) with ax-Macroglobulin, Hyalurenan, ] Hepatol 2004
and TIMP-1
HEPASCORE Patented Formula (PathWest, Australia) HCV Adams LA etal,
with a;-Macroglobulin, Hyalurenan, Clin Chem 2005
Bilirubin, yGT, Gender, and Age
SHASTA 3,84 + 1,70 x(1 if Hyaluronan 41-85 ng/ml, HIV/HCV Kelleher TB etal,,

otherwise 0) + 3,28 x(1, if Hyaluronan >85 1 Hepatol 2005
ng/ml, otherwise 0) + 1,58 x(1, if Albumin <

3,5 g/dl, otherwise 0) + 1,78x (1, If AST >60

up, 0)

Complex tests from special measurands (e.g. ECM-metabolism IN RED) or patented calculation bases.

]

ELFScore(Europeanliver-Fbrosis-Group) EnhancedLiver Fbrosis(ELFScore: Interpretationof Results -

AEuropean cross-sectional study, 1021 patients, all etiologies

AP-IlI-NP, Kollagene IV, VI, Laminin, HA, Tenascin, MMP-2, MMP-9, TIMP-1 ELF score
A3independent pathologists [©) @ ®
s . ELFScore: 6 7 {73 9 {710 11* 12 13 14 15
§ Age, P-IlI-NP, k + + t + + + + + |
4 . . Hyaluronat , TIMP-1
; : Frevales
+ N il il
22 s ) ; ADetection: significant fibrosis —
g1 ; X - Sensitivity 90% Normal 6.7-98
=0 . . P - .
“ R . . AEXC|USIOn’:\| ;I\g/nglzti;nt fibrosis Cirhosis (F5/6) Cut -off value 1: 77
f - ] o 0
g : . () High sensitivity exclusion of fibrosis Cut -off value 2; 9.8
ET I AELF-Score better than match Cut-off value 39: 11.3
4

h @ High specificity detection of fibrosis
) ] B S . between pathologists @ High specificity discriminator for cirthosis

Scheuer -Fibrosis Score

“evaluated for chronic hepatitis C

Lichtinghagen et al.; J Hepatol 2013
Rosenberg WMC et al. Gastroenterology 2004



EnhancedLiver Fbrosis (ELFScore DiagnosticValidity EnhancedLiver Fbrosis(ELFScoreinfluencingFactors -

ELFScore
Reference Intervals

Total (400) 6.7-98
Morning (129) 6.6- 9.5
Afternoon (236) 6.7- 9.9

Standard Normal ~ Deviate Test:
€ no partition of reference intervals

—
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EnhancedLiver Fbrosis(ELFScoreinfluencingFactors

EnhancedLiver Fbrosis(ELFScoreinfluencingFactors =

ELF Reference Intervals

Total (n=400): 6.7 - 9.8

ELF Reference Intervals .
<30 y" (n=213):6.6 6 9.2

Total: 6.7-9.8
>30y" (n=175):6.9 8 10.1

Men : 7.0-9.8 " Strongly depending on the composition
of the evaluation collective (n=400)

Women: 6.609.3 Most significant influencing factor

Standard Normal Deviate Test:
C Partition of reference intervals

Standard Normal Deviate Test:

C Partition of reference intervals
Mean ELFincrease about 0.3 per decade

ELFand Outcomein ChronicLiverDisease ELFand Outcomein ARLD

ELFScore

Low: 4.1468.33
Intermediate I: ~ 8.34 § 10.43
Intermediate II:  10.43 -12.51
High: 12.52 6 16.67

AuC 53 / 6J / 73 dsurvival

Biopsy 0.83/0.81/0.82
ELF 0.86/0.87/ 0.87

Itis7x more likely to have a liver related outcome in 7 years,
e e E——— if ELF scoreis > 11.3 than those with score <7.7

Patients 7 yearfollow up (39 deaths 61xliver relevantoutcome) From: Julie Parkes (Southhampton ) at Siemens Healthineers Science & Innovation Days 2017
Parkes J et al., Gut 2010 Day etal., (in press).



