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» Data simplification
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— Information loss
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Enhance understanding of

complex diseases Previously:

: Focus on
 Explore structure of disease facets,

guided by complex clinical score data « Disease progression
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Enhance understanding of
complex diseases

 Explore association of disease facets
with covariates

» Nonalcoholic fatty liver disease

Objectives
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Spectrum
. S « Common
N 7\ — Prevalence 20-40%
NonAlcoholic Fatty Liver .fﬁfﬁ‘i erl s Cirrhosis
=Nl « No approved drugs
hepatic steatosis ???
« Complex
— Pathophysiology
NonAlcoholic SteatoHepatitis — Diagnosis
4 ‘key features’ + Inflammation (hepatitis)
of NAFLD + Hepatocyte injury (ballooning)
+/- Fibrosis
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Common

— Prevalence 20-40%
NonAlcoholic Fatty Liver

e Minimum of 5% ST O AR * No approved drugs
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S — Pathophysiology
N7 Liver biopsy < Diagnosis
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Key metrics (of 14 features)

/\

NAFLD activity score (NAS) Fibrosis stage

Histological feature Score Fibrosis Score
%"'}v{}'é?‘kf% Steatosis 0 ;\ Ve * ‘ None 0
'; ‘j*' Y "?(ii , 1 SR Perisinusoidal or periportal 1
;,-‘;1%, e N 2 R A ‘»""q.é Mild, zone 3, perisinusoidal 1A
3 Moderate, zone 3, perisinusoidal 1B
'(,’{’.‘,:f: .ﬂ; Lobular inflammation 0 Portal/periportal e
A ég'.’/b: 1 Perisinusoidal and portal/periportal 2
aﬁ;”‘iﬁi’:&é 2 Bridging fibrosis 3
=== == 3 Cirrhosis 4
‘“fx'};w; o Hepatocellular ballooning 0
i bt Vs 1
‘P 2 Strongest predictor of adverse clinical
NAS 0-8 outcomes (liver transplantation, death)
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Public NAFLD Adult database

National Institute of Diabetes and Digestive
and Kidney Diseases (NIDDK)
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e 17 questionnaires, i.a.

150 - — Histological liver scores

100 - » Full spectrum of NAFLD
50 -

Count

— Patient characteristics (laboratory results, etc.)

1 R P i St ST i<

NAS score

>900 adult IDs (biopsy + laboratory data)

Models based on 1 biopsy/patient
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« 5ordered categorical features * 8 binary features
steatosig Fibrosis M‘gt%\gfggg ar m‘Z\‘cgr?fr?QSgs
\nﬂammation P\r?fr\;ar#r:r?argg:;,c \_\pog‘_r:;gu?omas \\]\egamitochondria
Ballooning \icrogranulomag Glycogen nucle
pcidophil bodieg wallory’s hyaling
NAS score
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13 histological liver scores (items)

 Probability of the outcome of each item
related to 21 latent variable(s)

— Ordered categorical features:
Graded-response models

— Binary features:
2-parameter logit models

N .
’ , . package mirt
fnﬂ elcﬁro ; . “\e“\e
an?m Nic PO D‘)\\age$

Acidophil pers

s ( ultidimensional item response theory)
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* No clear hypothesis about the

son - structure of the item response data
2 00 -
\&\@“‘ 0)9
» What are the different facets of
Py % NAFLD detectable in the data?
How many latent variables (LVs)
) represent the data?
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‘“a Ooh,.
\&\'&‘“ ’)9
» What are the different facets of
Py % NAFLD detectable in the data?
How many latent variables (LVs)

) represent the data?

2% £, e ®1j¥1i tazjo; +d;

%%% & .. = =

e P(yl] ) 1 + e®1j¥1i +azjP2i +d;
Y i@:‘ﬁ‘é@

* Item-specific parameters  (ayj, azj, d;)

 Subject-specific parameters  (Y1i, Y2i)
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* Visualise associations of items
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» Different disease facets
(l.e. separate latent variables)
underlying the 4 key features

200
|

150
|

5 g4 of NAFLD
% -

8 A_‘ -

I__I
o - T r_l o | | | I_‘_‘ r—l
~ ~ 0 - « Confirmatory models

o® 3¢ @ 2® 097 N0 (® \)o\e (\\0‘3 ,b\\“ \09\9 & : , -

‘\0«\«3\\\ S q‘@,\i@«g oSS e s ) Model items assigned to specific
; S\ .
R CR VS AN St latent variables
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Confirmatory models
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ation Balyo,,
i

« Structure informed by cluster analysis

« 5 latent variables (LVSs)

« Different LVs for 4 ’key features’ of
NAFLD
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Histological liver score model

ation Ba”oo . . . .
C g « Which covariates « latent variables,
l.e. disease facets?
& A,
g %
& / @  Which noninvasive biomarkers «
) Steasis | et Sy S || biopsy-based scores?
L //k |
a8 N AN 7N
e // /// /.7\' DA |
o, . / \

— Considerable limitations of liver biopsies,

biopsy-based screening, treatment
endpoints, etc.
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Abundant and correlated covariates

Missing covariate values

Full random effects modelling (FREM)
(NONMEM® and PsN)
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2.5t percentile of cov.

Age [y]1

Diabetas [y/n] 1

Partal hypertension [y/n] 4

Bilirubin {direct) [mg/dL] -

Alanine aminotransferase (ALT) [LWVL]
Aspartate aminotransferase (AST) [LWL]
AST/ALT -

Gamma glutamyl transferase (GGT) [LIWL] 1
International normalized ratio (INR)
Alpha-fetoprotein [ng/mL]

Total cholesterol [mg/dL] 1

Serum insulin [pU/mL]

HbA1C [%] 1

HOMA-IR -

Hemaoglobin [g/dL] 4

Hematocrit [%] 1

Platelets [cells/pL] 4

Alpha-1 antitrypsin [mg/dL] 4

N\

Noninvasive biomarkers
best reflecting fibrosis and NAS

97.5t percentile of cov.

/
\ Fibrosis / NAS

\ / P2.5icat P97.5lcat

e e e 23.5 69

- —_— ] n ¥

- e — — n ¥

[ ] 1] 0.4

I - — 16 214

— — — —r 16 144

L L —— i 133 163

— — H — 15 My

e 0.9 3

b _— Bt 1-3 13.2

— — i 1189 286

L — [ —— el 417 741

— —_— = — 4.7 101

— m— H o— 1.02 23.2

e — e 11.2 7.3

—_— (S —_ 4.3 50
— —_— —HH 22000 396500

— —_— b | et 81.9 214

0 1 2 3 4 012345678
Expected liver scores
Mean score
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Age [y]]

Diabetes [y/n] -

Portal hypertension [y/n] -

Bilirubin {direct) [mg/dL] -

Alanine aminotransferase (ALT) [U/L] -
Aspartate aminotransferase (AST) [U/L] -
AST/ALT -

Gamma glutamyl transferase (GGT) [U/L] -
International normalized ratio (INR) -
Alpha-fetoprotein [ng/mL] -

Total cholesterol [mg/dL] -

Serum insulin [pU/mL] 4

HbA1c [%] |

HOMA-IR -

Hemoglobin [g/dL] -

Hematocrit [%] -

Platelets [cells/pL] -

Alpha-1 antitrypsin [mg/dL] -

» Contributions of NAS items to the results of the overall NAS score

Steatosis

Inflammation

Ballooning

NAS
P2.5/cat P97.5/cat
i 2313 i)
- ] ¥
[S— n ¥
Bl 0 0.4
- — 16 214
— — 16 144
—— 139 165
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—— 8419 214
012345678

Expected score

3 0

T T

1 2
Expected score



D-labete's Pr-'n
Fartal hypertansion

Elllruhlncdlrem [rm
Alanine aminotransferage AL
Aspartate aminotransferase ([AST U.'l_

UPPSALA
UNIVERSITET

Intermaticnal permalzed ratio

mgrdl

;‘IJ:'1I: [%
HCII".'IA IF{
Hemoglebin |
HE-matl:x:n
Platelets [cells/ |.|L
Alpha-1 antitrypsin [mg/dl

Total cholesterol
Sarum insulin

Aga [:t'
Dizbetes [v
Partal hypertansion .'r'l
) EIlIrLIIJII'II:dITECT [rm
Alaning aminctransferase (A L
Aspartate aminotransferase (AST U.'l_
ASTIALT

Gamma glutamyl transterase (GGT) [UL
Intermaticnal nermalzed ratio

Total cholestercl

Hemoglobin [g/dL
Hematoorit [%

Platelets [cells/ul

Alpha-1 antitrypsin [mgidl

Age [y
Dlabate& W
Partal hypertansion W 'm
Bilirubin cdlrec.tt m dL
Alanine aminctransferasa (A
Aspartate aminctransferase F-.Eé H'ILL

Gamma glutamyl transferase (GGT) U.'L
Intermaticnal nc:-rmallzec;l ratio

Alpha-

Total cholesterc! [mghdl] -

mlL] -

16 [Ya) -

H | Emlfmdll_ﬂ ]

emaglobin .
7 rﬁJ o

Sarum insulin

Hematoo
Flatelats [cells/ul
Alpha-1 antitrypsin [mg/dl

Gamma glutamyl transreraseéGGT;deL .
Alpna-fetnpr-::uieln!ng- L] =

NF-‘.}-
Alpha-tetoprateln [ng'mL] -
mgrdl] -

Sarum msulmx mL] -
16 [%] -

HOMA-IF -

fetoprotein J;g. rr|L .

Microgranulomas Lipogranulomas Port. inflammation
0.0 05 1000 05 1000 05 10 15 20
Pigm. macrophages Megamitochondria Acidophil bodies
0.0 05 1000 0.5 100.0 05 1.0
Mallory's hyaline Glycogen nuclei Microves. steatosis
0.0 05 1000 05 100.0 05 1.0

Expected score

IRT-FREM

m) 13 histological
scores
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Age
Ethncity [hispaci. i
nic 1S0anIc; yn
= Fam.ntil{sl.g_ N.EFLD ;l’n
Fam.hist. Cirrh. [\/n
UPPSALA Fam hist. Diabetes [nofother
Smaoking history [neverfother
UNIVERSITET Regular smoker [y/n
Diabetes [y/n
Ascites [yin
Portal hypertension [y/n
Polyc_;st. owvary syndrome [yin
Anti {Iperllp.med!cat!cm yin
Antihypert. medication [vWn
Bilirubin idireu:tUrmg dl]

Bilirubin (total) [mg/dL

Alanine aminotransferase (Al Ui
Aspartate aminotransferase (AST) [U/L
) ASTIALT

Alkaline phosphatase [L/L

Gamma glutamyl transfarase [LI/L

otal protein [gédL

Albumin [gidL]

. Prothrambin 1II'I_'IE(?SEI:
Intermational normalized ratio (INR
Alpha-fetoprotein [no'mL
Trglycerides [maidl
Total cholesterol [mofdl
HDL chaolesteral [mafdl
LDL cholesteral [mafdL
Serum glucosa naﬁ.'dL
Serum insulin L]

Hbatc [%

) HOMA-IR

Metabolic syndrome [?r.fn

Hemaoglabin [% Al

Hematoerit [

White blood cells [1049/L

Platelets [cells/ul

Sodium [mEg/L.

Potassium [mEg/L

Chloride [mEq/L

Bicarbonate [mEg/L

Calcium [mgfdlL

Phasphate [mofdl

Blood urea nitrogen [mofdL

Creatinine [magfdL

Uric acid [mgidL

Iron [pgidl

Ferritin [ng'mL

Total iron binding capacity [pg/dL

Alpha-1 antitrypsin [mg/dL]
ntinuclear AB [posneg
Antismanth muscle AB [posineg
Antimitochondrial AB [posine
Thyroid stimulating hormane [ulim
Body we_u%nt [ka

Height [cm

Body mass index [kg/m2

Waist circumf. [cm

Hip circumf. [cm

aisthip ratio

Mid-upper arm circunms, [om

Skin fold [mm

Blood pressure, syst, [mmHg
Blood pressura, diast, [mmHg
Pulse [fmin

13 histological scores

Respiratory rate [fmin
Temperature [

Expected score

IRT-FREM

13 histological
scores

69 covariates
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* Holistic IRT modelling approach

— Quantitative insights into the structure of
different facets underlying complex diseases

— Guided by clinical score data,
Jj% | Irrespective of predefined item categorisation
= I

/| ‘ e |IRT-FREM framework
i —':‘fj it

o e D N w — EXxpected clinical scores conditional on specific
10 %& covariate values

— Noninvasive biomarkers — biopsy-based scores
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